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CHAPTER 1

ADC64 Hardware
Manual

Introduction

This document describes the hardware features, installation, and use of the Innova-
tive Integration (1) ADC64 PCI Bus DSP Data Acquisition Card and cADC64
CompactPCI DSP Data Acquisition Card. The ADC64 is a PCI Bus compatible
DSP data acquisition card incorporating a Texas Instruments TM S320C32 floating
point DSP processor integrated with 16 bit analog input/output capability, 16 bits of
digital 1/0, and up to 512K bytes of onboard SRAM. The cADC64 has an identical
feature set and is compatible with the CompactPCl bus.

This document does not describe the ADC64 software devel opment tools suite. For
information on software installation and development, see the ADC64/cADC64
Developer’s Package Software Manual.

For brevity, the ADC64 and cADC64 will be referred to in the rest of this manual
collectively asthe ADC64.
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Installation Notes

The ADC64 is a 32-bit PCl-compatible (5V signaling environment) expansion card
which must beinstalled into a PCI based host system for proper operation. The host
system should be compatible with the software development toolset purchased
along with or in addition to the ADC64 hardware.

The ADC64 requires asingle PCl dlot and 64 bytes of host 1/O space and one inter-
rupt on the PCI bus for operation. The ADC64 isfully plug and play compatible
and complies with the PCI autoinitialization specification, so the user does not need
to set address jumpers during installation. The system BIOS configuration software
will automatically assign I/O and memory space addresses to the card, and the
development system software will automatically detect and initialize the ADC64's
operating software.

Toinstall the ADC64, perform the following steps:

Power the host system off and remove the cover. Locate an existing unused PCI
dot. In combination PCI/ISA bus systems, be careful of so-called “ shared” dots
where an ISA bus card shares the same mechanical space with a PCI slot. Make
sure the shared I SA slot is empty before attempting to install the ADC64 into such
asdlot.

Ground any static electricity on your body by touching the computer chassis.
Remove the slot’s shield cover from the back of the computer chassis by unscrew-
ing the restraining screw.

Remove the ADC64 from its static-saf e shipping container and plug it into the
unused PCI dlot. Secure the ADC64 by replacing the restraining screw.

Replace the host system cover and power on the host. Install the development sys-
tem software according to the software manuals and start the ADC64 monitor soft-
ware to test operation of the board.

Please note that the ADC64 may NOT beinstalled in 3V PCI systems. A connector
key on the PCI motherboard connector prevents installation in incompatible host
systems.

Also please note that the ADC64 must be installed in a slot which supports bus
mastering if thisfeature will be used in the customer’s application. Not al host sys-

10
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tems support bus mastering in all available PCI slots. Check with th manufacturer
of the host system to verify this support.ADC64 Hardware Functions

ADC64 Hardware Overview

The ADC64 is a complete data acquisition system on a single half-length PCI bus
card. The ADC64 offers a very high performance DSP-based computing engine
with determinant timing for fast data acquisition and control to complement the
host platform. Applications for the card include data acquisition and analysis, intel-
ligent digital control systems, acoustic processing, and coprocessing for the PC.
Using the ADC64, the host is freed up from time-critical events and can operate
under Windows and other operating systems where real-time performance is an
afterthought. A block diagram of the ADC64 is given in the figure below.

FIGURE 1. ADC64 Block Diagram.

8:1S.E.or4:1 Prog. Gain Amp 6-pole Anti- 16-bit A/ID
Diff. Mux (x1,2,4,8) alias Filter 100 kHz A/D
I: 128K-512Kb
0 Wait State TMS320C32 DSP
8:1S.E.or4:1 Prog. Gain Amp 6-pole Anti- 16-bit A/ID SRAM
Diff. Mux (x1,2,4,8) alias Filter 100 kHz AID
32-bit floating-point
8:1S.E.or4l Prog. Gain Amp 6-pole Anti- 16-bit AID Single Cycle MACs
Diff. Mux (x1,2,4,8) alias Filter 100 kHz AID | DSP specific support
Peripheral Barrel Shifter
8:1S.E.or4:1 Prog. Gain Amp 6-pole Anti- 16-bit A/D E:;I?:de 40-60 MHz
Analog Diff. Mux (x1,2,4,8) alias Filter 100 kHz AID
Connector
SCSI2 256x32 256x32 Priority
100 Pins 8:1S.E.or4:l Prog. Gain Amp 6-pole Anti- 16-hit AID ows ows Interrupt
Diff. Mux (x1,2,4,8) alias Filter 100 kHz AID —] [128K-512Kb RAM RAM Control
Flash ROM
5V only
8:1S.E.or4:1 Prog. Gain Amp 6-pole Anti- 16-bit A/D Two Sync Two
Diff. Mux (x1,2,4,8) alias Filter 100 kHz AID DMA Serial 32-bit
ctrls Port Timers
8:1S.E.or4:1 Prog. Gain Amp 6-pole Anti- 16-bit A/D
Diff. Mux (x1,2,4,8) alias Filter 100 kHz AID
Scan Path Debugging
8:1S.E.or4l Prog. Gain Amp 6-pole Anti- 16-bit AID
Diff. Mux (x1,2,4,8) alias Filter 100 kHz AID —
3XBUS Expansion
Gain AdJusl Smoothing Filter 16bit D/A Breakout of DSP signals
100KHz ™
PCI Bus Interface
Gain Adjust Smoothing Filter 16bit D/A
Amp 100KHz - Plug-n-Play
32-bit, 132 MB/sec bus
Digital IO Trigger 6 channels of
(16 In, 16 Out, or 8 In/8 Out, Four Selection 16-bit timers
Interrupts) Matrix |1 MHz input clk
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ADC64 Power Requirements

The ADC64 bus power requirements are given in the table below. These measure-
ments were taken from a 60 MHz ADC64 with 128Kwords of SRAM and 8 chan-
nel 100 kHz A/D option, with the standard TALKER program running on the CPU.
Processor usage may affect the +5V power requirements of the board.

Power Bus | Current Requirements(A)

+5V 2.0
+12V 90 mA
12V ZmA

TABLE 1. ADC64 power requirements

ADC64 Bus Interface

The ADC64 has been designed to map into the 1/0 space of the host computer. A
set of control registersis mapped into 1/0 space, requiring 64 bytes of address
space. Oneinterrupt isalso required. After installation, these resources may be
viewed in the properties page of the Win95/NT system.

The PCI bus interface is comprised of three components: the configuration space
information, the PCI bus registers, and the add-on operations registers. The config-
uration space registers are used primarily for the plug and play operation of the
ADC64, while the PCI bus registers and add-on registers are the communications
interface between the ADC64 and the PCI bus.

Configuration spaceregisters

The configuration space registers configure the ADC64 for proper operation in the
target PCI platform. Thisinformation is used in the plug and play configuration of
the host operating system for resource allocation and registration of the card char-
acteristics with the operating system.

12
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There are 256 bytes of configuration space of which the ADC64 uses 0x3F to
describe card operation. The following table shows the configuration registers and

specified values

Configuration Address

Offset (Hex) Abbreviation Register Name ADC64 Value
00-01 V1D Vendor Tdentification 10E8
02-03 DID Device Identificaiion 807F
04-05 PCICMD PCI Command Register 0000
06-07 PCISTS PCI Status Register 0000
08 RID Revision Tdentificaiion Regis- | 00

ter
09-0B CLCD Class Code Register 0B4000
0C CALN Cache Line Size Register 00
0D LAT Master Latency Timer F8
(0)= HDR Header Type 00
OF BIST Bullt-in Self Test 00
10-27 BADRO-BADRS | Base Address Registers 0-5 JOESFFC1
28-2F - Reserved 00
30 EXROM Expansion ROM Base Address | 00
34-3B - Reserved 00
3C INTLN Interrupt Line FF
3D INTPIN Tnterrupt Pin [0x8
3E MINGNT Minimum Grant 00
3F MAXLAT Maximum Laiency 00
40-FF - Not Used -

TABLE 2. Configuration Registersfor PCI Controller

These resisters are described in the AMCC 5933 manual.

PCI Bus Operation Registers

The PCI bus operation registers are mapped as 16 consecutive DWORD registers

located at the base address register as specified by the base address register O inthe
configuration space. Theseregisters are the entire register set used for communica
tion between the PCI bus and the ADC64.

Address

Offset (Hex) | Abbreviation Register Name ADC64 Function
00 OMBTI Outgoing Mailbox Register 1 Communicaiions
04 OMB?Z Outgoing Malbox Register 2 Communications
08 OMB3 Outgoing Mailbox Register 3 Communications

ADC64/cADC64 Hardware Manual
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0C OMB4Z Outgoing Malbox Register 4 Communications
10 (read only) | TMBI Incoming Mailbox Register 1 Communications
14 (read only) | IMB2Z Tncoming Malbox Register 2 Communications
I8 (read only) | TMB3 Incoming Mailbox Register 3 Communications
IC (read only) | IMBZ4 Tncoming Malbox Register 4 Communications
20 FIFO FIFO Register Port Communications
24 MWAR Master Write Address Register Bus mastering
28 MWTC Master Write Transfer Count Reg- | Bus mastering
ister
2C MRAR Master Read Address Register Bus mastering
30 MRTC Master Read Transter Count Reg- Bus mastering
ister
34 MBEF MaiTbox Empty/Full Status Control
38 INTCSR Tnterrupt Control/Status Register Conitrol
3C MCSR Bus Master Control/Status Regis- Control
ter

TABLE 3. PCI Controller Tnterface Registers

The primary data path for communication with the ADC64 is through the FIFO reg-
ister port at address base + 0x20. On the ADC64 this FIFO has been expanded in
hardware to create a 520 word (1056 byte) in each direction. Thetwo FIFOs are
independent and buffer data flow in each direction to reduce overhead cycles
incurred when initiating data transfers. Outside of the main data path to the
ADC®64, four mailboxes in each direction are available for data communications.
The other registers are status and configuration for interrupts, bus transfers, mail-
box status etc.

Mailbox registers. The mailbox registers are general purpose communications reg-
isters available on the ADC64 to augment the FIFO interface. Normally, the mail-
box registerswould be used for passing commands or status outside the normal data
traffic stream. These registers may interrupt the ADC64 if so configured in thein
the PCI controller interrupt control/status register.

FIFO register. This register provides access to the bidirectional FIFO. During bus
mastering operations, the datatransfer with the ADC64 isthrough the FIFO register
and may not be accessed during these operations.

MWAR . The MWAR is used to establish the PCI address for data moving from the
ADC64 to the PCI bus during PCI bus memory write operations. The addressinthe
MWAR is 30 bitsin length, with the lower two bits always zero, indicating a
DWORD address boundary. This means normally that all transfers using bus mas-
tering are required to be DWORD values. The MWAR may be accessed from the

ADC64/cADC64 Hardware Manual
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ADC®64 side sincethe ADC64 is a bus master device as defined in the configuration
space registers.

MWTC. The MWTC is the actual number of bytesto be transferred during the bus
mastering operation. The value is decremented with each transfer. Since the
ADC®64 isnormally a bus master, this register may be accessed by the ADC64 side.
The MWTC is a 32-hit register, but only the lower 24 bits are used as the transfer
count.

MRAR. The MRAR is used to establish the PCl address for data moving to the
ADC64 from the PCI bus during PCI bus memory read operations. The addressin
the MRAR is 30 bitsin length, with the lower two bits always zero, indicating a
DWORD address boundary. This means normally that all transfers using bus mas-
tering are required to be DWORD values. The MRAR may be accessed from the
ADC®64 side sincethe ADC64 is a bus master device as defined in the configuration
space registers.

MRTC. The MRTC isthe actual number of bytes to be transferred during the bus
mastering operation. The value is decremented with each transfer. Sincethe
ADC64 isnormally abus master, this register may be accessed by the ADC64 side.
The MRTC is a 32-bit register, but only the lower 24 bits are used as the transfer
count.

MBEF. This register provides empty/full visibility of each byte within the mail-
boxes. The empty/full status for the outgoing mailboxes is displayed on the low-
order 16 bits and the empty/full status for the incoming mailboxesis presented on
the high-order 16 bits. A value of 1 signifies that a given mailbox has been written
by one bus interface byte has not yet been read by the destination. A PCI bus inter-
face mailbox is defined as one in which data travels from the ADC64 bus into the
PCI bus, and an outgoing mailbox is defined as one where data travels out from the
PCI bus to the add-on interface.

INTCSR. Thisregister provides the method for choosing which conditions produce
an interrupt on the PCI businterface, allow viewing of the cause of the interrupt,
and allow for the deassertion of the interrupt. Interrupt sources are the write transfer
terminal count, read transfer terminal count, outgoing mailbox is empty, incoming
mailbox becomes full, target abort or master abort. See the 5933 manual for acom-
plete description.
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MCSR. The MCSR allows for control of the PCl interface device. This register
alowsfor the initiation of bus mastering operations and software resets. Writing a

1toD
Address
Offset
(Hex) Abbreviation Register Name ADC64 Function
00 ATMBI ADC64 Tncoming Mailbox Register T Communicaiions
(0248 ATMBZ ADCo4 Tncoming Mailbox Register 2 Communications
08 ATMB3 ADC64 Tncoming Mailbox Register 3 Communicaiions
0oC ATMB4 ADCo4 Tncoming Mailbox Register 4 Communications
10 (read AOMBI ADCo64 Outgoing MaTbox Regisier T Communications
only)
14 (read AOMB?Z ADCo4 Outgoing Malbox Register 2 Communications
only)
18 (read AOMB3 ADC64 Outgoing MaTbox Regisier 3 Communicaiions
only)
IC (read AOMB4 ADC64 Outgoing MaTbox Regisier 4 Communications
only)
20 AHFO ADCo4 FIFO Register Port Communications
24 MWAR Master Write Address Register Bus mastering
28 APTA ADCo4 Pass-Through Address Bus mastering
2C APTD ADCo4 Pass-Through Data Bus mastering
30 MRAR Bus Master Read Address Register Bus mastering
34 AMBEF ADCbB4 Malbox Empty/Full Status Control
38 AINT ADCH®4 Tnterrupt Control/Status Regis- | Control
ter
3C AGCSTS ADC64 General Control and Status Control
Register
58 MWTC Bus Master Write Transfer Count Reg- | Bus Mastering
ister
5C MRTC Bus Master Read Transfer Count Regis- | Bus Mastering
ter

TABLE 4. PCI Interface Operations Registers

The primary data path for communication from the ADC64 to the PCI busis
through the FIFO-based interface and bus mastering operations, which support
bidirectional transfers with a520 word deep FIFO. Thetwo FIFOs areindependent
and buffer dataflow in each direction to reduce overhead cycles incurred when ini-
tiating data transfers. Outside of the main data path to the ADC64, four mailboxes
in each direction are available for data communications. The other registers are sta-

tus and configuration for interrupts, bus transfers, mailbox status etc.
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Mailbox registers. The mailbox registers are general purpose communications reg-
isters available on the ADC64 to augment the FIFO interface. Normally, the mail-
box registerswould be used for passing commands or status outside the normal data
traffic stream. These registers may interrupt the ADC64 if so configured in thein
the PCI controller interrupt control/status register.

AFIFO register. Thisregister provides access to the bidirectional FIFO. During
bus mastering operations, the data transfer with the ADC64 is through the FIFO
register and may not be accessed during these operations.

MWAR . The MWAR is used to establish the PCI addressfor data moving from the
ADC64 to the PCI bus during PCI bus memory write operations. The addressinthe
MWAR is 30 bitsin length, with the lower two bits always zero, indicating a
DWORD address boundary. This means normally that all transfers using bus mas-
tering are required to be DWORD values. The MWAR may be accessed from the
ADC®64 side sincethe ADC64 is a bus master device as defined in the configuration
space registers.

MRAR. The MRAR is used to establish the PCI address for data moving to the
ADC64 from the PCI bus during PCI bus memory read operations. The addressin
the MRAR is 30 bitsin length, with the lower two bits always zero, indicating a
DWORD address boundary. This means normally that all transfers using bus mas-
tering are required to be DWORD values. The MRAR may be accessed from the
ADCB64 side sincethe ADC64 is a bus master device as defined in the configuration
space registers.

AMBEF. This register provides empty/full visibility of each byte within the mail-
boxes. The empty/full status for the outgoing mailboxes is displayed on the low-
order 16 bits and the empty/full status for the incoming mailboxesis presented on
the high-order 16 bits.

AINT. Thisregister provides the method for choosing which conditions produce an
interrupt on the PCI businterface, allow viewing of the cause of the interrupt, and
alow for the deassertion of the interrupt. Interrupt sources are the write transfer ter-
minal count, read transfer terminal count, outgoing mailbox is empty, incoming
mailbox becomes full, target abort or master abort. See the 5933 manual for acom-
plete description.

ADC64/cADC64 Hardware Manual 17

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



ADC64 Hardware Manual

AGCSTS. The MCSR alows for control of the PCI interface device. Thisregister
alowsfor the initiation of bus mastering operations and software resets. For other
bit functions see the 5933 manual.

MWTC. The MWTC isthe actual number of bytes to be transferred during the bus
mastering operation. The value is decremented with each transfer. Sincethe
ADC64 isnormally abus master, this register may be accessed by the ADC64 side.
The MWTC is a 32-hit register, but only the lower 24 bits are used as the transfer
count.

MRTC. The MRTC is the actual number of bytes to be transferred during the bus
mastering operation. The value is decremented with each transfer. Sincethe
ADC64 isnormally abus master, this register may be accessed by the ADC64 side.
The MRTC is a 32-bit register, but only the lower 24 bits are used as the transfer
count.

PCI Bus Throughput. The PCI bus standard delivers throughput far superior to
that achievable on earlier bus standards (such as the | SA bus) by implementing a
32-bit wide interface which is clocked at a maximum of 33 MHz and which is capa-
ble of generating burst accesses such that one 32-bit word is transferred per bus
clock (for amaximum theoretical transfer rate of 132 Mbytes/sec). Thekey to
maximizing transfer throughput on the PCI busisin being able to utilize burst
transfersto the greatest extent possible, since these transfers avoid the PCI transfer
start and stop overhead associated with single word transfers.

The ADC64 will burst transfer data at a peak rate of 66 Mbytes/sec. Tests under
Windows 95 which used the ADC64 to bus master a 512 word (2048 byte) sample
to DRAM demonstrated 41 Mbytes/sec datatransfer. Thisisalittle less than the
theoretical maximum for standard DRAM of 57 Mbytes/sec without refresh.
Transfers to a zero wait-state target such as the PCI32 dual port memory showed
the 66 Mbytes/sec pesk rate.

The ADC64 achieves maximum bus efficiency by becoming a bus master during
datatransfers. Thisremoves the limitations imposed by various PC designs which
often do not support burst transfers to PCI add-on cards. All software examples
supplied for the ADC64 use bus mastering data transfers when moving data blocks,
but the mailboxes are used for other communication tasks.

18
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3 Processor Core

The * C32 processor core and peripherals represent the bulk of the onboard hard-
ware implemented on the ADC64. The card is designed for a bank of 128Kx32
SRAM, 64 channels of instrumentation grade 16-bit analog I/O 2 16-bit D/A chan-
nels, and 16 bits of bidirectional digital 1/0. External interrupts are also pinned out
to detect external events, and the * C32 synchronous serial port is available for appli-
cation use. The following section detail s each of the processor core features and
peripheral hardware.

ADC64 Memory Map

Memory addresses generated by the 'C32 microprocessor are twenty-four bits wide
resulting in 16 MWord total addressrange. The ‘ C32 processor is operated in boot-
loader (microcomputer) mode on the ADC64. The ADC64 directly supports up to
512 kbytes of onboard zero-wait-state “program” SRAM (Static Random Access
Memory). The ADC64 also supports a 512x32 bidirectional FIFO dual port mem-
ory block which may be accessed by either the ADC64 or the IBM PC. Thefollow-
ing diagram details the ADC64’s memory map.
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Bootloader 0x0
(internal to DSP)
OXFFF
Flash ROM 0x1000
128K bytes
(STRBO) OX1FFFF
Reserved 0x20000
OXFFFFF
FIFO 0x100000
OX7FFFFF
Reserved
Internal Peripherals 0x808000
0x8097FF
Reserved
External Peripherals 0x810000
(IOSTROBE)
OX82FFFF
Reserved
Internal SRAM 0x87FEO00
512x32
OX87FFFF
Reserved 0x880000
OX8FFFFF
External SRAM 0x900000
32-hit Physical, OWS
(STRB1)
0x907FFF or OX91FFFF **

** depends on 0 WS SRAM population (32K or 128K)
TABLE 5. ADC64 Memory Map

The memory map of the *C32 is divided roughly into three areas of functionality
based around the three external address decoding strobes: STRB1, STRBO, and
IOSTROBE. The STRB1 space implements the fast external SRAM bank from
which most userswill run their software. This bank can be populated with 32K, or
128K x32 memory accessed at a zero wait state rate for maximum efficiency. The
STRB1 address area starts at 0x900000 in * C32 memory space, and extends to the
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end of the populated SRAM size (0x907FFF, Ox91FFFF, or 0x97FFFF respectively
depending on memory configuration). Since the STRB1 decode remains active
throughout the 0x900000-0xFFFFFF region, aliases of the populated STRB1
SRAM will appear at repeated intervals through this space (i.e. a 32K bank will
appear at 0x900000, at 0x908000, again at 0x910000, etc.).

The STRBO spaceis used for the FLASH boot ROM on the ADC64. During reset
or powerup, the FLASH ROM isread from physical address 0x1000. The ROM
may also be programmed on card.

Also on-board is the * C32 bootloader ROM, accessed at the bottom of memory
starting at address 0. ThisROM isonly present in the bootloader mode and is used
to bootstrap the processor on power up or after reset. The ‘C32 is connected such
that it will automatically look for a bootable application at the beginning of dual
port RAM at 0x1000 at boot time (see below for more information).

The IOSTROBE region is used to map all external on-board peripheralsincluding
the A/Ds, D/As, digital 1/0, and has bus interface features. These peripherals are
accessed with three wait-states. Two user definable strobes are also decoded in the
IOSTROBE space and presented for external interfacing purposes on the 96-pin
3XBUS expansion header. This alows for relatively simple expansion of external
hardware without need for additional decoding.

Additional peripherals are also present as on-chip devices on the ‘ C32 (and so are
not decoded externally into the three primary memory areas). Such peripherals as
the synchronous serial port, 32-bit timers, and DMA controller are al on-chip
devices and are decoded internally by the *C32. Accesses to these internal devices
do not generate external bus cycles.

Each of the three external memory regions feature independent software-config-
urable wait states. The TALKER program, provided with the Il Software Develop-
erment Package for the ADC64 initializes each of these registers for proper
operation of the board in the default configuration: zero wait states for strobe 1,
one wait-state for strobe 0 and three wait states for /0.

ADC64/cADC64 Hardware Manual 21

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



ADC64 Hardware Manual

M emory Reglon COﬂtIgUJ;athﬂ Value
Strobe U - Flash, FTFO memory | OXFO108

Strobe 1 - Fast SRAM OXFOI08

TO Strobe - peripherals UX68

TABLE 6. 'C32 Configuration Registers

** Thisisnormal running mode. Must reconfigure for 7 wait states when accessing Flash
ROM.

Use of theinternal 'C32 cache allows slower memories to perform nearly aswell as
fast zero wait state memories in some cases. If the application can be structured to
run entirely on-chip and make use of the internal 'C32 cache, performance will be
optimal. Most applications benefit substantially from the cache so that one wait
state memories do not run at half the rate of zero wait state memories. However,
cache use usually renders program timing less deterministic.

Wait States

The * C32 features three very flexible, programmable wait-state generators onchip
(Chapter 7 of the TMS320C32 Users Guide). These wait-state generators are pro-
grammed in the default configuration to abbreviate the programmed number of
software wait-states, asin the following diagram. The ADC64 supports the use of
externally generated wait states through the 3XBUS expansion connector, but this
requires the reprogramming of the bus control registers such that wait states are
determined by external READY*. See the TMS320C32 User’s Guide for more
details..

Memory Region Required Wait States
STRBO 0
STRB1 0
TOSTROBE 3

TABLE 7. Wait States

Please note the IOSTROBE region REQUIRES the use of three wait statesto insure
proper performance of the various on-board devices. If custom hardware attached
to the 3XBUS expansion header requires a modified wait state scheme (for
instance, if external hardware requires more wait states), then user softwareis
required to modify the bus control registers as necessary ONLY for accesses to the

22

ADC64/cADC64 Hardware Manual

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



3 Processor Core

external hardware. The nominal number of wait states must be used for accesses to
standard ADC64 hardware.

SRAM Memory Options

The ADC64 supports up to 512 Kbytes of zero wait-state SRAM without additional
off-board hardware. The standard memory configuration shipped is 128 Kbytes of
zero wait state program memory in surface mount packages, with each memory
device containing 32K bytes. Larger 128K byte memoriesare also supported on the
ADC64 and may be ordered at time of purchase.

FIFO Memory

The ADC64 uses an IDT 723632 512x32-hit bidirectional FIFO to increase bus
performance. The FIFO resides between the PCI bus controller and the * C32 for
databuffering. The FIFO isresident in strobe 0 memory at address 0x100000.
The FIFO empty flag, indicating ‘ C32 write to PCI complete, and full flag, indicat-
ing the PCI bus requires service by the * C32 may be used as interrupts to the * C32.

The FIFO may be reset under command of the * C32 by writing a 1 to address loca-
tion 0x811000. to resume normal operation, write a0 to the same address.

Bootloading and Flash Memory

The ADC64 has 128K bytes of FLASH ROM for bootloading and long-term stor-
age of programs and data. This FLASH ROM resides at location 0x0000 in the
‘C32 strobe 0 memory space. The ADC64 is designed to begin booting from loca
tion 0x1000. Programs for bootloading should be burnt into ROM at this location
and grow upward. The bootloading program requires a special format which is
described completely in the TMS320C3x User’s Guide.

Bootloading is controlled initially by the ADC64 hardware. Upon reset, the control
logic seizes the interrupt lines to the DSP and forces the DSP to see binary 0001
which the DSP bootloader code interprets as a command to get the boot program
starting at memory location 0x1000. The interrupts are held in this condition until
the DSP releases them by performing a write access location 0x819800 in 1/O
space. The write access notifies the external logic that bootloading is completed
and causes the logic to drive the external interrupt inputs through to the processor.
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Reset Controller

The ADC64 has a hardware reset controller which monitors power and provides a
clean reset to the processor. A reset may result from either alow supply voltage
condition or acommand from the PC. For any voltage condition where power falls
below 4.75V (-5%), the reset will activate, without regard to the duration of the
power glitch. The reset controller will remain in reset for aminimum of 200 milli-
seconds after the resumption of good 5V bus power.

The host system may command areset at any time by asserting bit 23 of the AINT
register in the 5933.

Processor Interrupts

The ADC64 provides the option to generate interrupts to the onboard TM S320C32
processor from on- and off-board sources. These user-sel ectable connections are
made viajumper header JP17. The interrupts are normally programmed to be edge
sensitivein the ' C32.

Interrupt Combinations. The following table lists the possible interrupt sources.

Interrupt
I nput Source JP17 Setting
EIO PCI write complete | 1-2
EIT PCl read composer | 3-4
EIZ AJD Interrupt 5-6
EI3 PC interrupt to 7-8
DSP

TABLE 8. Interrupt source selection jumper.

Interrupt Source Signal Descriptions. The following section gives descriptions
of each interrupt, its source connection, and any signal reguirements which must be
met by external equipment. In all cases, external interrupt and time source inputs
should be low-going TTL pulses. The C32 DSP may be configured as either edge
sensitive or level sensitive input to the DSP. The default setup under I1's Devel op-
ment Package software is edge sensitive. Edge sensitivity tends to be the easiest to
work with and typically eliminates the possibility of multiple interrupt triggers
from ill-conditioned interrupt sources. To properly recognize a single interrupt
from alevel sensitive source, the pulse must conform to the interrupt timings given
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in the TMS320C3x User’s Guide (namely the signal must be greater than 1 H clock
wide but lessthan 2 H clocks wide, or less than 100 nS for a40 MHz system).

The various source are described bel ow.
EIO, El1, EI2, and EI3: These are the processor interrupt input pins. These pins can
be used to signal an outside event requiring the ADC64's attention, to invoke either

an interrupt routine or initiate a DMA transfer.

PC_INT: Thisisan output from the Host PC initiated by writing a 1 to bit 23 of
AINT register on the 5933 in the ADC64 host |/O space.

PCI write complete - A write to the PCI FIFO has been transferred and FIFO is
ready for new data

PCI read complete - The PCI FIFO isempty. No new datais available.
A/D status - One of the A/D’s needs service or a D/A needs new dataloaded/ The

software should inspect the A/D status register and service the device(s) which
caused the interrupt

Digital Memory-Mapped External Peripherals

All ADC64 external peripherals are memory mapped. The peripheral areais
defined as the memory region from 0x810000-0x820000, which isincluded in the
IOSTROBE region of memory. In this memory region the IOSTROBE signal from
the *C32 is active, and this strobe provides the basis for all additional decoding to
the memory mapped external peripherals. Each of the onboard ADC64 peripherals
is directly addressable within the peripheral region and consumes 0x800 words for
each peripheral block.

The access cyclelength within the I/O periphera regionis controlled by the number
of software wait states defined by the WTCNT bitsin the 1/0 Bus Control Register
at address 0x806060. Default at reset is seven wait states, but initialization code
must modify this value during startup before accessing external peripherals. Three
walit state accesses are required in the IOSTROBE region.
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The following diagram gives the memory map for the ADC64 IOSTROBE region,
which includes all external peripherals.

Function C Mnemonic Address
Flash EEPROM PROM 0x080000
PCI Tnterface FIFO (R/W) HFO 0x100000
AID Channd O/1 Parr ADCO 0x810000
A/D Channd 2/3 Pair ADC1 0x810001
AID Channd 4/5 Parr ADC2Z 0x810002
A/D Channdl 6/7 Pair ADC3 0x810003
Analog Tnterrupt Status ANA_STAT 0x810800
FIFO Reset Control FIFO_RESET 0x811000
D/A Channdl O DACO 0x812000
D/A Channdl 1 DACL 0x812800
Gan/Mux Channel 0 Control GMO 0x813000
Gan/Mux Channel 1 Conirol GM1 0x813800
Gan/Mux Channel 2 Conirol GM?2 0x814000
Gan/Mux Channel 3 Control GM3 0x814800
Gan/Mux Channel 4 Conirol GM4 0x815000
Gan/Mux Channel 5 Control GM5 0x815800
Gan/Mux Channel 6 Control GM©G6 0x816000
Gan/Mux Channel 7 Control GM7 0x816800
8254 Device O Channel O PITO_A 0x81 /7000
8254 Device 0 Channdl 1 PITO B Ox817001
8254 Device 0 Channel 2 PITO C 0x81/7002
8254 Device 0 Control PITO D 0x817003
8254 Device 1 Channel O PITT A 0x817800
8254 Device 1 Channdl 1 PIT1 B 0x817801
8254 Device 1 Channel 2 PITT C 0x817802
8254 Device 1 Control PITI D 0x817803
Digital /0 DIO 0x818000
DECODESO User Strobe DECODESD 0x818800
DECODESI User Strobe DECODESL 0x819000
Processor Boot/Tnterrupt Control BOOTED 0x819800
TAterrupt to HoSt INT_TO_PC Ox81a000
PCI Operations Regisiers PCT_REGS OxB81a800
Digital /0 Configuration DIO_CONHG 0x81b000
Analog Conversion Trigger Comtrol CLOCK_SEL OXBIbS800
PCI Bus Master Enable Control PCI_BM_EN 0x81c000
External Tnterrupt Mask Register INT_MASK 0x81c800
Analog Tnterrupt Source Switch ATNT_SRC SEL OX8Id000
(cADC64 and REV F+ ADC64 only)

Automux Count Register (CADCb4 MUX_MAX_CNT 0x81d800
and REV F+ ADC64 only)

TABLE 9. ADC64 peripheral memory map

Interrupting the Host

The 5933 PCI bus interface provides a programmabl e interrupt source which alows
the * C32 processor to interrupt the host on a variety of occurrences. The 5933's
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AINT register controlsthe source of both host and target interrupts and can be used
to monitor the status of interrupts.

User Defined Decoded Memory

Two unassigned user decodes are provided for interfacing peripherals to the
3XBUS. These are the DECODESO and DECODESL signalswhich arein the |I0OS-
TROBE region of memory. For simple devices, these decoded strobes allow easy
interfacing of most devicesto the ADC64.

The DECODES are normally 3 wait-states on the ADC64, but are controllable
using the IOSTROBE wait-state generator.

PCI Controller Interface and Bus Master Enables

All PCI control registersin the AMCC 5933 are memory mapped peripherals for
the*C32. Thisisamultiregister device described in the PCI bus interface section
of this manual.

In addition to the control registersin the 5933, it is necessary to control the
AMREN and AMWEN signals during bus master transfers to/from the PCI bus.
These signals are generated by onboard logic and act as enablesto the bus interface
for bus mastering operations. Bit 0 of the PCI_BM_EN register (address
0x81C000) controls the AMWEN signal (which in turn enables and disables write
operations from the ADC64), while bit 1 controlsthe AMREN signal (which con-
trols read transfers). These bits must be set to a value of one to enable their respec-
tive transfers types, while setting the bitsto O disables transfers. The PCI_BM_EN
register should be changed only after all other bus master register have been pro-
grammed, and (for efficiency’s sake) should be set to zero only after completion f
the bus master transfer. Only onetype of transfer should be enabled at once (i.e. the
value 3 should never be written to the PCI_BM_EN register) as simultaneous read
and write transfers are not supported by the 5933 device.

See the PCI bus register discussion above for an important note on the interaction
between the state of the PCI_BM_EN register and 5933 operations register
accesses.
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The82C54 Counter Timers

In addition to the two 32-bit counter/timersinternal to the'C32, the ADC64 fea-
tures two 8254 triple channel 16-bit counter timer chips. Thisdevice can be used to
synthesize time bases for data acquisition routines or to count external events at
ratesto 10 MHz. Timer channels 0-4 drive the conversion timing clock matrix and
may be used to trigger A/D or D/A conversions on any channel. Timer/counter
channel 5 is undedicated and is pinned out on connector P1 for general use.

There are three 16-bit counter/timer registers within each 8254, PITx_A-PITx_C,
and asingle 8-bit control port, PITx_D. Each of the channels may be placed into
one of severa different modes by writing appropriate mode control valuesto the
control port. The current tally of any of the counters may be read by performing a
read from ports PITx_A, PITx_B or PITx_C. The following table summarizes the
memory mapping for each of the four 82C54 registers:

Function C Mnemonic Address

8254 Device O Channel O PITO_A 0x817000
8254 Device 0 Channdl 1 PITO B 0x817001
8254 Device 0 Channel 2 PITO_C 0x817002
8254 Device O Control PITO D 0x817003
8254 Device 1 Channel O PITT A 0x817800
8254 Device I Channdl 1 PITT B 0x817801
8254 Device 1 Channel 2 PITT C 0x817802
8254 Device 1 Control PIT1 D 0x817803

TABLE 10. 8254 timer control

The timer channels are clocked by an on-board 10 MHz clock module. The 10
MHz timebase is very accurate and stable to 100 ppm sinceit isdriven by acrystal.

The data sheet in the appendix gives complete 82C54 programming information.

TheTrigger Selection Matrix

Thetrigger selection matrix on the ADC64 alows pairs of A/D and D/A converters
to be triggered for conversion by any of the timers or the external trigger sources.
Thisalowsall A/D channel groups or D/As to operate independently, in unison, or
as teams from any of the available timebases.
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Thetrigger selection logic is mapped as a peripheral to the * C32 at the locations
shown in the following table. The trigger matrix has 5 incoming timebases from
the 82C54 timers. Thetrigger matrix allowstheinput clocks to be connected to any
of the five outputs and thus allows any of the onboard clocks to drive any of the
pairs of analog converters. Each trigger output must be configured by writing to the
control register for that trigger. This control word specifies the connection of the
trigger to the incoming timebase.

Trigger Output | Control Address Converter Pair Destination
0

O0x81b800 A/D devicesOand T
1 Ox81b801 A/D devicesZ and 3
2 O0x81b802 A/D devices4 and 5
3 0x81b803 A/D devices6 and 7
4 0x81b804 D/A devicesOand 1

TABLE 11. Trigger control addressing

Bit values written to the above registers specify which trigger source input should
be sent to a particular trigger output pin. For example, writing 0x3 to trigger zero’'s
control address (0x81B800) connects the output of 82C54 timebase three to trigger
output number zero. Since thistrigger output drives A/D devices zero and one, the
output frequency of 82C54 channel three will provide the trigger stimulus for this
A/D pair.

Thetriggers may be reconfigured at any time as required and should always be con-
figured on power-up since their configuration is not maintained when power is off.
Power up condition is zero on al registers, automatically selecting trigger input
zero on al outputs upon a power-up or reset to the ADC64.

In addition to the onboard time sources there are five external active-low trigger
input pins on the 100 pin connector. These signals are each logically OR’d with the
selection in the corresponding trigger matrix channel, which means that a low-
going edge will aways cause atrigger on the destination converters regardless of
the source selected in the trigger matrix. For example, if the trigger selection
matrix has output number two programmed to connect to input number one and
82C54 timer channel one has been turned off (i.e. is producing no pulses), then any
pulses input on external trigger two will be passed through to output number two
with no change, i.e. A/D devices four and five will be triggered directly from the
external time source. Since the external trigger waveformislogically OR’'d with
the trigger source input, the two signals will be mixed if present and passed on to
the converter pair.
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Analog Interrupt Status and Mask Registers

The analog status byte monitors the A/D and D/A conversions and provides an
interrupt to the * C32 if any channel requires service. For A/D’s this means a con-
version has been completed and the conversion result must be read before the next
trigger so that it isnot lost. For D/A’s this means the value previously written to the
D/A input latch has been converted to a voltage and a new value should be written
prior to the next trigger pulse.

Thelogic latchesthe A/D and D/A conversion completions and presents the current
status in the anal og status byte at location 0x810800. This byteisread only.

Channel Groups Analog Status Bit
0-I5(A/Ddevice0OandI) | O

16-31 (A/D device Z and 3)
32-47 (A/D device4 and 5)
48-63 (A/D device6 and 7)
D/A deviceOand 1

MNWUNH

TABLE 12. Analog status register

All of the status bits are logically ORed to produce a single interrupt to the C32
indicating the anal og request for service subject to the analog interrupt mask. The
analog interrupt mask (address 0x81C800) allows the programmer to enable the
interrupt from each A/D pair or the D/A individualy. The bit assignments for the
Analog Interrupt Mask Register are bit 0-3 for A/D pairs 0 -3 respectively, and bit 4
for the D/A. Writing a 1 to the Mask Register enables an interrupt from the corre-
sponding pair of converters. For the A/D converters, the interrupt is derived from
the inversion of the converter’s busy pin on the lower order device (i.e. when the
busy pins goes false on A/D converter zero, the interrupt for the pair of A/D con-
verters zero and oneis set true, when A/D device two’s busy pin goes false the
interrupt for the pair two and three goes true, etc.).

Upon receipt of the A/D interrupt, it is expected that the * C32 will read the status
byte to determine which channels require service. The analog status bit for each
channel will remain on until the * C32 servicesthat particular channel by reading the
A/D or writing to the D/A. Thisalowsthe‘C32 to service the request in order of
priority by servicing the fastest channelsfirst. When al channels have been ser-
viced, the analog status byte will be cleared and the interrupt to the * C32 will cease.
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Analog Interrupt Source Select (CADC64 and Revision F+ ADC64 only)

The analog interrupt source select register (address 0x81D000) allows anal og inter-
rupts to be driven directly from timer sources rather than from analog conversion
complete events. The register allows an application to optionally select an 8254
hardware timer channel as the analog interrupt source rather than the standard ana-
log interrupt generation circuitry (see above). If the value 1 iswritten to the source
select register, the analog interrupt signal to the processor is connected to the output
of trigger matrix channel 1, which effectively connects the output of the timer
source selected by channel 1 to the analog interrupt input on the processor. When
set to zero (the power-on default state) the source select register allows the standard
anal og interrupt generation circuitry to drive the analog interrupt directly.

TheDigital Parallel 1/0 Ports

The ADC64 includes a 16-bit digital 1/0 port which can be configured as 16 out-
puts with output readback, 16 inputs, or amixture of 8 inputs/8 outputs. The port is
TTL compatible and capable of speeds up to 15 MHz input or output for custom
interfaces. The outputs are capable of 64 mA sink and 48 mA drive, making them
capable of directly driving LEDs and Opto-isolators. The inputs can be used as
general purpose inputs to the * C32 to sense relay closure, external TTL events, but-
tonsetc. If configured for input, the port is capabl e of latching data on the rising
edge of the readback clock pulse on the digital 1/0 connector, making the input
compatible with most high speed strobed interfaces. The digital 1/0 port datais
accessed at address 0x818000.

Inputs to the digital port must be TTL compatible, and readback clock pul ses must
be at least 3 nSwide, with data set up at least 2.5 nS ahead of the leading edge of
the clock pulse (see IDT74FCT 16952 transceiver data sheet for complete timings).

Outputs are capable of sourcing 48 mA and sinking 64 mA. Thisallowsthe outputs
to directly drive LEDs with current limiting resistors as well as opto-isolator mod-
ules.

The digital 1/O port is direction configurable in 8 bit groups viathe DIO_CONFIG
register at address 0x81B000. The least significant bit controls the direction of port
bits 0 through 7, while the next least significant bit controls the direction of port bits
8-15. Writing azeroto abit inthe DIO_CONFIG register definesits corresponding
port bits as inputs, while writing a one defines the ports bits as outputs. For exam-
ple, writing 0x3 to the DIO_CONFIG register causes all 16 bits to become outputs,
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while writing a zero causes all of the bits to become inputs. Writing a 0x2 would
cause the least significant 8 bits to assume input mode and the most significant 16
bits to become outputs.

In output mode the 16C952 latches capture val ues written by the ‘ C32 and drive
them out to the connector. Reads from the digital 1/0 data address will return the
value last written to the output bits. Ininput mode, writes to the latches have no
effect while reads cause the current values of the latches to be updated with the cur-
rent external signal values and these values are read back by the processor.

Important Note . Thedigital 1/O pins must read twice to get the current state. This
is because the 16952 internal register uses the read as atrigger for latching the
state of the pins. So the first read latches the pin state ( the data returned is the
previous state) and the second read give the data from the register for the current
state.

Analog 1/0

The analog input section of the ADC64 features as many as 64 channels of 16-hit,
input which are configured with high input impedance instrumentation amplifiersto
permit direct connection to sensors and signal sources. Thereareupto 8 A/D’son
the ADC64 which may betriggered to sample simultaneously or independently as
pairs. The A/D channels are instrumentation grade and have full calibration capa-
bility for accurate DC results. Input rangeis normally +10V to -10V, but may
adjusted as required with a simple change.

Analogto Digital Converter

The analog to digital converters are 16-bit deviceswith a5 us (Analog Devices
AD976AA) or 10 us (Burr-Brown ADS7805) maximum conversion time capabl e of
digitizing CD quality music, sensor outputs like thermocouples and accel erometers,
and other demanding acquisition applications. The A/D is a successive approxima:
tion type which rovides low latentcy required for control systems and multiplexed
channel applications. Each A/D channel is an independent conversion path with
independent filtering and input range. The default bipolar input rangeis +/-10V.
Custom input ranges may be achieved as described below. A simple block diagram
of asingle channd of the analog input system is given below.
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+
‘c32 16-bit, 200 kH 6-pole Progammable
AID Converter Anti-alias [¢— GAIN [
Filter Instrume_r_natlgn__M UX
Amplifier
Inputs

f

Sample Trigger
Control
(Timer or Software
Driven)

A\ 4

FIGURE 2. Analog input circuitry.

The A/D converter isinternally sampled prior to conversion and requires no exter-
nal sample and hold circuitry. The ADC is self-timed and will typically convert in
lessthan 5 us (AD976AA), which is the specified maximum conversion time for all
conditions. The ADC also hasits own internal precision voltage reference for accu-
rate conversions. Do not use the reference output for any other device unless proper
signal buffering is provided as this may adversely affect conversion accuracy.

A/D Memory Mapping. The ADCs are memory mapped read-only peripheralsin
the C32 IOSTROBE space. The A/D’s are configured as pairs which each read
back as a 32-bit number. The devices may be read by a CPU read or by the DMA
controllers.

For 32 channel cards, al A/D’s are mapped to data bits DO...D15. For 64 channel
cards, the second channel set appears on the upper half of the data bus at bits
D16...D13.

Channel A/D Device Memory Address

Group Device Designator (Hex) Data Alignment

0-7 0 U1/ 810000 DO-D15

8-15 0 U118 810000 D16-D31

16-23 1 U4l 810001 DO-D15

24-31 1 U4z 810001 D16-D31
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32-39 2 U30 810002 DO-DI5
40-47 2 U31 810002 D16-D31
48-55 3 US57 810003 DO-DI5
56-64 3 Us2 810003 D16-D31

TABLE 13. AID Memory Mapping

A/D Trigger Sources. The A/D converters may be triggered for conversion by
writes to the memory-mapped A/D, externally triggered by a TTL signal, or trig-
gered by the trigger selection matrix. For the memory mapped conversion trigger,
use awriteto the A/D address. Only awrite to the memory-mapped address will
cause a conversion; reads are used for reading back the data. Generally, it ispre-
ferred to trigger the conversion using atimer asthiswill result in the least jitter and
timing ambiguity. Thisis especially important for audio applications where thisis
asource of distortion and degrades AC performance. For servo applications, the
memory mapped access may be more useful where timing may be less critical.

The sampletrigger source selection for the A/D convertersis made using the trigger
selector matrix. This selectionislogically ORed with the memory-mapped
address for DSP writesinternally in the control logic FPGA. This allows timer
driven conversions to be intermixed with memory-mapped triggered conversions if
necessary. Notethat the A/D’s act as pairsin 64 channel configurations.

External (off board TTL source) triggering is selected by connecting the external
trigger signal to connector P1 (the 100 pin). The trigger pulse must be active low
TTL compatible. On revision C cardsthereis a pulse width requirement where the
incoming trigger pulse must remain low for at least two processor H1 clocks but not
more than four H1 clocks. Pulses which do not meet this timing specification may
fail to trigger conversions (if too short) or may trigger multiple conversions (if too
long). Revision F and later cards have falling edge sensitive external trigger inputs
and do not have this requirement.

A/D Pair External Trigger Pin
0 54

1 4

2 53

3 3

TABLE 14. External Trigger Pins

For applications with amix of channel conversion rates, it is possible to trigger at
the higher rates and only read the lower sample rate channels when required. For
example, if an application has one channel which must be read at 50 kHz and
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another at 10 kHz, it iseasy to set up a conversion timer triggering both A/D’s at
the 50 kHz rate, and simply decimate the converted results on the slower channel
(i.e. only read back the 10 kHz signal once out of every five 50 kHz samples).

A/D Offset and Gain Error Trimming. The ADC offsets and gain are set at the fac-
tory. If you find that they need recalibration, or need to change to the unipolar input
range, here is the adjustment procedure. Both gain and offset errors for the ADC
are trimmable by the user on the ADC64.

A/D Reference Offset Trim | Gain Trim

Channels Designator Pot Pot

0-7 Ul7 R22 R23
8-15 U18 RZ26 RZ27
16-23 U4l R67 R68
24-31 u42 R71 R72
32-39 U30 R45 R46
40-47 U3l R49 R50
48-55 US1 R89 R90
56-63 Us2 R93 R94

TABLE 15. A/D Offset and Linearity Adjustment Resistors

Also, for Rev G+ cards, the on-board voltage references may be calibrated. These
references are calibrated as part of the factory calibration. They are very stable and
should not require recalibration. Asafirst step in the calibration procedure, check
the voltage reference ouputs with a precision voltmeter (most handheld units are
not accurate enough, precision to 100 uV is desired here).

Reference Offset Trim
Voltage JP8 Pin Pot

+5.000 V 6 R112
-5.000V 7 RI90

TABLE 16. Reference Voltages Trim Potentiometers

Trimming capability is not available on the older ADC64 and cADC64 designs
beforerev G.

Errors should be trimmed with the following methodology at the expected operat-
ing temperature:
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Short the differential inputs for each channel to each other and to analog ground on
connector P1. You may want to do this out at your sensor to include any error
sources present in the application circuitry. Trim offset pots such that azero codeis
observed when continuously sampling the converters (use the ADC64 TEST pro-
gram for convenience in reading the A/D conversions).

Connect one input to a voltage reference and check gain for proper codes. Full
scaleinputs, at again of 1, are +/-10V and should read raw ADC codes of 32767
and -32767 respectively for the bipolar range. Unipolar full scaleinputsare 0-10 V
or 10-0 V. Trim offset pots as necessary to achieve the proper code.

On the ADC64, the analog input range of each A/D channel is configurable using
jumpersfor ranges of + 10V, 0-10V, -10t0 0, +_5V, £ 2.5V.

A/D Channéd Input Span Jumper Setting Input Resistor
0 +/-10V JP8 35 R36 = 10K
0 +/-5V JP8 1-3 R38 = 20K
0 +/-2.5V JP8 2-4 R40 = 40K
0 0-10v JP8 1-3,7-8 R38 = 20K
0 -10-0v JP8 1-3,6-8 R38 = 20K
1 +/-10V JP9 35 R41 =10K
1 +/-5V JP9 1-3 R43 = 20K
1 +/-2.5V JP9 2-4 R44 = 40K
1 0-10v JP9 1-3,6-8 R43 = 20K
1 -10-0V JP9 1-3,7-8 R43 = 20K
2 +/-10V JP19 35 R85 = 10K
2 +/-5V JP19 1-3 R87 = 20K
2 +/-2.5V JP19 2-4 R88 = 40K
2 0-10v JP19 1-3,6-8 R87 = 20K
2 -10-0v JP19 1-3,7-8 R87 = 20K
3 +/-10V JP18 35 R81 = 10K
3 +/-5V JP18 1-3 R83 = 20K
3 +/-2.5V JP18 2-4 R84 = 40K
3 0-10v JP18 1-3,6-8 R83 = 20K
3 -10-0V JP18 1-3,7-8 R83 = 20K
4 +/-10V JP13 35 R59 = 10K
4 +/-5V JP13 1-3 R61 = 20K
4 +/-2.5V JP13 2-4 R62 = 40K
4 0-10v JP13 1-3,6-8 R61 = 20K
4 -10-0v JP13 1-3,7-8 R61 = 20K
5 +/-10V JP14 35 R63 = 10K
5 +/-5V JP14 1-3 R65 = 20K
5 +/-2.5V JP14 2-4 R66 = 40K
5 0-10v JP14 1-3,7-8 R65 = 20K
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-10-0v
+/-10V
+/-5V
+/-2.5V
0-10V
-10-0V
+/-10V
+/-5V
+/-2.5V
0-10vV
-10-0v

NNNNNOOOO OO Ul

JP14
JP23
JP23
JP23
JP23
JP23
JP24
JP24
JP24
JP24
JP24

1-3,6-8 R65 = 20K

35 R102 = 10K
1-3 R104 = 20K
2-4 R105 = 40K
1-3,6-8 R104 = 20K
1-3,7-8 R104 = 20K
35 R106 = 10K
1-3 R108 = 20K
2-4 R109 = 40K
1-3,6-8 R108 = 20K
1-3,7-8 R108 = 20K

TABLE 17. Standard A/D Input range selection.

Custom bipolar input ranges may be achieved by modifying the input to each chan-
nel group. Contact technical support for information.

The cADC64 does not implement the above jumper configurations but can be
equipped for different input ranges by changing the input offset and gain resistor
values. The following figures give the input stage schematics for each A/D on the

cADCo4.

R36

R37

oP482
S014

(o)
+AV

FIGURE 3. A/D device O input stage

AANA AN\A—O+5REF
10K DNP
R38
"é)v :»—W—O-SREF
DNP
= u28D
P R34
113
14 i ANAA < IN_0
- 412 AGND 10K
N
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R41 R42
AN AANA—O+5REF
10K DNP
R43
&y F——AAA—O-5REF
DNP
o u29D
1 13
1 ANAN < IN_1
e 12 R39
\+—| AGND 10K
0P482
S014
o}
+AV

FIGURE 4. A/D device 1 input stage

R85 R86
AN AN\A—O+5REF
10K DNP
R87
Ay +—AAA—O-5REF
DNP
= D)
-1 13 AAA < IN_2
14 -
+L| AGND R78
N 10K
0P482
S014
e
+AV

FIGURE 5. A/D device 2 input stage
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R81 R82
AN ANA—O +5REF
10K DNP
R83
-/-C\)V —ANAA—O-5REF
DNP
< U50D
11
1 13
A PO
12 1 AGND
N 10K
0P482 €C0805
S014
O
+AV

FIGURE 6. A/D device 3 input stage

R59 R60
AN ANA—O+5REF
10K DNP
CC0805 R61
/8/ —ANANA—O-5REF
DNP
= U38D
113 AAA < TiN4
_ 14
12 AGND R56
N
0P482
S014
(e
+AV

FIGURE 7. A/D device4 input stage
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R63 R64
AN ANA—O+5REF
10K DNP
€C0805 R65
/8/ —ANA—O-5REF
d DNP
= U39D
A 13
14 AN - IN_5
12 aenp O
N 10K
0P482
S014
O
+AV

FIGURE 8. A/D device5input stage

R102 R103
ANA ANA—O +5REF
10K DNP
CC0805 R104
Ay —AAA—O -5REF
1 one
o+ Us9D
e AAA <__JiNCs
] 14 -
J12 aenp RO
~ 10K
0P482
S014
e
+AV

FIGURE 9. A/D device6 input stage
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R106 R107
AN ANA—O+5REF
10K DNP
€C0805 R108
-AV +—ANA—O-5REF
d DNP
= U60D
113 AAA < IN7
_ 14
12 AGgND R101
N 0
0P482
S014
O
+AV

FIGURE 10. A/D device 7 input stage

Anti-alias Filtering

The ADC64 provides independent 6-pole anti-alias filtering with offset and gain
adjustment for each A/D device. The schematics for each filter are given below.
The schematics differ between the ADC64 revisions C, F and G+, therefore three
sets of schematics are given.

It is generaly not possible for users to reconfigure the filters since surface mount
components are used on the ADC64. Please contact Signalogic if you
would like to customize the filters for your application.
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ADC64 Rev C Filters.

AV
U288
RIF RIE 18
L 6,5 0 7 R33D R33C
5 1 4 3 2
10K 106
S014 S014 TL074 10K 10K
car [ S0t 5014 5014 10K
I 829F 30pF 49 C50 5014
CcoBos CCoBos 829F 30 pF cu
AGID AV I ccosos ceosts 330 pF
AGID A CCo805 CCoBos
AGHD

FIGURE 11. A/D O anti-aliasfilter (Rev C ADC64)

AV
U298
R35F R3SE 6
T <
our L9 ] 1 R350 R35C
5 , 1 4 3 1
10K 10K
s014 5014 TLOT4 10K 10K
csa = s 5014 5014 014
82 9F 330 pF 4 —-—
o805 805 8 pF 330 g
AGND AV €C0805 Cc0805
AGND

FIGURE 12. A/D 1 anti-aliasfilter (Rev C ADC64)
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- RLL2F RIIZE
our.2 ] R112C
RL12A
0K 10K 1
S014 S014 10K
€123 = o 5014 10K
82pF 30 pF = o 014
CC0805 CC0805 330 pF — 17
AGND 805 30 pF
CC0805

FIGURE 13. A/D 2 anti-aliasfilter (Rev C ADC64)

AV
Uss
RITF RTTE 6
out3 <} 6 5 7 RID RTIC
5 il 4 EDYN'
10 10K
s014 S014 L7 10K 10
130 - oz 14 5014 o1
a2 pF 330 pF 120 = s
CCo80s CCo805 82pF 330 pF
ND AV 0805 CCO805
AGND

FIGURE 14. A/D 3 anti-aliasfilter (Rev C ADC64)
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ouT4 <1 RESE Rssc
RS
10K
sou 10K
— C86 S014 10K
330 pF. — C88 S014
CC0805 330 pF 79
€Co805. 330 pF
€Co805.
FIGURE 15. A/D 4 anti-aliasfilter (Rev C ADC64)
ours <1+ R57C
RS7A
1
10K
5014 10K
== cst S014
330 pF C == c89
Co8os I 330 pF
+AV CCo80s €Co8os
AGN

D

FIGURE 16. A/D 5 anti-aliasfilter (Rev C ADC64)

FIGURE 17.

v

A/D 6 anti-aliasfilter (Rev C ADC64)

Cco805 ccosos
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our.7 13 5 e 10 7 . R100D R100C
CC0805 82 pF. 330 pF = C166 o= Cl165
FIGURE 18. A/D 7 anti-aliasfilter (Rev C ADC64)
ADC64 Rev F and cADC64 Filters.
AV
U288
R120 R122 [}
7 R121 R119
45 . 8 R118
10K 10K — AAA—
0P482 10K 10K
c41 o= a8 5014 10K
82pF 330 pF c49 == c50
CC0805 CC0805 82pF 330 pF — C4l
AGND AV I C0805 CC0805 330 pF
ND CC0805

FIGURE 19. A/D O anti-aliasfilter (CADC64 and Rev F ADC64)
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our_1 <4

28

R124

AGND

— 3

10K

330 pF
ccoaos

FIGURE 20. A/D 1 anti-aliasfilter (CADC64 and Rev F ADC64)

R150

our2<_J—4

10K

= o
30 pF
CCo805

CCo805

FIGURE 21. A/D 2 anti-aliasfilter (CADC64 and Rev F ADC64)

R154

10K

=

330 pF
cco80s
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FIGURE 22. A/D 3 anti-aliasfilter (CADC64 and Rev F ADC64)

CC0805

w1

C0805

R134

87

€Co805 82pF
AV €Co805
AGND

10K
0P482 10K
= o8 014
330 pF

10K
— o8
330 pF
€C0805

AGND

=
330 pF

€C0805
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AV
U398
: R141 R142 6
ours <4 7 RL3Y R140
5 . R138
10 10K J» AAA
0P482 10 10K
c92 = ca S014 10
82pF 330 pF c82 et
€C0805 CC0805 82pF 330 pF. 90 == 89
AV T CC0805 CC0805 I 82pF 330 pF
AGND AV CC0805 CC0805
AGND
FIGURE 24. A/D 5 anti-aliasfilter (CADC64 and Rev F ADC64)
AV
AV
U598
T 5 . RI66
10K AA
0P482 10K 10
== C162 S014 l 10K 10K
330 pF C163 = Cp4
CC0805 82pF 330 pF C156 == C155
AV I CC0805 CC0805 82pF 330 pF
AGND AV CC0805 CC0805
AGND
FIGURE 25. A/D 6 anti-aliasfilter (CADC64 and Rev F ADC64)
-AV
AV
-AV
4 UB0A
o U60B
12 4 UB0C
G 1 RITL R112 18
ot 43 1 RI69 RI70 9
48 R167 R168
0P482 10K 10K 10
5014 0P482 10K 10K
C168 C167 5014 0P482 0K 10K
82pF 330 pF. C158 C157 S014
+AV CC0805 CC0805 82pF 330 pF C166 C165
GND +AV CC0805 CC0805 B2 pF 330 pF
AGND AV CC0805 CCo80s
AGND

FIGURE 26. A/D 7 anti-aliasfilter (CADC64 and Rev F ADC64)
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ADC64 Rev G and higher filters. For Rev G and higher cards, the filter topology
was changed to allow greater flexibility in the type of filter implemented. This
change alowed the filter to be not just the Sallen-Key dllliptic filter that was on the
ADC®64 rev C —F but also to allow Tchebyshev, Butterworth, and other filterswhich
have resonant filter stages. The Sallen-Key filter is asubset of the new filter types,
and isthe default configuration as shown in the following diagrams. When a Sallen-
Key filter is used, the feedback resistor shorted (0 ohms) and the gain resistor is not
populated (DNP is“Do Not Populate”).

R1TT RI178

AGND

R122

10K

o7 —ca
82pF 330 pF
AV €C0805 €C0805

AGND

ca == cu
62 330 9F
+AV €Co805 CCo805
6D

FIGURE 27. A/D O anti-aliasfilter (Rev G+ ADC64)

RI26

10K

s
30 F

—
€C0805 3

530 pF 52 = o
CCoBos 82)F W0 pF
Ay CCo805 £Co805

FIGURE 28. A/D 1 anti-aliasfilter (Rev G+ ADC64)
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R191 R192
R1%3 R194
0 NP R195 R196
AV 0 DNP
AV 0 DNP
L AV
4 LA AGND 1
4 U4 AGND
2 4 u49C AGND
C[ 1 R149 R150 ] T
our2 o3 ' R1S1 R152 9
5 ’ R153 R154
0P482 10K 10K 4 10
5014 0P482 10K 10K
C123 0= e 5014 0P482 10K 10K
I 82pF 330 pF C125 o= Ce 8014
AV CC0805 CC0805 82pF 330 pF c118 cur
AGND +AV I CC0805 CC0805 82pF 330 pF
AGND +AV CC0805 €C0805
AGND
FIGURE 29. A/D 2 anti-aliasfilter (Rev G+ ADC64)
R198 R199
R200 R201
0 NP R202 R203
AV 0 DNP
AV
4 UsoA AGND 1
4 US0B AGND
. ]
C[ 1 R155 R156 ]
ours o3 R1ST R1S8
5
0P4g2 J» 10K 10K
5014 0P482 10K 10K
C130 peyw i) 5014
I [ bor cm =
AV CC0805 CC0805 82pF 330 pF
AGND +AV I CC0805 CC0805 P
AGND +AV CC0805 CC0805
AGND
FIGURE 30. A/D 3 anti-aliasfilter (Rev G+ ADC64)
R205 R206
R207 R208
0 DNP R209 R21
-AV 0 DNP
-AV
o u3sA AGND 1
U38B AGND
2
R143 R144 6
+ 3 . R133 R134
+L5 .
0P482 L 10K 10K L
S014 0oP482 10K 10K
=
T 82 pF 330 pF car = css
+AV C€C0805 €C0805 T 82 pF 330 pF
AGND +AV CcCcos8os C€C0805

>
o)
E
S

FIGURE 31. A/D 4 anti-aliasfilter (Rev G+ ADC64)

AGND
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R12 R13
R4 Rt
) S Rt [y
AV 0 onp
AV 0 onp
1 AV
4 v AGND
AT AGND
12 7 4 use AGND
1 RUL R 16
our s < |3 i Y Ri40 ¢k
s R17 R
0P482 10K 10K A 10
soL opig2 10 10
o = soL opeg2 10K 10K
&5 %0 pF o) [ S0t
Bl I Coonns CooBts &0F 0 ) o
AGND Bl CooR0s CCOR0s I &pF 0pr
AGND o CooB0s Ceogts
AGND
FIGURE 32. A/D 5 anti-aliasfilter (Rev G+ ADC64)
R219 R220
R2z1 Roz2
R2z3 R224
0 DNP
AV
AGND i
Us9B AGND
ABND
R1T4 [}
our s < RITS R176
45 R166
10K
0P482 J» 10K 10K e
= C162 5014 10K
330 pF C163 = Cle4
CC0805 I 82 pF 330 pF — C155
AV CC0805 CC0805 330 pF
AGND ccosos
AGND
FIGURE 33. A/D 6 anti-aliasfilter (Rev G+ ADC64)
R226 R2z7
R228 R229
R230 R231
0 one
AV
AGND S
Uste ABND
AGND
RIT2 16
our 1< ’ R169 RIT0
|5 R168
10K
0P8 J} 106 10K A
o= C167 S014 10K
330 pF C158 = c1s7
CC0805 I 82 pF 330 pF = Cl165
AV CC0805 CC0805 330 pF
ccosos

AGND

FIGURE 34. A/D 7 anti-aliasfilter (Rev G+ ADC64)

AGND
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Disabling the Filters . For some applications like high speed, multichannel data
acquistion, it is advisable to disable thefilters so that the settling time between
channelsis minimized and channel “smearing” isminimized. A jumper on Rev G+
cards allows the user to diable thefilter portion of the analog chain. The gain and
offset portion of the analog are NOT disabled. The standard cards are calibrated
with the filter enabled, so be sure to recalibrate the card if the filters are disabled.
Also, be sure to filter the analog signals externdly if the the on-board filtersto pre-
vent aliasing of the sampled signals.

A/D Channél

Group Jumper
JP44
JP45
JP38
JP39
JP40
JP4A1
JP42
JP43

~NOUORAWNRERO

TABLE 18. Anti-aliasfilter disable jumpers (Rev G+ ADC64)

For ADC64 revisions beforerev G and all cCADC64, the filter can be disabled at the
factory as part of the card configuration. Signalogic for details.

Programmable Gain

Each A/D has independent, software programmable gain. The standard gain selec-
tions are x1, x2, x4, or x8. Versions with x1, x2, x5, x10 gain settings may be spe-
cialy ordered.

The gain is selected by writing a number O to 3 to the programmable gain amps sig-
nifying the desired gain setting. Each of the programmable gain amplifiersis
addressable as a memory mapped peripheral, but is combined with the channel
selection for the multiplexer. This allows the gain and channel to be specified in
one write to the control logic. The gain control is the lower two bits of the control
word (see below).
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Channel Multiplexing

The A/D’s are multiplexed either 8:1 single-ended or 4:1 differentially. The stan-
dard configuration is single-ended. A DG528or 408 mux is used for single-ended,
while a DG529 or 409 is used for differential.

The multiplexers switch in 1 uS, but should be given the maximum time to settle
between samples. After aconversion is begun, switch the mux channel immedi-
ately to the next measurement channel for maximum settling time. Setting time for
16-bit accuracy is3 uS. System settling timeis usually determined by the anti-alias
filter which is often set according to the expected input bandwidth and sampling
rate.

Each mux is controlled by writing a value to the mux/gain control registers, where
the mux channel selected is bits 2-4 of the control word.

Function C Mnemonic | Address

Gan/Mux Channel O Control GMO 0x813000
Gain/Mux Channel 1 Control GM1 0x813800
Gan/Mux Channel 2 Control GM?2 0x814000
Gain/Mux Channel 3 Control GM3 0x814800
Gan/Mux Channel 4 Control GM4 0x815000
Gain/Mux Channel 5 Control GM5 0x815800
Gan/Mux Channel 6 Control GMG6 0x816000
Gain/Mux Channel 7 Control GM7 0x816800

TABLE 19. Gain and mux control registers

Single-ended operation is selected by jumpering the programmable gain amplifier
for single ended input. Thisis required when using single ended multiplexers, but
may be used to optionally defeat the (-) input of the channel group differential

input.
Channel Group Jumper
0-7 JP29
8-15 JP30
16-23 JP31
24-31 JP32
32-39 JP33
40-47 JP34
48-55 JP35
56-63 JP36

TABLE 20. Single-Ended Configuration Jumpers
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Please note: single-ended configuration jumpers are not provided on the cADC64
and Rev F+ ADC64. These boards are hardwired at the factory for the multiplexer
type selected on the customer’s or der.

The pairing of inputs for differential use places the positive input is on the even
input numbers and the negative input is on the odd numbers (i.e. the positive side of
input 0 on A/D device 0 ison 1/O pin INO, while the negative sideis on pin IN1).

Automatic Multiplexing (CADC64 and ADC64 Rev F+ only)

The cADC64 and revision F and later ADC64 boards support an automatic muxing
feature which allows applications to mux through incoming A/D channels without
the overhead associated with writing control values to the mux registers for each
conversion.

The automux count register (address 0x81D800) enables and controls the automux
feature. Onboard logic includes aset of counters (one per mux) which automati-
cally increment each time that mux’s A/D converter istriggered. The mux channel
is changed dlightly after the A/D conversion trigger to allow the A/D time to exe-
cute the sample and hold operation before the incoming signal is switched to the
next channel. Once the counter reaches the value programmed into the automux
count register, the counter rolls over to zero and begins counting up again. Auto-
muxing is disabled (the mux remains set at the last value written to it either by the
automux feature or by software write from the CPU) if the automux count register
is set to zero (disabled automuxing is the power-on reset state). The automuxing
featureis disabled or enabled for all muxes at the sametime: it is not possible to
enable automuxing for only some A/D converters while others remain non-auto-
muxed.

The automux counters start from the current mux channel value and increment
upward, so it is possible to initialize each mux input to a different initial channel
number before enabling automuxing.

Analog Output

Two independent channels of 200 kHz, 16-bit instrumentation-grade digital-to-ana-
log converters (D/A) are provided on the ADC64 (Burr-Brown DAC712). The D/
As are useful for analog signal outputs for both control and signal generation.
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The D/A converters are doubl e-buffered and the ADC64 implements several update
methods to accommodate various applications. Both D/A’s may be updated individ-
ually, by software triggering or by any of the timer channels. The D/As are capable
of full scale output swingsin 5 uS. Voltages appear on the output pins of each D/A
channel within 5 uS (for afull scale change in output) after having completed an
analog update operation. Small signal response is significantly faster.

Theinterface to the D/As alowsflexibility in dataloading and updating the outputs
of the D/A converters. The D/A control registers are mapped into the IOSTROBE
region of memory, and allow datato be written to the converters and output voltage
updates to be performed by software access. The following table gives the address
mapping of the converters.

Address (hex) Function
Ox812000 Coad D/A channdl O daia [afches (Write), update Output (read)
OX812800 Coad D/A channd 1 datalaiches (write), updaie Output (read)

TABLE 21. DAC Register Memory Map

D/A Converter Output Ranges

Several preset ranges on the ADC64 are available by setting jumpers as shown in
the following table.

TABLE 22. D/A Output Range(ADC64)

Output
Range D/IA O D/IA 1
volts JP1 JP2 JP3 JPA
+/-10 1-2 none 1-2 none
+/-5 34 none 3-4 none
+/-2.5 5-6 none 5-6 none
0-10 34 4-6 3-4 4-6
-10-0 3-4 2-4 34 2-4
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The cADC64's output range may be modified by setting the offset and gain resis-
torsin the D/A output stage (see schematics above).

D/A Output Trimming

The ADC64 supports an output trim on each D/A output for gain and offset. The
trim method outlined below minimizes offset error, gain error, and bipolar zero
error.

Write al bits off to the D/A channel being trimmed. Adjust R8 (for DACO, R3 for
DAC1) to give +10.000 volts output at Pl. All voltages should be measured with a
short (1") ground connection to analog ground on the Pl connector.

Write dl bits on. Adjust R10 (for DACO, R17 for DAC1) to give -9.999 volts out-
put.

D/A Output Filtering

The D/As are amplified and filtered with high speed, low offset op amps using an
inverting topology. Filtering with a simple one pole roll-off is available with capac-
itors for each of the channelsin parallel with the feedback resistors.

The following diagrams give the schematics for the D/A output amplifiers for the
ADC64 and the cCADC64, respectively.
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R15 R11 4.99K
W W
Jp 10K
+5REFO—— 1 2 pb———o0 +5REF R2 CF1 |/ 220 pF
3 4 W |\
-5REFO——Q 5 6 [p——O -5REF ToK
HDR_2MM_3X2 CC0805 -AV

HDR_2MM_3X2

R10 u11B
500 JP1 R12 TLO72A
6
1 2 AAA
7
+5REF AMM SMT POT HDR_2MM_3X2 R13
- - HDR_2MM_3X2
R4
10K
CCo0805 +AV
R8
20K
3 L
c189
500 1
CCo0805
AGND
RS
10K
ccogos
R21
-5REF AAA R9 4.99K
JP4 10K
+5REFO——Q 1 2 p———O +5REF R16 CF2_ |/, 220 pF
3 4 W I\
-5SREFO—Q 5 6 p—O -5REF 10K
HDR_2MM_3X2 CC0805 -AV
HDR_2MM_3X2
R17 U1l1A
500 JP3 R18 TLO72A
2
1 2 AAN
1
4MM_SMT_POT HDR_2MM_3X2
- - HDR_2MM_3X2
+AV
+5REF
20K
R6
10K
CCo0805
R3
3 J—
C190
500 1
CC0805
AGND
R7
10K
ccogos
-5REF

FIGURE 35. ADC64 D/A Output Amplifiers
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R10
500

+5REF O—AAN
DNP
R2

SSREF O—AAN

CF1 I/ 220 pF

DNP

A

%

+5REF AMM_SMT_POT

R4
10K
CC0805

R8

500

RS
10K
CCo0805

-5REF

R17
500

Cc189

0.1

CCo0805
AGND

R21
+EREF O—AAN

R9 4.99K

—_>paco

DNP
R16

S5REF O—AAA

R19

%

4MM_SMT_POT

+5REF

R6
10K
CCo0805

10K

R7
10K
CCo0805

-5REF

CCo0805

C190
0.1

AGND

TABLE 23. CADC64 D/A Outpute Amplifiers
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Triggering D/A Conversions

The D/As may receive an update signal from either amemory mapped access or by
using trigger output four from the trigger selection matrix logic. The update signal
causes the D/A to output an analog voltage representing the currently latched data
value. The update operation does not cause a data transmission to the D/A (data
communications can only occur on a software-driven basis, by use of the memory-
mapped D/A registers).

Software D/A updates are triggered by reading the appropriate D/A address loca-
tion for the channel which isto be updated (see above). The read operation gener-
ates a conversion trigger pulse which causes the appropriate D/A to update its
output to the current latched datavalue. Please note that since the D/A converters
are addressed at independent locations, it is not possible to simultaneously update
both outputs (i.e. two accesses are required, causing a small delay between the
update of thefirst D/A output versus the update of the second D/A output.

Analog Power Supplies

The anal og subsection uses a DC-DC converter and severa linear suppliesto pro-
vide clean analog power for the A/D’sand D/A’s. These power supplies are avail-
able for use by external hardware viathe DB37 external connector. Current draw
from these suppliesis limited, however, to the amounts listed in the following table.

Supply (referenced to Maximum External
AGND) Current Limit

FAV (= +15V) 30mMA

-AV (= -15V) 30mMA

TABLE 24. DC-DC converter power limits.

DV CC (pin 15 on the P1 connector) is available at significantly higher current rat-
ings. Thissupply isthe PCI buslogic +5V and as such is noisy and not recom-
mended for powering sensitive, high quality analog circuitry. DV CC, however,
could be made to supply power to an external DC-DC converter which would in
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turn provide significantly cleaner power to external analog circuitry. Pin 51 has
+12V from the PC, pin 1 has-12V from the PC. These are unfiltered.

The DC-DC converter used on the ADC64 is short-circuit protected and can survive
indefinite short-circuit to ground from either output. Shorting +15 to -15 should be
avoided as this can destroy the converter if left unchecked for several minutes.
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CHAPTER 2 Appendices

Factory Jumper Settings

Rev H jumper settings Rev F jumper settings CADC64 rev B
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ADC64 Connector Pinouts

The ADC64 end connector P1 isa 100 pin female SCSI2 type which provides access to al analog inputs, the D/A out-
puts, digital 1/0, the external triggers, counter/timer 5 and system power.

Signalogic manufactures a breakout terminal block and cable for the 100 pin connector, P/N P113.

Connector Type:SCSI2 100 pin Female

Two rows of 50 pins

Mating Connector : Thomas + Betts

HFM100A (connector body)

1016029C-01 (crimp pins)

300102-100BS8 (backshell)

FIGURE 36. Pl Connector Schematic

S — —
P1
IN62 100 50 IN63
N 9 | 0 a9 IN6L
IN58 98 % 48 48 INS9
IN56 97 | g - IN57
IN54 % | g5 w | ® IN55
IN52 % | o w % IN53
N\ INS0 94 " 44 44 INS1
IN48 9% | g pra e IN49
IN46 92 2 42 42 IN47
IN44 91 o1 41 41 IN45
IN42 0 % 40 40 IN43
IN40 8 | oo 3 |2 IN41
N INa8 8 | o » 38 IN39
IN36 87 | o e 7 IN37
IN34 86 86 3% 36 IN35
N ING2 85 | o x | B IN33
\ IN30 84 84 3 34 IN31
N IN28 8B | o 3 38 IN29
IN26 82 8 2 32 IN27
IN24 8L | o7 3 [8L IN25
N N2 80| g 0 |20 IN23
N IN20 79| 5 % |20 IN21
IN18 78 78 28 28 IN19
IN16 14 7 27 27 IN17
IN14 76 76 26 26 IN15
INL2 | e x & INI3
IN10 74 74 24 24 IN11
IN8 N 3 |2 IN9
IN6 2|5 » [2 IN7
N4 ] o |2t IN5
IN2 0|5 5 |20 IN3
INO 69 19 IN1
DACT B | % T
[DAC DACO 7 68 18 —7—AGND
[DACO 6 67 17 —g—AGND
66 16
65 15
D F——%—1 65 15 —,—ODV
_B e 8 5 [m 5
DX2 68| o PO ] DX3
Dx4 62| o L 12 DX5
DX6 61 61 1 11 DX7
DX8 60| ¢ o |10 DX9
O
DX14 57 :3 g 7 DX15 TMRI0..5] TMRI0.5]
m TMR_CLKS 56 56 6 6 TMRS =
722 55 5 i GATES GATES*
54 4 EXT_TRIGL*
o s 3 EXT TRIGS"
= 52 2 TCLKL
+12v 02— 5 1 ——o0-12v

SCSI2_RT_F_10
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Signal Signal
pin | Name Description Pin | Name Description
T -T2V -T2V power fromPCbus | 51 | +12V +12V from PC bus
2 TCLKI Timer7counter 170 from DSP 52 | TCLKO Timer/counter 0 on DSP
3 EXTTRIG3 | External trigger input 3 | 53 | EXT TRIGZ | External Trigger nput 2
! EXTTRIGT | External trigger Input L 54 EXTTRIGU | External Trigger Input O
5 GATES* | GaetoBZC54imer counter 5 55 | EXT TRIGA | Externa Trigger Tnput 4
(5] TVMRS Output of Timer 5 56 TMR_CLK5 CIOCK TNpUt to 82C5H4 timer counter 5|
7 DX15 Digital 70 bit 15 57 | DXI4 Digital 70 bit 14
8 DX13 Digita 70 bit 13 58 | DX1Z Digital 70 bit 12
9 DXII Digital [70bit 11 59 | DXI0 Digital 70 bit 10
10 | DX9 Digital [70bit 9 60 | DX8 Digital 70Dt 8
IT | DX7 Digita /0 bit 7 6L | DX6 Digital 70 bit 6
12 | DX5 Digital /0bit 5 62 | DX4 Digital [J0bit 4
I3 | DX3 Digital 170 bit 3 63 | DX2Z Digital 70 bit 2
14 | DXI Digita /0 bit T 64 | DXO Digital 70 bit 0
15 | DVCC +5V from PC bus 65 | DGND Digital Ground
6 | - Unused 66 | - Unused
17 | AGND Analog Ground 67 DACO Output from D/A channel O
I8 | AGND Analog Ground 68 | DACI Output from D/A channel 1
19 | INI Analog Tnput T 69 | INO Analog input 0
20 | N3 Analog Tnput 3 70 | INZ Anaog Tnput 2
2T [ TN5 Analog input 5 7T [ IN4 Analog input 4
22 [ IN7 Analog Input 7 72 | ING Analog input 6
23 | TN9 Analog Tnput 9 73 | INB Anaog input 8
24 [ TNIT Analog input 11 74 [ TNIO Analog input 10
25 | INI3 Analog Input 13 75 | INIZ Analog input 12
26 | INI5 Anaog input 15 76 | INI4 Analog Input 14
27 | INI7 Analog input 17 77 | INI6 Analog input 16
28 | INI9 Analog Input 19 78 | INIB Analog input 18
29 | TN2T Anaog input 21 79 | IN20 Anaog input 20
30 [ INZ3 Analog input 23 80 [ IN22 Analog input 22
3T [ IND Analog Input 25 8L | IN2Z Analog Tnput 24
32 [ INZ7 Anaog input 27 82 | INZG Anaog input 26
33 [ TN Analog input 29 83 [ INZ8 Analog input 28
34 [ TN3T Analog Tnput 31 84 [ IN30 Analog input 30
35 [ IN33 Anaog input 33 85 | IN32 Anaog input 32
36 | IN35 Analog input 35 86 | IN34 Analog Tnput 34
36 | IN37 Analog Tnput 37 87 | IN36 Analog input 36
38 [ TN39 Anaog input 39 88 | IN38 Anaog input 38
39 [ TN4T Analog input 41 89 | IN40 Analog input 40
40 | IN43 Analog Input 43 90 | IN4Z Analog input 42
4T [ IN45 Anaog input 45 9L | IN44 Analog Tnput 44
47 | TN47 Analog input 47 92 | IN46 Analog input 46
43 [ INA9 Analog Tnput 49 93 [ INZ8 Analog input 48
44 [ TN5I Anaog input 51 94 [ TIN50 Anaog input 50
45 | IN53 Analog input 53 95 | IN52 Analog input 52
456 | IN55 Analog Tnput 55 96 | INS4 Analog Tnput 54
47 | IN57 Anaog input 57 97 | IN56 Anaog input 56
48 | IN59 Analog input 59 98 | ING8 Analog input 58
49 | TN6I Analog INput 61 99 | TNG0 Analog Input 60
50 | TN63 Analog Input 63 T00 | TNGZ Analog Input 62

TABLE 25. Table of PI pins
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The memory expansion header provides access to all important TM S320C32 bus signals to
be used by peripheral daughter cards.

Connector type: DIN 96 Female
# of pins: 96 in three rows
Mating connector: AMP 650908-5

B0 31 D[0..31]
(A2 A[0..23]
u40
AL B1 D8
XFO Al B1
RESET* A2 B2 Do
[RESET* s A2 B2 2 510
[roY B0 as (A% B3 Tes pu
Ell A5 | ge | BB D12
P
A7 B7 TCLKO
EI[0..3] A8 B8 D15
<EI[0..3 A8 B8
N2 | g 5o | B9 TCLKO
DO Ao |0 olo [BLO A0
D1 A1 %00 gip [BLL AL
D2 Al2 B12 A2
Al2 B12
D3 ¥ TR A ¥ A3
D4 Al4]Y gis [B14 A4
D5 A15 | gis [ B1S A5
D6 LT R IFT A6
D7 AL7 |00 gio [B17 A7
veeoRL8 | a1g 18 228 ovec
A8 A19 |0 glo [ BL9 A16
A9 Az0 | o0 oo [B20 ALT
A10 Az1 | o0 o5, [B2L A18
AL A2z |55 o5, [B22 A19
AL2 A23 |50 £og [B23 A20
A13 A24 |50 o5s [B24 A21
Al4 A25 B25 A22
A25 B25
A15 A26 A26 B26 B26 A23
[TcLkt ;/C\/\L/Kl 22; A27 B27 :g; IDGND
[R/W* A28 B28 STRBO_BO* |
DECODES0A29 B29
[pECODESG DEcoDES1A30 | 222 B29 g5 IOSTRB* Hi ]
[DECODES1 31| A30 B30 o= I0STRB* |
. A31 B31
TACK* IACK 2‘712 A32 B32 23127
EXTRST*} c1 c17
c2 C18 D24
XF1 c2 ci8
C3 |05 i €19 D25
D16 Ca | 2L Cao lC20 D26
D17 C5 | s oy |C2L D27
D18 C6 | o oo |C22 D28
D19 C7 |, o |C28 D29
D20 cs C24_ D30
cs c24
D21 C9 | lg cos |C25 D31
D22 c10 c26
D23 c11 | G0 ©26 557 1POND ) ko )
Holp ci12| S C27 o Cikxo _ LCLKRO
HOLD* } HOLDATG1a] C12 C28 550 SRO CLKXO |
HOLDA* Cia C13 c28 Eo0 oox0 {bRO
DGND c14 c30 SDX0 |
c15 c31 FSRO
Cie]C15 c31 o5 Foxo FSRO |
=21 c16 c32 FSX0
96PINC
dinoef

FIGURE 37. Memory expansion connector, U40.
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Signal Name Function

D[0..31 "C3Z bidirectional data bus, unbuifered.
AJ0..31 "C32Z address bus, unbuifered.

RIW~* "C3Z read/write signal.

EN0..3] "C32 Interrupt iNputs

H1 "C32 processor clock (ICLK rate/ 2).
RDY* "

TOSTROBE* "C32TO memory region active
STRBO_BU* "C32 external bus memory region O active Strobe.
TACK*® "C3Z interrupt acknowledge Signal.
WATT[0..Z] ADCBZ externa wait-state inputs.
HOLD* "C32 hold request input.

HOLDA* "C3Z hold acknowledge output.
TCLK[U.0] "C32 counter/iimer 170 pins.

DECODES[U..1]

CLKRO

Uncommitied strobes for user peripherals.
"C3Z sync serial port receive daia clock

CLKXO0 C32 sync serial port transmit daia clock

DRO "C32Z sync seria port recelve daia

DX0 C32 sync serial port transmit daia

FSRO "C32Z sync seria port frame Sync receive
EXT_FSXO C32 Sync serxl al port frame sync tfransmit
RESET™ ADCH4 reset, active [ow

RAM_CSF ADCB4 onboard SRAM chip Select, active Tow.
VCC +5Vdc (digital 5V from PC supply)

DGND Digital ground (to PC supply)

AGND Analog ground (fo DC-DC converter)

TABLE 26. Table of 3XBUS pins
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The following diagram gives the pin connector orientation for the 3XBUS connec-
tor. The board orientation iswith the 3XBUS connector facing up, PCI bus connec-

tor towards the bottom.

PnClL

PnB1

PnAl

o

ooo
0004

‘.

| FAnA2

FIGURE 38. 3XBUS Connector Pin Orientation

PinC32

PinB32

Pin A32
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The DSP synchronous serial port connector provides accessto the serial port on the
DSP for connection to external devices and other ADC64 cards.

Connector type: .100" header
# of pins: 14, in two rows

Mating connector: AMP 746285-2

SERIAL PORT CONNECTOR

JP27
_SbX0 4, 5, b—ipeND
FSXO0
v~ 43 4 0—IDGND
CLKXO0
“Dbro 5 6 O—IDGND
“Fsro 7 8 0——IDGND
T CLKRO ¢ 9 10 O0—DGND
—————( 11 12 0—IDGND
pvccO—C 13 14 0——IDGND

HEADER 7X2

FIGURE 39. 'C32 Synchronous Serial Port Connector

Signal Name Function
DXO Datatransmit from C32
DRO Datareceive into C32
FSXO0 Frame sync for transmit
FSRO Frame sync for receive
CLKX0 Clock for transmit
CLKRO Clock for receive
DVCC +5Vdc digital supply
DGND Digital ground
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The DSP emulation port connector provides access to the scan path on the DSP for
debugging. Thisisthe Texas Instruments standard pinout and is compatible with
the T.l. XDS-510, Signalogic Debug3X and White Mountain Universal Emulator.

Connector type: .100” header

# of pins: 14, in two rows

Mating connector: AMP 746285-2

JTAG
EMULATION CONNECTOR
JP25
% 1 2 O—DGND
EmMuz 3 4 O—IDGND
—( 5 6 O——IDGND
DVCCO————-0 7 8 0—
[EETTERES: MNP SN

11 12 0—IDGND
—™00 13 14 O——

FIGURE 40. Emulation Connector Pinout

Signal Name

Function

EMUO

Emulation nput

EMUI

Emulation input

EMUZ

Emulation nput

BEMU3

Buffered emulation output

BH3

Buffered processor clock H3 output

DVCC

F5Vdc digital SUpply

DGND

Digital ground
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Peripheral Data Sheets
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82C54

CMOS Programmable Interval Timer

Features

8MHz to 12MHz Clock Input Frequency

Compatible with NMOS 8254
- Enhanced Version of NMOS 8253

Three Independent 16-Bit Counters
Six Programmable Counter Modes
Status Read Back Command
Binary or BCD Counting

Fully TTL Compatible

Single 5V Power Supply

Low Power

Operating Temperature Ranges
- C82C54

..0°C to +70°C

Description

The Harris 82C54 is a high performance CMOS Programma-
ble Interval Timer manufactured using an advanced 2 micron
CMOS process.

The 82C54 has three independently programmable and
functional 16-bit counters, each capable of handling clock
input frequencies of up to 8MHz (82C54) or 10MHz
(82C54-10) or 12MHz (82C54-12).

The high speed and industry standard configuration of the
82C54 make it compatible with the Harris 80C86, 80C88,
and 80C286 CMOS microprocessors along with many other
industry standard processors. Six programmable timer
modes allow the 82C54 to be used as an event counter,
elapsed time indicator, programmable one-shot, and many
other applications. Static CMOS circuit design insures low
power operation.

The Harris advanced CMOS process results in a significant
reduction in power with performance equal to or greater than

- 182C54 .. -40°C to +85°C - .
existing equivalent products.
- M82C54 .. ... -559C to +125°C
Pinouts
82C54 (PDIP, CERDIP, SOIC) 82C54 (LCC)
TOP VIEW TOP VIEW
o7 [ hd 24] vee
o6 [2] 23] WR
D5 E E RD
D4 E E cs D4 NC
o3 [5] 20] A1 D3 [
o2 ] [i9] Ao D2 Al
o1 [7] i8] cLk 2 o1 A0
Do E E ouT2 DO CLK2
ciko [9] [i6] caTE 2 Ko oura
out o [ig] 5] cik1
NC GATE 2
GaTe 0 [i] [14] caTe 1
ano [i2] i3] out1
m

'C_> o % % : - o

5 6 5 ¢ 3

5 3 5 g ©

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2970 1

Copyright © Harris Corporation 1996
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82C54

Ordering Information

TEMPERATURE
8MHz 10MHz 12MHz RANGE PACKAGE PKG. NO.
CP82C54 CP82C54-10 CP82C54-12 0°C to +70°C 24 Lead Plastic DIP E24.6
IP82C54 IP82C54-10 IP82C54-12 -40°C to +85°C 24 Lead Plastic DIP E24.6
CS82C54 CS82C54-10 CS82C54-12 0°C to +70°C 28 Lead PLCC N28.45
1S82C54 IS82C54-10 IS82C54-12 -40°C to +85°C 28 Lead PLCC N28.45
CD82C54 CD82C54-10 CD82C54-12 0°C to +70°C 24 Lead CERDIP F24.6
ID82C54 ID82C54-10 ID82C54-12 -40°C to +85°C 24 Lead CERDIP F24.6
MD82C54/B MD82C54-10/B MD82C54-12/B -559C to +125°C 24 Lead CERDIP F24.6
MR82C54/B MR82C54-10/B MR82C54-12/B -559C to +125°C 28 Lead CLCC J28.A
SMD # 8406501JA - 8406502JA -55°C to +125°C |24 Lead CERDIP F24.6
SMD# 84065013A - 84065023A -55°C to +125°C 28 Lead CLCC J28.A
CM82C54 CM82C54-10 CM82C54-12 0°C to +70°C 24 Lead SOIC M24.3
Functional Diagram
p~
DATA/ Lo N
COUNTER
D, - Dg BUS <::>, <:>l o T e—GATE 0 INTERNAL BUS
BUFFER
—> OUT 0 } {? - -
CONTROL STATUS
_1 WORD LATCH N7
REGISTER T
CRpm CRL
RD e | STATUS
R —d READ/ 0 —CLK1 REGISTER
1 WRITE 2 COUNTER ke GaTE 1 p—
Ao 31' OouT1
Aq = Z — CE
w CONTROL
T £ ) j LOGIC
= Z ! !
e— CLK 2 oL oL
CONTROL M L
WORD COUNTER Qe GATE 2
REGISTER | -
—p OUT 2
GATE n
CLKn OouUTn
pu COUNTER INTERNAL BLOCK DIAGRAM
Pin Description
DIP PIN
SYMBOL NUMBER TYPE DEFINITION
D7 - DO 1-8 1/O DATA: Bi-directional three-state data bus lines, connected to system data bus.
CLKO 9 | CLOCK 0: Clock input of Counter 0.
ouT o 10 (0] OUT 0: Output of Counter 0.
GATE O 11 | GATE 0: Gate input of Counter 0.
GND 12 GROUND: Power supply connection.
OuUT 1 13 o] OUT 1: Output of Counter 1.
GATE 1 14 | GATE 1: Gate input of Counter 1.
CLK 1 15 | CLOCK 1: Clock input of Counter 1.
GATE 2 16 | GATE 2: Gate input of Counter 2.
OUT 2 17 (0] OUT 2: Output of Counter 2.
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Pin Description  (Continued)
DIP PIN
SYMBOL NUMBER TYPE DEFINITION
CLK 2 18 | CLOCK 2: Clock input of Counter 2.
A0, Al 19-20 | ADDRESS: Select inputs for one of the three counters or Control Word Register for read/write
operations. Normally connected to the system address bus.
Al A0 SELECTS
0 0 Counter 0
0 1 Counter 1
1 0 Counter 2
1 1 Control Word Register
Ccs 21 | CHIP SELECT: A low on this input enables the 82C54 to respond to ﬁ_D and W_-R signals. ﬁ_D and
WR are ignored otherwise.
RD 22 | READ: This input is low during CPU read operations.
WR 23 | WRITE: This input is low during CPU write operations.
VCC 24 VCC: The +5V power supply Pin A 0.1pF capacitor between pins VCC and GND is recommended
for decoupling.

Functional Description

General

~

The 82C54 is a programmable interval timer/counter DATA/ —CLK 0
designed for use with microcomputer systems. Itis a general  p,-p, # BUS COUONTER — GATE 0
purpose, multi-timing element that can be treated as an BUFFER L,
array of 1/0 ports in the system software. ouTo
The 82C54 solves one of the most common problems in any _1
microcomputer system, the generation of accurate time
delays under software control. Instead of setting up timin
I ys _ g up g RD — —CLK 1
oops in software, the programmer configures the 82C54 to WR d READ/ o COUNTER
match his requirements and programs one of the counters A WRITE 2 1 e— GATE 1
for the desired delay. After the desired delay, the 82C54 will 0 g’ L OUT 1
interrupt the CPU. Software overhead is minimal and vari- A1 ’ x
able length delays can easily be accommodated. T E ) ]‘

. . . E -
Some of the other computer/timer functions common to micro-
computers which can be implemented with the 82C54 are: — CLK 2

, CONTROL COUNTER
* Real time clock WORD 5 le— GATE 2
REGISTER
* Event counter —» OUT 2
 Digital one-shot T
* Programmable rate generator
e Square wave generator "o
« Binary rate multiplier FIGURE 1. DATA BUS BUFFER AND READ/WRITE LOGIC
FUNCTIONS

« Complex waveform generator
¢ Complex motor controller

Data Bus Buffer

This three-state, bi-directional, 8-bit buffer is used to inter-
face the 82C54 to the system bus (see Figure 1).

Read/Write Logic

The Read/Write Logic accepts inputs from the system bus and
generates control signals for the other functional blocks of the
82C54. Al and AO select one of the three counters or the Con-
trol Word Register to be read from/written into. A “low” on the
RD input tells the 82C54 that the CPU is reading one of the
counters. A “low” on the WR input tells the 82C54 that the CPU
is writing either a Control Word or an initial count. Both RD and
WR are qualified by CS; RD and WR are ignored unless the
82C54 has been selected by holding CS low.
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Control Word Register

The Control Word Register (Figure 2) is selected by the
Read/Write Logic when A1, A0 = 11. If the CPU then does a
write operation to the 82C54, the data is stored in the Con-
trol Word Register and is interpreted as a Control Word used
to define the Counter operation.

The Control Word Register can only be written to; status
information is available with the Read-Back Command.

~
DATA/ CLkO
D7- Do # BUS COUNTER ke—GaTE 0
BUFFER
—> OUT 0
RD—> — CLK 1
WR ——d READ/ w
WR==9 WRITE 2 COUNTER le_GATE 1
Ro Z ouT 1
>
A m— é
L
z] ¢—1

CONTROL

e— CLK 2
|<:> COUNTER Qe GATE 2
— OUT 2

WORD
REGISTER
-
o
FIGURE 2. CONTROL WORD REGISTER AND COUNTER
FUNCTIONS

Counter 0, Counter 1, Counter 2

These three functional blocks are identical in operation, so
only a single Counter will be described. The internal block
diagram of a signal counter is shown in Figure 3. The
counters are fully independent. Each Counter may operate
in a different Mode.

The Control Word Register is shown in the figure; it is not
part of the Counter itself, but its contents determine how the
Counter operates.

The status register, shown in the figure, when latched, con-
tains the current contents of the Control Word Register and
status of the output and null count flag. (See detailed expla-
nation of the Read-Back command.)

The actual counter is labeled CE (for Counting Element). It is
a 16-bit presettable synchronous down counter.

Cq INTERNAL BUS A
> Ar uls

coNTRoOL | [ sTaTUs
WORD LATCH N/ 3
REGISTER
2; CRm CR,
STATUS

PREGISTER

A F N
conTROL e CE
LOGIC ! !
OLm oL
[—
GATEn]
CLKn OouUTn

FIGURE 3. COUNTER INTERNAL BLOCK DIAGRAM

OLM and OLL are two 8-bit latches. OL stands for “Output
Latch”; the subscripts M and L for “Most significant byte” and
“Least significant byte”, respectively. Both are normally referred
to as one unit and called just OL. These latches normally “fol-
low” the CE, but if a suitable Counter Latch Command is sent to
the 82C54, the latches “latch” the present count until read by
the CPU and then return to “following” the CE. One latch at a
time is enabled by the counter’s Control Logic to drive the inter-
nal bus. This is how the 16-bit Counter communicates over the
8-bit internal bus. Note that the CE itself cannot be read; when-
ever you read the count, it is the OL that is being read.

Similarly, there are two 8-bit registers called CRM and CRL (for
“Count Register”). Both are normally referred to as one unit and
called just CR. When a new count is written to the Counter, the
count is stored in the CR and later transferred to the CE. The
Control Logic allows one register at a time to be loaded from
the internal bus. Both bytes are transferred to the CE simulta-
neously. CRM and CRL are cleared when the Counter is pro-
grammed for one byte counts (either most significant byte only
or least significant byte only) the other byte will be zero. Note
that the CE cannot be written into; whenever a count is written,
it is written into the CR.

The Control Logic is also shown in the diagram. CLK n,
GATE n, and OUT n are all connected to the outside world
through the Control Logic.

82C54 System Interface

The 82C54 is treated by the system software as an array of
peripheral 1/0O ports; three are counters and the fourth is a
control register for MODE programming.

Basically, the select inputs A0, Al connect to the A0, Al
address bus signals of the CPU. The CS can be derived
directly from the address bus using a linear select method or
it can be connected to the output of a decoder.
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Operational Description
General

After power-up, the state of the 82C54 is undefined. The
Mode, count value, and output of all Counters are undefined.

How each Counter operates is determined when it is pro-
grammed. Each Counter must be programmed before it can
be used. Unused counters need not be programmed.

Programming the 82C54

Counters are programmed by writing a Control Word and
then an initial count.

All Control Words are written into the Control Word Register,
which is selected when Al, A0 = 11. The Control Word spec-
ifies which Counter is being programmed.

By contrast, initial counts are written into the Counters, not
the Control Word Register. The Al, AO inputs are used to

SC - Select Counter

SC1 SCO
0 0 Select Counter 0
0 1 Select Counter 1
1 0 Select Counter 2
1 1 Read-Back Command (See Read Operations)

RW - Read/Write

RW1 | RWO

Counter Latch Command (See Read Operations)

Read/Write most significant byte only.

0 0
0 1 | Read/Write least significant byte only.
1 0
1 1

Read/Write least significant byte first, then most
significant byte.

select the Counter to be written into. The format of the initial M - Mode
count is determined by the Control Word used. M2 | ML MO
0 0 0 Mode 0
{ ADDRESS BUS (16) { o o T I Viode 1
|A1 IAO I
( CONTROL BUS ] X 1 0 |Mode 2
I I I I_I/ORI_I/OW X 1 1 |Mode 3
s DATA BUS (8) { 1 0 0 |Mode 4
1 0 1 Mode 5
T Y BCD - Binary Coded Decimal
Al A0 CS DO - D7 RD WR
82C54 0 Binary Counter 16-bit
COUONTER COU?TER COUQTER 1 Binary Coded Decimal (BCD) Counter (4 Decades)
OUTGATECLK  OUTGATECLK  OUT GATECLK. NOTE: Don't Care bits (X) should be 0 to insure compatibility with
future products.

I N

FIGURE 4. 82C54 SYSTEM INTERFACE

Possible Programming Sequence

. . Al A0
Write Operations
Control Word - Counter 0 1 1
The programming procedure for the 82C54 is very flexible. LSB of Count - Counter 0 0 0
Only two conventions need to be remembered:
. MSB of Count - Counter 0 0 0
1.For Each Counter, the Control Word must be written
before the initial count is written. Control Word - Counter 1 1 1
2. The initial count must follow the count format specified in the | -SB Of Count - Counter 1 0 -
Control Word (least significant byte only, most significant byte | MSB of Count - Counter 1 0 1
only, or least significant byte and then most significant byte). [ control Word - Counter 2 1 1
Since the Control Word Register and the three Counters have | LSB of Count - Counter 2 1 0
separate addresses (selected by the A1, AO inputs), and each [eBE™Fcount - Counter 2 1 0
Control Word specifies the Counter it applies to (SCO, SC1 bits),
no special instruction sequence is required. Any programming  Possible Programming Sequence
sequence that follows the conventions above is acceptable.
Al A0
Control Word Format
Control Word - Counter 0 1 1
Al,A0=11;CS=0;RD=1;WR=0 Control Word - Counter 1 1 1
D7 D6 D5 D4 D3 D2 D1 DO Control Word - Counter 2 1 1
SC1 SCO | RW1 | RWO M2 M1 MO BCD LSB of Count - Counter 2 1 0
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Possible Programming Sequence (Continued) explained later. The second is a simple read operation of the
Counter, which is selected with the A1, A0 inputs. The only
Al AO requirement is that the CLK input of the selected Counter
LSB of Count - Counter 1 0 1 must be inhibited by using either the GATE input or external
LSB of Count - Counter 0 0 0 logic. _O_therwise,_the count may be in process of changing
when it is read, giving an undefined result.
MSB of Count - Counter 0 0 0
MSB of Count - Counter 1 0 1 Counter Latch Command
MSB of Count - Counter 2 1 0 The other method for reading the Counters involves a spe-
cial software command called the “Counter Latch Com-
Possible Programming Sequence mand”. lee a Contr0| Word, thIS Command iS Written to the
Control Word Register, which is selected when A1, A0 = 11.
Al A0 Also, like a Control Word, the SC0O, SC1 bits select one of
Control Word - Counter 2 1 1 the three Counters, but two other bits, D5 and D4, distin-
Controlword - Gourter 1 1 1 guish this command from a Control Word.
Control Word - Counter 0 1 1 Al,A0=11;CS=0;RD=1WR =0
LSB of Count - Counter 2 1 0 D7 D6 D5 D4 D3 D2 D1 DO
MSB of Count - Counter 2 1 0
SC1 SCO 0 0 X X X X
LSB of Count - Counter 1 0 1
MSB of Count - Counter 1 0 1 SC1, SCO - specify counter to be latched
LSB of Count - Counter 0 0 0 sc1 sCo COUNTER
MSB of Count - Counter 0 0 0
0 0 0
Possible Programming Sequence 0 1 1
Al A0 1 0 2
Control Word - Counter 1 1 1
1 1 Read-Back Command
Control Word - Counter 0 1 1
D5, D4 - 00 designates Counter Latch Command, X - Don't Care.
LSB of Count - Counter 1 0 ! NOTE: Don't Care bits (X) should be O to insure compatibility with
Control Word - Counter 2 1 1 future products.
LSB of Count - Counter 0 0 0 The selected Counter’s output latch (OL) latches the count
MSB of Count - Counter 1 0 1 when the Counter Latch Command is received. This count is
LSB of Count - Counter 2 1 o _help in the latch until it is read l_)y the CPU (or until the Co_unter
is reprogrammed). The count is then unlatched automatically
MSB of Count - Counter 0 0 0 and the OL returns to “following” the counting element (CE).
MSB of Count - Counter 2 1 0 This allows reading the contents of the Counters “on the fly”

NOTE: In all four examples, all counters are programmed to
Read/Write two-byte counts. These are only four of many
programming sequences.

A new initial count may be written to a Counter at any time
without affecting the Counter’s programmed Mode in any way.
Counting will be affected as described in the Mode definitions.
The new count must follow the programmed count format.

If a Counter is programmed to read/write two-byte counts,
the following precaution applies. A program must not transfer
control between writing the first and second byte to another
routine which also writes into that same Counter. Otherwise,
the Counter will be loaded with an incorrect count.

Read Operations

It is often desirable to read the value of a Counter without
disturbing the count in progress. This is easily done in the
82C54.

There are three possible methods for reading the Counters.
The first is through the Read-Back command, which is

without affecting counting in progress. Multiple Counter Latch
Commands may be used to latch more than one Counter.
Each latched Counter’'s OL holds its count until read. Counter
Latch Commands do not affect the programmed Mode of the
Counter in any way.

If a Counter is latched and then, some time later, latched
again before the count is read, the second Counter Latch
Command is ignored. The count read will be the count at the
time the first Counter Latch Command was issued.

With either method, the count must be read according to the
programmed format; specifically, if the Counter is pro-
grammed for two byte counts, two bytes must be read. The
two bytes do not have to be read one right after the other;
read or write or programming operations of other Counters
may be inserted between them.

Another feature of the 82C54 is that reads and writes of the
same Counter may be interleaved; for example, if the
Counter is programmed for two byte counts, the following
sequence is valid.
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1. Read least significant byte.

2. Write new least significant byte.

3. Read most significant byte.

4. \Write new most significant byte.

If a counter is programmed to read or write two-byte counts,
the following precaution applies: A program MUST NOT
transfer control between reading the first and second byte to

another routine which also reads from that same Counter.
Otherwise, an incorrect count will be read.

Read-Back Command

The read-back command allows the user to check the count
value, programmed Mode, and current state of the OUT pin
and Null Count flag of the selected counter(s).

The command is written into the Control Word Register and
has the format shown in Figure 5. The command applies to
the counters selected by setting their corresponding bits D3,
D2,D1=1.

AO,A1=11;CS=0;RD=1;WR=0

The read-back command may also be used to latch status
information of selected counter(s) by setting STATUS bit D4
= 0. Status must be latched to be read; status of a counter is
accessed by a read from that counter.

The counter status format is shown in Figure 6. Bits D5
through DO contain the counter’s programmed Mode exactly
as written in the last Mode Control Word. OUTPUT bit D7
contains the current state of the OUT pin. This allows the
user to monitor the counter’'s output via software, possibly
eliminating some hardware from a system.

D7 | D6 D5 D4 D3 D2 D1 DO
e —
1 1 COUNT | STATUS |CNT2|CNT1|CNTO| O
D5: 0 = Latch count of selected Counter (s)
D4: 0 = Latch status of selected Counter(s)
D3: 1 = Select Counter 2
D2: 1 = Select Counter 1
D1: 1 = Select Counter 0
DO: Reserved for future expansion; Must be 0

FIGURE 5. READ-BACK COMMAND FORMAT

The read-back command may be used to latch multiple
counter output latches (OL) by setting the COUNT bit D5 =0
and selecting the desired counter(s). This signal command
is functionally equivalent to several counter latch commands,
one for each counter latched. Each counter’s latched count
is held until it is read (or the counter is reprogrammed). That
counter is automatically unlatched when read, but other
counters remain latched until they are read. If multiple count
read-back commands are issued to the same counter with-
out reading the count, all but the first are ignored; i.e., the
count which will be read is the count at the time the first
read-back command was issued.

D7 D6 D5 | D4 | D3 | D2 | D1 | DO
OUTPUT NULL RW1|RWO| M2 | M1 | MO | BCD
COUNT
D7: 1 =Outpinis1
0 =OutpinisO0
D6: 1 =Null count

0 =Count available for reading
D5 - DO =Counter programmed mode (See Control Word Formats)

FIGURE 6. STATUS BYTE

NULL COUNT bit D6 indicates when the last count written to
the counter register (CR) has been loaded into the counting
element (CE). The exact time this happens depends on the
Mode of the counter and is described in the Mode Definitions,
but until the counter is loaded into the counting element (CE),
it can’t be read from the counter. If the count is latched or read
before this time, the count value will not reflect the new count
just written. The operation of Null Count is shown below.

THIS ACTION: CAUSES:

A. Write to the control word register:(1) .. ........ Null Count =1
B. Write to the count register (CR):(2) . .......... Null Count =1
C. New count is loaded into CE (CR-CE)........ Null Count=0

(1) Only the counter specified by the control word will have its null
count set to 1. Null count bits of other counters are unaffected.

(2) If the counter is programmed for two-byte counts (least signifi-
cant byte then most significant byte) null count goes to 1 when
the second byte is written.

If multiple status latch operations of the counter(s) are per-
formed without reading the status, all but the first are ignored;
i.e., the status that will be read is the status of the counter at
the time the first status read-back command was issued.

COMMANDS
D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

DESCRIPTION

RESULT

1 1 0 0 0 0 1 0

Read-Back Count and Status of Counter 0

Count and Status Latched for Counter O

Read-Back Status of Counter 1

Status Latched for Counter 1

Read-Back Status of Counters 2, 1

Status Latched for Counter 2,
But Not Counter 1

Read-Back Count of Counter 2

Count Latched for Counter 2

Read-Back Count and Status of Counter 1

Count Latched for Counter 1,
But Not Status

Read-Back Status of Counter 1

Command Ignored, Status Already
Latched for Counter 1

FIGURE 7. READ-BACK COMMAND EXAMPLE
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Both count and status of the selected counter(s) may be
latched simultaneously by setting both COUNT and STATUS
bits D5, D4 = 0. This is functionally the same as issuing two
separate read-back commands at once, and the above dis-
cussions apply here also. Specifically, if multiple count
and/or status read-back commands are issued to the same
counter(s) without any intervening reads, all but the first are
ignored. This is illustrated in Figure 7.

If both count and status of a counter are latched, the first
read operation of that counter are latched, the first read
operation of that counter will return latched status, regard-
less of which was latched first. The next one or two reads
(depending on whether the counter is programmed for one
or two type counts) return latched count. Subsequent reads
return unlatched count.

CS|RD |WR | AL | A0
0 1 0 0 0 | Write into Counter O
0 1 0 0 1 | Write into Counter 1
0 1 0 1 0 | Write into Counter 2
0 1 0 1 1 | Write Control Word
0 0 1 0 0 | Read from Counter O
0 0 1 0 1 | Read from Counter 1
0 0 1 1 0 | Read from Counter 2
0 0 1 1 1 | No-Operation (Three-State)
1 X X X X | No-Operation (Three-State)
0 1 1 X X | No-Operation (Three-State)

FIGURE 8. READ/WRITE OPERATIONS SUMMARY
Mode Definitions
The following are defined for use in describing the operation
of the 82C54.
CLK PULSE:
A rising edge, then a falling edge, in that order, of a
Counter’s CLK input.
TRIGGER:
A rising edge of a Counter’s Gate input.

COUNTER LOADING:

The transfer of a count from the CR to the CE (See “Func-
tional Description”)

Mode 0: Interrupt on Terminal Count

Mode 0 is typically used for event counting. After the Control
Word is written, OUT is initially low, and will remain low until
the Counter reaches zero. OUT then goes high and remains
high until a new count or a new Mode 0 Control Word is writ-
ten to the Counter.

GATE = 1 enables counting; GATE = 0 disables counting.
GATE has no effect on OUT.

After the Control Word and initial count are written to a
Counter, the initial count will be loaded on the next CLK
pulse. This CLK pulse does not decrement the count, so for
an initial count of N, OUT does not go high until N + 1 CLK
pulses after the initial count is written.

If a new count is written to the Counter it will be loaded on
the next CLK pulse and counting will continue from the new
count. If a two-byte count is written, the following happens:

(1)Writing the first byte disables counting. Out is set low
immediately (no clock pulse required).

(2)Writing the second byte allows the new count to be
loaded on the next CLK pulse.

This allows the counting sequence to be synchronized by
software. Again OUT does not go high until N + 1 CLK
pulses after the new count of N is written.

If an initial count is written while GATE = 0, it will still be
loaded on the next CLK pulse. When GATE goes high, OUT
will go high N CLK pulses later; no CLK pulse is needed to

load the counter as this has already been done.
CW=10 LSB=4

= L]

GATE

OUT.__‘ ‘

O I I I I I N I N [

CW=10 LSB=3

InInINENESTIST 2S5 0o IE]
CW=10 LSB=3 LSB=2

wo L

(L N I N N B Y N R R I

FIGURE 9. MODE 0
NOTES: The following conventions apply to all mode timing diagrams.

1. Counters are programmed for binary (not BCD) counting and for
reading/writing least significant byte (LSB) only.

2. The counter is always selected (CS always low).

3. CW stands fro “Control Word”; CW = 10 means a control word of
10, Hex is written to the counter.

4. LSB stands for Least significant “byte” of count.

5. Numbers below diagrams are count values. The lower number is
the least significant byte. The upper number is the most signifi-
cant byte. Since the counter is programmed to read/write LSB
only, the most significant byte cannot be read.

6. N stands for an undefined count.

7. Vertical lines show transitions between count values.
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Mode 1: Hardware Retriggerable One-Shot

OUT will be initially high. OUT will go low on the CLK, pulse
following a trigger to begin the one-shot pulse, and will remain
low until the Counter reaches zero. OUT will then go high and
remain high until the CLK pulse after the next trigger.

After writing the Control Word and initial count, the Counter is
armed. A trigger results in loading the Counter and setting
OUT low on the next CLK pulse, thus starting the one-shot
pulse N CLK cycles in duration. The one-shot is retriggerable,
hence OUT will remain low for N CLK pulses after any trigger.
The one-shot pulse can be repeated without rewriting the
same count into the counter. GATE has no effect on OUT.

If a new count is written to the Counter during a one-shot
pulse, the current one-shot is not affected unless the
Counter is retriggerable. In that case, the Counter is loaded
with the new count and the one-shot pulse continues until
the new count expires.

Cw=12 LSB=3

WI ,|’
our 1\
N 0 N O B Y N R =4 B Y
Cw=12 LSB=3

W\ ,\,
I E - - EEEg - . EEy O EEEEEEEBn

|

OUT.-- r
N N I Y 2 Y N B
Cw=12 LSB=2 LSB=4

S W e I

GATEl------.-ﬂ----------‘-n----I

O O 0 I N N B I 154 124 g

FIGURE 10. MODE 1

Mode 2: Rate Generator

This Mode functions like a divide-by-N counter. It is typically
used to generate a Real Time Clock Interrupt. OUT will ini-
tially be high. When the initial count has decremented to 1,
OUT goes low for one CLK pulse. OUT then goes high
again, the Counter reloads the initial count and the process
is repeated. Mode 2 is periodic; the same sequence is
repeated indefinitely. For an initial count of N, the sequence
repeats every N CLK cycle.

GATE = 1 enables counting; GATE = 0 disables counting. If
GATE goes low during an output pulse, OUT is set high
immediately. A trigger reloads the Counter with the initial
count on the next CLK pulse; OUT goes low N CLK pulses
after the trigger. Thus the GATE input can be used to syn-
chronize the Counter.

After writing a Control Word and initial count, the Counter will
be loaded on the next CLK pulse. OUT goes low N CLK
pulses after the initial count is written. This allows the
Counter to be synchronized by software also.

Writing a new count while counting does not affect the current
counting sequence. If a trigger is received after writing a new
count but before the end of the current period, the Counter will
be loaded with the new count on the next CLK pulse and count-
ing will continue from the end of the current counting cycle.

CW=14 LSB=3

WR

T\

GATE

OUT.--’ wJ
N O B BN KN B B A A B R

CW =14

LSB=3

our "= T , ‘_,_
DN KN ED B BN B2 ER B BN e B
CW=14 LSB=4

L

LSB=5

In I IvInte stz lelsalsl

FIGURE 11. MODE 2
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Mode 3: Square Wave Mode

Mode 3 is typically used for Baud rate generation. Mode 3 is
similar to Mode 2 except for the duty cycle of OUT. OUT will
initially be high. When half the initial count has expired, OUT
goes low for the remainder of the count. Mode 3 is periodic;
the sequence above is repeated indefinitely. An initial count
of N results in a square wave with a period of N CLK cycles.

GATE = 1 enables counting; GATE = 0 disables counting. If
GATE goes low while OUT is low, OUT is set high immedi-
ately; no CLK pulse is required. A trigger reloads the
Counter with the initial count on the next CLK pulse. Thus
the GATE input can be used to synchronize the Counter.

After writing a Control Word and initial count, the Counter will
be loaded on the next CLK pulse. This allows the Counter to
be synchronized by software also.

Writing a new count while counting does not affect the cur-
rent counting sequence. If a trigger is received after writing a
new count but before the end of the current half-cycle of the
square wave, the Counter will be loaded with the new count
on the next CLK pulse and counting will continue from the
new count. Otherwise, the new count will be loaded at the
end of the current half-cycle.

CW=16 LSB=4
WR | ,I I

GATE

our -] LI L L
K0 T T 1 A 4 B P
CW=16 LSB=5

LML

GATE

OUT---I
T 0 10 3 P A Y S P
CW=16 LSB=4

L
JUUU U UL
| -

CLK

GATE

-- -

OUTJ \—’ u
ogogogopgoOpgOgOQgOROYRO

|N|N|N|N|4|2|4|2|2|2|4|2|4|2|

FIGURE 12. MODE 3

Mode 3 is Implemented as Follows:

EVEN COUNTS: OUT is initially high. The initial count is
loaded on one CLK pulse and then is decremented by two
on succeeding CLK pulses. When the count expires, OUT
changes value and the Counter is reloaded with the initial
count. The above process is repeated indefinitely.

ODD COUNTS: OUT is initially high. The initial count is loaded
on one CLK pulse, decremented by one on the next CLK pulse,
and then decremented by two on succeeding CLK pulses.
When the count expires, OUT goes low and the Counter is
reloaded with the initial count. The count is decremented by
three on the next CLK pulse, and then by two on succeeding
CLK pulses. When the count expires, OUT goes high again and
the Counter is reloaded with the initial count. The above pro-
cess is repeated indefinitely. So for odd counts, OUT will be
high for (N + 1)/2 counts and low for (N - 1)/2 counts.

Mode 4: Software Triggered Mode

OUT will be initially high. When the initial count expires, OUT
will go low for one CLK pulse then go high again. The count-
ing sequence is “Triggered” by writing the initial count.

GATE = 1 enables counting; GATE = 0 disables counting.
GATE has no effect on OUT.

After writing a Control Word and initial count, the Counter will be
loaded on the next CLK pulse. This CLK pulse does not decre-
ment the count, so for an initial count of N, OUT does not strobe
low until N + 1 CLK pulses after the initial count is written.

If a new count is written during counting, it will be loaded on
the next CLK pulse and counting will continue from the new
count. If a two-byte count is written, the following happens:

(1) Writing the first byte has no effect on counting.

(2)Writing the second byte allows the new count to be
loaded on the next CLK pulse.

This allows the sequence to be “retriggered” by software. OUT
strobes low N + 1 CLK pulses after the new count of N is written.
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FIGURE 13. MODE 4
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Mode 5: Hardware Triggered Strobe (Retriggerable)

OUT will initially be high. Counting is triggered by a rising
edge of GATE. When the initial count has expired, OUT will
go low for one CLK pulse and then go high again.

After writing the Control Word and initial count, the counter
will not be loaded until the CLK pulse after a trigger. This
CLK pulse does not decrement the count, so for an initial
count of N, OUT does not strobe low until N + 1 CLK pulses
after trigger.

A trigger results in the Counter being loaded with the initial
count on the next CLK pulse. The counting sequence is trig-
gerable. OUT will not strobe low for N + 1 CLK pulses after
any trigger GATE has no effect on OUT.

If a new count is written during counting, the current count-
ing sequence will not be affected. If a trigger occurs after the
new count is written but before the current count expires, the
Counter will be loaded with new count on the next CLK pulse
and counting will continue from there.

CW=1A LSB=3
vﬁ‘ ,‘ '

B T | EARELAEE | bt

InInINENINEST2IT Do Il 5]
CW=1A LSB=3

GATE '”"'""":n"'.n""""""
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ININIENENINENTSESTSEZED NG I
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0
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FIGURE 14. MODE 5
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Operation Common to All Modes

Programming

When a Control Word is written to a Counter, all Control
Logic, is immediately reset and OUT goes to a known initial
state; no CLK pulses are required for this.

Gate

The GATE input is always sampled on the rising edge of
CLK. In Modes 0, 2, 3 and 4 the GATE input is level sensi-
tive, and logic level is sampled on the rising edge of CLK. In
modes 1, 2, 3 and 5 the GATE input is rising-edge sensitive.
In these Modes, a rising edge of Gate (trigger) sets an edge-
sensitive flip-flop in the Counter. This flip-flop is then sam-
pled on the next rising edge of CLK. The flip-flop is reset
immediately after it is sampled. In this way, a trigger will be
detected no matter when it occurs - a high logic level does
not have to be maintained until the next rising edge of CLK.
Note that in Modes 2 and 3, the GATE input is both edge-
and level-sensitive.
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Counter

New counts are loaded and Counters are decremented on
the falling edge of CLK.

The largest possible initial count is 0; this is equivalent to 216

for binary counting and 104 for BCD counting.

The counter does not stop when it reaches zero. In Modes 0,
1, 4, and 5 the Counter “wraps around” to the highest count,
either FFFF hex for binary counting or 9999 for BCD count-
ing, and continues counting. Modes 2 and 3 are periodic; the
Counter reloads itself with the initial count and continues
counting from there.

MODE MIN COUNT MAX COUNT
0 1 0
1 1 0
2 2 0
3 2 0
4 1 0
5 1 0

SIGNAL
STATUS LOW OR
MODES | GOING LOW RISING HIGH
0 Disables Counting - Enables Counting
1 - 1) Initiates -
Counting

2) Resets output
after next clock

2 1) Disables
counting

2) Sets output im-
mediately high

Initiates Counting |Enables Counting

3 1) Disables
counting

2) Sets output im-
mediately high

Initiates Counting |Enables Counting

4 1) Disables -
Counting

Enables Counting

5 -

Initiates Counting -

FIGURE 15. GATE PIN OPERATIONS SUMMARY

NOTE: 0 is equivalent to 216 for binary counting and 104 for BCD
counting.

FIGURE 16. MINIMUM AND MAXIMUM INITIAL COUNTS
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Absolute Maximum Ratings

Supply Voltage
Input, Output or

ESD Classification

GND-0.5V to V¢ +0.5V

1/0O Voltage

Operating Conditions

Operating Voltage Range

Operating Temperature Range

C82C54, C82C54-10, -12
182C54, 182C54-10, -12
M82C54, M82C54-10, -12

Class 1

. +4.5V to +5.5V

.. 0°C to +70°C
.-40°C to +85°C
-559C to +125°C

Thermal Information

Thermal Resistance (Typical) 634 CC/W) B3¢ (°CIW)
24 Lead CERDIP Package ......... 49 11
28 Lead CLCC Package ........... 55 9
24 Lead PDIP Package . .. ......... 60 -
28 Lead PLCC Package ........... 65 -
24 Lead SOIC Package. . .......... 75 -

Storage Temperature Range

Maximum Junction Temperature Ceramic Package . ... ... +175°C
Maximum Junction Temperature Plastic Package. ........ +150°C
Maximum Lead Temperature Ceramic Package

(SOIderiNg 10S) . ..\ vvve ettt e e +300°C
Maximum Lead Temperature Plastic Package

(SOIderNg 10S) . ..\ v v vttt et e e +260°C
Die Characteristics
GateCount ......... ...t 2250 Gates

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

DC Electrical Specifications Ve = +5.0V £ 10%, Tp = 0°C to +70°C (C82C54, C82C54-10, C82C54-12)
Tp = -40°C to +85°C (182C54, 182C54-10, 182C54-12)
Tp = -55°C to +125°C (M82C54, M82C54-10, M82C54-12
SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS
VIH Logical One Input Voltage 2.0 - \% C82C54, 182C54
2.2 - \Y M82C54
VIL Logical Zero Input Voltage - 0.8 \%
VOH Output HIGH Voltage 3.0 - \% IOH = -2.5mA
Vcce -0.4 - \Y IOH = -100pA
VOL Output LOW Voltage - 0.4 \% IOL = +2.5mA
1 Input Leakage Current -1 +1 HA VIN = GND or Ve
DIP Pins 9,11,14-16,18-23
10 Output Leakage Current -10 +10 HA VOUT = GND or V¢
DIP Pins 1-8
ICCSB Standby Power Supply Current - 10 HA Ve = 5.5V, VIN = GND or Ve,
Outputs Open, Counters
Programmed
ICCOP Operating Power Supply Current - 10 mA Vce =5.5Y,
CLKO = CLK1 = CLK2 = 8MHz,
VIN = GND or V¢,
Outputs Open
Capacitance Tx = +25°C; All Measurements Referenced to Device GND, Note 1
SYMBOL PARAMETER TYP UNITS TEST CONDITIONS
CIN Input Capacitance 20 pF FREQ = 1MHz
COouT Output Capacitance 20 pF FREQ = 1MHz
Cl/O 1/0 Capacitance 20 pF FREQ = 1MHz

NOTE:

1. Not tested, but characterized at initial design and at major process/design changes.
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Specifications 82C54

AC Electrical Specifications = Vcc = +5.0V + 10%, Ty = 0°C to +70°C (C82C54, C82C54-10, C82C54-12)
Ta = -40°C to +85°C (182C54, 182C54-10, 182C54-12)

Tp = -55°C to +125°C (M82C54, M82C54-10, M82C54-12)

82C54 82C54-10 82C54-12 TEST
SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX UNITS | CONDITIONS
READ CYCLE
1) TAR | Address Stable Before RD 30 - 25 - 25 - ns 1
) TGR | CS Stable Before RD 0 - 0 - 0 - ns 1
€) TRA | Address Hold Time After RD 0 - 0 - 0 - ns 1
4 TRR | RD Pulse Width 150 - 95 - 95 - ns 1
(5) TRD | Data Delay from RD - 120 - 85 - 85 ns 1
(6) TAD | Data Delay from Address - 210 - 185 - 185 ns 1
@) TDF | RD to Data Floating 5 85 5 65 5 65 ns 2, Note 1
(8) TRV | Command Recovery Time 200 - 165 - 165 - ns
WRITE CYCLE
9) TAW | Address Stable Before WR 0 - 0 - 0 - ns
(10) TSW | CS Stable Before WR 0 - 0 - 0 - ns
(11) TWA | Address Hold Time After WR 0 - 0 - 0 - ns
(12) TWW | WR Pulse Width 95 - 95 - 95 - ns
(13) TDW | Data Setup Time Before WR 140 - 95 - 95 - ns
(14) TWD | Data Hold Time After WR 25 - 0 - 0 - ns
(15) TRV | Command Recovery Time 200 - 165 - 165 - ns
CLOCK AND GATE
(16) TCLK | Clock Period 125 DC 100 DC 80 DC ns 1
a7 TPWH | High Pulse Width 60 - 30 - 30 - ns 1
(18) TPWL | Low Pulse Width 60 - 40 - 30 - ns 1
(19) TR Clock Rise Time - 25 - 25 - 25 ns
(20) TF Clock Fall Time - 25 - 25 - 25 ns
(21) TGW | Gate Width High 50 - 50 - 50 - ns 1
(22) TGL | Gate Width Low 50 - 50 - 50 - ns 1
(23) TGS | Gate Setup Time to CLK 50 - 40 - 40 - ns 1
(24) TGH | Gate Hold Time After CLK 50 - 50 - 50 - ns 1
(25) TOD | Output Delay from CLK - 150 - 100 - 100 ns 1
(26) TODG | Output Delay from Gate - 120 - 100 - 100 ns 1
27) TWO | OUT Delay from Mode Write - 260 - 240 - 240 ns 1
(28) TWC | CLK Delay for Loading 0 55 0 55 0 55 ns 1
(29) TWG | Gate Delay for Sampling -5 40 -5 40 -5 40 ns 1
(30) TCL CLK Setup for Count Latch -40 40 -40 40 -40 40 ns 1

NOTE:
1. Not tested, but characterized at initial design and at major process/design changes.
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Timing Waveforms

AO - Al
tfv)v tWA (11)
cs
(10) {
tsw > -
DATA BUS VALID
(13)
| (DWW ——>} tWD [(14)
WR 1
(12)
tww
FIGURE 17. WRITE
AO - AL X
tAR (1) — <—tRA(3)
cs \
(2
s @
__ tRR
RD
(5)_, 7
tRD l <~ t(Dl):
(6)
DATA BUS tAD
H B B O NN NN EE N .. VALlD LB N
FIGURE 18. READ
(8) (15)
tRV
RD, WR
FIGURE 19. RECOVERY
COUNT
MODE (SEE NOTE)
WR ’
tWC (28) (23)
(16) tGS
17) | tCLK
tPWH || (18) ' - tCL (30)
CLK tPWL / \_
—
(19)
tR {GS ] | I‘_tF (20) 1GH (24)
(23) -
GATE (21)
(24) tGW
(22)
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ouT x X
(27)
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FIGURE 20. CLOCK AND GATE

NOTE: LAST BYTE OF COUNT BEING WRITTEN
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Burn-In Circuits

MD 82C54 CERDIP

1 R1 J m! l 11
Q 1 24 ] —I
R1 R1
Q2 —M—E 23 Q3
R1 R1
vee —mwW—z] 22 }—MW— vce
R1 R1
GND _WV_E E_wv_ GND
R1
F9 —M—E 20 R1 Q5 Vce
R1
F10 —WV—E 19 Q4
11 R1 R2
—VW—E E—“Nv— F2
R1 R3
F12 _WVEE E_ A A
R1
FO —WV—E 6 Q8
R2 R4
A _E EI—“M— F1
R1
QG —M—E 14 Q7
GND _E E_ A

MR 82C54 CLCC

VCC Q2 Q1 OPEN Q3 vce %
R1 Rl%Rl

RL (_Ladizlizlioaizsiioriize] N
GND =————AAA— 51 125 OPEN
R1 F = r=- R1
F9 —Wv—Rl [ 61 :.2_4_—AM—R1 GND
e -
F10 ——A—] 71 123 | -AW— Q5
- Rl
122 |-AM— Q4
r=- R2
Fl2 —AMA—] 91 121 —AWW\— F2
R2 - - R5
FO ———AAN— 10} Ezo —AMW— VCC/2
—_ r=- R1
OPEN 11} Lo -W— o8
FEiFr=3Fr=ar=1r=3ar=ar=1
1120 11301140 1150 1160 1171 1181
VCC/2 Q6 GND VCC/2 Q7 F1
OPEN
NOTES:
1. Vcc =5.5V+0.5V 8. R4 = 1.8kQ +5%
2. GND =0V 9. R5 =1.2kQ +5%
3. VIH=4.5V +10% 10. C1 =0.01pF Min
4. VIL =-0.2V to 0.4V 11. FO = 100kHz £10%
5. R1 =47kQ +5% 12. F1=F0/2, F2=F1/2,...F12 =F11/2
6. R2 = 1.0kQ +5%
7. R3 =2.7kQ +5%
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Die Characteristics

DIE DIMENSIONS:
129mils x 155mils x 19mils
(3270pum x 3940um x 483um)

METALLIZATION:
Type: Si-Al-Cu

BACKSIDE FINISH:  Backside Gold

PASSIVATION:
Type: Nitrox
Thickness: 10kA + 3.0kA

TRANSISTOR COUNT: 2250

Thickness: Metal 1: 8kA + 0.75kA

Metal 2: 12kA + 1.0kA
SUBSTRATE POTENTIAL:  Unbiased

Metallization Mask Layout

D4

D3

D2

D1

DO

CLKO

CS

Al

A0

CLKZ

ouT2

GATE2

All Harris Semiconductor products are manufactured, assembled and tested under ISO9000 quality systems certification.

Harris Semiconductor products are sold by description only. Harris Semiconductor reserves the right to make changes in circuit design and/or specifications at
any time without notice. Accordingly, the reader is cautioned to verify that data sheets are current before placing orders. Information furnished by Harris is
believed to be accurate and reliable. However, no responsibility is assumed by Harris or its subsidiaries for its use; nor for any infringements of patents or other
rights of third parties which may result from its use. No license is granted by implication or otherwise under any patent or patent rights of Harris or its subsidiaries.
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BURR - BROWN®

lﬁl ADS7805

DEMO BOARD
AVAILABLE
See Appendix A

16-Bit 10 us Sampling CMOS
ANALOG-to-DIGITAL CONVERTER

FEATURES DESCRIPTION

e 100kHz min SAMPLING RATE The ADS7805 is a complete 16-bit sampling A/D

e STANDARD +10V INPUT RANGE using state-of-the-art CMOS structures. It contains a

e 86dB min SINAD WITH 20kHz INPUT complete 16-bit, gapacnor-basepl, SAR A/D with S/H,
reference, clock, interface for microprocessor use, and

e 3.0 LSB max INL three-state output drivers.

e DNL: 16-bits “No Missing Codes” The ADS7805 is specified at a 100kHz sampling rate,
e SINGLE +5V SUPPLY OPERATION and guaranteed over the full temperature range. Laser
e PIN-COMPATIBLE WITH 12-BIT ADS7804 trimmed scaling resistors provide an industry-

e USES INTERNAL OR EXTERNAL sjtandardthV mpgt range, wh'lle th&ignalogic de- .
sign allows operation from a single +5V supply, with

REFERENCE power dissipation under 100mW.

e FULL PARALLEL DATA OUTPUT The 28-pin ADS7805 is available in a plastic 0.3" DIP
¢ 100mW max POWER DISSIPATION and in an SOIC, both fully specified for operation over
e 28-PIN 0.3" PLASTIC DIP AND SOIC the industrial —2%C to +85C range.

~~—— RIC

Clock ) o ) . ~—— CS
Successive Approximation Register and Control Logic
~—— BYTE

™ BUSY

_L _L _L Output

L -
20kQ Latches St;(t-}:
+10V Input O—\/\/\/‘ o and > Parallel
ke <4k | Three Data
-------- State Bus

Comparator Drivers

CAP O

Buffer Internal

+2.5V Ref
T 4KQ
REF O VW

International Airport Industrial Park « Mailing Address: PO Box 11400, Tucson, AZ 85734 « Street Address: 6730 S. Tucson Blvd., Tucson, AZ 85706 « Tel: (520) 746-1111 « Twx: 910-952-1111
Internet: http:/www.burr-brown.com/ « FAXLine: (800) 548-6133 (US/Canada Only) ¢ Cable: BBRCORP « Telex: 066-6491 ¢ FAX: (520) 889-1510 ¢ Immediate Product Info: (800) 548-6132

©1992 Burr-Brown Corporation PDS-1157E Printed in U.S.A. August, 1996
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SPECIFICATIONS

ELECTRICAL
Ta =-25°C to +85°C, fg = 100kHz, Vg = Vana = +5V, using internal reference, unless otherwise specified.
ADS7805P, U ADS7805PB, UB
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
RESOLUTION 16 O Bits
ANALOG INPUT
Voltage Ranges +10V 0 \%
Impedance 23 O kQ
Capacitance 35 0 pF
THROUGHPUT SPEED
Conversion Cycle Acquire and Convert 10 O ps
Throughput Rate 100 O kHz
DC ACCURACY
Integral Linearity Error +4 +3 LSB®
No Missing Codes 15 16 Bits
Transition Noise® 1.3 0 LSB
Full Scale Error®4) +0.5 +0.25 %
Full Scale Error Drift +7 +5 ppm/°C
Full Scale Error®4) Ext. 2.5000V Ref +0.5 +0.25 %
Full Scale Error Drift Ext. 2.5000V Ref +2 O ppm/°C
Bipolar Zero Error® +10 O mV
Bipolar Zero Error Drift +2 O ppm/°C
Power Supply Sensitivity +4.75V < Vp < +5.25V +8 O LSB
(Voie = Vana = Vo)
AC ACCURACY
Spurious-Free Dynamic Range fin = 20kHz 90 94 dB®
Total Harmonic Distortion fin = 20kHz -90 -94 dB
Signal-to-(Noise+Distortion) fin = 20kHz 83 86 dB
—60dB Input 30 32 dB
Signal-to-Noise fin = 20kHz 83 86 dB
Full-Power Bandwidth(® 250 0 kHz
SAMPLING DYNAMICS
Aperture Delay 40 O ns
Transient Response FS Step 2 O us
Overvoltage Recovery(” 150 0 ns
REFERENCE
Internal Reference Voltage 2.48 25 2.52 O O O \%
Internal Reference Source Current 1 O HA
(Must use external buffer.)
Internal Reference Drift 8 O ppm/°C
External Reference Voltage Range 2.3 25 2.7 O O O \%
for Specified Linearity
External Reference Current Drain Ext. 2.5000V Ref 100 O HA
DIGITAL INPUTS
Logic Levels
Vi -0.3 +0.8 O O \
Viy +2.0 Vp +0.3V O O v
I £10 O HA
Iy +10 O HA
DIGITAL OUTPUTS Parallel 16-bits
Data Format Binary Two’'s Compleme
Data Coding
VoL Iging = 1.6mMA +0.4 O \
Vou Isource = 500UA +4 u] \
Leakage Current High-Z State, +5 O HA
Vour = 0V to Vpg
Output Capacitance High-Z State 15 15 pF
DIGITAL TIMING
Bus Access Time 83 O ns
Bus Relinquish Time 83 O ns

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems.

BURR - BROWN®
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SPECIFICATIONS (coNT)

ELECTRICAL

Ta=-25°C to +85°C, fg = 100kHz, Vg = Vana = 15V, using internal reference, unless otherwise specified.

ADS7805P, U ADS7805PB, UB
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
POWER SUPPLIES
Specified Performance
Voie Must be < Vpya +4.75 +5 +5.25 0 O 0 \
Vana +4.75 +5 +5.25 0 O 0 \
lois 0.3 ] mA
lana 16 O mA
Power Dissipation fg = 100kHz 100 O mw
TEMPERATURE RANGE
Specified Performance -25 +85 0 0 °C
Derated Performance -55 +125 O O °C
Storage -65 +150 O O °C
Thermal Resistance (6;,)
Plastic DIP 75 O °C/W
SoIc 75 O °C/W

NOTES: (1) LSB means Least Significant Bit. For the 16-bit, +10V input ADS7805, one LSB is 305uV. (2) Typical rms noise at worst case transitions and
temperatures. (3) As measured with fixed resistors shown in Figure 4. Adjustable to zero with external potentiometer. (4) Full scale error is the worst case of —Full
Scale or +Full Scale untrimmed deviation from ideal first and last code transitions, divided by the transition voltage (not divided by the full-scale range) and includes
the effect of offset error. (5) All specifications in dB are referred to a full-scale +10V input. (6) Full-Power Bandwidth defined as Full-Scale input frequency at which
Signal-to-(Noise + Distortion) degrades to 60dB, or 10 bits of accuracy. (7) Recovers to specified performance after 2 x FS input overvoltage.

ABSOLUTE MAXIMUM RATINGS

ANAIOG INPULS: Vi o +25V
CAP ... .. +Vana +0.3V to AGND2 -0.3V
REF e, Indefinite Short to AGND2,

Momentary Short to Vaya
..#0.3V

Ground Voltage Differences: DGND, AGND1, AGND2 .....

VANA e
Voig 10 Vana -

Vois
Digital Inputs ....

Maximum Junction Temperature ...
Internal Power Dissipation
Lead Temperature (soldering, 10s) ....

—0.3V to +Vp,g +0.3V
+165°C
... 825mwW
.... ¥300°C

PACKAGE INFORMATION

PACKAGE DRAWING
PRODUCT PACKAGE NUMBER @
ADS7805P Plastic DIP 246
ADS7805PB Plastic DIP 246
ADS7805U SoIC 217
ADS7805UB SoIC 217

NOTE: (1) For detailed drawing and dimension table, please see end of data

sheet, or Appendix C of Burr-Brown IC Data Book.

ORDERING INFORMATION

ELECTROSTATIC
DISCHARGE SENSITIVITY

Electrostatic discharge can cause damage ranging from per-
formance degradation to complete device failure. Burr-
Brown Corporation recommends that all integrated circuits
be handled and stored using appropriate ESD protection

methods.

ESD damage can range from subtle performance degrada-
tion to complete device failure. Precision integrated circuits

may be

more susceptible to damage because very small

parametric changes could cause the device not to meet
published specifications.

MINIMUM
SIGNAL-TO-

MAXIMUM (NOISE + SPECIFICATION

LINEARITY DISTORTION) TEMPERATURE
PRODUCT ERROR (LSB) RATIO (dB) RANGE PACKAGE
ADS7805P +4 83 —25°C to +85°C Plastic DIP
ADS7805PB +3 86 —25°C to +85°C Plastic DIP
ADS7805U +4 83 —25°C to +85°C SOIC
ADS7805UB +3 86 —25°C to +85°C SoIC

BURR - BROWN®

ADS7805
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DIGITAL
PIN # NAME 110 DESCRIPTION
1 ViN Analog Input. See Figure 7.
2 AGND1 Analog Ground. Used internally as ground reference point.
3 REF Reference Input/Output. 2.2uF tantalum capacitor to ground.
4 CAP Reference Buffer Capacitor. 2.2uF tantalum capacitor to ground.
5 AGND2 Analog Ground.
6 D15 (MSB) o Data Bit 15. Most Significant Bit (MSB) of conversion results. Hi-Z state when CS is HIGH, or when R/C is LOW.
7 D14 (e} Data Bit 14. Hi-Z state when CS is HIGH, or when R/C is LOW.
8 D13 o Data Bit 13. Hi-Z state when CS is HIGH, or when R/C is LOW.
9 D12 o Data Bit 12. Hi-Z state when CS is HIGH, or when R/C is LOW.
10 D11 (0] Data Bit 11. Hi-Z state when CS is HIGH, or when R/C is LOW.
11 D10 o Data Bit 10. Hi-Z state when CS is HIGH, or when R/C is LOW.
12 D9 o Data Bit 9. Hi-Z state when CS is HIGH, or when R/C is LOW.
13 D8 o Data Bit 8. Hi-Z state when CS is HIGH, or when R/C is LOW.
14 DGND Digital Ground.
15 D7 o Data Bit 7. Hi-Z state when CS is HIGH, or when R/C is LOW.
16 D6 o Data Bit 6. Hi-Z state when CS is HIGH, or when R/C is LOW.
17 D5 O Data Bit 5. Hi-Z state when CS is HIGH, or when R/C is LOW.
18 D4 o Data Bit 4. Hi-Z state when CS is HIGH, or when R/C is LOW.
19 D3 o Data Bit 3. Hi-Z state when CS is HIGH, or when R/C is LOW.
20 D2 o Data Bit 2. Hi-Z state when CS is HIGH, or when R/C is LOW.
21 D1 O Data Bit 1. Hi-Z state when CS is HIGH, or when R/C is LOW.
22 DO (LSB) o Data Bit 0. Lease Significant Bit (LSB) of conversion results. Hi-Z state when CS is HIGH, or when R/C is LOW.
23 BYTE | Selects 8 most significant bits (LOW) or 8 least significant bits (HIGH).
24 RIC | With CS LOW and BUSY HIGH, a Falling Edge on R/C Initiates a New Conversion. With CS LOW, a rising edge on R/C
enables the parallel output.
25 cs | Internally OR'd with R/C. If R/C LOW, a falling edge on CS initiates a new conversion.
26 BUSY o At the start of a conversion, BUSY goes LOW and stays LOW until the conversion is completed and the digital outputs
have been updated.
27 Vana Analog Supply Input. Nominally +5V. Decouple to ground with 0.1pF ceramic and 10pF tantalum capacitors.
28 Voig Digital Supply Input. Nominally +5V. Connect directly to pin 27. Must be < Vya.

TABLE I. Pin Assignments.

PIN CONFIGURATION

VlNE ~ 28 | Voig
AGND1 | 2 27 | Vana
REF| 3 26 | BUSY
CAP| 4 25 |Cs
AGND2 | 5 24 | RIC
D15 (MSB) | 6 23 | BYTE
D14| 7 22 | DO (LSB)
ADS7805
D13| 8 21|D1
D12| 9 20 | D2
D11 |10 19 | D3
D10 |11 18 | D4
D9 |12 17 | D5
D8 |13 16 | D6
DGND |14 15 | D7

BURR - BROWN®
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TYPICAL PERFORMANCE CURVES

Ta = +25°C, fg = 100kHz, Vg = Vana = 5V, using internal reference and fixed resistors shown in Figure 6b, unless otherwise specified.
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TYPICAL PERFORMANCE CURVES (CoNT)

Ta = +25°C, fg = 100kHz, Vg = Vana = 5V, using internal reference and fixed resistors shown in Figure 6b, unless otherwise specified.
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BASIC OPERATION Table 1l for a summary of CS, R/C, and BUSY states and
Figures 3 through 5 for timing diagrams.

rbs and R/C are internally OR’d and level triggered. There
is not a requirement which input goes LOW first when

initiating a conversion. If, however, it is critical that CS or

R/C initiates conversion ‘n’, be sure the less critical input is
Plow at least 10ns prior to the initiating input.

Figure 1 shows a basic circuit to operate the ADS7805 wit|
a full parallel data output. Taking R/C (pin 24) LOW for a
minimum of 40ns (s max) will initiate a conversion.

BUSY (pin 26) will go LOW and stay LOW until the

conversion is completed and the output registers are u
dated. Data will be output in Binary Two’s Complement
with the MSB on pin 6. BUSY going HIGH can be used to To reduce the number of control pins, CS can be tied LOW

latch the data. All convert commands will be ignored while using R/C to control the read and convert modes. This will
BUSY is LOW. have no effect when using the internal data clock in the serial

output mode. However, the parallel output will become
active whenever R/C goes HIGH. Refer to fReading
Data section.

The ADS7805 will begin tracking the input signal at the end
of the conversion. Allowing 18 between convert com-
mands assures accurate acquisition of a new signal.

The offset and gain are adjusted internally to allow external =5 [ ric |susy | oPERATION
trimming with a smgle supply. The external reS|§tors com-[— " X | Nore. Databus s 1 Hiz staro.
pensate for this adjustment and can be left out if the offs — — -
. . . . 1 0 1 Initiates conversion “n”. Databus remains
and gain will be corrected in software (refer to @atibra- in Hi-Z state.
tion SeCtlon)' 0 i 1 Initiates conversion “n”. Databus enters Hi-Z
state.
0 1 1 Conversion “n” completed. Valid data from
STARTI NG A CO NVERSION conversion “n” on the databus.
. . . . T . ! 1 1 Enables databus with valid data from
The combination of CS (pin 25) and R/C (pin 24) LOW for conversion “n’.
aminimum of 40ns immediately puts the sample/hold of thg—, 1 0| Enables databus with valid data from
ADS7805 in the hold state and starts conversion ‘n’. BUSY| conversion “n-1"W. Conversion n in progress.
(pin 26) will go LOW and stay LOW until conversion ‘n’ is 0 i 0 | Enables databus with valid data from
completed and the internal output register has been updated. conversion “n-1"M. Conversion “n” in progress.
All new convert commands during BUSY LOW will be 0 0 t New conversion initiated without acquisition
ignored. CS and/or R/C must go HIGH before BUSY goes of a new signal. Data will be invalid. CS and/or
. . e . ! R/C must be HIGH when BUSY goes HIGH.
HIGH or a new conversion will be initiated without suffi- - -
ient time to acquire a new sianal X X 0 New convert commands ignored. Conversion
cien a g : “n” in progress.
The ADS7805 YVi” begin tracking the inpUt Signal at the end NOTE: (1) See Figures 3 and 4 for constraints on data valid from
of the conversion. Allowing 385 between convert com- | conversion “n-1".

mands assures accurate acquisition of a new signal. Refer 9,114 11 control Line Functions for “Read” and “Convert”.

200Q /

[
ﬁw 2
—\_'_E

——O +5V
0.1pF 10pF

.

33.2kQ

FIGURE 1. Basic Operation.
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PARALLEL OUTPUT (During a Conversion)

After conversion ‘n’ has been initiated, valid data from
conversion ‘n-1' can be read and will be valid uppis @fter

the start of conversion ‘n’. Do not attempt to read data from
7us after the start of conversion ‘n’ until BUSY (pin 26)
goes HIGH; this may result in reading invalid data. Refer to
Table IV and Figures 3 and 5 for timing specifications.

READING DATA

The ADS7805 outputs full or byte-reading parallel data in
Binary Two’s Complement data output format. The parallel
output will be active when R/C (pin 24) is HIGH and CS
(pin 25) is LOW. Any other combination of CS and R/C will
tri-state the parallel output. Valid conversion data can be
read in a full parallel, 16-bit word or two 8-bit bytes on pins .
6-13 and pins 15-22. BYTE (pin 23) can be toggled to read Note! Fo_r the best pos_S|bIe perfornjan_ce, da_ta should not be
both bytes within one conversion cycle. Refer to Table Il "€ad during a conversion. The switching noise of the asyn-
for ideal output codes and Figure 2 for bit locations relative chronous data transfer can cause digital feedthrough degrad-
to the state of BYTE. ing the converter’s performance.

The number of control lines can be reduced by tieing CS

DIGITAL OUTPUT LOW while using R/C to initiate conversions and activate
BINARY TWO'S COMPLEMENT the output mode of the converter. See Figure 3.
DESCRIPTION |ANALOG INPUT |  BINARY CODE  [HEX CODE
Full Scale Range +10V
SYMBOL DESCRIPTION MIN [ TYP |MAX |UNITS
Least Significant 305pv -
Bit (LSB) ty Convert Pulse Width 40 7000| ns
+Full Scale 0.099695v | 0111 111111111111 | 7FFF b Data Valid Delay after R/C LOW 8 | s
(10V - 1LSB) ty BUSY Delay from R/C LOW 65 | ns
Midscale ov 0000 0000 0000 0000 | 0000 L BUSY LOW 8 | ks
One LSB below —305pV 1111 1111 1111 1111 | FFFF ts BUSY Delay after 220 ns
Midscale End of Conversion
—Full Scale —10v 1000 0000 0000 0000 | 8000 t Aperture Delay 40 ns
t; Conversion Time 7.6 8 ps
Table Ill. Ideal Input Voltages and Output Codes. B
tg Acquisition Time 2 Hs
ty Bus Relinquish Time 10 | 35 83 ns
PARALLEL OUTPUT (After a Conversion) o BUSY Delay after Data Valid 50 | 200 ns
After conversion ‘n’ is completed and the output registers t, Previous Data Valid 7.4 ps
have been updated, BUSY (pin 26) will go HIGH. Valid data after R/C LOW
from conversion ‘n’ will be available on D15-DO (pin 6-13 t+ 1 Throughput Time 9 | 10 [ wus
and 15-22). BUSY going HIGH can be used to latch the t, RIC to CS Setup Time 10 ns
data. Refer to Table IV and Figures 3 and 5 for timing ts Time Between Conversions 10 Hs
speC|f|cat|ons. ty Bus Access Time 10 83 ns
and BYTE Delay
TABLE IV. Conversion Timing.
BYTE LOW BYTE HIGH
B T e e e +5V
Bit 15 (MSB) | 6 23 Bit7| 6 E’—?
Bit14| 7 22 | Bit 0 (LSB) Bit6| 7 22 | Bit8
ADS7805 ADS7805
Bit13| 8 21| Bit1 Bit5| 8 21| Bit9
Bit12| 9 20 | Bit2 Bit4| 9 20 | Bit 10
Bit 11 |10 19 | Bit 3 Bit3 10 19 | Bit 11
Bit 10 [ 11 18 | Bit 4 Bit2 |11 18 | Bit 12
Bit9 |12 17 | Bit5 Bit 1|12 17 | Bit 13
Bit8 |13 16 | Bit6 Bit 0 (LSB) | 13 16 | Bit 14
Y?E 15 | Bit 7 Y?E 15 | Bit 15 (MSB)

FIGURE 2. Bit Locations Relative to State of BYTE (pin 23).
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RIC
tis
t
_ t,
BUSY
ty — -—
—| [ tg — - i
MODE Acquire Convert Acquire Convert
t7 tg
Previous . Previous . . . )
X Hi-Z X Not Valid Data Valid Hi-Z Data Valid
DATA BUS Data Valid X Data Valid | X X
tg —=| | =-— —| |ty

tll

FIGURE 3. Conversion Timing with Outputs Enabled after Conversion (CS Tied LOW.)

| -ty | =t -ty | =ty
=e 111 [T L
-—t—
cs
— -ty
R t
BUSY 4
—| =t
MODE  Acquire Convert Acquire
| t7
DATA BUS Hi-Z State Data | Valid Hi-Z State
- |-ty P L

FIGURE 4. Using CS to Control Conversion and Read Timing.

- |-t ty, | |-
RIC ///// \\\\\\\
cs
BYTE
Pins 6 - 13 Hi-Z High Byte Low Byte Hi-Z
- =t | =ty - |-ty
Pins 15 - 22 Hi-Z Low Byte High Byte Hi-Z

FIGURE 5. Using CS and BYTE to Control Data Bus.
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INPUT RANGES SOFTWARE CALIBRATION

The ADS7805 offers a standatdOV input range. Figure 6  To calibrate the offset and gain of the ADS7805 in software,
shows the necessary circuit connections for the ADS7805n0 external resistors are required. SeeNbeCalibration

with and without hardware trim. Offset and full scale étror  section for details on the effects of the external resistors. Refer
specifications are tested and guaranteed with the fixed resisto Table V for range of offset and gain errors with and without
tors shown in Figure 6b. Adjustments for offset and gain areexternal resistors.

described in th&alibration section of this data sheet.

The offset and gain are adjusted internally to allow externalNO CALIBRATION

trimming with a single supply. The external resistors com- see Figure 6b for circuit connections. The external resistors
pensate for this adjustment and can be left out if the offsetshown in Figure 6b may not be necessary in some applica-
and gain will be corrected in software (refer to @aibra- tions. These resistors provide compensation for an internal
tion section). adjustment of the offset and gain which allows calibration
The nominal input impedance of Z3kresults from the  with a single supply. The nominal transfer function of the
combination of the internal resistor network shown on the ADS7805 will be bound by the shaded region seen in Figure
front page of the product data sheet and the external resistorg. with a typical offset of -30mV and a typical gain error of
The input resistor divider network provides inherent overvolt- —1.5%. Refer to Table V for range of offset and gain errors
age protection guaranteed to at les28V. The 1% resistors  with and without external resistors.

used for the external circuitry do not compromise the accuracy

or drift of the converter. They have little influence relative to

WITH WITHOUT
the internal resistors, and tighter tolerances are not required EXTERNAL EXTERNAL
RESISTORS RESISTORS UNITS
NOTE: (1) Full scale error includes offset and gain errors measured at both +FS
and —FS. BPO -10 <BPO < 10 -50 < BPO < -15 mv
-30 <BPO < 30 —-150 < BPO < —45 LSBs
Gain —-0.5<error<0.5 -2 <error<-1 % of FSR
CALIBRATION Error

The ADS7805 can be trimmed in hardware or software. The TABLE V. Offset and Gain Errors With and Without Exter-
offset should be trimmed before the gain since the offset nal Resistors.

directly affects the gain. To achieve optimum performance,

several iterations may be required.

HARDWARE CALIBRATION

To calibrate the offset and gain of the ADS7805, install the
proper resistors and potentiometers as shown in Figure 6a. The
calibration range is15mV for the offset and60mV for the

gain.
a) +10V With Hardware b) +10V Without Hardware
Trim Trim
200Q 1 200Q 1
+10V O ‘/\/\/\ I Vin +10VO ‘/\/\/\ I Vin
W 2 2
33.2kQ W AGND1 AGND1
+5V 2.24F % 2.2uF
¥ 33.2kQ + 3
3 REF —I_— REF
576kQ
Offset SOk 4 4 CAP
CAP
50kQ Gain + +
| | 2.2uF 2.2uF —L
5
: B AGND2 & AGND2
NOTE: Use 1% metal film resistors.

FIGURE 6. Circuit Diagram With and Without External Resistors.
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Digital
Output

-10V  -9.99983V -9.9998V

Analog
Input

9.9997V  9.999815vV  +10V

————— Ideal Transfer Function
With External Resistors

Range of Transfer Function
Without External Resistors

+ 8000

FIGURE 7. Full Scale Transfer Function.

REFERENCE

The ADS7805 can operate with its internal 2.5V reference or CAP

an external reference. By applying an external reference tocap (pin 4) is the output of the internal reference buffer. A
pin 5, the internal reference can be bypassed. The referencg xr capacitor should be placed as close to the CAP pin as
voltage at REF is buffered internally with the output on CAP nossible to provide optimum switching currents for the
(pin 4). CDAC throughout the conversion cycle and compensation
The internal reference has an 8 ppnArift (typical) and for the output of the internal buffer. Using a capacitor any
accounts for approximately 20% of the full scale error smaller than iF can cause the output buffer to oscillate and

(FSE =+0.5% for low grade+0.25% for high grade). may not have sufficient charge for the CDAC. Capacitor
values larger than 2uF will have little affect on improving
REF performance.

REF (pin 3) is an input for an external reference or the output | N€ output of the buffer is capable of driving up to 2mA of
for the internal 2.5V reference. A R capacitor should be ~ current to a DC load. DC loads requiring more than 2mA of
connected as close to the REF pin as possible. The capacitdit/Tent from the CAP pin will begin to degrade the linearity

and the output resistance of REF create a low pass filter t°f the ADS7805. Using an external buffer will allow the
bandlimit noise on the reference. Using a smaller valueNtérnal reference to be used for larger DC loads and AC

capacitor will introduce more noise to the reference degrad-02ds. Do not attempt to directly drive an AC load with the
ing the SNR and SINAD. The REF pin should not be used output voltage on CAP. This will cause performance degra-

to drive external AC or DC loads. dation of the converter.
The range for the external reference is 2.3V to 2.7V and

determines the actual LSB size. Increasing the reference

voltage will increase the full scale range and the LSB size of

the converter which can improve the SNR.

BURR - BROWN®
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LAYOUT SIGNAL CONDITIONING

The FET switches used for the sample hold on many CMOS
POWER A/D converters release a significant amount of charge injec-
For optimum performance, tie the analog and digital power tion which can cause the driving op amp to oscillate. The
pins to the same +5V power supply and tie the analog and=ET switch on the ADS7805, compared to the FET switches
digital grounds together. As noted in the electrical specifica- on other CMOS A/D converters, releases 5%-10% of the
tions, the ADS7805 uses 90% of its power for the analogcharge. There is also a resistive front end which attenuates
circuitry. The ADS7805 should be considered as an analogany charge which is released. The end result is a minimal
component. requirement for the anti-alias filter on the front end. Any op

The +5V power for the A/D should be separate from the +5v amp sufficient for the signal in an application will be
used for the system'’s digital logic. ConnectingM(pin 28)  sufficient to drive the ADS7805.

directly to a digital supply can reduce converter performanceThe resistive front end of the ADS7805 also provides a
due to switching noise from the digital logic. For best guaranteed25V overvoltage protection. In most cases, this
performance, the +5V supply can be produced from what-eliminates the need for external input protection circuitry.
ever analog supply is used for the rest of the analog signal

conditioning. If +12V or +15V supplies are present, a simple INTERMEDIATE LATCHES

+5V regulator can be used. Although it is not suggested, if

the digital supply must be used to power the converter, peThe ADS7805 does have tri-state outputs for the parallel

sure to properly filter the supply. Either using a filtered PO't, but intermediate latches should be used if the bus will

digital supply or a regulated analog supply, bolicvand be active during conversions. If the bus is not active during

Vs should be tied to the same +5V source. conversion, the tri-state outputs can be used to isolate the
A/D from other peripherals on the same bus. Tri-state
outputs can also be used when the A/D is the only peripheral

GROUNDING on the data bus.

Three ground pins are present on the ADS7805. DGND is
the digital supply ground. AGND2 is the analog supply

ground. AGND1 is the ground which all analog signals . L .
internal to the A/D are referenced. AGND1 is more suscep-TramSIentS from fas? svvﬁchmg signals on the paraliel port,
: even when the A/D is tri-stated, can be coupled through the

tible to current induced voltage drops and must have the path A - ;
- Substrate to the analog circuitry causing degradation of
of least resistance back to the power supply.

converter performance.

All the ground pins of the A/D should be tied to the analog

ground plane, separated from the system’s digital logic

ground, to achieve optimum performance. Both analog and

digital ground planes should be tied to the “system” ground

as near to the power supplies as possible. This helps to

prevent dynamic digital ground currents from modulating

the analog ground through a common impedance to power

ground.

Intermediate latches are beneficial on any monolithic A/D
converter. The ADS7805 has an internal LSB size pi38

BURR - BROWN®
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AVCC

ARCHITECTURAL OVERVIEW

S5933

INTRODUCTION TO THE PCI LOCAL BUS

The local bus concept was developed to break the
PC data bottleneck. Traditional PC bus architectures
are inadequate to meet the demands of today’s
graphics-oriented systems and large application
sizes. A local bus moves peripherals off the 1/0O bus
and places them closer to the system’s processor
bus, providing faster data transfer between the pro-
cessor and peripherals.

The PCI Local Bus addresses the industry’s need for
a local bus standard that is not directly dependent on
the speed and size of the processor bus, and that is
both reliable and expandable. It represents the first
time in the history of the PC industry that a common
bus, independent of microprocessor design and
manufacturer, has been adopted and used by rival
PC computer architectures. PCI offers simple “plug
and play” capability for the end user, and its perfor-
mance is more than adequate for the most demand-
ing applications, such as full-motion video.

Figure 1. S5933 Block Diagram

FEATURES
» PCI 2.1 Master/Slave Controller
» Generic 8/16/32-bit Add-On user bus
» Four definable memory block Pass-Thru regions

» Direct Add-On mailbox data strobe pin for PCI
interrupt

» Optional boot load/external BIOS serial or byte-
wide nVRAM

* Two 32 Byte FIFOs and 32 byte mailboxes
* Industry standard 160-pin PQFP

APPLICATIONS
» Digital Video
* Networking
e Multimedia

» Data Aquisition
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AVCC

S5933

ARCHITECTURAL OVERVIEW

THE S5933 PCI CONTROLLER

AMCC'’s S5933 is a powerful and flexible PCI control-
ler supporting several levels of interface sophistica-
tion. At the lowest level, it can serve simply as a PCI
bus target with modest transfer requirements (since
the PCI bus “plug-and-play” architecture is a benefit
even when the transfer rate demand is low). For
high-performance applications, the S5933 can be-
come the bus master and can attain the peak transfer
capabilities of 132 MByte/sec with a 32-bit PCI bus.

FUNCTIONAL ELEMENTS

The block diagram in Figure 1 shows the major func-
tional elements within the S5933. The S5933 pro-
vides three physical bus interfaces: the PCI bus, the
Add-On bus, and an optional external non-volatile
memory. Data movement can occur between the PCI
bus and the Add-On bus or the PCI bus and the non-
volatile memory. Transfers between PCI and Add-On

Figure 2. Mailbox Register Concept

buses can take place through the mailbox registers or
the FIFOs, or can make use of the Pass-Thru data
path. FIFO transfers on the PCI bus interface can be
performed either through software control or through
hardware (using the S5933 as bus master).

MAILBOXES

The mailbox registers (shown in Figure 2) of the
S5933 provide a bidirectional data path that can be
used to send data or software control information be-
tween the system platform and the Add-On product.
These mailboxes are intended to serve as
customizable command, status, and parametric data
registers. Use of the mailbox registers is defined by
an application’s own software; they are often used to
initiate larger data transfers over either the FIFO or
Pass-Thru data paths. Interrupts can be configured to
occur on the PCI and Add-On bus (if desired) based
on a specific mailbox event(s).
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ARCHITECTURAL OVERVIEW

S5933

FIFOs

Two separate FIFO data paths exist within the
S5933. One FIFO handles data movement from the
PCI bus to the Add-On bus (shown in Figure 3) and
the other handles movement in the opposite direction
(Figure 4). Both of the FIFOs are able to support PCI
bus mastering; each has an address pointer and
transfer count register associated with its PCI bus

Figure 3. PCI to Add-On FIFO Concept

transaction. An important feature of the S5933 is the
ability to optionally perform various endian transla-
tions when data is moved through the FIFO. This
feature permits a single Add-On product to maintain
a fixed endian structure within the Add-On while al-
lowing the system platform to operate in its own na-

tive endian format.
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S5933

ARCHITECTURAL OVERVIEW

PASS-THRU

Figure 5 depicts the Pass-Thru concept that allows
actual PCI bus transactions to be executed in real
time with the Add-On interface. The Pass-Thru feature
can be used to achieve high-performance burst trans-
fers between the PCI bus and Add-On bus external
peripherals or memory devices. In the Pass-Thru
mode, the S5933 provides the benefits of the con-
figuration registers and full PCI Bus Specification 2.1
compliance, while permitting customization and flex-
ibility in the implementation of the Add-On product.

The Pass-Thru logic is comprised of one address
register and two data registers (one for each direc-
tion). Control information necessary to define the
current (Pass-Thru) PCI bus transaction is also pro-
vided to the Add-On interface on dedicated S5933
package pins.

Figure 5. Pass-Thru Concept

PCI AGENT

The S5933 was designed to serve as an “endpoint”
within a given PCI system. This means that it is the
final point in a data transfer (for example, a video
screen, network, sound output, or storage device)
and/or the beginning point of a data transfer (for ex-
ample, video source, network, audio source, or stor-
age device). Some PCI elements, termed “bridges,”
allow for data transactions to span to other bus stan-
dards and therefore are not “endpoints.”

As a PCI bus agent, the S5933 is required to support
the configuration registers in order to be compliant
with the PCI Specification. These configuration regis-
ters provide for a standardized method for system
platform software to integrate Add-On functions in a
machine. Another important aspect of the standard is
that all PCI bus agents can be controlled (enabled/
disabled, assigned physical address space, etc.) in a
common manner, regardless of function, by the host-
ing system. These configuration registers defined by
the PCI standard (and present within the S5933) are
described in the PCI Configuration Chapter.
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ARCHITECTURAL OVERVIEW

S5933

ADD-ON INTERFACE

The S5933 provides a simple, general-purpose inter-
face to the Add-On bus. The Add-On data path is a 32-
bit bus for the S5933. Data transfers to/from the
S5933 internal registers are accomplished through a
chip select decode in conjunction with either a read
or write strobe. The S5933 provides dedicated pins
which allow its FIFOs to be used in the implementa-
tion of custom DMA ports or additional external
FIFOs (if necessary).

The output pins on the Add-On interface include an
interrupt source, a buffered clock, and a software-
controllable reset. The interrupt output pin is provided
to signal when a selected mailbox or self-test event
occurs from the PCI interface. The buffered clock
output is a possible Add-On cost reduction feature,
and in addition provides synchronization for Pass-
Thru data transfers. The software-controllable reset
from the S5933 provides Add-On hardware with a
means for proper handling of a system’s “soft” reboot
(e.g.CTRL-ALT-DEL).

Figure 6. Byte-Wide Non-Volatile Memory Interface

EPROM
. VA
EA[15.0] 7 DA ks

ERD# [O— () CS#

NON-VOLATILE MEMORY INTERFACE

The non-volatile interface allows customization of the
S5933 and provides for an optional BIOS ROM on
the PCI bus. The non-volatile memory can be either a
serial device or a byte-wide device. Serial devices
may range from 128 bytes through 2048 bytes, and
byte-wide devices from 128 bytes through 65,536
bytes.

As an example, the Vendor and Device ID numbers
in the PCI configuration space can be initialized to
reflect values contained in the external non-volatile
memory. After initialization, a user’s own Vendor and
Device ID is then presented by the S5933 when re-
quested by the PCI bus.

For some non-volatile devices, it is possible to write
the non-volatile memory from the PCI interface. This
feature lets the system designer establish a field up-
grade strategy for the BIOS software or a method to
support various system platforms with only one Add-
On board product.

Use of a byte-wide non-volatile memory device is
shown in Figure 6; Figure 7 shows a serial device
with the S5933.

Figure 7. Serial Non-Volatile Memory Interface
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S5933 ARCHITECTURAL OVERVIEW

Figure 8. 55933 Pin Assignment
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SIGNAL DESCRIPTIONS

S5933

Signal Type Definition

The following signal type definitions [in, out, t/s, s/t/s and o/d] are taken from Revision 2.1 of the PCI local bus

specification.
in
out
t/s
slt/s

o/d

Input is a standard input-only signal.

Totem Pole Output is a standard active driver.

Tri-State® is a bidirectional, tristate input/output pin.

Sustained Tri-State is an active low tristate signal owned and driven by one and only one agent at
a time. The agent that drives an s/t/s pin low must drive it high for at least one clock before letting
it float. A new agent cannot start driving a s/t/s signal any sooner than one clock after the
previous owner tri-states it. A pullup is required to sustain the inactive state until another agent
drives it, and must be provided by the central source.

Open Drain allows multiple devices to share as a wire-OR.

Note that a # symbol at the end of a signal name denotes that the active state occurs when the signal is at a low
voltage. When no # symbol is present, the signal is active high.

Figure 1. S5933 Signal Pins
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S5933 SIGNAL DESCRIPTIONS

PCI BUS INTERFACE SIGNALS

Address and Data Pins — PCI Local Bus

Signal Type Description

AD[31:00] t/s Local Bus Address/Data lines. Address and data are multiplexed on the same pins.
Each bus operation consists of an address phase followed by one or more data
phases. Address phases are identified when the control signal, FRAME#, is asserted.
Data transfers occur during those clock cycles in which control signals IRDY# and
TRDY# are both asserted.

C/BE[3:0]# t/s Bus Command and Byte Enables. These are multiplexed on the same pins. During
the address phase of a bus operation, these pins identify the bus command, as
shown in the table below. During the data phase of a bus operation, these pins are
used as Byte Enables, with C/BE[0O]# enabling byte O (least significant byte) and C/
BE[3]# enabling byte 3 (most significant byte).

C/BE[3:0]# Description
(during address phase)

0 0 0 0 Interrupt Acknowledge

0 0 0 1 Special Cycle

0 0 1 0 I/lO READ

0 0 1 1 I/O WRITE

0 1 0 0 Reserved

0 1 0 1 Reserved

0 1 1 0 Memory Read

0 1 1 1 Memory Write

1 0 0 0 Reserved

1 0 0 1 Reserved

1 0 1 0 Configuration Read

1 0 1 1 Configuration Write

1 1 0 0 MEMORY READ - Multiple

1 1 0 1 Dual Address Cycle

1 1 1 0 Memory Read Line

1 1 1 1 Memory Write and Invalidate
PAR t/s Parity. This signal is even parity across the entire AD[31:00] field along with the C/

BE[3:0]# field. The parity is stable in the clock following the address phase and is
sourced by the master. During the data phase for write operations, the bus master
sources this signal on the clock following IRDY# active; during the data phase for
read operations, this signal is sourced by the target and is valid on the clock following
TRDY# active. The PAR signal therefore has the same timing as AD[31:00}, delayed
by one clock.
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SIGNAL DESCRIPTIONS S5933

System Pins — PCI Local Bus

Signal Type Description

CLK in Clock. The rising edge of this signal is the reference upon which all other signals are
based, with the exception of RST# and the interrupt (IRQA#-). The maximum fre-
guency for this signal is 33 MHz and the minimum is DC (0 Hz).

RST# in Reset. This signal is used to bring all other signals within this device to a known,
consistent state. All PCI bus interface output signals are not driven (tri-stated), and
open drain signals such as SERR# are floated.

Interface Control Pins — PCI Bus Signal

Signal Type Description

FRAME# slt/s Frame. This signal is driven by the current bus master and identifies both the begin-
ning and duration of a bus operation. When FRAME# is first asserted, it indicates that
a bus transaction is beginning and that valid addresses and a corresponding bus
command are present on the AD[31:00] and C/BE[3:0] lines. FRAME# remains as-
serted during the data transfer portion of a bus operation and is deasserted to signify
the final data phase.

IRDY# slt/s Initiator Ready. This signal is sourced by the bus master and indicates that the bus
master is able to complete the current data phase of a bus transaction. For write
operations, it indicates that valid data is on the AD[31:00] pins. Wait states occur until
both TRDY# and IRDY# are asserted together.

TRDY# slt/s Target Ready. This signal is sourced by the selected target and indicates that the
target is able to complete the current data phase of a bus transaction. For read
operations, it indicates that the target is providing valid data on the AD[31:00] pins.
Wait states occur until both TRDY# and IRDY# are asserted together.

STOP# slt/s Stop. The Stop signal is sourced by the selected target and conveys a request to the
bus master to stop the current transaction.

LOCK# in Lock. The lock signal provides for the exclusive use of a resource. The S5933 may
be locked as a target by one master at a time. The S5933 cannot lock a target when
it is a master.

IDSEL in Initialization Device Select. This pin is used as a chip select during configuration read

or write operations.

DEVSEL# slt/s Device Select. This signal is sourced by an active target upon decoding that its
address and bus commands are valid. For bus masters, it indicates whether any
device has decoded the current bus cycle.
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S5933 SIGNAL DESCRIPTIONS
Arbitration Pins (Bus Masters Only) — PCI Local Bus
Signal Type Description
REQ# out Request. This signal is sourced by an agent wishing to become the bus master. It is a
point-to-point signal and each master has its own REQ#.
GNT# in Grant. The GNT# signal is a dedicated, point-to-point signal provided to each poten-
tial bus master and signifies that access to the bus has been granted.

Error Reporting Pins — PCI Local Bus

Signal Type Description

PERR# slt/s Parity Error. This pin is used for reporting parity errors during the data portion of a
bus transaction for all cycles except a Special Cycle. It is sourced by the agent
receiving data and driven active two clocks following the detection of the error. This
signal is driven inactive (high) for one clock cycle prior to returning to the tri-state
condition.

SERR# o/d System Error. This pin is used for reporting address parity errors, data parity errors
on Special Cycle commands, or any error condition having a catastrophic system
impact.

Interrupt Pin — PCI Local Bus

Signal Type Description

INTA# o/d Interrupt A. This pin is a level sensitive, low active interrupt to the host. The INTA#
interrupt must be used for any single function device requiring an interrupt capability.
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SIGNAL DESCRIPTIONS S5933

NON-VOLATILE MEMORY INTERFACE SIGNALS

This signal grouping provides for connection to external non-volatile memories. Either a serial or byte-wide device
may be used.

The serial interface shares the read and write control pins used for interfacing with byte-wide memory devices. Since
it is intended that only one (serial or byte wide) configuration be used in any given implementation, separate
descriptions are provided for each. The S5933 provides the pins necessary to interface to a byte wide non-volatile
memory. When they are connected to a properly configured serial memory, these byte wide interface pins assume
alternate functions. These alternate functions include added external FIFO status flags, FIFO reset control, Add-On
control for bus mastering and a hardware interface mailbox port.

Serial nv Devices
Signal Type Description

SCL t/s Serial Clock. This output is intended to drive a two-wire Serial Interface and functions
as the bus’s master. It is intended that this signal be directly connected to one or
more inexpensive serial non-volatile RAMs or EEPROMSs. This pin is shared with the
byte wide interface signal, ERD#.

SDA t/s Serial Data/Address. This bidirectional pin is used to transfer addresses and data to or from
a serial n\vRAM or EEPROM. It is an open drain output and intended to be wire-ORed
with all other devices on the serial bus using a 4.7K external pull-up resistor. This pin
is shared with the byte wide interface signal, EWR#.

SNV in Serial Non-Volatile Device. This input, when high, indicates a serial boot device or no

boot device is present. When this pin is low, a byte-wide boot device is present.
Note: SCL and SDA are not controlled by FLT#.

Byte-Wide nv Devices

Signal Type Description

EA[15:00] t/s External nv memory address. These signals connect directly to the external BIOS (or
EEPROM) or EPROM address pins EAO through EA15. The PCI interface controller
assembles 32-bit-wide accesses through multiple read cycles of the 8-bit device. The
address space from 0040h through 007Fh is used to preload and initialize the PCI
configuration registers. Should an external nv memory be used, the minimum size
required is 128 bytes and the maximum is 64K bytes. When a serial memory is
connected to the S5933, the pins EA[7:0] are reconfigured to become a hardware Add-
On to PCI mailbox register with the EA8 pin as the mailbox load clock. Also, the EA15
signal pin will provide an indication that the PCI to Add-On FIFO is full (FRF), and the
EA14 signal pin will indicate whether the Add-On to PCI FIFO is empty (FWE).

ERD# out External nv memory read control. This pin is asserted during read operations involv-
ing the external non-volatile memory. Data is transferred into the S5933 during the
low to high transition of ERD#. This pin is shared with the serial external memory
interface signal, SCL.

EWR# t/s External nv memory write control. This pin is asserted during write operations involv-
ing the external non-volatile memory. Data is presented on pins EQ[7:0] along with its
address on pins EA[15:0] throughout the entire assertion of EWR#. This pin is shared
with the serial external memory interface signal, SDA.

EQ[7:0] t/s External memory data bus. These pins are used to directly connect with the data pins
of an external non-volatile memory. When a serial memory is connected to the
S5933, the pins EQ4, EQ5, EQ6 and EQ7 become reconfigured to provide signal
pins for bus mastering control from the Add-On interface.
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S5933 SIGNAL DESCRIPTIONS

ADD-ON BUS INTERFACE SIGNALS

The following sets of signals represent the interface pins available for the Add-On function. There are four groups:
Register access, FIFO access, Pass-Thru mode pins, and general system pins.

Register Access Pins

Signal Type Description

DQ[31:00] t/s Datapath DQO-DQ31. These pins represent the datapath for the Add-On peripheral’s
data bus. They provide the interface to the controller's FIFO and other registers.
When MODE=V, only DQ[15:00] are used. DQ[31:0] have internal pull-up resistors.

ADRJ[6:2] in Add-On Addresses. These signals are the address lines to select which of the 16
DWORD registers within the controller is desired for a given read or write cycle, as
shown in the table below. ADRG6 has an internal pull-down resistor.

ADRJ[6:2] Register Name

0O 0 0 0 O Add-On Incoming Mailbox Reg. 1
0O 0 0 0 1 Add-On Incoming Mailbox Reg. 2
0 0 0 1 O Add-On Incoming Mailbox Reg. 3
0O 0 0 1 1 Add-On Incoming Mailbox Reg. 4
0 0 1 0 O Add-On Outgoing Mailbox Reg. 1
0 0 1 0 1 Add-On Outgoing Mailbox Reg. 2
00 1 1 0 Add-On Outgoing Mailbox Reg. 3
0 0 1 1 1 Add-On Outgoing Mailbox Reg. 4
01 0 0 O Add-On FIFO Port
01 0 0 1 Bus Master Write Address Register
01 0 1 O Add-On Pass-Thru Address
01 0 1 1 Add-On Pass-Thru Data
01 1 0 O Bus Master Read Address Register
01 1 0 1 Add-On Mailbox Empty/Full Status
01 1 1 O Add-On Interrupt Control
01 1 1 1 Add-On General Control/Status Register
10 1 1 O Bus Master Write Transfer Count
10 1 1 1 Bus Master Read Transfer Count
BE3# or
ADR1 in Byte Enable 3 (32-bit mode) or ADR1 (16 bit mode). This pin is used in conjunction

with the read or write strobes (RD# or WR#) and the Add-On select signal, SELECT#.
As a Byte Enable, it is necessary to have this pin asserted to perform write operations
to the register identified by ADR[6:2] bit locations d24 through d31; for read operations
it controls the DQ[31:24] output drive. BE3# has an internal pull-up resistor.

BE[2:0]# in Byte Enable 2 through 0. These pins provide for individual byte control during register
read or write operations. BE2# controls activity over DQ[23:DQ16], BE1# controls
DQ[15:8], and BEO# controls DQ[7:0]. During read operations they control the output drive
for each of their respective byte lanes; for write operations they serve as a required enable
to perform the modification of each byte lane. BE[2:0J# have internal pull-up resistors.

SELECT# in Select for the Add-On interface. This signhal must be driven low for any write or read
access to the Add-On interface registers. This signal must be stable during the
assertion of command signals WR# or RD#.

WR# in Write strobe. This pin, when asserted in conjunction with the SELECT# pin, causes
the writing of one of the internal registers. The specific register and operand size are
identified through address pins ADR[6:2] and the byte enables, BE[3:0]#.

RD# in Read strobe. This pin, when asserted in conjunction with the SELECT# pin, causes
the reading of one of the internal registers. The specific register and operand size are
identified through address pins ADR[6:2] and the byte enables BE[3:0]#.

MODE in This pin control whether the S5933 data accesses on the DQ bus are to be 32-bits
wide (MODE = low) or 16-bits wide (MODE = high). When in the 16 bit mode, the
signal BE3# is reassigned as the address signal ADR1. MODE has an internal pull-
down resistor.
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SIGNAL DESCRIPTIONS S5933
FIFO Access Pins
Signal Type Description
WRFIFO# in Write FIFO. This signal provides a method to directly write the FIFO without having to

generate the SELECT# signal or the ADR[6:2] value of [01000b] to access the FIFO.
Access width is either 32 bits or 16 bits depending on the data bus size available.
This signal is intended for implementing PCI DMA transfers with the Add-On system.
This pin has an internal pull-up resistor.

RDFIFO# in Read FIFO. This signal provides a method to directly read the FIFO without having to
generate the SELECT# signal or the ADR[6:2] value of [01000b] to access the FIFO.
Access width is either 32 bits or 16 bits, depending on the data bus size defined by
the MODE pin. This signal is intended for implementing PCI DMA transfers with the
Add-On system. This pin has an internal pull-up resistor.

WRFULL out Write FIFO full. This pin indicates whether the Add-On-to-PCI bus FIFO is able to
accept more data. This pin is intended to be used to implement DMA hardware on
the Add-On system bus. A logic low output from this pin can be used to represent a
DMA write (Add-On to-PCI FIFO) request.

RDEMPTY out Read FIFO Empty. This pin indicates whether the read FIFO (PCI-to-Add-On FIFO)
contains data. This pin is intended to be used by the Add-On system to control DMA
transfers from the PCI bus to the Add-On system bus. A logic low from this pin can
be used to represent a DMA (PCI-to-Add-On FIFO) request.

Pass-Thru Interface Pins

Signal Type Description

PTATN# out Pass-Thru Attention. This signal identifies that an active PCI bus cycle has been
decoded and data must be read from or written to the Pass-Thru Data Register.

PTBURST# | out Pass-Thru Burst. This signal identifies PCI bus operations involving the current Pass-
Thru cycle as requesting burst access.

PTRDY# in Pass-Thru Ready. This input indicates when Add-On logic has completed a Pass-
Thru cycle and another may be initiated.

PTNUM[1:0]|] out Pass-Thru Number. These signals identify which of the four base address registers
decoded a Pass-Thru bus activity. These bits are only meaningful when signal
PTATN# is active. A value of 00 corresponds to Base Address Register 1, a value of
01 for Base Address Register 2, and so on.

PTBE[3:0]# out Pass-Thru Byte Enables. These signals indicate which bytes are requested for a given
Pass-Thru operation. They are valid during the presence of signal PTATN# active.

PTADR# in Pass-Thru Address. This signal causes the actual Pass-Thru requested address to
be presented as outputs on the DQ pins DQ[31:0] for Add-Ons with 32-bit buses, or
the low-order 16 bits for Add-Ons with 16-bit buses. It is necessary that all other bus
control signals be in their inactive state during the assertion of PTADR#. The purpose
of this signal is to provide the direct addressing of external Add-On peripherals
through use of the PTNUMJ[1:0] and the low-order address bits presented on the DQ
bus with this pin active.

PTWR out Pass-Thru Write. This signal identifies whether a Pass-Thru operation is a read or
write cycle. This signal is valid only when PTATN# is active.
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System Pins

Signal Type Description

SYSRST# out System Reset. This low active output is a buffered form of the PCI bus reset, RST#. It
is not synchronized to any clock within the PCI interface controller. Additionally, this
signal can be invoked through software from the PCI host interface.

BPCLK out Buffered PCI Clock. This output is a buffered form of the PCI bus clock and, as such,
has all of the behavioral characteristics of the PCI clock (i.e., DC-t0-33 MHz capability).

IRQ# out Interrupt. This pin is used to signal the Add-On system that a significant event has
occurred as a result of activity within the PCI controller.
FLT# in Float. When asserted, all S5933 outputs are floated. This pin has an internal pull-up
resistor.
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PCI CONFIGURATION REGISTERS

Each PCI bus device contains a unique 256-byte region called its configuration header space. Portions of this
configuration header are mandatory in order for a PCIl agent to be in full compliance with the PCI specification.
This section describes each of the configuration space fields—its address, default values, initialization options,
and bit definitions—and also provides an explanation of its intended usage.

Table 1. Configuration Registers

Configuration Abbreviation Register Name

Address Offset

00h-01h VID Vendor Identification
02h-03h DID Device Identification
04h—-05h PCICMD PCI Command Register
06h—-07h PCISTS PCI Status Register

08h RID Revision Identification Register
09h-0Bh CLCD Class Code Register

0Ch CALN Cache Line Size Register
0Dh LAT Master Latency Timer

OEh HDR Header Type

OFh BIST Built-in Self-test

10h-27h BADRO-BADR5 Base Address Registers (0-5)
28h—2Fh — Reserved

30h EXROM Expansion ROM Base Address
34h-3Bh — Reserved

3Ch INTLN Interrupt Line

3Dh INTPIN Interrupt Pin

3Eh MINGNT Minimum Grant

3Fh MAXLAT Maximum Latency

40h—-FFh — Not used
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PCI Configuration Space Header

31 24|23 16|15 8|7 00
DEVICE ID VENDOR ID 00
STATUS COMMAND 04
CLASS CODE REV ID 08
HEADER TYPE = 0 LATENCY TIMER CACHE LINE SIZE__ | oc
BASE ADDRESS REGISTER #0 10
BASE ADDRESS REGISTER #1 14
BASE ADDRESS REGISTER #2 18
BASE ADDRESS REGISTER #3 1c
BASE ADDRESS REGISTER #4 20
BASE ADDRESS REGISTER #5 24
RESERVED = 0's 28
RESERVED = 0's 2
RESERVED =0's 34
RESERVED =0's 38
MAX_LAT | MIN_GNT [ interrupTPIN__ JIINTERRUPT LINEJI 3¢

LEGEND

I:' EPROM IS DATA SOURCE (READ ONLY)

I:' CONTROL FUNCTION

. EPROM INITIALIZED RAM (CAN BE ALTERED FROM PCI PORT)
EPROM INITIALIZED RAM (CAN BE ALTERED FROM ADD-ON PORT)
I:' HARD-WIRED TO ZEROES

Note: Some registers are a combination of the above. See individual sections
for full description.
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VENDOR IDENTIFICATION REGISTER (VID)
Register Name: Vendor Identification
Address Offset: 00h-01h

Power-up value: 10E8h (AMCC, Applied Micro
Circuits Corp.)

Boot-load: External nvRAM offset
040h-41h

Attribute: Read Only (RO)

Size: 16 bits

Figure 1. Vendor Identification Register

The VID register contains the vendor identification
number. This number is assigned by the PCI Special
Interest Group and is intended to uniquely identify
any PCI device. Write operations from the PCI inter-
face have no effect on this register. After reset is
removed, this field can be boot-loaded from the ex-
ternal non-volatile device (if present and valid) so that
other legitimate PCI SIG members can substitute their
vendor identification number for this field.

15 0
10E8h
Vendor Identification Register (RO)
Table 2. Vendor Identification Register
Bit Description
15:0 Vendor Identification Number: This is a 16 bit-value assigned to AMCC.
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DEVICE IDENTIFICATION REGISTER (DID) The DID register contains the vendor-assigned de-
Register Name: Device Identification vice identifi_cation nu_mber. T_his number |s generated

: by AMCC in compliance with the conditions of the
Address Offset: 02h-03h PCI specification. Write operations from the PCI in-
Power-up value: 4750h (ASCII hex for ‘GP’, terface have no effect on this register. After reset is

removed, this field can be boot-loaded from the ex-

General Purpose) ternal non-volatile device (if present and valid) so that

Boot-load: External nvRAM offset other legitimate PCI SIG members can substitute
042h-43h their own device identification number for this field.

Attribute: Read Only

Size: 16 bits

Figure 2. Device Identification Register

15 0
4750h

Device Identification Register (RO)

Table 3. Device Identification Register

Bit Description

15:0 Device ldentification Number: This is a 16-bit value initially assigned by AMCC for applications
using the AMCC Vendor ID.
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PCI COMMAND REGISTER (PCICMD)

Register Name: PCI Command
Address Offset: 04h-05h
Power-up value: 0000h

Boot-load: not used

Attribute: Read/Write (R/W on 6 bits, Read
Only for all others)

Size: 16 bits

Figure 3. PClI Command Register

This 16-bit register contains the PCI Command. The
function of this register is defined by the PCI specifi-
cation and its implementation is required of all PCI
devices. Only six of the ten fields are used by this
device; those which are not used are hardwired to O.
The definitions for all fields are provided here for
completeness.

15 9

Reserved = 00's 0

Fast Back-to-Back
SERRE

Wait Cycle Enable
Parity Error Enable

Palette Snoop Enable

Memory Write and Invalidate Enable

Special Cycle Enable

Bus Master Enable

Memory Access Enable
I/O Access Enable
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Table 4. PCI Command Register

Bit

Description

15:10

9

Reserved. Equals all 0’s.

Fast Back-to-Back Enable. The S5933 does not support this function. This bit must be set to zero.
This bit is cleared to a 0 upon RESET#.

System Error Enable. When this bit is set to 1, it permits the S5933 controller to drive the open drain
output pin, SERR#. This bit is cleared to 0 upon RESET#. The SERR# pin driven active normally
signifies a parity error on the address/control bus.

Wait Cycle Enable. This bit controls whether this device does address/data stepping. Since the S5933
controller never uses stepping, it is hardwired to 0.

Parity Error Enable. This bit, when set to a one, allows this controller to check for parity errors. When
a parity error is detected, the PCI bus signal PERR# is asserted. This bit is cleared (parity testing
disabled) upon the assertion of RESET#.

Palette Snoop Enable. This bit is not supported by the S5933 controller and is hardwired to 0. This
feature is used solely for PCl-based VGA devices.

Memory Write and Invalidate Enable. This bit allows certain Bus Master devices to use the Memory
Write and Invalidate PCI bus command when set to 1. When set to 0, masters must use the Memory
Write command instead. The S5933 controller does not support this command when operated as a
master and therefore it is hardwired to 0.

Special Cycle Enable. Devices which are capable of monitoring special cycles can do so when this
bit is set to 1. The S5933 controller does not monitor (or generate) special cycles and this bit is
hardwired to 0.

Bus Master Enable. This bit, when setto a one, allows the S5933 controller to function as a bus master.
This bit is initialized to 0 upon the assertion of signal pin RESET#.

Memory Space Enable. This bit allows the S5933 controller to decode and respond as a target for
memory regions that may be defined in one of the five base address registers. This bit is initialized
to 0 upon the assertion of signal pin RESET#.

I/O Space Enable. This bit allows the S5933 controller to decode and respond as a targetto I/O cycles
which are to regions defined by any one of the five base address registers. This bit is initialized to 0
upon the assertion of signal pin RESET#.
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PCI STATUS REGISTER (PCISTS)
Register Name: PCI Status
Address Offset: 06h-07h
Power-up value: 0080h

Boot-load: not used

Attribute: Read Only (RO), Read/Write
Clear (R/WC)

Size: 16 bits

Figure 4. PCI Status Register

This 16-bit register contains the PCI status informa-
tion. The function of this register is defined by the
PCI specification and its implementation is required
of all PCI devices. Only some of the bits are used by
this device; those which are not used are hardwired
to 0. Most status bits within this register are desig-
nated as “write clear,” meaning that in order to clear
a given bit, the bit must be written as a 1. All bits
written with a 0 are left unchanged. These bits are
identified in Figure 4 as (R/WC). Those which are
Read Only are shown as (RO) in Figure 4.

5 14 13 12 11 10 9 8 7

X X X X X 0 0 X |0

Reserved (RO) = 00's

Reserved (RO)
Fast Back-to-Back (RO)

Data Parity Reported (R/WC)

DEVSEL# Timing Status (RO)
0 0 = Fast (S5933)
01 = Medium
10=Slow
11 = Reserved

Signaled Target Abort (R/WC)

Received Target Abort (R/WC)
Received Master Abort (R/WC)

Signaled System Error (RIWC)

Detected Parity Error (R/WC)
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Table 5. PCI Status Register
Bit Description

15 Detected Parity Error. This bit is set whenever a parity error is detected. It functions independently
from the state of Command Register Bit 6. This bit may be cleared by writing a 1 to this location.

14 Signaled System Error. This bitis set whenever the device asserts the signal SERR#. This bit can be
reset by writing a 1 to this location.

13 Received Master Abort. This bit is set whenever a bus master abort occurs. This bit can be reset by
writing a 1 to this location.

12 Received Target Abort. This bit is set whenever this device has one of its own initiated cycles
terminated by the currently addressed target. This bit can be reset by writing a 1 to this location.

11 Signaled Target Abort. This bitis set whenever this device aborts a cycle when addressed as a target.
This bit can be reset by writing a 1 to this location.

10:9 Device Select Timing. These bits are read-only and define the signal behavior of DEVSEL# from this
device when accessed as a target.

8 Data Parity Reported. This bit is set upon the detection of a data parity error for a transfer involving
the S5933 device as the master. The Parity Error Enable bit (D6 of the Command Register) must be
set in order for this bit to be set. Once set, it can only be cleared by either writing a 1 to this location
or by the assertion of the signal RESET#.

7 Fast Back-to-back Capable. When equal to 1, this indicates that the device can accept fast back-to-
back cycles as a target.

6:0 Reserved. Equal all 0’s.
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REVISION IDENTIFICATION REGISTER (RID) The RID register contains the revision identification
Reai N ) Revision Identificati number. This field is initially cleared. Write operations

egister Name: evision Identification from the PCI interface have no effect on this register.
Address Offset: 08h After reset is removed, this field can be boot-loaded
Power-up value: 00h from the external non-volatile device (if present and
Boot-load: External nvVRAM/EPROM offset valid) so that another value may be used.

048h
Attribute: Read Only
Size: 8 bits

Figure 5. Revision Identification Register

7 0
00h

Revision Identification Number (RO)

Table 6. Revision Identification Register

Bit Description

7.0 Revision Identification Number. Initialized to zeros, this register may be loaded to the value in non-
volatile memory at offset 048h.
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CLASS CODE REGISTER (CLCD)

Register Name: Class Code
Address Offset: 09h-0Bh
Power-up value: FFO000h

Boot-load: External nvRAM offset
049h-4Bh

Attribute: Read Only

Size: 24 bits

Figure 6. Class Code Register

This 24-bit, read-only register is divided into three
one-byte fields: the base class resides at location
0Bh, the sub-class at 0Ah, and the programming in-
terface at 09h. The default setting for the base class
is all ones (FFh), which indicates that the device
does not fit into the thirteen base classes defined in
the PCI Local Bus Specification. It is possible, how-
ever, through use of the external non-volatile
memory, to implement one of the defined class codes
described in Table 7 below.

For devices that fall within the seven defined class
codes, sub-classes are also assigned. Tables 8
through 20 describe each of the sub-class codes for
base codes 00h through OCh, respectively.

@0Bh @0Ah @09 (Offset)
7 0 0 7 0 (Bit)
Base Class Sub-Class Prog I/IF
Table 7. Defined Base Class Codes
Base-Class Description
00h Early, pre-2.0 PCI specification devices
01h Mass storage controller
02h Network controller
03h Display controller
04h Multimedia device
05h Memory controller
06h Bridge device
07h Simple communication controller
08h Base system peripherals
09h Input devices
0Ah Docking stations
0Bh Processors
0Ch Serial bus controllers
0D-FEh Reserved
FFh Device does not fit defined class codes (default)
Table 8. Base Class Code 00h: Early, Pre-2.0 Specification Devices
Sub-Class Prog I/F Description
00h 00h All devices other than VGA
01h 00h VGA-compatible device
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Table 9. Base Class Code 01h: Mass Storage Controllers
Sub-Class Prog I/F Description
00h 00h SCSI controller
01h xxh IDE controller
02h 00h Floppy disk controller
03h 00h IPI controller
04h 00h RAID controller
80h 00h Other mass storage controller
Table 10. Base Class Code 02h: Network Controllers
Sub-Class Prog I/F Description
00h 00h Ethernet controller
01h 00h Token ring controller
02h 00h FDDI controller
03h 00h ATM controller
80h 00h Other network controller
Table 11. Base Class Code 03h: Display Controllers
Sub-Class Prog I/F Description
00h 00h VGA-compatible controller
00h 01lh 8514 compatible controller
01h 00h XGA controller
80h 00h Other display controller
Table 12. Base Class Code 04h: Multimedia Devices
Sub-Class Prog I/F Description
00h 00h Video device
01h 00h Audio device
80h 00h Other multimedia device
Table 13. Base Class Code 05h: Memory Controllers
Sub-Class Prog I/F Description
00h 00h RAM memory controller
01h 00h Flash memory controller
80h 00h Other memory controller
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Table 14. Base Class Code 06h: Bridge Devices

Sub-Class Prog I/F Description
00h 00h Host/PCI bridge
01lh 00h PCI/ISA bridge
02h 00h PCI/EISA bridge
03h 00h PClI/Micro Channel bridge
04h 00h PCI/PCI bridge
05h 00h PCI/PCMCIA bridge
06h 00h NuBus bridge
07h 00h CardBus bridge
80h 00h Other bridge type

Table 15. Base Class Code 07h: Simple Communications Controllers

Sub-Class Prog I/F Description

00h 00h Generic XT compatible serial controller
01h 16450 compatible serial controller
02h 16550 compatible serial controller

01h 00h Parallel port
01h Bidirectional parallel port
02h ECP 1.X compliant parallel port

80h 00h Other communications device

Table 16. Base Class Code 08h: Base System Peripherals

Sub-Class Prog I/F Description
00h 00h Generic 8259 PIC
01lh ISA PIC
02h EISA PIC
01h 00h Generic 8237 DMA controller
01h ISA DMA controller
02h EISA DMA controller
02h 00h Generic 8254 system timer
01h ISA system timer
02h EISA system timers (2 timers)
03h 00h Generic RTC controller
01h ISA RTC controller
80h 00h Other system peripheral
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Table 17. Base Class Code 09h: Input Devices
Sub-Class Prog I/F Description
00h 00h Keyboard controller
01h 00h Digitizer (Pen)
02h 00h Mouse controller
80h 00h Other input controller
Table 18. Base Class Code OAh: Docking Stations
Sub-Class Prog I/F Description
00h 00h Generic docking station
80h 00h Other type of docking station
Table 19. Base Class Code 0Bh: Processors
Sub-Class Prog I/F Description
00h 00h Intel386™
01lh 00h Intel486™
02h 00h Pentium™
10h 00h Alpha™
40h 00h Co-processor
Table 20. Base Class Code OCh: Serial Bus Controllers
Sub-Class Prog I/F Description
00 00h FireWire™ (IEEE 1394)
01lh 00h ACCESS.bus
02h 00h SSA
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CACHE LINE SIZE REGISTER (CALN)

Register Name: Cache Line Size
Address Offset: 0Ch
Power-up value: 00h, hardwired

Boot-load: not used
Attribute: Read Only
Size: 8 bits

Figure 7. Cache Line Size Register

This register is hardwired to 0. The cache line con-
figuration register is used by the system to define the
cache line size in doubleword (64-bit) increments.
This controller does not use the “Memory Write and
Invalidate” PCI bus cycle commands when operating
in the bus master mode, and therefore does not inter-
nally require this register. When operating in the tar-
get mode, this controller does not have the
connections necessary to “snoop” the PCI bus and
accordingly cannot employ this register in the detec-
tion of burst transfers that cross a line boundary.

7

00h

Cache Line Size (RO)
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LATENCY TIMER REGISTER (LAT) The latency timer register has meaning only when
Redister N i Lat Ti this controller is used as a bus master and pertains to

egister \ame. atency timer the number of PCI bus clocks that this master will be
Address Offset: ODh guaranteed. The nonzero value for this register is
Power-up value: ~ 00h internally decremented after this device has been
Boot-load: External nvRAM offset gff?‘”teo' th_e bus and has begun to assert FRAME#.

04Dh Prior to this latency timer count reaching zero, this

device can ignore the removal of the bus grant and

Attribute: Read/Write, bits 7:3; may continue the use of the bus for data transfers.
Read Only bits 2:0
Size: 8 bits

Figure 8. Latency Timer Register

7 6 5 4 3 2 1 0 Bit

X X X X X 0 0 0 Value

Latency Timer value (R/W)
# of clocks x 8
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HEADER TYPE REGISTER (HDR)

Register Name: Header Type
Address Offset: OEh
Power-up value: 00h

Boot-load: External nvRAM offset
04Eh

Attribute: Read Only

Size: 8 bits

Figure 9. Header Type Register

This register consists of two fields: Bits 6:0 define the
format for bytes 10h through 3Fh of the device con-
figuration header, and bit 7 establishes whether this
device represents a single function (bit 7 = 0) or a
multifunction (bit 7 = 1) PCI bus agent. The S5933 is
a single function PCI device.

7 6 5

4 3 2 1 0 Bit

X

00h Value

Format field (Read Only) |

Single/Multi-function device (Read Only)
0 = single function
1 = multi-function
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BUILT-IN SELF-TEST REGISTER (BIST)

The Built-In Self-Test (BIST) register permits the

implementation of custom, user-specific diagnostics.
This register has four fields as depicted in Figure 10.
Bit 7, when set signifies that this device supports a
Power-up value: ~ 00h built-in self test. When bit 7 is set, writing a 1 to bit 6
Boot-load: External n'VRAM/EPROM will commence the self test. In actuality, writing a 1 to

offset 04Fh bit 6 produces an interrupt to the Add-On interface.
Bit 6 will remain set until cleared by a write operation

Register Name: Built-in Self-Test
Address Offset: OFh

Attribute: D7, D5-0 Read Only, D6 as to this register from the Add-On bus interface. When
_ PC_' bus write only bit 6 is reset it is interpreted as completion of the self-
Size: 8 bits test and an error is indicated by a non-zero value for

the completion code (bits 3:0).

Figure 10. Built-In Self Test Register

7 6 5 4 3 2 1 0 Bit

T T o [ o | o | x | x | x | x |vawe

User defined
Completion Code (RO)

Reserved (RO)

Start BIST (WO)
BIST Capable (RO)
Table 21. Built-In Self-Test Register
Bit Description
7 BIST Capable. This bit indicates that the Add-On device supports a built-in self-test when a one is

returned. A zero should be returned if this self test feature is not desired. This field is read only
from the PCI interface.

6 Start BIST. Writing a 1 to this bit indicates that the self-test should commence. This bit can only be
written when bit 7 is a 1. When bit 6 becomes set, an interrupt is issued to the Add-On interface. Other
than through the reset pin, Bit 6 can only be cleared by a write to this element from the Add-On bus
interface as outlined in Section 6.5. The PCI bus specification requires that this bit be cleared within
2 seconds after being set, or the device will be failed.

5:4 Reserved. These bits are reserved. This field will always return zeros.

3.0 Completion Code. This field provides a method for detailing a device-specific error. It is considered
valid when the Start BIST field (bit 6) changes from 1 to 0. An all-zero value for the completion code
indicates successful completion.

3-39
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



AVCC

S5933

PCI CONFIGURATION REGISTERS

BASE ADDRESS REGISTERS (BADR)

Register Name:
Address Offset:
Power-up value:

Base Address
10h, 14h, 18h, 1Ch, 20h, 24h

FFFFFFC1h for offset 10h;
00000000 for all others

Boot-load: External nvRAM offset
050h, 54h, 58h, 5Ch, 60h
(BADRO-4)

Attribute: high bits Read/Write; low bits
Read Only

Size: 32 bits

The base address registers provide a mechanism for
assigning memory or 1/O space for the Add-On func-
tion. The actual location(s) the Add-On function is to
respond to is determined by first interrogating these
registers to ascertain the size or space desired, and
then writing the high-order field of each register to
place it physically in the system’s address space. Bit
zero of each field is used to select whether the space
required is to be decoded as memory (bit 0 = 0) or I/O
(bit 0 = 1). Since this PCI controller has 16 DWORDs
of internal operating registers, the Base Address
Register at offset 10h is assigned to them. The re-
maining five base address registers can only be used
by boot-loading them from the external nvRAM inter-
face. BADRS5 register is not implemented and will re-
turn all O's.

Figure 11a. Base Address Register — Memory

Determining Base Address Size

The address space defined by a given base address
register is determined by writing all 1s to a given
base address register from the PCI bus and then
reading that register back. The number of Os returned
starting from D4 for memory space and D2 for I/O
space toward the high-order bits reveals the amount
of address space desired. Tables 23 and 24 list the
possible returned values and their corresponding size
for both memory and I/O, respectively. Included in
the table are the nvRAM/EPROM boot values which
correspond to a given assigned size. A register re-
turning all zeros is disabled.

Assigning the Base Address

After a base address has been sized as described in
the preceding paragraph, the region associated with
that base address register (the high order one bits)
can physically locate it in memory (or I/O) space. For
example, the first base address register returns
FFFFFFC1h indicating an I/O space (D0=1) and is
then written with the value 00000300h. This means
that the controller’s internal registers can be selected
for I/O addresses between 00000300h through
0000033Fh, in this example. The base address value
must be on a natural binary boundary for the required
size (example 300h, 340h, 380h etc.; 338h would not
be allowable).

31 4 3

2 1 0 Bit

X X X Value

L Memory Space
Indicator (RO)

Type (RO)
00-locate anywhere (32)
01-below 1 MB
10-locate anywhere (64)
11-reserved

Prefetchable (RO)
Programmable (R/W)

Figure 11b. Base Address Register — I/O

31

2 1 0 Bit

| 0 | X | Value

L 1/O Space
Indicator (RO)

Reserved (RO)
Programmable (R/W)
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Table 22a. Base Address Register — Memory (Bit 0 = 0)
Bit Description

31:4 Base Address Location. These bits are used to position the decoded region in memory space. Only
bits which return a 1 after being written as 1 are usable for this purpose. Except for Base Address
Register 0, these bits are individually enabled by the contents sourced from the external boot memory.

3 Prefetchable. When set as a 1, this bit signifies that this region of memory can be cached. Cachable
regions can only be located within the region altered through PCI bus memory writes. This bit, when
set, also implies that all read operations will return the data associated for all bytes regardless of the
Byte Enables. Memory space which cannot support this behavior should leave this bit in the zero
state. For Base Addresses 1 through 4, this bit is set by the Reset pin and later initialized by the
external boot memory (if present). Base Address Register 0 always has this bit setto 0. This bitis read
only from the PCI interface.

2:1 Memory Type. These two bits identify whether the memory space is 32 or 64 bits wide and if the space
location is restricted to be within the first megabyte of memory space. The table below describes the
encoding:

Bits Description
21
00 Region is 32 bits wide and can be located anywhere in 32 bit memory space.
01 Region is 32 bits wide and must be mapped below the first MByte of memory space.
10 Region is 64 bits wide and can be mapped anywhere within 64 bit memory space.
(Not supported by this controller.)
11 Reserved. (Not supported by this controller.)
1 The 64-bit memory space is not supported by this controller, so bit 2 should not be set. The only

meaningful option is whether it is desired to position memory space anywhere within 32-bit memory
space or restrain it to the first megabyte. For Base Addresses 1 through 5, this bit is set by the reset
pin and later initialized by the external boot memory (if present).

0 Space Indicator = 0. When set to 0, this bit identifies a base address region as a memory space and
the remaining bits in the base address register are defined as shown in Table 22a.

Table 22b. Base Address Register — I/O (Bit 0 = 1)

Bit Description

31:2 Base Address Location. These bits are used to position the decoded region in 1/O space. Only bits
which return a “1” after being written as “1” are usable for this purpose. Except for Base Address 0,
these bits are individually enabled by the contents sourced from the external boot memory (EPROM
or nvRAM).

1 Reserved. This bit should be zero. (Note: disabled Base Address Registers will return all zeros for the
entire register location, bits 31 through 0).

0 Space Indicator = 1. When one this bit identifies a base address region as an 1/0O space and the
remaining bits in the base address register have the definition as shown in Table 11b.
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Table 23. Read Response (Memory Assigned) to an All-Ones Write Operation to a Base Address Register

Response Size in bytes [EPROM boot value] *
00000000h none - disabled 00000000h or
BIOS missing 2®

FFFFFFFOh 16 bytes (4 DWORDS) FFFFFFFOh
FFFFFFEOh 32 bytes (8 DWORDS) FFFFFFEOh
FFFFFFCOh 64 bytes (16 DWORDS) FFFFFFCOh
FFFFFF80h 128 bytes (32 DWORDS) FFFFFF80h
FFFFFFOOh 256 bytes (64 DWORDS) FFFFFFOOh
FFFFFEOOh 512 bytes (128 DWORDSs) FFFFFEOOh
FFFFFCOOh 1K bytes (256 DWORDS) FFFFFCOOh
FFFFF800h 2K bytes (512 DWORDS) FFFFF800h
FFFFFOO00N 4K bytes (1K DWORDs) FFFFFOO00N
FFFFEOOOh 8K bytes (2K DWORDSs) FFFFEOOOh
FFFFCO00h 16K bytes (4K DWORDS) FFFFCO00h
FFFF8000h 32K bytes (8K DWORDS) FFFF8000h
FFFFO000h 64K bytes (16K DWORDS) FFFFO000h
FFFEOO0ON 128K bytes (32K DWORDS) FFFEOOO0ON
FFFC0000h 256K bytes (64K DWORDS) FFFC0000h
FFF80000h 512K bytes (128K DWORDS) FFF80000h
FFFO0000h 1M bytes (256K DWORDS) FFFO0000h
FFEO0000h 2M bytes (512K DWORDS) FFEO0000h
FFCO00000h 4M bytes (1M DWORDS) FFCO00000h
FF800000h 8M bytes (2M DWORDS) FF800000h
FF000000h 16M bytes (4M DWORDSs) FF000000h
FEOO00000h 32M bytes (8M DWORDS) FEOO00000h
FC000000h 64M bytes (16M DWORDS) FC000000h
F8000000h 128M bytes (32M DWORDSs) F8000000h
FO000000h 256M bytes (64M DWORDS) FO000000h
EO0000000h 512M bytes (128M DWORDS) EO0000000h

1. The two most significant bits define bus width for BADR1:4 in Pass-Thru operation).

2. Bits D3, D2 and D1 may be set to indicate other attributes for the memory space. See text for details.

3. BADRS register is not implemented and will return all O’s.
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Table 24. Read Response (I/O Assigned) to an All-Ones write Operation to a Base Address Register
Response Size in bytes [EPROM boot value]
00000000h none - disabled 00000000h or

BIOS missing ®

FFFFFFFDh 4 bytes (1 DWORDs) FFFFFFFDh
FFFFFFF9h 8 bytes (2 DWORDs) FFFFFFF9h
FFFFFFF1h 16 bytes (4 DWORDs) FFFFFFF1h
FFFFFFE1h 32 bytes (8 DWORDSs) FFFFFFE1h
FFFFFFC1h 64 bytes (16 DWORDSs) FFFFFFC1h 4
FFFFFF81h 128 bytes (32 DWORDs) FFFFFF81h
FFFFFFO1h 256 bytes (64 DWORDSs) FFFFFFO1h

FFFFFFC2h).

4. Base Address Register O (at offset) 10h powers up as FFFFFFC1h. This default assignment allows usage without an external boot
memory. Should an EPROM or nvRAM be used, the base address can be boot loaded to become a memory space (FFFFFFCOh or
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EXPANSION ROM BASE ADDRESS
REGISTER (XROM)

The expansion base address ROM register provides
a mechanism for assigning a space within physical

Register Name:
Address Offset: 30h

memory for an expansion ROM. Access from the PCI
bus to the memory space defined by this register will
cause one or more accesses to the S5933 control-
lers’ external BIOS ROM (or nvRAM) interface. Since
PCI bus accesses to the ROM may be 32 bits wide,
70h repeated operations to the ROM are generated by
the S5933 and the wider data is assembled internal
to the S5933 controller and then transferred to the
PCI bus by the S5933.

Expansion ROM Base Address

Power-up value: 00000000h

Boot-load: External nvRAM offset

Attribute: bits 31:11, bit 0 Read/Write; bits
10:1 Read Only

Size: 32 bits

Figure 12. Expansion ROM Base Address Register

31

11 10 1 0 Bit

Value

L Address Decode
Enable (RW)
0=Disabled
1=Enabled

Reserved (RO)
Programmable (R/W)

Table 25. Expansion ROM Base Address Register

Description

Expansion ROM Base Address Location. These bits are used to position the decoded region in
memory space. Only bits which return a 1 after being written as 1 are usable for this purpose. These
bits are individually enabled by the contents sourced from the external boot memory (EPROM or
nvRAM). The desired size for the ROM memory is determined by writing all ones to this register and
then reading back the contents. The number of bits returned as zeros, in order from least significant
to most significant bit, indicates the size of the expansion ROM. This controller limits the expansion
ROM area to 64K bytes. The allowable returned values after all ones are written to this register are

Address Decode Enable. The Expansion ROM address decoder is enabled or disabled with this bit.
When this bitis set, the decoder is enabled; when this bitis zero, the decoder is disabled. Itis required
that the PCI command register also have the memory decode enabled for this bit to have an effect.

Bit
31:11
shown in Table 26.
10:1 Reserved. All zeros.
0
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Table 26. Read Response to Expansion ROM Base Address Register (after all-ones written)

Response Size in bytes [EPROM boot value]
00000000h none - disabled 00000000h or
BIOS missing
FFFFF801h 2K bytes (512 DWORDs) FFFFF801h
FFFFFOO1h 4K bytes (1K DWORDs) FFFFFOO1h
FFFFEOO1h 8K bytes (2K DWORDSs) FFFFEOO1h
FFFFCO001h 16K bytes (4K DWORDs) FFFFCO001h
FFFF8001h 32K bytes (8K DWORDSs) FFFF8001h
FFFFO001h 64K bytes (16K DWORDs) FFFF0001h
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INTERRUPT LINE REGISTER (INTLN)

Register Name: Interrupt Line
Address Offset: 3Ch
Power-up value: FFh

Boot-load: External nvRAM offset
7Ch

Attribute: Read/Write

Size: 8 bit

Figure 13. Interrupt Line Register

This register indicates the interrupt routing for the
S5933 controller. The ultimate value for this register
is system-architecture specific. For x86 based PCs,
the values in this register correspond with the estab-
lished interrupt numbers associated with the dual
8259 controllers used in those machines. In x86-
based PC systems, the values of 0 to 15 correspond
with the IRQ numbers 0 through 15, and the values
from 16 to 254 are reserved. The value of 255 (the
controller's default power-up value) signifies either
“unknown” or “no connection” for the system inter-
rupt. This register is boot-loaded from the external
boot memory, if present, and may be written by the
PCl interface.

3 2 1 0 Bit

FFh

Value
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INTERRUPT PIN REGISTER (INTPIN)

Register Name:
Address Offset:
Power-up value:
Boot-load:

Attribute:
Size:

Interrupt Pin
3Dh
01lh

External nvRAM offset
7Dh

Read Only
8 bits

Figure 14. Interrupt Pin Register

This register identifies which PCI interrupt, if any, is
connected to the controller's PCI interrupt pins. The
allowable values are 0 (no interrupts), 1 (INTA#), 2
(INTB#), 3 (INTC#), and 4 (INTD#). The default
power-up value assumes INTA#.

ororo
=
_|
w
#*

INTD#
1 Reserved
11 X Reserved

Reserved

(all zeroes-RO)
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MINIMUM GRANT REGISTER (MINGNT)
Register Name: Minimum Grant

Address Offset: 3Eh
Power-up value: 00h

Boot-load: External nvRAM offset
7Eh

Attribute: Read Only

Size: 8 bits

Figure 15. Minimum Grant Register

This register may be optionally used by bus masters
to specify how long a burst period the device needs.
A value of zero indicates that the bus master has no
stringent requirement. The units defined by the least
significant bit are in 250-ns increments. This register
is treated as “information only” and has no further
implementation within this device.

Values other than zero are possible when an external
boot memory is used.

7 6 5 4 2 1 0 bit

0 0 0 0 0 0 0 value
Value x 250ns (RO)
00-no requirement
01-FFh
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MAXIMUM LATENCY REGISTER (MAXLAT)

Register Name: Maximum Latency
Address Offset: 3Fh
Power-up value: 00h

Boot-load: External nvRAM offset
7Fh

Attribute: Read Only

Size: 8 bits

Figure 16. Maximum Latency Register

This register may be optionally used by bus masters
to specify how often this device needs PCI bus ac-
cess. A value of zero indicates that the bus master
has no stringent requirement. The units defined by
the least significant bit are in 250-ns increments. This
register is treated as “information only” and has no
further implementation within this device.

Values other than zero are possible when an external
boot memory is used.

7 6 5 4 2 1 0 bit

0 0 0 0 0 0 0 value
Value x 250ns (RO)
00-no requirement
01-FFh
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S5933

PCI BUS OPERATION REGISTERS

The PCI bus operation registers are mapped as 16 consecutive DWORD registers located at the address space
(I/O or memory) specified by the Base Address Register 0. These locations are the primary method of communi-
cation between the PCl and Add-On buses. Data, software-defined commands and command parameters can be
either exchanged through the mailboxes, transferred through the FIFO in blocks under program control, or
transferred using the FIFOs under Bus Master control. Table 1 lists the PCI Bus Operation Registers.

Table 1. Operation Registers — PCI Bus

Address Offset Abbreviation Register Name
00h OMB1 Outgoing Mailbox Register 1
04h OMB2 Outgoing Mailbox Register 2
08h OMB3 Outgoing Mailbox Register 3
0Ch OMB4 Outgoing Mailbox Register 4
10h IMB1 Incoming Mailbox Register 1
14h IMB2 Incoming Mailbox Register 2
18h IMB3 Incoming Mailbox Register 3
1Ch IMB4 Incoming Mailbox Register 4
20h FIFO FIFO Register port (bidirectional)
24h MWAR Master Write Address Register
28h MWTC Master Write Transfer Count Register
2Ch MRAR Master Read Address Register
30h MRTC Master Read Transfer Count Register
34h MBEF Mailbox Empty/Full Status
38h INTCSR Interrupt Control/Status Register
3Ch MCSR Bus Master Control/Status Register
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OUTGOING MAILBOX REGISTERS (OMB)
Register Names:  Outgoing Mailboxes 1-4
PCI Address Offset: 00h, 04h, 08h, OCh
Power-up value: XXXXXXXXh

Attribute: Read/Write

Size: 32 bits

These four DWORD registers provide a method for
sending command or parameter data to the Add-On
system. PCIl bus operations to these registers may
be in any width (byte, word, or DWORD). Writing to
these registers can be a source for Add-On bus inter-
rupts (if desired) by enabling their interrupt genera-
tion through the use of the Add-On'’s interrupt control/
status register.

INCOMING MAILBOX REGISTERS (IMB)
Register Names:  Incoming Mailboxes 1-4
PCI Address Offset: 10h, 14h, 18h, 1Ch
Power-up value: XXXXXXXXh

Attribute: Read Only

Size: 32 bits

These four DWORD registers provide a method for
receiving user defined data from the Add-On system.
PCI bus read operations to these registers may be in
any width (byte, word, or DWORD). Only read opera-
tions are supported. Reading from these registers can
optionally cause an Add-On bus interrupt (if desired)
by enabling their interrupt generation through the use
of the Add-On’s interrupt control/status register.

Mailbox 4, byte 3 only exists as device pins on the
S5933 devices when used with a serial nonvolatile
memory.

FIFO REGISTER PORT (FIFO)
Register Name: FIFO Port
PCI Address Offset: 20h
Power-up value: XXXXXXXXh

This location provides access to the bidirectional
FIFO. Separate registers are used when reading
from or writing to the FIFO. Accordingly, it is not pos-
sible to read what was written to this location. The
FIFO registers are implicitly involved in all bus master
operations and, as such, should not be accessed
during active bus master transfers. When operating
upon the FIFOs with software program transfers in-
volving word or byte operations, the endian sequence
of the FIFO should be established as described un-
der FIFO Endian Conversion Management in order to
preserve the internal FIFO data ordering and flag
management. The FIFO’s fullness may be observed
by reading the master control- status registeror
MCSR register.

Attribute: Read/Write
Size: 32 bits
3-52
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PCI CONTROLLED BUS MASTER WRITE
ADDRESS REGISTER (MWAR)

Register Name: Master Write Address
PCI Address Offset: 24h

Power-up value: 00000000h
Attribute: Read/Write
Size: 32 bits

This register is used to establish the PCI address for
data moving from the Add-On bus to the PCI bus
during PCI bus memory write operations. It consists
of a 30-bit counter with the low-order two bits
hardwired as zeros. Transfers may be any non-zero
byte length as defined by the transfer count register,
MWTC, and must begin on a DWORD boundary.
This DWORD boundary starting constraint is placed
upon this controller's PCI bus master transfers so
that byte lane alignment can be maintained between
the S5933 controller’s internal FIFO data path, the
Add-On interface, and the PCI bus.

Note: Applications which require a non-DWORD
starting boundary will need to move the first few
bytes under software program control (and without
using the FIFO) to establish a DWORD boundary.

After the DWORD boundary is established the S5933
can begin the task of PCI bus master data transfers.

The Master Write Address Register is continually up-
dated during the transfer process and will always be
pointing to the next unwritten location. Reading of
this register during a transfer process (done when the
S5933 controller is functioning as a target, i.e. not a
bus master) is permitted and may be used to monitor
the progress of the transfer. During the address
phase for bus master write transfers, the two least
significant bits presented on the PCI bus pins
AD[31:0] will always be zero. This identifies to the
target memory that the burst address sequence will
be in a linear order rather than in an Intel 486 or
Pentium™ cache line fill sequence. Also, the PCI bus
address bit A1 will always be zero when this control-
ler is the bus master. This signifies to the target that
the S5933 controller is burst capable and that the
target should not arbitrarily disconnect after the first
data phase of this operation.

Under certain circumstances, MWAR can be ac-
cessed from the Add-On bus instead of the PCI bus.
See Add-On Initiated Bus Mastering.

Figure 1. PCI Controlled Bus Master Write Address Register

31

2 1 0 Bit
| 0 | 0 | Value
DWORD Address (RO)

Write Transfer Address (R/W)
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PCI CONTROLLED BUS MASTER WRITE
TRANSFER COUNT REGISTER (MWTC)
Register Name: Master Write Transfer Count
PCI Address Offset: 28h

Power-up value: 00000000h

Attribute: Read/Write

Size: 32 bits

The master write transfer count register is used to
convey to the S5933 controller the actual number of
bytes that are to be transferred. The value in this
register is decremented with each bus master PCI
write operation until the transfer count reaches zero.

Upon reaching zero, the transfer operation ceases
and an interrupt may be optionally generated to ei-
ther the PCI or Add-On bus interface. Transfers
which are not whole multiples of DWORDs in size
result in a partial word ending cycle. This partial word
ending cycle is possible since all bus master trans-
fers for this controller are required to begin on a
DWORD boundary.

Under certain circumstances, MWTC can be ac-
cessed from the Add-On bus instead of the PCI bus.
See Add-On Initiated Bus Mastering.

Figure 2. PCI Controlled Bus Master Write Transfer Count Register

31 26 25

0 Bit

00

Value

Transfer Count
in Bytes (R/W)
Reserved = O's (RO)
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PCI CONTROLLED BUS MASTER READ
ADDRESS REGISTER (MRAR)

Register Name: Master Read Address
PCI Address Offset: 2Ch

Power-up value: 00000000h
Attribute: Read/Write
Size: 32 bits

This register is used to establish the PCI address for
data moving to the Add-On bus from the PCI bus
during PCI bus memory read operations. It consists
of a 30-bit counter with the low-order two bits
hardwired as zeros. Transfers may be any non-zero
byte length as defined by the transfer count register,
MRTC (Section 5.7) and must begin on a DWORD
boundary. This DWORD boundary starting constraint
is placed upon this controller’'s PCI bus master trans-
fers so that byte lane alignment can be maintained
between the S5933 controller's internal FIFO data
path, the Add-On interface and the PCI bus.

Note: Applications which require a non-DWORD
starting boundary will need to move the first few
bytes under software program control (and without
using the FIFO) to establish a DWORD boundary.

After the DWORD boundary is established the S5933
can begin the task of PCI bus master data transfers.

The Master Read Address Register is continually up-
dated during the transfer process and will always be
pointing to the next unread location. Reading of this
register during a transfer process (done when the
S5933 controller is functioning as a target—i.e., not a
bus master) is permitted and may be used to monitor
the progress of the transfer. During the address
phase for bus master read transfers, the two least
significant bits presented on the PCI bus AD[31:0]
will always be zero. This identifies to the target
memory that the burst address sequence will be in a
linear order rather than in an Intel 486 or Pentium™
cache line fill sequence. Also, the PCI bus address
bit A1 will always be zero when this controller is the
bus master. This signifies to the target that the con-
troller is burst capable and that the target should not
arbitrarily disconnect after the first data phase of this
operation.

Under certain circumstances, MRAR can be ac-
cessed from the Add-On bus instead of the PCI bus.

Figure 3. PCI Controlled Bus Master Read Address Register

31

2 1 0 Bit
0 0 Value
DWORD Address (RO)

Read Transfer Address (R/W)
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PCI CONTROLLED BUS MASTER READ
TRANSFER COUNT REGISTER (MRTC)
Register Name: Master Read Transfer Count
PCI Address Offset: 30h

Power-up value: 00000000h

Attribute: Read/Write

Size: 32 bits

The master read transfer count register is used to
convey to the PCI controller the actual nhumber of
bytes that are to be transferred. The value in this
register is decremented with each bus master PCI
read operation until the transfer count reaches zero.
Upon reaching zero, the transfer operation ceases
and an interrupt may be optionally generated to ei-
ther the PCI or Add-On bus interface. Transfers
which are not whole multiples of DWORDs in size
result in a partial word ending cycle. This partial word
ending cycle is possible since all bus master trans-
fers for this controller are required to begin on a
DWORD boundary.

Under certain circumstances, MRTC can be ac-
cessed from the Add-On bus instead of the PCI bus.

Figure 4. PCI Controlled Bus Master Read Transfer Count Register

31 26 25

0 Bit

00

Value

Transfer Count
in Bytes (R/W)

Reserved = 0's (RO)
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MAILBOX EMPTY FULL/STATUS
REGISTER (MBEF)

Register Name: Mailbox Empty/Full Status
PCI Address Offset: 34h

Power-up value: 00000000h

Attribute: Read Only

Size: 32 bits

Figure 5. Mailbox Empty/Full Status Register

This register provides empty/full visibility of each byte
within the mailboxes. The empty/full status for the
Outgoing mailboxes is displayed on the low-order 16
bits and the empty/full status for the Incoming mail-
boxes is presented on the high-order 16 bits. A value
of 1 signifies that a given mailbox has been written by
one bus interface but has not yet been read by the
corresponding destination interface. A PCI bus in-
coming mailbox is defined as one in which data trav-
els from the Add-On bus into the PCI bus, and an
outgoing mailbox is defined as one where data trav-
els out from the PCI bus to the Add-On interface.

31 16 15

0 Bit

Value

Outgoing Mailbox
Status (RO)

Incoming Mailbox

Status (RO)
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Table 2. Mailbox Empty/Full Status Register
Bit Description
31:16 Incoming Mailbox Status. This field indicates which incoming mailbox registers have been written
by the Add-On interface but have not yet been read by the PCI bus. Each bit location corre-
sponds to a specific byte within one of the four incoming mailboxes. A value of one for each bit
signifies that the specified mailbox byte is full, and a value of zero signifies empty. The mapping
of these status bits to bytes within each mailbox is as follows:
Bit 31 = Incoming mailbox 4 byte 3
Bit 30 = Incoming mailbox 4 byte 2
Bit 29 = Incoming mailbox 4 byte 1
Bit 28 = Incoming mailbox 4 byte 0
Bit 27 = Incoming mailbox 3 byte 3
Bit 26 = Incoming mailbox 3 byte 2
Bit 25 = Incoming mailbox 3 byte 1
Bit 24 = Incoming mailbox 3 byte 0
Bit 23 = Incoming mailbox 2 byte 3
Bit 22 = Incoming mailbox 2 byte 2
Bit 21 = Incoming mailbox 2 byte 1
Bit 20 = Incoming mailbox 2 byte 0
Bit 19 = Incoming mailbox 1 byte 3
Bit 18 = Incoming mailbox 1 byte 2
Bit 17 = Incoming mailbox 1 byte 1
Bit 16 = Incoming mailbox 1 byte O
15:00 Outgoing Mailbox Status. This field indicates which out going mail box registers have been written
by the PCl bus interface but have not yet been read by the Add-On bus. Each bitlocation corresponds
to a specific byte within one of the four outgoing mailboxes. A value of one for each bit signifies that
the specified mailbox byte is full, and a value of zero signifies empty. The mapping of these status
bits to bytes within each mailbox is as follows:
Bit 15 = Outgoing mailbox 4 byte 3
Bit 14 = Outgoing mailbox 4 byte 2
Bit 13 = Outgoing mailbox 4 byte 1
Bit 12 = Outgoing mailbox 4 byte O
Bit 11 = Outgoing mailbox 3 byte 3
Bit 10 = Outgoing mailbox 3 byte 2
Bit 09 = Outgoing mailbox 3 byte 1
Bit 08 = Outgoing mailbox 3 byte O
Bit 07 = Outgoing mailbox 2 byte 3
Bit 06 = Outgoing mailbox 2 byte 2
Bit 05 = Outgoing mailbox 2 byte 1
Bit 04 = Outgoing Mailbox 2 byte O
Bit 03 = Outgoing Mailbox 1 byte 3
Bit 02 = Outgoing Mailbox 1 byte 2
Bit 01 = Outgoing Mailbox 1 byte 1
Bit 00 = Outgoing Mailbox 1 byte O
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INTERRUPT CONTROL/STATUS
REGISTER (INTCSR)

Register Name:
PCI Address Offset:
Power-up value:
Attribute:

Size:

Interrupt Control and Status
38h
00000000h

Read/Write (R/W),
Read/Write_One_Clear (R/WC)

32 bits

This register provides the method for choosing which
conditions are to produce an interrupt on the PCI bus
interface, a method for viewing the cause of the inter-
rupt, and a method for acknowledging (removing) the

interrupt’s assertion.

Figure 6. Interrupt Control/Status Register

Interrupt sources:

Write Transfer Terminal Count = zero

Read Transfer Terminal Count = zero

One of the Outgoing mailboxes (1,2,3 or 4)
becomes empty

One of the Incoming mailboxes (1,2,3 or 4)

becomes full.
Target Abort
Master Abort

Interrupt Asserted (RO)
Target Abort (RIWC)

Master Abort (RIWC)

Read Transfer
Complete (R/WC)

Write Transfer
Complete (R/WC)

Incoming Mailbox
Interrupt (RIWC)

Outgoing Mailbox
Interrupt (RIWC)

Actual Interrupt | <t—— Interrupt Selecton =~ — >
31 24 23 21 16115 14 12 8 o | Bit
FiFo and Endian Control | [of [ [ [ [ | | [o] | 000 | Value
Interrupt Source (R/W)

Enable & Selection

D4-D0 Outgoing Mailbox
(Goes empty)

D4=Enable Interrrupt
D3-D2=Mailbox #

0 0=Mailbox 1
0 1=Mailbox 2
1 0=Mailbox 3
1 1=Mailbox 4

D1-D0=Byte #

0 0=Byte 0
0 1=Byte 1
1 0=Byte 2
1 1=Byte 3

D12-D8 Incoming Mailbox (R/W)

(Becomes full)
D12=Enable Interrupt
D11-D10=Mailbox

0 0=Mailbox 1
0 1=Mailbox 2
1 0=Mailbox 3
1 1=Mailbox 4

D9-D8=Byte #
Byte 0
Byte 1
Byte 2
Byte 3

0 0=
0 1=
1 0=
11=

Interrupt on Write
Transfer Complete

Interrupt on Read
Transfer Complete
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Figure 7. FIFO Management and Endian Control Byte

31 3029 2827 2625 24

0 0 NO CONVERSION (DEFAULT)
OUTBOUND FIFO 0 1 16BIT ENDIAN CONV.
PCI->ADD-ON DWORD 1 0 32BIT ENDIAN CONV.
TOGGLE 1 1 64BIT ENDIAN CONV
0 = BYTES 0-3 (DEFAULT)
1= BYTE 47 (NOTED FIFO ADVANCE CONTROL
PCI INTERFACE
0 0 BYTEO (DEFAULT)
0 1 BYTE1
1 0 BYTE2
11 BYTES3
INBOUND FIFO
ADD-ON—-> PCI DWORD
TOGGLE
0 = BYTES 0-3 (DEFAULT)
1=BYTE4-71 L FIFO ADVANCE CONTROL

ADD-ON INTERFACE
0 0O BYTE O (DEFAULT)
0 1 BYTE1l
1 0 BYTEZ2
1 1 BYTES3
NOTE 1: D24 and D25 MUST BE ALSO "1"
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Table 3. Interrupt Control/Status Register

Bit Description
31:24 FIFO and Endian Control.
23 Interrupt asserted. This read only status bit indicates that one or more of the four possible interrupt

conditions is present. This bit is nothing more than the ORing of the interrupt conditions described
by bits 19 through 16 of this register.

22 Reserved. Always zero.

21 Target Abort. This bit signifies that an interrupt has been generated due to the S5933 encountering
a target abort during a PCI bus cycle while the S5933 was the current bus master. This bit operates
as read or write one clear. A write to this bit with the data of “one” will cause this bit to be reset, a write
to this bit with the data of “zero” will not change the state of this bit.

20 Master Abort. This bit signifies that an interrupt has been generated due to the S5933 encountering
a Master Abort on the PCI bus. A master abort occurs when there is no target response to a PCI bus
cycle. This bit operates as read or write one clear. A write to this bit with the data of “one” will cause
this bit be reset, a write to this bit with the data of “zero” will not change the state of this bit.

19 Read Transfer Complete. This bit signifies that aninterrupt has been generated due to the completion
of a PCI bus master operation involving the transfer of data from the PCI bus to the Add-On. This
interrupt will occur when the Master Read Transfer Count register reaches zero. This bit operates as
read or write one clear. A write to this bit with the data of “one” will cause this bit to be reset; a write
to this bit with the data of “zero” will not change the state of this bit.

18 Write Transfer Complete. This bit signifies that an interrupt has been generated due to the completion
of a PCI bus master operation involving the transfer of data to the PCI bus from the Add-On. This
interrupt will occur when the Master Write Transfer Count register reaches zero. This bit operates as
read or write one clear. A write to this bit with the data of “one” will cause this bit to be reset; a write
to this bit with the data of “zero” will not change the state of this bit.

17 Incoming Mailbox Interrupt. This bit is set when the mailbox selected by bits 12 through 8 of this
register are written by the Add-On interface. This bit operates as read or write one clear. A write to
this bit with the data of “one” will cause this bit to be reset; a write to this bit with the data as “zero”
will not change the state of this bit.

16 Outgoing Mailbox Interrupt. This bitis set when the mailbox selected by bits 4 through O of this register
is read by the Add-On interface. This bit operates as read or write one clear. A write to this bit with
the data of “one” will cause this bit to be reset; a write to this bit with the data of “zero” will not change
the state of this bit.

15 Interrupt on Read Transfer Complete. This bit enables the occurrence of an interrupt when the read
transfer count reaches zero. This bit is read/write.

14 Interrupt on Write Transfer Complete. This bit enables the occurrence of an interrupt when the write
transfer count reaches zero. This bit is read/write.

13 Reserved. Always zero.

12 Enable incoming mailbox interrupt. This bitallows a write from the incoming mailbox register identified

by bits 11 through 8 to produce a PCI interface interrupt. This bit is read/write.

11:10 Incoming Mailbox Interrupt Select. This field selects which of the four incoming mailboxes is to be
the source for causing an incoming mailbox interrupt. [00]b selects mailbox 1, [01]b selects mailbox
2, [10]b selects mailbox 3 and [11]b selects mailbox 4. This field is read/write.
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Table 3. Interrupt Control/Status Register (Continued)

Bit Description

9:8 Incoming Mailbox Byte Interrupt select. This field selects which byte of the mailbox selected by bits
10 and 11 above is to actually cause the interrupt. [00]b selects byte 0, [01]b selects byte 1, [10]b
selects byte 2, and [11]b selects byte 3. This field is read/write.

75 Reserved, Always zero.

4 Enable outgoing mailbox interrupt. This bit allows a read by the Add-On of the outgoing mailbox
register identified by bits 3 through 0 to produce a PCI interface interrupt. This bit is read/write.

3:2 Outgoing Mailbox Interrupt Select. This field selects which of the four outgoing mailboxes is to be the
source for causing an outgoing mailbox interrupt. [00]b selects mailbox 1, [01]b selects mailbox 2,
[10]b selects mailbox 3 and [11]b selects mailbox 4. This field is read/write.

1:0 Outgoing Mailbox Byte Interrupt select. This field selects which byte of the mailbox selected by bits
3 and 2 above is to actually cause the interrupt. [00]b selects byte 0, [01]b selects byte 1, [10]b selects
byte 2, and [11]b selects byte 3. This field is read/write.
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MASTER CONTROL/STATUS
REGISTER (MCSR)

Register Name:

Master Control/Status

PCI Address Offset: 3Ch

Power-up value: 000000E6h

Attribute: Read/Write, Read Only,
Write Only

Size: 32 bits

This register provides for overall control of this de-
vice. It is used to enable bus mastering for both data
directions as well as providing a method to perform
software resets.

The following PCI bus controls are available:

Write Priority over Read
Read Priority over Write
Write Transfer Enable

Write master requests on 4 or more FIFO words
available (full)

Read transfer enable

Figure 8. Bus Master Control/Status Register

Read master requests on 4 or more FIFO
available (empty)

Assert reset to Add-On

Reset Add-On to PCI FIFO flags
Reset PCI to Add-On FIFO flags
Reset mailbox empty full status flags

Write external non-volatile memory

The following PCI interface status flags are provided:

PCI to Add-On FIFO FULL

PCI to Add-On FIFO has four or more empty
locations

PCI to Add-On FIFO EMPTY
Add-On to PCI FIFO FULL

Add-On to PCI FIFO has four or more words
loaded

Add-On to PCI FIFO EMPTY
PCI to Add-On Transfer Count = Zero
Add-On to PCI Transfer Count = Zero

< Control > [ <t+— Staus —>
31 29 27 24 23 16 15 14 12 10 87 65 ol Bit
I\ /I o] /I\ /I ol\ /I 0 /|LJI | value
L FIFO STATUS (RO)
NvRAM Access Ctrl D5=Add-on to PCI FIFO Empty
D4=Add-on to PCI FIFO 4+ Words
D3=Add-on to PCI FIFO Full
Reset Controls (R/WC) D2=PCl to Add-on FIFO Empty

D27=Mailbox Flags Reset
D26=Add-on to PCI FIFO
Status Flags Reset
D25=PCl to Add-on FIFO
Status Flags Reset
D24=Add-On Reset

nv operation
address/data

Memory Read Multiple
Enable =1
Disable =0

Read Transfer Control (R/W)
(PCI memory reads)
D14=Read Transfer Enable
D13=FIFO Management Scheme
D12=Read vs. Write Priority

D1=PClI to Add-on FIFO 4+Spaces
D0=PClI to Add-on FIFO Full

D7=Add-on to PCI Transfer Count
equals zero (RO)

D6=PCI to Add-on Transfer Count
equals zero (R0)

Write Transfer Control (R/W)
(PCI memory writes)
D10=Write Transfer Enable
D9=FIFO Management Scheme
D8=Write vs Read Priority
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Table 4. Bus Master Control/Status Register

Bit

Description

31:29

28
27

26

25

24

23:16

nvRAM Access Control. This field provides a method for access to the optional external non-volatile
memory. Write operations are achieved by a sequence of byte operations involving these bits and the
8-bitfield of bits 23 through 16. The sequence requires that the low-order address, high order address,
and then a data byte are loaded in order. Bit 31 of this field acts as a combined enable and ready for
the access to the external memory. D31 must be written to a 1 before an access can begin, and
subsequent accesses must wait for bit D31 to become zero (ready).

D31 D30 D29 W/R

w Inactive

Load low address byte
Load high address byte
Begin write

Begin read

O Fr P P P O
X B P O O X
X B O Fr O X
P

Ready
1 X X R Busy

Cautionary note: The nonvolatile memory interface is also available for access by the Add-On
interface. Accesses by both the Add-On and PCI bus to the nv memory are not directly supported
by the S5933 device. Software must be designed to prevent the simultaneous access of nv
memory to prevent data corruption within the memory and provide for accurate data retrieval.

FIFO loop back mode.

Mailbox Flag Reset. Writing a one to this bit causes all mailbox status flags to become reset (EMPTY).
Itis not necessary to write this bit as zero because itis used internally to produce a reset pulse. Since
reading of this bit will always produce zeros, this bit is write only.

Add-On to PCI FIFO Status Reset. Writing a one to this bit causes the Add-On to PCI (Bus master
memory writes) FIFO empty flag to set indicating empty and the FIFO FULL flag to reset and the FIFO
Four Plus word flag to reset. It is not necessary to write this bit as zero because it is used internally
to produce a reset pulse. Since reading of this bit will always produce zeros, this bit is write only.

PCI to Add-On FIFO Status Reset. Writing a one to this bit causes the PCI to Add-On (Bus
master memory reads) FIFO empty flag to set indicating empty and the FIFO FULL flag to reset
and the FIFO Four Plus words available flag to set. It is not necessary to write this bit as zero
because it is used internally to produce a reset pulse. Since reading of this bit will always produce
zeros, this bit is write only.

Add-On pin reset. Writing a one to this bit causes the reset output pin to become active. Writing a
zero to this pin is necessary to remove the assertion of reset. This register bit is read/write.

Non-volatile memory address/data port. This 8-bit field is used in conjunction with bit 31, 30 and
29 of this register to access the external non-volatile memory. The contents written are either low
address, high address, or data as defined by bits 30 and 29. This register will contain the external
non-volatile memory data when the proper read sequence for bits 31 through 29 is performed.
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Table 4. Bus Master Control/Status Register (Continued)

Bit Description
15 Enable memory read multiple during S5933 bus mastering mode.
14 Read Transfer Enable. This bit must be set to a one for S5933 PCI bus master read transfers to

take place. Writing a zero to this location will suspend an active transfer. An active transfer is one
in which the transfer count is not zero.

13 Read FIFO management scheme. When set to a 1, this bit causes the controller to refrain from
requesting the PCI bus unless it has four or more vacant FIFO locations to fill. Once the controller
is granted the PCI bus or is in possession of the bus due to the write channel, this constraint is
not meaningful. When this bit is zero the controller will request the PCI bus if it has at least one
vacant FIFO word.

12 Read versus Write priority. This bit controls the priority of read transfers over write transfers.
When set to a 1 with bit D8 as zero this indicates that read transfers always have priority over
write transfers; when set to a one with D8 as one, this indicates that transfer priorities will
alternate equally between read and writes.

11 Reserved. Always zero.

10 Write Transfer Enable. This bit must be set to a one for PCl bus master write transfers to take
place. Writing a zero to this location will suspend an active transfer. An active transfer is one in
which the transfer count is not zero.

9 Write FIFO management scheme. When set to a one this bit causes the controller to refrain from
requesting the PCI bus unless it has four or more FIFO locations filled. Once the S5933 controller
is granted the PCI bus or is in possession of the bus due to the write channel, this constraint is
not meaningful. When this bit is zero the controller will request the PCI bus if it has at least one
valid FIFO word.

8 Write versus Read priority. This bit controls the priority of write transfers over read transfers.
When set to a one with bit D12 as zero this indicates that write transfers always have priority over
read transfers; when set to a one with D12 as one, this indicates that transfer priorities will
alternate equally between writes and reads.

7 Add-On to PCI Transfer Count Equal Zero (RO). This bit is a one to signify that the write transfer
count is all zeros.

6 PCI to Add-On Transfer Count Equals Zero (RO). This bit is a one to signify that the read transfer
count is all zeros.

5 Add-On to PCI FIFO Empty. This bit is a one when the Add-On to PCI bus FIFO is completely
empty.

4 Add-On to PCI 4+ words. This bit is a one when there are four or more FIFO words valid within
the Add-On to PCI bus FIFO.

3 Add-On to PCI FIFO Full. This bit is a one when the Add-On to PCI bus FIFO is completely full.

2 PCI to Add-On FIFO Empty. This bit is a one when the PCI bus to Add-On FIFO is completely
empty.

1 PCI to Add-On FIFO 4+ spaces. This bit signifies that there are at least four empty words within
the PCI to Add-On FIFO.

0 PCI to Add-On FIFO Full. This bit is a one when the PCI bus to Add-On FIFO is completely full.
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ADD-ON BUS OPERATION REGISTERS

The Add-On bus interface provides access to 18
DWORDs (72 bytes) of data, control and status infor-
mation. All of these locations are accessed by assert-
ing the Add-On bus chip select pin (SELECT#) in
conjunction with either the read or write control
strobes (signal pin RD# or WR#). Access to the FIFO
can also be achieved through use of the dedicated
pins, RDFIFO# and WRFIFO#. The dedicated pins
for control of the FIFO are provided to optionally
implement Direct Memory Access (DMA) on the Add-
On bus, or to connect with an external FIFO.

This register group represents the primary method for
communication between the Add-On and PCI buses
as viewed by the Add-On. The flexibility of this ar-
rangement allows a number of user-defined software
protocols to be built. For example, data, software as-
signed commands, and command parameters can be
exchanged between the PCI and Add-On buses us-
ing either the mailboxes or FIFOs with or without
handshaking interrupts. The register structure is very
similar to that of the PCI operation register set. The
major difference between the PCI bus and Add-On
bus register complement are the absence of bus
master control registers (4) on the Add-On side and

Table 1. Operation Registers — Add-On Interface

the addition of two “pass-through” registers. Table 1
lists the Add-On interface registers.

Address Abbreviation Register Name
00h AIMB1 Add-On Incoming Mailbox Register #1
04h AIMB2 Add-On Incoming Mailbox Register #2
08h AIMB3 Add-On Incoming Mailbox Register #3
0Ch AIMB4 Add-On Incoming Mailbox Register #4
10h AOMB1 Add-On Outgoing Mailbox Register #1
14h AOMB2 Add-On Outgoing Mailbox Register #2
18h AOMB3 Add-On Outgoing Mailbox Register #3
1Ch AOMB4 Add-On Outgoing Mailbox Register #4
20h AFIFO Add-On FIFO port
24h MWAR 1 Bus Master Write Address Register
28h APTA Add-On Pass-Through Address
2Ch APTD Add-On Pass-Through Data
30h MRAR 1 Bus Master Read Address Register
34h AMBEF Add-On Mailbox Empty/Full Status
38h AINT Add-On Interrupt control
3Ch AGCSTS Add-On General Control and Status Register
58h MWTC ! Bus Master Write Transfer Count
5Ch MRTC? Bus Master Read Transfer Count

1. See Add-On Initiated Bus Mastering.
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ADD-ON INCOMING MAILBOX
REGISTERS (AIMBX)

Register Names:  Add-On Incoming Mailboxes
1-4

Add-On Address Offset: 00h, 04h, 08h, 0Ch
Power-up value: XXXXXXXXh

Attribute: Read Only

Size: 32 bits

These four DWORD registers provide a method for
receiving data, commands, or command parameters
from the PCI interface. Add-On read operations to
these registers may be in any width (byte, word, or
DWORD). These registers are read-only. Writes to
this address space have no effect. Reading from one
of these registers can optionally cause a PCI bus
interrupt (if desired) when the PCI interrupt control/
status register is properly configured.

ADD-ON OUTGOING MAILBOX
REGISTERS (AOMBX)

Register Names:  Add-On Outgoing Mailboxes
1-4

Add-On Address Offset: 10h, 14h, 18h, 1Ch
Power-up value: XXXXXXXXh

Attribute: Read/Write

Size: 32 bits

These four DWORD registers provide a method for
sending data, commands, or command parameters
or status to the PCI interface. Add-On write opera-
tions to these registers may be in any width (byte,
word, or DWORD). These registers may also be
read. Writing to one of these registers can optionally
cause a PCI bus interrupt (if desired) when the PCI
interrupt control/status register is properly configured.
Mailbox 4, byte 3 only exists as device pins on the
S5933 device when used with a serial nonvolatile
memory. This byte is not available if a byte-wide nv
memory is used.

ADD-ON FIFO REGISTER PORT (AFIFO)
Register Name: Add-On FIFO Port
Add-On Address Offset: 20h

Power-up value: XXXXXXXXh

This location provides access to the bidirectional
FIFO. Separate registers are involved when reading
and writing to this location. Accordingly, it is not
possible to read what was written to this location.
The sequence of filling and emptying this FIFO is
established by the PCI interface interrupt control and
Status Register.

The FIFO'’s fullness may be observed by reading the
master control/status register or AGCSTS register
Additionally, two signal pins are provided which re-
veal whether data is available (RDEMPTY) or space
to write into the FIFO is available (WRFULL). These
signals may be used to interface with user supplied
DMA logic. Caution must be exercised when using
these flags for FIFO transfers involving 64 bit endian
conversion since the FIFO must operate on DWORD
pairs.

Attribute: Read/Write
Size: 32 bits
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ADD-ON CONTROLLED BUS MASTER
WRITE ADDRESS REGISTER (MWAR)

Register Name: Master Write Address
Add-On Address Offset: 24h

Power-up value: 00000000h
Attribute: Read/Write
Size: 32 bits

This register is only accessible when Add-On initiated
bus mastering is enabled.

This register is used to establish the PCI address for
data moving from the Add-On bus to the PCI bus
during PCI bus memory write operations. It consists
of a 30-bit counter with the low-order two bits
hardwired as zeros. Transfers may be any non-zero
byte length as defined by the transfer count register,
MWTC and must begin on a DWORD boundary. This
DWORD boundary starting constraint is placed upon
this controller's PCI bus master transfers so that byte
lane alignment can be maintained between the
S5933 controller’s internal FIFO data path, the Add-
On interface, and the PCI bus.

Note: Applications which require a non-DWORD
starting boundary will need to move the first few
bytes under software program control (and without
using the FIFO) to establish a DWORD boundary.
After the DWORD boundary is established the S5933
can begin the task of PCI bus master data transfers.

The Master Write Address Register is continually up-
dated during the transfer process and will always be
pointing to the next unwritten location. Reading of
this register during a transfer process (done when the
S5933 controller is functioning as a target, i.e. not a
bus master) is permitted and may be used to monitor
the progress of the transfer. During the address
phase for bus master write transfers, the two least
significant bits presented on the PCI bus pins
AD[31:0] will always be zero. This identifies to the
target memory that the burst address sequence will
be in a linear order rather than in an Intel 486 or
Pentium™ cache line fill sequence. Also, the PCI bus
address bit A1 will always be zero when this control-
ler is the bus master. This signifies to the target that
the S5933 controller is burst capable and that the
target should not arbitrarily disconnect after the first
data phase of this operation.

Figure 1. Add-On Controlled Bus Master Write Address Register

31

2 1 0 Bit
| 0 | 0 | Value
DWORD Address (RO)

Write Transfer Address (R/W)
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ADD-ON PASS-THRU ADDRESS
REGISTER (APTA)

Register Name: Add-On Pass-Thru Address

Add-On Address Offset: 28h
Power-up value: XXXXXXXXh
Attribute: Read Only
Size: 32 bits

This register is employed when a response is desired
when one of the Base address decode regions is
selected during an active PCI bus cycle. When one of
the base address decode registers 1-4 encounters a
PCI bus cycle which selects the region defined by it,
this device latches that current cycle’s active address
and asserts the signal PTATN# (Pass-Thru Atten-
tion). Wait states are generated on the PCI bus until
either data is transferred or the PCI bus cycle is
aborted by the initiator.

This register provides a method for “live” data (regis-
tered) transfers. Intended uses include the emulating
of other hardware as well as enabling the connection
of existing external hardware to interface to the PCI
bus through the S5933.

ADD-ON PASS-THRU DATA
REGISTER (APTD)

Register Name: Add-On Pass-Thru Data
Add-On Address Offset: 2Ch
Power-up value: XXXXXXXXh

This register, along with APTA described above, is
employed when a response is desired should one of
the Base address decode regions become selected
during an active PCI bus cycle. When one of the
base address decode registers 1-4 encounters a PCI
bus cycle which selects the region defined by it, the
APTA register will contain that current cycle’s active
address and the device asserts the signal PTATN#
(Pass-Thru ATentioN). Wait states are generated on
the PCI bus until this register is read (PCI bus writes)
or this register is written (PCI bus reads).

Attribute: Read/Write
Size: 32 bits
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ADD-ON CONTROLLED BUS MASTER
READ ADDRESS REGISTER (MRAR)

Register Name: Master Read Address
Add-On Address Offset: 30h

Power-up value: 00000000h
Attribute: Read/Write
Size: 32 bits

This register is only accessible when Add-On initiated
bus mastering is enabled.

This register is used to establish the PCI address for
data moving to the Add-On bus from the PCI bus
during PCI bus memory read operations. It consists
of a 30-bit counter with the low-order two bits
hardwired as zeros. Transfers may be any non-zero
byte length as defined by the transfer count register,
MRTC and must begin on a DWORD boundary. This
DWORD boundary starting constraint is placed upon
this controller's PCI bus master transfers so that byte
lane alignment can be maintained between the
S5395X controller’s internal FIFO data path, the Add-
On interface and the PCI bus.

Note: Applications which require a non-DWORD
starting boundary will need to move the first few
bytes under software program control (and without
using the FIFO) to establish a DWORD boundary.
After the DWORD boundary is established the S5933
can begin the task of PCI bus master data transfers.

The Master Read Address Register is continually up-
dated during the transfer process and will always be
pointing to the next unread location. Reading of this
register during a transfer process (done when the
S5933 controller is functioning as a target—i.e., not a
bus master) is permitted and may be used to monitor
the progress of the transfer. During the address
phase for bus master read transfers, the two least
significant bits presented on the PCI bus AD[31:0]
will always be zero. This identifies to the target
memory that the burst address sequence will be in a
linear order rather than in an Intel 486 or Pentium™
cache line fill sequence. Also, the PCI bus address
bit A1 will always be zero when this controller is the
bus master. This signifies to the target that the con-
troller is burst capable and that the target should not
arbitrarily disconnect after the first data phase of this
operation.

Under certain circumstances, MRAR can be ac-
cessed from the Add-On bus instead of the PCI bus.

Figure 2. Add-On Controlled Bus Master Read Address Register

31

2 1 0 Bit
| 0 | 0 | Value
DWORD Address (RO)

Read Transfer Address (R/W)
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ADD-ON EMPTY/FULL STATUS
REGISTER (AMBEF)

Register Name: Add-On Mailbox Empty/Full

Status
Add-On Address Offset: 34h
Power-up value: 00000000h
Attribute: Read Only
Size: 32 bits

Figure 3. Add-On Mailbox Empty/Full Status Register

This register provides empty/full visibility of each byte
within the mailboxes. The empty/full status for the
Outgoing mailboxes are displayed on the high order
16 bits and the empty/full status for the incoming
mailboxes are presented on the low order 16 bits. A
value of one signifies that a given mailbox had been
written by the sourcing interface but had not yet been
read by the corresponding destination interface. An
incoming mailbox is defined as one in which data
travels from the PCI bus into the Add-On bus and an
outgoing mailbox is defined as one where data goes
OUT from the Add-On bus to the PCl interface.

31 16 15

0 Bit

Value

Incoming Mailbox
Status (RO)

Outgoing Mailbox

Status (RO)
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Table 2. Add-On Mailbox Empty/Full Status Register

Bit Description
31:16 Outgoing Mailbox Status. This field indicates which outgoing mailbox registers have been written by
the Add-On bus interface but have not yet been read by the PCI bus. Each bit location corresponds
to a specific byte within one of the four outgoing mailboxes. A value of one for each bit signifies that
the specified mailbox byte is full, a value of zero signifies empty. The mapping of these status bits to
bytes within each mailbox is as follows:
Bit 31 = Outgoing mailbox 4 byte 3
Bit 30 = Outgoing mailbox 4 byte 2
Bit 29 = Outgoing mailbox 4 byte 1
Bit 28 = Outgoing mailbox 4 byte 0
Bit 27 = Outgoing mailbox 3 byte 3
Bit 26 = Outgoing mailbox 3 byte 2
Bit 25 = Outgoing mailbox 3 byte 1
Bit 24 = Outgoing mailbox 3 byte O
Bit 23 = Outgoing mailbox 2 byte 3
Bit 22 = Outgoing mailbox 2 byte 2
Bit 21 = Outgoing mailbox 2 byte 1
Bit 20 = Outgoing mailbox 2 byte 0
Bit 19 = Outgoing mailbox 1 byte 3
Bit 18 = Outgoing mailbox 1 byte 2
Bit 17 = Outgoing mailbox 1 byte 1
Bit 16 = Outgoing mailbox 1 byte O
15:00 Incoming Mailbox Status. This field indicates which incoming mailbox registers have been written by

the PCl bus but not yet been read by the Add-On interface. Each bit location corresponds to a specific
byte within one of the four incoming mailboxes. A value of one for each bit signifies that the specified
mailbox byte is full, a value of zero signifies empty. The mapping of these status bits to bytes within
each mailbox is as follows:

Bit 15 = Incoming mailbox 4 byte 3
Bit 14 = Incoming mailbox 4 byte 2
Bit 13 = Incoming mailbox 4 byte 1
Bit 12 = Incoming mailbox 4 byte O
Bit 11 = Incoming mailbox 3 byte 3
Bit 10 = Incoming mailbox 3 byte 2
Bit 9 = Incoming mailbox 3 byte 1
Bit 8 = Incoming mailbox 3 byte 0
Bit 7 = Incoming mailbox 2 byte 3
Bit 6 = Incoming mailbox 2 byte 2
Bit 5 = Incoming mailbox 2 byte 1
Bit 4 = Incoming mailbox 2 byte 0
Bit 3 = Incoming mailbox 1 byte 3
Bit 2 = Incoming mailbox 1 byte 2
Bit 1 = Incoming mailbox 1 byte 1
Bit 0 = Incoming mailbox 1 byte 0
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ADD-ON INTERRUPT CONTROL/ Interrupt sources:
STATUS REGISTER (AINT) *  One of the Incoming mailboxes (1,2,3 or 4)
Register Name: Add-On Interrupt Control and becomes full.
Status *  One of the Outgoing mailboxes (1,2,3 or 4)
Add-On Address Offset: 38h becomes empty.
Power-up value: ~ 00000000h +  Built-in self test issued.
Attribute: Read/Write, . _
Read/Write_One_Clear *  Write Transfer Count = zero
Size: 32 bits * Read Transfer Count = zero
This register provides the method for choosing which * Target/Master Abort

conditions are to produce an interrupt on the Add-On
bus interface, a method for viewing the cause for the
interrupt, and a method for acknowledging (remov-
ing) the interrupt’s assertion.

Figure 4. Add-On Interrupt Control/Status Register

<+ |Interrupt Status D> < Interrupt Selection ——>
31 2423 2120191817 16|1514 12 8 4 0| Bit
00000000 0 0 000 Value
Interrupt Asserted (RO) J Interrupt Source (RIW)
. Enable & Selection
Bus Mastering

Error Interrupt (R/WC) D4-DO0 Incoming Mailbox
(Becomes Full)

BIST (R/WC)
| D4=Enable Interrrupt

Read Transfer

Complete (R/WC) L D3-D2=Mailbox #
Write Transfer 0 0=Mailbox 1
Complete (R/WC) 0 1=Mailbox 2
) ) 1 0=Mailbox 3
Outgoing Mailbox 1 1=Mailbox 4
Interrupt (R/WC)
. . L D0-D1=Byte #
Incoming Mailbox
Interrupt (R/WC) 0 0=Byte 0
0 1=Byte 1
1 0=Byte 2
1 1=Byte 3

D12-D8 Outgoing Mailbox (R/W)
(Goes empty)

D12=Enable Interrupt
D11-D10=Mailbox

0 0=Mailbox 1
0 1=Mailbox 2
1 0=Mailbox 3
1 1=Mailbox 4

D9-D8=Byte #
Interrupt on Write 8 g:Byte 1
10
11

Transfer Complete

Interrupt on Read
Transfer Complete
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Table 3. Interrupt Control/Status Register

Bit Description
31:24 Reserved. Always zero.
23 Interrupt asserted. This read-only status bit indicates that one or more interrupt conditions is

present. This bit is nothing more than the ORing of the interrupt conditions described by bits, 20,
17 and 16 of this register.

22 Reserved. Always zero.

21 Master/Target Abort. This bit signifies that an interrupt has been generated due to the S5933
encountering a Master or Target abort during an S5933 initiated PCI bus cycle. This bit operates
as read or write one clear. Writing a one to this bit causes it to be cleared. Writing a zero to this
bit does nothing.

20 BIST. Built-In Self-Test interrupt. This interrupt occurs when a self test is initiated by the PCI
interface writing of the BIST configuration register. This bit will stay set until cleared by writing a
one to this location. Self test completion codes may be passed to the PCI BIST register by writing
to the AGCSTS register.

19 Read Transfer Complete. This bit signifies that an interrupt has been generated due to the
completion of a PCI bus master operation involving the transfer of data from the PCI bus to the
Add-On. This interrupt will occur when the Master Read Transfer Count register reaches zero.
This bit operates as read or write one clear. A write to this bit with the data of one will cause this
bit to be reset; a write to this bit with the data of zero will not change the state of this bit.

18 Write Transfer Complete. This bit signifies that an interrupt has been generated due to the completion
of a PCI bus master operation involving the transfer of data to the PCI bus from the Add-On. This
interrupt will occur when the Master Write Transfer Count register reaches zero. This bit operates as
read or write one clear. A write to this bit with the data of one will cause this bit to be reset; a write to
this bit with the data of zero will not change the state of this bit.

17 Outgoing Mailbox Interrupt. This bit sets when the mailbox selected by bits 12 through 8 of this
register is read by the PCI interface. This bit operates as read or write one clear. A write to this bit
with the data as one will cause this bit to be reset; a write to this bit with the data as zero will not
change the state of this bit.

16 Incoming Mailbox Interrupt. This bit sets when the mailbox selected by bits 5 through 0 of this
register are written by the PCI interface. This bit operates as read or write one clear. A write to
this bit with the data of one will cause this bit to be reset; a write to this bit with the data as zero
will not change the state of this bit.

15 Interrupt on Read Transfer Complete. This bit enables the occurrence of an interrupt when the
read transfer count reaches zero. This bit is read/write.

14 Interrupt on Write Transfer Complete. This bit enables the occurrence of an interrupt when the write
transfer count reaches zero. This bit is read/write.

13 Reserved. Always zero.

12 Enable outgoing mailbox interrupt. This bit allows a read by the PCI of the outgoing mailbox register

identified by bits 11 through 8 to produce an Add-On interface interrupt. This bit is read/write.

11:10 Outgoing Mailbox Interrupt Select. This field selects which of the four outgoing mailboxes is to be
the source for causing an outgoing mailbox interrupt. [00]b selects mailbox 1, [01]b selects
mailbox 2, [10]b selects mailbox 3 and [11]b selects mailbox 4. This field is read/write.

9:8 Outgoing Mailbox Byte Interrupt select. This field selects which byte of the mailbox selected by
bits 11 and 10 above is to actually cause the interrupt. [00]b selects byte 0, [01]b selects byte 1,
[10]b selects byte 2, and [11]b selects byte 3. This field is read/write.

75 Reserved. Always zero.
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Table 3. Interrupt Control/Status Register (Continued)

Bit Description
4 Enable incoming mailbox interrupt. This bit allows a write from the PCI bus to the incoming
mailbox register identified by bits 3 through 0 to produce an Add-On interface interrupt. This bit is
read/write.
3:2 Incoming Mailbox Interrupt Select. This field selects which of the four incoming mailboxes is to be

the source for causing an incoming mailbox interrupt. [00]b selects mailbox 1, [01]b selects
mailbox 2, [10]b selects mailbox 3 and [11]b selects mailbox 4. This field is read/write.

1:0 Incoming Mailbox Byte Interrupt select. This field selects which byte of the mailbox selected by
bits 3 and 2 above is to actually cause the interrupt. [00]b selects byte 0, [01]b selects byte 2, and
S0 on.
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ADD-ON GENERAL CONTROL/STATUS
REGISTER (AGCSTS)

Register Name:

Add-On General Control and

Status

Add-On Address Offset: 3Ch

Power-up value:

000000F4h

(PCl initiated bus mastering)
00000034h

(Add-On initiated bus mastering)

Attribute: Read/Write, Read Only, Write
Only
Size: 32 bits

This register provides for overall control of the Add-
On portion of this device. It is used to provide a
method to perform software resets of the mailbox and

FIFO flags.

Figure 5. Add-On General Control/Status Register

The following Add-On controls are provided:

Reset PCI to Add-On FIFO flags
Reset Add-On to PCI FIFO flags
Reset mailbox empty full status flags

Write/read external non-volatile memory.

The following status flags are provided to the
Add-On:

Add-On to PCI FIFO FULL

Add-On to PCI FIFO has four or more empty
locations

Add-On to PCI FIFO EMPTY
PCI to Add-On FIFO FULL

PCI to Add-On FIFO has four or more words
loaded

PCI to Add-On FIFO EMPTY

nvRAM Access Ctrl J

Transfer Count
Enable

Reset Controls
D27=
D26=
D25=Add-on to PCI FIFO

nv operation
address/data

31 292827 2524 23 16 15

12 11

0 Bit

| | Value

| || ]l |
_/ \ /\

Mailbox Flags
PCl to Add-on FIFO
Status Flags

Status Flags

[ FIFO STATUS (RO)

D5=PClI to Add-on FIFO Empty
D4=PCl to Add-on 4+ Spaces
D3=PClI to Add-on FIFO Full
D2=Add-on to PCI FIFO Empty
D1=Add-on to PCI FIFO 4+ Words
D0=Add-on to PCI FIFO Full

D6=Read Transfer Count
Equals Zero (RO)

D7=Write Transfer Count
Equals Zero (RO)

BIST Condition Code (R/W)
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Table 4. Add-On General Control/Status Register

Bit Description

31:29 nvRAM/EPROM Access Control. This field provides a method for access to the optional, external
non-volatile memory. Write operations are achieved by a sequence of byte operations involving
these bits and the 8-bit field of bits 23 through 16. The sequence requires that the low-order
address, high-order address, and then a data byte be loaded in order. Bit 31 of this field acts as
an enable/clock and ready for the access to the external memory. D31 must be written to a 1
before an access can begin, and subsequent accesses must wait for bit D31 to become zero

(ready).
D31 D30 D29 W/R
0 X X w Inactive
1 0 0 W Load low address byte
1 0 1 W Load high address byte
1 1 0 W Begin write
1 1 1 W Begin read
0 X X R Ready
1 X X R Busy

Cautionary note: The non-volatile memory interface is also available for access by the PCI bus
interface. Accesses by both the Add-On and PCI bus to the nv memory are not directly supported
by this component. Software must be designed to prevent the simultaneous access of nv memory
to prevent data corruption within the memory and provide for accurate data retrieval.

28 Transfer Count Enable. When set, transfer counts are used for Add-On initiated bus master
transfers. When clear, transfer counts are ignored.

27 Mailbox Flag Reset. Writing a 1 to this bit causes all mailbox status flags to become reset
(EMPTY). It is not necessary to write this bit as O because it is used internally to produce a reset
pulse. Since reading of this bit will always produce zeros, this bit is write only.

26 PCI to Add-On FIFO Status Reset. Writing a 1 to this bit causes the Inbound (Bus master reads)
FIFO empty flag to set indicating empty and the FIFO FULL flag to reset and the FIFO Four Plus
spaces flag to set. It is not necessary to write this bit as 0 because it is used internally to produce
a reset pulse. Since reading of this bit would always produce zeros, this bit is write only.

25 Add-On to PCI FIFO Status Reset. Writing a one to this bit causes the Outbound (Bus master
writes) FIFO empty flag to set indicating empty and the FIFO FULL flag to reset and the FIFO
Four Plus words available flag to reset. It is not necessary to write this bit as zero because it is
used internally to produce a reset pulse. Since reading of this bit would always produce zeros,
this bit is write only.

24 Reserved. Always zero.

23:16 Non-volatile memory address/data port. This 8-bit field is used in conjunction with bit 31, 30 and
29 of this register to access the external non-volatile memory. The contents written are either low
address, high address, or data as defined by bits 30 and 29. This register will contain the external
non-volatile memory data when the proper read sequence for bits 31 through 29 is performed.

15:12 BIST condition code. This field is directly connected to the PCI configuration self test register. Bit
15 through 12 maps with the BIST register bits 3 through 0, respectively.

11:8 Reserved. Always zero.
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Table 4. Add-On General Control/Status Register (Continued)

Bit Description

7 Add-On to PCI Transfer Count Equal Zero (RO). This bit as a one signifies that the write transfer
count is all zeros. Only when Add-On initiated bus mastering is enabled.

6 PCI to Add-On Transfer Count Equals Zero (RO). This bit as a one signifies that the read transfer
count is all zeros. Only when Add-On initiated bus mastering is enabled.

PCI to Add-On FIFO Empty. This bitis a 1 when the PCI to Add-On FIFO is empty.

PCI to Add-On FIFO 4+ spaces. This bit is a 1 when there are four or more open spaces in the
PCI to Add-On FIFO.

PCI to Add-On FIFO Full. This bit is a 1 when the PCI to Add-On FIFO is full.

2 Add-On to PCI FIFO Empty. This bit is a 1 when the Add-On to PCI FIFO is empty.
Add-On PCI FIFO 4+ words. This bit is a 1 when there are four or more full locations in the Add-
On to PCI FIFO.

0 Add-On to PCI FIFO Full. This bit is a 1 when the Add-On to PCI FIFO is full.
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ADD-ON CONTROLLED BUS MASTER

WRITE TRANSFER COUNT REGISTER
(MWTC)

Register Name: Master Write Transfer Count
Add-On Address Offset: 58h

Power-up value: 00000000h

Attribute: Read/Write

Size: 32 bits

This register is only accessible when Add-On initiated
bus mastering is enabled.

The master write transfer count register is used to
convey to the S5933 controller the actual number of
bytes that are to be transferred. The value in this
register is decremented with each bus master PCI
write operation until the transfer count reaches zero.

Upon reaching zero, the transfer operation ceases
and an interrupt may be optionally generated to ei-
ther the PCI or Add-On bus interface. Transfers
which are not whole multiples of DWORDs in size
result in a partial word ending cycle. This partial word
ending cycle is possible since all bus master trans-
fers for this controller are required to begin on a
DWORD boundary.

Figure 6. Add-On Controlled Bus Master Write Transfer Count Register

31 26 25

0 Bit

00

Value

Transfer Count
in Bytes (R/W)
Reserved = O's (RO)
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ADD-ON CONTROLLED BUS MASTER

READ TRANSFER COUNT REGISTER

(MRTC)

Register Name: Master Read Transfer Count
Add-On Address Offset: 5Ch

Power-up value: 00000000h

Attribute: Read/Write

Size: 32 bits

This register is only accessible when Add-On initiated
bus mastering is enabled.

The master read transfer count register is used to
convey to the PCI controller the actual nhumber of
bytes that are to be transferred. The value in this
register is decremented with each bus master PCI
read operation until the transfer count reaches zero.
Upon reaching zero, the transfer operation ceases
and an interrupt may be optionally generated to ei-
ther the PCI or Add-On bus interface. Transfers
which are not whole multiples of DWORDs in size
result in a partial word ending cycle. This partial word
ending cycle is possible since all bus master trans-
fers for this controller are required to begin on a
DWORD boundary.

Figure 7. Add-On Controlled Bus Master Read Transfer Count Register

31 26 25

0 Bit

00

Value

Transfer Count
in Bytes (R/W)

Reserved = 0's (RO)
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All PCI bus agents and bridges are required to imple-
ment PCIl Configuration Registers. When multiple
PCI devices are present, these registers must be
unique to each device in the system. The specified
PCI procedure for uniquely selecting a device's con-
figuration space involves a dedicated signal, called
IDSEL, connected to each motherboard PCI bus de-
vice and PCI slot.

The host executes configuration cycles after reset to
each device on the PCI bus. The configuration regis-
ters provide information on PCI agent operation and
memory or 1/O space requirements. These allow the
PCI BIOS to enable the device and locate it within
system memory or 1/O space.

After a PCI reset, the S5933 can be configured for a
specific application by downloading device setup in-
formation from an external non-volatile memory into
the device Configuration Registers. The S5933 can
also be used in a default configuration, with no external
boot device.

When using a non-volatile boot memory to customize
operation, 64 bytes are required for S5933 setup in-
formation. The rest of the boot device may be used to
implement an Expansion BIOS, if desired. Some of
the setup information is used to initialize the S5933
PCI Configuration Registers, other information is not
downloaded into registers, but is used to define
S5933 operation (FIFO interface, Pass-Thru opera-
tion, etc.).

PCI RESET

Immediately following the assertion of the PCI RST#
signal, the Add-On reset output SYSRST# is as-
serted. Immediately following the deassertion of
RST#, SYSRST# is deasserted. The Add-On reset
output may be used to initialize state machines, reset
Add-On microprocessors, or reset other Add-On logic
devices.

All S5933 Operation Registers and Configuration
Registers are initialized to their default states at re-
set. The default values for the Configuration Regis-
ters may be overwritten with the contents of an
external nv boot memory during device initialization,

allowing a custom device configuration. Configuration
accesses by the host CPU to the S5933 produce PCI
bus wait states until one of the following events oc-
curs:

» The S5933 identifies that there is no valid boot
memory (and default Configuration Register
values are used).

» The S5933 finishes downloading all configura-
tion information from a valid boot memory.

LOADING FROM BYTE-WIDE NV MEMORIES

The SNV input on the S5933 indicates what type of
external boot-load device is present (if any). If SNV is
tied low, a byte-wide nv memory is assumed. In this
case, immediately after the PCIl bus reset is
deasserted, the address 0040h is presented on the
nv memory interface address bus EA[15:0]. Eight PCI
clocks later (240 ns at 33 MHz), data is read from the
nv memory data bus EQ[7:0] and address 0041h is
presented. After an additional eight PCI clocks, data
is again read from EQ7:0. If both accesses read are
all ones (FFh), it implies an illegal Vendor ID value,
and the external nv memory is not valid or not
present. In this situation, the AMCC default configu-
ration values are used.

If either of the accesses to address 0040h and 0041h
contain zeros (not FFh), the next accesses are to
locations 0050h, 0051h, 0052h, and 0053h. At these
locations, the data must be COh (or Clh or C2h),
FFh, E8h, and 10h, respectively, for the external nv
memory to be valid. Once a valid external nv memory
has been recognized, it is read, sequentially, from
location 0040h to 007Fh. The appropriate data is
loaded into the PCI Configuration Registers as de-
scribed in Chapter 4. Some of the boot device data is
not downloaded into Configuration Registers, but is
used to enable features and configure S5933 opera-
tion. Upon completion of this procedure, the boot-
load sequence terminates and PCI configuration
accesses to the S5933 are acknowledged with the
PCI Target Ready (TRDY#) output.

Table 1 lists the required nv memory contents for a
valid configuration nv memory device.
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Table 1. Valid External Boot Memory Contents
Address Data Notes
0040h-41h not FFFFh This is the location that the S5933 PCI
Controller will load a customized vendor ID.
(FFFFh is an illegal vendor ID.)
0050h C2h, Clh or COh This is the least significant byte of the region which
initializes the base address register #0 of the S5933
configuration register (Section 3.11). A value of C1h
assigns the 16 DWORD locations of the PCI operation
registers into 1/0 space, a value of COh defines
memory space, a value of C2h defines memory space
below 1 Mbyte.
0051 FFh Required.
0052h E8h Required.
0053h 10h Required.

LOADING FROM SERIAL NV MEMORIES

SNV tied high indicates that a serial nv memory (or
no external device) is present. When serial nv memo-
ries are used, data transfer is performed through a
two-wire, bidirectional data transfer protocol as de-
fined by commercial serial EEPROM/Flash offerings.
These devices have the advantages of low pin
counts, small package size, and economical price.

A serial nv memory is considered valid if the first
serial accesses contain the correct per-byte acknowl-
edgments (see Figure 3). If the serial per-byte ac-
knowledgment is not observed, the S5933
determines that no external serial nv memory is
present and the AMCC default Configuration Register
values are used.

Two pins are used to transfer data between the
S5933 PCI controller and the external serial memory:
a serial clock pin, SCL, and a serial data pin, SDA.
The serial clock pin is an output from the S5933, and
the serial data pin is bidirectional. The serial clock is
derived by dividing the PCI bus clock by 512. This
means that the frequency of the serial clock is ap-
proximately 65 kHz for a 33-MHz PCI bus clock.

Communications with the serial memory involve sev-
eral clock transitions. A start event signals the
beginning of a transaction and is immediately fol-
lowed by an address transfer. Each address/data
transfer consists of 8 bits of information followed by a
1-bit acknowledgment. When the exchange is com-
plete, a stop event is issued. Figure 1 shows the
unique relationship defining both a start and stop
event. Figure 2 shows the required timing for ad-
dress/data with respect to the serial clock.

For random accesses, the sequence involves one
clock to define the start of the sequence, eight clocks
to send the slave address and read/write command,
followed by a one-clock acknowledge, and so on.
Figure 3 shows the sequence for a random write ac-
cess requiring 29 serial clock transitions. At the clock
speed for the S5933, this corresponds to one byte of
data transferred approximately every 0.5 millisec-
onds. Read accesses may be either random or se-
guential. Random read access requires a dummy
write to load the word address and require 39 serial
clock transitions. Figure 4 shows the sequence for a
random byte read.

To initialize the S5933 controller's PCI Configuration
Registers, the smallest serial device necessary is a
128 x 8 organization. Although the S5933 controller
only requires 64 bytes, these bytes must begin at a
64-byte address offset (0040h through 007Fh). This
offset constraint permits the configuration image to
be shared with a memory containing expansion BIOS
code and the necessary preamble to identify an ex-
pansion BIOS. The largest serial device which may
be used is 2 Kbytes.
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Figure 1. Serial Interface Definition of Start and Stop
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|
|
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|
|

START BIT STOP BIT

Figure 2. Serial Interface Clock/Data Relationship
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Figure 3. Serial Interface Byte Access — Write
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Figure 4. Serial Interface Byte Access — Read
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PCI BUS CONFIGURATION CYCLES

Cycles beginning with the assertion IDSEL and
FRAME# along with the two configuration command
states for C/BE[3:0] (configuration read or write) ac-
cess an individual device’s configuration space. Dur-
ing the address phase of the configuration cycle just
described, the values of ADO and AD1 identify if the
access is a Type 0 configuration cycle or a Type 1
configuration cycle. Type 0 cycles have ADO and
AD1 equal to 0 and are used to access PCI bus
agents. Type 1 configuration cycles are intended only
for bridge devices and have ADO as a 1 with AD1 as
a 0 during the address phase.

The S5933 PCI device is a bus agent (not a bridge)
and responds only to a Type O configuration ac-
cesses. Figure 5 depicts the state of the AD bus
during the address phase of a Type 0 configuration
access. The S5933 controller does not support the
multiple function numbers field (AD[10:8]) and only
responds to the all-zero function number value.

The configuration registers for the S5933 PCI control-
ler can only be accessed under the following
conditions:

» IDSEL high (PCI slot unique signal which
identifies access to configuration registers)
along with FRAME# low.

» Address bits A0 and Al are O (Identifies a Type
0 configuration access).

» Address bits A31-A11 are ignored.

» Address bits A8, A9, and A10 are 0 (Function
number field of zero supported).

» Command bits, C/BE[3:0]# must identify a
configuration cycle command (101X).

Figure 6 describes the signal timing relationships for
configuration read cycles. Figure 7 describes configu-
ration write cycles.

Figure 5. PCI AD Bus Definition During a Type 0 Configuration Access

31 1 10

NUMBER

RESERVED FUNCTION

REGISTER
NUMBER

TYPEO

00XXXXXX  INTERNAL REGISTER
ADDRESS
(DEVICE ID, ETC.)

ONLY 000 VALUE SUPPORTED BY THIS
DEVICE.
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Figure 6. Type O Configuration Read Cycles
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Figure 7. Type 0 Configuration Write Cycles
1 1 1 2 1 3 1 4 1 NOTE
I 1 I I I
PCI CLOCK i/
! ! ! FRAME # DEASSERTED
FRAME # , , , | —— INCLOCK 2, SIGNIFIES
1 | 1 1 | ONLY ONE DATA PHASE
J_/ 1 1 fl\ I
. I 1 1 1
AD [3L:0] 7 C__ADDRESS (' X pbata o :
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EXPANSION BIOS ROMS

This section provides an example of a typical PC-
compatible expansion BIOS ROM. Address offsets
0040h through 007Fh represent the portion of the
external nv memory used to boot-load the S5933
controller. Whether the expansion ROM is intended

to be executable code is determined by the contents
of the first three locations (starting at offset Oh) and a
byte checksum over the defined length. The defined
length is specified in the byte at address offset
0002h. Table 2 lists each field location by its address

Table 2. PC Compatible Expansion ROM

offset, its length, its value, and description.

Byte Byte Binary

Offset Length Value Description Example
Oh 1 55h BIOS ROM signature byte 1 55h
1h 1 AAh BIOS ROM signature byte 2 AAh
2h 1 var. Length in multiples of 512 bytes 01h
3h 4 var. Entry point for INIT function.
7h-17h 17h var. Reserved (application unique data)
18h-19h 2 var. Pointer to PCI Data Structure

(see Table 3)
20h-3Fh 32h var user-defined
The following represents the boot-load image for the S5933 controller's PCI configuration register :
40h 2 [your vendor ID] 10e8h
42h 2 [your device ID] 4750h
44h 1 not used
45h 1 [Bus Master Config.] 80h
46h 2 not used
48h 1 [your revision ID] 00h
49h 3 [your class code] FFO000h
4Ch 1 not used
4Dh 1 [your latency timer #] 00h
4Eh 1 [your header type] 00h
4Fh 1 [self-test if desired] 80h or 00h
50h 1 COh, Clh or C2h
COh,ClhorCzh
51h 1 FFh FFh
52h 1 E8h E8h
53h 1 10h 10h
54h 4 [base addr. #1] XXXXXXXXh
58h 4 [base addr. #2] XXXXXXXXh
5Ch 4 [base addr. #3] XXXXXXXXh
60h 4 [base addr. #4] XXXXXXXXh
64h 4 [base addr. #5] XXXXXXXXh
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Table 2. PC Compatible Expansion ROM (Continued)
Byte Byte Binary

Offset Length Value Description Example
68h 8 not used
70h 4 [Expansion

ROM base addr.] (example shows 32K bytes) FFFF8001h

74h 8 not used
7Ch 1 [Interrupt line] 0Ch
7Dh 1 [Interrupt pin] 01h
7Eh 1 [Min-Grant] 00h
7Fh 1 [Max_lat] 00h
80h — application specific
(1FFh), or
(2FFh), or
(3FFh), etc. Byte checksum, location dependent on value for length field at offset 0002h.

A 16-bit pointer at location 18h of the PC expansion
ROM identifies the start offset of the PCI data struc-
ture. The PCI data structure is shown in Table 3 and
contains various vendor, product, and program evolu-
tions. If a valid external nv memory is identified by
the S5933, the PCI data structure is used to config-
ure the S5933. The PCI data structure is not neces-
sary for this device to operate. If no external nv
memory is implemented, the S5933 boots with the
default configuration values.

Table 3. PCI Data Structure

Note: If a serial BIOS ROM is used, the access time
for large serial devices should be considered, since it
may cause a lengthy system delay during initializa-
tion. For example, a 2-Kbyte serial device takes
about 1 second to be read. Many systems, even
when BIOS ROMs are ultimately shadowed into sys-
tem RAM, may read this memory space twice (once
to validate its size and checksum, and once to move
it into RAM). Execution directly from a serial BIOS
ROM, although possible, may be unacceptably slow.

Byte Byte Binary
Offset Length Value Description
Oh 4 ‘PCIR’ Signature, the ASCII string ‘PCIR’ where ‘P’ is at offset 0,
‘C’ at offset 1, and so on.
4h 2 var. Vendor Identification
6h 2 var. Device Identification
8h 2 var. Pointer to Vital Product Data
Ah 2 var. PCI Data Structure Length (starts with signature field)
Ch 1 var. PCI Data Structure Revision (=0 for this definition)
Dh 3 var. Class Code
10h 2 var. Image Length
12h 2 var. Revision Level
14h 1 var. Code Type
15h 1 var. Indicator (bit D7=1 signifies “last image”)
16h 2 0000h Reserved
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PCI BUS INTERFACE

This section describes the various events which oc-
cur on the S5933 PCI bus interface. Since the S5933
controller functions as both a target (slave) and an
initiator (master), signal timing detail is given for both
situations this Section presents the signal relation-
ships involved in performing basic read or write trans-
fers on the PCI bus and also describes the different
ways these cycles may complete.

PCI BUS TRANSACTIONS

Because the PCI bus has multiplexed address/data
pins, AD[31:0], each PCI bus transaction consists of
two phases: Address and Data. An address phase is
defined by the clock period when the signal FRAME#
transitions from inactive (high) to active (low). During
the address phase, a bus command is also driven by
the initiator on signal pins C/BE[3:0J#. If the command
indicates a PCI read, the clock cycle following the ad-
dress phase is used to perform a “bus turn-around”
cycle. A turn-around cycle is a clock period in which the
AD bus is not driven by the initiator or the target device.
This is used to avoid PCIl bus contention. For a write
command, a turn-around cycle is not needed, and the bus
goes directly from the address phase to the data phase.

All PCI bus transactions consist of an address phase
(described above), followed by one or more data
phases. The address phase is only one PCI clock long
and the bus cycle information (address and command)
is latched internally by the S5933. The number of data
phases depends on how many data transfers are de-
sired or are possible with a given initiator-target pair. A

Table 1. Supported PCI Bus Commands

data phase consists of at least one PCI clock. FRAME#
is deasserted to indicate that the final data phase of a
PCI cycle is occurring. Wait states may be added to any
data phase (each wait state is one PCI clock).

The PCI bus command presented on the C/BE[3:0]#
pins during the address phase can represent 16 pos-
sible states. Table 1 lists the PCI commands and identi-
fies those which are supported by the S5933 controller
as a target and those which may be produced by the
S5933 controller as an initiator. A “Yes” in the “Sup-
ported As Target” column in Table 1 indicates the
S5933 controller asserts the signal DEVSEL# when that
command is issued along with the appropriate PCI ad-
dress. Two commands are supported by the S5933
controller as an initiator: Memory Read and Memory
Write.

The completion or termination of a PCI cycle can be
signaled in several ways. In most cases, the comple-
tion of the final data phase is indicated by the asser-
tion of ready signals from both the target (TRDY#)
and initiator (IRDY#) while FRAME# is inactive. In
some cases, the target is not be able to continue or
support a burst transfer and asserts the STOP# sig-
nal. This is referred to as a target disconnect. There
are also cases where an addressed device does not
exist, and the signal DEVSEL# never becomes ac-
tive. When no DEVSEL# is asserted in response to a
PCI cycle, the initiator is responsible for ending the
cycle. This is referred to as a master abort. The bus
is returned to the idle phase when both FRAME# and
IRDY# are deasserted.

Supported Supported
C/BE[3:0]# Command Type As Target As Initiator
0000 Interrupt Acknowledge No No
0001 Special Cycle No No
0010 I/O Read Yes No
0011 I/O Write Yes No
0100 Reserved No No
0101 Reserved No No
0110 Memory Read Yes Yes
0111 Memory Write Yes Yes
1000 Reserved No No
1001 Reserved No No
1010 Configuration Read Yes No
1011 Configuration Write Yes No
1100 Memory Read Multiple Yes'!? No 3
1101 Reserved No No
1110 Memory Read Line Yes'!? No
1111 Memory Write & Invalidate Yes 2 No

1. Memory Read Multiple and Read Line are treated as Memory Reads.
2. Memory Write & Invalidate commands are treated as Memory Writes.

3. Must be enabled by bit 15 MCSR.
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PCI Burst Transfers

The PCI bus, by default, expects burst transfers to be
executed. To successfully perform a burst transfer,
both the initiator and target must order their burst
address sequence in an identical fashion. There are
two different ordering schemes: linear address
incrementing and 80486 cache line fill sequencing.
The exact ordering scheme for a bus transaction is
defined by the state of the two least significant AD
lines during the address phase. The decoding for
these lines is shown below:

AD[1:0] Burst Order
00 Linear sequence
01 Reserved
10 Cacheline Wrap Mode
11 Reserved

The S5933 supports both the linear and the cache
line burst ordering. When the S5933 controller is an
initiator, it always employs a linear ordering.

Some accesses to the S5933 controller (as a target)
can not be burst transfers. For example, the S5933
does not allow burst transfers when accesses are
made to the configuration or operation registers (in-
cluding the FIFO as a target). Attempts to perform
burst transfers to these regions cause STOP# to be
asserted during the first data phase. The S5933 com-
pletes the initial data phase successfully, but assert-
ing STOP# indicates that the next access needs to
be a completely new cycle. Accesses to memory or I/
O regions defined by the Base Address Registers 1-4
may be bursts, if desired.

PCI Read Transfers

The S5933 responds to PCIl bus memory or I/O read
transfers when it is selected (target). As a PCI bus
initiator, the S5933 controller may also produce PCI
bus memory read operations.

Figure 1 depicts the fastest burst read transfer pos-
sible for the PCI bus. The timings shown in Figure 1
are representative of the S5933 as a PCl initiator with
a fast, zero-wait-state memory target. The signals
driven by the S5933 during the transfer are FRAME#,
C/BE[3:0]#, and IRDY#. The signals driven by the
target are DEVSEL# and TRDY#. AD[31:0] are
driven by both the target and initiator during read
transactions (only one during any given clock). Clock
period 2 is a required bus turn-around clock which
ensures bus contention between the initiator and tar-
get does not occur.

Targets drive DEVSEL# and TRDY# after the end of
the address phase (boundary of clock periods 1 and
2 of Figure 1). TRDY# is not driven until the target
can provide valid data for the PCI read. When the
S5933 becomes the PCI initiator, it attempts to per-
form sustained zero-wait state burst reads until one
of the following occurs:

» The memory target aborts the transfer
* PCI bus grant (GNT#) is removed
» The PCI to Add-On FIFO becomes full

A higher priority (Add-On to PCI) S5933
transfer is pending (if programmed for priority)

» The read transfer byte count reaches zero

» Bus mastering is disabled from the Add-On
interface

Figure 1. Zero Wait State Burst Read PCI Bus Transfer (S5933 as Initiator)

1 1 1 2 1 1 4 1 5 1 6 :
1 1 1 1 1 1 I
1 1 1 1 I 1 1
Paclock T\ O\ /Ty Y
| | | | | ' o
FRAME # 0\ | | | / - Nz
: O ) m | m m '
AD [31:0] : ADDRESS .O DATAQ) X DATA(Q) : X DATAQ) : CD
1
CIBE [3.0}# m : BUS COMMAND, X BYTE ENABLES (1) . X ByiEEN@ X BYTEEN@3) @
' f.x | | | | :
IRDY# 0 W\ ' . . L T
' n ' I : : '
TRDY# M W C\ ! ! v/ !
f a : : : Z |
DEVSEL# M WA : - : / :
() =DRIVEN BY INITIATOR
(T) = DRIVEN BY TARGET
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Read accesses from the S5933 operation registers
(S5933 as a target) are shown in Figure 2. The
S5933 conditionally asserts STOP# in clock period 3
if the initiator keeps FRAME# asserted during clock
period 2 with IRDY# asserted (indicating a burst is
being attempted). Wait states may be added by the
initiator by not asserting the signal IRDY# during
clock 3 and beyond. If FRAME# remains asserted,
but IRDY# is not asserted, the initiator is just adding
wait states, not necessarily attempting a burst.

There is only one condition where accesses to S5933
operation registers do not return TRDY# but do as-
sert STOP#. This is called a target-initiated termina-

tion or target disconnect and occurs when a read
attempt is made to an empty S5933 FIFO. The asser-
tion of STOP# without the assertion of TRDY# indi-
cates that the initiator should retry the operation later.

When burst read transfers are attempted to the
S5933 operation registers, STOP# is asserted during
the first data transfer to indicate to the initiator that no
further transfers (data phases) are possible. This is a
target-initiated termination where the target discon-
nects after the first data transfer. Figure 3 shows the
signal relationships during a burst read attempt to the
S5933 operation registers.

Figure 2. Single Data Phase PCI Bus Read of S5933 Registers (S5933 as Target)

FRAME # o N . /[ S . . .

! n ! ﬂ\ -~ m - :
AD [31.0] : ADDRESS : f T DATA : o E
CIBE [3:0}¢ 0t Buscommand | X | BYTE ENABLES , : :

: ~ [ ! ! |
IRDY# o oA\ TN -/ ! |

: i : : N nl
TRDY# m N\ NS W

' ~ : ; o m
DEVSEL¥  (T) W\ . ./ . 2

: A \ : L _ o
STOP# m v N S ' v

(I) =DRIVEN BY INITIATOR
) = DRIVEN BY TARGET

=

Figure 3. Burst PCI Bus Read Attempt to S5933 Registers (S5933 as Target)
'. ! '. 2 '. 3 '. 4 '. 5 '.
PCI CLOCK ! ! ! ! ! :/
FRAME# — ()) \ i Z / Z Z
1 (|) 1 ~ 1 (T) 1 (l\ 1
AD [31:0] : ADDRESS : ] : DATA ! ) .
CIBE [3:0}# ): BUS COMMAND >< BYTI|§ ENABLES (1) : >< BE (2) : :
1 m 1 1 1 1
IRDY# . N2 Z I ./ I
1 m 1 1 1 1
TRDY# m, \z o/ Z LT
] m ] ] 1 m
DEVSEL# (1), N2\ I I ./ VAR
1 m 1 1 1 m o
STOP# M. ' C o\ '. L/ v

(I) =DRIVEN BY INITIATOR
(T) = DRIVEN BY TARGET
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PCI Write Transfers

Write transfers on the PCI bus are one clock period
shorter than read transfers. This is because the
AD[31:0] bus does not require a turn-around cycle
between the address and data phases. When the
S5933 is accessed (target), it responds to a PCI bus
memory or /O transfers. As a PCl initiator, the S5933
controller can also execute PCI memory write opera-
tions.

The timing diagram in Figure 4 represents an S5933
initiator PCI write operation transferring to a fast,
zero-wait-state memory target. The signals driven by
the S5933 during the transfer are FRAME#,
AD[31:0], C/BE[3:0]#, and IRDY#. The signals driven
by the target are DEVSEL# and TRDY#. As with PCI
reads, targets assert DEVSEL# and TRDY# after the
clock defining the end of the address phase (bound-
ary of clock periods 1 and 2 of Figure 4). TRDY# is
not driven until the target has accepted the data for the
PCI write. When the S5933 becomes the PCI initiator,
it attempts sustained zero-wait state burst writes until
one of the following occurs:

» The memory target aborts the transfer
* PCI bus grant (GNT# is removed)
* The Add-On to PCI FIFO becomes empty

A higher priority (PCI to Add-On) S5933
transfer is pending (if programmed for priority)

» The write transfer byte count reaches zero

» Bus mastering is disabled from the Add-On
interface

Write accesses to the S5933 operation registers
(S5933 as a target) are shown in Figure 5. Here, the
S5933 asserts the signal STOP# in clock period 3.
STOP# is asserted because the S5933 supports fast,
zero-wait-state write cycles but does not support
burst writes to operation registers. Wait states may
be added by the initiator by not asserting the signal
IRDY# during clock 2 and beyond. There is only one
condition where writes to S5933 operation registers
do not return TRDY# (but do assert STOP#). This is
called a target-initiated termination or target discon-
nect and occurs when a write attempt is made to a
full S5933 FIFO. As with the read transfers, the as-
sertion of STOP# without the assertion of TRDY#
indicates the initiator should retry the operation later.

Figure 4. Zero Wait State Burst Write PCI Bus Transfer (S5933 as Initiator)

| 1 ! 2 I 3 ' 4 ! 5 ' 6
| ! ! ! ' I
PCI CLOCK ! ' ' ' 7/ /N
| ! ! ! ' ™
FRAME# ()T \ : ' ./ : v
1 ! ! ! ! :
ADRLO] aporess | X obatar ! X pataz | X DATAS | @
| ! ! ! ! :
CIBE [3:0}¢ : Buscommanpr X BYTEEN1' X BYrEEN2! X BYTEENS! G;‘
| m ! ! ' :
1 ! - T
IRDY# 0 v\ : . "/ '
| m ! ! ! ' - — =
1 ! ! ! ' I
TRDY# M. NZAN . - r/ '
1 m ' ! ! ' - - =
DEVSELE (. U\ ' : ./ |
| ! ! ! ' I
DATA DATA DATA (1) = DRIVEN BY INITIATOR
*BUS COMMAND = MEMORY WRITE TRANSFER TRA':;FER TRANSFER - (T)= DRIVENBY TARGET

3-94

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



AMCC

PCI BUS INTERFACE

S5933

Master-Initiated Termination

Occasionally, a PCI transfer must be terminated by
the initiator. Typically, the initiator terminates a trans-
fer upon the successful completion of the transfer.
Sometimes, the initiator's bus mastership is relin-
quished by the bus arbiter (GNT# is removed), often
because another device requires bus ownership. This
is called initiator preemption and is discussed in later
Sections. When the S5933 is an initiator and does
not observe a DEVSEL# response to its assertion of
FRAME#, it terminates the cycle (master abort).

Normal Cycle Completion

A successful data transfer occurs when both the ini-
tiator and target assert their respective ready signals,
IRDY# and TRDY#. The last data phase is indicated
by the initiator when FRAME# is deasserted during a
data transfer. A normal cycle completion occurred if
the target does not assert STOP#. Figure 6 shows
the signal relationships defining a normal transfer
completion.

Figure 5. Single Data Phase PCI Bus Write of S5933 Registers (55933 as Target)

' 1 ' 2 ' 3 ' 4 ' 5 ' 6
PCI CLOCK ' ! ! ! ' !
1 1 1 1 m 1
T 1 - - - - - T T T
FRAME # 0, \ ./ o/ IFBURST, v |
| | T YATTEMPT. | |
AD [31:0] K aooress | X patat | X DatA2 | @ :
1 1 1 1 1 1

mn

. 1 1 1
CIBE [3:0}# - suscommann! X BYTEEN1' X BYTE EN2| o .
1 m 1 1 1 1
IRDY# ' W\ ' A ' '
o, 7 . . ' '
1 m 1 1 1 1
TROYE ), A ./ l I l
1 m 1 1 1 1
1 1 1 1 T T
DEVSEL# (T)l klj \ 1 1 / 1 1
1 m 1 1 1 1
T T T 1 " +
stops (), O T\ ./ . .
1 1 1 1 NO 1 1

DATA DATA () = DRIVEN BY INITIATOR

TRANSFER #1 TRANSFERRED (T) = DRIVEN BY TARGET

Figure 6. Master-Initiated, Normal Completion (55933 as either Target or Initiator)
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DEVSEL (1) __  \ 2 ./ ; .
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STOP# - L
{

1 1

I |
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Initiator Preemption

A PCI initiator (bus master) is said to be preempted
when the system platform deasserts the initiator's
bus grant signal, GNT#, while it still requests the bus
(REQ# asserted). This situation occurs if the
initiator’s latency timer expires and the system plat-
form (bus arbitrator) has a bus master request from
another device. The S5933 Master Latency Timer
register controls the S5933 responsiveness to the re-
moval of a bus grant (preemption). The presence of a
Master Latency Timer register can cause two pre-
emption situations:

1) Removal of GNT# when the latency timer is
non-zero (S5933 is guaranteed to still “own
the bus”).

2) Removal of the GNT# after the latency timer
has expired.

The first situation is depicted in Figure 7, when the
latency timer has not expired. Preemption with a zero
or expired latency timer is shown in Figure 8.

Figure 7. Master Initiated Termination Due to Preemption and Latency Timer Active (55933 as Master)

M

——

1 1 1 1 1
' ! ' 2 - 3 : 4 . 5 , 6
1 1 1 1 1 1
PCI CLOCK | \ \ , !
1 1 1 1 1
1 1 1
GNT # ! ' | | |
1 1 1 1
! 1 V| —S— e - = = (‘\
FRAME () _ - . A/ . W]
1 1 1 1 1 1
0
IRDY# ) ! ! 1 | 1 |
1 1 1 1 1 1
1
TRDY#  (T) — : | . : :
! |
$5933 LATENCY __ : :
! U
TIMER =3 [ X X X .) . .
1 1 1 1
() =DRIVEN BY INITIATOR
PREEMPTION TIMEOUT (T) = DRIVEN BY TARGET
SENSED
DATA DATA DATA DATA
TRANSFERRED TRANSFERRED TRANSFERRED TRANSFERRED

Figure 8. Master Initiated Termination Due to Preemption and Latency Timer Expired (55933 as Master)

1 2 3 4 5
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FRAME () . ./ . X .
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IRDY# () L ' L/ . A
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TRDY# (T) | | \ / , \
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| 1 1 : !
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$5933 ~ — : . : ;
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PREEMPTION TRANSFERRED (T) = DRIVEN BY TARGET
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Master Abort

PCl accesses to nonexistent or disabled targets
never observe DEVSEL# being asserted. In this situ-
ation, it is necessary for the initiator to abort the
transaction (master abort). As an initiator, S5933
waits for six clock periods after asserting FRAME# to
determine whether a master abort is required. These
six clock periods allow slow targets, which may re-
quire several bus clocks before being able to assert
DEVSEL#, to respond. It is also possible a PCI
bridge device is present which employs “subtractive”
decoding. A device which does a subtractive decode
asserts DEVSEL#, claiming the cycle, when it sees
that no other device has asserted it three clocks after
the address phase.

Figure 9. Master Abort, No Response

If DEVSEL# is not asserted, the S5933 deasserts
FRAME# (if asserted) upon the sixth clock period
(Figure 9). IRDY# is deasserted by the S5933 during
the next clock. The occurrence of a master abort
causes the S5933 to set bit 13 (Master Abort) of the
PCI Status Register, indicating an error condition.

Target-Initiated Termination

There are situations where the target may end a
transfer prematurely. This is called “target-initiated
termination.” Target terminations fall into three cat-
egories: disconnect, retry, and target abort. Only the
disconnect termination completes a data transfer.

FAST
DEVICE

:1 | 2 | 3 4 | 5 | 6 | 7 | 8
parclock /N O\ S
| 1 ___|____|_____I____ _ I___m
FRAME# () ) : : : L/ . N
: N
IRDY# O v\ . . . . L/ .
4 I B
ROV (D ] ) a O . . : o
' S ¥ :
DEVSEL¥ (0 VR U . . :

MEDIUM
DEVICE

SLOW BRIDGE () =DRIVEN BY INITIATOR
DEVICE DEVICE (T) = DRIVEN BY TARGET
(SUBTRACTIVE
DECODE)
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Target Disconnects

There are many situations where a target may dis-
connect. Slow responding targets may disconnect to
permit more efficient (faster) devices to be accessed
while they prepare for the next data phase, or a tar-
get may disconnect if it recognizes that the next data
phase in a burst transfer is out of its address range.
A target disconnects by asserting STOP#, TRDY#,
and DEVSEL# as shown in Figures 10a and 10b.
The initiator in Figure 10a responds to the disconnect
condition by deasserting FRAME# on the following

clock but does not complete the data transfer until
IRDY# is asserted. This situation can only occur
when the S5933 is a target. When the S5933 is an
initiator, IRDY# is always asserted during the data
phase (no initiator wait states). The timing diagram in
Figure 10b applies to the S5933 as either a target
disconnecting or an initiator with its target performing
a disconnect. The S5933 performs a target discon-
nect if a burst access is attempted to the PCI Opera-
tion Registers.

Figure 10a. Target Disconnect Example 1 (IRDY# deasserted)

1 1 1 2 1 3 1
1 1 1 1
1 1 1 1

poicock __/  \_ [/ \_ [/ \___ /[
1 1 1 1
1 1 T T
FRAME # 0 ./ : '
1 1 1 1
T T 1 T
IRDY# 0, Co\ / \
1 1 1 1
1 1 4
TRDY# M\ N VA \
1 T 1 I
1 1 T
STOP# M\ ? . .
1 1 1 1
DEVSEL# M . ./ |
1 1 1

[r (I) =DRIVEN BY INITIATOR
(T) = DRIVEN BY TARGET
DATA
TARGET DISCONNECT
CENTERD TRANSFERRED

Figure 10b. Target Disconnect Example 2 (IRDY# asserted)

PCI CLOCK
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FRAME # 0 ./ | |
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1 1 1 T
IRDY# O . ./ .
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lr 2 (I) = DRIVEN BY INITIATOR
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TRANSFERRED  SIGNALED, DATA TRANSFERRED
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Target Requested Retries

When the S5933 FIFO registers are accessed
(S5933 as a target) and data is unavailable (empty
FIFO) for read transfers or cannot be accepted for
write transfers (full FIFO), the S5933 immediately ter-
minates the cycle by requesting a retry. The S5933
also initiates a retry for Pass-Thru writes where the
Add-On has not completed the preceding Pass-Thru
write by asserting PTRDY#, and for Pass-Thru reads
where the Add-On cannot supply data within 8 PCI
clocks (16 clocks for the first data phase of a burst).
A retry is requested by a target asserting both
STOP# and DEVSEL# while TRDY# is deasserted.
Figure 11 shows the behavior of the S5933 when
performing a target-initiated retry.

Figure 11. Target-Initiated Retry

Target Aborts

A target abort termination represents an error condi-
tion where no number of retries will produce a suc-
cessful target access. A target abort is uniquely
identified by the target deasserting DEVSEL# and
TRDY# while STOP# is asserted. When a target per-
forms an abort, it must also set bit 11 of its PCI
Status register. The S5933 configuration and opera-
tion registers never respond with a target abort when
accessed. If the S5933 encounters this condition
when operating as a PCI initiator, the S5933 sets bit
12 (received target abort) in the PCI Status register.
Figure 12 depicts a target abort cycle.

Target termination types are summarized in Table 2.

: 1 ! 2 : 3 ! 4 5
pciclock  _/ /[  \__/ \___/ \__/
FRAME # O : L/ :
IRDY# M, : L\ L/
, o , ,
TRDY# M ? . .
STOP# M\ ' : L/
DEVSEL# (T In > : II /

TARGET
RETRY
SIGNALED

INITIATOR
SEQUENCES IRDY#
+ FRAME# TO RETURN

TO IDLE STATE () =DRIVEN BY INITIATOR

(T) = DRIVEN BY TARGET

Table 2. Target Termination Types

Termination DEVSEL# STOP# TRDY# Comment
Disconnect on on on Data is transferred. Transaction needs to be re-initiated
to complete.
Retry on on off Data was not transferred.
Transaction should be tried later.
Abort off on off Data was not transferred. Fatal error.
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Figure 12. Target Abort Example
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Figure 13. PCI Bus Arbitration and S5933 Bus Ownership Example
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PCI BUS MASTERSHIP

When the S5933 requires PCI bus mastership, it pre-
sents a request via the REQ# signal. This signal is
connected to the system’s PCI bus arbiter.

Only one initiator (bus master) may control the PCI
bus at a given time. The bus arbiter determines
which initiator is given control of the bus. Control is
granted to a requesting device by the arbiter assert-
ing that device's grant signal (GNT#). Each REQ#/
GNT# signal pair is unique to a given PCI agent.

After asserting REQ#, the S5933 assumes bus own-
ership on the first PCI clock edge where its GNT#
input is asserted along with FRAME# and IRDY#
deasserted (indicating no other device is generating
PCI bus cycles). Once ownership is established by
the S5933, it maintains ownership as long as the
arbiter keeps its GNT# asserted. If GNT# is
deasserted, the S5933 completes the current trans-
action. The S5933 does this by deasserting FRAME#
and then deasserting IRDY# upon data transfer. Fig-
ure 13 shows a sequence where the S5933 is
granted ownership of the bus and then is preempted
by another master before the S5933 can finish its
current transaction.

Bus Mastership Latency Components

It is often necessary for system designers to predict
and guarantee that a minimum data transfer rate is
sustainable to support a particular application. In the
design of a bus mastering application, knowledge of
the maximum delay a device might encounter from
the time it requests the PCI bus to the time in which it
is actually granted the bus is desirable. This allows
the design to provide adequate data buffering. The
PCI specification refers to this bus request to grant
delay as “arbitration latency.”

Figure 14. PCI Bus Access Latency Components

Once a PCI initiator has been granted the bus, the
PCI specification defines the delay from the grant to
the new initiator's assertion of FRAME# as the “bus
acquisition latency.” Afterwards, the delay from
FRAME# asserted to target ready (TRDY#) asserted
is defined as “target latency.” Figure 14 shows a
time-line depicting the components of PCI bus ac-
cess latency.

There are numerous configuration variations possible
with the PCI specification. A system designer can
determine whether a bus master can support a criti-
cal, timely transfer by establishing a specific configu-
ration and by defining these latency values. The
S5933, as an initiator, produces the fastest response
allowable for its bus acquisition latency (GNT# to
FRAME# asserted). The S5933 also implements the
PCI Master Latency Timer. Once granted the bus,
the S5933 is guaranteed ownership for a minimum
amount of time defined by the Master Latency Timer.
The S5933, as an initiator, cannot control the respon-
siveness of a particular target nor the bus arbitration
delay.

The PCI specification provides two mechanisms to
control the amount of time a master may own the
bus. One mechanism is through the master (master-
initiated termination). The other is by the target and is
achieved through a target-initiated disconnect.

Bus Arbitration

Although the PCI specification defines the condition
that constitutes bus ownership, it does not provide
rules to be used by the system’s PCI bus arbiter in
deciding which master is to be granted the PCI bus
next. The arbitration priority scheme implemented by
a system may be fixed, rotational, or custom. The
arbitration latency is a function of the system, not the
S5933.
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Bus Acquisition

Once GNT# is asserted, giving bus ownership to the
S5933, the S5933 must wait until the PCI bus be-
comes idle. This delay is called bus acquisition la-
tency and involves the state of the signals FRAME#
and IRDY#. The current bus master must complete
its current transaction before the S5933 may drive
the bus. Table 3 depicts the four possible combina-
tions of FRAME# and IRDY# with their interpretation.

Target Latency

The PCI specification requires that a selected target
relinquish the bus should an access to that target
require more than eight PCI clock periods (16 clocks
for the first data phase in a burst). Slow targets can
exist within the PCI specification by using the target
initiated retry. This prevents slow target devices from
potentially monopolizing the PCI bus and also allows
more accurate estimations for bus access latency.

Figure 15. Engaging the LOCK# Signal

Target Locking

It is possible for a PCI bus master to obtain exclusive
access to a target (“locking”) through use of the PCI
bus signal LOCK#. LOCK# is different from the other
PCI bus signals because its ownership may belong to
any bus master, even if it does not currently have
ownership of the PCI bus. The ownership of LOCK#,
if not already claimed by another master, may be
achieved by the current PCI bus master on the clock
period following the initial assertion of FRAME#. Fig-
ure 15 describes the signal relationship for establish-
ing a lock. The ownership of LOCK#, once
established, persists even while other bus masters
control the bus. Ownership can only be relinquished
by the master which originally established the lock.
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Table 3. Possible Combinations of FRAME# and IRDY#

FRAME# IRDY# Description

deasserted deasserted Bus Idle

deasserted asserted The initiator is ready to complete the last data transfer
of a transaction.

asserted deasserted An Initiator has a transaction in progress but is not able
to complete the data transfer on this clock.

asserted asserted An initiator has a transaction in progress and is able to

complete a data transfer.
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Targets selected with LOCK# deasserted during the
assertion of FRAME# (clock period 1 of Figure 15),
which encounter the assertion of LOCK# during the
following clock (clock period 2 of Figure 15) are
thereafter considered “locked.” A target, once locked,
requires that subsequent accesses to it deassert
LOCK# while FRAME# is asserted. Figure 16 show a
subsequent access to a locked target by the master
which locked it. Because LOCK# is owned by a
single master, only that master is able to deassert it
at the beginning of a transaction (allowing successful
access to the locked target). A locked target can only
be unlocked during the clock period following the last
data transfer of a transaction when the LOCK# signal
is deasserted.

Figure 16. Access to a Locked Target by its Owner

An unlocked target ignores LOCK# when it observes
that LOCK# is already asserted during the first clock
period of a transaction. This allows other masters to
access other (unlocked) targets. If an access to a
locked target is attempted by a master other than the
one that locked it, the target responds with a retry
request, as shown in Figure 17.

The S5933 responds to and supports bus masters
which lock it as a target. When the S5933 is a bus
master, it never attempts to lock a target, but it hon-
ors a target’s request for retry if that target is locked
by another master.
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Figure 17. Access Attempt to a Locked Target
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PCI BUS INTERRUPTS

The S5933 controller is able to generate PCI bus inter-
rupts by asserting the PCI bus interrupt signal
(INTA#). INTA# is a multisourced, wire-ORed signal
on the PCI bus and is driven by an open drain output
on the S5933. The assertion and deassertion of INTA#
have no fixed timing relationship with respect to the
PCI bus clock. Once the S5933 asserts INTA#, it re-
mains asserted until the interrupt source is cleared by
a write to the Interrupt Control/Status Register
(INTCSR).

PCI BUS PARITY ERRORS

The PCI specification defines two error-reporting sig-
nals, PERR# and SERR#. These signals indicate a
parity error condition on the signals AD[31:0], C/
BE[3:0]#, and PAR. The validity of the PAR signal is
delayed one clock period from its corresponding
AD[31:0] and C/BE[3:0]# signals. Even parity exists
when the total number of ones in the group of signals
is equal to an even number. PERR# is the error-
reporting mechanism for parity errors that occur dur-
ing the data phase for all but PCI Special Cycle
commands. SERR# is the error-reporting mechanism
for parity errors that occur during the address phase.

The timing diagram in Figure 18 shows the timing
relationships between the signals AD[31:0], C/
BE[3:0]#, PAR, PERR# and SERR#.

The S5933 asserts SERR# if it detects odd parity
during an address phase, if enabled. The SERR#
enable bit is bit 8 in the S5933 PCI Command Regis-
ter. The odd parity error condition involves the state
of signals AD[31:0] and C/BE[3:0]# when FRAME# is
first asserted and the PAR signal during the following
clock. If an error is detected, the S5933 asserts
SERR# on the following (after PAR valid) clock.

Figure 18. Error Reporting Signals

Since many targets may observe an error on an ad-
dress phase, the SERR# signal is an open drain
multisourced, wire-ORed signal on the PCI bus. The
S5933 drives SERR# low for one clock period when
an address phase error is detected. Once an SERR
error is detected by the S5933, the PCI Status regis-
ter bit 14, System Error, is set and remains until
cleared through software or a hardware reset.

The PERR# signal is similar to the SERR# with two
differences: it reports errors for the data phase and is
only asserted by the device receiving the data. The
S5933 drives this signal (removed from tri-state)
when it is the selected target for write transactions or
when it is the current master for bus read transac-
tions. The parity error conditions are only reflected by
the PERR# pin if the Parity Error Enable bit (bit 6) of
the PCI Command register is set. Upon the detection
of a data parity error, the Detected Parity Error bit (bit
15) of the PCI Status Register is set. Unlike the
PERR# signal pin, this Status bit sets regardless of
the state of the PCI Command register Parity Error
Enable bit. An additional status bit (bit 8) called “Data
Parity Reported” of the PCIl Status register is em-
ployed to report parity errors that occur when the
S5933 is the bus master. The “Data Parity Error Re-
ported” status requires that the Parity Error Enable bit
be set in the PCI Command register.

The assertion of PERR# occurs two clock periods
following the data transfer. This two-clock delay oc-
curs because the PAR signal does not become valid
until the clock following the transfer, and an addi-
tional clock is provided to generate and assert
PERR# once an error is detected. PERR# is only
asserted for one clock cycle for each error sensed.
The S5933 only qualifies the parity error detection
during the actual data transfer portion of a data
phase (when both IRDY# and TRDY# are asserted).
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ADD-ON BUS INTERFACE

This chapter describes the Add-On bus interface for
the S5933. The S5933 is designed to support con-
nection to a variety of microprocessor buses and/or
peripheral devices. The Add-On interface controls
S5933 operation through the Add-On Operation Reg-
isters. These registers act as the Pass-Thru, FIFO,
non-volatile memory and mailbox interfaces as well
as offering control and status information.

Depending on the register being accessed, the inter-
face may be synchronous, asynchronous, or
configurable. To enhance performance and simplify
Add-On logic design, some registers allow direct ac-
cess with a single device input pin. The following
sections describe the various interfaces to the PCI
bus and how they are accessed from the Add-On
interface.

ADD-ON OPERATION REGISTER ACCESSES

The S5933 Add-On bus interface is very similar to
that of a memory or peripheral device found in a
microprocessor-based system. A 32-bit data bus with
individual read and write strobes, a chip enable and
byte enables are provided. Other Add-On interface
signals are provided to simplify Add-On logic design.

Accesses to the S5933 registers are done synchro-
nous or asynchronous to BPCLK. For S5933 functions
that are compatible with an Add-On microprocessor
interface, it is helpful to allow an asynchronous inter-
face, as the processor may not operate at the PCI bus
clock frequency.

Add-On Interface Signals

The Add-On interface provides a small nhumber of
system signals to allow the Add-On to monitor PCI
bus activity, indicate status conditions (interrupts),
and allow Add-On bus configuration. A standard bus
interface is provided for Add-On Operation Register
accesses.

System Signals

BPCLK and SYSRST# allow the Add-On interface to
monitor the PCI bus status. BPCLK is a buffered ver-
sion of the PCI clock. The PCI clock can operate
from 0 MHz to 33 MHz. SYSRST# is a buffered ver-
sion of the PCI reset signal, and may also be toggled
by host application software through bit 24 of the Bus
Master Control/Status Register (MCSR).

IRQ# is the Add-On interrupt output. This signal is
active low and can indicate a number of conditions.
Add-On interrupts may be generated from the mail-
box or FIFO interfaces. The exact conditions which
generate an interrupt are discussed in the mailbox
and FIFO chapters. The interrupt output is
deasserted when acknowledged by an access to the
Add-On Interrupt Control/Status Register (AINT). All
interrupt sources are cleared by writing a one to the
corresponding interrupt bit.

The MODE input on the Add-On interface configures
the datapath width for the Add-On interface. MODE
low indicates a 32-bit data bus. MODE high indicates
a 16-bit data bus. For 16-bit operation, BE3# is rede-
fined as ADR1, providing an extra address input.
ADR1 selects the low or high words of the 32-bit
S5933 Add-On Operation Registers.

Register Access Signals

Simple register accesses to the S5933 Add-On Op-
eration Registers take two forms: synchronous to
BPCLK and asynchronous. The following signals are
required to complete a register access to the S5933.

BE[3:0]# Byte Enable Inputs. These S5933 inputs
identify valid byte lanes during Add-On transac-
tions. When MODE is set for 16-bit operation,
BEZ2# is not defined and BE3# becomes ADRL1.

ADRJ[6:2] Address Inputs. These address pins iden-
tify the specific Add-On Operation Register being
accessed. When configured for 16-bit operation
(MODE=1), an additional input, ADR1 is avail-
able to allow the 32-bit operation registers to be
accessed with two 16-bit cycles.

RD# Read Strobe Input.
WR# Write Strobe Input.

SELECT# Chip Select Input. This input identifies a
valid S5933 access.

DQ[31:0] Bidirectional Data Bus. These 1/O pins are
the S5933 data bus. When configured for 16-bit
operation, only DQ[15:0] are valid.

In addition, there are dedicated signals for FIFO ac-
cesses (RDFIFO# and WRFIFO#) and Pass-Thru ad-
dress accesses (PTADR#). These are discussed
separately in the FIFO and Pass-Thru sections of this
chapter.
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The internal interfaces of the S5933 allow Add-On
Operation Registers to be accessed asynchronous to
BPCLK (synchronous to the rising edge of the read
or write strobe). The exception to this is the Add-On
General Control/Status Register. This is due to the
async nature of FIFO status bits changing as the PCI
bus reads data. For Pass-Thru operations, the Pass-
Thru Data Register accesses are synchronous to
BPCLK to support burst transfers. The FIFO port may
also be accessed synchronous to BPCLK, if config-
ured to do so.

Asynchronous Register Accesses

For many Add-On applications, Add-On logic does not
operate at the PCI bus frequency. This is especially true
for Add-Ons implementing a microprocessor, which
may be operating at a lower (or higher) frequency. Fig-
ures 1 and 2 show asynchronous Add-On Operation
Register accesses. Exact AC timings are detailed in the
Electrical and AC Characteristics chapter (Chapter 13).

For asynchronous reads (Figure 1), data is driven on
the data bus when RD# is asserted. When RD# is not
asserted, the DQ[31:0] outputs float. A valid address
and valid byte enables must be presented before cor-
rect data is driven. RD# has both a minimum inactive
time and a minimum active time for asynchronous ac-
cesses.

For asynchronous writes (Figure 2), data is clocked
into the S5933 on the rising edge of the WR# input.
Address, byte enables, and data must all meet setup
and hold times relative to the rising edge or WR#.
WR# has both a minimum inactive time and a mini-
mum active time for asynchronous accesses

Synchronous FIFO and Pass-Thru
Data Register Accesses

To obtain the highest data transfer rates possible,
Add-On logic should operate synchronously with the
PCI clock. The buffered PCI clock (BPCLK) is pro-
vided for this purpose. A synchronous interface with
Pass-Thru mode or the FIFO allows data to be trans-
ferred at the maximum PCI bus bandwidth (132
MBytes/sec) by allowing burst accesses with the Add-
On interface. The RD# and WR# inputs become en-
ables, using BPCLK to clock data into and out of
registers. This section applies only to synchronous ac-
cesses to the FIFO (AFIFO) and Pass-Thru Data
(APTD) registers.

Figures 3 and 4 show single-cycle, synchronous
FIFO and Pass-Thru Operation Register accesses.
Exact AC timings are detailed in the Electrical and
AC Characteristics chapter.

For synchronous reads (Figure 3), data is driven onto
the data bus when RD# (or RDFIFO#) is asserted.
When RD# is not asserted, the DQ[31:0] outputs
float. The address, byte enable, and RD# inputs must
meet setup and hold times relative to the rising edge
of BPCLK. Burst reads may be performed by holding
RD# low.

For synchronous writes (Figure 4), data is clocked
into the register on the rising edge of BPCLK. Ad-
dress, byte enables, and data must all meet setup
and hold times relative to the rising edge or BPCLK.
Burst writes may be performed by holding WR# (or
WRFIFO#) low. When holding WR# low, data is
clocked in on each BPCLK rising edge.

nv Memory Accesses Through the Add-On
General Control/Status Register

To access nv memory contents through the Add-On
General Control/Status Register (AGCSTS), special
considerations must be made. Internally, all nv memory
accesses by the S5933 are synchronized to a divided-
down version of the PCI bus clock. Because of this, if
nv memory accesses are performed through the
AGCSTS register, the register access must be synchro-
nized to BPCLK. The rising edge RD# or WR# is still
used to clock data, but these inputs along with the ad-
dress and byte enables are synchronized to BPCLK.
Accesses to AGCSTS for monitoring FIFO or mailbox
status, etc., may be done asynchronous to BPCLK.

MAILBOX BUS INTERFACE

The mailbox register names may need some clarifi-
cation. For the Add-On interface, an outgoing mail-
box refers to a mailbox sending information to the
PCI bus. An incoming mailbox refers to a mailbox
receiving information from the PCI bus. An outgoing
mailbox on the Add-On interface is, internally, the
same as the corresponding incoming mailbox on the
PCI interface and vice-versa.
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Figure 1. Asynchronous Add-On Operation Register Read
BE[3:0]# >< Valid Byte Enables ><
ADR([6:2] >< Valid Address ><
DQ[3L0] ( Valid Data Out o
SELECT# \ / /
RD# ié &é
Figure 2. Asynchronous Add-On Operation Register Write
BE[3:0# :X Valid Byte Enables X:
aoris2) | X Valid Address X ]
DQ[31:0] X Valiid Data In ><:
SELECT# \ ; /
WR# \ /?{
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Figure 3. Synchronous FIFO or Pass-Thru Data Register Read

ADR[6:2] X Valid 1 X Valid 2

BE[3:0]# : :
DQI[31:.0] < Valid Data Out 1 X Valid Data Out 2 >—
RD# 1 3
RDFIFO# ! 1 /
SELECT# | \ | /

Figure 4. Synchronous FIFO or Pass-Thru Data Register Write

L
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Mailbox Interrupts

Mailboxes can be configured to generate Add-On in-
terrupts (IRQ#) and/or allow the Add-On to generate
PCl interrupts (INTA#). Mailbox empty/full status con-
ditions be can used to interrupt the Add-On or PCI
host to indicate some action is required. An individual
mailbox byte is selected to generate an interrupt
when accessed. An outgoing mailbox becoming
empty or an incoming mailbox becoming full asserts
the interrupt output (if enabled).

When used with a serial nv memory boot device, the
mailboxes also provide a way to generate PCI inter-
rupts (INTA#) through hardware. When a serial nv
memory boot device is used, the device pin functions
EAO - EA8 are redefined. These pins then provide
direct, external access to the Add-On outgoing mail-
box 4, byte 3 (which is also PCI incoming mailbox 4,
byte 3).

FIFO BUS INTERFACE

The FIFO register on the Add-On interface may be
accessed synchronously or asynchronously.Location
45h, bits 6 and 5 in the nv memory boot device deter-
mine the interface method. If no boot device is used,
the default condition is an asynchronous FIFO inter-
face.

FIFO Direct Access Inputs

RDFIFO# and WRFIFO# are referred to as FIFO ‘di-
rect access’ inputs. Asserting RDFIFO# is function-
ally identical to accessing the FIFO with RD#,
SELECT#, BE[3:0]#, and ADR[6:2]. Asserting
WRFIFO# is functionally identical to accessing the
FIFO with WR#, SELECT#, BE[3:0]#, and ADR[6:2].
RD# and WR# must be deasserted when RDFIFO#
or WRFIFO# is asserted, but SELECT# may be as-
serted. These inputs automatically drive the address
(internally) to 20h and assert all byte enables. The
ADRJ[6:2] and BE[3:0J# inputs are ignored when us-
ing the FIFO direct access inputs. RDFIFO# and
WRFIFO# are useful for Add-On designs which cas-
cade an external FIFO into the S5933 FIFO or use
dedicated external logic to access the FIFO.

Direct access signals always access the FIFO as 16-
bits or 32-bits, whatever the MODE pin is configured
for. For 16-bit mode, two consecutive accesses fill or
empty the 32-bit FIFO register.

FIFO Status Signals

The FIFO Status signals indicate to the Add-On logic
the current state of the S5933 FIFO. A FIFO status
change caused by a PCl FIFO access is reflected
one PCI clock period after the PCI access is com-
pleted (TRDY# asserted). A FIFO status change
caused by an Add-On FIFO access is reflected im-
mediately (after a short propagation delay) after the
access occurs. For Add-On accesses, FIFO status is
updated after the rising edge of BPCLK for synchro-
nous interfaces or after the rising edge of the read or
write strobe for asynchronous interfaces.

FIFO Control Signals

For Add-On initiated PCI bus mastering, the FIFO
status reset controls FWC# (Add-On to PCI FIFO
clear) and FRC# (PCIl to Add-On FIFO clear) are
available. FWC# and FRC# must be asserted for a
minimum of one BPCLK period to be recognized.
These inputs are sampled at the rising edge of BPCLK.
These inputs should not be asserted unless the FIFO is
idle. Asserting a FIFO status reset input during a PCI or
Add-On FIFO access results in indeterminate operation.

For Add-On initiated bus master transfers, AMREN
(Add-On bus master read enable) and AMWEN (Add-
On bus master write enable) are used, in conjunction
with the appropriate FIFO status signals, to enable
the S5933 to assert its PCI bus request (REQ#).

PASS-THRU BUS INTERFACE

The S5933 Pass-Thru interface is synchronous. The
Add-On Pass-Thru Address (APTA) and Add-On
Pass-Thru Data (APTD) registers may be accessed
pseudo-synchronously.

Although BPCLK is used to clock data into and out of
the Pass-Thru registers, accesses may be performed
asynchronously. For reads, APTA or APTD data re-
mains valid as long as RD# (or PTADR#) is asserted.
A new value is not driven until PTRDY# is asserted
by Add-On logic. For writes to APTD, data is clocked
into the S5933 on every BPCLK rising edge, but is
not passed to the PCI bus until PTRDY# is asserted.
PTRDY# must by synchronized to BPCLK.
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Pass-Thru Status Indicators

The Pass-Thru status indicators indicate that a Pass-
Thru access is in process and what action is required
by the Add-On logic to complete the access. All Pass-
Thru status indicators are synchronous with the PCI
clock.

Pass-Thru Control Inputs

Some Pass-Thru implementations may require an ad-
dress corresponding to the Pass-Thru data. The Add-
On Pass-Thru Address Register (APTA) contains the
PCI address for the Pass-Thru cycle. To allow access
to the Pass-Thru address without generating an Add-
On read cycle, PTADR# is provided. PTADR# is a
direct access input for the Pass-Thru address. Assert-
ing PTADR# is functionally identical to accessing the
Pass-Thru address register with RD#, SELECT#,
BE[3:0]#, and ADR[6:2]. RD# and WR# must be
deasserted when PTADR# is asserted, but SELECT#
may be asserted. These inputs automatically drive the
address (internally) to 28h and assert all byte enables.
The ADR[6:2] and BE[3:0J# are ignored when using
the PTADR# direct access input. When PTADR# is
asserted, the contents of the APTA register are imme-
diately driven onto the Add-On data bus.

The PTADR# direct access signal accesses the
Pass-Thru address register as 16-bits or 32-bits,
whatever the MODE pin is configured for. For 16-bit
mode, PTADR# only presents the lower 16-bits of the
APTA register.

PTRDY# indicates that the Add-On has completed
the current Pass-Thru access. Multiple Add-On reads
or writes may occur to the Pass-Thru data (APTD)
register before asserting PTRDY#. This may be re-
quired for 8-bit or 16-bit Add-On interfaces using mul-
tiple accesses to the 32-bit Pass-Thru data register.
In some cases, the Add-On bus may be 32-bits, but
logic may require multiple BPCLK periods to read or
write data. In this situation, accesses may be ex-
tended by holding off PTRDY#. PTRDY# must be
synchronized to BPCLK.

NON-VOLATILE MEMORY INTERFACE

The S5933 allows read and write access to the nv
memory device used for configuration. Reads are
necessary during device initialization as configuration
information is downloaded into the S5933. If an ex-
pansion BIOS is implemented in the nv memory, the
host transfers (shadows) the code into system
DRAM. Writes are useful for in-field updates to ex-
pansion BIOS code. This allows software to update
the nv memory contents without altering hardware.

Non-Volatile Memory Interface Signals

For serial nv memory devices, there are only two
signals used to interface with nv memory. SCL is the
serial clock, and SDA is the serial data line. The func-
tionality of these signals is described in-detail in the
PIN description Section of this book. The designer
does not need to generate the timings for SCL and
SDA. The S5933 automatically performs the correct
serial access when programmed for for serial de-
vices.

For byte-wide nv memory devices, there is an 8-bit
data bus (EQ7:0), and a 16-bit address bus (EA15:0)
dedicated for the nv memory interface. When a serial
nv memory is implemented, many of these pins have
alternate functions. The S5933 also has read (ERD#)
and write (EWR#) outputs to drive the OE# and WR#
inputs on a byte-wide nv memory. The designer does
not need to generate the timings for these outputs.
The S5933 automatically performs the read and
write accesses when programmed for byte wide de-
vices.
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Accessing Non-Volatile Memory

The nv memory, if implemented, can be accessed
through the PCI interface or the Add-On interface.
Accesses from both the PCI side and the Add-On
side must be synchronous with the PCI clock
(BPCLK for the Add-On). Accesses to the nv memory
from the PCI interface are through the Bus Master
Control/Status Register (MCSR) PCI Operation Reg-
ister. Accesses to the nv memory from the Add-On
interface are through the Add-On General Control/Sta-
tus Register (AGCSTS) Add-On Operation Register.

Accesses to the MCSR register are from the PCI bus
and are, therefore, automatically synchronous to the
PCI clock. Accesses to the AGCSTS register from
the Add-On side must be synchronous with respect
to BPCLK.

Some nv memories may contain Expansion ROM
BIOS code for use by the host software. During ini-
tialization, the Expansion BIOS is located within sys-
tem memory. The starting location of the nv memory
is stored in the Expansion ROM Base Address Reg-
ister in the S5933 PCI Configuration Registers. A PCI
read from this region results in the S5933 performing
four consecutive byte access to the nv memory de-
vice. Writes to the nv memory are not allowed by
writing to this region. Writes to the nv memory must
be performed as described below.

The S5933 contains two latches within the MCSR
register to control and access the NVRAM. One is an
8 bit latch called the NVRAM Address/Data Register
which is used to hold NVRAM address and data in-
formation. The other is a 3 bit latch called the
NVRAM Access Control Register which is used to
direct the address and data information and to control
the NVRAM itself. Reading or writing to the NVRAM
is performed through bits D31:29 of this register.
These bits are enable and decode controls rather
than a command or instruction to be executed. D31
of this register is the primary enable bit which allows
all accesses to occur. When written to a ‘1", D31
enables the decode bits D30 and D29 to direct the
data contained in the address/data latch, D23:16, to
the low address, high address or data latches. D31
should be thought of as “opening a door” where as
long as D31 = 1, then the door is open for address
or data information to be altered. The table on page
5-16 of the S5933 data book shows the D31:29 bit
combinations for reading, writing, and loading ad-
dress/data information. Additionally, D31 doubles as
an S5933 status bit. A ‘1’ indicates that the S5933 is
currently busy reading or writing to the NVRAM. A
‘0’ indicates a complete or inactive state.

For the examples below, we will assume the S5933
is 1/0 mapped with a base address of FCOOh. These
examples will read one byte of the Vendor ID and
write one byte to the Vendor ID.

low address latch.

into latch but is not latched yet.

yet.
‘closes the door’.

yet.

This example will write 1 byte from NVRAM location 0040h and read it back:

In FCO0Oh + 3Fh (offset of NVRAM Access Control Register) until D31 = 0 (not busy).
Out FCO0Oh + 3FH an 80h (CMD to load the low address byte). This sets decode bits and opens door for

Out FCOOh + 3Eh (offset of Address/Data Register) 40h (the low byte of the address desired) 40h goes

Out FCO0Oh + 3Fh an AOh (CMD to load the high address byte). This latches the low address through
changing the decode bits and opens the door for the high address latch.

Out FCO0Oh + 3Eh a 00h (the high byte of the address desired). 00h goes into the latch but is not latched

Out FCOOh + 3Fh an 00h (inactive CMD). This latches the high address through the disabling D31,

Out FCOOh + 3Eh DATA (the data byte to be written). DATA byte goes into the latch but is not latched

Out FCO0Oh + 3Fh a COh (CMD to write the data byte). This latches the data byte through changing the
decode bits and begins to write NVRAM data operation.

In FCOOh + 3Fh until D31 = 0 (not busy).

Out FCOOh + 3Fh an EOh (CMD to read the address latched).
In FCOOh + 3Fh until D31 = 0 (not busy).

In FCOOh + 3Eh the data.
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This example will read 1 byte from NVRAM location 0040h:

In FCO0Oh + 3Fh (offset of NVRAM Access Control Register) until D31 = 0 (not busy).

Out FCO0Oh + 3Fh an 80h (CMD to load the low address byte). This sets decode bits and opens door
for low address latch.

Out FCOOh + 3Eh (offset of Address/Data Register) 40h (the low byte of the address desired) 40h
goes into latch but is not latched yet.

Out FCOOh + 3Fh an AOh (CMD to load the high address byte). This latches the low address through
changing the decode bits and opens the door for the high address latch.

Out FCO0Oh + 3Eh a 00h (the high byte of the address desired) 00h goes into latch but is not latched
yet.

Out FCOOh + 3Fh an EOh (CMD to read NVRAM data). This latches the high address through
changing the decode bits and begins to read the NVRAM data operation.

In FCOOh + 3Fh until D31 = 0 (not busy).
In FCOOh + 3Eh the data.

This example will read 1 byte from NVRAM location 0041h and contains an extra step to
demonstrate D31 operation:

In FCOOh + 3Fh (offset of NVRAM Access Control Register) until D31 = 0 (not busy).

Out FCO0Oh + 3Fh an 80h (CMD to load the low address byte). This sets decode bits and opens the
door for low address latch.

Out FCOOh + 3Eh (offset of Address/Data Register) 40h (the low byte of the address desired) 40h
goes into latch but is not latched yet.

Out FCOOh + 3Eh (offset of Address/Data Register) 41h (the low byte of the address desired) 41h
goes into latch but is not latched yet.

Out FCOOh + 3Fh an AOh (CMD to load the high address byte). This latches the low address through
changing the decode bits and opens the door for the high address latch.

Out FCO0Oh + 3Eh 00h (the high byte of the address desired) 00h goes into latch but is not latched
yet.

Out FCO0Oh + 3Fh an EOh (CMD to read the address latched). This latches the high address through
changing the decode bits and begins the read NVRAM data operation.

In FCOOh + 3Fh until D31 = 0 (not busy).
In FCOO0h + 3Eh the data.
Notes:

1. Latched addresses do not automatically increment after a read or write. They must be loaded with new values.
2. Latched addresses remain after reads and writes. It is allowable to only update one address byte for the next access.
3. A processor may perform a one word write to load an address byte and control command simultaneously.
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nv Memory Device Timing Requirements For byte-wide accesses, the S5933 generates the
waveforms shown in Figures 5 and 6. Figure 5 shows
an nv memory read operation. Figure 6 shows an nv
memory write operation. Read operations are always
the same length. Write operations, due to the charac-
teristics of reprogrammable nv memory devices, may
be controlled through a programming sequence.

For serial nv memory devices, the serial clock output
frequency is the PCI clock frequency divided by 512.
This is approximately 65 KHz (with a 33 MHz PCI
clock). Any serial memory device that operates at this
frequency is compatible with the S5933.

Memory Device Requirements for Read Accesses

Timing Spec. T=30ns
Read cycle time 8T(max) 240 ns
Address valid to data valid 7T-10(max) 200 ns
Address valid to read active T(max) 30 ns
Read active to data valid 6T—10(max) 170 ns
Read pulse width 6T(max) 180 ns
Data hold from read inactive — 2ns

Figure 5. nv Memory Read Operation
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Memory Device Requirements for Write Accesses

Timing Spec. T=30ns
Write cycle time 8T Note 1
Address valid to write active T(max) 30 ns
Data valid to write inactive 6T+10(max) 190 ns
Data hold from write inactive T(max) 30 ns
Write pulse width 6T(max) 180 ns
Write inactive Note 2 2ns

Figure 6. nv Memory Write Operation

. t43 .
EWR# \ / \
(OUTPUT) R 7 < t44 > R
t
—> «— 33 <2,
EQLITEUQ]) ) Address Valid
45 s
B0l —— Data Valid —

3-114
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



AVCC

MAILBOX OVERVIEW

S5933

MAILBOX OVERVIEW

The S5933 has eight 32-bit mailbox registers. The mail-
boxes are useful for passing command and status infor-
mation between the Add-On and the PCI bus. The PCI
interface has four incoming mailboxes (Add-On to PCI)
and four outgoing mailboxes (PCI to Add-On). The Add-
On interface has four incoming mailboxes (PClI to Add-
On) and four outgoing mailboxes (Add-On to PCI). The
PCI incoming and Add-On outgoing mailboxes are the
same, internally. The Add-On incoming and PCI outgo-
ing mailboxes are also the same, internally.

The mailbox status may be monitored in two ways.
The PCI and Add-On interfaces each have a mailbox
status register to indicate the empty/full status of
bytes within the mailboxes. The mailboxes may also
be configured to generate interrupts to the PCI and/or
Add-On interface. One outgoing and one incoming
mailbox on each interface can be configured to gen-
erate interrupts.

FUNCTIONAL DESCRIPTION

Figure 1 shows a block diagram of the PCI to Add-On
mailbox registers. Add-On incoming mailbox read ac-
cesses pass through an output interlock latch. This
prevents a PCI bus write to a PCI outgoing mailbox
from corrupting data being read by the Add-On. Fig-
ure 2 shows a block diagram of the Add-On to PCI
mailbox registers. PCI incoming mailbox reads also
pass through an interlocking mechanism. This pre-
vents an Add-On write to an outgoing mailbox from
corrupting data being read by the PCI bus. The fol-
lowing sections describe the mailbox flag functionality
and the mailbox interrupt capabilities.

Figure 1. Block Diagram - PCI to Add-On Mailbox Register
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Figure 2. Block Diagram - Add-On to PCI Mailbox Register
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Mailbox Empty/Full Conditions

The PCI and Add-On interfaces each have a mailbox
status register. The PCI Mailbox Empty/Full Status
(MBEF) and Add-On Mailbox Empty/Full Status
(AMBEF) Registers indicate the status of all bytes
within the mailbox registers. A write to an outgoing
mailbox sets the status bits for that mailbox. The byte
enables determine which bytes within the mailbox be-
come full (and which status bits are set).

An outgoing mailbox for one interface is an incoming
mailbox for the other. Therefore, incoming mailbox
status bits on one interface are identical to the corre-
sponding outgoing mailbox status bits on the other
interface. The following list shows the relationship be-
tween the mailbox registers on the PCl and Add-On
interfaces.

PCI Interface Add-On Interface

Outgoing Mailbox 1 = Incoming Mailbox 1
Outgoing Mailbox 2 = Incoming Mailbox 2
Outgoing Mailbox 3 = Incoming Mailbox 3
Outgoing Mailbox 4 = Incoming Mailbox 4
Incoming Mailbox 1 = Outgoing Mailbox 1
Incoming Mailbox 2 = Outgoing Mailbox 2
Incoming Mailbox 3 = Outgoing Mailbox 3
Incoming Mailbox 4 = Outgoing Mailbox 4

PCI Mailbox Empty/Full = Add-On Mailbox Empty/
Full

A write to an outgoing mailbox also writes data into
the incoming mailbox on the other interface. It also
sets the status bits for the outgoing mailbox and the
status bits for the incoming mailbox on the other in-
terface. Reading the incoming mailbox clears all cor-
responding status bits in the Add-On and PCI
mailbox status registers (AMBEF and MBEF).

For example, a PCI write is performed to the PCI out-
going mailbox 2, writing bytes 0 and 1 (BEO# and
BE1# asserted). Reading the PCI Mailbox Empty/Full
Status Register (MBEF) indicates that bits 4 and 5 are
set. These bits indicate that outgoing mailbox 2, bytes
0 and 1 are full. Reading the Add-On Mailbox Empty/
Full Status Register (AMBEF) shows that bits 4 and 5
in this register are also set, indicating Add-On incom-
ing mailbox 2, bytes 0 and 1 are full. An Add-On read
of incoming mailbox 2, bytes 0 and 1 clears the status
bits in both the MBEF and AMBEF status registers.

To reset individual flags in the MBEF and AMBEF
registers, the corresponding byte must be read from
the incoming mailbox. The PCI and Add-On mailbox
status registers, MBEF and AMBEF, are read-only.
Mailbox flags may be globally reset from either the
PCI interface or the Add-On interface. The PCI Bus
Master Control/Status Register (MCSR) and the Add-
On General Control/Status Register (AGCSTS) each
have a bit to reset all of the mailbox status flags.

Mailbox Interrupts

The designer has the option to generate interrupts to
the PCl and Add-On interfaces when specific mailbox
events occur. The PCI and Add-On interfaces can
each define two conditions where interrupts may be
generated. An interrupt can be generated when an
incoming mailbox becomes full and/or when an outgo-
ing mailbox becomes empty. A specific byte within a
specific mailbox is selected to generate the interrupt.
The conditions defined to generate interrupts to the
PCl interface do not have to be the same as the condi-
tions defined for the Add-On interface. Interrupts are
cleared through software.

For incoming mailbox interrupts, when the specified
byte becomes full, an interrupt is generated. The in-
terrupt might be used to indicate command or status
information has been provided, and must be read.
For PCI incoming mailbox interrupts, the S5933 as-
serts the PCI interrupt, INTA#. For Add-On incoming
mailbox interrupts, the S5933 asserts the Add-On in-
terrupt, IRQ#.

For outgoing mailbox interrupts, when the specified
byte becomes empty, an interrupt is generated. The
interrupt might be used to indicate that the other in-
terface has received the last information sent and
more may be written. For PCI outgoing mailbox inter-
rupts, the S5933 asserts the PCI interrupt, INTA#.
For Add-On outgoing mailbox interrupts, the S5933
asserts the Add-On interrupt, IRQ#.

Add-On Outgoing Mailbox 4, Byte 3 Access

PCI incoming mailbox 4, byte 3 (Add-On outgoing
mailbox 4, byte 3) does not function exactly like the
other mailbox bytes. When an a serial nv memory
boot device or no external boot device is used, the
S5933 pins EA7:0 are redefined to provide direct ex-
ternal access to Add-On outgoing mailbox 4, byte 3.
EAS8 is redefined to provide a load clock which may
be used to generate a PCI interrupt. The pins are
redefined as follows:

Signal Pin Add-On Outgoing Mailbox
EAO0/EMBO Mailbox 4, bit 24
EA1/EMB1 Mailbox 4, bit 25
EA2/EMB2 Mailbox 4, bit 26
EA3/EMB3 Mailbox 4, bit 27
EA4/EMB4 Mailbox 4, bit 28
EA5/EMB5 Mailbox 4, bit 29
EAG6/EMB6 Mailbox 4, bit 30
EA7/EMB7 Mailbox 4, bit 31

EA8/EMBCLK Mailbox 4, byte 3 load clock
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If the S5933 is programmed to generate a PCI inter-
rupt (INTA#), on an Add-On write to outgoing mailbox
4, byte 3, a rising edge on EMBCLK generates a PCI
interrupt. The bits EMB7:0 can be read by the PCI
bus interface by reading the PCI incoming mailbox 4,
byte 3. These bits are useful to indicate various con-
ditions which may have caused the interrupt.

When using the S5933 with a byte-wide boot device,
the capability to generate PCI interrupts with Add-On
hardware does not exist. In this configuration, PCI
incoming mailbox 4, byte 3 (Add-On incoming mail-
box 4, byte 3) cannot be used to transfer data from
the Add-On - it always returns zeros when read from
the PCI bus. This mailbox byte is sacrificed to allow
the added functionality provided when a byte-wide
boot device is not used.

BUS INTERFACE

The mailboxes appear on the Add-On and PCI bus
interfaces as eight operation registers. Four are out-
going mailboxes, four are incoming mailboxes. The
mailboxes may be used to generate interrupts to
each of the interfaces. The following sections de-
scribe the Add-On and PCI bus interfaces for the
mailbox registers.

PCI Bus Interface

The mailboxes are only accessible with the S5933 as
a PCI target. The mailbox operation registers do not
support burst accesses by an initiator. A PCI initiator
attempting to burst to the mailbox registers causes the
S5933 to respond with a target disconnect with data.
PCI writes to full outgoing mailboxes overwrite data
currently in that the mailbox. PCI reads from empty
incoming mailboxes return the data that was previ-
ously contained in the mailbox. Neither of these situa-
tions cause a target retry or abort.

PCI incoming and outgoing mailbox interrupts are en-
abled in the Interrupt Control/Status Register
(INTCSR). The mailboxes can generate a PCI inter-
rupt (INTA#) under two conditions (individually en-
abled). For an incoming mailbox full interrupt, INTA#
is asserted on the PCI clock rising edge after the
Add-On mailbox write completes. For an outgoing
mailbox empty interrupt, INTA# is asserted on the
PCI clock rising edge after the Add-On mailbox read
completes (the rising edge of RD#). INTA# is
deasserted on the next PCI clock rising edge after
the PCI access to clear the mailbox interrupt com-
pletes (TRDY# deasserted).

Add-On Bus Interface

The Add-On mailbox interface behaves similar to the
PCI bus interface. Add-On writes to full outgoing
mailboxes overwrite data currently in that mailbox.
PCI reads from empty incoming mailboxes return the
data that was previously contained in the mailbox.

Add-On incoming and outgoing mailbox interrupts are
enabled in the Add-On Interrupt Control/Status Reg-
ister (AINT). The mailboxes can generate the Add-On
IRQ# interrupt under two conditions (individually en-
abled). For an incoming mailbox full interrupt, IRQ# is
asserted one PCI clock period after the PCI mailbox
write completes (TRDY# deasserted). For an outgo-
ing mailbox empty interrupt, IRQ# is asserted one
PCI clock period after the PCI mailbox read com-
pletes (TRDY# deasserted). IRQ# is deasserted im-
mediately when the Add-On clears the mailbox
interrupt.

When the S5933 is used with a serial nv memory boot
device or no external boot device, the device pins
EA8:0 are redefined. EA7:0 become EMB7:0 data in-
puts and EA8 becomes EMBCLK, a load clock. This
configuration allows the Add-On to generate PCI inter-
rupts with a low-to-high transition on EMBCLK. The
PCI incoming mailbox interrupt must be enabled and
set for mailbox 4, byte3 in the PCI Interrupt Control/
Status Register (INTCSR). EMBCLK should begin
high and be pulsed low, then high to be recognized.
The rising edge of EMBCLK generates the interrupt.
The rising edge of EMBCLK also latches in the values
on EMB7:0. The S5933 interrupt logic must be cleared
(INTA# deasserted) through INTCSR before further
EMBCLK interrupts are recognized.

8-Bit and 16-Bit Add-On Interfaces

Some Add-On designs may implement an 8-bit or 16-
bit bus interface. The mailboxes do not require a 32-
bit Add-On interface. For 8-bit interfaces, the 8-bit
data bus may be externally connected to all four
bytes of the 32-bit Add-On interface (DQ 31:24,
23:16, 15:8, 7:0 are all connected). The Add-On de-
vice reading or writing the mailbox registers may ac-
cess all mailbox bytes by cycling through the Add-On
byte enable inputs. A similar solution applies to 16-bit
Add-On buses. This solution works for Add-Ons
which always use just 8-bit or just 16-bit accesses.

If the MODE pin is high, indicating a 16-bit Add-On
interface, the previous solution may be modified for an
8-bit interface. The difference is that ADR1 must be
toggled after the first two accesses to steer the S5933
internal data bus to the upper 16-bits of the mailboxes.
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The PCl interface and the Add-On interface each have
four incoming mailboxes (IMBx or AIBMx) and four
outgoing mailboxes (OMBx or AOMBXx) along with a
single mailbox status register (MBEF or AMBEF). Out-
going mailboxes are read/write, incoming mailboxes
and the mailbox status registers are read-only.

The following sections discuss the registers associ-
ated with the mailboxes and accesses required for
different modes of mailbox operation.

Mailbox Status

Every byte in each mailbox has a status bit in the
Mailbox Empty/Full Status Registers (MBEF and
AMBEF). Writing a particular byte into an outgoing
mailbox sets the corresponding status bit in both the
MBEF and AMBEF registers. A read of a ‘full’ byte in
a mailbox clears the status bit. The MBEF and
AMBEF are read-only. Status bits cannot cleared by
writes to the status registers.

The S5933 allows the mailbox status bits to be reset
through software. The Bus Master Control/Status
(MCSR) PCI Operation Register and the Add-On Gen-
eral Control/Status (AGCSTS) Add-On Operation Reg-
ister each have a bit to reset mailbox status. Writing a
‘1’ to Mailbox Flag Reset bit in the MCSR or the
AGCSTS register immediately clears all bits in the
both the MBEF and AMBEF registers. Writing a ‘0’ has
no effect. The Mailbox Flag Reset bit is write-only.

The flag bits should be monitored when transferring
data through the mailboxes. Checking the mailbox
status before performing an operation prevents data
from being lost or corrupted. The following se-
guences are suggested for PCI mailbox operations
using status polling (interrupts disabled):

Reading a PCI Incoming Mailbox:

passed from the Add-On interface.
MBEF Bits 31:16

IMBXx Bits 31:0

1) Check Mailbox Status. Read the mailbox status register to determine if any information has been

If a bit is set, valid data is contained in the
corresponding mailbox byte.

2) Read Mailbox(es). Read the mailbox bytes which MBEF indicates are full. This automatically resets
the status bits in the MBEF and AMBEF registers.

Mailbox data.

Writing a PCI Outgoing Mailbox:

written are empty.
MBEF Bits 15:0

OMBXx Bits 31:0

1) Check Mailbox Status. Read the mailbox status register to determine if information previously written
to the mailbox has been read by the Add-On interface. Writes to full mailbox bytes overwrite data
currently in the mailbox (if not already read by the Add-On interface). Repeat until the byte(s) to be

If a bit is set, valid data is contained in the
corresponding mailbox byte and has not been
read by the Add-On.

2) Write Mailbox(es). Write to the outgoing mailbox byte(s).

Mailbox data.
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Mailbox operations for the Add-On interface are functionally identical. The following sequences are suggested for
Add-On mailbox operations using status polling (interrupts disabled):

Reading an Add-On Incoming Mailbox:

1) Check Mailbox Status. Read the mailbox status register to determine if any information has been
passed from the PCl interface.

AMBEF Bits 15:0 If a bit is set, valid data is contained in the
corresponding mailbox byte.

2) Read Mailbox(es). Read the mailbox bytes which AMBEF indicates are full. This automatically resets
the status bits in the AMBEF and MBEF registers.

AIMBXx Bits 31:0 Mailbox data.

Writing an Add-On Outgoing Mailbox:

1) Check Mailbox Status. Read the mailbox status register to determine if information previously written
to the mailbox has been read by the PCI interface. Writes to full mailbox bytes overwrite data
currently in the mailbox (if not already read by the PCI interface). Repeat until the byte(s) to be written
are empty.

AMBEF Bits 31:16 If a bit is set, valid data is contained in the
corresponding mailbox byte and has not
been read by the PCI bus.

2) Write Mailbox(es). Write to the outgoing mailbox byte(s).
AOMBX Bits 31:0 Mailbox data.

Mailbox Interrupts

Although polling status is useful, in some cases, polling requires continuous actions by the processor reading or
writing the mailbox. Mailbox interrupt capabilities are provided to avoid much of the processor overhead required
by continuously polling status bits.

The Add-On and PCI interface can each generate interrupts on an incoming mailbox condition and/or an outgoing
mailbox condition. These can be individually enabled/disabled. A specific byte in one incoming mailbox and one
outgoing mailbox is identified to generate the interrupt(s). The tasks required to setup mailbox interrupts are
shown below:

Enabling PCI mailbox interrupts:

1) Enable PCI outgoing mailbox interrupts. A specific byte within one of the outgoing mailboxes is identi-
fied to assert INTA# when read by the Add-On interface.

INTCSR Bit 4 Enable outgoing mailbox interrupts
INTCSR Bits 3:2 Identify mailbox to generate interrupt
INTCSR Bits 1:0 Identify mailbox byte to generate interrupt

2) Enable PCI incoming mailbox interrupts. A specific byte within one of the incoming mailboxes is
identified to assert INTA# when written by the Add-On interface.

INTCSR Bit 12 Enable incoming mailbox interrupts
INTCSR Bits 11:10 Identify mailbox to generate interrupt
INTCSR Bits 9:8 Identify mailbox byte to generate interrupt
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Enabling Add-On mailbox interrupts:

1) Enable Add-On outgoing mailbox interrupts. A specific byte within one of the outgoing mailboxes is
identified to assert IRQ# when read by the PCI interface.

AINT Bit 12 Enable outgoing mailbox interrupts
AINT Bits 11:10 Identify mailbox to generate interrupt
AINT Bits 9:8 Identify mailbox byte to generate interrupt

2) Enable Add-On incoming mailbox interrupts. A specific byte within one of the incoming mailboxes is
identified to assert IRQ# when written by the PCI interface.

AINT Bit 4 Enable incoming mailbox interrupts
AINT Bits 3:2 Identify mailbox to generate interrupt
AINT Bits 1:0 Identify mailbox byte to generate interrupt

With either the Add-On or PCI interface, these two steps can be performed with a single access to the
appropriate register. They are shown separately here for clarity.

Once interrupts are enabled, the interrupt service routine must access the mailboxes and clear the interrupt
source. A particular application may not require all of the steps shown. For instance, a design may only use
incoming mailbox interrupts and not require support for outgoing mailbox interrupts. The interrupt service routine
tasks are shown below:

Servicing a PCI mailbox interrupt (INTA#):

1) Identify the interrupt source(s). Multiple interrupt sources are available on the S5933. The interrupt
service routine must verify that a mailbox generated the interrupt (and not some other interrupt

source).
INTCSR Bit 16 PCI outgoing mailbox interrupt indicator
INTCSR Bit 17 PCI incoming mailbox interrupt indicator
2) Check mailbox status. The mailbox status bits indicate which mailbox bytes must be read or written.
MBEF Bits 31:16 Full PCI incoming mailbox bytes
MBEF Bits 15:0 Empty PCI outgoing mailbox bytes

3) Access the mailbox. Based on the contents of MBEF, mailboxes are read or written. Reading an
incoming mailbox byte clears the corresponding status bit in MBEF.

OMBx Bits 31:0 PCI outgoing mailboxes
IMBXx Bits 31:0 PCI incoming mailboxes

4) Clear the interrupt source. The PCI INTA# signal is deasserted by clearing the interrupt request. The
request is cleared by writing a ‘1’ to the appropriate bit.

INTCSR Bit 16 Clear PCI outgoing mailbox interrupt
INTCSR Bit 17 Clear PCI incoming mailbox interrupt
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Servicing an Add-On mailbox interrupt (IRQ#):

1) Identify the interrupt source(s). Multiple interrupt sources are available on the S5933. The interrupt
service routine must verify that a mailbox generated the interrupt (and not some other interrupt

source).
AINT Bit 16 Add-On incoming mailbox interrupt indicator
AINT Bit 17 Add-On outgoing mailbox interrupt indicator
2) Check mailbox status. The mailbox status bits indicate which mailbox bytes must be read or written.
AMBEF Bits 31:16 Empty Add-On outgoing mailbox bytes
AMBEF Bits 15:0 Full Add-On incoming mailbox bytes

3) Access the mailbox. Based on the contents of AMBEF, mailboxes are read or written. Reading an
incoming mailbox byte clears the corresponding status bit in AMBEF.

AIMBXx Bits 31:0 Add-On incoming mailboxes
AOMBXx Bits 31:0 Add-On outgoing mailboxes

4) Clear the interrupt source. The Add-On IRQ# signal is deasserted by clearing the interrupt request.
The request is cleared by writing a ‘1’ to the appropriate bit.

AINT Bit 16 Clear Add-On incoming mailbox interrupt
AINT Bit 17 Clear Add-On outgoing mailbox interrupt

In both cases, step 3 involves accessing the mailbox. To allow the incoming mailbox interrupt logic to
be cleared, the mailbox status bit must also be cleared. Reading an incoming mailbox clears the
status bits. Another option for clearing the status bits is to use the Mailbox Flag Reset bit in the
MCSR and AGCSTS registers, but this clears all status bits, not just for a single mailbox or mailbox
byte. For outgoing mailbox interrupts, the read of a mailbox register is what generated the interrupt;
this ensures the status bits are already clear.
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FIFO OVERVIEW

The S5933 has two internal FIFOs. One FIFO is for
PCI bus to Add-On bus, the other FIFO is for Add-On
bus to PCI bus transfers. Each of these has eight 32-
bit registers. The FIFOs are both addressed through
a single PCI/Add-On Operation Register offset, but
which internal FIFO is accessed is determined by
whether the access is a read or write.

The FIFO may be either a PCI target or a PCI initia-
tor. As a target, the FIFO allows a PCI bus master to
access Add-On data. The FIFO also allows the
S5933 to become a PCI initiator. Read and write ad-
dress registers and transfer count registers allow the
S5933 to perform DMA transfers across the PCI bus.
The FIFO may act as initiator and a target at different
times in the same application.

The FIFO can be configured to support various Add-
On bus configurations. FIFO status and control signals
allow simple cascading into an external FIFO, the Add-
On bus can be 8-, 16-, or 32-bits wide, and data
endian conversion is optional to support any type of
Add-On CPU. PCI and Add-On interrupt capabilities
are available to support bus mastering through the
FIFO.

FUNCTIONAL DESCRIPTION

The S5933 FIFO interface allows a high degree of
functionality and flexibility. Different FIFO manage-
ment schemes, endian conversion schemes, and ad-
vance conditions allow for a wide variety of Add-On
interfaces. Applications may implement the FIFO as
either a PCI target or program it to enable the S5933
to be a PCl initiator (bus master). The following sec-
tions describe, on a functional level, the capabilities
of the S5933 FIFO interface.

Figure 1. INTCSR FIFO Advance and Endian Control Bits

FIFO Buffer Management and Endian
Conversion

The S5933 provides a high degree of flexibility for
controlling the data flow through the FIFO. Each
FIFO (PCI to Add-On and Add-On to PCI) has a spe-
cific FIFO advance condition. For FIFO writes, the
byte which signifies a location is full is configurable.
For FIFO reads, the byte which signifies a location is
empty is configurable. This ability is useful for trans-
ferring data through the FIFO with Add-Ons which
are not 32-bits wide. Endian conversion may also be
performed on data passing through the FIFO.

FIFO Advance Conditions

The specific byte lane used to advance the FIFO,
when accessed, is determined individually for each
FIFO interface (PCI and Add-On). The control bits to
set the advance condition are D29:26 of the Interrupt
Control/Status Register (INTCSR) in the PCI Opera-
tion Registers (Figure 1). The default FIFO advance
condition is set to byte 0. With the default setting, a
write to the FIFO with BEO# asserted indicates that
the FIFO location is now full, advancing the FIFO
pointer to the next location. BEO# does not have to be
the only byte enable asserted. Note, the FIFO advance
condition may be different for the PCI to Add-On FIFO
and the Add-On to PCI FIFO directions.

INTCSR

31 3029 2827 2625 24

PCI TO ADD-ON FIFO
PCI->ADD-ON DWORD
TOGGLE

0 = BYTES 0-3 (DEFAULT)
1= BYTE 4-7 (NOTE1)

ADD-ON TO PCI FIFO
ADD-ON—> PCI DWORD
TOGGLE

0= BYTES 0-3 (DEFAULT)
1=BYTE 4-7 (NOTE1)

0 NO CONVERSION (DEFAULT)
1 16 BIT ENDIAN CONV.

0 32 BIT ENDIAN CONV.

1

64 BIT ENDIAN CONV

PP OO

FIFO ADVANCE CONTROL
PCI INTERFACE
0 0 BYTEO (DEFAULT)
0 1 BYTE1
1 0 BYTE2
1 1 BYTE3
FIFO ADVANCE CONTROL

NOTE 1: D24 AND D25 MUST BE ALSO "1"

ADD-ON INTERFACE
0 0 BYTEO (DEFAULT)
0 1 BYTE1
1 0 BYTE2
1 1 BYTE3
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The configurable FIFO advance condition may be
used to transfer data to and from Add-On interfaces
which are not 32-bits wide. For a 16-bit Add-On bus,
the Add-On to PCI FIFO advance condition can be
set to byte 2. This allows a 16-bit write to the lower 16-
bits of the FIFO register (bytes 0 and 1) and a second
write to the upper 16-bits of the FIFO register (bytes
2 and 3). The FIFO does not advance until the
second access. This allows the Add-On to operate
with 16-bit data, while the PCI bus maintains a 32-bit
data path.

Notes:

1. During operation, the INTCSR FIFO advance condition bits
(D29:26) should only be changed when the FIFO is empty and
is idle on both the Add-On and PCl interfaces.

Figure 2a. 16-bit Endian Conversion

Endian Conversion

Bits D31:30 and D25:24 of the INTCSR PCI Opera-
tion Register control endian conversion operations for
the FIFO (Figure 1). When endian conversion is per-
formed, it affects data passing in either direction
through the FIFO interface. Figures 2a and 2b show
16-bit and 32-bit endian conversion. It is important to
note that endian conversion is performed on data BE-
FORE it enters the FIFO. This affects the FIFO ad-
vance condition. Example: the FIFO is configured to
perform 32-bit endian conversion on data, and the
FIFO advance condition is set to byte 0. Byte 3 is
written into the FIFO (BE3# asserted). After the
endian conversion, byte 3 becomes byte 0, and the
FIFO advances. This behavior must be considered
when not performing full 32-bit accesses to the FIFO.

Notes:

1. During operation, the INTCSR FIFO endian conversion bits
(D25:24) and 64-bit access bits (D31:30) should only be
changed when the FIFO is empty and is idle on both the Add-
On and PCl interfaces.

Figure 2b. 32-bit Endian Conversion

DESTINATION

D 31-24 D 23-16 D 15-8 D70

A A A
BYTE 3 BYTE 2 BYTE 1 BYTEO

A JA A\
BYTE 3 BYTE 2 BYTE 1 BYTEO

D31-24 D 23-16 D 15-8 D7-0

SOURCE

DESTINATION

D 31-24 D 23-16 D 15-8 D7-0

A A A
BYTE 3 BYTE 2 BYTE 1 BYTEO

A A A
BYTE 3 BYTE 2 BYTE 1 BYTEO

D 31-24 D 23-16 D 15-8 D7-0

SOURCE
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64-Bit Endian Conversion

Because the S5933 interfaces to a 32-bit PCI bus, special operation is required to handle 64-bit data endian
conversion. Figure 2c shows 64-bit endian conversion. The S5933 must know whether the lower 32-bits enter the
FIFO first or the upper 32-bits enter the FIFO first. INTCSR D31:30 identify which method is used by the
application. These bits toggle after each 32-bit operation to indicate if half or all of a 64-bit data operation has
been completed. The initial state of these bits establishes the loading and emptying order for 64-bit data during
operation.

Figure 2c. 64-bit Endian Conversion

DESTINATION
READ ORDER: D3124 D2316 D158 D70
BYTES 3-0 FIRST D
OR
BYTES 7-4 FIRST

SEE TEXT ?@ SLR DEED

| BYTE 7 | BYTE 6 | BYTE 5 | BYTE4| BYTE 3 | BYTE 2 | BYTE 1 |BYTEO |
A A A\ A A A A\ A

| BYTE 7 | BYTE 6 | BYTE 5 |BYTE4 | BYTE 3 | BYTE 2 | BYTE 1 |BYTEO |
A A T A A A A

LOAD ORDER:
BYTES 3-0 FIRST
OR,
BYTES 7-4 FIRST
SEE TEXT

D 31-24 D 23-16 D 15-8 D70

SOURCE
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Add-On FIFO Status Indicators

The Add-On interface implements FIFO status pins to
indicate the full and empty conditions of the PCI to
Add-On and Add-On to PCI FIFOs. These may be
used by the Add-On to allow data transfers between
the FIFO and memory, a peripheral, or even a cas-
caded external FIFO. The RDEMPTY and WRFULL
status outputs are always available to the Add-On.
Additional status signals are multiplexed with the
byte-wide, non-volatile memory interface pins. If the
S5933 is configured for Add-On initiated bus master-
ing, these status signals also become available to the
Add-On. FIFO status is also indicated by bits in the
Add-On General Control/Status and Bus Master Con-
trol/Status Registers. The table below lists all FIFO
status outputs and their functions.

Signal Function

RDEMPTY Indicates empty condition of the PCI to
Add-On FIFO

WRFULL Indicates full condition of the Add-On
to PCI FIFO

FRF Indicates full condition of the PCI to
Add-On FIFO !

FWE Indicates the empty condition of the

Add-On to PCI FIFO *

1. These signals are only available when a serial non-volatile
memory is used and the device is configured for Add-On
initiated bus mastering.

Add-On FIFO Control Signals

The Add-On interface implements FIFO control pins
to manipulate the S5933 FIFOs. These may be used
by Add-On to control data transfer between the FIFO
and memory, a peripheral, or even a cascaded exter-
nal FIFO. The RDFIFO# and WRFIFO# inputs are
always available. These pins allow direct access to
the FIFO without generating a standard Add-On reg-
ister access using RD#, WR#, SELECT#, address
pins and the byte enables.

Additional control signals are multiplexed with the
byte-wide, non-volatile memory interface pins. If a se-
rial non-volatile memory is used and the S5933 is
configured for Add-On initiated bus mastering, these
control signals also become available. For PCI initi-
ated bus mastering, AMREN, AMWEN, FRC#, and
FWC# functionality is always available through bits in
the Bus Master Control/Status and Add-On General
Control/Status Registers. The FIFO control inputs are
listed below.

Signal Function

RDFIFO# Reads data from the PCI to Add-On
FIFO

WRFIFO#  Writes data into the Add-On to PCI
FIFO

FRC# Reset PCI to Add-On FIFO pointers and
status indicators !

FWC# Reset Add-On to PCI FIFO pointers and
status indicators !

AMREN Enable bus mastering for Add-On
initiated PCl reads ?

AMWEN Enable bus mastering for Add-On

initiated PCI writes *

1. These signals are only available when a serial non-volatile
memory is used and the S5933 is configured for Add-On
initiated bus mastering.

PCI Bus Mastering with the FIFO

The S5933 may initiate PCI bus cycles through the
FIFO interface. The S5933 allows blocks of data to
be transferred to and from the Add-On by specifying
a source/destination address on the PCIl bus and a
transfer byte count. This DMA capability allows data
to be transferred across the PCIl bus without host
CPU intervention.

Initiating a bus master transfer requires programming
the appropriate address registers and transfer byte
counts. This can be done from either the PCI inter-
face or the Add-On interface. Initiating bus master
transfers from the add-on is advantageous because
the host CPU does not have to intervene for the
S5933 to become a PCI Initiator. At the end of a
transfer the S5933 may generate an interrupt to ei-
ther the PCI bus (for PCI initiated transfers) or Add-
On interface (for Add-On initiated transfers).

Add-On Initiated Bus Mastering

If bit 7 in location 45h of an external serial non-vola-
tile memory is zero, the Master Read Address Regis-
ter (MRAR), Master Write Address Register (MWAR),
Master Read Transfer Count (MRTC), and Master
Write Transfer Count (MWTC) are accessible only
from the Add-On interface. Add-On initiated bus mas-
tering is not possible when a byte-wide boot device is
used due to shared device pins. When configured for
Add-On initiated bus mastering, the S5933 transfers
data until the transfer count reaches zero, or it may
be configured to ignore the transfer count.
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For bus master transfers initiated by the Add-On in-
terface, some applications may not know the size of
the data block to be transferred. To avoid constantly
updating the transfer count register, the transfer
count may be disabled. Bit 28 in the Add-On General
Control/Status Register (AGCSTS) performs this
function. Disabling the transfer count also disables
the interrupt capabilities. Regardless of whether Add-
On transfer count is enabled or disabled, the Add-On
Master Read Enable (AMREN) and Add-On Master
Write Enable (AMWEN) inputs control when the
S5933 asserts or deasserts its request to the PCI
bus. When Add-On transfer count is enabled, the
S5933 will only request the bus when both the trans-
fer count (read or write) is not zero and the appropri-
ate enable line (AMREN or AMWEN) is active. For
Add-On initiated bus mastering, AMWEN and
AMREN override the read and write bus mastering
enable bits in the Bus Master Control/Status Register
(MCSR).

PCI Initiated Bus Mastering

If bit 7 in location 45h of the external non-volatile
memory is one, the Master Read Address Register
(MRAR), Master Write Address Register (MWAR), Mas-
ter Read Transfer Count (MRTC), and Master Write
Transfer Count (MWTC) are accessible only from the
PCI bus interface. In this configuration, the S5933
transfers data until the transfer count reaches zero. The
transfer count cannot be disabled for PCI initiated bus
mastering. If no external nv memory boot device is
used, the S5933 defaults to PCI initiated bus mastering.

Address and Transfer Count Registers

The S5933 has two sets of registers used for bus
master transfers. There are two operation registers
for bus master read operations and two operation
registers for bus master write operations. One opera-
tion register is for the transfer address (MWAR and
MRAR). The other operation register is for the trans-
fer byte count (MWTC and MRTC).

The address registers are written with the first ad-
dress of the transfer before bus mastering is enabled.
Once a transfer begins, this register is automatically
updated to reflect the address of the current transfer.
If a PCI target disconnects from an S5933 initiated
cycle, the transfer is retried starting from the current
address in the register. If bus grant (GNT#) is re-
moved or bus mastering is disabled (using AMREN
or AMWEN), the value in the address register reflects
the next address to be accessed. Transfers must be-
gin on DWORD boundaries.

The transfer count registers contain the number of
bytes to be transferred. The transfer count may be
written before or after bus mastering is enabled. If
bus mastering is enabled, no transfer occurs until the
transfer count is programmed with a non-zero value.
Once a transfer begins, this register is automatically
updated to reflect the number of bytes remaining to
be transferred. If the transfer count registers are dis-
abled (for Add-On initiated bus mastering), transfers
begin as soon as bus mastering is enabled.

Although transfers must begin on DWORD bound-
aries, transfer counts do not have to be multiples of
four bytes. For example, if the write transfer count
(MWTC) register is programmed with a value of 10
(decimal), the S5933 performs two DWORD writes
and a third write with only BEO# and BE1# asserted.

Bus Mastering FIFO Management Schemes

The S5933 provides flexibility in how the FIFO is man-
aged for bus mastering. The FIFO management
scheme determines when the S5933 requests the bus
to initiate PCI bus cycles. The management scheme is
configurable for the PCI to Add-On and Add-On to PCI
FIFO (and may be different for each). Bus mastering
must be enabled for the management scheme to apply
(via the enable bits or AMREN/AMWEN).

For the PCI to Add-On FIFO, there are two manage-
ment options. The PCI to Add-On FIFO management
option is programmed through the Bus Master Con-
trol/Status Register (MCSR). The FIFO can be pro-
grammed to request the bus when any DWORD
location is empty or only when four or more locations
are empty. After the S5933 is granted control of the
PCI bus, the management scheme does not apply.
The device continues to read as long as there is an
open FIFO location. When the PCI to Add-On FIFO is
full or bus mastering is disabled, the PCI bus request
is removed by the S5933.

For the Add-On to PCI FIFO, there are two manage-
ment options. The Add-On to PCI FIFO management
option is programmed through the Bus Master Con-
trol/Status Register (MCSR). The FIFO can be pro-
grammed to request the bus when any DWORD
location is full or only when four or more locations are
full. After the S5933 is granted control of the PCI bus,
the management scheme does not apply. The device
continues to write as long as there is data in the
FIFO. When the Add-On to PCI FIFO is empty or bus
mastering is disabled, the PCI bus request is re-
moved by the S5933.
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There are two special cases for the Add-On to PCI
FIFO management scheme. The first case is when
the FIFO is programmed to request the PCI bus only
when four or more locations are full, but the transfer
count is less than 16 bytes. In this situation, the FIFO
ignores the management scheme and finishes trans-
ferring the data. The second case is when the S5933
is configured for Add-On initiated bus mastering with
transfer counts disabled. In this situation, the FIFO
management scheme must be set to request the PCI
bus when one or more locations are full. AMREN and
AMWEN may be used to implement a specific FIFO
management scheme.

FIFO Bus Master Cycle Priority

In many applications, the FIFO is used as a PCI ini-
tiator performing both PCI reads and writes. This re-
quires a priority scheme be implemented. What
happens if the FIFO condition for initiating a PCI read
and a PCI write are both met?

Bits D12 and D8 in the Bus Master Control/Status
Register (MCSR) control the read and write cycle pri-
ority, respectively. If these bits are both set or both
clear, priority alternates, beginning with a read cycle. If
the read priority is set and the write priority is clear,
read cycles take priority. If the write priority is set and
the read priority is clear, write cycles take priority. Pri-
ority arbitration is only done when neither FIFO has
control of the PCI bus (the PCI to Add-On FIFO would
never interrupt an Add-On to PCI FIFO transfer).

FIFO Generated Bus Master Interrupts

Interrupts may be generated under certain conditions
from the FIFO. If PCI initiated bus mastering is used,
INTA# is generated to the PCI interface. If Add-On
initiated bus mastering is used, IRQ# is generated to
the Add-On interface. Interrupts may be disabled.

FIFO Interrupts may be generated from one or more of
the following during bus mastering: read transfer count
reaches zero, write transfer count reaches zero, or an
error occurs during bus mastering. Error conditions in-
clude a target or master abort on the PCI bus. Inter-
rupts on PCI error conditions are only enabled if one
or both of the transfer count interrupts are enabled.

The Add-On Interrupt Control/Status Register (AINT)
or the Interrupt Control Status Register (INTCSR) in-
dicates the interrupt source. The interrupt service
routine may read these registers to determine what
action is required. As mailboxes are also capable of
generating interrupts, this must also be considered in
the service routine. Interrupts are also cleared
through these registers.

BUS INTERFACE

The S5933 FIFO may be accessed from the Add-On
interface or the PCI interface. Add-On FIFO control
and status signals allow a simple interface to the
FIFO with either an Add-On CPU or programmable
logic. The following section describes the PCI and
Add-On interface behavior and hardware interface.

FIFO PCI Interface (Target Mode)

The S5933 FIFO may act as a standard PCI target.
FIFO empty/full status may be determined by the PCI
initiator by reading the status bits in the PCI Bus
Master Control/Status Register (MCSR).

The FIFO occupies a single 32-bit register location
within the PCI Operation Registers. A PCI initiator
may not perform burst accesses on the FIFO
Each data phase of a burst causes the PCI initiator to
increment its address counter (even though only the
first address is driven at the beginning of the burst).
The initiator keeps track of the current address in
case a disconnect occurs. This allows the initiator to
continue the burst from where the disconnect oc-
curred. If the S5933 FIFO initiated a disconnect dur-
ing a PCI burst to the FIFO register, the burst would
be resumed at an address other than the FIFO loca-
tion (because the initiator address counter has
incremented). The S5933 always signals a discon-
nect if a burst to any PCI Operation Register is at-
tempted.

Because the PCI to Add-On FIFO and the Add-On to
PCI FIFO occupy a single location within the PCI and
Add-On Operation Registers, which FIFO is ac-
cessed is determined by whether the access is a
read or write. This means that once data is written
into the FIFO, the value written cannot be read back.

For PCI reads from the Add-On to PCI FIFO, the
S5933 asserts TRDY# and completes the PCI cycle
(Figure 3). If the PCI bus attempts to read an empty
FIFO, the S5933 immediately issues a disconnect
with retry (Figure 4). The Add-On to PCI FIFO status
indicators change one PCI clock after a PCI read.

For PCI writes to the PCI to Add-On, the S5933 as-
serts TRDY# and completes the PCI cycle (Figure 5).
If the PCI bus attempts to write a full FIFO, the
S5933 immediately issues a disconnect with retry
(Figure 6). The PCI to Add-On FIFO status indicators
change one PCI clock after a PCI write.
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FIFO PCI Interface (Initiator Mode)

The S5933 can act as an initiator on the PCI bus.
This allows the device to gain control of the PCI bus
to transfer data to or from the FIFO. Internal address
and transfer count registers control the number of
PCI transfers and the locations of the transfers. The
following paragraphs assume the proper registers
and bits are programmed to enable bus mastering .

Figure 3. PCI Read from a Full S5933 FIFO

PCI read and write transfers from the S5933 are very
similar. The FIFO management scheme determines
when the S5933 asserts its PCI bus request (REQ#).
When bus grant (GNT#) is returned, the device be-
gins running PCI cycles. Once the S5933 controls the
bus, the FIFO management scheme is not important.
It only determines when PCI bus control is initially
requested. PCI bus reads and writes are always per-
formed as bursts by the S5933, if possible.

PCI Signals

PCI_CLK [ | ] !

FRAME# \ /

IRDY# \
TRDY#

DEVSEL# \
STOP#

Add-on Signals

WRFULL
FWE

l
AD[31) ?

Figure 4. PCI Read from an Empty S5933 FIFO (Target Disconnect)
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FWE |
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Figure 5. PCI Write to an Empty S5933 FIFO
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Figure 6. PCI Write to a Full S5933 FIFO (Target Disconnect)
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FIFO PCI Bus Master Reads

For PCI read transfers (filling the PCI to Add-On
FIFO), read cycles are performed until one of the
following occurs:

— Bus Master Read Transfer Count Register
(MRTC), if used, reaches zero

— The PCI to Add-On FIFO is full
— GNT# is removed by the PCI bus arbiter
— AMREN is deasserted

If the transfer count is not zero, GNT# remains as-
serted, and AMREN is asserted, the FIFO continues
to read data from the PCI bus until there are no
empty locations in the PCI to Add-On FIFO. If the
Add-On can empty the FIFO as quickly as it can be
filled from the PCI bus, very long bursts are possible.
The S5933 deasserts REQ# when it completes the
access to fill the last location in the FIFO. Once
REQ# is deasserted, it will not be reasserted until the
FIFO management condition is met.

FIFO PCI Bus Master Writes

For PCI write transfers (emptying the Add-On to PCI
FIFO), write cycles are performed until one of the
following occurs:

— Bus Master Write Transfer Count Register
(MWTCQC), if used, reaches zero

— The Add-On to PCI FIFO is empty
— GNT# is removed by the PCI bus arbiter
— AMWEN is deasserted

If the transfer count is not zero, GNT# remains as-
serted, and AMWEN is asserted, The FIFO continues
to write data to the PCI bus until there are is no data in
the Add-On to PCI FIFO. If the Add-On can fill the FIFO
as quickly as it can be emptied to the PCI bus, very
long bursts are possible. The S5933 deasserts REQ#
when it completes the access to transfer the last data in
the FIFO. Once REQ# is deasserted, it will not be reas-
serted until the FIFO management condition is met.

Add-On Bus Interface

The FIFO register may be accessed in two ways from
the Add-On interface. It can be accessed through
normal register accesses or directly with the
RDFIFO# and WRFIFO# inputs. In addition, the FIFO
register can be accessed with synchronous or asyn-
chronous to BPCLK, depending on the S5933 con-
figuration. The Add-On interface also supports
datapaths which are not 32-bits. The method used to
access the FIFO from the Add-On interface is inde-
pendent of whether the FIFO is a PCI PCI target or a
PCl initiator.

Add-On FIFO Register Accesses

The FIFO may be accessed from the Add-On interface
through the Add-On FIFO Port Register (AFIFO) read
or write. This is offset 20h in the Add-On Operation
Registers. Depending on the device configuration, this
register can be accessed either synchronous BPCLK
or asynchronous to BPCLK. To access the FIFO as a
normal Add-On Operation Register, ADR[6:2],
BE[3:0]#, SELECT#, and RD# or WR# are required.
The major differences between synchronous and
asynchronous modes are when the FIFO pointers ad-
vance and the ability to perform burst accesses. The
following examples are shown for Add-On FIFO reads.

Figure 7 shows an asynchronous FIFO register read.
SELECT# must meet setup and hold times relative to
the rising edge of RD#. RD# and SELECT# both as-
serted enables the DQ outputs, and the first data
location in the FIFO is driven onto the bus. The FIFO
address and the byte enables must be valid before
valid data is driven onto the DQ bus. Data remains
valid as long as the address, byte enables, SELECT#
and RD# are asserted. Deasserting RD# or SE-
LECT# causes the data bus to float. The rising edge
of RD# causes the FIFO pointer to advance. The
status outputs are updated to reflect the FIFO condi-
tion after it advances.

Figure 7. Asynchronous FIFO Register Read Access Example
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When the last location in the PCI to Add-On FIFO is
read by the Add-On, the FIFO pointer does not
change. If another read is performed before more
data enters the FIFO, the previous data is driven.
When a write to a full Add-On to PCI FIFO is at-
tempted, nothing happens. No FIFO data is overwrit-
ten and the FIFO pointers are not changed. This
behavior is the same whether the FIFO is accessed
using the direct access inputs or normal Operation
Register accesses.

Figure 8 shows a synchronous FIFO register burst
access. SELECT# must meet setup and hold times
relative to the rising edge of BPCLK. RD# and
SELECT# both asserted enables the DQ outputs, and
the first data location (data 0) in the FIFO is driven on
to the bus. The FIFO address and the byte enables
must be valid before valid data is driven onto the DQ
bus. Data 0 remains valid until the next rising edge of
BPCLK. The rising edge of BPCLK causes the FIFO
pointer to advance to the next location (data 1). The
next rising edge of BPCLK also advances the FIFO
pointer to the next location (data 2). The status outputs
reflect the FIFO condition after it advances, and are
updated off of the rising edge of BPCLK. When RD# or
SELECT# is deasserted, the DQ bus floats. The next
time a valid FIFO access occurs and RD# and SELECT#
are asserted, data 2 is presented on the DQ bus (as
there was no BPCLK edge to advance the FIFO).

Add-On FIFO Direct Access Mode

Instead of generating an address, byte enables, SELECT#
and a RD# or WR# strobe for every FIFO access, the
S5933 allows a simple, direct access mode. Using
RDFIFO# and WRFIFO# is functionally identical to per-
forming a standard AFIFO Port Register access, but re-
quires less logic to implement. Accesses to the FIFO
register using the direct access signals are always 32-
bits wide. The only exception to this is when the
MODE pin is configured for 16-bit operation. In this
situation, all accesses are 16-bits wide. The RD# and

WR# inputs must be inactive when RDFIFO# or
WRFIFO# is active. The ADR[6:2] and BE[3:0]# inputs
are ignored.

Depending on the device configuration, RDFIFO#
and WRFIFO# can act as clocks for data or enables
with BPCLK acting as the clock. A Synchronous in-
terface allows higher data rates, and an asynchro-
nous interface is better for slow Add-On logic which
may require wait states. The major difference be-
tween the synchronous and asynchronous modes is
when the FIFO advances.

Figure 9 shows an asynchronous FIFO register direct
access using RDFIFO#. The first location in the FIFO
is driven onto the bus when RDFIFO# is asserted.
Data remains valid as long as RDFIFO# is asserted.
The rising edge of RDFIFO# causes the data bus to
float and acts as the clock causing the FIFO pointer
to advance. The status outputs reflect the FIFO con-
dition after it advances.

Figure 10 shows a synchronous FIFO register direct
burst access using RDFIFO#. RDFIFO# acts as an
enable and the first data location (data 0) in the FIFO
is driven on to the bus when RDFIFO# is asserted.
Data 0 remains valid until the next rising edge of
BPCLK. The rising edge of BPCLK causes the FIFO
pointer to advance to the next location (data 1). The
next rising edge of BPCLK advances the FIFO
pointer to the next location (data 2). The status out-
puts reflect the FIFO condition after it advances, and
are updated off of the rising edge of BPCLK. When
RDFIFO# is deasserted, the DQ bus floats. The next
time RDFIFO# is asserted, data 2 is presented on the
DQ bus (as there was no BPCLK edge to advance
the FIFO).

A synchronous FIFO interface has the advantage of
allowing data to be accessed more quickly (in bursts)
by the Add-On. As a target, if a full S5933 FIFO is

Figure 8. Synchronous FIFO Register Burst Read Access Example
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written (or an empty FIFO is read) by a PCI initiator,
the S5933 requests a retry. The faster the Add-On
interface can empty (or fill) the FIFO, the less often
retries occur. With the S5933 as a PCI initiator, a
similar situation occurs. Not emptying or filling the
FIFO quickly enough results in the S5933 giving up
control of the PCI bus. Higher PCI bus data transfer
rates are possible through the FIFO with a synchro-
nous interface.

Additional Status/Control Signals for Add-On
Initiated Bus Mastering

If a serial non-volatile memory is used to configure the
S5933, and the device is configured for Add-On initi-
ated bus mastering, two additional FIFO status signals
and four additional control signals are available to the
Add-On interface. The FRF and FWE outputs provide
additional FIFO status information. Inputs FRC#,
FWC#, AMREN, and AMWEN provide additional FIFO
control. Applications may use these signals to monitor/
control FIFO flags and PCI bus requests. These new
signals are some of the lines that were used for byte-
wide nvram interface, but now are reconfigured. The
reconfigured lines are as follows:

Outputs:

E_ADDR (15) FRF
FIFO Read Full: Indicates that the PCI to Add-On
FIFO is full.

E_ADDR (14) FWE
FIFO Write Empty: Indicates that the Add-On to PCI
FIFO is empty.

Inputs:

EQ (7) AMWEN
Add-On bus Mastering Write ENable: This input is
driven high to enable bus master writes.

EQ (6) AMREN
Add-On bus Mastering Read ENable: This input is
driven high to enable bus master reads.

EQ (5) FRC#
FIFO Read Clear: This line is driven low to clear the
PCI to Add-On FIFO.

EQ (4) FWCH#
FIFO Write Clear: This line is driven low to clear the
Add-On to PCI FIFO.

FRF (PCI to Add-On FIFO full) and FWE (Add-On to
PCI FIFO empty) supplement the RDEMPTY and
WRFULL status indicators. These additional status
outputs provide additional FIFO status information for
Add-On FIFO control logic.

Figure 9. Asynchronous FIFO Register RDFIFO# Access Example
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Figure 10. Synchronous FIFO Register Burst RDFIFO# Access Example

BPCLK

FIFO Pointer Advances

pQL:o] ——— Data0 (X

Data 1

XData 2.y

RDFIFO# A\ ?\

N/ |

RDEMPTY |

New Status

'Status Before Read X New Status X

3-133

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



AVCC

S5933

FIFO OVERVIEW

The FRC# and FWC# inputs allow Add-On logic to
reset the PCI to Add-On or Add-On to PCI FIFO
flags. The FIFO flags can always be reset with soft-
ware through the Add-On General Control/Status
Register (AGCSTS) or the Bus Master Control/Status
Register (MCSR), but these hardware inputs are use-
ful for designs which do no implement a CPU on the
Add-On card. Asserting the FRC# input resets the
PCI to Add-On FIFO. Asserting the FWC# input re-
sets the Add-On to PCI FIFO.

The AMREN and AMWEN inputs allow Add-On logic to
individually enable and disable bus mastering for the
PCI to Add-On and Add-On to PCI FIFO. These inputs
override the Bus Master Control/Status Register
(MCSR) bus master enable bits. The S5933 may re-
quest the PCI bus for the PCI to Add-On FIFO when
AMREN is asserted and may request the PCI bus for
the Add-On to PCI FIFO when AMWEN is asserted. If
AMREN or AMWEN is deasserted, the S5933 removes
its PCI bus request and gives up control of the bus.

AMREN and AMWEN are useful for Add-Ons with
external FIFOs cascaded into the S5933. For PCI
bus master write operations, the entire S5933 Add-
On to PCI FIFO and the external FIFO may be filled
before enabling bus mastering, providing a single
long burst write rather than numerous short bursts.

In some applications, the amount of data to be trans-
ferred is not known. During read operations, the
S5933, attempting to fill its PCI to Add-On FIFO, may
access up to eight memory locations beyond what is
required by the Add-On before it stops. In this situa-
tion, AMREN can be deasserted to disable PCI
reads, and then FRC# can be asserted to flush the
unwanted data from the FIFO.

FIFO Generated Add-On Interrupts

For Add-On initiated bus mastering, the S5933 may
be configured to generate interrupts to the Add-On
interface for the following situations:

— Read transfer count reaches zero
— Write transfer count reaches zero

— An error occurred during the bus master trans-
action

The interrupt is posted to the Add-On interface with
the IRQ# output. A high-to-low transition on this out-
put indicates an interrupt condition. Because there is
a single interrupt output and multiple interrupt condi-
tions, the Add-On Interrupt Control/Status Register
(AINT) must be read to determine the interrupt
source. This register is also used to clear the inter-
rupt, returning IRQ# to its high state. If mailbox inter-
rupts are also used, this must be considered in the
interrupt service routine.

8-Bit and 16-Bit FIFO Add-On Interfaces

The S5933 FIFO may also be used to transfer data
between the PCI bus and 8-bit or 16-bit Add-On inter-
faces. This can be done using FIFO advance condi-
tions or the S5933 MODE input pin.

The FIFO may be used as an 8-bit or 16-bit wide
FIFO. To use the FIFO as an 8-bit interface, the ad-
vance condition should be set for byte 0 (no data is
transferred in the upper 3 bytes). To use the FIFO as
a 16-bit interface, the advance condition should be
set for byte 1 (no data is transferred in the upper 2
bytes). This allows a simple Add-On bus interface,
but it has the disadvantage of not efficiently utilizing
the PCI bus bandwidth because the host is forced to
perform 8-bit or 16-bit accesses to the FIFO on the
PCI bus. This is the only way to communicate with an
8-bit Add-On through the FIFO without additional
logic to steer byte lanes on the Add-On data bus.
Pass-Thru mode is more suited to 8-bit Add-On inter-
faces.

Implementing a 16-bit wide FIFO is a reasonable so-
lution, but to avoid wasting PCI bus bandwidth, the
best method is to allow the PCI bus and the FIFO to
operate with 32-bit data. The S5933 can assemble or
disassemble 32-bit quantities for the Add-On inter-
face. This is possible through the MODE pin. When
MODE is low, the Add-On data bus is 32-bits. When
MODE is high, the Add-On data bus is 16-bits. When
MODE is configured for 16-bit operation, BE3# be-
comes ADRL.

With the FIFO direct access signals (RDFIFO# and
WRFIFO#), the MODE pin must reflect the actual
Add-On data bus width. With MODE = 16-bits, the
S5933 automatically takes two consecutive, 16-bit
Add-On writes to the FIFO and assembles a 32-bit
value. FIFO reads operate in the same manner. Two
consecutive Add-On reads empty the 32-bit FIFO
register. The 16-bit data bus is internally steered to
the lower and upper words of the 32-bit FIFO register.

One consideration needs to be taken when using the
FIFO direct access signals and letting the S5933 do
byte lane steering internally. The default condition
used to advance the FIFO is byte 0. This must be
changed to byte 2 or 3. When MODE is configured
for a 16-bit Add-On bus, the first 16-bit cycle to the
FIFO always accesses the low 16-bits. If the FIFO
advance condition is left at byte 0, the FIFO ad-
vances after the first 16-bit cycle and the data in the
upper 16-bits is directed to the next FIFO location,
shifting the data.
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Some applications hold the RDFIFO# and WRFIFO#
inputs active for a synchronous interface. In 16-bit
mode, designs must avoid writing to a full FIFO. The
data for the write is lost, but the internal mechanism
to direct the 16-bit external data bus to the upper 16-
bits of the FIFO register is triggered. This creates a
situation where the FIFO is out of step. The next 16-
bit FIFO write is directed to the upper 16-bits of the
FIFO, and the FIFO advances incorrectly. The
WRFULL output should be used to gate the
WRFIFO# input to avoid this situation. A similar prob-
lem can occur if Add-On logic attempts to read an
empty FIFO in 16-bit mode. RDEMPTY should be
used to gate the RDFIFO# input to avoid problems
with the FIFO getting out of step. In 32-bit mode
(MODE = low), these situations do not occur.

If FIFO accesses are done without the direct access
signals with MODE configured for 16-bits (using
ADR, SELECTH#, etc.), external hardware must toggle
ADR1 between consecutive 16-bit bus cycles. The
FIFO advance condition must be set to correspond to
the order the application accesses the upper and
lower words in the FIFO register.

CONFIGURATION

The FIFO configuration takes place during initialization
and during operation. During initialization, the FIFO
hardware interface method and bus master register
access rights are defined. During operation, FIFO ad-
vance conditions, endian conversion, and bus
mastering capabilities are defined. The following sec-
tion describes the bits and registers which are involved
with controlling and monitoring FIFO operation.

FIFO Setup During Initialization

Location 45h in an external non-volatile memory may
be used to configure the S5933 FIFO during initializa-
tion. If no external non-volatile memory is used, the
S5933 defaults to PCI initiated bus master transfers
with asynchronous operation for FIFO accesses.

The value of bit 7 in location 45h determines if the
address and transfer count registers used in bus
mastering are accessible from the PCI bus or from
the Add-On bus. Once the configuration information
is downloaded from non-volatile memory after reset,
the bus mastering initialization method can not be
changed. Access to the bus master address and
transfer count registers cannot be alternated between
the PCI bus and the Add-On interface during opera-
tion.

Bits 6 and 5 in location 45h determine if FIFO register
accesses using the RDFIFO#, WRFIFO#, RD# and
WR# inputs operate asynchronous or synchronous to
BPCLK. For asynchronous operation, RDFIFO#,
WRFIFO#, RD# and WR# operate as clocks for data.
For synchronous operation, RDFIFO#, WRFIFO#,
RD# and WR# operate as enables, using BPCLK to
clock data. Synchronous operation allows higher data
transfer rates.

Location 45h Configuration Bits
Bit 7  Bus Master Register Access

0 Address and transfer count registers only
accessible from the Add-On interface

1 Address and transfer count registers only
accessible from the PCI interface (default)

Bit6  RDFIFO#, RD# Operation

0 Synchronous Mode - RDFIFO# and RD#
functions as enables
1 Asynchronous Mode - RDFIFO# and RD#

functions as clocks (default)

Bit5 WRFIFO#, WR# Operation

0 Synchronous Mode - WRFIFO# and WR#
functions as enables
1 Asynchronous Mode - WRFIFO# and WR#

functions as clocks (default)

Bit0  Target Latency Timer Enable

0 Disable PCI Latency Timer Time Out - Will
not disconnect with retry if cannot issue
TRDY in specified time

1 Enable PCI Latency Timer Time Out - Will be
PCI 2.1 compliant

FIFO Status and Control Bits

The FIFO status can be monitored and the FIFO op-
eration controlled from the PCI Operation Registers
and/or the Add-On Operation Registers. The FIFO
register resides at offset 20h in the PCl and Add-On
Operation Registers.
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The Bus Master Control/Status (MCSR) PCI Opera-
tion register allows a PCI host to monitor FIFO activ-
ity and control FIFO operation. Reset controls allow
the PCI to Add-On FIFO and Add-On to PCI FIFO
flags to be reset (individually). Status bits indicate if
the PCI to Add-On FIFO is empty, has four or more
open spaces, or is full. Status bits also indicate if the
Add-On to PCI FIFO is empty, has four or more full
locations or is full. Finally, FIFO PCI bus mastering is
monitored/controlled though this register.

The Add-On General Control/Status (AGCSTS) Add-
On Operation Register allows an Add-On CPU to
monitor FIFO activity and control FIFO operation. Re-
set controls allow the PCI to Add-On FIFO and Add-
On to PCI FIFO flags to be reset (individually). Status
bits indicate if the PCI to Add-On FIFO is empty, has
four or more open spaces, or is full. Status bits also
indicate if the Add-On to PCI is empty, has four or
more full spaces or is full. FIFO bus mastering status
may be monitored through this register, but all bus
master configuration is through the MCSR PCI Op-
eration Register.

PCI Initiated FIFO Bus Mastering Setup

For PCI initiated bus mastering, the PCI host sets up
the S5933 to perform bus master transfers. The fol-
lowing tasks must be completed to setup FIFO bus
mastering:

1) Define interrupt capabilities. The PCI to Add-On
and/or Add-On to PCI FIFO can generate a PCI
interrupt to the host when the transfer count
reaches zero.

INTCSR  Bit15 Enable Interrupt on read
transfer count equal zero

INTCSR  Bit14 Enable Interrupt on write
transfer count equal zero

2) Reset FIFO flags. This may not be necessary,
but if the state of the FIFO flags is not known,
they should be initialized.

MCSR Bit 26 Reset Add-On to PCI FIFO
flags

MCSR Bit 25 Reset PCl to Add-On FIFO
flags

3) Define FIFO management scheme. These bits
define what FIFO condition must exist for the PCI
bus request (REQ#) to be asserted by the
S5933.

MCSR Bit 13 PCI to Add-On FIFO
management scheme

Add-On to PCI FIFO
management scheme

MCSR Bit 9

4) Define PCI to Add-On and Add-On to PCI FIFO
priority. These bits determine which FIFO has pri-
ority if both meet the defined condition to request
the PCI bus. If these bits are the same, priority
alternates, with read accesses occurring first.

MCSR Bit 12 Read vs. write priority

MCSR Bit8  Write vs. read priority

5) Define transfer source/destination address.
These registers are written with the first address
that is to be accessed by the S5933. These ad-
dress registers are updated after each access to
indicate the next address to be accessed. Trans-
fers must start on DWORD boundaries.

MWAR All
MRAR All

Bus master write address

Bus master read address

6) Define transfer byte counts. These registers are
written with the number of bytes to be trans-
ferred. The transfer count does not have to be a
multiple of four bytes. These registers are up-
dated after each transfer to reflect the number of
bytes remaining to be transferred.

MWTC All
MRTC All

Write transfer byte count

Read transfer byte count

7) Enable Bus Mastering. Once steps 1-6 are com-
pleted, the FIFO may operate as a PCI bus mas-
ter. Read and write bus master operation may be
independently enabled or disabled.

MCSR Bit 14 Enable PCI to Add-On FIFO
bus mastering

MCSR Bit 10 Enable Add-On to PCI FIFO
bus mastering
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The order of the tasks listed above is not particularly
important. It is recommended that bus mastering be
enabled as the last step. Some applications may
choose to leave bus mastering enabled and start
transfers by writing a non-zero value to the transfer
count registers. This also works, provided the entire
transfer count is written in a single access. As a hum-
ber of the configuration bits and the two enable bits
are all in the MCSR register, it may be most efficient
for the FIFO configuration bits to be set with the
same register access that enables bus mastering.

If interrupts are enabled, a host interrupt service rou-
tine is also required. The service routine determines
the source of the interrupt and resets the interrupt. As
mailbox registers may also be configured to generate
interrupts, the exact source of the interrupt is indi-
cated in the PCI Interrupt Control/Status Register
(INTCSR). Typically, the interrupt service routine is
used to setup the next transfer by writing new ad-
dresses and transfer counts, but some applications
may also require other actions. If read transfer or
write transfer complete interrupts are enabled, mas-
ter and target abort interrupts are automatically en-
abled. These indicate a transfer error has occurred.
Writing a one to these bits clears the corresponding
interrupt.

INTCSR  Bit21 Target abort caused interrupt
INTCSR  Bit20 Master abort caused interrupt

INTCSR  Bit19 Read transfer complete
caused interrupt

INTCSR  Bit18 Write transfer complete
caused interrupt

Add-On Initiated FIFO Bus Mastering Setup

For Add-On initiated bus mastering, the Add-On sets
up the S5933 to perform bus master transfers. The
following tasks must be completed to setup FIFO bus
mastering:

1) Define transfer count abilities. For Add-On initi-
ated bus mastering, transfer counts may be ei-
ther enabled or disabled. Transfer counts for
read and write operations cannot be individually
enabled.

AGCSTS Bit28 Enable transfer count for
read and write bus master
transfers

2) Define interrupt capabilities. The PCI to Add-On
and/or Add-On to PCI FIFO can generate an in-
terrupt to the Add-On when the transfer count
reaches zero (if transfer counts are enabled).

AINT Bit 15 Enable interrupt on read
transfer count equal zero
AINT Bit 14 Enable interrupt on write

transfer count equal zero

3) Reset FIFO flags. This may not be necessary,
but if the state of the FIFO flags is not known,
they should be initialized.

AGCSTS Bit25 Reset Add-On to PCI FIFO
flags

AGCSTS Bit26 Reset PClto Add-On FIFO
flags

4) Define FIFO management scheme. These bits
define what FIFO condition must exist for the PCI
bus request (REQ#) to be asserted by the
S5933. This must be programmed through the
PCl interface.

MCSR Bit 13 PCI to Add-On FIFO
management scheme

Add-On to PCI FIFO
management scheme

MCSR Bit 9

5) Define PCI to Add-On and Add-On to PCI FIFO
priority. These bits determine which FIFO has pri-
ority if both meet the defined condition to request
the PCI bus. If these bits are the same, priority
alternates, with read accesses occurring first.
This must be programmed through the PCI inter-
face.

MCSR Bit 12 Read vs. write priority

MCSR Bit8  Write vs. read priority

6) Define transfer source/destination address.
These registers are written with the first address
that is to be accessed by the S5933. These ad-
dress registers are updated after each access to
indicate the next address to be accessed. Trans-
fers must start on DWORD boundaries.

MWAR All
MRAR All

Bus master write address

Bus master read address
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7) Define transfer byte counts. These registers are
written with the number of bytes to be trans-
ferred. The transfer count does not have to be a
multiple of four bytes. These registers are up-
dated after each transfer to reflect the number of
bytes remaining to be transferred. If transfer
counts are disabled, these registers do not need
to be programmed.

MWTC All
MRTC All

Write transfer byte count

Read transfer byte count

8) Enable Bus Mastering. Once steps 1-7 are com-
pleted, the FIFO may operate as a PCI bus mas-
ter. Read and write bus master operation may be
independently enabled or disabled. The AMREN
and AMWEN inputs control bus master enabling
for Add-On initiated bus mastering. The MCSR
bus master enable bits are ignored for Add-On
initiated bus mastering.

It is recommended that bus mastering be enabled as
the last step. Some applications may choose to leave
bus mastering enabled (AMREN and AMWEN as-
serted) and start transfers by writing a non-zero value
to the transfer count registers (if they are enabled).

If interrupts are enabled, an Add-On CPU interrupt
service routine is also required. The service routine
determines the source of the interrupt and resets the
interrupt. As mailbox registers may also be config-
ured to generate interrupts, the exact source of the
interrup is indicated in the Add-On Interrupt Control
Register (AINT). Typically, the interrupt service rou-
tine is used to setup the next transfer by writing new
addresses and transfer counts (if enabled), but some
applications may also require other actions. If read
transfer or write transfer complete interrupts are en-
abled, the master/target abort interrupt is automati-
cally enabled. These indicate a transfer error has
occurred. Writing a one to these bits clears the corre-
sponding interrupt.

AINT Bit 21 Master/target abort caused
interrupt
AINT Bit 19 Read transfer complete

caused interrupt

AINT Bit 18 Write transfer complete
caused interrupt
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The S5933 provides a simple registered access port
to the PCI bus. Using a handshaking protocol with
Add-On card logic, the PCI bus directly accesses re-
sources on the Add-On. The Pass-Thru data transfer
method is very useful for direct Add-On memory ac-
cess, or accessing registers within peripherals on an
Add-On board. Pass-Thru operation requires an ex-
ternal nv memory boot device to define and configure
the S5933 Pass-Thru regions.

The S5933 provides four user-configurable Pass-
Thru regions. Each region corresponds to a PCI Con-
figuration Base Address Register (BADR1-4). A
region represents a block of address space (the
block size is user-defined). Each block can be
mapped into memory or 1/O space. Memory mapped
regions can request to be located below 1 MByte
(Real Mode address space for a PC). Each region
also has a configurable bus width for the Add-On bus
interface. An 8-, 16-, or 32-bit Add-On interface may
be selected, for use with a variety of Add-On memory
or peripheral devices.

Pass-Thru features can be used only when the
S5933 is a PCI target. As a target, the S5933 Pass-
Thru mode supports single data transfers as well as
burst transfers. When accessed with burst transfers,
the S5933 supports data transfers at the full PCI
bandwidth. The data transfer rate is only limited by
the PCI initiator performing the access and the speed
of the Add-On logic.

FUNCTIONAL DESCRIPTION

To provide the PCI bus Add-On with direct access to
Add-On resources, the S5933 has an internal Pass-
Thru Address Register (APTA), and a Pass-Thru
Data Register (APTD). These registers are con-
nected to both the PCI bus interface and the Add-On
bus interface. This allows a PCI initiator to perform
Pass-Thru writes (data transferred from the PCI bus
to the Add-On bus) or Pass-Thru reads (PCI bus re-
guests data from the Add-On bus). The S5933 Pass-
Thru interface supports both single cycle (one data
phase) and burst accesses (multiple data phases).

Pass-Thru Transfers

Data transfers between the PCI bus and the Add-On
using the Pass-Thru interface are implemented with a
handshaking scheme. If the PCI bus writes to an
S5933 Pass-Thru region, Add-On logic must read the
data from the S5933 and store it on the Add-On. If
the PCI bus reads from a Pass-Thru region, Add-On
logic must write data to the S5933.

Some applications may require that an address be
passed to the Add-On for Pass-Thru accesses. For
example, a 4 Kbyte Pass-Thru region on the PCI bus
may correspond to a 4 Kbyte block of SRAM on the
Add-On card. If a PCI initiator accessed this region,
the Add-On would need to know the offset within the
memory device to access. The Pass-Thru Address
Register (APTA) allows the Add-On to access ad-
dress information for the current PCI cycle. When the
PCI bus performs burst accesses, the APTA register
is updated by the S5933 to reflect the address of the
current data phase.

For PCI writes to the Add-On, the S5933 transfers
the data from the PCI bus into the Pass-Thru Data
Register (APTD). The S5933 captures the data from
the PCI bus when TRDY# is asserted. The PCI bus
then becomes available for other transfers. When the
Pass-Thru data register becomes full, the S5933 as-
serts the Pass-Thru status signals to indicate to the
Add-On that data is present. The Add-On logic may
read the data register and assert PTRDY# to indicate
the current access is complete. Until the current ac-
cess completes, the S5933 responds to further Pass-
Thru accesses with retries.

For PCI reads from the Add-On, the S5933 asserts
the Pass-Thru status signals to indicate to the Add-
On that data is required. The Add-On logic should
write to the Pass-Thru Data Register and assert
PTRDY# to complete the access. The S5933 does
not assert TRDY# to the PCI bus until PTRDY# is
asserted by Add-On logic. If the Add-On cannot pro-
vide data quickly enough, the S5933 signals a retry
to the PCI bus. This allows the PCI bus to perform
other tasks, rather than waiting for a slow target.
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Pass-Thru Status/Control Signals

The S5933 Pass-Thru registers are accessed using
the standard Add-On register access pins. The Pass-
Thru Address Register (APTA) can, optionally, be ac-
cessed using a single, direct access input, PTADR#.
Pass-Thru cycle status indicators are provided to
control Add-On logic based on the type of Pass-Thru
access occurring (single cycle, burst, etc.). The fol-
lowing signals are provided for Pass-Thru operation:

Signal Function

PTATN# This output indicates a Pass-Thru

access is occurring

PTBURST# This output indicates the Pass-Thru
access is a PCI burst access

PTNUM[1:0]  These outputs indicate which Pass-
Thru region decoded the PCI ad-
dress

PTBE[3:0]# These outputs indicate which data

bytes are valid (PCI writes), or
requested (PCI reads)

PTWR This output indicates if the Pass-
Thru access is a PCI read or a write

PTADR# When asserted, this input drives the
Pass-Thru Address Register con-

tents onto the Add-On data bus

PTRDY# When asserted, this input indicates
the current Pass-Thru transfer has

been completed by the Add-On

Buffered PCI bus clock output (to
synchronize Pass-Thru data register
accesses)

BPCLK

Pass-Thru Add-On Data Bus Sizing

Many applications require an 8-bit or 16-bit Add-On
bus interface. Pass-Thru regions can be configured
to support bus widths other than 32-bits. Each Pass-
Thru region can be defined, during initialization, as 8,
16-, or 32-bits. All of the regions do not need to be
the same. This feature allows a simple interface to 8-
and 16-bit Add-On devices.

To support alternate Add-On bus widths, the S5933
performs internal data bus steering. This allows the
Add-On interface to assemble and disassemble 32-
bit PCI data using multiple Add-On accesses to the
Pass-Thru Data Register (APTD). The Add-On byte
enable inputs (BE[3:0]#) are used to access the indi-
vidual bytes or words within APTD.

BUS INTERFACE

The Pass-Thru interface on the S5933 is a PCI tar-
get-only function. Pass-Thru operation allows PCI ini-
tiators to read or write resources on the Add-On card.
A PCI initiator may access the Add-On with single
data phase cycles or multiple data phase bursts.

The Add-On interface implements Pass-Thru status
and control signals used by logic to complete data
transfers initiated by the PCI bus. The Pass-Thru inter-
face is designed to allow Add-On logic to function with-
out knowledge of PCI bus activity. Add-On logic only
needs to react to the Pass-Thru status outputs. The
S5933 PCI interface independently interacts with the
PCl initiator to control data flow between the devices.

The following sections describe the PCI and Add-On
bus interfaces. The PCI interface description pro-
vides a basic overview of how the S5933 interacts
with the PCI bus, and may be useful in system de-
bugging. The Add-On interface description indicates
functions required by Add-On logic and details the
Pass-Thru handshaking protocol.

PCI Bus Interface

The S5933 decodes all PCI bus cycle addresses. If
the address associated with the current cycle is to
one of S5933 Pass-Thru regions, DEVSEL# is as-
serted. If the Pass-Thru logic is currently idle (not
busy finishing a previous Pass-Thru operation), the
bus cycle type is decoded and the Add-On Pass-Thru
status outputs are set to initiate a transfer on the
Add-On side. If the Pass-Thru logic is currently busy
completing a previous access, the S5933 signals a
retry to PCl initiator.

The following sections describe the behavior of the
PCI interface for Pass-Thru accesses to the S5933.
Single cycle accesses, burst accesses, and target-
initiated retries are detailed.

PCI Pass-Thru Single Cycle Accesses

Single cycle transfers are the simplest PCI bus trans-
action. Single cycle transfers have an address phase
and a single data phase. The PCI bus transaction
starts when an initiator drives address and command
information onto the PCI bus and asserts FRAME#.
The initiator always deasserts frame before the last
data phase. For single cycle transfers, FRAME# is
only asserted during the address phase (indicating
the first data phase is also the last).

When the S5933 sees FRAME# asserted, it samples
the address and command information to determine if
the bus transaction is intended for it. If the address is
within one of the defined Pass-Thru regions, the
S5933 accepts the transfer (assert DEVSEL#), and
stores the PCI address in the Pass-Thru Address
Register (APTA).
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For Pass-Thru writes, the S5933 responds immedi-
ately (asserting TRDY#) and transfers the data from
the PCI bus into the Pass-Thru Data Register
(APTD). The S5933 then indicates to the Add-On in-
terface that a Pass-Thru write is taking place and
waits for Add-On logic to read the APTD register and
complete the transfer (assert PTRDY#). Once the
S5933 has captured the data from the PCI bus, the
transfer is finished from the PCI bus perspective, and
the PCI bus becomes available for other transfers.

For Pass-Thru reads, the S5933 indicates to the Add-
On interface that a Pass-Thru read is taking place
and waits for Add-On logic to write the Pass-Thru
Data Register and complete the transfer (assert
PTRDY#). The S5933 completes the cycle when data
is written into the data register. If the Add-On cannot
complete the write quickly enough, the S5933 re-
guests a retry from the initiator. See target-requested
disconnect information.

PCI Pass-Thru Burst Accesses

For PCI Pass-Thru burst accesses, the S5933 cap-
tures the PCI address and determines if it falls into
one of the defined Pass-Thru regions. Accesses that
fall into a Pass-Thru region are accepted by asserting
DEVSEL#. The S5933 monitors FRAME# and IRDY#
on the PCI bus to identify burst accesses. If the PCI
initiator is performing a burst access, the Pass-Thru
status indicators notify Add-On logic.

For Pass-Thru burst writes, the S5933 responds im-
mediately (asserting TRDY#). The S5933 transfers
the first data phase of the burst into the Pass-Thru
Data Register (APTD), and stores the PCI address in
the Pass-Thru Address Register (APTA). The Add-
On interface completes the transfer and asserts
PTRDY#. Every time PTRDY# is asserted by the
Add-On, the S5933 begins the next data phase. The
next data phase is latched into the data register. For
burst accesses, APTA is automatically incremented
by the S5933 for each data phase.

For Pass-Thru burst reads, the S5933 claims the PCI
cycle (asserting DEVSEL#). The request for data is
passed on to Add-On logic and the PCI address is
stored in the APTA register. The Add-On interface
completes the transfer and asserts PTRDY#. The
S5933 then drives the requested data on the PCI bus
and asserts TRDY# to begin the next data phase.
The APTA register is automatically incremented by
the S5933 for each data phase.

PCI Retry Conditions

In some applications, Add-On logic may not be able
to respond to Pass-Thru accesses quickly. In this
situation, the S5933 disconnects from the PCI bus,
signaling a retry. This indicates that the initiator
should try the access again at a later time. This al-
lows other PCI cycles to be run while the logic on the
slow target completes the Pass-Thru access. Ideally,
when the initiator retries the access, the target has
completed the access and can respond to the initia-
tor.

With many devices, particularly memories, the first
access takes longer than subsequent accesses (as-
suming they are sequential and not random). For this
reason, the PCI specification allows 16 clocks to re-
spond to the first data phase of a PCI cycle and 8
clocks for subsequent data phases (in the case of a
burst) before a retry must be requested by the
S5933.

The S5933 also requests a retry if an initiator at-
tempts to burst past the end of a Pass-Thru region.
The S5933 updates the Pass-Thru Address Register
(APTA) for each data phase during bursts, and if the
updated address is not within the current Pass-Thru
region, a retry is requested.

For example, a PCI system may map a 512 byte
Pass-Thru memory region to 0DCO000h to ODC1FFh.
A PCI initiator attempts a four DWORD burst with a
starting address of ODC1F8h. The first and second
data phases complete (filling the DWORDs at
ODC1F8h and ODC1FCh), but the third data phase
causes the S5933 to request a retry. This forces the
initiator to present the address 0DC200h on the PCI
bus. If this address is part of another S5933 Pass-
Thru region, the device accepts the access.

PCI Write Retries

When the S5933 requests a retry for a PCl Pass-
Thru write, it indicates that the Add-On is still com-
pleting a previous Pass-Thru write access. The
Pass-Thru Address and Data Register contents
(APTA and APTD) are still required for the previous
Pass-Thru operation and cannot be updated by the
PCI interface until the access completes (the Add-On
asserts PTRDY#).

When the Add-On is busy completing a Pass-Thru
write, the S5933 requests an immediate retry for all
Pass-Thru region accesses, allowing the PCI bus to
perform other operations. PCl Operation Registers
may be accessed while the Add-On is still completing
a Pass-Thru access. Only Pass-Thru region ac-
cesses receive retry requests.
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PCI Read Retries

When the S5933 requests a retry for a PCl Pass-
Thru read, it indicates that the Add-On could not
complete the read in the required time. The Pass-
Thru data cannot be read by the PCI interface until
the Add-On asserts PTRDY#, indicating the access is
complete.

If the retry occurs after the Add-On has completed
the Pass-Thru operation by writing the appropriate
data into the Pass-Thru data register and asserting
PTRDY#, the S5933 asserts DEVSEL# and TRDY#
to complete the PCI read. If the Add-On still has not
completed the Pass-Thru read, the S5933 waits for
the required 16 clocks. If the Add-On completes the
access during this time, TRDY# is asserted and the
access is finished. If the Add-On cannot complete the
access within 16 clocks, another retry is requested.

When the Add-On is busy completing a Pass-Thru
read, the S5933 requests an immediate retry for all
Pass-Thru region accesses, except the region cur-
rently completing the previous access. This allows
the PCI bus to perform other operations. The next
access to the Pass-Thru region which initiated the
retry must be to the same address which caused the
retry. Another initiator accessing the same Pass-Thru
region causes the S5933 to respond with the original
initiator’s data (for reads). S5933 PCI Operation Reg-
isters may be accessed while the Add-On is still com-
pleting a Pass-Thru access. Only other Pass-Thru
region accesses receive retry requests.

Add-On Bus Interface

The Pass-Thru address and data registers can be ac-
cessed as Add-On operation registers. The interface
to the Pass-Thru registers is described in. The Pass-
Thru data register is updated on the rising edge of
BPCLK. For this reason, all Pass-Thru inputs must be
synchronous to BPCLK. In the following sections the
Add-On Pass-Thru interface is described for Pass-
Thru single cycle accesses, burst accesses, target-
requested retries, and when using 8-bit and 16-bit
Add-On data buses.

Single Cycle Pass-Thru Writes

A single cycle Pass-Thru write operation occurs
when a PCI initiator writes a single value to a Pass-
Thru region. PCI single cycle transfers consists of an
address phase and one data phase. During the ad-
dress phase of the PCI transfer, the S5933 stores the
PCI address into the Pass-Thru Address Register
(APTA). If the S5933 determines that the address is
within one of its defined Pass-Thru regions, it cap-
tures the PCI data into the Pass-Thru Data Register
(APTD).

Figure 1 shows a single cycle Pass-Thru write access
(Add-On read). The Add-On must read the data stored
in the APTD register and transfer it to its destination.
Note: RD# may be asserted for multiple clocks to
allow interfacing with slow Add-On devices. Data re-
mains valid until PTRDY# is asserted.

Note:

For all Add-On accesses using PTADR for address data when
in 16 bit mode, ADR[1] must be held low to get the low address

Figure 1. Single Cycle Pass-Thru Write word.
0 1 2 3 4 5
wo [ [ 1 [ L[ L[ L[
PTATN® | O\ : VS L .
PTBURST# ; ; \ ;
PTNUM[L:0] C X ! ! 1! ! !
PTWR | | | | | \ 5
PTBE[3OM | X  on Y D
SELECT# — M\ Wi ;’
ADR[6:2] ! X 2Ch X/ /
BE[30)¢ i X _on . X7
RD# ~ —\__ / /
DQI31.0] — (PTDATA Y—
PTRDY# . \_;Z/7L“
PCI Write cycle completed
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Clock 0:

Clock 1:

Clock 2:

The PCI bus cycle address information is
stored in the S5933 Pass-Thru Address
Register.

The PCI address is recognized as a write
to Pass-Thru region 1. The PCI data is
stored in the S5933 Pass-Thru Data
Register. PTATN# is asserted to indicate a
Pass-Thru access is occurring.

Pass-Thru status signals indicate what
action is required by Add-On logic. Pass-
Thru status outputs are valid when
PTATN# is active and are sampled by the
Add-On at the rising edge of clock 2.

PTBURST# Deasserted. The access
has a single data phase.

01. Indicates the PCI
access is to Pass-Thru
region 1.

PTNUM[L1:0]

PTWR Asserted. The Pass-Thru
access is a write.
PTBE[3:0]# Oh. Indicates the Pass-Thru

access is 32-bits.

SELECT#, address and byte enable
inputs are driven to read the Pass-Thru
Data Register at offset 2Ch. DQ[31:0] are
driven after RD# and SELECT# are
asserted.

Figure 2. Single Cycle Pass-Thru Write with PTADR#

Clock 3:

Clock 4:

Clock 5:

If PTRDY# is asserted at the rising edge
of clock 3, PTATN# is immediately
deasserted and the Pass-Thru access is
completed at clock 4.

If Add-On logic requires more time to read
the Pass-Thru Data Register (slower
memory or peripherals), PTRDY# can be
delayed, extending the cycle. With PTRDY#
asserted at the rising edge of clock 4,
PTATN# is deasserted and the Pass-Thru
access is completed at clock 5.

PTATN# and PTBURST# deasserted at
the rising edge of clock 5 indicates the
Pass-Thru access is complete. The S5933
can accept new Pass-Thru accesses from
the PCI bus at clock 6.

Figure 2 shows a single cycle Pass-Thru write using
the Pass-Thru address information. This provides
PCI cycle address information to select a specific ad-
dress location within an Add-On memory or periph-
eral. Add-On logic must latch the address for use
during the data transfer. Typically, the entire 32-bit
address is not required. The Add-On may implement
a scheme where only the required number of address
bits are latched. It may also be useful to use the
Pass-Thru region identifiers, PTNUM[1:0] as address
lines. For example, Pass-Thru region 1 might be a
64K block of SRAM for data, while Pass-Thru region
2 might be 64K of SRAM for code storage (down-
loaded from the host during initialization). Using
PTNUMO as address line A16 allows two unique
Add-On memory regions to be defined.

0 2 4 5 6
BPCLK J I [ | | I | I | L L
PTATN# ! \ o ST /\ 3
PTBURST# . \ \
PTNUM[L:0] ' X \ 1
PTWR J ‘\

1
|

e X

: L\

PTBE[O} ! . \_0Oh . L X

SELECT# — 7\ \ / /

ADR[6:2] ; ; X \ Ch X / !
BE[3O} | X on X/ |
RD# —\ / / /
DQI3L0] . (PTJADDR Y PTDATA ) 7
PTRDY# — —7 N ;Z / /
PTADRE \'/ N ! /

PCI Write cycle completed
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The Add-On PTADR# input directly accesses the
Pass-Thru Address Register and drives the contents
onto the data bus (no BPCLK rising edge is re-
quired). The byte enables, address, and SELECT#
inputs are ignored when PTADR# is asserted. RD#
and WR# must not be asserted when PTADR# is
asserted.

Clock 0: The PCI bus cycle address is stored in the
S5933 Pass-Thru Address Register.

Clock 1: The PCI address is recognized as an
access to Pass-Thru region 1. PCl data is
stored in the S5933 Pass-Thru Data
Register. PTATN# is asserted to indicate a
Pass-Thru access is occurring.

Clock 2: Pass-Thru status signals indicate what
action is required by Add-On logic. Pass-
Thru status outputs are valid when
PTATN# is active and are sampled by the
Add-On at the rising edge of clock 2.

PTBURST# Deasserted. The access has
a single data phase.

PTNUM[1:0] O1. Indicates the PCI access
is to Pass-Thru region 1.

PTWR Asserted. The Pass-Thru
access is a write.

PTBE[3:0]# Oh. Indicate the Pass-Thru
access is 32-bits.

The PTADR# input is asserted to read the
Pass-Thru Address Register. The byte en-
able, address, and SELECT# inputs are
changed during this clock to select the Pass-
Thru Data Register during clock cycle 3.

Clock 3: SELECT#, byte enable, and the address
inputs remain valid to read the Pass-Thru
Data Register at offset 2Ch. RD# is
asserted to drive data register contents
onto the DQ bus.

Clock 4: If PTRDY# is asserted at the rising edge of
clock 4, PTATN# is immediately deasserted
and the Pass-Thru access is completed at
clock 5.

Clock 5: If Add-On logic requires more time to read
the Pass-Thru Data Register (slower
memory or peripherals), PTRDY# can be
delayed, extending the cycle. PTRDY#
asserted at the rising edge of clock 5 causes
PTATN# to be immediately deasserted.

Clock 6: PTATN# and PTBURST# deasserted at
the rising edge of clock 6 indicates the
Pass-Thru access is complete. The S5933
can accept new Pass-Thru accesses from
the PCI bus at clock 7.

Single Cycle Pass-Thru Reads

A single cycle Pass-Thru read operation occurs when
a PCl initiator reads a single value from a Pass-Thru
region. PCI single cycle transfers consists of an ad-
dress phase and a one data phase. During the ad-
dress phase of the PCI transfer, the S5933 stores the
PCI address into the Pass-Thru Address Register
(APTA). If the S5933 determines that the address is
within one of its defined Pass-Thru regions, it indi-
cates to the Add-On that a write to the Pass-Thru
Data Register (APTD) is required.

Figure 3 shows a single cycle Pass-Thru read access
(Add-On write) using PTADR#. The Add-On reads
data from a source on the Add-On and writes it to the
APTD register.

Clock 0: PCI address information is stored in the
S5933 Pass-Thru Address Register. The PCI
cycle is recognized as an access to Pass-
Thru region 1. PTATN# is asserted by the
S5933 to indicate a Pass-Thru access is
occurring.

Clock 1: Pass-Thru status signals indicate what
action is required by Add-On logic. Pass-
Thru status outputs are valid when
PTATN# is active and are sampled by the
Add-On at the rising edge of clock 1.

PTBURST# Deasserted. The access has
a single data phase.

PTNUM][1:0] O1. Indicates the PCI access
was to Pass-Thru region 1.

PTWR Deasserted. The Pass-Thru
access is a read.

PTBE[3:0]# Oh. Indicate the Pass-Thru
access is 32-bits.

The PTADR# input is asserted to read the
Pass-Thru Address Register. The byte en-
able, address, and SELECT# inputs are
changed during this clock to select the Pass-
Thru Data Register during clock cycle 3.

Clock 2: This clock is required to avoid contention
on the DQ bus. Time must be allowed after
PTADR# is deasserted for the DQ outputs
to float before Add-On logic attempts to
write to the Pass-Thru Data Register.

Clock 3: SELECT#, byte enables, and the address
inputs remain valid to write the Pass-Thru
Data Register at offset 2Ch. If WR# is
asserted at the rising edge of clock 3, data
on the DQ bus is latched into APTD.

If PTRDY# is asserted at the rising edge of
clock 3, PTATN# is immediately deasserted
and the Pass-Thru access is completed at
clock 4.
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Figure 3. Single Cycle Pass-Thru Read with PTADR#

0 1 2 3 4 5 6

BPCLK ] | | 1

PTATN# __\ o ; I H— ]_37
PTBURST# \
PTNUMIL:0] C X Lo\ 1! : : :
iR _ 1 e e s s
PTBE[ON . X 7 o - X

SELECT# ¥ \ ﬁ__
ADR[6:2] ! X : 2Ch ! : —X 7
BE[3:0J# X o Y l
WRH /'
DQ[3L:0] R @ /
PTRDY# /
PTADR# ; | | | / ;

Data stored in Pass-Thru PCI Read cycle completed
data register

Clock 4: If Add-On logic requires more time to write
the Pass-Thru data register (slower
memory or peripherals), PTRDY# can be
delayed, extending the cycle. PTRDY#
asserted at the rising edge of clock 4
causes PTATN# to be immediately
deasserted and the Pass-Thru access is

completed at clock 5.

PTATN# and PTBURST# deasserted at
the rising edge of clock 5 indicates the
Pass-Thru access is complete. The S5933
can accept new Pass-Thru accesses from
the PCI bus at clock 6.

Clock 5:

Pass-Thru Burst Writes

A Pass-Thru burst write operation occurs when a PCI
initiator writes multiple values to a Pass-Thru region.
A PCI burst cycle consists of an address phase and
multiple data phases. During the address phase of
the PCI transfer, the S5933 stores the PCI address
into the Pass-Thru Address Register (APTA). If the
S5933 determines that the address is within one of
its defined Pass-Thru regions, it captures the PCI
data into the Pass-Thru Data Register (APTD). After
the Add-On completes each read from the Pass-Thru
data register (asserts PTRDY#), the next data phase
is initiated.

Figure 4 shows a 6 data phase Pass-Thru burst write
(Add-On read). In this case, the Add-On asserts
PTADR# and then reads multiple data phases from
the S5933. This works well for Add-On logic which
supports burst cycles. If the Add-On logic does not
support burst accesses, PTADR# may be pulsed be-
fore each data phase. The S5933 automatically in-
crements the address in the APTA register during
PCI burst cycles. In this example PTRDY# is always
asserted, indicating Add-On logic is capable of ac-
cepting data at a rate of one DWORD per clock
cycle.

Clock 0: PCI address information is stored in the
S5933 Pass-Thru Address Register.

The PCI address is recognized as an
access to Pass-Thru region 1. PCI data for
the first data phase is stored in the S5933
Pass-Thru Data Register. PTATN# is
asserted by the S5933 to indicate a Pass-
Thru access is occurring.

Clock 1:

Clock 2: Pass-Thru status signals indicate what
action is required by Add-On logic. Pass-
Thru status outputs are valid when
PTATN# is active and are sampled by the

Add-On at the rising edge of clock 2.
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Clock 3:

Clock 4:

Clock 5:

Clock 6:

Clock 7:

Clock 8:

Clock 9:

PTBURST# Asserted. The access has a
multiple data phases.
PTNUM[1:0] O1. Indicates the PCI access
was to Pass-Thru region 1.
PTWR Asserted. The Pass-Thru
access is a write.
PTBE[3:0]# Oh. Indicate the Pass-Thru

access is 32-hits.

The PTADR# input is asserted to read the
Pass-Thru Address Register. The byte en-
able, address, and SELECT# inputs are
changed during this clock to select the Pass-
Thru Data Register during clock cycle 3.

SELECT#, byte enables, and the address
inputs remain driven to read the Pass-Thru
Data Register at offset 2Ch. RD# is
asserted to drive data register contents
onto the DQ bus.

Add-On logic uses the rising edge of clock 4
to store DATA 1 from the S5933. PTRDY#
asserted at the rising edge of clock 4
completes the current data phase. DATA 2
is driven on the Add-On bus.

Add-On logic uses the rising edge of clock 5
to store DATA 2 from the S5933. PTRDY#
asserted at the rising edge of clock 5
completes the current data phase. DATA 3
is driven on the Add-On bus.

Add-On logic uses the rising edge of clock 6
to store DATA 3 from the S5933. PTRDY#
asserted at the rising edge of clock 6
completes the current data phase. On the
PCI bus, IRDY# has been deasserted,
causing PTATN# to be deasserted. This is
how a PClI initiator adds wait states, if it
cannot provide data quickly enough. Data
on the Add-On bus is not valid.

Because PTATN# remains deasserted,
Add-On logic cannot store data at the
rising edge of clock 7. PTATN# is reas-
serted, indicating the PCl initiator is no
longer adding wait states. DATA 4 is driven
on the Add-On bus.

Add-On logic uses the rising edge of clock 8
to store DATA 4 from the S5933. PTRDY#
asserted at the rising edge of clock 8
completes the current data phase. On the
PCI bus, IRDY# has been deasserted
again, causing PTATN# to be deasserted.
Data on the Add-On bus is not valid.

The PCl initiator is still adding wait states.
Add-On logic cannot store data while
PTATN# is deasserted.

Clock 10:

Clock 11:

Clock 12:

Clock 13:

Because PTATN# remains deasserted,
Add-On logic cannot read data at the rising
edge of clock 10. PTATN# is reasserted,
indicating the PCI initiator is no longer
adding wait states. DATA 5 is driven on the
Add-On bus.

Add-On logic uses the rising edge of clock
11 to store DATA 5 from the S5933.
PTRDY# asserted at the rising edge of
clock 11 completes the current data phase.
DATA 6 is driven on the Add-On bus.

Add-On logic uses the rising edge of clock
12 to store DATA 6 from the S5933.
PTRDY# asserted at the rising edge of
clock 12 completes the final data phase

PTATN# and PTBURST# deasserted at
the rising edge of clock 13 indicates the
Pass-Thru access is complete. The S5933
can accept new Pass-Thru accesses from
the PCI bus at clock 15.

Figure 5 also shows a 5 data phase Pass-Thru burst
write, but the Add-On logic uses PTRDY# to control
the rate at which data is transferred. In many applica-
tions, Add-On logic is not fast enough to accept data
at every BPCLK rising edge (every 30 ns in a 33 MHz
PCI system). In this example, the Add-On interface
accepts data every other clock. In the example, RD#
is asserted during the entire Add-On burst, but it can
be deasserted when PTRDY# is deasserted, the
S5933 functions the same under both conditions.

Clock 0:

Clock 1:

Clock 2:

PCI address information is stored in the
S5933 Pass-Thru Address Register.

The PCI address is recognized as an
access to Pass-Thru region 1. PCI data for
the first data phase is stored in the S5933
Pass-Thru Data Register. PTATN# is
asserted by the S5933 to indicate a Pass-
Thru access is occurring.

Pass-Thru status signals indicate what
action is required by Add-On logic. Pass-
Thru status outputs are valid when
PTATN# is active and are sampled by the
Add-On at the rising edge of clock 2.

PTBURST# Asserted. The access has
multiple data phases.

PTNUM][1:0] O1. Indicates the PCI access

is to Pass-Thru region 1.

PTWR Asserted. The Pass-Thru
access is a write.
PTBE[3:0]# Oh. Indicate the Pass-Thru

access is 32-hits.
The PTADR# input is asserted to read the

3-147

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



AVCC

PASS-THRU OVERVIEW

S5933

paja|dwod Ay 1sing [Dd

sng OQ uo erep [0d pifeA

| | | | | | | | | AP | | #davld
| | | | " | \« L #acuud
_ WTEBX mxxxx XE miém Hﬁﬁéxmuom_ 1d) ” ” ” [0:1€]0a
1 T T\ | | sy
X _ _ _ _ _ _ _ _ ruw | X _ _ #o:lag
X " " " " " " " " we | X " " [z:9ldav
A T T AL L moams
| X | | | | | | | | LW L X144 #loehaud
\ .\ | | | | | | | | N [T umud
\ ! ! ! ! ! ! ! ! T\ C Xo o [omiwnnid
N m | | | | | | | TN\ | #sundu
N (2 e S W D S S I TN R IVF
L L b g | L I I I O
€T 4! 17 0T 6 38 L 9 S 1% € 4 T 0

#AQYH1d Aq pajjonuo) sajlp 1sing niyL-ssed °G ainbiH

3-148

Guaranteed | (888) 88-SOURCE | www.artisantg.com

Artisan Technology Group - Quality Instrumentation ...



AVCC

PASS-THRU OVERVIEW

S5933

Clock 3:

Clock 4:

Clock 5:

Clock 6:

Clock 7:

Clock 8:

Clock 9:

Clock 10:

Pass-Thru Address Register. The byte en-
able, address, and SELECT# inputs are
changed during this clock to select the Pass-
Thru Data Register during clock cycle 3.

SELECT#, byte enable, and the address
inputs remain driven to read the Pass-Thru
Data Register at offset 2Ch. RD# is
asserted to drive data register contents
onto the Add-On data bus.

Add-On logic uses the rising edge of clock 4
to store DATA 1 from the S5933. PTRDY#
asserted at the rising edge of clock 4
completes the current data phase. DATA 2
is driven on the Add-On bus.

Add-On logic is not fast enough to store
DATA 2 by the rising edge of clock 5.
PTRDY# deasserted at the rising edge of
clock 5 extends the current data phase and
DATA 2 remains driven on the Add-On
bus.

Add-On logic uses the rising edge of clock 6
to store DATA 2 from the S5933. PTRDY#
asserted at the rising edge of clock 6
completes the current data phase. DATA 3
is driven on the Add-On bus.

Add-On logic is not fast enough to store DATA
3 by the rising edge of clock 7. PTRDY#
deasserted at the rising edge of clock 7
extends the current data phase is and DATA
3 remains driven on the Add-On bus.

Add-On logic uses the rising edge of clock 8
to store DATA 3 from the S5933. PTRDY#
asserted at the rising edge of clock 8
completes the current data phase. On the
PCI bus, IRDY# has been deasserted,
causing PTATN# to be deasserted. Data on
the Add-On bus is not valid.

Because PTATN# remains deasserted,
Add-On logic cannot store data at the
rising edge of clock 9. PTATN# is reas-
serted, indicating the PCl initiator is no
longer adding wait states. DATA 4 is driven
on the Add-On bus

Add-On logic uses the rising edge of clock
10 to store DATA 4 from the S5933.
PTRDY# asserted at the rising edge of
clock 10 completes the current data phase.
DATA 5 is driven on the Add-On bus.
PTBURST# is deasserted, indicating that
on the PCI bus, the burst is complete
except for the last data phase. Since the
data is double buffered, there may be one
or two pieces of data available to the Add-
On when PTBURST# becomes inactive.

Clock 11:

Clock 12:

Clock 13:

This example shows the single data
available case. If another piece of data was
available, then PTATN# would remain
active instead of going inactive at clock 12.

Add-On logic is not fast enough to store
DATA 5 by the rising edge of clock 11.
PTRDY# deasserted at the rising edge of
clock 11 extends the data phase and
DATA 5 remains driven on the Add-On
bus.

Add-On logic uses the rising edge of clock
12 to store DATA 5 from the S5933.
PTRDY# asserted at the rising edge of
clock 12 completes the final data phase.

PTATN# deasserted at the rising edge of
clock 13 indicates the Pass-Thru access is
complete. The S5933 can accept new
Pass-Thru accesses from the PCI bus at
clock 14.

Pass-Thru Burst Reads

A Pass-Thru burst read operation occurs when a PCI
initiator reads multiple DWORDSs from a Pass-Thru re-
gion. A burst transfer consists of a single address and
a multiple data phases. During the address phase of
the PCI transfer, the S5933 stores the PCI address
into the Pass-Thru Address Register (APTA). If the
S5933 determines that the address is within one of its
defined Pass-Thru regions, it indicates to the Add-On
that a write to the Pass-Thru Data Register (APTD) is
required. Figure 6 shows a 6 data phase Pass-Thru
burst read access (Add-On write) using PTADR#.

Clock 0:

Clock 1:

PCI address information is stored in the
S5933 Pass-Thru Address Register. The
PCI address is recognized as an access to
Pass-Thru region 1. PTATN# is asserted
by the S5933 to indicate a Pass-Thru
access is occurring.

Pass-Thru status signals indicate what
action is required by Add-On logic. Pass-
Thru status outputs are valid when
PTATN# is active and are sampled by the
Add-On at the rising edge of clock 2.

PTBURST# Deasserted, the S5933 does
not yet recognize a PCI
burst.

PTNUM][1:0] O1. Indicates the PCI access

is to Pass-Thru region 1.

PTWR Deasserted. The Pass-Thru
access is a read.
PTBE[3:0]# Oh. Indicate the Pass-Thru

access is 32-bits.
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Clock 2:

Clock 3:

Clock 4:

Clock 5:

Clock 6:

Clock 7:

Clock 8:

Clock 9:

The PTADR# input is asserted to read the
Pass-Thru Address Register. The byte en-
able, address, and SELECT# inputs are
changed during this clock to select the Pass-
Thru Data Register during clock cycle 3.

SELECT#, byte enables, and the address
inputs remain driven to read the Pass-Thru
Data Register at offset 2Ch. PTBURST# is
asserted by the S5933, indicating the
current Pass-Thru read is a burst.

WR# asserted at the rising edge of clock 3
writes DATA 1 into the S5933. PTRDY#
asserted at the rising edge of clock 3
completes the current data phase.

WR# asserted at the rising edge of clock 4
writes DATA 2 into the S5933. PTRDY#
asserted at the rising edge of clock 4
completes the current data phase.

WR# asserted at the rising edge of clock 5
writes DATA 3 into the S5933. PTRDY#
asserted at the rising edge of clock 5
completes the current data phase. On the
PCI bus, IRDY# has been deasserted,
causing PTATN# to be deasserted. This is
how a PCl initiator adds wait states, if it
cannot read data quickly enough.

PTATN# remains deasserted at the rising
edge of clock 6. The Add-On cannot write
DATA 4 until PTATN# is asserted. PTATN#
is reasserted during the cycle, indicating the
PCl initiator is no longer adding wait states.
Add-On logic continues to drive DATA 4 on
the Add-On bus.

WR# asserted at the rising edge of clock 7
writes DATA 4 into the S5933. PTRDY#
asserted at the rising edge of clock 7
completes the current data phase. On the
PCI bus, IRDY# has been deasserted,
causing PTATN# to be deasserted. The
PCl initiator is adding wait states.

PTATN# remains deasserted at the rising
edge of clock 8. The Add-On cannot write
DATA 5 until PTATN# is asserted. Add-On
logic continues to drive DATA 5 on the
Add-On bus.

PTATN# remains deasserted at the rising
edge of clock 9. The Add-On cannot write
DATA 5 until PTATN# is asserted. Add-On
logic continues to drive DATA 5 on the
Add-On bus. PTATN# is reasserted during
the cycle, indicating the PCl initiator is
done adding wait states.

Clock 10: WR# asserted at the rising edge of clock
10 writes DATA 5 into the S5933. PTRDY#
asserted at the rising edge of clock 10
completes the current data phase.

Clock 11: WR# asserted at the rising edge of clock
11 writes DATA 6 into the S5933. PTRDY#
asserted at the rising edge of clock 11
completes the final data phase.

Clock 12: PTBURST# is deasserted at the rising
edge of clock 12 indicating the Pass-Thru
burst is complete. The S5933 can accept
new Pass-Thru accesses from the PCI bus
at clock 14. Any data written into the Pass-
Thru data register is not required and is
never passed to the PCl interface (as
PTRDY# is not asserted at the rising edge
of clock 13).

Figure 7 also shows a 5 data phase Pass-Thru burst
read, but the Add-On logic uses PTRDY# to control
the rate at which data is transferred. In many applica-
tions, Add-On logic is not fast enough to provide data
every BPCLK (every 30 ns in a 33 MHz PCI system).
In this example, the Add-On interface writes data ev-
ery other clock cycle. WR# is shown asserted during
the entire Add-On burst, but WR# can be deasserted
when PTRDY# is deasserted, the S5933 functions
the same under both conditions.

Clock 0: PCI address information is stored in the S5933
Pass-Thru Address Register. The PCI
address is recognized as an access to Pass-
Thru region 1. PTATN# is asserted by the
S5933 to indicate a Pass-Thru access is
occurring.

Clock 1: Pass-Thru status signals indicate what
action is required by Add-On logic. Pass-
Thru status outputs are valid when
PTATN# is active and are sampled by the

Add-On at the rising edge of clock 2.

PTBURST# Deasserted, the S5933 does
not yet recognize a PCI
burst.

PTNUM][1:0] O1. Indicates the PCI access
is to Pass-Thru region 1.

PTWR Deasserted. The Pass-Thru
access is a read.
PTBE[3:0]# Oh. Indicate the Pass-Thru

access is 32-bits.

The PTADR# input is asserted to read the
Pass-Thru Address Register. The byte en-
able, address, and SELECT# inputs are
changed during this clock to select the Pass-
Thru Data Register during clock cycle 3.
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Clock 2: SELECT#, byte enable, and the address
inputs remain driven to read the Pass-Thru
Data Register at offset 2Ch. PTBURST# is
asserted by the S5933, indicating the

current Pass-Thru read is a burst.

Clock 3: WR# asserted at the rising edge of clock 3
writes DATA 1 into the S5933. PTRDY#
asserted at the rising edge of clock 3

completes the current data phase.

Add-On logic drives DATA 2 on the Add-On
bus, but PTRDY# deasserted at the rising edge
of clock 4 extends the current data phase.

Clock 4:

Clock 5: WR# asserted at the rising edge of clock 5
writes DATA 2 into the S5933. PTRDY#
asserted at the rising edge of clock 5

completes the current data phase.

Add-On logic drives DATA 3 on the Add-On
bus, but PTRDY# deasserted at the rising edge
of clock 6 extends the current data phase.

Clock 6:

Clock 7: WR# asserted at the rising edge of clock 7
writes DATA 3 into the S5933. PTRDY#
asserted at the rising edge of clock 7
completes the current data phase. On the
PCI bus, IRDY# has been deasserted,
causing PTATN# to be deasserted. This is
how a PCl initiator adds wait states, if it

cannot read data quickly enough.

Clock 8: PTATN# remains deasserted at the rising
edge of clock 8. The Add-On cannot write
DATA 4 until PTATN# is asserted. Add-On
logic continues to drive DATA 4 on the
Add-On bus. PTATN# is reasserted during
the cycle, indicating the PClI initiator is

done adding wait states.

Clock 9: WR# asserted at the rising edge of clock 9
writes DATA 4 into the S5933. PTRDY#
asserted at the rising edge of clock 9

completes the current data phase.

Clock 10: Add-On logic drives DATA 5 on the Add-On
bus, but PTRDY# deasserted at the rising edge

of clock 10 extends the current data phase.

Clock 11: PTATN# remains deasserted at the rising
edge of clock 11. The Add-On does not
have to write DATA 5 until PTATN# is
asserted. Add-On logic continues to drive
DATA 5 on the Add-On bus. PTATN# is
reasserted during the cycle, indicating the

PCl initiator is done adding wait states.

PTRDY# asserted at the rising edge of
clock 12 completes the final data phase.
Any data written into the Pass-Thru data
register is not required and is never passed
to the PCl interface (as PTRDY# is not
asserted at the rising edge of clock 13).

PTATN# and PTBURST# deasserted at
the rising edge of clock 13 indicates the
Pass-Thru access is complete. The S5933
can accept new Pass-Thru accesses from
the PCI bus at clock 14.

Clock 12:

Clock 13:

Add-On Pass-Thru Disconnect Operation

Slow PCI targets are prevented from degrading PCI
bus performance. The PCI specification allows only
16 clocks for a target to respond before it must re-
quest a retry on single data phase accesses. For
burst accesses, the first data phase is allowed 16
clocks to complete, all subsequent data phases are
allowed 8 clocks each. This requirement allows other
PCI initiators to use the bus while the target request-
ing the retry completes the original access.

Figure 8 shows the conditions that cause the S5933
to request a retry from a PCI initiator on the first data
phase of a PCI read operation. FRAME# is asserted
during the rising edge of PCI clock 1. From this point,

Figure 8. Target Requested Retry on the First PCI Data Phase

1 2 3 4 15 16 17 18
o [ 1L L L LN\ L L L
FRAMEZ | \____ |/ 1 1 1 1 1 1 1
1 2 3 14 15 16 17
ek | [ | [ [ L1 L 4 L I L4 L
S S S M o
PTRDY# 1 1 1 1 1 1

PTRDY# must be asserted by
this time to present disconnecting

PTRDY# asserted too late so
S593X disconnects (asserts STOP#)
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the S5933 has 16 clock cycles to respond to the
initiator with TRDY# (completing the cycle). FRAME#
could remain asserted, indicating a burst read, but
the retry request conditions are identical for a single
data phase read and the first data phase of a burst
read.

BPCLK is identical to PCICLK, lagging by a propaga-
tion delay of a few nanoseconds (see Chapter 13).
PTATN# is asserted on the Add-On interface as soon
as FRAME# is sampled active at a PCICLK rising
edge.

After PTATN# is asserted, PTRDY# must be as-
serted by the 15th BPCLK rising edge to prevent the
S5933 from requesting a retry. TRDY# is asserted on
the PCI interface one clock cycle after PTRDY# is
asserted on the Add-On interface. If Add-On logic
does not return PTRDY# by the 15th BPCLK rising
edge, the S5933 asserts STOP#, requesting a retry
from the PCl initiator.

For Pass-Thru write operations, the S5933 never dis-
connects on the first or second PCI data phases of a
burst. The first data and second phases are always
accepted immediately by the S5933. No further ac-
tion is required by the PCI initiator. The only situation
where the S5933 may respond to a Pass-Thru write
with a retry request is after the second data phase of
a Pass-Thru burst write.

Figure 9 shows the conditions required for the S5933
to request a retry after the second data phase of a
burst transfer. This figure applies to both Pass-Thru
burst read and write operations.

The previous data phase is completed with the asser-
tion of PTRDY# at the rising edge of BPCLK 0. Add-
On logic must assert PTRDY# by the rising edge of
BPCLK 8 to prevent the S5933 from asserting
STOP#, requesting a retry. Meeting this condition al-
lows the S5933 to assert TRDY# by the rising edge
of PCICLK 8, completing the data phase with requir-
ing a retry.

When the S5933 requests a retry, the Pass-Thru sta-
tus indicators remain valid (allowing the Add-On logic
to complete the access). PTBURST# is the exception
to this. PTBURST# is deasserted to indicate that
there is currently no burst in progress on the PCI bus.
The other Pass-Thru status indicators remain valid
until PTATN# is deasserted. Figure 10 shows the
Add-On bus interface signals after the S5933 re-
guests a retry.

As long as PTATN# remains asserted, Add-On logic
should continue to transfer data. For PCI read opera-
tions, one Add-On write operation is required after a
retry request. After the Add-On write, asserting
PTRDY# deasserts PTATN#.

For Pass-Thru write operations, one or two data
transfers may remain after the S5933 signals a retry.
Two data transfers are possible because the S5933
has a double buffered Pass-Thru data register used
for writes. A PCI burst may have filled both registers
before the S5933 requested a retry. PTATN# re-
mains asserted until both are emptied. PTRDY# must
be asserted after each read from the Pass-Thru data
register. If both registers are full, PTATN# is
deasserted only after PTRDY# is asserted the sec-
ond time. The S5933 only accepts further PCI ac-
cesses after both registers are emptied.

8-Bit and 16-Bit Pass-Thru Add-On Bus Interface

The S5933 allows a simple interface to devices with
8-bit or 16-bit data buses. Each Pass-Thru region
may be defined as 8-, 16-, or 32-bits, depending on
the contents of the nv memory boot device loaded
into the PCl Base Address Configuration Registers
during initialization. The Pass-Thru Add-On interface
internally controls byte lane steering to allow access
to the 32-bit Pass-Thru Data Register (APTD) from 8-
bit or 16-bit Add-On buses.

Figure 9. Target Requested Retry after the First Data Phase of a Burst Operation

PCI Data Transfer

1 6 7 8
Ao1c R S I I O W S B
FRAME# | | | | | | | | L
STOP#
| | 0 . 2 : : ) |
ek _ [ [ ¢ \ L 1 L 4 L L LI L
PTATNE 1\ 3 § 3 3 3 3 3 3
PTRDY# w \—/
| Y | | ¥ N

Latest assertion of PTRDY#
to prevent disconnect

PTRDY# asserted too late,
results in disconnect
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Figure 10. Pass-Thru Signals after a Target Requested Retry

STOP# \ /
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DQ[3L:0]

SELECT#
PTRDY# —

Internal byte lane steering may be used whether the
MODE input defines a 16-bit or 32-bit Add-On interface.
When a 16-bit Add-On interface is used, the ADR1 in-
put is used in conjunction with the byte enables to steer
data into the proper APTD register byte locations.

If MODE defines a 16-bit interface, only 16-bits of ad-
dress are driven when PTADR# is asserted. If more
than 16-bits of address are required, the Pass-Thru Ad-
dress Register (APTA) must be read with SELECT#,
RD#, byte enable and address inputs. Two consecutive
reads are required to latch all of the address information
(one with ADR1=0, one with ADR1=1).

Regardless of MODE, various data widths may be
used. For Pass-Thru writes (Add-On APTD reads),
Add-On logic must read the APTD register one byte
or one word at a time (depending on the Add-On bus
width). The internal data bus is steered to the correct
portion of APTD using the BE[3:0]# inputs. Table 1
shows the byte lane steering mechanism used by the
S5933. The BYTEn symbols indicate data bytes in
the Pass-Thru Data Register.

When a read is performed with a BEn# input as-
serted, the corresponding PTBEn# output is
deasserted. Add-On logic cycles through the byte en-
ables to read the entire APTD register. Once all data
is read (PTBE[3:0]# are deasserted), PTRDY# is as-
serted by the Add-On, completing the access.

For Pass-Thru reads (Add-On APTD writes), the bytes
requested by the PCI initiator are indicated by the
PTBE[3:0]# outputs. Add-On logic uses the PTBE[3:0}#
signals to determine which bytes must be written (and
which bytes have already been written). For example, a

Table 1. Byte Lane Steering for Pass-Thru Data
Register Read (PCI Write)

Byte Enables | APTD Register Read Byte Lane Steering
3| 2|10 |DQ[31:24]|DQ[23:16] | DQ[15:8] | DQ[7:0]
x| x|x]O0 BYTE3 BYTE2 BYTE1 BYTEO
x| x|0]1 BYTE3 BYTE2 BYTE1 BYTE1
x|0]1]1 BYTE3 BYTE2 BYTE3 BYTE2
of1f1(1 BYTE3 BYTE3 BYTE3 BYTE3

PCI initiator performs a byte Pass-Thru read from an 8-
bit Pass-Thru region with PCI BE2# asserted. On the
Add-On interface, PTBE2# is asserted, indicating that the
PCI initiator requires data in this byte. Once the Add-On
writes APTD, byte 2, PTBE2# is deasserted, and the
Add-On may assert PTRDY#, completing the cycle.

Table 2 shows how the external Add-On data bus is
steered to the Pass-Thru Data Register bytes. This
mechanism is determined by the Pass-Thru region bus
width defined during initialization (see Section 12.3).
The BYTEnN symbols indicate data bytes in the Pass-
Thru Data Register. For example, an 8-bit Add-On write
with BE1# asserted results in the data on DQ[7:0] being
steered into BYTEL of the APTD register.

Table 2. Byte Lane Steering for Pass-Thru
Data Register Write (PCl Read)

Defined APTD Register Write Byte Lane Steering
PT-Bus Width | BYTE3 BYTE2 BYTE1 BYTEO
32-Bit Data Bus| DQ[31:24] | DQ[23:16] | DQ[15:8] | DQI[7:0]
16-Bit Data Bus| DQ[15:8] | DQ[7:0] | DQ[15:8] | DQI[7:0]
8-Bit Data Bus| DQ[7:0] DQ[7:0] DQ[7:0] DQ[7:0]
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To write data into the APTD Register, the PTBEn#
output and the BEn# input must both be asserted.
The following describes how APTD Register writes
are controlled:

Write BYTE3 if PTBE3# AND BE3# are asserted
Write BYTEZ2 if PTBE2# AND BE2# are asserted
Write BYTEL if PTBE1# AND BE1# are asserted
Write BYTEO if PTBEO# AND BEO# are asserted

After each byte is written into the Pass-Thru data
register, its corresponding PTBE[3:0]# output is
deasserted. This allows Add-On logic to monitor
which bytes have been written, and which bytes re-
main to be written. When all bytes requested by the
PCl initiator have been written, the PTBE[3:0]# are all
be deasserted, and the Add-On asserts PTRDY#.

Figure 11 shows Pass-Thru operation for a region
defined for an 8-bit Add-On bus interface. As the 8-bit
device is connected only to DQ[7:0], the device must
access APTD one hyte at a time.

The PCI initiator has performed a 32-bit write of
08D49A30h to Pass-Thru region zero. PTBE[3:0]#
are all asserted. At clock 1, the Add-On begins read-
ing the APTD Register (asserting SELECT#,
ADRJ[6:2], and RD#). Add-On logic asserts BEO#, and
BYTEO of APTD is driven on DQ[7:0]. At the rising
edge of clock 2, BEO# is sampled by the S5933 and
PTBEO# is deasserted. PTBE[3:1]# are still asserted.

During clock 2, only BE1# is activated, and BYTE1 of
APTD is driven on DQJ7:0]. At the rising edge of
clock 3, BE1# is sampled by the S5933 and PTBE1#
is deasserted. PTBE[3:2]# are still asserted.

Figure 11. Pass-Thru Write to an 8-bit Add-On Device

This process continues until all bytes have been read
from the APTD Register. During clock 5, RD# is
deasserted and PTRDY# is asserted. PTRDY# is
sampled by the S5933 at the rising edge of clock 6,
and the current data phase is completed. PTATN# is
deasserted and new data can be written from the PCI
bus. In this example, the byte enables are asserted,
sequentially, from BEO# to BE3#. This is not re-
quired, bytes may be accessed in any order.

New data is written by the PCI initiator and is avail-
able in the APTD Register during clock 7. RD# is
asserted and the byte enables are cycled again. With
each new data from the PCI bus, the Add-On se-
quences through the byte enables to access APTD
via DQ[7:0].

For 16-bit peripheral devices, the byte steering works
in the same way. Because the Add-On data bus is
16-bits wide, only two 16-bit cycles are required to
access the entire APTD Register. Two byte enables
can be asserted during each access.

In Figure 11, RD# is held low and the byte enables
are changed each clock. This assumes the Add-On
can accept data at one byte per clock. This is the
fastest transfer possible. For slower devices, wait
states may be added.

As long as the byte enables remain in a given state,
the corresponding byte of the APTD Register is con-
nected to the DQ bus (the RD# or WR# pulse may
also be lengthened). Each access may be extended
for slower Add-On devices, but extending individual
data phases for Pass-Thru cycles may result in the
S5933 requesting retries by the initiator.

1 2 3 4 5 6 7 8 9 10 11 12 13

PTATNE T\ ! ! ! ! ! ! Y ! ! ! Y

PIWR [ : : : : : : : : : : : : : O\
PTBE[3:0}# Fhi X i oh 1 X th i X 3h X 7h i X i Fh iXoniX1h i X3 X7hi X T Fh
PTNUMIL:0] X Lo ! ! ! ! ! ! ! !
PTBURST# _E_\ | | | | | | | | L i i i i i i
SELECT# | ! ! A | | | | | | | | Y |
BE[3:0}# ‘ | Fh X Eh (X Dh XBh (X 7h (X 'Fh (X Eh XDh XBh X7h! X | Fh |

ADR[6:2] : N X : : : | 2Ch | : : : ' X__; 3ch

RD# | | | A | | a N\ | | Y |
DQ[7:0] - apDR__»—30h X 9Anh X pan X osn —————obn X _ccn X BBh X AAn —
PTADR# | AR | | | | | | | | | | | |
PTRDY# | 3 3 3 3 3 3 AT A i i AT

Note: 8 Bit Mode BE's are E, D, B, 7; 16 Bit Mode BE's are C, 3.
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CONFIGURATION

The S5933 Pass-Thru interface utilizes four Base Ad-
dress Registers (BADR1:4). Each Base Address
Register corresponds to a Pass-Thru region. The
contents of these registers during initialization deter-
mine the characteristics of that particular Pass-Thru
region. Each region can be mapped to memory or 1/O
space. Memory mapped devices can, optionally, be
mapped below 1 Mbyte and can be identified as
prefetchable. Both memory and 1/O regions can be
configured as 8-, 16-, or 32-bits wide.

The designer has the option to use 1, 2, 3, 4 or none
of the Pass-Thru regions. Base Address Registers
are loaded during initialization from the external non-
volatile boot device. Without an external boot device,
the default value for the BADR registers is zero (re-
gion disabled). The Base Address Registers are the
only registers that define Pass-Thru operation.

S5933 Base Address Register Definition

Some bits in the Base Address Registers have specific
functions. The following bits have special functions:

DO Memory or I/O mapping. If this bit is clear,
the region should be memory mapped. If this
bit is set, the region should be /0 mapped.

D2:1 Location of a memory region. These bits
request that the region be mapped in a
particular part of memory. These bit
definitions are only used for memory
mapped regions.

D2 D1 Location

0 Anywhere in 32-bit memory space

Below 1 Mbyte in memory space
(Real Mode address space)

1 0 Anywhere in 64-bit memory space
(not valid for the S5933)
1 1 Reserved
D3 Prefetchable. For memory mapped regions,

the region can be defined as cacheable. If
set, the region is cacheable. If this bit is
clear, the region is not.

D31:30 Pass-Thru region bus width. These two bits
are used by the S5933 to define the data
bus width for a Pass-Thru region. Regard-
less of the programming of other bits in the
BADR register, if D31:30 are zeros, the
Pass-Thru region is disabled.

S5933
D31 D30  Add-On Bus Width
0 0 Region disabled
0 1 8-bits
1 0 16-bits
1 1 32-bits

BADRZ1:4 bits D31:30 are used only by the S5933.
When the host reads the Base Address Registers
during configuration cycles, they always return the
same value as D29. If D29 is zero, D31:30 return
zero, indicating the region is disabled. If D29 is one,
D31:30 return one. This operation limits each Pass-
Thru region to a maximum size of 512 Mbytes of
memory.

For 1/0 mapped regions, the PCI specification allows
no more than 256 bytes per region. The S5933 al-
lows larger regions to be requested by the Add-On,
but a PCI BIOS will not allocate the I/O space and
will probably disable the region.

Creating a Pass-Thru Region

Page 3-40 describes the values that must be pro-
grammed into the non-volatile boot device to request
various block sizes and characteristics for Pass-Thru
regions. After reset, the S5933 downloads the con-
tents of the boot device locations 54h, 58h, 5Ch, and
60h into “masks” for the corresponding Base Address
Registers. The following are some examples for vari-
ous Pass-Thru region definitions:

NV Memory Contents ~ Pass-Thru Region Definition

54h = BFFFF002h Pass-Thru region 1 is a 4Kbyte
region, mapped below 1 Mbyte
in memory space with a 16-bit
Add-On data bus. This memory

region is not cacheable.

58h = 3xxxxxxxh Pass-Thru region 2 is

disabled. (D31:30 = 00.)

Pass-Thru region 3 is a 32-
bit, 128 byte 1/0-mapped
region.

60h = FFFFFF81h

64h = 00000000h Pass-Thru region 4 is dis-

abled.

During the PCI bus configuration, the host CPU writes
all ones to each Base Address Register, and then
reads the contents of the registers back. The mask
downloaded from the boot device determines which
bits are read back as zeros and which are read back
as ones. The number of zeros read back indicates the
amount of memory or I/O space a particular S5933
Pass-Thru region is requesting.
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After the host reads all Base Address Registers in the
system (as every PCI device implements from one to
six), the PCI BIOS allocates memory and I/O space to
each Base Address region. The host then writes the
start address of each region back into the Base Ad-
dress Registers. The start address of a region is al-
ways an integer multiple of the region size. For
example, a 64 Kbyte memory region is always
mapped to begin on a 64K boundary in memory. It is
important to note that no PCI device can xbe abso-
lutely located in system memory or 1/0O space. All map-
ping is determined by the system, not the application.

Accessing a Pass-Thru Region

After the system is finished defining all Base Address
Regions within a system, each Base Address Register
contains a physical address. The application software
must now find the location in memory or 1/O space of
its hardware. PCI systems provide BIOS or operating
system function calls for application software to find
particular devices on the PCI bus based on Vendor ID
and Device ID values. This allows application software
to access the device’s Configuration Registers.

The Base Address Register values in the S5933'’s
Configuration Space may then be read and stored for
use by the program to access application hardware.
The value in the Base Address Registers is the
physical address of the first location of that Pass-
Thru region. Some processor architectures allow this
address to be used directly to access the PCI device.
For Intel Architecture systems, the physical address
must be changed into a Segment/Offset combination.

For Real Mode operation in an Intel Architecture sys-
tem (device mapped below 1 Mbyte in memory), creat-
ing a Segment/Offset pair is relatively simple. To
calculate a physical address, the CPU shifts the seg-
ment register 4 bits to the left and adds the offset
(resulting in a 20 bit physical address). The value in
the Base Address Register must be read and shifted 4
bits to the right. This is the segment value and should
be stored in one of the Segment registers. An offset of
zero (stored in Sl, DI or another offset register) ac-
cesses the first location in the Pass-Thru region.
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ABSOLUTE MAXIMUM RATINGS

Parameter Min Max Units
Storage Temperature -55 125 °C
Supply Voltage (V..) -0.3 7.0 Volts
Input Pin Voltage -0.5 V..+50 Volts

T Watts @
Power Dissipation 1.05 33 MHz

DC CHARACTERISTICS

The Following table summarizes the required parameters defined by the PCI specification as they apply to the
S5933 controller.

PCI Input/Output Electrical Characteristics

Symbol Parameter Min Max Units Test Conditions Notes
Vee | Supply Voltage 4.75 5.25 \%
Vin Input High Voltage 20 \%
Vi Input Low Voltage -0.5 0.8 \%
lih Input High Leakage Current 70 A Vin =27 1
lij Input Low Leakage Current —70 HA Vin = 0.5 1
Voh Output High Voltage 2.4 \Y lout = —2mMA
Vo Output Low Voltage 0.55 \% lout = 3MA, 6mA 2
Cin Input Pin Capacitance 10 pF 3
Cex  |CLK Pin Capacitance 5 12 pF
CipseL |IDSEL Pin Capaticance 8 pF
Notes:

1. Input leakage applies to all inputs and bi-directional buffers.

2. PCI Bus signals without pull-up resistors will provide the 3 mA output current. Signals which require a pull-up resistor will
provide 6 mA output current.

3. The PCI specification limits all PCI inputs not located on the motherboard to 10 pf (the clock is allowed to be 12 pf).
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PCI Bus Signals

The following table summarizes the PCI Bus DC parameters defined by the PCI specification as they apply to the
S5933 controller.

Signal Type Direction Max Units Notes
CLK Input
RST# Input
INTA# Open Drain | Output 4 mA
- @ 7]
AD[31:0] t/s Bi-directional mA
- @ 7]
REQ# t/s Output 4 mA
GNT# Input
C/BE[3:0]# t/s Bi-directional 4 mA
DEVSEL# slt/s Bi-directional mA
- @ 7]
FRAME# slt/s Bi-directional 4 mA
IRDY# sit/s Bi-directional 4 mA
TRDY# slt/s Bi-directional 4 mA
A N I
PERR# slt/s Bi-directional 4 mA
PAR t/s Bi-directional 4 mA
SERR# Open Drain | Output 4 mA
- @ 7]
STOP# slt/s Bi-directional 4 mA
LOCK# Input
IDSEL Input
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Add-On Bus Signals
The following table summarizes the Add-On Bus DC parameters as they apply to the S5933 controller.

Signal Type Direction Max Units | Notes
PCLK Output 8 mA
IRQ# Output 4 mA
SYSRST# Output 4 mA
ADRJ[6:2] Input
SELECT Input
ADRI[6:2] Input
BE[3:0]# Input
RD# Input
WR# Input
DQ[31:0] t/s Bi-directional 4 mA
WRFULL Output 4 mA
RDEMPTY Output 4 mA
RDFIFO# Input
WRFIFO# Input
PTATN# Output 4 mA
PTBURST# Output 4 mA
PTADR# Input
PTRDY# Input
PTWR Output 4 mA
PTBE[3:0]# Output 4 mA
PTNUMI[1:0] Output 4 mA
EQ[7:0] t/s Bi-directional 1 mA
EA[8:0] t/s Output 1 mA
EA[15:9] Output 1 mA
MODE Input
TEST Output 4 mA
FLT# Input
ERD#/SCL Output 1 mA
EWR#/SDA t/s Bi-directional 1 mA
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AC CHARACTERISTICS

PCI Bus Timings

Functional Operation Range (Vcc=5.0V +5%, 0°C to 70°C, 50 pF load on outputs)

Symbol Parameter Min Max Units Notes
TCL Cycle Time 30 ns
t1 High Time 12 ns
t2 Low Time 12 ns
t3 Rise Time (0.8V to 2.0V) 3 ns
t4 Fall Time (2.0V to 0.8V) 3 ns
t5 Output Valid Delay (Bussed Signals) 2 11 ns Note 1
Output Valid Delay (Point-to-Point 2 12
Signals)
t6 Float to Active Delay 2 ns
t7 Active to Float Delay 28 ns
t8 Rising Edge Setup (Bussed Signals) 7 ns
Rising Edge Setup (GNT#) 10
Rising Edge Setup (REQ#) 12
t9 Hold from PCI Clock Rising Edge 0 ns
Notes:

1. Minimum times are for unloaded outputs, maximum times are for 50 pF equivalent loads.

Figure 1. PCI Clock Timing
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Figure 2. PCI Output Timing
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Figure 3. PClI Input Timing
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Add-On Bus Timings

Figure 4. Add-On Clock Timing
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Figure 5. Pass-Thru Clock Relationship to PCI Clock
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Asynchronous RDFIFO# Timing

Functional Operation Range (Vce= 5.0V 5%, 0°C to 70°C T4 50 pf load on outputs).

Symbol Parameter Min Max Units Notes
ts RDFIFO# High Time 17 ns
tse RDFIFO# Low Time 17 ns
t., RDFIFO# Low to DQ[31:0] Driven 21 ns
tis RDFIFO# High to DQ[31:0] Float 20 ns
to DQJ31:0] Hold from RDFIFO# Rising Edge 5 ns
te, PCI to ADD-ON FIFO RDEMPTY Valid from RDFIFO# Rising Edge 15 ns
teo PCI to ADD-ON FIFO FRF Valid from RDFIFO# Rising Edge 85 ns

Figure 6. Asynchronous RDFIFO# Timing
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Asynchronous WRFIFO# Timing

Functional Operation Range (Vcc=5.0V 5%, 0°C to 70°C T, 50 pf load on outputs).

Symbol Parameter Min Max Units Notes
t., WRFIFO# High Time 2 ns
t., WRFIFO# Low Time 17 ns
s DQ[31:0] Setup to WRFIFO# Rising Edge 4 ns
1a3a DQI[31:0] Hold from WRFIFO# Rising Edge 2 ns
s ADD-ON to PCI FIFO WRFULL Valid from WRFIFO# Rising Edge 16 ns
e ADD-ON to PCI FIFO FWE Valid from WRFIFO# Rising Edge 28 ns

Figure 7. Asynchronous WRFIFO# Timing
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Synchronous RDFIFO# Timing
Functional Operation Range (Vcc=5.0V 5%, 0°C to 70°C T4 50 pf loaf on outputs).

Symbol Parameter Min Max Units Notes
. RDFIFO# Setup tp BPCLK Rising Edge 8 26 ns 1
ts RDFIFO# Low Time 8 ns
s RDFIFO# Low to DQ[31:0] Driven 12 ns
te RDFIFO# High to DQ[31:0] Float 3 ns
te DQJ31:0] Valid from BPCLK Rising Edge 16 ns 3
tes PCIl to ADD-ON FIFO RDEMPTY Valid from BPCLK Rising Edge 12 ns 2
tiee PCI to ADD-ON FIFO FRF Valid from BPCLK Rising Edge 80 ns

Notes:

1. Min and Max times are indicated to allow increased valid data time as shown by dashed lines.

2. State change of RDEMPTY shown below is reference only. Actual change would indicate no Data 3 available.

3. Valid applies after first access. First access is async with following as sync accesses.

Figure 8. Synchronous RDFIFO# Timing
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Synchronous WRFIFO# Timing

Functional Operation Range (Vcc= 5.0V 5%, 0°C to 70°C T4 50 pf load on outputs).

Symbol Parameter Min Max Units Notes

teo WRFIFO# Setup to BPCLK Rising Edge 12 ns
teoa WRFIFO# Hold Time to BPCLK Rising Edge 0 ns
te, DQ[31:0] Setup to BPCLK Rising Edge 7
tea DQ[31:0] Hold from BPCLK Rising Edge 0
t ADD-ON to PCI WRFULL Valid from BPCLK Rising Edge 11 ns 1
tes ADD-ON to PCI FIFO FWE Valid from BPCLK Rising Edge 26 ns

Notes:

1. State change of WRFULL shown below is reference only. Actual change would indicate no Data 3 written.

Figure 9. Synchronous WRFIFO# Timing
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Asynchronous RD# FIFO and Register Access Timing

Functional Operation Range (Vcc=5.0V 5%, 0°C to 70°C T4 50 pf load on outputs).

Symbol Parameter Min Max Units Notes
to SELECT# Setup to RD# Rising Edge 10 ns
t... |SELECT# Hold from RD# Rising Edge -1 ns
t., ADR[6:2] Setup to RD# Rising Edge 18 ns
tia ADR[6:2] Hold from RD# Rising Edge 0
te BE[3:0]# Setup to RD# Rising Edge 12 ns
t6a BE[3:0]# Hold from RD# Rising Edge 0 ns
to RD# High Time 16 ns
tao RD# Low Time 15 ns
t., DQ[31:0] Valid from RD# Falling Edge 15 ns
t 2 DQ[31:0] Hold from RD# Rising Edge 3 ns
te, RDEMPTY Status Valid from RD# Rising Edge 10 ns
tes FRF Status Valid from RD# Rising Edge 75 ns

Figure 10. Asynchronous RD# FIFO Timing
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Asynchronous WR# FIFO and Register Access Timing

Functional Operation Range (Vcc=5.0V 5%, 0°C to 70°C T 50 pf load on outputs).

Symbol Parameter Min Max Units Notes
., SELECT# Setup to WR# Rising Edge 7 ns
t. SELECT# Hold from WR# Rising Edge 0 ns
ts ADRJ[6:2] Setup to WR# Rising Edge 8 ns
tsa ADRJ[6:2] Hold from WR# Rising Edge 0 ns
te BE[3:0]# Setup to WR# Rising Edge 5 ns
ton BE[3:0]# Hold from WR# Rising Edge 0 ns
ta WR# High Time TBD ns
t., WR# Low Time 4 ns
ta, DQI[31:0] Setup to WR# Rising Edge 2 ns
tana DQ[31:0] Hold from WR# Rising Edge 3 ns
te, WRFULL Status Valid from WR# Rising Edge 27 ns
ts FWE Status Valid from WR# Rising Edge 40 ns

Figure 11. Asynchronous WR# FIFO Timing
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Synchronous RD# FIFO Timing
Functional Operation Range (Vcc=5.0V 5%, 0°C to 70°C T 50 pf load on outputs).

Symbol Parameter Min Max Units Notes
t, SELECT# Setup to BPCLK Rising Edge 10 30 ns 4
t... | SELECT# Hold from BPCLK Rising Edge 2 ns
te ADR[6:2] Setup to BPCLK Rising Edge 14 34 ns 4
t16a ADR[6:2] Hold from BPCLK Rising Edge 1 ns
t0 BE[3:0]# Setup to BPCLK Rising Edge 9 29 ns 4
to0a BE[3:0]# Hold from BPCLK Rising Edge 3 ns
ts RD# Low to DQ[31:0] Driven 17 ns 1
t.e RD# High to DQ[31:0] Float 8 ns
tiee RDEMPTY Status Valid to BPCLK Rising Edge 13 ns
t., FRF Status Valid to BPCLK Rising Edge 74 ns
t,, RD# Setup to BPCLK Rising Edge 11 31 ns 4
tosa RD# Hold from BPCLK Rising Edge 1 ns
t,, DQ[31:0] Valid from BPCLK Rising Edge 6 ns

Notes:

1. Datais valid for 22ns for a 31ns t,,, RD# Setup.

RD# and SELECT# must both be asserted to dric=ve DQ[31:0] - delay is from the last one asserted.

124

2.
3. When increasing Setup times, ADR[6:2], BE[3:0]#, SELECT#, and RD# timing relations remain relative to each other as shown.
4. Min and Max are indicated to allow increased valid data time as shown by dashed lines. First accesses are async.

Figure 12. Synchronous RD# FIFO Timing
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Synchronous Multiple RD# FIFO Timing

Figure 13. Synchronous RD# FIFO Timing
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ELECTRICAL CHARACTERISTICS S5933

Synchronous WR# FIFO Timing

Functional Operation Range (Vcc=5.0V 5%, 0°C to 70°C T4 50 pf load on outputs).

Symbol Parameter Min Max Units Notes
t, SELECT# Setup to BPCLK Rising Edge 19 ns
t... |SELECT# Hold from BPCLK Rising Edge 0 ns
t,, ADR[6:2] Setup to BPCLK Rising Edge 20 ns
ti7a ADR[6:2] Hold from BPCLK Rising Edge 0 ns
t,, BE[3:0]# Setup to BPCLK Rising Edge 15 ns
toa BE[3:0]# Hold from BPCLK Rising Edge 0 ns
t.,, DQI[31:0] Setup to BPCLK Rising Edge 12 ns
tpsn DQJ[31:0] Hold from BPCLK Rising Edge 1 ns
t,, WR# Setup to BPCLK Rising Edge 20 ns
tona WR# Hold from BPCLK Rising Edge 0 ns
teo WRFULL Status Valid to BPCLK Rising Edge 18 ns
teo FWE Status Valid to BPCLK Rising Edge 26 ns

Figure 14. Synchronous WR# FIFO Timing
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Synchronous Multiple WR# FIFO Timing

Figure 15. Synchronous Multiple WR# FIFO Timing
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ELECTRICAL CHARACTERISTICS S5933
Target S5933 Pass-Thru Interface Timings
Functional Operation Range (Vcc=5.0V +5%, 0°C to 70°C, 50 pF load on outputs)
Symbol Parameter Min Max Units Notes

tioa SELECT# Setup to BPCLK Rising Edge 3 ns
. SELECT# Hold from BPCLK Rising Edge 2 ns
t, ADR[6:2], BE[3:0]# Setup to BPCLK Rising Edge 5 ns
t, ADR[6:2], BE[3:0]# Hold from BPCLK Rising Edge 2 ns
t, RD# Low to DQ{31:0] Driven 13 ns 1
t,, Pass-Thru Status Valid from BPCLK Rising Edge 5 ns
t, Pass-Thru Status Hold from BPCLK Rising Edge 0 ns
t, PTRDY# Setup to BPCLK Rising Edge 5 ns
t,, PTRDY# Hold from BPCLK Rising Edge 3 ns
t, PCICLK to BPCLK delay 2 6.5 ns
t,q RD#, WR# Setup to BPCLK Rising Edge 5 ns
ty RD#, WR# Hold from BPCLK Rising Edge 2 ns
t,, DQI[31:0] Setup to BPCLK Rising Edge 5 ns
t, DQ[31:0] Hold from BPCLK Rising Edge 2 ns
t,, DQ[31:0] Valid from BPCLK Rising Edge 15 ns
t,, DQ[31:0] Float from RD# Rising Edge 12 ns

Notes:

1. This timing also applies to the use of BE[3:0]# to control DQ[31:0] drive.
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Figure 17. Pass-Thru Data Register Read Timing
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Figure 18. Pass-Thru Data Register Write Timing
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S5933

Figure 19. Pass-Thru Status Indicator Timing

PTATN#

PTWR
PTBURST#

PTNUM[L:0]
PTBE[3:0}4

Target Byte-Wide nv Memory Interface Timings

Functional Operation Range (Vcc=5.0V 5%, 0°C to 70°C, 50 pF load on outputs)

Symbol Parameter Min Max Units Notes
t35 ERD# Cycle Time 8T ns Note 1
t36 ERD# Low Time 6T ns Note 1
t37 ERD# High Time 2T ns Note 1
t38 EA[15:0] Setup to ERD# or EWR# Low ns Note 1
t39 EA[15:0] Hold from ERD# or T ns Note 1
EWR# High
t40 EQI[7:0] Setup to ERD# Rising Edge 10 ns Note 1
t41 EQI7:0] Hold from ERD# Rising Edge 2 ns Note 1
t42 EWR# Cycle Time ns Note 1,2
t43 EWR# Low Time 6T ns Note 1
t44 EWR# High Time 2T ns Note 1
t45 EQI7:0] Setup to EWR# Low -10 0 ns Note 1
t46 EQ[7:0] Hold from EWR# High T ns Note 1
Notes:

1. T represents the clock period for the PCI bus clock (30ns @ 33 MHz).

2. The write cycle time is controlled by both the PCI bus clock and software operations to initiate the write operation of nv
memory. This parameter is the result of several software operations to the Bus Master Control/Status Register (MCSR).
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S5933 ELECTRICAL CHARACTERISTICS
Figure 20. nv Memory Read Timing
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Figure 21. nv Memory Write Timing
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ELECTRICAL CHARACTERISTICS S5933

Target Interrupt Timings

Functional Operation Range (Vcc=5.0V +5%, 0°C to 70°C, 50 pF load on outputs)

Symbol Parameter Min Max Units Notes

t49 IRQ# Low from BPCLK Rising Edge 15 ns Note 1

t50 IRQ# High from BPCLK Rising Edge 15 ns Note 1
Notes:

1. This timing applies to interrupts generated and cleared from the PCI interface.

Figure 22. IRQ# Interrupt Output Timing

Functional Operation Range (Vcc=5.0V #5%, 0°C to 70°C, 50 pF load on outputs)

Symbol Parameter Min Max Units Notes
t51 EMBCLK Low Time 12 ns
t52 EMBLK High Time 12 ns
t53 EMBJ[7:0] Setup to EMBCLK 5 ns
Rising Edge
t54 EMB[7:0] Hold from EMBCLK 2 ns
Rising Edge

Figure 23. Mailbox 4, Byte 3 Direct Input Timing
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PINOUT AND PACKAGE INFORMATION S5933
S5933 Pinout and Pin Assignment - 160 PQFP
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EWR#/SDA ] 127 74— WR#
ERD#/SCL [C—] 128 73— EA3
EA11 C—]129 72 —1 RD#
VSS [C—]130 71— vCC
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ADR6 [— 132 55933 69 — EA2
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PINOUT AND PACKAGE INFORMATION

S5933 Pinout and Pin Assignment - 208 TQFP
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PINOUT AND PACKAGE INFORMATION S5933
Table 1. S5933 Numerical Pin Assignment - 160 PQFP
Pin# Signal Type Pin# Signal Type Pin# Signal Type
1 EQO t/s 33 EQ5/FRC# t/s 65 DQ25 t/s
2 AD23 t/s 34 AD14 t/s 66 ADR4 in
3 AD22 t/s 35 AD13 t/s 67 ADR3 in
4 AD21 t/s 36 AD12 t/s 68 ADR2 in
5 DQ31 t/s 37 DQ28 t/s 69 EA2 t/s
6 AD20 t/s 38 AD11 t/s 70 VSS V
7 AD19 t/s 39 AD10 t/s 71 VCC \Y,
8 AD18 t/s 40 AD9 t/s 72 RD# in
9 EQ1 t/s 41 EQ6/AMREN t/s 73 EA3 t/s
10 VSS \Y, 42 ADS8 t/s 74 WR# in
11 VCC \Y, 43 C/BEO# t/s 75 SELECT# in
12 AD17 t/s 44 AD7 t/s 76 DQ15 t/s
13 DQ30 t/s 45 DQ27 t/s 77 DQ24 t/s
14 AD16 t/s 46 ADG6 t/s 78 DQ14 t/s
15 C/BE2# t/s 47 AD5 t/s 79 DQ13 t/s
16 FRAME# t/s 48 AD4 t/s 80 DQ12 t/s
17 EQ2 t/s 49 EQ7/AMWEN t/s 81 EA4 t/s
18 IRDY# t/s 50 VSS \Y, 82 DQ11 t/s
19 TRDY# t/s 51 VCC \Y, 83 DQ10 t/s
20 DEVSEL# t/s 52 AD3 t/s 84 DQ9 t/s
21 EQ3 t/s 53 DQ26 t/s 85 DQ23 t/s
22 STOP# t/s 54 AD2 t/s 86 DQ8 t/s
23 LOCK# in 55 AD1 t/s 87 BEO# in
24 PERR# t/s 56 ADO t/s 88 DQ7 t/s
25 DQ29 t/s 57 EAO t/s 89 EA5 t/s
26 SERR# o/d 58 INTA# o/d 90 VSS \Y,
27 PAR t/s 59 MODE in 91 VCC \Y,
28 C/BE1# t/s 60 BE3# in 92 DQ6 t/s
29 EQ4/FWCH# t/s 61 EA1 t/s 93 DQ22 t/s
30 VSS V 62 BE2# in 94 DQ5 t/s
31 VCC \Y, 63 BE1# in 95 DQ4 t/s
32 AD15 t/s 64 ADR5 in 96 DQ3 t/s
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S5933 PINOUT AND PACKAGE INFORMATION
Table 1. S5933 Numerical Pin Assignment - 160 PQFP (Continued)

Pin# Signal Type Pin# Signal Type
97 EA6 t/s 129 EA1l out
98 DQ2 t/s 130 VSS \Y,
99 DQ1 t/s 131 VCC \Y
100 DQO t/s 132 ADRG6 in
101 EA7 t/s 133 DQ18 t/s
102 WRFIFO# in 134 NC —
103 WRFULL out 135 SNV in
104 RDFIFO# in 136 NC —
105 DQ21 t/s 137 EA12 out
106 RDEMPTY out 138 FLT# in
107 PTADR# in 139 RST# in
108 PTWR out 140 BPCLK out
109 EA8 t/s 141 EA13 out
110 VSS \Y, 142 CLK in
111 VCC \Y 143 GNT in
112 PTBURST# out 144 REQ# out
113 EA9 out 145 DQ17 t/s
114 PTATN# out 146 AD31 t/s
115 PTRDY# in 147 AD30 t/s
116 PTBEO# out 148 AD29 t/s
117 DQ20 t/s 149 EA14/FWE t/s
118 PTBE1# out 150 VSS \Y,
119 PTBE2# out 151 VCC \Y
120 PTBE3# out 152 AD28 t/s
121 EA10 out 153 EA15/FRF t/s
122 PTNUM1 out 154 AD27 t/s
123 PTNUMO out 155 AD26 t/s
124 IRQ# out 156 AD25 t/s
125 DQ19 t/s 157 DQ16 t/s
126 SYSRST# out 158 AD24 t/s
127 EWR#/SDA t/s 159 C/BE3# t/s
128 ERD#/SCL out 160 IDSEL in
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Package Physical Dimensions - 160 PQFP
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Detail A
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See Detail A/ ?Z =1 t Seating Plane
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PQFP IN MILLIMETERS
LEAD# 160

SYMBOL MIN MAX
A - 4.07

Al 0.25 -
A2 3.17 3.87
0.22 0.38
C 0.15 0.20
D1 27.90 28.10
El 27.90 28.10
e 0.65 BSC
D 31.65 32.15
E 31.65 32.15
L 0.65 0.95
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Table 2. S5933 Numerical Pin Assignment - 208 TQFP

Pin# Signal Type Pin# Signal Type Pin# Signal Type
1 VDD \Y 33 N/C 65 EQ7 t/s
2 VSS \Y, 34 PAR t/s 66 VSS \Y,
3 VSS \Y, 35 C/BE1# t/s 67 VSS V
4 EQO t/s 36 EQ4 t/s 68 VDD \Y,
5 AD23 t/s 37 VSS \Y, 69 N/C
6 AD22 t/s 38 VSS \Y, 70 AD3 t/s
7 AD21 t/s 39 VDD \Y, 71 DQ26 t/s
8 DQ31 t/s 40 VDD V 72 AD2 t/s
9 AD20 t/s 41 AD15 t/s 73 AD1 t/s
10 AD19 t/s 42 EQ5 t/s 74 ADO t/s
11 AD18 t/s 43 AD14 t/s 75 EAO t/s
12 N/C 44 AD13 t/s 76 INTA# @]
13 EQ1 t/s 45 AD12 t/s 77 MODE I
14 VSS \Y, 46 DQ28 t/s 78 BE3 I
15 VSS \Y, 47 AD11 t/s 79 EA1 t/s
16 VDD \Y, 48 AD10 t/s 80 BE2 I
17 VDD \Y, 49 AD9 t/s 81 BE1 I
18 AD17 t/s 50 VDD \Y, 82 ADRS5 I
19 DQ30 t/s 51 VDD \Y, 83 DQ25 t/s
20 AD16 t/s 52 VDD V 84 ADR4 I
21 C/BE2# t/s 53 VDD V 85 N/C
22 FRAME# t/s 54 VSS \Y, 86 ADR3
23 EQ2 t/s 55 VSS V 87 ADR2 I
24 IRDY# t/s 56 EQ6 t/s 88 EA2 t/s
25 TRDY# t/s 57 AD8 t/s 89 VSS \Y,
26 DEVSEL# t/s 58 C/BEO# t/s 90 VSS \Y,
27 EQ3 t/s 59 AD7 t/s 91 VSS \Y,
28 STOP# t/s 60 DQ27 t/s 92 VDD \Y,
29 LOCK# I 61 AD6 t/s 93 RD# I
30 PERR# t/s 62 AD5 t/s 94 EA3 t/s
31 DQ29 t/s 63 AD4 t/s 95 WR#
32 SERR# @] 64 N/C 96 SELECT# I
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PINOUT AND PACKAGE INFORMATION S5933
Table 2. S5933 Numerical Pin Assignment - 208 TQFP (Continued)

Pin# Signal Type Pin# Signal Type Pin# Signal Type
97 DQ15 t/s 129 DQ1 t/s 161 PTNUM1 @]
98 DQ24 t/s 130 DQO t/s 162 PTNUMO @]
99 VSS V 131 EA7 t/s 163 IRQ# O
100 DQ14 t/s 132 WRFIFO# I 164 DQ19 t/s
101 DQ13 t/s 133 WRFULL 0 165 SYSRST# O
102 DQ12 t/s 134 RDFIFO# I 166 SDA/EWR 0]
103 VDD \Y 135 DQ21 t/s 167 SCL/ERD O
104 VDD \Y 136 RDEMPTY @) 168 N/C
105 VDD \Y 137 N/C 169 EAl1l @)
106 VSS \Y, 138 PTADDR# I 170 VSS \Y,
107 VSS \Y, 139 PTWR o] 171 VSS \Y,
108 EA4 t/s 140 EA8 t/s 172 VDD V
109 DQ11 t/s 141 VSS \Y, 173 N/C
110 DQ10 t/s 142 VSS \Y, 174 ADRG6 I
111 DQ9 t/s 143 VSS \Y, 175 DQ18 t/s
112 DQ23 t/s 144 N/C 176 NV I
113 DQ8 t/s 145 PTBURST# O 177 N/C
114 BEO I 146 EA9 t/s 178 EA12 O
115 DQ7 t/s 147 PTATN# 0] 179 FLT# I
116 N/C 148 PTRDY# I 180 RST# I
117 EA5 t/s 149 PTBEO# 0] 181 BPCLK t/s
118 VSS \Y, 150 DQ20 t/s 182 EA13 O
119 VSS \Y, 151 PTBE1# 0] 183 CLK I
120 VDD \Y 152 PTBE2# o] 184 GNT# I
121 N/C 153 PTBE3# o] 185 REQ# 0]
122 DQ6 t/s 154 VDD \Y 186 DQ17 t/s
123 DQ22 t/s 155 VDD \Y 187 AD31 t/s
124 DQ5 t/s 156 VDD Vv 188 AD30 t/s
125 DQ4 t/s 157 VDD Vv 189 N/C
126 DQ3 t/s 158 VSS \Y, 190 AD29 t/s
127 EA6 t/s 159 VSS \Y, 191 EAl14 @)
128 DQ2 t/s 160 EA10 o] 192 VSS \Y,
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PINOUT AND PACKAGE INFORMATION

Table 2. S5933 Numerical Pin Assignment - 208 TQFP (Continued)

Pin# Signal Type
193 VSS \Y,
194 VDD \Y
195 N/C
196 AD28 t/s
197 EA15 @)
198 AD27 t/s
199 AD26 t/s
200 AD25 t/s
201 N/C
202 DQ16 t/s
203 AD24 t/s
204 C/BE3# t/s
205 IDSEL I
206 VDD \Y
207 VDD \Y
208 VDD \Y
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Package Physical Dimensions - 208 TQFP

b}
120 81

Symbol MIN NOM MAX
E Et A - - 1.60
Al 0.05 - 0.15
Pin 1 A2 1.35 1.40 1.45
D 30.00 BSC
_ INDICATOR D1 28.00 BSC
180 ’ E 30.00 BSC
J El 28.00 BSC
- m L 045 | 060 | 0.75
~lire~fs e 0.50 BSC
B 0.17 0.22 0.27
c 0.09 - 0.20
G 0.08 - -
H 1.00 BSC
J 0.08 - 0.20
G mmus_‘. J RADIUS K 0.20 - -
) 0-7 2 H 2.00 BSC
DETAL & |- - ANAM AMKOR - DWGH34514

SEE DETAIL A

SEATING PLANE

—c—
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Ordering Information

S5933 Q E

Revision Level

Package Option
Q = 160-pin PQFP
T = 208-pin TQFP
Device Number
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AMENDMENT

Am29F010 Data Sheet

AMD ¢

1996 Flash Products Data Book/Handbook

INTRODUCTION

This amendment supersedes information regarding the
Am29F010 device in the 1996 Flash Products Data
Book/Handbook, PID 11796D. This document includes
replacement pages for the Am29F010 data sheet, PID
16736F.

This amendment will be available online through the
AMD World Wide Web site (http://www.amd.com), in
addition to the literature ordering hotline. All changes

contained in this document will be included in the next
release of the Flash Products Data Book/Handbook.

DOCUMENT ORGANIZATION

Table 1 lists the data book pages affected by this doc-
ument and contains a description of changes for each
page. In the footer of the change pages are two page
numbers. The page number in parenthesis lists the cor-
responding page in the data book.

Table 1. Am29F010 Data Sheet Changes

Amendment Data Book
Page Page Description of Changes

Product Selector Guide: There are now two V¢ supply operating ranges available for

2 1-5 the 55 ns speed option. The PDIP package is only available in the £5% V¢ operating
range. The other packages are available in the £10% operating range.
Ordering Information:

3 1-8 The 45 ns speed grade is now also available in PC configuration (PDIP package,
commercial temperature.)

4 1-19 Operating Ranges:
Ve Supply Voltages: Changed to reflect the available speed options.
AC Characteristics:

5 1-23 Write/Erase/Program Operations:Corrected to indicate ty 4t toesp twhwh1 @nd twhwh2
are typical values, not minimum values. Changed value for fypwH2-
AC Characteristics: o

6 1-27 Write/Erase/Program Operations, Alternate CE Controlled Writes: Corrected to indicate
twhwh1 and twpwh2 are typical values, not minimum values. Changed value for tywHo-
Erase and Programming Performance:

7 1-29 Combined chip and sector erase specifications; changed typical and maximum values.
Added Note 6.

Publication# 16736 Rev:F Amendment/1
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AMENDMENT

PRODUCT SELECTOR GUIDE

Family Part No: Am29F010
Ordering Part No: Ve =5.0V +5% -45 -55 (P)
Voo =5.0V +10% -55 (J,E,F) -70 -90 -120
Max Access Time (ns) 45 55 70 90 120
CE (E) Access (ns) 45 55 70 90 120
OE (G) Access (ns) 25 30 30 35 50
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DMENT AMDZZ

ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is

formed by a combination of:

AM29F010

-55 J

T

DEVICE NUMBER/DESCRIPTION
Am29F010

OPTIONAL PROCESSING
Blank = Standard Processing

B = Burn-In
VOLTAGE TOLERANCE
5 = VCC +5%

TEMPERATURE RANGE

C = Commercial (0°C to +70°C)
| = Industrial (-40°C to +85°C)
E = Extended (-55°C to +125°C)
PACKAGE TYPE

P = 32-Pin Plastic DIP (PD 032)

J = 32-Pin Rectangular Plastic Leaded Chip
Carrier (PL 032)

E = 32-Pin Thin Small Outline Package
(TSOP) Standard Pinout (TS 032)

F = 32-Pin Thin Small Outline Package
(TSOP) Reverse Pinout (TSR032)

SPEED OPTION
See Product Selector Guide and
Valid Combinations

1 Megabit (128K x 8-Bit) CMOS Flash Memory

5.0 Volt-only Program and Erase

Valid Combinations

AM29F010-45
VCC =50V 5%

PC, JC, EC, FC

AM29F010-55
VCC =50V 5%

PC5, PC5B, PI5, PI5B

AM29F010-55
Ve = 5.0V £10%

JC, JCB, JI, JIB,
EC, ECB, EI, EIB,
FC, FCB, FI, FIB

AM29F010-70
AM29F010-90
AM29F010-120

PC, PCB, PI, PIB, PE, PEB,
JC, JCB, JI, JIB, JE, JEB,
EC, ECB, El, EIB, EE, EEB,
FC, FCB, FI, FIB, FE, FEB

Valid Combinations
Valid Combinations list configurations planned to be
supported in volume for this device. Consult the local
AMD sales office to confirm availability of specific
valid combinations and to check on newly released
combinations.

Am29F010

(Replaces Page 1-8) 3
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AMENDMENT

ABSOLUTE MAXIMUM RATINGS
Storage Temperature

Plastic Packages . .............. —65°C to +125°C
Ambient Temperature

with Power Applied. . ............ -55°C to + 125°C
Voltage with Respect To Ground

All pins except A9 (Note 1). ........ -20Vto+7.0V
Veec(Note ). ..o -20Vto+7.0V
A9(Note2)............cvvun.. -2.0Vto+14.0V
Output Short Circuit Current (Note 3) ...... 200 mA
Notes:

1. Minimum DC voltage on input or I/O pins is —0.5 V. During
voltage transitions, inputs may overshoot Vsg to —2.0 V
for periods of up to 20 ns. Maximum DC voltage on input
and I/O pins is V¢ + 0.5 V. During voltage transitions,
input and 1/0 pins may overshoot to V¢ + 2.0 V for
periods up to 20 ns.

2. Minimum DC input voltage on A9 pin is —0.5 V. During
voltage transitions, A9 may overshoot Vsg to —2.0 V for
periods of up to 20 ns. Maximum DC input voltage on A9
is +12.5 V, which may overshoot to 14.0 V for periods up
to 20 ns.

3. No more than one output shorted to ground at a time. Du-
ration of the short circuit should not be greater than one
second.

Stresses above those listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only; functional operation of the device at these
or any other conditions above those indicated in the opera-
tional sections of this specification is not implied. Exposure of
the device to absolute maximum rating conditions for ex-
tended periods may affect device reliability.

OPERATING RANGES
Commercial (C) Devices

Ambient Temperature (Tp). . ... ....... 0°C to +70°C
Industrial (1) Devices
Ambient Temperature (Tp). . .. .. .. .. —40°C to +85°C
Extended (E) Devices
Ambient Temperature (Tp). ... ... .. -55°C to +125°C

Ve Supply Voltages
V¢ for Am29F010-45, 55 (P). ... +4.75V to +5.25V

Ve for Am29F010-55 (J, E, F),
70,90,120 ... ..o ~4.50 V to +5.50 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

4 (Replaces Page 1-19)
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AMENDMENT AMDZZ

AC CHARACTERISTICS
Write/Erase/Program Operations

Parameter
Symbols
JEDEC | Standard | Description -45 -55 -70 -90 -120 | Unit
tavav twe Write Cycle Time (Note 2) Min | 45 55 70 90 120 ns
tavwL tas Address Setup Time Min 0 0 0 0 0 ns
twiLAX tan Address Hold Time Min | 35 45 45 45 50 ns
tovwWH tps Data Setup Time Min 20 20 30 45 50 ns
tWHDX tpH Data Hold Time Min 0 0 0 0 0 ns

Read (Note 2) Min 0 0 0 0 0 ns

Output Enable —
YOEH | Hold Time Toggle Bit and Data Polling

(Note 2) Min 10 10 10 10 10 ns

Read Recover Time Before Write

teHWL tGHWL (OE High to WE Low) Min 0 0 0 0 0 ns
teLw tes CE Setup Time Min 0 0 0 0 0 ns
tWHEH ten CE Hold Time Min 0 0 0 0 0 ns
twiwH twe Write Pulse Width Min | 25 30 35 45 50 ns
BWHWL twpy | Write Pulse Width High Min 20 20 20 20 20 ns
twhwh1 | twhwhHi | Byte Programming Operation Typ 14 14 14 14 14 ps
twhwH2 | twhwh2 | Sector Erase Operation (Note 1) Typ | 1.3 13 13 13 13 sec
tycs | Vec Setup Time (Note 2) Min 50 50 50 50 50 ps
ty .yt | Voltage Transition Time (Note 2) Typ 4 4 4 4 4 ps
toesp | OE Setup Time to WE Active (Note 2) Typ 4 4 4 4 4 us
Notes:
1. This does not include the preprogramming time.
2. Not 100% tested.
Am29F010 (Replaces Page 1-23) 5
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AMENDMENT

AC CHARACTERISTICS
Write/Erase/Program Operations
Alternate CE Controlled Writes

Parameter
Symbols
JEDEC | Standard | Description -45 -55 -70 -90 | -120 | Unit
tavav twe Write Cycle Time (Note 2) Min | 45 55 70 90 120 ns
tAvVEL tas Address Setup Time Min 0 0 0 0 0 ns
tELAX tAn Address Hold Time Min | 35 45 45 45 50 ns
tovEH tps Data Setup Time Min | 20 20 30 45 50 ns
tEHDX toH Data Hold Time Min 0 0 0 0 0 ns
toes Output Enable Setup Time (Note 2) Min 0 0 0 0 0 ns
Output Enable Read (Note 2) Min 0 0 0 0 0 ns
©OFH  |HoldTime  [Toggle Bit and Data Polling (Note 2)| Min | 10 | 10 | 10 | 10 | 10 | ns
tGHEL tgneL | Read Recover Time Before Write Min 0 0 0 0 0 ns
twiEL tws | CE Setup Time Min| O 0 0 0 0 ns
tenwH twy | CE Hold Time Min| O 0 0 0 0 ns
tELEH tcp Write Pulse Width Min | 25 30 35 45 50 ns
tEHEL tcpH Write Pulse Width High Min | 20 20 20 20 20 ns
twhwH1 | twhwhi | Byte Programming Operation Typ | 14 14 14 14 14 ps
twhwhH2 | twhwh2 | Sector Erase Operation (Note 1) Typ| 1.3 1.3 1.3 1.3 1.3 sec

Notes:
1. This does not include the preprogramming time.

2. Not 100% tested.

6 (Replaces Page 1-27)
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AMENDMENT AMDZZ

ERASE AND PROGRAMMING PERFORMANCE

Limits

Parameter Typ (Note 1) Max Unit Comments

Chip/Sector Erase Time

1

15 (Note 1)

sec

Excludes O0H programming prior to erasure

Byte Programming Time

14

1000 (Note 3)

us

Excludes system-level overhead (Note 4)

Chip Programming Time

1.8

12.5 (Notes 3, 5)

sec

Excludes system-level overhead (Note 4)

Notes:

1.
2.

3.

25°C, 5.0 V V¢, 100,000 cycles.

Although Embedded Algorithms allow for longer chip program and erase time, the actual time will be considerably less since
bytes program or erase significantly faster than the worst case byte.

Under worst case condition of 90°C, 4.5 V V¢, 100,000 cycles.

System-level overhead is defined as the time required to execute the four bus cycle command necessary to program each
byte. In the preprogramming step of the Embedded Erase algorithm, all bytes are programmed to 00H before erasure.

The Embedded Algorithms allow for 48 ms byte program time. DQ5 = “1” only after a byte takes the theoretical maximum time
to program. A minimal number of bytes may require significantly more programming pulses than the typical byte. The majority
of the bytes will program within one or two pulses. This is demonstrated by the Typical and Maximum Programming Times
listed above.

100,000 program/erase cycles is guaranteed, 1,000,000 program/erase cycles is typical.

LATCHUP CHARACTERISTICS

Min Max
Input Voltage with respect to Vgg on all pins except I/O pins (Including A9) -1.0Vv 135V
Input Voltage with respect to Vgg on all I/O pins -10V Vec+1.0V
Current —100 mA +100 mA
Includes all pins except Vc. Test conditions: V¢ = 5.0 V, one pin at a time.
TSOP PIN CAPACITANCE
Parameter
Symbol Parameter Description Test Setup Typ Max Unit
Cin Input Capacitance ViN=0 6 75 pF
Court Output Capacitance Voutr =0 8.5 12 pF
Cinz Control Pin Capacitance | V|y=0 75 9 pF
Notes:

1. Sampled, not 100% tested.
2. Test conditions Ty = 25°C, f = 1.0 MHz.

Trademarks

Copyright © 1996 Advanced Micro Devices, Inc. All rights reserved.

AMD, the AMD logo, and combinations thereof are trademarks of Advanced Micro Devices, Inc.

Product names used in this publication are for identification purposes only and may be trademarks of their respective companies.

Am29F010
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APPLICATION NOTE

ANCC

BUS MASTERING WITH THE S5933 PCI MATCHMAKER

1.0 OVERVIEW

The AMCC S5933 PCI Controller provides add-in
cards with bus mastering capabilities on the PCI
bus. The S5933 internal FIFO is used to transfer
data between the add-on and the PCI bus as a PCI
initiator (bus master). The S5933 allows burst trans-
fers at the full PCI bandwidth.

This application note discusses how the S5933 may
be used in a PCI bus mastering (DMA) application. A
brief background of DMA as it relates to the ISA bus
is provided in Section 2. The remaining sections de-
scribe the bus master capabilities of the S5933 in-
cluding add-on hardware support and required
software support. Performance for bus mastering ap-
plications on the PCI bus is also discussed. An ex-
ample C-Language program is provided in Appendix A
to set up PCI DMA transfers with the S5933 controller.

2.0 DMA BACKGROUND

In ISA bus-based personal computers, there were
two potential bus masters: the host CPU and the
system DMA controller. There was no protocol de-
fined for alternate bus masters to gain control of the
bus and transfer data to other cards or platform
memory. Most ISA add-in cards were designed as
ISA bus slaves. The DMA controller or the CPU were
used for data transfers to and from ISA cards.

For performance reasons, some ISA add-in cards
required bus mastering capabilities. To become an
ISA bus master, a free DMA channel was utilized.
The ISA card asserted a DMA request to the 8237
DMA controller, the 82C37 asserted the HOLD input
to the CPU. When the 82C37 received the HLDA
acknowledge back from the CPU, it asserted an ac-
knowledge to the add-in card. The add-in card then
had control of the ISA bus to perform data transfers.
For this reason, bus mastering is also referred to as
DMA.

The PCI bus protocol has specific provisions to allow
bus mastering (DMA) by any device connected to
the PCI bus. If add-in cards perform their own data
transfers, the host CPU is freed to perform other
tasks (code execution, etc.). The PCI bus provides a
dedicated request (REQ#)/grant(GNT#) pair to each
PCI bus device (or card slot). These are all routed to
a central bus arbiter that determines which device
controls the PCI bus, based on a predefined priority
scheme.

3.0 S5933 ARCHITECTURE

The S5933 performs DMA (bus master) transfers on
the PCI bus through its FIFO interface. It has two,
independent FIFOs. Each FIFO is 8-deep by 32-bits
wide. One is used to transfer data from the PCI bus
to the add-on, and the other is used to transfer data
from the add-on to the PCI bus. The S5933 only
performs DMA transfers to and from memory-
mapped targets.

Each FIFO has an associated address and transfer
count register. These registers may be defined by
either the host CPU or add-on logic (configurable at
reset). Each FIFO has a programmable priority and
management scheme. Each FIFO also has the abil-
ity to generate interrupts when the transfer count ex-
pires or error conditions occur during a PCI bus
transfer.

3.1 Configuring the S5933 for DMA Transfers

A DMA (bus master) transfer may be set up by either
the host CPU, or add-on logic. This is defined for the
S5933 at reset and cannot change during operation.
Initiating a DMA transfer involves setting up the
source/destination addresses and transfer counts as
well as enabling the transfer. The FIFO relative pri-
orities and FIFO management schemes are always
programmed by the host CPU.

If an external, non-volatile boot memory is used with
the S5933, the contents of offset 45h define FIFO
operation. The following bits functions are defined:

Bit 7 Bus Master Register Access

0 Address and transfer count registers only
accessible from the add-on interface

1 Address and transfer count registers only
accessible from the PCl interface (default)

Bit 6 RDFIFO# or RD# Operation

0 Synchronous Mode — RDFIFO# and RD#
functions as enables

1 Asynchronous Mode — RDFIFO# and RD#
functions as clocks (default)

Bit 5 WRFIFO# or WR# Operation

0 Synchronous Mode — WRFIFO# and WR#
functions as enables

1 Asynchronous Mode — WRFIFO# and WR#
functions as clocks (default)

Applied Micro Circuits Corporation
6195 Lusk Blvd., San Diego, CA 92121 e (619) 450-9333
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BUS MASTERING WITH THE S5933 PCI MATCHMAKER

If no external non-volatile boot memory is used with
the S5933, the default configuration for bus mastering
is for transfers to be set up by the host CPU. Bits 6
and 5 define how the add-on FIFO interface operates.
The default configuration for FIFO read and write
strobes is to be asynchronous to the PCI clock (pro-
vided to the add-on by the S5933 BPCLK output). For
more information on the FIFO add-on bus interface,
refer to the S5933 PCI Controller Data Book.

3.1.1 PCI Initiated DMA Transfers

If no external non-volatile boot device is used, or if
location 45h, bit 7 is 1, the address and transfer
count registers are only accessible from the PCI bus
interface. This requires that the PCI host write these
register to initiate a DMA transfer. In this configura-
tion, the S5933 can be programmed to generate a
PCI interrupt (INTA#) when the DMA transfer count
reaches zero or when an error occurs during a DMA
transfer (target or master abort conditions).

PCl initiated DMA transfers must be enabled through
the Bus Master Control/Status Register (MCSR).
The register is at offset 3Ch in the S5933 PCI Op-
eration Registers. S5933 Read DMA transfers and
Write DMA transfers have separate control bits and
can be individually enabled. The enable bits are not
automatically cleared upon completion of a DMA
transfer. DMA transfers remain enabled until these
bits are cleared by the host CPU.

3.1.2 Add-on Initiated DMA Transfers

If an external, serial non-volatile boot device is used
and location 45h, bit 7 is 0, the address and transfer
count registers are only accessible from the add-on
bus interface. This requires that add-on logic write
these register to initiate a DMA transfer. In this con-
figuration, the S5933 can be programmed to gener-
ate an add-on interrupt (IRQ#) when the DMA
transfer count reaches zero or when an error occurs
during a DMA transfer. A serial boot device is re-
quired because the transfer enable inputs used for
add-on initiated DMA are multiplexed with the byte-
wide nv-memory interface.

Add-on initiated DMA transfers are enabled using the
AMREN and AMWEN inputs. The bus master enable
bits in the Bus Master Control/Status Register
(MCSR) are ignored. Asserting AMREN enables the
S5933 to request control of the PCI bus for a PCI
read transfer when the appropriate FIFO conditions
are met. Asserting AMWEN enables the S5933 to re-
guest control of the PCI bus for a PCI write transfer
when the appropriate FIFO conditions are met (see
section 3.4 on FIFO management schemes). If an

enable is deasserted during a DMA transfer, the cur-
rent PCl bus transaction completes and the S5933
deasserts REQ#, giving up control of the PCI bus.

3.2 DMA Address Registers

There are two DMA address registers: the Master
Write Address Register (MWAR) and the Master
Read Address Register (MRAR). These registers are
located at offsets 24h and 2Ch, respectively, in the
S5933 PCI Operation Registers. These are written
with the beginning memory address of the DMA
transfer. The S5933 requires that DMA transfers
start on double-word boundaries (A1 and A0 = 0).

During a DMA transfer, the address registers are
incremented by four after each completed data
phase. If a PCI target disconnects and requests a
retry from the S5933, the correct address is main-
tained to allow the transfer to begin from where it
was disconnected.

3.3 DMA Transfer Count Registers

There are two DMA transfer count registers: the
Master Write Transfer Count Register (MWTC) and
the Master Read Transfer Count Register (MRTC).
These registers are located at offsets 28h and 30h,
respectively, in the S5933 PCI Operation Registers.
These are written with the a DMA transfer byte count
of up to 64 Mbytes. The transfer count registers are
decremented by four after each completed data
phase. The transfer count registers do not reset to
their initial value after reaching zero, the PCI host
must reprogram them.

Although S5933 DMA transfer must begin on double-
word boundaries, the transfer count does not have to
be a multiple of four bytes. When the transfer count
decrements below four, only the byte enable corre-
sponding to the number of bytes left are asserted.
For example, if a transfer count of 10 was pro-
grammed into one of the transfer count registers,
two data transfers would complete with all byte en-
ables asserted (8 bytes). The final data transfer
would have only BEO# and BE1# asserted, transfer-
ring the final two bytes.

For add-on initiated DMA transfers, the transfer counts
are enabled or disabled through the Add-on General
Control/Status Register (AGCSTS), bit 28. The transfer
counts for read and write transfers cannot be individu-
ally enabled. This may be useful in applications where
the amount of data to be transferred is not known. If
transfer counts are disabled, the S5933 continues to
transfer data according to the conditions listed above,
but transfer counts are ignored.

Page 2 February 15, 1996
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BUS MASTERING WITH THE S5933 PCI MATCHMAKER

3.4 FIFO Management Schemes

The S5933 provides flexibility in how the FIFO is man-
aged for DMA transfers. The FIFO management
scheme determines when the S5933 requests the
PCI bus (asserts REQ#). The most efficient way to
untilize the capabilities of the PCI bus is with burst
transfers. Requesting the PCIl bus every time the
FIFO contains a single double-word is an ineffecient
use of the bus, and limits the performance of other
PCI devices within a system. It is more desirable re-
guest the bus when multiple operations are required,
allowing the S5933 to perform a burst transfer.

The management scheme is configurable for the PCI
to add-on and add-on to PCI FIFOs (and may be
different for each). Bus mastering must be enabled
for the management scheme to apply (via the MCSR
enable bits or AMREN/AMWEN). The FIFO manage-
ment option is programmed through the Bus Master
Control/Status Register (MCSR).

For the PCI to add-on FIFO (DMA reads), there are
two options. The FIFO can be programmed to request
the bus when any FIFO location is empty or only
when four or more locations are empty. After the
S5933 is granted control of the PCI bus, the manage-
ment scheme does not apply. The device continues to
read as long as there is an open FIFO location. For
DMA read transfers, the S5933 maintains control of
the PCI bus until one of the following events:

* The read transfer count (MRTC) reaches
zero

» Bus mastering is disabled (with the MSCR
enable bit or AMREN)

* Another master requests the bus and the
Latency Timer is expired

» The PCI target aborts the transfer
» The PCI to add-on FIFO becomes full

For the add-on to PCI FIFO (DMA writes), there are
two management options. The FIFO can be pro-
grammed to request the bus when any FIFO location
is full or only when four or more locations are full.
After the S5933 is granted control of the PCI bus, the
management scheme does not apply. The device
continues to write as long as there is data in the FIFO.
For DMA write transfers, the S5933 maintains control
of the PCI bus until one of the following events:

*  The write transfer count (MWTC) reaches zero

» Bus mastering is disabled (with the MSCR
enable bit or AMWEN)

* Another master requests the bus and the
Latency Timer is expired

» The PCI target aborts the transfer
* The add-on to PCI FIFO becomes empty

There are two special cases for the add-on to PCI
FIFO management scheme. The first case is when
the FIFO is programmed to request the PCI bus only
when four or more locations (16 bytes) are full, but
the transfer count is less than 16 bytes. In this situa-
tion, the FIFO ignores the management scheme and
finishes transferring the data. The second case is
when the S5933 is configured for add-on initiated
bus mastering. In this situation, the FIFO manage-
ment scheme must be set to request the PCI bus
when one or more locations are full.

3.5 S5933 DMA Channel Priority

In many applications, the S5933 performs both DMA
read and write transfers. This requires a priority
scheme be implemented between the two FIFOs. If
the FIFO management condition for initiating a PCI
read and a PCI write are both met, a method must
exist to determine which transfer is performed first.

Bits D12 and D8 in the Bus Master Control/Status
Register (MCSR) control the read and write DMA
channel priority, respectively. If these bits are both
set or both clear, priority alternates, beginning with
read transfers. If the read priority is set and the write
priority is clear, read cycles take priority. If the write
priority is set and the read priority is clear, write
cycles take priority. Priority arbitration is only done
when neither FIFO has control of the PCI bus (the
PCI to add-on FIFO never interrupts an add-on to
PCI FIFO transfer in progress and vice-versa).

3.6 S5933 DMA Interrupts

The S5933 can generate interrupts under the follow-
ing conditions: the read transfer count reaches zero,
the write transfer count reaches zero, or an error
occurs on the PCI bus during a DMA transfer.

Which interface (PCI bus or add-on bus) receives the
interrupt is determined by which side initiated the
DMA transfer. If PCI initiated DMA transfers are used,
a PCI INTA# interrupt is generated when an interrupt
condition is met. If add-on initiated DMA transfers are
used, IRQ# is generated to the add-on interface. In-
terrupts are optional and may be disabled.

Applied Micro Circuits Corporation
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BUS MASTERING WITH THE S5933 PCI MATCHMAKER

3.6.1 Transfer Count Interrupts

Transfer count interrupts may come from two
sources: read transfer count and/or write transfer
count. One or both interrupts may be enabled, or
both may be disabled. A read transfer count interrupt
is generated when the Master Read Transfer Count
Register (MRTC) decrements to zero. A write trans-
fer count interrupt is generated when the Master
Write Transfer Count Register (MWTC) decrements
to zero. These registers decrement when a PCI
transfer completes successfully.

If add-on initiated DMA transfers are used with transfer
counts disabled, these interrupt sources are disabled.

3.6.2 PCI Bus Error Condition Interrupts

In some situations, the PCI bus may signal an error
condition during an S5933 DMA transfer. These error
conditions include a target abort or master abort on
the PCI bus. If one of these conditions exists, it is
important to notify the device which initiated the trans-
fer that it cannot complete successfully. Interrupts on
PCI error conditions are only enabled if one or both of
the transfer count interrupts are enabled. There is no
individual enable bit for PCI error interrupts.

A PCI target abort indicates an error condition where
no number of retries to the target will result in a
successful data transfer. A PCI master abort occurs
when a PCI bus master (the S5933, in this case)
attempts to access a PCI target which is either non-
existent or disabled. In either of these situations, the
device which set up the DMA transfer is notified with
an interrupt (either INTA# or IRQ#).

3.6.3 Controlling S5933 DMA Interrupts

For PCI initiated DMA transfers, interrupts are en-
abled through the S5933 Interrupt Control Status
Register (INTCSR). This register is located at offset
38h in the S5933 PCI Operation Registers. INTCSR is
also accessed during interrupt service routines to de-
termine the interrupt source and clear the interrupt.
The following INTCSR bits relate to DMA Operations:

Bit 14 Enable Interrupt on Write Transfer
Complete. If set, INTA# is generated
when MWTC decrements to zero during a
DMA transfer.

Bit 15 Enable Interrupt on Read Transfer
Complete . If set, INTA# is generated
when MRTC decrements to zero during a
DMA transfer.

Bit 18 Write Transfer Complete Interrupt
When set, this bit indicates MWTC has
decremented to zero and INTA# has been
asserted. Writing a one to this bit clears
the interrupt source and deasserts INTA#.
Writing a zero to this bit has no effect.

Bit 19 Read Transfer Complete Interrupt
When set, this bit indicates MRTC has
decremented to zero and INTA# has been
asserted. Writing a one to this bit clears
the interrupt source and deasserts INTA#.
Writing a zero to this bit has no effect.

Bit 20 Master Abort Interrupt . When set, this
bit indicates that the S5933 had to
perform a master abort and INTA# has
been asserted. Writing a one to this bit
clears the interrupt source and deasserts
INTA#. Writing a zero to this bit has no
effect.

Bit 21 Target Abort Interrupt . When set, this bit
indicates that the S5933 received a target
abort and INTA# has been asserted.
Writing a one to this bit clears the inter-
rupt source and deasserts INTA#. Writing
a zero to this bit has no effect.

For add-on initiated DMA transfers, interrupts are en-
abled through the S5933 Add-on Interrupt Control/Sta-
tus Register (AINT). This register is located at offset
38h in the S5933 Add-on Operation Registers. AINT is
also accessed during interrupt service routines to de-
termine the interrupt source and clear the interrupt. The
following AINT bits relate to DMA Operations:

Bit 14 Enable Interrupt on Write Transfer
Complete . If set, IRQ# is generated when
MWTC decrements to zero during a DMA
transfer.

Bit 15 Enable Interrupt on Read Transfer
Complete . If set, IRQ# is generated when
MRTC decrements to zero during a DMA
transfer.

Bit 18 Write Transfer Complete Interrupt
When set, this bit indicates MWTC has
decremented to zero and IRQ# has been
asserted. Writing a one to this bit clears
the interrupt source and deasserts IRQ#.
Writing a zero to this bit has no effect.
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Bit 19 Read Transfer Complete Interrupt
When set, this bit indicates MRTC has
decremented to zero and IRQ# has been
asserted. Writing a one to this bit clears
the interrupt source and deasserts IRQ#.
Writing a zero to this bit has no effect.

Bit 21 Bus Master Error Interrupt . When set,
this bit indicates that the S5933 had to
perform a master abort or received a
target abort and IRQ# has been asserted.
Writing a one to this bit clears the inter-
rupt source and deasserts IRQ#. Writing
a zero to this bit has no effect.

3.6.4 PCI Interrupt Considerations

If the S5933 is configured to generate PCI bus inter-
rupts (INTA#) for DMA transfer counts and PCI bus
error conditions, considerations must be made for
the interrupt handler. The interrupt vector must be
obtained, and because hardware interrupts may be
shared, interrupt handlers may have to be “chained.”

3.6.4.1 Enabling PCI Interrupts

The Interrupt Pin (INTFIN) PCI Configuration Regis-
ter may be loaded out of non-volatile memory offset
7Dh by the S5933 at reset. The value loaded into
this register identifies which PCI interrupt: INTA#,
INTB#, INTC#, or INTD# is used. The default value
is 01h, identifying INTA#. For the S5933, the INTA#
output should be connected to the PCI bus INTA# pin.
If PCI interrupts are not required, this register may be
initialized to 00h (interrupts disabled) or ignored.

The four PCI interrupts are mapped within the system
chipset to standard PC IRQ numbers (0-15). The
82C59A compatible interrupt controllers (two cas-
caded controllers) each have an interrupt mask regis-
ter. The master mask register, located at system 1/O
location 21h controls the masking of IRQO-7, and the
slave mask register, located at system I/O location
1Ah controls the masking of IRQ8-15. Application
software must make sure the S5933 interrupt line (in-
dicated by the PCI Interrupt Line Register described
in Section 3.6.4.2) is unmasked. If the interrupt is
masked, the handler never executes.

3.6.4.2 PCI Host Interrupt Handlers

The S5933 Interrupt Line (INTLN) PCI Configuration
Register is loaded out of non-volatile memory offset 7Ch
by the S5933 at reset. The value loaded into the register
is a hardware interrupt number for the host interrupt
controller (IRQO to 15). This value may be used by the
host, or the BIOS may overwrite it with its own value.

Multiple PCI devices may be assigned to a single
hardware interrupt by the host. PCIl device drivers
are, therefore, required to determine if the current
interrupt was generated by the device it services. If
not, it must pass control, or “chain” the previous in-
terrupt handler to service the interrupt.

Each application’s code must install its own interrupt
vector. To do this, the Interrupt Line Configuration Reg-
ister is read. A value between 0 and 15 is returned,
corresponding to a PC hardware IRQ number. This
must be translated into a software interrupt number.
The following table shows the conversions for a PC:

Hardware Interrupt | Software Interrupt
IRQO 08h
IRQ1 09h
IRQ2 0Ah
IRQ3 0Bh
IRQ4 0Ch
IRQ5 0Dh
IRQ6 OEh
IRQ7 OFh
IRQ8 70h
IRQ9 71h
IRQ10 72h
IRQ11 73h
IRQ12 74h
IRQ13 75h
IRQ14 76h
IRQ15 77h

Once the software interrupt number is calculated,
the previous interrupt handler's vector can be read
and stored. The new interrupt vector is then in-
stalled. In this manner, numerous devices within a
system can share a single hardware interrupt.
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Each application’s interrupt handler must first check
the source of the interrupt. For S5933 applications,
this is done by reading the S5933 Interrupt Control/
Status Register. The status of all possible S5933
PCI interrupt sources is indicated by this register. If
the status bits indicate that no interrupts were gener-
ated by the S5933, the handler must call the previ-
ous interrupt handler whose vector it replaced. The
previous interrupt handler then performs a similar
task for the device it services, and this process con-
tinues until the device which generated the interrupt
is found.

If the interrupt handler determines that the source of
the interrupt was the S5933, the interrupt source
must be cleared through the Interrupt Control/Status
Register (INTCSR). The handler then performs what-
ever tasks are necessary to service the interrupt
(such as rewriting address or transfer count regis-
ters). Finally, the handler must clear the 83C59A in-
terrupt controller ‘in-service’ bit. This bit is set when
the host processor acknowledges the interrupt and
jumps to the interrupt service routine. A specific end-
of-interrupt (EOI) is used to clear this bit. If a PCI
device is mapped to hardware interrupts IRQ8 to
IRQ15, two EOI commands must be issued. One
EOI must be issued for the slave 82C59A which sup-
ports IRQ8-15. A second EOI is required for the
master 82C59A. The second EOI is a specific EOI
for IRQ2 because the slave interrupt controller in a
PC is cascaded into the IRQ2 input of the master
interrupt controller. Without the end-of-interrupt se-
guence, the interrupt controllers will not recognize
further interrupts from that source.

4.0 PCI DMA PERFORMANCE FACTORS

There are a number of factors which determine DMA
performance on the PCI bus. The clock speed and
data bus width are important in determining maxi-
mum bus bandwidth. The most important factor in
DMA performance is traffic on the PCI bus. As the
number of PCI devices which require access to the
bus increases, the bandwidth available to each indi-
vidual device decreases.

4.1 PCI Bus Arbitration

Each device on the PCI bus has a dedicated REQ#/
GNT# pair which are connected to the system bus
arbiter. When a device asserts REQ#, it indicates a
data transfer is required. The transfer may be a
single data phase or a burst. The bus arbiter asserts
GNT# to the device to indicate that it may now per-
form the transfer.

The bus arbiter may remove GNT# from a PCI bus
master on any PCI clock. The current transaction
completes, and the PCl master gives up control of
the bus. GNT# may already be asserted to the next
master, but it is not allowed to drive the PCI bus until
IRDY# and FRAME# are deasserted, indicating the
bus is idle. If the original bus master has more data
to be transferred, it may keep REQ# asserted, but
must wait for GNT# again.

The priority scheme used to determine which PCI
device controls the bus at a given time is determined
by the system. The PCI specification requires a few
extra Configuration Registers within PCI bus master
devices. During system initialization, these registers
are read to determine each device’'s requirements (if
any). Based on these, a priority scheme can be de-
fined which is unique to that system. Ideally, the ar-
bitration scheme gives priority to devices with higher
bandwidth requirements, but does not prevent other
PCI bus masters from gaining control of the bus.

4.2 PCI Bus Access Latency

There are three components to latency on the PCI
bus. The total latency is measured from the time a
bus master requests the bus (asserts REQ#) to
when the target of the transfer completes the trans-
fer (asserts TRDY#). Each of these components is
described in the following sections.

4.2.1 Arbitration Latency

Once a PCI device asserts REQ#, it must wait for
the bus arbiter to assert GNT#. This delay is called
arbitration latency. This is determined by the priority
scheme used by the bus arbiter, the relative priority
of the device requesting the bus, and the amount of
activity on the PCI bus.

4.2.2 Bus Acquisition Latency

Once a PCI device receives GNT# from the arbiter, it
must wait for the current bus master to complete it's
transaction (indicated by FRAME# and IRDY#
deasserted) before driving the PCI bus. Bus acquisi-
tion latency is the time from when GNT# is received to
when FRAME# is asserted by a particular master.
This is determined by the length of the current bus
master’s transfer.

4.2.3 Target Latency

After a PCI device begins a bus cycle, it must wait
for the target of the transfer to complete the cycle
(by asserting TRDY#). Target latency is the time
from when FRAME# is asserted to when TRDY# is
asserted. This is unique for each target and depends
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on the function of the target (main memory, VGA
controller, network interface, etc.).

4.3 PCI Configuration Registers

A PCI device with bus mastering capabilities may
implement up to three additional configuration regis-
ters. These registers indicate the requirements of a
particular PCI device. These are read during system
initialization and may be used to define a bus master
priority scheme. The S5933 implements all of these
registers. They can be boot loaded from an external,
non-volatile memory device at reset.

4.3.1 Latency Timer Register

If a bus master is capable of PCI bursts of more than
two data phases, this register is required. The La-
tency Timer Register defines the number of PCI
clocks that the S5933 is guaranteed control of the
bus. The Latency Timer Register is shown in Figure 1.
The value programmed in this register is decremented
once every 8 PCI clocks after the S5933 asserts
FRAME#.

The default value for this register is 00h, indicating
that the S5933 has no minimum transfer length re-
guirement. The system can overwrite the Latency
Timer Register with any value. This prevents an indi-
vidual PCI master from controlling the bus for an
extremely long period.

Figure 1. Latency Timer Register Definition

If no other PCI master has requested the bus, the
Latency Timer value does not matter (even if it has
expired). The S5933 transfers data until the transac-
tion is complete. If another bus master requests the
bus and receives GNT# while the S5933 is transfer-
ring data, three situations can occur:

1) If the Latency Timer has not expired, and the
S5933 completes its transaction before it
expires, the transaction completes normally.

2) If the Latency Timer has not expired, the
S5933 transfers data until the latency timer
expires where it completes the current data
phase, terminates the transaction and gives
up control of the bus

3) If the Latency Timer has already expired, the
S5933 completes the current data phase,
terminates the transaction, and gives up
control of the bus.

4.3.2 Minimum Grant Register

This register defines how long of a burst period the
device typically requires (in units of 250 ns). This
read-only register is for information only. It may be
used by the system, in conjunction with the Maxi-
mum Latency register, to define a PCI bus arbitration
scheme (if the bus arbiter is programmable).

A value of zero (default for the S5933) indicates
there is no strict requirement for burst length. The
Minimum Grant Register is shown in Figure 2.

2 1 0 Bit

0 0 0 Value

Latency Timer Value (Read/Write)

Figure 2. Minimum Grant Register Definition

2 1 0 Bit

X X X Value

Value x 250 ns (Read Only)
00 = No Requirement
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Figure 3. Maximum Latency Register Definition

7 6 5 4 3 2 1 0 Bit

X X X X X X X X | Value
Value x 250 ns (Read Only)
00 = No Requirement

4.3.3 Maximum Latency Register

This register defines how often the device typically
needs PCIl bus access (in units of 250 ns). This
read-only register is for information only. It may be
used by the system, in conjunction with the Minimum
Grant register, to define a PCI bus arbitration
scheme (if the bus arbiter is programmable).

A value of zero (default for the S5933) indicates there
is no strict requirement for access to the PCI bus. The
Maximum Latency Register is shown in Figure 3.

4.4 Sample PCI Performance Calculation

The maximum theoretical bandwidth for the PCI bus
at 33 MHz is 132 Mbytes per second. The actual
bandwidth is less. Achievable bandwidth depends of
factors such as bus utilization by other masters, the
bus arbitration scheme, and burst length limitations
of both the PCI initiator and target. The following
examples show bandwidth calculations for two situa-
tions: a DMA transfer from the S5933 to main DRAM
memory, and a DMA transfer to another S5933 add-
in board. These performance calculations are based
on the current PCI systems. As chipsets, memory
controllers and other PCI devices evolve, perfor-
mance will increase, accordingly.

Table 1. Sample S5933 Burst to Main Memory

4.4.1 S5933 Burst to Main DRAM Memory

Table 1 shows a situation where an add-on device
can write data to the S5933 FIFO at a rate of one
double-word (32-bits) every 60 ns. The target for the
DMA transfer is main DRAM memory. The PCI
memory controller allows 4 data phase write bursts.
The fifth data phase receives a target requested re-
try. The PCI Specification requires that a PCI initiator
deassert REQ# for two clocks. For this example, a 4
clock latency period is used from the reassertion of
REQ# by the S5933 to the reassertion of GNT# by
the PCI bus arbiter.

The sequence shown assumes the following initial
conditions:

* Master Write Address Register (MWAR) =
100000h

» Master Write Transfer Count Register
(MWTC) is disabled

»  Bus mastering for the S5933 is already enabled
* The Add-on to PCI FIFO is full (8 dwords)

» The PCI bus arbiter has just asserted GNT#
to the S5933

Time PCI Bus Activity Add-on Bus Activity | FIFO Status REQ# | GNT#
30 ns Address = 100000h Idle 8 dwords 0 0
60 ns Data Transfer 1 Wait State 7 dwords 0 0
90 ns Data Transter 2 Write FIFO 7 dwords 0 0
120 ns | Data Transfer 3 Wait State 6 dwords 0 0
150 ns | Data Transfer 4 Write FIFO 6 dwords 0 0
180 ns | Target Disconnect Wait State 6 dwords 0 0
210 ns | Idle (or other master) | Write FIFO 7 dwords 1 1
240 ns | Ildle (or other master) | Wait State 7 dwords 1 1
270 ns | Idle (or other master) | Write FIFO 8 dwords 0 1
300 ns | Idle (or other master) | Idle 8 dwords 0 1
330 ns | Idle (or other master) | Idle 8 dwords 0 1
360 ns | Idle (or other master) | Idle 8 dwords 0 1
390 ns | Idle (or other master) | Idle 8 dwords 0 0
420 ns | Address = 100010h Idle 8 dwords 0 0
450 ns | Data Transfer 5 Wait State 7 dwords 0 0
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The sequence would repeat every 390 ns with a 33
MHz PCI bus clock. Four Dwords, or 16 bytes have
been transferred to main memory in during this time.
This would average out to about 40 MBytes/sec.

The major factor in the calculation is how long it
takes for the S5933 to regain control of the PCI bus
after the main memory controller disconnects after
the fourth data phase. This depends on the number
of PCI devices using the bus. Because the transfer
is to main memory, the S5933 must compete for bus
bandwidth with numerous other devices that are usu-
ally on the Primary PCI bus. A typical system may
have the host CPU, a VGA controller, an ethernet
interface, and a SCSI or IDE drive sharing the Pri-
mary PCI bus. If a rotational priority scheme were
implemented by the bus arbiter, it could be signifi-
cantly more than 4 PCI clocks before the S5933 re-
gains control of the bus.

4.4.2 S5933 Burst to Another S5933 PCI Card

Table 2 shows a situation where an add-on device
can write data to the S5933 FIFO at a rate of one
double-word (32-bits) every 60 ns. The target for the
DMA transfer is the pass-thru interface of another
S5933 device which can accept data at a rate of one
double-word every 30 ns. The S5933 pass-thru inter-
face does not disconnect from a burst write unless
the add-on has not read the pass-thru data register
within 16 PCI clocks for the first data phase or 8 PCI
clocks on successive data phases. In this situation,
the initiator S5933 deasserts request because it runs
out of data. The target S5933 never disconnects in
this situation.

The sequence shown assumes the following initial
conditions:

* Master Write Address Register (MWAR) =
100000h

» Master Write Transfer Count Register
(MWTC) is disabled

» Bus mastering for the S5933 is already
enabled

* The Add-on to PCI FIFO is full (8 dwords)

» The PCI bus arbiter has just asserted GNT#
to the S5933

In this example, it is assumed that the AMWEN sig-
nal has been deasserted when the FIFO goes empty
at 480 ns. This allows the FIFO to refill before an-
other transfer is initiated. This is the most efficient
way to utilize the PCI bus. Sending a signal, long
burst is better than sending numerous short bursts
because less overall time is spent arbitrating for PCI
bus control.

The FIFO would be full again at 690 ns. If AMWEN is
reasserted when the FIFO is full, and a 4 clock la-
tency is assumed (as with the previous example),
the next address phase begins at 810 ns. The pro-
cess would repeat from there. This results in 15
dwords (60 bytes) being transferred every 810 ns.
The results in an average 74 MByte/sec. transfer
rate. Again, this is heavily dependent on PCI bus
utilization by other devices. Unless the two cards in
guestion share an isolated PCI bus on the secondary
side of a PCI to PCI bridge, bandwidth would likely
be less than this.

Table 2. Sample S5933 Burst to Another S5933 Device

Time PCI Bus Activity Add-on Bus Activity | FIFO Status REQ# GNT#
30 ns Address = 100000h Idle 8 dwords 0 0
60 ns Data Transfer 1 Wait State 7 dwords 0 0
90 ns Data Transter 2 Write FIFO 7 dwords 0 0
120 ns | Data Transfer 3 Wait State 6 dwords 0 0
150 ns | Data Transfer 4 Write FIFO 6 dwords 0 0
180 ns | Data Transfer 5 Wait State 5 dwords 0 0
210 ns | Data Transter 6 Write FIFO 5 dwords 0 0
240 ns | Data Transfer 7 Wait State 4 dwords 0 0
270 ns | Data Transfer 8 Write FIFO 4 dwords 0 0
300 ns | Data Transfer 9 Wait State 3 dwords 0 0
330 ns | Data Transter 10 Write FIFO 3 dwords 0 0
360 ns | Data Transfer 11 Wait State 2 dwords 0 0
390 ns | Data Transfer 12 Write FIFO 2 dwords 0 0
420 ns | Data Transfer 13 Wait State 1 dword 0 0
450 ns | Data Transter 14 Write FIFO 1 dword 0 0
480 ns | Data Transfer 15 Wait State 0 dwords 1 1
510 ns | ldle (or other Master) | Write FIFO 1 dword 1 1
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5.0 DMA SOFTWARE SUPPORT

DMA transfers with the S5933 depend mostly on
hardware. Most of the design is the interface on the
add-on card which fills and empties the FIFO. There
is some software support required for DMA transfers.
Address and transfer count registers must be
loaded, the FIFOs must be configured, and inter-
rupts (if used) must be enabled and serviced. The
following sections provide an overview of what ac-
tions are required by software for S5933 DMA opera-
tions.

5.1 PCI Initiated DMA Transfers

For PCI initiated DMA transfers, the PCI host CPU
(Pentium™, Alpha™™, etc.) sets up the S5933 to per-
form bus master transfers. The following tasks must
be completed to setup FIFO bus mastering:

1) Define interrupt capabilities . The PCI to
add-on and/or add-on to PCI FIFO can
generate a PCI interrupt to the host when
the transfer count reaches zero.

INTCSR Bit15 Enable Interrupt on read
transfer count equal

Zero

INTCSR  Bit14 Enable Interrupt on write
transfer count equal
zero

2) Reset FIFO flags . This may not be neces-
sary, but if the state of the FIFO flags is not
known, they should be initialized.

MCSR Bit 26 Reset add-on to PCI
FIFO flags

MCSR Bit 25 Reset PCI to add-on
FIFO flags

3) Define FIFO management scheme . These
bits define what FIFO condition must exist
for the PCI bus request (REQ#) to be
asserted by the S5933.

MCSR Bit 13 PCI to add-on FIFO
management scheme

Add-on to PCI FIFO
management scheme

MCSR Bit 9

4) Define FIFO priority scheme . These bits
determine which FIFO has priority if both
meet the defined condition to request the
PCI bus. If these bits are the same, priority
alternates, with read accesses occurring
first.

MCSR Bit 12 Read vs. write priority

MCSR Bit8  Write vs. read priority

5) Define transfer source/destination ad-
dress . These registers are written with the
first address that is to be accessed by the
S5933. These address registers are updated
after each access to indicate the next
address to be accessed. Transfers must
start on DWORD boundaries.

MWAR All Bus master write address
MRAR All Bus master read address

6) Define transfer byte counts . These regis-
ters are written with the number of bytes to
be transferred. The transfer count does not
have to be a multiple of four bytes. These
registers are updated after each transfer to
reflect the number of bytes remaining to be
transferred.

MWTC
MRTC All Read transfer byte count

All Write transfer byte count

7) Enable Bus Mastering . Once steps 1-6 are
completed, the FIFO may operate as a PCI
bus master. Read and write bus master
operations may be independently enabled or
disabled.

MCSR Bit 14 Enable PCI to add-on
FIFO bus mastering

MCSR Bit 10 Enable add-on to PCI
FIFO bus mastering

It is recommended that bus mastering be enabled as
the last step. Some applications may choose to
leave bus mastering enabled and start transfers by
writing a non-zero value to the transfer count regis-
ters. This also works, provided the entire 26-bit
transfer count is written at once. If transfer count
interrupts are enabled, they must be enabled after
the transfer count(s) are written. If interrupts are en-
abled and the transfer count is zero, an interrupt
occurs immediately.
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5.2 Servicing a PCI Initiated DMA
Transfer Interrupt

If interrupts are enabled, a host interrupt service rou-
tine is also required. The service routine determines
the source of the interrupt and resets the interrupt.
The source of the interrupt is indicated in the PCI
Interrupt Control/Status Register (INTCSR). Typi-
cally, the interrupt service routine is used to set up
the next transfer by writing a new address and trans-
fer count value, but some applications may also re-
quire other actions. If read transfer or write transfer
complete interrupts are enabled, master and target
abort interrupts are automatically enabled. Writing a
one to these bits clears the corresponding interrupt.

INTCSR Bit21 Target abort caused
interrupt

INTCSR  Bit20 Master abort caused
interrupt

INTCSR Bit19 Read transfer complete
caused interrupt

INTCSR  Bit 18 Write transfer complete
caused interrupt

5.3 Add-on Initiated DMA Transfers

For add-on initiated DMA transfers, the add-on sets
up the S5933 to perform bus master transfers. The
following tasks must be completed to setup FIFO
bus mastering:

1) Define transfer count abilities . For add-on
initiated bus mastering, transfer counts may
be either enabled or disabled. Transfer
counts for read and write operations cannot
be individually enabled.

AGCSTS Bit28 Enable transfer count for
read and write bus
master transfers

2) Define interrupt capabilities . The PCI to
add-on and/or add-on to PCI FIFO can
generate an interrupt to the add-on when
the transfer count reaches zero (if transfer
counts are enabled).

AINT Bit15 Enable interrupt on read
transfer count equal zero

AINT Bit14 Enable interrupt on write
transfer count equal zero

3)

4)

5)

6)

7

Reset FIFO flags . This may not be neces-
sary, but if the state of the FIFO flags is not
known, they should be initialized.

AGCSTS Bit26 Reset add-on to PCI
FIFO flags

AGCSTS Bit25 Reset PCIlto add-on
FIFO flags

Define FIFO management scheme . These
bits define what FIFO condition must exist
for the PCI bus request (REQ#) to be
asserted by the S5933. This must be pro-
grammed through the PCI interface.

MCSR Bit 13 PCI to add-on FIFO
management scheme

Add-on to PCI FIFO
management scheme

MCSR Bit9

Define FIFO priority scheme . These bits
determine which FIFO has priority if both
meet the defined condition to request the
PCI bus. If these bits are the same, priority
alternates, with read accesses occurring
first. This must be programmed through the
PCI interface.

MCSR Bit 12 Read vs. write priority

MCSR Bit8  Write vs. read priority

Define transfer source/destination
address . These registers are written with
the first address that is to be accessed by
the S5933. These address registers are
updated after each access to indicate the
next address to be accessed. Transfers
must start on DWORD boundaries.

MWAR
MRAR

All Bus master write address
All Bus master read address

Define transfer byte counts . These regis-
ters are written with the number of bytes to
be transferred. The transfer count does not
have to be a multiple of four bytes. These
registers are updated after each transfer to
reflect the number of bytes remaining to be
transferred. If transfer counts are disabled,
these registers do not need to be pro-
grammed.

MWTC
MRTC

All Write transfer byte count

All Read transfer byte count
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8) Enable Bus Mastering . Once steps 1-7 are
completed, the FIFO may operate as a PCI
bus master. Read and write bus master
operation may be independently enabled or
disabled. The AMREN and AMWEN inputs
control bus master enabling for add-on
initiated bus mastering. The MCSR bus
master enable bits are ignored for add-on
initiated bus mastering.

It is recommended that bus mastering be enabled as
the last step. Some applications may choose to
leave bus mastering enabled (AMREN and AMWEN
asserted) and start transfers by writing a non-zero
value to the transfer count registers (if they are en-
abled). This works, provided the entire 26-bit transfer
count is written at once. If transfer count interrupts
are enabled, they must be enabled after the transfer
count(s) are written. If interrupts are enabled and the
transfer count is zero, an interrupt occurs immedi-
ately.

5.4 Servicing an Add-on Initiated DMA
Transfer Interrupt

If interrupts are enabled, an add-on CPU interrupt
service routine is also required. The service routine
determines the source of the interrupt and resets the
interrupt. The source of the interrupt is indicated in
the Add-on Interrupt Control Register (AINT). Typi-
cally, the interrupt service routine is used to set up
the next transfer by writing a new address and trans-
fer count value (if enabled), but some applications
may also require other actions. If read transfer or
write transfer complete interrupts are enabled, the
master/target abort interrupt is automatically en-
abled. Writing a one to these clears the correspond-
ing interrupt.

AINT Bit21 Master/target abort caused
interrupt

AINT Bit19 Read transfer complete
caused interrupt

AINT Bit 18 Write transfer complete
caused interrupt
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6.0 SAMPLE S5933 DMA SUPPORT CODE

The following section is a sample program written in C-language to setup the S5933 for DMA operations. The
code is written for PCI initiated bus mastering using transfer count interrupts. The code is written for an x86
compatible PCI platform, but could be modified to support other host processors.

The code has been compiled using Borland C/C++ Version 4.5. Because 32-bit registers are used within the
code, code must be compiled to generate 386 code (otherwise, 32-bit register mneumonics such as _EAX are

not recognized).

#include <dos.h>
#include <stddef.h>
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include “amcc.h”

/
/* A2P = Add-on to PCI FIFO
/* P2A = PCl to Add-on FIFO

/

/* Transfer Count Interrupt Enables */

#define EN_READ_TC_INT
#define EN_WRITE_TC_INT

/* FIFO Flag Reset */
#define RESET_A2P_FLAGS
#define RESET_P2A_FLAGS

/* FIFO Management Scheme */
#define A2P_REQ_AT_4FULL
#define P2A_REQ_AT_4EMPTY

/* FIFO Relative Priority */
#define A2P_HI_PRIORITY
#define P2A_HI_PRIORITY

/* Enable Transfer Count */
#define EN_TCOUNT

/* Enable Bus Mastering */
#define EN_A2P_TRANSFERS
#define EN_P2A_TRANSFERS

/* Identify S5933 Interrupt Sources */

#define ANY_S5933_INT
#define READ_TC_INT
#define WRITE_TC_INT
#define MASTER_ABORT_INT
#define TARGET_ABORT_INT
#define BUS_MASTER_INT

/* Global Variable Definition */
byte interrupt_line;

word op_reg_base_address;
void(interrupt *oldhandler)(void);

0x00008000L
0x00004000L

0x04000000L
0x02000000L

0x00000200L
0x00002000L

0x00000100L
0x00001000L

0x10000000L

0x00000400L
0x00004000L

0x80
0x08
0x04
0x10
0x20
0x20

*
*
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/ /

I* MAIN Code Segment */
/ /

void main()

{

void setup_pci_dma(void);
void setup_int_vect(byte bus_num,byte dev_func);
word vendor_id, device_id, index;

byte bus_num, dev_func;
int bios_present;

/* AMCC Default Vendor/Device ID’s */
vendor_id = Ox10ES;
device_id = 0x4750;
index = 0;

/* Disable Host Interrupts */
disable();

/* Look for a valid PCI BIOS */
if(pci_bios_present(NULL,NULL,NULL)==SUCCESSFUL){
bios_present=TRUE;
printf(“PCI BIOS Found\n\n”);

}

elsef
printf(“PCI BIOS not present\n\n”);
bios_present=FALSE;

}

/* If the BIOS is present, look for the AMCC device */
if(bios_present){
if(find_pci_device(device_id,vendor_id,index,&bus_num,
&dev_func)==SUCCESSFUL){
printf(“AMCC Device Found: Bus=%d Device=%d Function=%d\n\n",
bus_num,(dev_func>>3),(dev_func&0x7));
}
else{
printf(“AMCC Device Not Found\n\n”);
}
}

/* Find the physical location of the S5933 in I/O space */
read_configuration_word(bus_num,dev_func,
PCI_CS_BASE_ADDRESS_0,&op_reg_base_address);

/* Mask Lower 2 bits of BADRO */
op_reg_base_address = (op_reg_base_address & OXFFFC);

/* Call routine to install interrupt vector */
setup_int_vect(bus_num,dev_func);

[*Enable hardware interrupts */
enable();

/* Call routine to setup PCI initiated bus mastering */
setup_pci_dma();

}
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!

1*
1*
1*
1*
1*

/

Function: setup_pci_dma */
Purpose: Configure the S5933 for PCl initiated DMA */

Inputs: None */
Outputs: None */

*

/* The following function assumes the S5933 is configured */
[* for PCl initiated DMA transfers and sets up the DMA channels */

/

/

void setup_pci_dma(void)

{

char src[20], dest[20], rtc[20], wtc[20];
dword  source, destination, temp = 0;
dword readtc, writetc;

/* Read in source,destination and transfer counts */
printf(“Input address values in hex format: 0x...\n\n");
printf(“Input transfer count values in decimal\n\n”);
printf(“Read from address: “);

gets(src);

source=strtoul(src,NULL,16);

printf(“%IX\n”,source);

printf(“Write to address: “);
gets(dest);
destination=strtoul(dest,NULL,16);
printf(“%IX\n”,destination);

printf(“Read byte count: “);
gets(rtc);
readtc=strtoul(rtc,NULL,10);
printf(“%d\n”,readtc);

printf(“Write byte count: “);
gets(wtc);
writetc=strtoul(wtc,NULL,10);
printf(“%d\n”,writetc);

outpd(op_reg_base_address+tAMCC_OP_REG_MWAR, destination);
outpd(op_reg_base_address+tAMCC_OP_REG_MRAR, source);
outpd(op_reg_base_address+tAMCC_OP_REG_MWTC, writetc);
outpd(op_reg_base_address+tAMCC_OP_REG_MRTC, readtc);

/* Enable Transfer Count interrupts */
temp = inpd(op_reg_base_address+AMCC_OP_REG_INTCSR);
outpd(op_reg_base_address+tAMCC_OP_REG_INTCSR,temp|
EN_READ_TC_INT]|
EN_WRITE_TC_INT);

/* Enable Bus Mastering */
temp = inpd(op_reg_base_address+AMCC_OP_REG_MCSR);
outpd(op_reg_base_address+tAMCC_OP_REG_MCSR, temp|RESET_A2P_FLAGS]|
RESET_P2A_FLAGS|
A2P_HI_PRIORITY]|
P2A_HI_PRIORITY]|
EN_A2P_TRANSFERS|
EN_P2A_TRANSFERS);

Applied Micro Circuits Corporation
6195 Lusk Blvd., San Diego, CA 92121 e (619) 450-9333 February 15, 1996 Page 15

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



AMCC

BUS MASTERING WITH THE S5933 PCI MATCHMAKER

!

1*
1*
1*
1*

Function:
Purpose:

Inputs:
Outputs:

/
handler

Check interrupt source and service S5933 int's

None
None

/

void interrupt handler(void)

{

byte

status = inportb(op_reg_base_address+tAMCC_OP_REG_INTCSR+2);

status;

if((status & ANY_S5933_INT)!= 0){

elsef

/* Disable bus mastering */

outportb(op_reg_base_address+tAMCC_OP_REG_MCSR+1,0x11);

/* Identify AMCC Interrupt Source(s) */
/* AMCC Hardware Interrupt Source */
if((status & READ_TC_INT) !=0)

/* Read TC Interrupt Code Here */
if((status & WRITE_TC_INT) != 0)

/* Write TC Interrupt Code Here */
if((status & MASTER_ABORT_INT) != 0)

/* Master Abort Interrupt Code Here */
if((status & TARGET_ABORT_INT) != 0)

[* Target Abort Interrupt Code Here */

[* Clear Interrupt Enables */

outportb(op_reg_base_address+tAMCC_OP_REG_INTCSR+1,0);

/* Clear all active interrupt sources */

outportb(op_reg_base_address+tAMCC_OP_REG_INTCSR+2,status);

/* Reenable transfer count interrupts */

outportb(op_reg_base_address+tAMCC_OP_REG_INTCSR+1,0xC0);

/* Not an S5933 Interrupt Source */
_chain_intr(oldhandler);

}

[* Specific End of interrupt to clear in-service bit(s) */
/* Mask upper 5 bits of int. line register
if(interrupt_line<8)

elsef

outportb(0x20,0x60|(interrupt_line&0x07));

/* Issue master then slave EOI */
outportb(0xa0,0x60|((interrupt_line-8)&0x07));
outportb(0x20,0x62);

}

*/

*/

*/
*/
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/ /

/* SETUP_INT_VECT *

* *

[* Purpose: Install the interrupt vector for the S5933 interrupt

I* handler and reference the previous handler routine. */
/* Inputs: S5933 Operation registers base address */

/* Outputs: None

/ /

void setup_int_vect(byte bus_num,byte dev_func)

{
byte int_vector;
int mask;

*/

if(read_configuration_byte(bus_num,dev_func,PCI_CS_INTERRUPT_LINE,

&interrupt_line)==SUCCESSFUL)

if(interrupt_line = Oxff)}{
if(interrupt_line<8){
int_vector=0x08+interrupt_line;
}
elsef
int_vector=0x70+(interrupt_line-8);
}
}

/* Make sure the system 8259 enables the IRQ with OCW1 @ 1/0 21h */

/* for IRQO-7 or @ 1/0 Alh for IRQ8-15
if(interrupt_line < 8){
mask = inportb(0x21);
mask = mask & ~(1<<interrupt_line);
outportb(0x21,mask);
}

mask = inportb(0xA1l);
mask = mask & ~(1<<(interrupt_line-8));
outportb(0xAl,mask);

else {

[* If AMCC interrupt service routine vector is not already installed,
/* install it and save the old vector for chaining.
if(getvect(int_vector) != handler){
/* Save the old interrupt vector */
oldhandler=getvect(int_vector);

/* Install the new interrupt vector */
setvect(int_vector,handler);

}

*/

*/
*
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APPENDIX B - AMCCLIB.C LIBRARY FILE

/
/* Module: AMCCLIB.C */
[* Purpose: Define a C interface to the PCI BIOS

/* Functions Defined: */

I* */

/* PCI_BIOS_PRESENT */
/*  FIND_PCI_DEVICE */
/* FIND_PCI_CLASS_CODE

/* GENERATE_SPECIAL_CYCLE

/* READ_CONFIGURATION_BYTE

/* READ_CONFIGURATION_WORD

/* READ_CONFIGURATION_DWORD

/* WRITE_CONFIGURATION_BYTE

/*  WRITE_CONFIGURATION_WORD

/*  WRITE_CONFIGURATION_DWORD

/* OUTPD */

/* INPD */

/* INSB */

/* INSW */

/* INSD */

/* OUTSB */

/¥ OUTSW */

/* OUTSD */

I* */

/* Local Functions */

/* READ_CONFIGURATION_AREA

/* WRITE_CONFIGURATION_AREA

*

*/

*

*
*
*
*/
*/
*/

*/
*

/

/
/* Include Files */

/
#include <dos.h>
#include <stddef.h>
#include “amcc.h”

/
[* Local Prototypes */

/

static int read_configuration_area(byte function,
byte bus_number,
byte device_and_function,
byte register_number,
dword *data);

static int write_configuration_area(byte function,
byte bus_number,
byte device_and_function,
byte register_number,
dword value);

/
/* Define macros to obtain individual bytes from a word register

*/

/

#define HIGH_BYTE(ax) (ax >> 8)
#define LOW_BYTE(ax) (ax & 0xff)
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/ /

/* PCI_BIOS_PRESENT *

* *

/* Purpose: Determine the presence of the PCI BIOS */
/* Inputs: None */

/* Outputs: */

/*  byte *hardware_mechanism */

I* Identifies the hardware characteristics used by the platform.  */
I* Value not assigned if NULL pointer. */

I* Bit O - Mechanism #1 supported */

I* Bit 1 - Mechanism #2 supported */

I* *

/* word *interface_level_version */

/¥ PCI BIOS Version - Value not assigned if NULL pointer. */
I* High Byte - Major version number */

I* Low Byte - Minor version number */

* *

/*  byte *last_pci_bus_number */

I* Number of last PCI bus in the system. Value not assigned if NULL*/
I* pointer */

* *

/*  Return Value - Indicates presence of PCI BIOS */

* SUCCESSFUL - PCI BIOS Present *

* NOT_SUCCESSFUL - PCI BIOS Not Present *
* *

/ /

int pci_bios_present(byte *hardware_mechanism,
word *interface_level_version,
byte *last_pci_bus_number)

int ret_status; /* Function Return Status. */

byte bios_present_status;/* Indicates if PCI bios present */

dword pci_signature;  /* PCI Signature (‘P’, ‘C", ‘I', * ) */

word ax, bx, cx, flags; /* Temporary variables to hold register values */

/* Load entry registers for PCI BIOS */
_AH = PCI_FUNCTION_ID;
_AL = PCI_BIOS_PRESENT;

/* Call PCI BIOS Int 1Ah interface */
geninterrupt(Ox1a);

/* Save registers before overwritten by compiler usage of registers */
ax = _AX;

bx = _BX;

cx = _CX;

pci_signature = _EDX;

flags = _FLAGS;

bios_present_status = HIGH_BYTE(ax);

/* First check if CARRY FLAG Set, if so, BIOS not present */
if (flags & CARRY_FLAG) == 0) {

/* Next, must check that AH (BIOS Present Status) == 0 */
if (bios_present_status == 0) {

/* Check bytes in pci_signature for PCI Signature */

if ((pci_signature & 0xff) ="'P’ &&
((pci_signature >> 8) & 0xff) ==‘C’ &&
((pci_signature >> 16) & 0xff) == ‘1" &&
((pci_signature >> 24) & 0xff) == ") {

/* Indicate to caller that PCI bios present */
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ret_status = SUCCESSFUL,;

[* Extract calling parameters from saved registers */

if (hardware_mechanism != NULL) {
*hardware_mechanism = LOW_BYTE(ax);

}

if (hardware_mechanism != NULL) {
*interface_level_version = bx;

}

if (hardware_mechanism != NULL) {
*last_pci_bus_number = LOW_BYTE(cx);

}
}
}
else {
ret_status = NOT_SUCCESSFUL,;
}
}
else {
ret_status = NOT_SUCCESSFUL,;
}
return (ret_status);
}
/ /
/* FIND_PCI_DEVICE *
I* */
/* Purpose: Determine the location of PCI devices given a specific Vendor */
I* Device ID and Index number. To find the first device, specify */
I* 0 for index, 1 in index finds the second device, etc. */
/* Inputs: */
/* word device_id */
I* Device ID of PCI device desired *
I* */
/*  word vendor_id */
I* Vendor ID of PCI device desired */
I* */
/*  word index */
I* Device number to find (0 - (N-1)) */
[* Outputs: */
/*  byte *bus_number */
I* PCI Bus in which this device is found */
I* */
/*  byte *device_and_function */
I* Device Number in upper 5 bits, Function Number in lower 3 bits ~ */
I* */
/* Return Value - Indicates presence of device */
I* SUCCESSFUL - Device found *
I* NOT_SUCCESSFUL - BIOS error */
I* DEVICE_NOT_FOUND - Device not found */
I* BAD_VENDOR_ID - lllegal Vendor ID (Oxffff) */
I* */

/ /

int find_pci_device(word device_id,
word vendor_id,
word index,
byte *bus_number,
byte *device_and_function)

intret_status;  /* Function Return Status */
word ax, bx, flags; /* Temporary variables to hold register values */

/* Load entry registers for PCI BIOS */
_CX =device_id,;
_DX = vendor_id;
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_Sl =index;
_AH = PCI_FUNCTION_ID;
_AL = FIND_PCI_DEVICE;

/* Call PCI BIOS Int 1Ah interface */
geninterrupt(Ox1a);

/* Save registers before overwritten by compiler usage of registers */

ax = _AX;
bx = _BX;
flags = _FLAGS;

[* First check if CARRY FLAG Set, if so, error has occurred */
if ((flags & CARRY_FLAG) == 0) {

/* Get Return code from BIOS */
ret_status = HIGH_BYTE(ax);
if (ret_status == SUCCESSFUL) {

/* Assign Bus Number, Device & Function if successful */
if (bus_number != NULL) {
*bus_number = HIGH_BYTE(bx);
}
if (device_and_function != NULL) {
*device_and_function = LOW_BYTE(bx);

}
}
}
else {
ret_status = NOT_SUCCESSFUL,;

}

return (ret_status);
}
/ /
/* FIND_PCI_CLASS_CODE *
I* */
/* Purpose: Returns the location of PCI devices that have a specific Class */
I* Code. *
/* Inputs: */
/* word class_code */
I* Class Code of PCI device desired */
I* */
/*  word index *
I* Device number to find (0 - (N-1)) */
/* Outputs: */
/*  byte *bus_number */
I* PCI Bus in which this device is found */
I* */
/*  byte *device_and_function */
I* Device Number in upper 5 bits, Function Number in lower 3 bits ~ */
I* */
/* Return Value - Indicates presence of device */
I* SUCCESSFUL - Device found *
I* NOT_SUCCESSFUL - BIOS error */
I* DEVICE_NOT_FOUND - Device not found */
I* */
/ /

int find_pci_class_code(dword class_code,
word index,
byte *bus_number,
byte *device_and_function)
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{

intret_status;  /* Function Return Status */
word ax, bx, flags; /* Temporary variables to hold register values */

/* Load entry registers for PCI BIOS */
_ECX = class_code;

_SI =index;

_AH = PCI_FUNCTION_ID;

_AL = FIND_PCI_CLASS_CODE;

/* Call PCI BIOS Int 1Ah interface */
geninterrupt(Ox1a);

/* Save registers before overwritten by compiler usage of registers */

ax = _AX;
bx = _BX;
flags = _FLAGS;

[* First check if CARRY FLAG Set, if so, error has occurred */
if ((flags & CARRY_FLAG) ==0) {

/* Get Return code from BIOS */
ret_status = HIGH_BYTE(ax);
if (ret_status == SUCCESSFUL) {

/* Assign Bus Number, Device & Function if successful */
if (bus_number != NULL) {
*bus_number = HIGH_BYTE(bx);
}
if (device_and_function != NULL) {
*device_and_function = LOW_BYTE(bx);
}
}
}

else {
ret_status = NOT_SUCCESSFUL,;

}

return (ret_status);

/

/* GENERATE_SPECIAL_CYCLE *
* *

[* Purpose: Generates a PCI special cycle */

/* Inputs: */

/*  byte bus_number */

I* PCI bus to generate cycle on */

* *

/* dword special_cycle_data */

I* Special Cycle Data to be generated */

[* Outputs: */

/* Return Value - Indicates presence of device */
I* SUCCESSFUL - Device found *

I* DEVICE_NOT_FOUND - Device not found */
* *

/ /

int generate_special_cycle(byte bus_number,
dword special_cycle_data)
{

int ret_status; /* Function Return Status */
word ax, flags; /* Temporary variables to hold register values */

Applied Micro Circuits Corporation
6195 Lusk Blvd., San Diego, CA 92121 e (619) 450-9333 February 15, 1996 Page 23
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



AMCC

BUS MASTERING WITH THE S5933 PCI MATCHMAKER

/* Load entry registers for PCI BIOS */
_BH = bus_number;

_EDX = special_cycle_data;

_AH = PCI_FUNCTION_ID;

_AL = FIND_PCI_CLASS_CODE;

/* Call PCI BIOS Int 1Ah interface */
geninterrupt(Ox1a);

/* Save registers before overwritten by compiler usage of registers */
ax = _AX;
flags = _FLAGS;

[* First check if CARRY FLAG Set, if so, error has occurred */
if ((flags & CARRY_FLAG) == 0) {

/* Get Return code from BIOS */
ret_status = HIGH_BYTE(ax);

}

else {
ret_status = NOT_SUCCESSFUL,;

}

return (ret_status);

}

/ /

/* READ_CONFIGURATION_BYTE *

* *

/* Purpose: Reads a byte from the configuration space of a specific device */
[* Inputs: */

/*  byte bus_number */

I* PCI bus to read configuration data from */

* *

/* byte device_and_function */

I* Device Number in upper 5 bits, Function Number in lower 3 bits ~ */
* *

/*  byte register_number */

I* Register Number of configuration space to read */

/* Outputs: */

/*  byte *byte_read */

I* Byte read from Configuration Space */

* *

/* Return Value - Indicates presence of device */

I* SUCCESSFUL - Device found *

* NOT_SUCCESSFUL - BIOS error *

I* BAD_REGISTER_NUMBER - Invalid Register Number */
I* *

/ /

int read_configuration_byte(byte bus_number,
byte device_and_function,
byte register_number,
byte *byte_read)

int ret_status; /* Function Return Status */
dword data;

/* Call read_configuration_area function with byte data */

ret_status = read_configuration_area(READ_CONFIG_BYTE,
bus_number,
device_and_function,
register_number,
&data);

if (ret_status == SUCCESSFUL) {

[* Extract byte */
*pyte_read = (byte)(data & 0xff);
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}
return (ret_status);
}
/ /
/* READ_CONFIGURATION_WORD *
* *
/* Purpose: Reads a word from the configuration space of a specific device */
/* Inputs: */
/*  byte bus_number */
I* PCI bus to read configuration data from */
* *
/* byte device_and_function */
I* Device Number in upper 5 bits, Function Number in lower 3 bits ~ */
I* *
/*  byte register_number */
I* Register Number of configuration space to read */
/* Outputs: */
/*  word *word_read */
I* Word read from Configuration Space */
* *
/* Return Value - Indicates presence of device */
I* SUCCESSFUL - Device found */
* NOT_SUCCESSFUL - BIOS error *
I* BAD_REGISTER_NUMBER - Invalid Register Number */
* *

int read_configuration_word(byte bus_number,
byte device_and_function,
byte register_number,
word *word_read)

int ret_status; /* Function Return Status */
dword data;

/* Call read_configuration_area function with word data */
ret_status = read_configuration_area(READ_CONFIG_WORD,
bus_number,
device_and_function,
register_number,
&data);
if (ret_status == SUCCESSFUL) {

/* Extract word */
*word_read = (word)(data & Oxffff);

}
return (ret_status);
}
/ /
/* READ_CONFIGURATION_DWORD *
* *
[* Purpose: Reads a dword from the configuration space of a specific device */
[* Inputs: */
/*  byte bus_number */
I* PCI bus to read configuration data from */
* *
/* byte device_and_function */
I* Device Number in upper 5 bits, Function Number in lower 3 bits ~ */
* *
/*  byte register_number */
I* Register Number of configuration space to read */
[* Outputs: */
/* dword *dword_read */
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I* Dword read from Configuration Space */

I* *

/* Return Value - Indicates presence of device */

I* SUCCESSFUL - Device found *

* NOT_SUCCESSFUL - BIOS error *

I* BAD_REGISTER_NUMBER - Invalid Register Number */
* *

int read_configuration_dword(byte bus_number,
byte device_and_function,
byte register_number,
dword *dword_read)

int ret_status; /* Function Return Status */
dword data;

/* Call read_configuration_area function with dword data */
ret_status = read_configuration_area(READ_CONFIG_DWORD,
bus_number,
device_and_function,
register_number,
&data);
if (ret_status == SUCCESSFUL) {

[* Extract dword */
*dword_read = data;

}
return (ret_status);
}
/ /
/* READ_CONFIGURATION_AREA *
I* *
/* Purpose: Reads a byte/word/dword from the configuration space of a */
I* specific device */
/* Inputs: */
/*  byte bus_number */
I* PCI bus to read configuration data from */
* *
/* byte device_and_function */
I* Device Number in upper 5 bits, Function Number in lower 3 bits ~ */
* *
/*  byte register_number */
I* Register Number of configuration space to read */
/* Outputs: */
/* dword *dword_read */
I* Dword read from Configuration Space */
* *
/* Return Value - Indicates presence of device */
I* SUCCESSFUL - Device found *
* NOT_SUCCESSFUL - BIOS error *
I* BAD_REGISTER_NUMBER - Invalid Register Number */
* *

/ /

static int read_configuration_area(byte function,
byte bus_number,
byte device_and_function,
byte register_number,
dword *data)

int ret_status; /* Function Return Status */
word ax, flags; /* Temporary variables to hold register values */
dword ecx;  /* Temporary variable to hold ECX register value */
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/* Load entry registers for PCI BIOS */
_BH = bus_number;

_BL = device_and_function;

_DI = register_number;

_AH = PCI_FUNCTION_ID;

_AL = function;

/* Call PCI BIOS Int 1Ah interface */
geninterrupt(Ox1a);

/* Save registers before overwritten by compiler usage of registers */

ecx = _ECX;
ax = _AX;
flags = _FLAGS;

[* First check if CARRY FLAG Set, if so, error has occurred */
if ((flags & CARRY_FLAG) ==0) {

/* Get Return code from BIOS */
ret_status = HIGH_BYTE(ax);

/* If successful, return data */
if (ret_status == SUCCESSFUL) {

*data = ecx;
}
}
else {
ret_status = NOT_SUCCESSFUL,;
}

return (ret_status);

}

/ /

/* WRITE_CONFIGURATION_BYTE *

* *

[* Purpose: Writes a byte to the configuration space of a specific device */
* *

/* Inputs: */

/*  byte bus_number */

I* PCI bus to write configuration data to */

* *

/* byte device_and_function */

I* Device Number in upper 5 bits, Function Number in lower 3 bits ~ */
* *

/*  byte register_number */

I* Register Number of configuration space to write */

* *

/* byte byte_to_write */

I* Byte to write to Configuration Space */

[* Outputs: */

/* Return Value - Indicates presence of device */

I* SUCCESSFUL - Device found *

I* NOT_SUCCESSFUL - BIOS error *

I* BAD_REGISTER_NUMBER - Invalid Register Number */
* *

/ /

int write_configuration_byte(byte bus_number,
byte device_and_function,
byte register_number,
byte byte_to_write)

{

int ret_status; /* Function Return Status */

Applied Micro Circuits Corporation
6195 Lusk Blvd., San Diego, CA 92121 * (619) 450-9333 February 15, 1996 Page 27
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



BUS MASTERING WITH THE S5933 PCI MATCHMAKER

/* Call write_configuration_area function with byte data */
ret_status = write_configuration_area(WRITE_CONFIG_BYTE,
bus_number,
device_and_function,
register_number,
byte_to_write);

return (ret_status);

}

/ /

/* WRITE_CONFIGURATION_WORD *

* *

[* Purpose: Writes a word to the configuration space of a specific device */
[* Inputs: */

/*  byte bus_number */

I* PCI bus to read configuration data from */

* *

/*  byte device_and_function */

I* Device Number in upper 5 bits, Function Number in lower 3 bits ~ */
* *

/*  byte register_number */

I* Register Number of configuration space to read */

* *

/*  word word_to_write */

I* Word to write to Configuration Space */

/* Outputs: */

/* Return Value - Indicates presence of device */

I* SUCCESSFUL - Device found *

* NOT_SUCCESSFUL - BIOS error *

I* BAD_REGISTER_NUMBER - Invalid Register Number */
* *

/ /
int write_configuration_word(byte bus_number,

byte device_and_function,

byte register_number,

word word_to_write)

{

int ret_status; /* Function Return Status */

/* Call read_configuration_area function with word data */
ret_status = write_configuration_area(WRITE_CONFIG_WORD,
bus_number,
device_and_function,
register_number,
word_to_write);
return (ret_status);

}

/ /

/* WRITE_CONFIGURATION_DWORD *

* *

[* Purpose: Reads a dword from the configuration space of a specific device */
[* Inputs: */

/*  byte bus_number */

I* PCI bus to read configuration data from */

* *

/* byte device_and_function */

I* Device Number in upper 5 bits, Function Number in lower 3 bits ~ */
* *

/*  byte register_number */

I* Register Number of configuration space to read */

* *

/*  dword dword_to_write */

I* Dword to write to Configuration Space */

/* Outputs: */

/* Return Value - Indicates presence of device */

I* SUCCESSFUL - Device found *
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I* NOT_SUCCESSFUL - BIOS error *
I* BAD_REGISTER_NUMBER - Invalid Register Number */
* *

/ /

int write_configuration_dword(byte bus_number,
byte device_and_function,
byte register_number,
dword dword_to_write)

{

int ret_status; /* Function Return Status */

/* Call write_configuration_area function with dword data */
ret_status = write_configuration_area(READ_CONFIG_DWORD,
bus_number,
device_and_function,
register_number,
dword_to_write);
return (ret_status);

}

/ /

/* WRITE_CONFIGURATION_AREA */

* *

/* Purpose: Writes a byte/word/dword to the configuration space of a */
I* specific device */

[* Inputs: */

/*  byte bus_number */

I* PCI bus to read configuration data from */

* *

/* byte device_and_function */

I* Device Number in upper 5 bits, Function Number in lower 3 bits ~ */
I* *

/*  byte register_number */

I* Register Number of configuration space to read */

I* *

/*  dword value */

I* Value to write to Configuration Space */

[* Outputs: */

/* Return Value - Indicates presence of device */

I* SUCCESSFUL - Device found *

* NOT_SUCCESSFUL - BIOS error *

I* BAD_REGISTER_NUMBER - Invalid Register Number */
* *

/ /

static int write_configuration_area(byte function,
byte bus_number,
byte device_and_function,
byte register_number,
dword value)

int ret_status; /* Function Return Status */
word ax, flags; /* Temporary variables to hold register values */

/* Load entry registers for PCI BIOS */
_BH = bus_number;

_BL = device_and_function;

_ECX =value;

_DI = register_number;

_AH = PCI_FUNCTION_ID;

_AL = function;

/* Call PCI BIOS Int 1Ah interface */
geninterrupt(Ox1a);
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/* Save registers before overwritten by compiler usage of registers */
ax = _AX;
flags = _FLAGS;

[* First check if CARRY FLAG Set, if so, error has occurred */
if ((flags & CARRY_FLAG) ==0) {

/* Get Return code from BIOS */
ret_status = HIGH_BYTE(ax);

}
else {
ret_status = NOT_SUCCESSFUL,;
}
return (ret_status);
}
/ /
/* OUTPD *
I* */
[* Purpose: Outputs a DWORD to a hardware port */
[* Inputs: */
/*  word port */
I* hardware port to write DWORD to */
I* */
/*  dword value */
I* value to be written to port */
/* Outputs: */
/*  None *
I* */
/ /
void outpd(word port, dword value)
{
_DX = port;
_EAX =value;
/* Since asm cannot generate OUT DX, EAX must force in */
__emit__(0Ox66, OXEF);
}
/ /
/* INPD *
I* */
[* Purpose: Inputs a DWORD from a hardware port */
/* Inputs: */
/*  word port */
I* hardware port to write DWORD to */
[* Outputs: */
/*  dword value */
I* value read from the port */
I* */
/ /
dword inpd(word port)
{
/* Set DX register to port number to be input from */

_DX = port;

/* Since asm cannot generate IN EAX, DX, must force in */
__emit__(0x66, OXED);

return(_EAX);
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/ /

/* INSB *

* *

[* Purpose: Inputs a string of BYTESs from a hardware port */
[* Inputs: */

/*  word port */

I* hardware port to read from */
* *

/*  void *buf *

I* Buffer to read data into *

* *

/* int count *

I* Number of BYTEs to read *
[* Outputs: */

/*  None *

* *

/ /

void insb(word port, void *buf, int count)

{
_ES = FP_SEG(buf); /* Segment of buf */
_DI = FP_OFF(buf); /* Offset of buf */
_CX = count; /* Number to read */
_DX = port; /* Port */
asm REP INSB;
}
/ /
/* INSW */
I* */
/* Purpose: Inputs a string of WORDs from a hardware port */
/* Inputs: */
/*  word port */
I* hardware port to read from */
I* */
/*  void *buf */
I* Buffer to read data into *
I* */
/* int count *
I* Number of WORDs to read */
[* Outputs: */
/*  None *
I* */

/ /

void insw(word port, void *buf, int count)

{
_ES = FP_SEG(buf); /* Segment of buf */
_DI = FP_OFF(buf); /* Offset of buf */
_CX = count; /* Number to read */
_DX = port; /* Port */
asm REP INSW;

}
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/ /

/* INSB *

* *

/* Purpose: Inputs a string of DWORDs from a hardware port */
[* Inputs: */

/*  word port */

I* hardware port to read from */

* *

/*  void *buf *

I* Buffer to read data into *

* *

/* int count *

I* Number of DWORDSs to read */
[* Outputs: */

/*  None *

* *

/ /

void insd(word port, void *buf, int count)

_ES = FP_SEG(buf); /* Segment of buf */

_DI = FP_OFF(buf); /* Offset of buf */

_CX = count; /* Number to read */

_DX = port; /* Port */

__emit__(Oxf3, Ox66, Ox6D); /* asm REP INSD */
}

/ /
/* OUTSB *

* *

/* Purpose: Outputs a string of BYTES to a hardware port */
/* Inputs: */

/*  word port */

I* hardware port to write to */

* *

/*  void *buf */

I* Buffer to write data from */

* *

/* int count *

I* Number of BYTES to write */

[* Outputs: */

/*  None *

I* *

/ /

void outsb(word port, void *buf, int count)

_SI = FP_SEG(buf); /* Offset of buf */

_CX = count; /* Number to read */
_DX = port; /* Port */
asm REP OUTSB;

}
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/ /

/* OUTSW *

* *

[* Purpose: Outputs a string of WORDs to a hardware port */
[* Inputs: */

/*  word port */

I* hardware port to write to */

* *

/*  void *buf *

I* Buffer to write data from */

* *

/* int count *

I* Number of WORDSs to write *
[* Outputs: */

/*  None *

* *

/ /

void outsw(word port, void *buf, int count)

{
_SI = FP_SEG(buf); /* Offset of buf */
_CX = count; /* Number to read */
_DX = port; /* Port */
asm REP OUTSW;
}
/ /
/* OUTSD *
I* */
[* Purpose: Outputs a string of DWORDS to a hardware port */
/* Inputs: */
/*  word port */
I* hardware port to write to */
I* */
/*  void *buf */
I* Buffer to write data from */
I* */
/* int count *
I* Number of DWORDSs to write */
[* Outputs: */
/*  None *
I* */

/ /

void outsd(word port, void *buf, int count)
{

_SI = FP_SEG(buf); /* Offset of buf */

_CX = count; /* Number to read */

_DX = port; /* Port */

__emit__(Oxf3, Ox66, Ox6F); /* asm REP OUTSD; */
}
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APPENDIX C - AMCC.H INCLUDE FILE

The following code includes generic function and constant definitions used for the code in Appendix A and Appendix B.

/ /

/* Module: AMCC.H */
[* Purpose: Definitions for AMCC PCI Library */
/ /
/ /
/* General Constants */

/ /

#define TRUE 1
#define FALSE 0

typedef unsigned char byte;  /* 8-bit */
typedef unsigned short word; /* 16-bit */
typedef unsigned long dword; /* 32-bit */

#define CARRY_FLAG 0x01 /* 80x86 Flags Register Carry Flag bit */

/ /

/* PCI Functions */

/ /
#define PCI_FUNCTION_ID Oxbl

#define PCI_BIOS_PRESENT 0x01

#define FIND_PCI_DEVICE 0x02

#define FIND_PCI_CLASS_CODE 0x03
#define GENERATE_SPECIAL_CYCLE 0x06
#define READ_CONFIG_BYTE 0x08
#define READ_CONFIG_WORD 0x09
#define READ_CONFIG_DWORD 0x0a
#define WRITE_CONFIG_BYTE 0x0b
#define WRITE_CONFIG_WORD 0x0c
#define WRITE_CONFIG_DWORD 0x0d

/ /
/* PCI Return Code List */

/ /
#define SUCCESSFUL 0x00
#define NOT_SUCCESSFUL 0x01
#define FUNC_NOT_SUPPORTED 0x81
#define BAD_VENDOR_ID 0x83
#define DEVICE_NOT_FOUND 0x86
#define BAD_REGISTER_NUMBER 0x87

/ /
/* PCI Configuration Space Registers */

/ /
#define PCI_CS_VENDOR_ID 0x00
#define PCI_CS_DEVICE_ID 0x02

#define PCI_CS_COMMAND 0x04
#define PCI_CS_STATUS 0x06

#define PCI_CS_REVISION_ID 0x08

#define PCI_CS_CLASS_CODE 0x09
#define PCI_CS_CACHE_LINE_SIZE 0x0c

#define PCI_CS_MASTER_LATENCY 0x0d
#define PCI_CS_HEADER_TYPE 0x0e
#define PCI_CS_BIST 0xOf
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#define PCI_CS_BASE_ADDRESS_0 0x10
#define PCI_CS_BASE_ADDRESS_1 0x14
#define PCI_CS_BASE_ADDRESS_2 0x18
#define PCI_CS_BASE_ADDRESS_3 Oxlc
#define PCI_CS_BASE_ADDRESS_4 0x20
#define PCI_CS_BASE_ADDRESS_5 0x24
#define PCI_CS_EXPANSION_ROM 0x30
#define PCI_CS_INTERRUPT_LINE 0x3c
#define PCI_CS_INTERRUPT_PIN 0x3d
#define PCI_CS_MIN_GNT 0x3e
#define PCI_CS_MAX_LAT 0x3f

/ /
/* AMCC Operation Register Offsets */

/ /

#define OMB1 0x00
#define OMB2 0x04
#define OMB3 0x08
#define OMB4 0x0c
#define IMB1 0x11
#define IMB2 0x14
#define IMB3 0x18
#define IMB4 Ox1lc
#define FIFO 0x20
#define MWAR 0x24
#define MWTC 0x28
#define MRAR 0x2c
#define MRTC 0x30
#define MBEF 0x34
#define INTCSR 0x38
#define MCSR 0x3c

#define MCSR_NVDATA (AMCC_OP_REG_MCSR + 2) /* Data in byte 2 */

#define MCSR_NVCMD (AMCC_OP_REG_MCSR + 3) /* Command in byte 3 */

/ /
/* AMCCLIB Prototypes */
/ /

int pci_bios_present(byte *hardware_mechanism,
word *interface_level_version,
byte *last_pci_bus_number);

int find_pci_device(word device_id,
word vendor_id,
word index,
byte *bus_number,
byte *device_and_function);

int find_pci_class_code(dword class_code,
word index,
byte *bus_number,
byte *device_and_function);

int generate_special_cycle(byte bus_number,
dword special_cycle_data);

int read_configuration_byte(byte bus_number,
byte device_and_function,
byte register_number,
byte *byte_read);

int read_configuration_word(byte bus_number,
byte device_and_function,
byte register_number,
word *word_read);
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int read_configuration_dword(byte bus_number,
byte device_and_function,
byte register_number,
dword *dword_read);

int write_configuration_byte(byte bus_number,
byte device_and_function,
byte register_number,
byte byte_to_write);

int write_configuration_word(byte bus_number,
byte device_and_function,
byte register_number,
word word_to_write);

int write_configuration_dword(byte bus_number,
byte device_and_function,
byte register_number,
dword dword_to_write);

void outpd(word port, dword value);
dword inpd(word port);

void insb(word port, void *buf, int count);
void insw(word port, void *buf, int count);
void insd(word port, void *buf, int count);
void outsb(word port, void *buf, int count);

void outsw(word port, void *buf, int count);
void outsd(word port, void *buf, int count);
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BURR - BROWN®

IEI DAC712

16-BIT DIGITAL-TO-ANALOG CONVERTER
WITH 16-BIT BUS INTERFACE

FEATURES DESCRIPTION

e HIGH-SPEED 16-BIT PARALLEL DOUBLE- DAC712 is a complete 16-bit resolution D/A converter
BUFFERED INTERFACE with 16 bits of monotonicity over temperature.
e VOLTAGE OUTPUT: +10V DAC712 has a precision +10V temperature compen-
e 13-, 14-, AND 15-BIT LINEARITY GRADES sated voltage referencel0V output amplifier and
e 16-BIT MONOTONIC OVER 16-bit port bus interface.
TEMPERATURE (L GRADE) The digital interface is fast, 60ns minimum write pulse

width, is double-buffered and has a CLEAR function

e POWER DISSIPATION: 600mW max .
that resets the analog output to bipolar zero.

e GAIN AND OFFSET ADJUST: Convenient . .
for Auto-Cal D/A Converters GAIN and OFFSET adjgstm_ent inputs are arranged so
that they can be easily trimmed by external D/A

* 28-LEAD DIP AND SOIC PACKAGES converters as well as by potentiometers.

DAC712 is available in two linearity error perfor-
mance grades4LSB and 2L SB and three differen-
tial linearity gradest4L.SB,+2L SB, andt1LSB. The
DAC712 is specified at power supply voltages of
+12V and+15V.

DAC712 is packaged in a 28-pin 0.3" wide plastic DIP
and in a 28-lead wide-body plastic SOIC. The
DAC712P, U, PB, UB, PC, UC are specified over the
—4(0C to +85C temperature range and the DAC712PK,
UK, PL, UL are specified over the°© to +70C
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SPECIFICATIONS

ELECTRICAL

At T, = 25°C, +V . = +12V and +15V, -V = -12V and —-15V, unless otherwise noted.

DAC712P, U DAC712PB, UB DAC712PC, UC
PARAMETER MN | Ty | MAX | MmN [ TYP [ mAX [ MIN | TYP | MAX UNITS
INPUT
RESOLUTION 16 * * Bits
DIGITAL INPUTS
Input Code Binary Two's Complement * *
Logic Levels®
Viy +2.0 +Vee—-14) ¥ * * * \%
Vi 0 +0.8 * * * * \%
Iy (V= +2.7V) £10 * * HA
I (V, =+0.4V) £10 * * HA
TRANSFER CHARACTERISTICS
ACCURACY
Linearity Error +4 +2 +2 LSB
Tawin 10 Tyax +8 +4 £2 LSB
Differential Linearity Error +4 +2 +1 LSB
Tawin 10 Tyax +8 +4 £2 LSB
Monotonicity Over Temp 13 14 15 Bits
Gain Error® +0.1 +0.1 * %
Tawin 10 Tyax £0.2 £0.15 * %
Bipolar Zero Error® +0.1 * * % FSR®
+20 * * mV
Twin 10 Tyax £0.2 £0.15 * % FSR
+40 +30 * mV
Power Supply Sensitivity Of Full Scale: +0.003 * * % FSR/% V¢c
£30 * * | ppm FSR/% Vc
DYNAMIC PERFORMANCE
Settling Time (to +0.003%FSR, 5kQ || 500pF Load)®
20V Output Step 6 * 10 * * us
1 LSB Output Step®) 4 * * us
Output Slew Rate 10 * * V/us
Total Harmonic Distortion + Noise
0dB, 1001Hz, fg = 100kHz 0.005 * * %
—20dB, 1001Hz, f5 = 100kHz 0.03 * * %
—60dB, 1001Hz, f5 = 100kHz 3.0 * * %
SINAD
1001Hz, fg = 100kHz 87 * * dB
Digital Feedthrough(® 2 * * nv-s
Digital-to-Analog Glitch Impulse®) 15 * * nv-s
Output Noise Voltage (Includes Reference) 120 * * nViVHz
ANALOG OUTPUT
Output Voltage Range
+Vee, —Voe = #11.4V +10 * * \%
Output Current +5 * * mA
Output Impedance 0.1 * ] Q
Short Circuit to ACOM, Duration Indefinite * *
REFERENCE VOLTAGE
Voltage +9.975 | +10.000 | +10.025 * * * * * * \%
Twin 10 Tyax +9.960 +10.040 * * * * \%
Output Resistance 1 * ] Q
Source Current 2 * * mA
Short Circuit to ACOM, Duration Indefinite * *
POWER SUPPLY REQUIREMENTS
Voltage: +Vc +11.4 +15 +16.5 * * * * * * \Y
—Vee -11.4 -15 -16.5 * * * * * * \Y
Current (No Load, +15V Supplies)
+Vee 13 15 * * * * mA
Ve 22 25 * * * * mA
Power Dissipation(®) 525 600 * * * * mw
TEMPERATURE RANGES
Specification
All Grades -40 +85 * * * * °C
Storage -60 +150 * * * * °C
Thermal Coefficient 6;,
DIP Package 75 * * °C/IW
SOIC Package 75 * * °C/IW

*Specifications are the same as grade to the left.

NOTES: (1) Digital inputs are TTL and +5V CMOS compatible over the specification temperature range. (2) FSR means Full Scale Range. For example, for a +10V output,
FSR =20V. (3) Errors externally adjustable to zero. (4) Maximum represents the 3o limit. Not 100% tested for this parameter. (5) For the worst case code changes: FFFF gy
to 0000,y and 0000, to FFFFcy. These are Binary Two’'s Complement (BTC) codes. (6) Typical supply voltages times maximum currents.
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SPECIFICATIONS

ELECTRICAL

At T, = +25°C, +V_ = +12V and +15V, -V__. = -12V and -15V, unless otherwise noted.

DAC712PK, UK

DAC712PL, UL

PARAMETER MIN TYP MAX MIN TYP MAX UNITS
INPUT
RESOLUTION 16 * Bits
DIGITAL INPUTS
Input Code Binary Two’'s Complement *
Logic Levels(®
Vin +2.0 +Vee — 1.4 * * \Y,
Vi 0 +0.8 * * \Y,
Iy (V, = +2.7V) +10 * HA
I (V| = +0.4V) +10 * HA
TRANSFER CHARACTERISTICS
ACCURACY
Linearity Error +2 +2 LSB
Tyin 10 Tyax +2 +2 LSB
Differential Linearity Error +2 +1 LSB
Tyin 10 Tyax +2 +1 LSB
Monotonicity Over Temp 15 16 Bits
Gain Error® +0.1 * %
Tyin 10 Tyax +0.15 +0.02 %
Bipolar Zero Error®) +0.1 * % FSR®
+20 +0.15 mvV
Tyin 10 Tyax +0.15 +0.15 % FSR
+30 +0.15 mvV
Power Supply Sensitivity of Full Scale +0.003 * %FSR/% V.
+30 * ppm FSR/% V.
DYNAMIC PERFORMANCE
Settling Time (to +0.003%FSR, 5kQ || 500pF Load)®
20V Output Step 6 10 * 10 us
1LSB Output Step®) 4 * us
Output Slew Rate 10 * V/us
Total Harmonic Distortion + Noise
0dB, 1001Hz, fg = 100kHz 0.005 * %
—20dB, 1001Hz, fg = 100kHz 0.03 * %
—60dB, 1001Hz, fg = 100kHz 3.0 * %
SINAD
1001Hz, fg = 100kHz 87 * dB
Digital Feedthrough(® 2 * nvV-s
Digital-to-Analog Glitch Impulse®) 15 * nv-s
Output Noise Voltage (includes reference) 120 * nViVHZ
ANALOG OUTPUT
Output Voltage Range
+Vee, =V = #11.4V +10 * \Y
Output Current +5 * mA
Output Impedance 0.1 * Q
Short Circuit to ACOM, Duration Indefinite *
REFERENCE VOLTAGE
Voltage +9.975 +10.000 +10.025 * * * \Y,
Tyin 10 Tyax +9.960 +10.040 * * \Y
Output Resistance 1 * Q
Source Current 2 * mA
Short Circuit to ACOM, Duration Indefinite *
POWER SUPPLY REQUIREMENTS
Voltage: +V¢c +11.4 +15 +16.5 * * * \%
—Vee -11.4 -15 -16.5 * * * \Y
Current (No Load, +15V Supplies)
+Vee 13 15 * * mA
—Vee 22 25 * * mA
Power Dissipation(®) 525 600 * mw
TEMPERATURE RANGES
Specification
All Grades 0 +70 * * °C
Storage -60 +150 * * °C
Thermal Coefficient, 65
DIP Package 75 * °C/IW
SOIC Package 75 * °C/IW

*Same specification as grade to the left.

NOTES: (1) Digital inputs are TTL and +5V CMOS compatible over the specification temperature range. (2) FSR means Full Scale Range. For example, for a +10V
output, FSR =20V. (3) Errors externally adjustable to zero. (4) Maximum represents the 3a limit. Not 100% tested for this parameter. (5) For the worst case code changes:
FFFFyex to 0000,x and 0000,y to FFFFcy. These are Binary Two’s Complement (BTC) codes. (6) Typical supply voltages times maximum currents.

DAC712
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ABSOLUTE MAXIMUM RATINGS

TIMING DIAGRAM

+V e to COMMON ... oV, +17V
—V¢c to COMMON ... ov, -17V
+Vee to —Vee 34V
Digital Inputs to COMMON ..........ccoooviiiiiiiiicieee. -1V to +V¢c -0.7V
External Voltage Applied to BPO and Range Resistors..................... +Vee
VRer out Indefinite Short to COMMON
Vour .. Indefinite Short to COMMON

Power Dissipation
Storage TEMPETALUIE ......cc.cvruieeeieiirieiiee e
Lead Temperature (soldering, 10s)

NOTE: Stresses above those listed under “Absolute Maximum Ratings” may
cause permanent damage to the device. Exposure to absolute maximum
conditions for extended periods may affect device reliability.

&l

2|
by
2
3

lDW

DO0-D15

-~ typ —

PACKAGE INFORMATION

TIMING SPECIFICATIONS

PACKAGE DRAWING
PRODUCT PACKAGE NUMBER )
DAC712P Plastic DIP 246
DAC712U Plastic SOIC 217
DAC712PB Plastic DIP 246
DAC712UB Plastic SOIC 217
DAC712PK Plastic DIP 246
DAC712UK Plastic SOIC 217
DAC712PL Plastic DIP 246
DAC712UL Plastic SOIC 217
DAC712PC Plastic DIP 246
DAC712UC Plastic SOIC 217

NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix C of Burr-Brown IC Data Book.

Tp = —40°C t0 +85°C, +V¢ = +12V or +15V, Ve = —12V or —15V.

SYMBOL PARAMETER MIN MAX |UNITS
tow Data Valid to End of WR 50 ns
taw Ao, A; Valid to End of WR 50 ns
tan Ao A; Hold after End of WR 10 ns
tom Data Hold after end of WR 10 ns
twp® Write Pulse Width 50 ns
tep CLEAR Pulse Width 200 ns

NOTES: (1) For single-buffered operation, t,,p is 80ns min. Refer to page 10.

TRUTH TABLE

Ao AL WR CLR DESCRIPTION
0 1 1-0-1 1 Load Input Latch
ORDERING INFORMATION 1 0 1-0-1 1 Load D/A Latch
1 1 1-0-1 1 No Change
LINEARITY DIFFERENTIAL 0 0 0 1 Latches Transparent
TEMPERATURE ERROR MAX |LINEARITY ERROR X X 1 1 No Change
PRODUCT RANGE at +25°C MAX at +25°C X X X 0 Reset D/A Latch
DAC712P —40°C to +85°C +4L.SB +4.SB
DAC712U —40°C to +85°C +4L.SB +4L.SB
DAC712PB —40°C to +85°C +2L.SB +2L.SB
DAC712uUB —40°C to +85°C +2L.SB +2L.SB \ E L ECT R OSTATI C
DAC712PK 0°C to +70°C +2L.SB +2L.SB «
DAC712UK 0°C to +70°C +2L.SB +2L.SB Si DISC HARGE SENSITIVITY
DAC712PL 0°C to +70°C +2L.SB +1L.SB ) ) .
DAC712UL 0°C to +70°C +2LSB +1LSB Electrostatic discharge can cause damage ranging from per-
DAC712PC | —40°C to +85°C +21SB +11SB formance degradation to complete device failure. Burr-Brown
DAC712UC | —40°C to +85°C 2158 18 Corporation recommends that all integrated circuits be handled

BURR - BROWN®

DAC712
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and stored using appropriate ESD protection methods.

ESD damage can range from subtle performance degradation
to complete device failure. Precision integrated circuits may

be more susceptible to damage because very small parametric
changes could cause the device not to meet published speci-

fications.
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PIN CONFIGURATION PIN DESCRIPTIONS

PIN LABEL DESCRIPTION
1 DCOM Power Supply return for digital currents.
2 ACOM Analog Supply Return.
bCom E E LSB DO 3 Vout +10V D/A Output.
4 Off Adj Offset Adjust (Bipolar).
ACOM IZ zl b1 5 VREF ouT Voltage Reference Output.
Vour E zl D2 6 Gain Adj Gain Adjust.
7 +Vee +12V to +15V Supply.
Offset Adjust IZ EI D3 8 —Vee —12V to —15V Supply.
9 CLR CLEAR. Sets D/A output to BIPOLAR ZERO
VREF ouT IE EI D4 _ (Active Low).
. . 10 WR Write (Active Low).
Gain Adjust IE EI D5 11 A, Enable for D/A latch (Active Low).
Ve IZ EI 06 12 Ao Enable for Input latch (Active Low).
DAC712 13 D15 Data Bit 15 (Most Significant Bit).
Ve E El D7 14 D14 Data Bit 14.
15 D13 Data Bit 13.
CLR E EI D8 16 D12 Data Bit 12.
_ 17 D11 Data Bit 11.
WR E E D9 18 D10 Data Bit 10.
— 19 D9 Data Bit 9.
A1 IE E D10 20 D8 Data Bit 8.
A E EI D11 21 D7 Data Bit 7.
22 D6 Data Bit 6.
D15 MSB IE E D12 23 D5 Data Bit 5.
24 D4 Data Bit 4.
D14 IE EI D13 25 D3 Data Bit 3.
26 D2 Data Bit 2.
27 D1 Data Bit 1.
28 DO Data Bit O (Least Significant Bit).

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.

BURR - BROWN®
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TYPICAL PERFORMANCE CURVES

At T = +25°C, V¢ = 15V, unless otherwise noted.

POWER SUPPLY REJECTION vs
POWER SUPPLY RIPPLE FREQUENCY
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DISCUSSION OF DIGITAL FEEDTHROUGH

When the A/D is not selected, high frequency logic activity
SPECIFICATIONS on the digital inputs is coupled through the device and shows
LINEARITY ERROR up as output noise. This noise is digital feedthrough.

Linearity error is defined as the deviation of the analog
output from a straight line drawn between the end points f QP ERATION

the transfer characteristic.
DAC712 is a monolithic integrated-circuit 16-bit D/A con-

verter complete with 16-bit D/A switches and ladder net-

DIFFERENTIAL LINEARITY ERROR o .
) - ) _ o work, voltage reference, output amplifier and microproces-
Differential linearity error (DLE) is the deviation from gor pus interface.

1LSB of an output change from one adjacent state to the
next. A DLE specification af1/2LSB means that the output
step size can range from 1/2LSB to 3/2LSB when the digital INTERFACE LOGIC _

input code changes from one code word to the adjacent cod®AC712 has double-buffered data latches. The input data

word. If the DLE is more positive than —1LSB, the D/A is latch holds a 16-bit data word before loading it into the
said to be monotonic. second latch, the D/A latch. This double-buffered organiza-

tion permits simultaneous update of several D/A converters.
All digital control inputs are active low. Refer to block

MONOTONICITY diagram of Figure 1.

A D/A converter is monotonic if the output either increases All latch level-tri d. Dat twhen th bl
or remains the same for increasing digital input values.’ atches are level-tnggered. Lata present when the enable

Monotonicity of DAC712 is guaranteed over the specifica- nputs are logic 0 vv‘!II”enter the I_atch. When the enable
tion temperature range to 13, 14, 15, and 16 bits for perfor_mputs_return to logic “1”, the data is latched.

mance grades DAC712P/U, DAC712PB/UB, DAC712PK/ The CLR input resets both the input latch and the D/A latch
UK, and DAC712PL/UL respectively. to give a bipolar zero output.

SETTLING TIME LOGIC INPUT COMPATIBILITY

Settling time is the total time (including slew time) for the DAC712 digital inputs are TTL compatible (1.4V switching
D/A output to settle to within an error band around its final level) with low leakage, high impedance inputs. Thus the
value after a change in input. Settling times are specified toinputs are suitable for being driven by any type of 5V logic
within £0.003% of Full Scale Range (FSR) for an output such as 5V CMOS logic. An equivalent circuit of a digital
step change of 20V and 1LSB. The 1LSB change is mea-nput is shown in Figure 2.

sured at the Major Carry (FFRfx 10 000Qex, and 000Qex  pata inputs will float to logic “0” and control inputs will
to FFFRey: BTC codes), the input transition at which fioat to logic “0” if left unconnected. It is recommended that

worst-case settling time occurs. any unused inputs be connected to DCOM to improve noise
immunity.
TOTAL HARMONIC DISTORTION + NOISE Digital inputs remain high impedance when power is off.

Total harmonic distortion + noise is defined as the ratio of

the square root of the sum of the squares of the values of the

harmonics and noise to the value of the fundamental fre-NPUT CODING

guency. It is expressed in % of the fundamental frequencyDAC712 is designed to accept positive-true binary two’s
amplitude at sampling ratg. f complement (BTC) input codes which are compatible with
bipolar analog output operation. For bipolar analog output
configuration, a digital input of 7FREx gives a plus full
scale output, 80QRy gives a minus full scale output, and
000Q,zx gives bipolar zero output.

SIGNAL-TO-NOISE
AND DISTORTION RATIO (SINAD)

SINAD includes all the harmonic and outstanding spurious

components in the definition of output noise power in

addition to quantizing and internal random noise power. INTERNAL REFERENCE

SINAD is expressed in dB at a specified input frequency andpac712 contains a +10V reference.

sampling rate, .
Ping ¢ The reference output may be used to drive external loads,

sourcing up to 2mA. The load current should be constant,
DIGITAL-TO-ANALOG GLITCH IMPULSE otherwise the gain and bipolar offset of the converter will
The amount of charge injected into the analog output fromvary.
the digital inputs when the inputs change state. It is mea-
sured at half scale at the input codes where as many as
possible switches change state—from 7fKR0 800Qz.

BURR - BROWN®
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Gain Adjust VRer out +Vee  —Vee
6] 5] [7] [e]
+10V
Reference
%7 250Q
Bipolar
Offset
97500 Adjust
10kQ
L
D/A Switches > -
CLR | 9 3 | Vour
+
A_1 11 16-Bit D/A Latch
A, | 12
16-Bit Input Latch
WR |10
+
[20] [27] [20] [25] [ 28] [ 28] [22] [ ] [ 0] [ao] [ae] [ar] [so] [as [ [as] [3a] [2]  [1]
DBO DB15 ACOM DCOM
LSB MSB

FIGURE 1. DAC712 Block Diagram.

+Vee

ESD Protection Circuit + +
PR A /7
' X - - o y Range of
. # R=1k Ay, A, WR, CLR + Full Seale —» 1 /+7 Gain Adjust
' \ . ’ — .
. ' 3k: Dg...Dy5 1LSB }{///,,/ * +0.3%
i Y R S
Digital ' . . 2,
nput <. : W All Bits Full Scale ‘ '/U,
s . .
X ' Logic 0 Range 47,7\ Gain Adjust
i 6.8V 5pF 5 //;/:,’ Rotates the Line
] \\ I S I LA Y S
—Vee o L LR 5 (R B R \\
Vs B
g Biplar | 7% \MSB Al All Bit
i ircui iai g Offset | %7 on s
FIGURE 2. Equivalent Circuit of Digital Inputs. < . A Others Off Logic 1
44
Range of ?'
Offset Adjust 4
OUTPUT VOLTAGE SWING se Jis/ /—Full Scale
i . . Offset Adj. _Y_ ¥
The output amplifier of DAC712 is committed tot&0V Translates — Digital Input
output range. DAC712 will provide #10V output swing the Line

while operating or¥11.4V or higher voltage supplies. = *0.3%

FIGURE 3. Relationship of Offset and Gain Adjustments.
GAIN AND OFFSET ADJUSTMENTS

Figure 3 illustrates the relationship of offset and gain adjust-
ments for a bipolar connected D/A converter. Offset should Apply the digital input code that produces the maximum

be adjusted first to avoid interaction of adjustments. See . . :
L . negative output voltage and adjust the offset potentiometer
Table | for calibration values and codes. These adjustments .
. or the offset adjust D/A converter for —10V.
have a minimum range &.3%.

Offset Adjustment

BURR - BROWN®
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DAC712 CALIBRATION VALUES
1 LEAST SIGNIFICANT BIT = 305 PV
DIGITAL INPUT CODE ANALOG 1 [ bcom 24
BINARY TWO'S OUTPUT :|
COMPLEMENT, BTC ) DESCRIPTION 2 | ACOM =
7FFF, +9.999695 + Full Scale —1LSB = 3 | Vour 22
' 4] 1]
4000, +5.000000 3/4 Scale 4 2t
| 5 v, 20
0001, +0.000305 BPZ + 1LSB REFOUT
6 19
0000y 0.000000 Bipolar Zero (BPZ) +12V to +15V —
o 7 | +vee 18
FFFF, -0.000305 BPZ — 1LSB -12V to -15V |/ ]
| o 1 8 | Ve 17
€000, —5.000000 1/4 Scale 0.01pF 0 1
| 1 [ ]
8000, ~10.00000 Minus Full Scale = 001F 10 15
1 G m
TABLE I. Digital Input and Analog Output Voltage Calibra- — |1 14
tion Values. 12 13
Gain Adjustment

Apply the digital input that gives the maximum positive FIGURE 4. Power Supply Connections.
voltage output. Adjust the gain potentiometer or the gain

adjust D/A converter for this positive full scale voltage. critical settling time may be able to use QUBIat —\Vc as

well as at +\s.. The capacitors should be located close to

INSTALLATION the package.
DAC712 has separate ANALOG COMMON and DIGITAL
GENERAL CONSIDERATIONS COMMON pins. The current through DCOM is mostly

Due to the high-accuracy of these D/A converters, systemswitching transients and are up to 1mA peak in amplitude.
design problems such as grounding and contact resistanc&he current through ACOM is typicallyu® for all codes.

become very important. A 16-bit converter with a 20V full- s separate analog and digital ground planes with a single
scale range has a 1LSB value of BU5With a load current e rconnection point to minimize ground loops. The analog
of SmA, series wiring and connector resistance of only ying are jocated adjacent to each other to help isolate analog

60mQ V\_’i” cause a voltage drop of 300. To understa_nd_ . from digital signals. Analog signals should be routed as far
what this means in terms of a system layout, the resistivity ;o possible from digital signals and should cross them at

of a typical 1 ounce copper-clad printed circuit board is 1/2 jjoht angles. A solid analog ground plane around the D/A
mQ per square. For a SmA load, a 10 milli-inch wide printed 50 age as well as under it in the vicinity of the analog and
circuit conductor 60 milli-inches long will result in a voltage power supply pins, will isolate the D/A from switching
drop of 15@V. currents. It is recommended that DCOM and ACOM be
The analog output of DAC712 has an LSB size off@05  connected directly to the ground planes under the package.

(-96dB). The noise floor of the D/A must remain bel?w this ¢ several DAC712s are used or if DAC712 shares supplies
levelin the frequency range of interest. The DAC712’s noise ;ith other components, connecting the ACOM and DCOM

spectral density (which includes the noise contributed by the|;jog to together once at the power supplies rather than at
internal reference,) is shown in the Typical Performance o5.h chip may give better results.

Curves section.

Wiring to high-resolution D/A converters should be routed

to provide optimum isolation from sources of RFl and EMI. LOAD CONNECTIONS

The key to elimination of RF radiation or pickup is small Since the reference point forgMr and \ker our is the
loop area. Signal leads and their return conductors should bACOM pin, it is important to connect the D/A converter load
kept close together such that they present a small capturélirectly to the ACOM pin. Refer to Figure 5.

cross-section for any external field. Wire-wrap construction | ead and contact resistances are represented tiydigh

is not recommended. Rs. As long as the load resistancg iR constant, Rsimply
introduces a gain error and can be removed by gain adjust-

POWER SUPPLY AND ment of the D/A or system-wide gain calibration.i®part

REFERENCE CONNECTIONS of R_ if the output voltage is sensed at ACOM.

Power supply decoupling capacitors should be added adn some applications it is impractical to return the load to the
shown in Figure 4. Best performance occurs using a 1 toACOM pin of the D/A converter. Sensing the output voltage
10uF tantalum capacitor at . Applications with less  at the SYSTEM GROUND point is reasonable, because

BURR - BROWN®
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there is no change in DAC712 ACOM current, provided that Nominal values of GAIN and OFFSET occur when the D/A
Rs is a low-resistance ground plane or conductor. In this caseconverters outputs are at approximately half scale, +5V.
you may wish to connect DCOM to SYSTEM GROUND as

well. OUTPUT VOLTAGE RANGE CONNECTIONS

The DAC712 output amplifier is connected internally for the
GAIN AND OFFSET ADJUST +10V bipolar (20V) output range. That is, the bipolar offset
Connections Using Potentiometers resistor is connected to an internal reference voltage and the

GAIN and OFFSET adjust pins provide for trim using 20V range resistor is connected internally g,¥. DAC712
external potentiometers. 15-turn potentiometers provide suf-cannot be connected by the user for unipolar operation.
ficient resolution. Range of adjustment of these trims is at

least+0.3% of Full Scale Range. Refer to Figure 6. DIGITAL INTERFACE

Using D/A Converters BUS INTERFACE

The GAIN ADJUST and OFESET ADJUST circuits of DAC712 has 16-bit double-buffered data bus interface with

DAC712 have been arranged so that these points may p&ontrol lines for easy interface to interface to a 16-bit bus.
easily driven by external D/A converters. Refer to Figure 7. The double-buffered feature permits update of several D/As

12-bit D/A converters provide an OFFSET adjust resolution simultaneously.
and a GAIN adjust resolution of U to 50uV per LSB

step.
DAC712 a
| 10kQ 10kQ
Veer W YW
Bus O/ |‘ Vour Ry
Interface © VVV -
+
R. % Sense
Output
I
DCOM ACOM
R,
/" Alternate Ground
Sense Connection
7 To +Vc

I4 T 0.01uF® Analog

@ J_ Power

/ I 0.01pF Supply

System Ground To -V
—Vce
NOTE: (1) Locate close to DAC712 package.

FIGURE 5. System Ground Considerations for High-Resolution D/A Converters.
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A, is the enable control for the DATA INPUT LATCH,A  D/A, it should be connected to DCOM also. For this mode
is the enable for the D/A LATCH. WR is used to strobe data of operation, the width of WR will need to be at least 80ns
into latches enabled by ,Aand A. Refer to the block  minimum to pass data through the DATA INPUT LATCH
diagram of Figure 1 and to Timing Diagram on page 3.  and into the D/A LATCH.

CLR sets the INPUT DATA LATCH to all zero and the
D/A LATCH to a code that gives bipolar OV at the D/A TRANSPARENT INTERFACE

output. The digital interface of the DAC712 can be made transpar-

ent by asserting & A;, and WR LOW, and asserting CLR
SINGLE-BUFFERED OPERATION HIGH.
To operate the DAC712 interface as a single-buffered latch,
the DATA INPUT LATCH is permanently enabled by
connecting A to DCOM. If A, is not used to enable the

Internal

+10V Reference VRreF out
Rl R2
500Q 500Q
% 1700 % 2500
120Q 180Q
Gain Adjust
(o]
Bipolar Offset Adjust
Y
15kQ [l
% 9.75kQ
10kQ Ry R,
27kQ 10kQ
= +2.5V — —
—= £10V Vg r
0-2mA

ACOM

For no external adjustments, pins 4 and 6 are not connected.
External resistors R; - R, are standard *1% values. Range of
adjustment at least +0.3% FSR.

FIGURE 6. Manual Offset and Gain Adjust Circuits.

BURR - BROWN®

11 DAC712

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



For no external adjustments, pins 4 and 6 are not connected.
External resistors R, - R, tolerance: #1%. Range of adjustment at
least £0.3% FSR.

RFB VREF B

1 1

1 Internal 1

I +10V Reference VRer out

1 1

1 1 +10V 10kQ

1 1

R, R, VWA

! % 170Q % 250Q | % 340Q % 500Q

| . 10kQ

1 Gain Adjust ! - 10V

- [t

! +

1 1 Suggested Op Amps

1 ) ] 1 OPA177GP, GS or

1 Bipolar Offset Adjust 1 5kQ OPABO4AP, AU

4

1 L=

1 1

! % 15kQ % 9.75kQ ! =

. 10kQ . % Ry % R, r----l -1 -

1 W% ! 20kQ 10k : Res Vrera| !

1 1 - !

1 1 0 to 10V | |

1 1 ! |

. + | |

) Suggested Op Amps | |

, - Ibac +10V Vgyr 1 OPA177GP, GS: Single or = I |

0-2mA .

1 1 OPA2604AP, AU: Dual | |

I = I 0'to +10V : !

1 [} L | | T

! DAC712 ! \ :
|
|
|

Suggested D/As

CMOSs
DAC7800:
DAC7801:
DAC7802:
DAC7528:
DAC7545:
DACB8043:

Dual: Serial Input, 12-bit Resolution
Dual: 8-bit Port Input, 12-bit Resolution
Dual: 12-bit Port Input, 12-bit Resolution
Dual: 8-bit Port Input, 8-bit Resolution
Dual: 12-bit Port Input, 12-bit Resolution
Single: Serial Input, 12-bit Resolution

BIPOLAR (complete)
DAC813 (Use 11-hit resolution for OV to +10V output. No op amps required).

FIGURE 7. Gain and Offset Adjustment Using D/A Converters.

BURR - BROWN®

DAC712

12

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




DG526, DG527
DG528, DG529

Analog CMOS Latchable Multiplexers

December 1993

Features
¢ Direct RESET

e« TTL and CMOS Compatible Address and Enable
Inputs

Description

The DG526, DG527, DG528, and DG529 are CMOS mono-
lithic 16 channel/dual 4 channel analog multiplexers. Each
device has on-chip address and control latches to simplify
design in microprocessor based applications. The DG526
uses 4 address lines to control its 16 channels; the DG527,
DG528 both use 3 address lines to control their 8 channels;
and the DG529 uses 2 address lines to control its 4 channels.
The enable pin is used to enable the address latches during
the WR pulse. It can be hard wired to the logic supply if one of
the channels will always be used (except during a reset) or it
can be tied to address decoding circuitry for memory mapped
operation. The RS pin is used to clear all latches regardless of
the state of any other latch or control line. The WR pin is used
to transfer the state of the address control lines to their
latches, except during a reset or when EN is low.

e 44V Maximum Power Supply Rating

« Break-Before-Make Switching

Alternate Source

Applications
« Data Acquisition Systems
« Communication Systems

¢ Automatic Test Equipment

A channel in the ON state conducts signals equally well in
both directions. In the OFF state each channel blocks volt-
ages up to the supply rails. The address inputs, WR, RS and
the enable input are TTL and CMOS compatible over the full
specified operation temperature range.

* Microprocessor Controlled System

Ordering Information

PART PART
NUMBER TEMPERATURE PACKAGE NUMBER TEMPERATURE PACKAGE

DG526AK -55°C to +125°C | 28 Lead Ceramic DIP DG528AK -55°C to +125°C | 18 Lead Ceramic DIP
DG526AK/883B -55°C to +125°C |28 Lead Ceramic DIP DG528AK/883B -55°C to +125°C | 18 Lead Ceramic DIP
DG526BK -25°C to +85°C | 28 Lead Ceramic DIP DG528BK -25°C to +85°C | 18 Lead Ceramic DIP
DG526BY -25°C to +85°C | 28 Lead Plastic SOIC DG528BY -25°C to +85°C | 18 Lead Plastic SOIC
DG526CJ 0°C to +70°C 28 Lead Plastic DIP DG528CJ 0°C to +70°C 18 Lead Plastic DIP

DG526CK 0°C to +70°C | 28 Lead Ceramic DIP DG528CK 0°C to +70°C | 18 Lead Ceramic DIP
DG526CY 0°C to +70°C 28 Lead Plastic SOIC DG528CY 0°C to +70°C 18 Lead Plastic SOIC
DG527AK -55°C to +125°C |28 Lead Ceramic DIP DG529AK -55°C to +125°C | 18 Lead Ceramic DIP
DG527AK/883B -55°C to +125°C | 28 Lead Ceramic DIP DG529AK/883B -55°C to +125°C | 18 Lead Ceramic DIP
DG527BK -25°C to +85°C | 28 Lead Ceramic DIP DG529BK -25°C to +85°C | 18 Lead Ceramic DIP
DG527BY -25°C to +85°C | 28 Lead Plastic SOIC DG529BY -25°C to +85°C | 18 Lead Plastic SOIC
DG527CJ 0°C to +70°C 28 Lead Plastic DIP DG529CJ 0°C to +70°C 18 Lead Plastic DIP

DG527CK 0°C to +70°C | 28 Lead Ceramic DIP DG529CK 0°C to +70°C | 18 Lead Ceramic DIP
DG527CY 0°C to +70°C | 28 Lead Plastic SOIC DG529CY 0°C to +70°C | 18 Lead Plastic SOIC

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
Copyright © Harris Corporation 1993
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DG526, DG527, DG528, DG529

Pinouts

DG526
(PDIP, SOIC)
TOP VIEW

V+ E
Ne [2]
RS[3
S16 E
S15 E
S14 E
S13 E
S12 E
Su E
S10 @
S [i]
GND [12]
As [14]

W/

ED
18] EN

DG528
(PDIP, SOIC)
TOP VIEW

WR |1

Ao [2]

v
s: [5]
sz [6]
ss[7]
s4 [3]

J

18] RS
15] oND
EV+
s

DG527
(PDIP, SOIC)
TOP VIEW

V+ E
Dg 2]
RS[3
Sgs E
S78 E
SeB E
Ssp E
S4p E
S3s E
S28 @
Sig E
GND [12]
NC [13]

W/

E Sga
E S7a
E Sea
E Ssa
E San
E Sza
E Saa
E Sia
18] EN

DG529
(PDIP, SOIC)
TOP VIEW

WR |1

Ao [2]

v
S1a E
Saa E
S3a E
San E
ONE

J

EES
16] GND
E V+
E S
E S28
E S3p
E S4p
0

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

10-55




DG526, DG527, DG528, DG529

Functional Diagrams
DG526 DG527
16 CHANNEL SINGLE ENDED MULTIPLEXER DIFFERENTIAL 8 CHANNEL MULTIPLEXER
V+ V- GND V+ V- GND
, /,
S1 0 07| 0— Sia © 07| 0—
S, 0 oo Son © ofo
Sz 0 oo S3a O o
Ss0 ofo Sap 0 oo Da
S5 o C/C Ssa © :": e
Se © ofo Se O 010
S70 ofo S7a © ofo
Sg O oo Sga o—4—00
Sy o oo D S15 O o o0—i
S100 oo - S2g 0 o e
S1 o oo S3g o oo
S1o o oo S4B © oo Dg
S13 o—f——-—0o S5B o oo -
S14 o—f———o"0 Ses o, ofe
S150 oo S8 0 oo
S16 Om —oT: S85 O——oo
o RS o RS
RO DECODER LOGIC AND LATCHES 0 RO DECODER LOGIC AND LATCHES 0
.3 ) ) ) . . .3 .
Ajg Ay Aq Ag EN Ay Aq Ag EN
DG528 DG529
8 CHANNEL SINGLE ENDED MULTIPLEXER DUAL 4 CHANNEL MULTIPLEXER
v+ V- GND v+ V- GND
Si1 0 ofo— Sin 0 ofo—
S0 oo Soa 0 oo Da
S3 o oo S3p @ oo -
Si0 oo D Siro——ofo
S5 o oo - S1B © o o—
S6 O—f————0"0 S2p © oo Ds
S7 0 ofo S35 © oo -
St 0 ° Sup o—f—0T0
alalalalalalt 00 0 ¢
DECODER LOGIC AND LATCHES DECODER LOGIC AND LATCHES
LATCHES I_ LATCHES I_
o RS o RS
WR © 4 WR 4
[ ) ] ) ® ] ]
A, Ay Ag EN Ag Ag EN
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DG526, DG527, DG528, DG529

Schematic Diagrams
LOGIC INTERFACE AND LEVEL SHIFTER

TO
DECODER

GND Qg

Ax, EN,
RS, WR

DECODER AND SWITCH

<
+
>

1

DE-

CODE [>°_ E—] | :"_

5

7797

<
°
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Specifications DG526, DG527, DG528, DG529

Absolute Maximum Ratings

VA0 V- +44V
V-10Ground. ..o oo -25V
ViytoGround (Note 1) . ................... (V--2V), (V++2V)
VgorVptoV+(Note 1) ........................ +2V, (V- - 2V)
VgorVptoV-(Note 1) ........................ -2V, (V++2V)
Current, Any Terminal ExceptSorD .................... 30mA
Continuous Current, SorD . ....... .. ..., 20mA
Peak Current, SorD ........ ... i 40mA

(Pulsed at 1ms, 10% Duty Cycle Max)
Storage Temperature Range

C Suffix

AandBSuffix........... ... ... ... .. ...
Lead Temperature (Soldering 10s)

-65°C to +125°C
-65°C to +150°C
+300°C

Thermal Information

Thermal Resistance 034 0;c
18 Lead Plastic DIP Package ......... 90°C/W -
18 Lead Ceramic DIP Package . ....... 75°C/IW  22°C/W
18 Lead SOIC Package. ............. 95°C/W -
28 Lead Plastic DIP Package ......... 60°C/W -
28 Lead Ceramic DIP Package. ....... 55°C/W  17°C/W
28 Lead SOIC Package. .. ........... 70°C/W -

Operating Temperature

CSUMfiX oo 0°C to +70°C
BSUffix ... -25°C to +85°C
ASuUffix ... . -55°C to +125°C

Junction Temperature
Ceramic Package
Plastic Packages

+175°C
+150°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications
Unless Otherwise Specified

(Note 3) V+ = +15V, V- = -15V, GND = 0V, WR = 0V, RS = 2.4V, EN = 2.4V, T, = +25°C,

A SUFFIX B AND C SUFFIX
(NOTE 6) (NOTE 2) (NOTE 2)
PARAMETER TEST CONDITIONS MIN TYP MAX MIN TYP MAX J UNITS
DYNAMIC
Switching Time | DG526, | See Figure 3 (Note 7) - 0.65 1 - 0.65 - ps
of Multiplexer, | DG527
ITRANSITION DG528, | See Figure 3 - 0.6 1 - 0.6 - s
DG529
Break-Before- | DG526, | See Figure 4 - 0.2 - - 0.2 - ps
Make Interval, | DG527
topeN DG528, 3 02 B - 02 - s
DG529
Enable and DG526, | See Figures 1, 6 (Note 7) - 0.7 15 - 0.7 - ps
Write Turn-ON | DG527
tTlmféN WR) [DC528, [See Figures 5.6 (Note 7) - 1 15 - 1 - Hs
ONA=TD DG529
Enable and DG526, | See Figures 2, 7 (Note 7) - 0.4 1 - 0.4 - ps
Reset Turn DG527
?EF’\IFLLS“)'E'tOFF DG528, | See Figures 5, 6 (Note 7) ; 0.4 1 - 0.4 - us
' DG529
Off Isolation, DG526, | Vgy = 0V, R = 1kQ, C, = 15pF, - 55 - - 55 - dB
OIRR DG527 |Vg = 7Vgrus, f = 500kHz (Note 4)
DG528, - 68 - - 68 - dB
DG529
Logic Input DG526, |f=1MHz - 6 - - 6 - pF
Capacitance, |DG527
Cin DG528, - 2.5 - - 2.5 - pF
DG529
Source OFF DG526, | Vg =0V Ven =0V, - 10 - - 10 - pF
Capacitance, |DG527 f = 140kHz
Csorr) DG528, - 5 - - 5 - pF
DG529
10-58
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Specifications DG526, DG527, DG528, DG529

Electrical Specifications

Unless Otherwise Specified (Continued)

(Note 3) V+ = +15V, V- = -15V, GND = 0V, WR = 0V, RS = 2.4V, EN = 2.4V, T, = +25°C,

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

A SUFFIX B AND C SUFFIX
(NOTE 6) (NOTE 2) (NOTE 2)

PARAMETER TEST CONDITIONS MIN TYP MAX MIN TYP MAX J UNITS
Drain OFF DG526 |Vp=0V Vey = 0V, - 65 - - 65 - pF
Capacitance, DG527 f = 140kHz - 5 - - 5 - oF
CoormT

DG528 - 25 - - 25 - pF
DG529 - 12 - - 12 - pF
Charge Injec- | DG526, | See Figure 8 - 6 - - 6 - pC
tion, Q DG527
DG528, - 4 - - 4 _ pC
DG529
INPUT
Address Input | DG526, |V, = 2.4V -10 0.02 - -10 0.02 - pA
Current, Input | DG527 -
Voltage High, V) =15V 0.02 10 0.02 10 HA
lAH DG528, |V, =2.4V -10 -0.002 - -10 -0.002 - HA
DG529 V) =15V - 0.006 10 - 0.006 10 HA
Address Input | DG526 | Vgy = 2.4V AllVy =0V, -10 0.01 - -10 0.01 - MA
Current, Input | DG527 - RS =0V, - - - -
Voltage Low, Vg = 0V WR = 0V 10 0.01 10 0.01 HA
laL DG528 | Vgy = 2.4V -10 -0.002 - -10 -0.002 - HA
DG529 Vg = 0V -10 -0.002 - -10 -0.002 - HA
SWITCH
Analog Signal Range, (Note 7) -15 - +15 -15 - +15 \%
VanaLoG
Drain Source ON Resis- |Vp =2 10V, V= 0.8V, Vpy = 2.4V, - 270 400 - 270 450 Q
tance, Rps(on) I, =-200pA
Sequence Each Switch ON
Greatest Change in Drain | -10V < Vg < 10V - 6 - - 6 - %
Source ON Resistance Rosonmax - RosoNMIN
Between Channels, ARps(on) =
ARps(on) Rpsonave.
Source OFF DG526, | Vgy =0V Vg = %10V, -1 0.02 1 - 0.02 - nA
Leakage DG527 Vp = 710V
current, Isorr) [DGs2s, Vs = £10V, 1 ~0.005 1 5 20.005 5 A
DG529 Vp = F10V
Drain OFF DG526 | Vgy =0V Vg = %10V, -10 0.2 10 - 0.2 - nA
Leakage Cur- Vp = F10V
rent, loorr)  [5Gs27 Vg = +10V, 5 0.2 5 - 0.2 - nA
Vp = ¥ 10V
DG528 Vg = %10V, -10 -0.015 10 -20 0.015 20 nA
Vp = 10V
DG529 Vg = 10V, -10 -0.008 10 -20 0.008 20 nA
Vp = ¥ 10V
Drain ON DG526 | Sequence Each Vp = VgL = -10 0.2 10 - 0.2 - nA
Leakage Cur- Switch On +10V
rent loon)  [pasz7 | VAT 08Vand gy s 5 0.2 5 - 02 - A
Vay = 2.4V
+10V
(Note 5)
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Specifications DG526, DG527, DG528, DG529

Electrical Specifications

(Note 3) V+ = +15V,

V- =-15V, GND = 0V, WR = 0V, RS = 2.4V, EN = 2.4V, T, = +25°C,
Unless Otherwise Specified (Continued)

A SUFFIX B AND C SUFFIX
(NOTE 6) (NOTE 2) (NOTE 2)

PARAMETER TEST CONDITIONS MIN TYP MAX MIN TYP MAX J UNITS
Drain ON DG528 | Sequence Each Vp = VgL = -10 -0.03 10 -20 -0.03 20 nA
Leakage Cur- Switch On +10V
rent, Ipon) Vp =0.8V and = = - - - -

(Continued) DG529 Vi = 2.4V Vp = VgL = 10 0.015 10 20 0.015 20 nA
+10V
(Note 5)

SUPPLY
Positive DG526, | Vgy = 0V All V, =0V - 2.0 3.0 - 2.0 - mA
Supply DG527
Current, I+ I5G528, 2 i 25 i 2 25 | mA

DG529
Positive DG526, | Vgy =0V All V, =0V -2.0 -1.2 - - -1.2 - mA
Supply DG527
Current, |- DG528, 15 - - 15 - - mA

DG529
Electrical Specifications T, = Over Operating Temperature Range, V+ = +15V, V- = -15V, GND = 0V, WR = 0V,

RS = 2.4V, EN = 2.4V Unless Otherwise Specified
A SUFFIX B AND C SUFFIX
(NOTE 6) (NOTE 2) (NOTE 2)

PARAMETER TEST CONDITIONS MIN TYP MAX MIN TYP MAX J§ UNITS
INPUT
Address Input Current Vy = 2.4V -30 - - -30 - - HA
Input Voltage High, Iay VA= 15V - - 30 - - 20 A
Address Input | DG526, |V, = 2.4V Vapwy=0V, | -10 - - - - - HA
Current, Input | DG527 VA= 0V RS =0V, 10 - - - - - A
Voltage Low, WR = 0V
L DG528, B -30 - - -30 - - HA

DG529 Iy =0ov 30 - - 30 - - m
SWITCH
Analog Signal Range, Note 7 -15 - +15 - - - %
VanaLoG
Drain Source ON Resis- | Vp = 210V, V= 0.8V, Vpy = 2.4V, - - 500 - - 500 Q
tance, Rps(on) Is = -200pA, Sequence Each Switch ON
Source Off Leakage Ven = 0V Vg =10V, -50 - 50 - - - nA
Current, Igorr) Vp = ¥ 10V
Drain OFF DG526 |Vgy =0V Vg =#10V, | -300 - 300 -300 - 300 nA
Leakage Cur- [h5E57 Vo = F10VIT500 - 200 | -200 - 200 | nA
rent, lporr)
DG528 Vg= F10V, | -200 - 200 -200 - 200 nA
DG529 Vo =+10V 77750 - 100 | -100 - 100 | A
Drain ON DG526 | Sequence Each Switch | Vp=Vguy | -300 - 300 -300 - 300 nA
Leakage DG527 | O VaL =08V, = £10v ~200 - 200 | -200 - 200 | nA
Current, Ipon) Vay = 2.4V (Note 5)
DG528 -200 - 200 -200 - 200 nA
DG529 -100 - 100 -100 - 100 nA
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Specifications DG526, DG527, DG528, DG529

Minimum Input Timing Requirements Over Full Temperature Range

PARAMETER MEASURED TERMINAL MIN UNITS
WRITE Pulse Width, tyyy ﬁ See Figure 1 300 ns
A, EN Data Valid After WRITE (Stabilization Time), tow, | Ao, A1, (A,), EN, WR; See Figure 1 180 ns
A, EN Data Valid After WRITE (Hold Time), typ Ag, Af, (Ay), EN, WR; See Figure 1 30 ns
RESET Pulse Width, tgs RS, (Note 6), Vg = 5V, See Figure 2 500 ns

NOTES:

1. Signals on Vg, V or V,y exceeding V+ or V- will be clamped by internal diodes. Limit diode forward current to maximum current ratings.

2. Typical values are for design aid only, not guaranteed and not subject to production testing.

3. The algebraic convention whereby the most negative value is a minimum, and most positive value is a maximum, is used in this datasheet.

\
S .
4. OFFisolation = 20 lv—l , Wwhere Vg = input to OFF sw
D

5. Ipon) is leakage from driver into “ON” switch.

itch, and Vp = output due to Vg.

6. Period of Reset (RS) pulse must be at least 50ps during or after power ON.

7. Parameter not tested. Parameter guaranteed by design or characterization.

Waveforms and Test Circuits

1.5v

trs

~<~———— loFFRS) ————>

3V # 3V
WR 1.5V RS &
0 0
f tww
twp
tbw

3V Vo

Ag, A, (A) 2.0v SWITCH

EN 0.8V OUTPUT
0 e ov

FIGURE 1. WR TIMING WAVEFORMS

0.8Vg -\\

FIGURE 2. RS TIMING WAVEFORMS
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DG526, DG527, DG528, DG529

Waveforms and Test Circuits  (Continued)
+2.4V @ T +15V
V+
o EN Sy —0 +10V
DG528*
° RS S, THRU S
S I
o— Ap =
Sg =0 F 10V
o Aq
SWITCH
OUTPUT
LOGIC % o— A2 b Vb
INPUT GND WR V-
1MQ 35pF

>00 -] Q l

FIGURE 3A. ttransimion SWITCHING TIME TEST CIRCUIT
* Similar connections for DG526

+2.4V Q@ T +15V
V+
o— EN Sip o 10V
DG529*
o— RS
Soa THRU Syp,
Da I
SZB' AND S3B —
Sss =0 F 10V
o Ag
SWITCH
OUTPUT
LOGIC [ o— A1 D Voe
INPUT GND WR V-
50Q l 1MQ 35pF
[+ Q
-15V

FIGURE 3B. ttransition SWITCHING TIME TEST CIRCUIT
* Similar connections for DG527

50% = ‘
0 4
Vs1
SWITCH
OUTPUT ok
Vb
0.8Vsg
Vsg
Sg ON
TRANSITION —s| < > e
S1ON TRANSITION
LOGIC INPUT
tR < 20ns
tg < 20ns

FIGURE 3C. trgansimion SWITCHING TIME WAVEFORM

3V -
50% |
0
SWITCH
OUTPUT VS
Vo 80% f= 1
S
< toPeEN
LOGIC INPUT
tg < 20ns
tF < 20ns

FIGURE 4A. topgn (BREAK-BEFORE-MAKE) SWITCHING TIME
WAVEFORM

+2.4V @ T +15V
V+
o— EN DG528*
DG529
o—] RS ALLSANDD, =0 +5V
SWITCH
OUTPUT
LOGIC AoA1 (A2)  Dg (D) Vp
INPUT GND WR V-
50Q l 1kQ 35pF
-] Q
-15V

FIGURE 4B. tgpgy (BREAK-BEFORE-MAKE) SWITCHING TIME
TEST CIRCUIT

* Similar connections for DG526, DG527
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DG526, DG527, DG528, DG529

Waveforms and Test Circuits  (Continued)
7 +2.4V 7 +15V 7 +2.4V 7 +15V
RS V+ RS V+
o—] EN s, o -5V o—] EN Sig o 5V
DG528* DG529*
S1a THRU Syp,
S, THRU Sy Da. S28, Szs,
1 Sap 1
o— Ao 3 3
o— A, o—] Ao
SWITCH SWITCH
OUTPUT OUTPUT
o— A2 D Vp o— A1 Dg Vpg
EN ]50Q GND WR V- EN |50 GND WR V-
g . @ 3 |
< 1kQ 35pF < 1kQ 35pF
@ 3 ) l P 3 ) l
[ -15v - -15v

FIGURE 5A. ENABLE t oy AND tore SWITCHING TIME TEST CIR-

CuIT

* Similar connections for DG526

SWITCH
OUTPUT

Vb

CuUIT

FIGURE 5B. ENABLE t oy AND torr SWITCHING TIME TEST CIR-

* Similar connections for DG527

3V =
50% fe= ! s
0 4
ton (EN) toee (EN)
— [—— — ——
0
0.1Vo —
0.9Vg b=
Vo b= N
Vs — EN
tR<20ns
tg < 20ns

FIGURE 5C. ENABLE t gy AND tope SWITCHING TIME WAVEFORMS

+2.4V @ T +15V
tr < 20ns
tg <20ns V+
3V o—] EN S; OR =0 +5Vv
DG528.  Spp
15v 50% DG529*
ov o—] Ao A1, (Ag)
SuTcH "Swrcnes [ o
OU\-'/-SUT ton (WR) ——— 3
o— RS
/- SWITCH
= OUTPUT
0.2V, o—a .~ o
ov 7 o WR Dg (D) O 0 Vo
RS GND V- J-
Device must be reset prior to applying WR pulse. GD l 1kQ 35pF
WR | LOGIC
INPUT -5V

FIGURE 6A. WRITE tgoy SWITCHING TIME WAVEFORMS

FIGURE 6B. WRITE t oy SWITCHING TIME TEST CIRCUIT

* Similar connections for DG526, DG527
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DG526, DG527, DG528, DG529

Waveforms and Test Circuits  (Continued)

tR < 20ns

tg < 20ns
3V

RS 15V 50% /
ov
torr (RS) ———

SWITCH

OUTPUT 0.8Vp
Vo \

FIGURE 7A. RESET toeg SWITCHING TIME WAVEFORMS

3V

EN
0

_/
. T\

\_

AVg is the measured voltage error due to charge injection.
The error voltage in Coulombs is Q = C; x AV,

FIGURE 8A. CHARGE INJECTION WAVEFORMS

550 111771 [T
500 |- lo=-200pA )
L Vigy = +5V ™
450
= ©)
g 300 (A):
o 250
(=] -
T 500 ;&ﬁ---lg T
150 (A) V+=+15V, V-=-15V —|
100 (B) V+=+12V, V-=-12V |
(C) V+=+10V, V-=-10V |
50 (D) V+ =+75V, V-=-7.5V —
EEEEEEEEEEEEE

0
-15 -13-11 -9 -7 -5 -3 -1 0+1 +3 +5 +7 +9 +11+13 +15
ANALOG SIGNAL VOLTAGE (V)

FIGURE 9. Rpgon) VS ANALOG SIGNAL VOLTAGE vs SUPPLY
VOLTAGE

+2.4V T+15V
V+
EN posos SlsOR Lo +5v
DG529* B
-Eo— Ao Ay, (A2)
- REMAINING |
- SWITCHES [~ ° I
SWITCH
o OUTPUT
RS Dg (D) f—o—9¢ $—o0 Vo
GND WR V- J-
RS l 1kQ 35pF
[-] Q
-15V

FIGURE 7B. RESET tger SWITCHING TIME TEST CIRCUIT
* Similar connections for DG526, DG527

T +15V
V+
Ag A1 (A7) RS p—o0 +2.4v
DG528
DG529*
Sx / D R
o C_ = 1000pF
GND WR V-
EN l
° -15V

FIGURE 8B. CHARGE INJECTION TEST CIRCUIT
* Similar connections for DG526, DG527

400 : : | |
V=415V V-=-15V | +10V SIGNALS /

360 = vy =24V /
/
—

g = -200pA
320 © H

—~
280 -

~
+10V SIGNALS

240 ——

200

Rps(on) (@)

160

120

80

40

-55 -25 0 +25 +45 +70
TEMPERATURE (°C)

FIGURE 10. TYPICAL Rpgony VARIATION WITH TEMPERA-
TURE

+100 +125
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DG526, DG527, DG528, DG529

Truth Tables

DG526 DG527
As | A, | A | Ao | EN [WR]| RS | ON SWITCH A, | Al Ao | ENJWR] RS | ON swiTCH
Latching | X | X | X | X | X |_/| 1 |Maintains Latching | X | X | X | X |_/| 1 |Maintains
Previous Previous
Switch State Switch State
Reset X X X X X X 0 | None (Latch- Reset X X X X X 0 | None (Latch-
es Cleared) es Cleared)
Trans- X X X X 0 0 1 None Trans- X X X 0 0 1 None
parent parent
Operation 0 0 0 0 L 0 L 1 Operation 0 0 0 1 0 1 1
0 0 0 1 1 0 1 2 0 0 1 1 0 1 2
0 0 1 0 1 0 1 3 0 1 0 1 0 1 3
0 0 1 1 1 0 1 4 0 1 1 1 0 1 4
0 1 0 0 1 0 1 5 1 0 0 1 0 1 5
0 1 0 1 1 0 1 6 1 0 1 1 0 1 6
0 1 1 0 1 0 1 7 1 1 0 1 0 1 7
0 1 1 1 1 0 1 8 1 1 1 1 0 1 8
1]JofJolJofl1]o]1 9 Logic “1” = Vay, Veny = 2.4V
1 0 0 1 1 0 1 10
1 0 1 0 1 0 1 11
1 0 1 1 1 0 1 12
1 1 0 0 1 0 1 13
1 1 0 1 1 0 1 14
1 1 1 0 1 0 1 15
1 1 1 1 1 0 1 16
Logic “0” = V., Ve < 0.8V
DG528 DG529
A | At | Ao | EN | WR | RS ON SWITCH A | A | EN]WR[ RS ON SWITCH
X X X X _/= 1 |Maintains Previous X X X | _£ Maintains Previous Switch
Switch Condition Condition
X X X X X 0 | None (Latches Cleared) X X X X 0 | None (Latches Cleared)
X X X 0 0 1 None X X 0 0 1 None
0 0 0 1 0 1 1 0 0 1 0 1 1
0 0 1 1 0 1 2 0 1 1 0 1 2
0 1 0 1 0 1 3 1 0 1 0 1 3
0 1 1 1 0 1 4 1 1 1 0 1 4
1 0 0 1 0 1 5 Logic “17: Va2 2.4V
1 0 1 1 0 1 6 Logic “0" V, <0.8V
1 1 0 1 0 1 7
1 1 1 1 0 1 8
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Die Characteristics
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DG529

Die Characteristics

DIE DIMENSIONS:
3100pm x 2083um

METALLIZATION:
Type: Al
Thickness: 10kA + 1kA

GLASSIVATION:
Type: PSG Over Nitride
PSG Thickness: 7kA + 1.4kA
Nitride Thickness: 8kA + 1.2kA

WORST CASE CURRENT DENSITY:
9.1 x 10* Alcm?

Metallization Mask Layout
DG529

PIN15  PIN 14
Si6

PIN13 PIN12

S2p S3p Sap

S1aA

PIN 10
Sga

PIN 9

PIN 8
San

10-69
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Low-Cost, uP Supervisory Circuits

General Description

The MAX705-MAX708/MAX813L microprocessor (UP)
supervisory circuits reduce the complexity and number
of components required to monitor power-supply and
battery functions in uP systems. These devices signifi-
cantly improve system reliability and accuracy com-
pared to separate ICs or discrete components.

The MAX705/MAX706/MAX813L provide four functions:

1) A reset output during power-up, power-down, and
brownout conditions.

2) An independent watchdog output that goes low if
the watchdog input has not been toggled within 1.6
seconds.

3) A 1.25V threshold detector for power-fail warning,
low-battery detection, or for monitoring a power sup-
ply other than +5V.

4) An active-low manual-reset input.

The MAX707/MAX708 are the same as the MAX705/
MAXT706, except an active-high reset is substituted for
the watchdog timer. The MAX813L is the same as the
MAXT705, except RESET is provided instead of RESET.

Two supply-voltage monitor levels are available: The
MAX705/MAX707/MAX813L generate a reset pulse when
the supply voltage drops below 4.65V, while the
MAX706/MAX708 generate a reset pulse below 4.40V.
All four parts are available in 8-pin DIP, SO and pMAX
packages.

Applications

Computers
Controllers

N A X1/

Features

¢ UMAX Package: Smallest 8-Pin SO
¢ Guaranteed RESET Valid at Ve = 1V

¢ Precision Supply-Voltage Monitor
4.65V in MAX705/MAX707/MAX813L
4.40V in MAX706/MAX708

¢ 200ms Reset Pulse Width

¢ Debounced TTL/CMOS-Compatible
Manual-Reset Input

¢ Independent Watchdog Timer—1.6sec Timeout
(MAX705/MAX706)

¢ Active-High Reset Output
(MAX707/MAX708/MAX813L)

¢ Voltage Monitor for Power-Fail or Low-Battery
Warning

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX705CPA 0°C to +70°C 8 Plastic DIP
MAX705CSA 0°Cto +70°C 8 SO
MAX705CUA 0°Cto +70°C 8 UMAX
MAX705C/D 0°Cto +70°C Dice*

Ordering Information continued at end of data sheet.
* Dice are specified at Ty = +25°C.
**Contact factory for availability and processing to MIL-STD-883.

Pin Configurations

Intelligent Instruments TOP VIEW P
Automotive Systems MR [1] 8 | W0
Critical uP Power Monitoring Vee E JNAam Zl RESET (RESET)
MAX705
oo [3]  yaxzos |6l wo
- - : : MAX813L e
Typical Operating Circuit P [4] 5] 7o
DIP/SO
UNREGULATEDDC [
MAX667
+5V DC LINEAR 7 E « :| eeseT
REGULATOR 8
g I_. “P Vee E /VI/JXI/VI ZI RESET
Vee MAX707
—Vec RESET RESET GND % waxzos L&l ne
PFl MAXIAM PFI 1/0 LINE PFI | 4 5| PFO
MAX705 WDO NMI :|
= MAX706 ——
pusiauTTon [ MR MmaxszaL PO INTERRUPT DIP/SO
SWITCH _T_ T T ( ) ARE FOR MAX813L ONLY.
= = = Pin Configurations continued at end of data sheet.
X1V Maxim Integrated Products 1

Call toll free 1-800-998-8800 for free samples or literature.
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MAX705-MAX708/MAX813L

Low-Cost, uP Supervisory Circuits

ABSOLUTE MAXIMUM RATINGS

Terminal Voltage (with respect to GND)
Vee
All Other Inputs (Note 1)
Input Current
Vee
GND
Output Current (all outputs)
Continuous Power Dissipation
Plastic DIP (derate 9.09mW/°C above +70°C)

SO (derate 5.88mW/°C above +70°C)
UMAX (derate 4.10mW/°C above +70°C) ..
CERDIP (derate 8.00mW/°C above +70°C)

Operating Temperature Ranges

... 20mA MAX70_C__, MAX813LC__
... 20mA MAX70_E__, MAX813LE__
... 20mA MAX70_MJA ...........
Storage Temperature Range
727mwW Lead Temperature (soldering, 10sec)

Note 1: The input voltage limits on PFl and MR can be exceeded if the input current is less than 10mA.

0°C to +70°C
. -40°C to +85°C
-55°C to +125°C
-65°C to +160°C
+300°C

Stresses beyond those listed under "Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(Ve = 4.75V to 5.5V for MAX705/MAX707/MAX813L, Ve = 4.5V to 5.5V for MAX706/MAX708, Ta = Ty 10 Tyax, Unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
MAX70_C 1.0 5.5
Operating Voltage Range Vce MAX813LC 1.1 55 \%
MAX70_E/M, MAX813LE/M 1.2 55
MAX705C, MAX706C, MAX813LC 150 350
Supplv Current | MAX705E/M, MAX706E/M, MAX813LE/M 150 500 A
PPY SUPPLY  I\IAX707C, MAX708C 50 350 | M
MAX707E/M, MAX708E/M 50 500
MAX705, MAX707, MAX813L 4.50 4.65 4.75
Reset Threshold (Note 2) VRT \%
MAX706, MAX708 4.25 4.40 4.50
Reset Threshold Hysteresis (Note 2) 40 mV
Reset Pulse Width (Note 2) tRs 140 200 280 ms
Isource = 800pA Vcc-15
_ | =3.2mA 0.4
RESET Output Voltage SINK \Y
MAX70_C, Vcc = 1V, Isink = 50pA 0.3
MAX70_E/M, Vcg = 1.2V, Isink = 100pA 0.3
MAX707, MAX708, Isource = 800pA Vcc-15
MAX707, MAX708, Isink = 1.2mA 0.4
MAX813LC, Isource = 4pA, Vcc = 1.1V | 0.8
RESET Output Voltage MAXBL3LEM, ISOURCE = 4pA, Voo = 1.2V 09 \Y%
| =800puA | Vcc-1.5
MAX813L SOURCE 3 cc
ISINK = 3.2mA 0.4
Watchdog Timeout Period twD MAX705, MAX706, MAX813L 1.00 1.60 2.25 sec
WDI Pulse Width twp ViL= 0.4V, ViH = (Vcc) (0.8) 50 ns
Lo 0.8
WDI Input Threshold .W MAX705, MAX706, MAX813L, v
High Vce =5V 35
MAX705, MAX706, MAX813L, WDI = Vcc 50 150
WDI Input Current MA
MAX705, MAX706, MAX813L, WDI =0V -150 -50
MAX705, MAX706, MAX813L,
S ISouRCE = 800pA Vee-15
WDO Output Voltage \
MAX705, MAX706, MAX813L,
- 0.4
IsINK = 1.2mA
2 AKXV
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Low-Cost, uP Supervisory Circuits

ELECTRICAL CHARACTERISTICS (continued)

(Vcc =4.75V to 5.5V for MAX705/MAX707/MAX813L, V¢ = 4.5V to 5.5V for MAX706/MAX708, Ty = Ty 10 Tyax, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

MR Pull-Up Current MR =0V 100 250 600 HA

MR Pulse Width tMR 150 ns

__ Low 0.8

MR Input Threshold - \Y

High 2.0

MR to Reset Out Delay (Note 2) tMD 250 ns

PFI Input Threshold Vcc =5V 1.20 1.25 1.30 \

PFI Input Current -25.00 0.01 25.00 nA

I | = 800pA Vcec-1.5

PFO Output Voltage SOURCE a cc \Y
IsiNk = 3.2mA 0.4

Note 2: Applies to both RESET in the MAX705-MAX708 and RESET in the MAX707/MAX708/MAX813L.

MAXI
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Low-Cost, uP Supervisory Circuits

Typical Operating Characteristics

MAX705/MAX707
RESET OUTPUT VOLTAGE
vs. SUPPLY VOLTAGE

MAX705/MAX707
RESET RESPONSE TIME

POWER-FAIL COMPARATOR
DE-ASSERTION RESPONSE TIME

MAX705-MAX708/MAX813L

1 1 v —
N Tp= +25°C +5V R | ¥§°:‘+;'ch
Vee N / < Vee NS +4V
N 4 s
777§<777Z7 ) =+25°C] PFO +3V
™ / +5V
N =
ov 45V N s
<
Vee -1- Vee Ve 10k ov
RESET RESET '§ RESET RESETH— RESET +1.30V
< 30pF
GND GND I P PFI
= T = o +1.20V
ov L1 INA .
500ms/div 2us/div 400ns/div
POWER-FAIL COMPARATOR MAX707 MAX707
ASSERTION RESPONSE TIME RESET, RESET ASSERTION RESET, RESET DE-ASSERTION
VC(‘Z = \/RT Vcé = \/RT
BV Ta=+25°C Ta = +25°C
+5V - +5V +5V
PFO < \
= P
»— < ———
/ RESET ! RESET
- S 10k
ov Voo | ov RESET
)5 30PFI o cc 210k g RESET H-+ 10k sL g
= = = = o 5y RESET < ey T330pr] | 330pF S
+1.30V ey g RESET H—-10k J_ /
PFI Tf:::fzsoc s \- LCND IT330pr] T330pF{ RESET Y RESET
Toov v ov
400ns/div 400ns/div 400ns/div
MAX707/MAX708/MAX813L
RESET OUTPUT VOLTAGE MAX813L
vs. SUPPLY VOLTAGE RESET RESPONSE TIME
N 1 ] v
N Ta = +25°C L +5V
Vee \\ // < Vee +4V
N\ / E | —L
\ / Vee
LN —| RESET T ?
Vee o - 10k %330[)&777
o RESET / \ oY GE.D 11
AN _— +V
' N L_GND 330pF
\ T :E.Ok =
RESET \~, - £
\\ // < /
\
ov N | A ov
500ms/div 2us/div
4 AKXV

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Low-Cost, uP Supervisory Circuits

Pin Description

PIN

MAX705/MAX706

MAX707/MAX708

MAX813L

DIP/SO | uMAX

DIP/SO | pMAX

DIP/SO | pMAX

NAME

FUNCTION

Manual-Reset Input triggers a reset pulse when
pulled below 0.8V. This active-low input has an inter-
nal 250pA pull-up current. It can be driven from a TTL
or CMOS logic line as well as shorted to ground with
a switch.

+5V Supply Input

GND

0V Ground Reference for all signals

PFI

Power-Fail Voltage Monitor Input. When PFl is less
than 1.25V, PFO goes low. Connect PFI to GND or
Ve when not used.

Power-Fail Output goes low and sinks current when
PFlis less than 1.25V; otherwise PFO stays high.

WDI

Watchdog Input. If WDI remains high or low for
1.6sec, the internal watchdog timer runs out and
WDO goes low (Figure 1). Floating WDI or connect-
ing WDI to a high-impedance three-state buffer dis-
ables the watchdog feature. The internal watchdog
timer clears whenever reset is asserted, WDI is three-
stated, or WDI sees a rising or falling edge.

N.C.

No Connect

RESET

Active-Low Reset Output pulses low for 200ms when
triggered, and stays low whenever V¢ is below the
reset threshold (4.65V in the MAX705 and 4.40V in the
MAX706). It remains low for 200ms after V¢ rises
above the reset threshold or MR goes from low to high
(Figure 3). A watchdog timeout will not trigger RESET
unless WDO is connected to MR.

Watchdog Output pulls low when the internal watch-
dog timer finishes its 1.6sec count and does not go
high again until the watchdog is cleared. WDO also
goes low during low-line conditions. Whenever V¢ is
below the reset threshold, WDO stays low; however,
unlike RESET, WDO does not have a minimum pulse
width. As soon as V¢ rises above the reset thresh-
old, WDO goes high with no delay.

RESET

Active-High Reset Output is the inverse of RESET.
Whenever RESET is high, RESET is low, and vice
versa (Figure 2). The MAX813L has a RESET output
only.

MAXI
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MAX705-MAX708/MAX813L

Low-Cost, uP Supervisory Circuits

WATCHDOG
6 WATCHDOG 8
WDl —  TRANSITION 8 ——
DETECTOR e [~ [ D Woo
Vee TIMEBASE FOR
RESET AND
250pA WATCHDOG
m 1
7
Vee l_. GENERATOR (RESET)
- /N AKX/
J T MAX706
PFI + MAX813L 5
PFO
1.25V
* 4,40V FOR MAXT0S. 3 = GND
(') ARE FOR MAX813L ONLY.

8
Vee — RESET
@ 250pA
1
MR
L RESET T e
) RESET
Voo N I_. GENERATOR
- NAXI/V
5 465V MAX707
4 = MAX708
PFI 5
PFO
1.25V
3 = GND

*4.40V FOR MAX706.

Figure 1. MAX705/MAX706/MAX813L Block Diagram

Detailed Description

Reset Output

A microprocessor’s (UP’s) reset input starts the pP in a
known state. Whenever the PP is in an unknown state, it
should be held in reset. The MAX705-MAX708/MAX813L
assert reset during power-up and prevent code execu-
tion errors during power-down or brownout conditions.

On power-up, once V¢ reaches 1V, RESET is a guaran-
teed logic low of 0.4V or less. As V( rises, RESET stays
low. When V¢ rises above the reset threshold, an inter-
nal timer releases RESET after about 200ms. RESET puls-
es low whenever V¢ dips below the reset threshold, i.e.
brownout condition. If brownout occurs in the middle of
a previously initiated reset pulse, the pulse continues for
at least another 140ms. On power-down, once V¢ falls
below the reset threshold, RESET stays low and is guar-
anteed to be 0.4V or less until V¢ drops below 1V.

The MAX707/MAX708/MAX813L active-high RESET output
is simply the complement of the RESET output, and is
guaranteed to be valid with V- down to 1.1V. Some pPs,
such as Intel's 80C51, require an active-high reset pulse.

Watchdog Timer
The MAX705/MAX706/MAX813L watchdog circuit moni-
tors the pP’s activity. If the uP does not toggle the watch-
dog input (WDI) within 1.6sec and WDI is not three-stat-
ed, WDO goes low. As long as RESET is asserted or the

Figure 2. MAX707/MAX708 Block Diagram

WDI input is three-stated, the watchdog timer will stay
cleared and will not count. As soon as reset is released
and WDI is driven high or low, the timer will start counting.
Pulses as short as 50ns can be detected.

Typically, WDO will be connected to the non-maskable
interrupt input (NMI) of a uP. When V¢ drops below
the reset threshold, WDO will go low whether or not the
watchdog timer has timed out yet. Normally this would
trigger an NMI interrupt, but RESET goes low simultane-
ously, and thus overrides the NMI interrupt.

If WDI is left unconnected, WDO can be used as a low-
line output. Since floating WDI disables the internal
timer, WDO goes low only when V¢ falls below the
reset threshold, thus functioning as a low-line output.

The MAX705/MAX706 have a watchdog timer and a
RESET output. The MAX707/MAX708 have both active-
high and active-low reset outputs. The MAX813L has
both an active-high reset output and a watchdog timer.

Manual Reset

The manual-reset input (MR) allows reset to be trig-
gered by a pushbutton switch. The switch is effectively
debounced by the 140ms minimum reset pulse width.
MR is TTL/CMOS logic compatible, so it can be driven
by an external logic line. MR can be used to force a
watchdog timeout to generate a reset pulse in the
MAX705/MAX706/MAX813L. Simply connect WDO to
MR.

MAXIV
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Low-Cost, uP Supervisory Circuits

Power-Fail Comparator

The power-fail comparator can be used for various pur-
poses because its output and noninverting input are
not internally connected. The inverting input is internal-
ly connected to a 1.25V reference.

e e LN

+5V
WDI | | | |
ov

+5V

WDO | |
ov
|
+5V i
RESET | |
ov

RESET EXTERNALLY | {pg |«
TRIGGERED BY MR

L

45V
(RESET) ¢

() ARE FOR MAX813L ONLY.

Figure 3. MAX705/MAX706/MAX813L Watchdog TIming

-« [RS ->|

| VRt VRT | !

w TN
|

|

|

RESET

+5V

ov
| = twp

- -t

+5V
WDO | |
ov MR EXTERNALLY DRIVEN LOW

o &
2 ES

Figure 4. MAX705/MAX706 RESET, MR, and WDO Timing with
WDI Three-Stated. The MAX707/MAX708/MAX813L RESET
output is the inverse of RESET shown.

MAXI

To build an early-warning circuit for power failure, con-
nect the PFI pin to a voltage divider (see Typical
Operating Circuif). Choose the voltage divider ratio so
that the voltage at PFI falls below 1.25V just before the
+5V regulator drops out. Use PFO to interrupt the pP
so it can prepare for an orderly power-down.

Applications Information

Ensuring a Valid RESET
Output Down to Ve = OV

When V¢ falls below 1V, the MAX705-MAX708 RESET
output no longer sinks current—it becomes an open cir-
cuit. High-impedance CMOS logic inputs can drift to
undetermined voltages if left undriven. If a pull-down
resistor is added to the RESET pin as shown in Figure 5,
any stray charge or leakage currents will be drained to
ground, holding RESET low. Resistor value (R1) is not
critical. It should be about 100kQ, large enough not to
load RESET and small enough to pull RESET to ground.

Monitoring Voltages Other Than the
Unregulated DC Input

Monitor voltages other than the unregulated DC by
connecting a voltage divider to PFl and adjusting the
ratio appropriately. If required, add hysteresis by con-
necting a resistor (with a value approximately 10 times
the sum of the two resistors in the potential divider net-
work) between PFI and PFO. A capacitor between PFI
and GND will reduce the power-fail circuit's sensitivity
to high-frequency noise on the line being monitored.
RESET can be asserted on other voltages in addition to
the +5V V¢ line. Connect PFO to MR to initiate a RESET
pulse when PFI drops below 1.25V. Figure 6 shows the
MAX705-MAX708 configured to assert RESET when the
+5V supply falls below the reset threshold, or when the
+12V supply falls below approximately 11V.

Monitoring a Negative Voltage

The power-fail comparator can also monitor a negative
supply rail (Figure 7). When the negative rail is good (a
negative voltage of large magnitude), PFO is low, and
when the negative rail is degraded (a negative voltage
of lesser magnitude), PFO is high. By adding the resis-
tors and transistor as shown, a high PFO triggers reset.
As long as PFO remains high, the MAX705-
MAX708/MAX813L will keep reset asserted (RESET =
low, RESET = high). Note that this circuit's accuracy
depends on the PFI threshold tolerance, the V¢ line,
and the resistors.
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MAX705-MAX708/MAX813L

Low-Cost, uP Supervisory Circuits

MAXIM
MAX70_

RESET

+12V +5V

M L Vee RESET |— TOpP

1% MAXIV
MAX70_

MR [+

130K _
1% > PFI PFO

@
=
o

=

PARAMETER MIN | TYP | MAX | UNIT

+12V Reset 10.67 [10.87 |11.50| Vv
Threshold at +25°C

Figure 5. RESET Valid to Ground Circuit

Figure 6. Monitoring Both +5V and +12V

+5V '
|

Vee 100k
RL MR
NAXI/V
MAX70_ 100k
PFO 2N3904
PFI
R2 ] To P
GND

T T
V- VTRIP ov

5-125 1.25-Vigp

= , V- <0
R1 R2 TRIP

BUFFERED RESET TO OTHER SYSTEM COMPONENTS

N -
I/
Vee Vee
N AXIN
MAX70_
4.7k uP
RESET AYAYAY, RESET

@
=
o
@
=
o

1
1

Figure 7. Monitoring a Negative Voltage

Figure 8. Interfacing to uPs with Bidirectional Reset I/O

Interfacing to uPs with
Bidirectional Reset Pins

pPs with bidirectional reset pins, such as the Motorola
68HC11 series, can contend with the MAX705-MAX708
RESET output. If, for example, the RESET output is driven
high and the puP wants to pull it low, indeterminate logic
levels may result. To correct this, connect a 4.7kQ
resistor between the RESET output and the pP reset I/O,
as in Figure 8. Buffer the RESET output to other system
components.

MAXIV
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Low-Cost, uP Supervisory Circuits

__Ordering Information (continued)

Pin Configuration (continued)

PART TEMP. RANGE PIN-PACKAGE
MAX705EPA -40°C to +85°C 8 Plastic DIP TOP VIEW . <
MAX705ESA -40°C to +85°C 8 SO (RESET) RESET [1] 8] wor
MAX705MJA 55°C to +125°C 8 CERDIP** wpo [2| MAXIM [7] 55
MAX706CPA 0°Cto +70°C 8 Plastic DIP wr 3] M0 6] en
MAX706CSA 0°C to +70°C 8 SO Vee [a]  MAX813L 5] enp
MAX706CUA 0°C to +70°C 8 HMAX
MAX706C/D 0°C to +70°C Dice* HMAX
MAX706EPA -40°C to +85°C 8 Plastic DIP
MAX706ESA -40°C to +85°C 8 SO RESET [1] « e
MAX706MJA 55°Cto +125°C 8 CERI?IP** weser [2] mamam [ 5
MAX707CPA 0°C to +70°C 8 Plastic DIP o MAX707
MAX707CSA 0°C to +70°C 8 SO wR [3] MAX708 6] pri
MAX707CUA 0°C to +70°C 8 UMAX Ve [4] 5] onp
MAX707C/D 0°C to +70°C Dice* VAX
MAX707EPA -40°C to +85°C 8 Plastic DIP () ARE FOR MAX8L3L ONLY.
MAX707ESA -40°C to +85°C 8 SO
MAX707MJA 55°C to +125°C 8 CERDIP*
MAX708CPA 0°C to +70°C 8 Plastic DIP )
MAX708CSA 0°C to +70°C 8 SO Chip Topography
MAX708CUA 0°C to +70°C 8 HMAX
MAX708C/D 0°C to +70°C Dice* Vee MR WDO/RESET
MAX708EPA -40°C to +85°C 8 Plastic DIP
MAX708ESA -40°C to +85°C 8 SO i =7 _

= — RESET (RESET)
MAX708MJA 55°C to +125°C 8 CERDIP* |
MAX813LCPA 0°C to +70°C 8 Plastic DIP L WDIN.C.
MAX813LCSA 0°C to +70°C 8 SO - 0.051"
MAX813LCUA 0°C to +70°C 8 HMAX =__ (1.30mm)
MAX813LC/D 0°C to +70°C Dice* GND —HfEk TR
MAX813LEPA -40°C to +85°C 8 Plastic DIP T
MAX813LESA -40°C to +85°C 8 SO PFI PFO
MAX813LMJA 55°C to +125°C 8 CERDIP*

0.074"

*Dice are specified at T, = +25 °C. (1.88mm) >

**Contact factory for availability and processing to MIL-STD-883.

MAXI

( ) ARE FOR MAX813L ONLY.
TRANSISTOR COUNT: 572
SUBSTRATE MUST BE LEFT UNCONNECTED.
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MAX705-MAX708/MAX813L

Low-Cost, uP Supervisory Circuits

Package Information

oM INCHES MILLIMETERS
MIN | MAX | MIN | MAX
‘ A [0036 [ 0044 | 001 | 112
[proprep— c o A1 | 0.004 | 0.008 | 0.10 | 0.20
{ ] ‘ A [f 1 i i} B | 0010 | 0014 | 025 | 0.36
i B e s R Cc | 0005 | 0,007 | 013 | 0.18
l« f A 83%2'“”‘ T T D | 0116 | 0120 | 2.95 | 3.05
4 e S E |o0116 | 0120 | 295 | 3.05
—> [+ 8B Al L e 0.0256 0.65
H [ 0188 [ 0108 | 478 | 5.03
L | 0016 | 0.026 | 041 | 0.66
o 0° 6° 0° 6°
( 21-0036D
E H
@ 8-PIN pMAX
MICROMAX SMALL-OUTLINE
| PACKAGE
«———— D ——»
10 y. V) 4V,
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BURR - BROWN®

==

High-Speed Programmable Gain
INSTRUMENTATION AMPLIFIER

FEATURES

e DIGITALLY PROGRAMMABLE GAINS:
PGA206: G=1, 2, 4, 8V/V
PGA207: G=1, 2, 5, 10V/V

e TRUE INSTRUMENTATION AMP INPUT
e FAST SETTLING: 3.5s to 0.01%

e FET INPUT: Iz = 100pA max

e INPUT PROTECTION: 40V

e LOW OFFSET VOLTAGE: 1.5mV max

e 16-PIN DIP, SOL-16 SOIC PACKAGES

APPLICATIONS

e MULTIPLE-CHANNEL DATA ACQUISITION
e MEDICAL, PHYSIOLOGICAL AMPLIFIER

e PC-CONTROLLED ANALOG INPUT
BOARDS

PGA206
PGA207

DESCRIPTION

The PGA206 and PGA207 are digitally programmable
gain instrumentation amplifiers that are ideally suited
for data acquisition systems.

The PGA206 and PGA207’s fast settling time allows
multiplexed input channels for excellent system effi-
ciency. FET inputs eliminateg; lerrors due to analog
multiplexer series resistance.

Gains are selected by two CMOS/TTL-compatible
address lines. Analog inputs are internally protected
for overloads up ta40V, even with the power sup-
plies off. The PGA206 and PGA207 are laser-trimmed
for low offset voltage and low drift.

The PGA206 and PGA207 are available in 16-pin
plastic DIP and SOL-16 surface-mount packages. Both
are specified for —4C to +85C operation.

Vo1 V+
@]
1 ?13
4 Svervor PGA206
- ver-Voltage
Vin© PGA207 Feedback
VWA W—15
- 10kQ 10kQ
A O 16 -
1 Digitally Selected
A
Ay O 15 Feedback Network . 3 11 O Vo
14
Digitalo——'
Ground
+ 5 Over-Voltage \/\/\/\ \/\/\/\ 10 © Ref
9 J)s

International Airport Industrial Park ¢
Tel: (520) 746-1111 «  Twx: 910-952-1111 ¢

Mailing Address: PO Box 11400
Cable: BBRCORP

+  Tucson, AZ 85734
+ Telex: 066-6491

+ Street Address: 6730 S. Tucson Blvd. + Tucson, AZ 85706
FAX: (520) 889-1510 « Immediate Product Info: (800) 548-6132

©1994 Burr-Brown Corporation

PDS-1241A

Printed in U.S.A. May, 1995
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SPECIFICATIO

NS

At Tp = +25°C, Vg = 215V, R| = 2kQ unless otherwise noted.

PGA206P, U PGA206PA, UA
PGA207P, U PGA207PA, UA
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
INPUT
Offset Voltage, RTI All Gains
Initial Ta = +25°C +0.5 +1.5 +1 +2.5 mV
vs Temperature Ta= Tyin 10 Tyax: G =8, 10 +2 * pv/ec
vs Power Supply Vg = +4.5V to 18V +5 +20 +10 +40 uviv
Long-Term Stability 4.5 * HV/mo
Impedance, Differential 1013 1 * Q|| pF
Common-Mode 1012 4 * Q|| pF
Common-Mode Voltage Range® Vo= 0V +(Vgl4) | #(Vg| -2.5) * * \%
Safe Input Voltage +40 * \%
Common-Mode Rejection Vew = 11V, ARg = 1kQ
G=1 80 92 75 86 dB
G=2 85 96 80 90 dB
G=4o0r5 90 100 84 94 dB
G=8or10 95 100 84 94 dB
INPUT BIAS CURRENT Viy=0 2 100 * * pA
vs Temperature See Typical Curve *
Offset Current | 1 | 100 * * pA
vs Temperature See Typical Curve *
NOISE VOLTAGE, RTI G =8,10; Rg= 0Q o
f = 10Hz 30 * nV/w/ﬂ
f = 100Hz 20 * nVHz
f = 1kHz 18 * nVVHz
fg = 0.1Hz to 10Hz 1 * HVp-p
Noise Current
f = 1kHz 15 * fANHzZ
GAIN All Gains, Vg = #11V
Gain Error +0.01 +0.05 * +0.1 %
Gain vs Temperature® +1 +10 * * ppm/°C
Nonlinearity +0.0003 +0.002 * +0.005 % of FSR
OUTPUT
Voltage, Positive (V+) -4 (V+) 2.3 * * \%
Negative (V-) +4 (V-) +1.5 * * \Y
Load Capacitance Stability 1000 * pF
Short-Circuit Current +17 * mA
FREQUENCY RESPONSE
Bandwidth, —3dB G=1 5 * MHz
G=2 4 * MHz
G=4,5 1.3 * MHz
G=28,10 600 * kHz
Slew Rate Vo= %10V, G =1to 10 25 * Vius
Settling Time, 0.1% 20V Step, All Gains 2 * Us
0.01% 20V Step, All Gains 35 * us
Output Overload Recovery 50% Overdrive 1.5 * us
DIGITAL LOGIC INPUTS
Digital Ground Voltage, Vpg V- (V+) -4 * * \%
Digital Low Voltage V- Vpg + 0.8V * * \%
Digital Input Current 1 * pA
Digital High Voltage Vpet2 V+ * * \%
Gain Switching Time 500 * ns
POWER SUPPLY
Voltage Range +4.5 +15 +18 * * * \Y
Current Vi =0V +12.4/-11.2 +13.5 * mA
TEMPERATURE RANGE
Specification —40 +85 * * °C
Operating -40 +125 * * °C
Thermal Resistance, 6;, 80 * °C/w

* Specification same as PGA206P or PGA207P.

NOTES: (1) Input common-mode range varies with output voltage—see typical curves. (2) Guaranteed by wafer test.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.

BURR - BROWN®
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DICE INFORMATION

i

=iy

il

T

L e PAD FUNCTION PAD FUNCTION
] 9
:—'ﬁﬂﬂ I 1 Vo 9 Vo2
i i'_f‘“:'} 2 — 10 Ref
J;:kﬂ]urlidlf I “ 3 _ 11 Vo
4 I } 4 Vin 12 Sense
{i&ﬂ%{wﬂm}“ 5 Vi 13 Vi
i P—%ﬁjﬁlﬁ H 6 Vs Adjust 14 Dig. Ground
i-—'y—‘ 7 Vs Adjust 15 Ao
i r;[: 8 Vo 16 A
=[ = 1

Substrate Bias: Internally connected to V— power supply.

MECHANICAL INFORMATION

PGA206 and PGA207 DIE TOPOGRAPHY

MILS (0.001") MILLIMETERS
Die Size 182 x 140 #5 |4.65 x 3.56 +0.13
Die Thickness 20 +3 0.51 +0.08
Min. Pad Size 4x4 0.1x0.1
Backing None

PIN CONFIGURATION

ABSOLUTE MAXIMUM RATINGS

Top View DIP
Vo, E U 16| A, SOL-16
NC E 15 [ A,
NC E 14 | Dig. Ground
Vin E 13 | v+
V”t, E 12 | Sense
Vs Adjust IZ 11|V,
Vos Adjust IZ 10 | Ref
V- E 9 Vg,

NC: No Internal Connection

SUPPIY VOIAGE .ot +18V
Analog Input Voltage Range .
Logic Input Voltage Range
Output Short-Circuit (to ground)
Operating Temperature
Storage Temperature.....
Junction Temperature
Lead Temperature (soldering —10s)

PACKAGE INFORMATION

# ELECTROSTATIC
(0 DISCHARGE SENSITIVITY

PACKAGE DRAWING
MODEL PACKAGE NUMBER @)
PGA206PA 16-Pin Plastic DIP 180
PGA206P 16-Pin Plastic DIP 180
PGA206UA SOL-16 Surface Mount 211
PGA206U SOL-16 Surface Mount 211
PGA207PA 16-Pin Plastic DIP 180
PGA207P 16-Pin Plastic DIP 180
PGA207UA SOL-16 Surface Mount 211
PGA207U SOL-16 Surface Mount 211

This integrated circuit can be damaged by ESD. Burr-Brown
recommends that all integrated circuits be handled with ap-
propriate precautions. Failure to observe proper handling and

NOTE: (1) For detailed drawing and dimension table, please see end of data

sheet, or Appendix D of Burr-Brown IC Data Book.

ORDERING INFORMATION

installation procedures can cause damage.

ESD damage can range from subtle performance degradation
to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric

changes could cause the device not to meet its published

specifications.

TEMPERATURE
MODEL GAINS PACKAGE RANGE
PGA206PA | 1, 2, 4, 8VIV 16-Pin Plastic DIP —40°C to +85°C
PGA206P 1, 2, 4, 8VIV 16-Pin Plastic DIP —40°C to +85°C
PGA206UA | 1, 2, 4, 8V/V | SOL-16 Surface-Mount | —40°C to +85°C
PGA206U 1, 2, 4, 8V/V | SOL-16 Surface-Mount | —40°C to +85°C
PGA207PA |1, 2, 5, 10V/V 16-Pin Plastic DIP —40°C to +85°C
PGA207P |1, 2, 5, 10V/V 16-Pin Plastic DIP —40°C to +85°C
PGA207UA |1, 2, 5, 10V/V | SOL-16 Surface-Mount | —40°C to +85°C
PGA207U |1, 2, 5, 10V/V | SOL-16 Surface-Mount | —40°C to +85°C

Artisan Technology Group - Quality Instrumentation
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TYPICAL PERFORMANCE CURVES

At T = +25°C, and Vg = 15V, unless otherwise noted.

GAIN vs FREQUENCY COMMON-MODE REJECTION vs FREQUENCY
30 120
] L] [ T]
G0 RN & G=10VV
20 N T 100 <
[ G=8 ~ 5 | N /
™ 3 ™N
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@ 10 G4 & 80
2 = N © 4 ™
c 1 [0}
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G=1 N g N
1S N
-10 E 40 I~ \ =
© N, N\
YV Y
-20 20
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Frequency (Hz) Frequency (Hz)
INPUT COMMON-MODE VOLTAGE RANGE
POWER SUPPLY REJECTION vs FREQUENCY vs OUTPUT VOLTAGE
120 15 T T -
T T 171 A T g,
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TYPICAL PERFORMANCE CURVES (conrT)

At T, = +25°C, and Vg = £15V, unless otherwise noted.

Input Current (mA)

Units (%)

Maximum Output Voltage (Vp-p)
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0

30
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1

INPUT OVER-VOLTAGE V/I CHARACTERISTIC

6 T T
+15V/
|
4
== /,
= = sV
Input current increases when the applied ]
voltage exceeds the power supply voltage.—
This V/I characteristic does not vary with
the voltage applied to the other input.
| | | | |
-40 -30 -20 -10 0 10 20 30 40
Input Voltage (V)
OFFSET VOLTAGE TEMPERATURE DRIFT
PRODUCTION DISTRIBUTION
1 T T
Typical production distribution
[ of packaged units.
G =8, 10VIV
-10 -8 -6 -4 -2 0 2 4 6 8 10
Offset Voltage Drift (uV/°C)
MAXIMUM OUTPUT VOLTAGE vs FREQUENCY
G =10VIV
20 X S G=2VN
NN
NGNS
;‘/
Maximum output voltage G = VVITH
without slew-rate limiting or
other large-signal distortion.
Dotted region is beyond re
small si?nal bandwidth. N
| [ L] B
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OFFSET VOLTAGE WARM-UP TIME
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/-/
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Time After Turn-On (minutes)
QUIESCENT CURRENT
vs POWER SUPPLY VOLTAGE
/] e
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SECT ————
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Power Supply Voltage (V)
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A i
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T R, = 2kQ
G=11 11/
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TYPICAL PERFORMANCE CURVES (CONT)

At Tp = +25°C, and Vg = 15V, unless otherwise noted.

SMALL SIGNAL RESPONSE SMALL SIGNAL RESPONSE
G =1, C_=50pF G = 10, C, = 50pF

100mV/div 100mV/div
1ps/div 1ps/div
LARGE SIGNAL RESPONSE LARGE SIGNAL RESPONSE
G =1, C_ = 50pF . G :10, L = 50pF
5V/div 5V/div
1ps/div 1ps/div

BURR - BROWN®
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+15V
O
Vé)1
1 13 -
4 5 Vo PGA206
- ver-Voltage PGA207
Vin© Protection \/\/\/\ \/\/\/\ Sense
12
- 10kQ 10kQ
16 -
Digitally Selected
A O
15 Feedback Network 3 11 Vo
14 I t
Vo=G (V,;'V -V
A M—F
+ 5 Over-Voltage 10 J_
Vi © Protection 10k 10ka =
< bici 64) J>7 9 8
Digital O 1uF Sometimes shown in simplified form:
Ground Vos Vo2
GAIN o O Adj —| }j _
PGA206 | PGA207 | A; A, & = Vin© P_GA206
= V

1 1 00 -15V vio —1. °
2 2 01 ™ (L
4 5 1 0 O —
8 10 |11 AL Ay )

FIGURE 1. Basic Connections.

APPLICATIONS INFORMATION

Figure 1 shows the circuit diagram for basic operation of the The digital inputs, 4 and A, are not latched. A change in

PGA206 or PGA207. Applications with noisy or high im- logic input immediately selects a new gain. Switching time
pedance power supplies may require decoupling capacitor®f the logic is approximately 500ns. The time to respond to
close to the device pins as shown. gain change is equal to switching time, plus the time it takes

The output is referred to the output reference (Ref) terminalth® amplifier to settle to a new output voltage in the newly
which is normally grounded. This must be a low-impedance Selécted gain (see settling time specifications).

connection to assure good common-mode rejection. A resisMany applications use an external logic latch to acquire gain
tance of & in series with the Ref pin will cause a typical control data from a high speed digital bus. Using an external
device to degrade to approximately 80dB CMR (G = 1). latch isolates the high speed digital bus from sensitive

The output sense connection (pin 12) must be connected t@"al0g circuitry. Locate the digital latch as far as practical
the output terminal (pin 11) for proper operation. This from analog circuitry to avoid coupling digital noise into
connection can be made at the load for best accuracy. ~ analog input circuitry.

OFFSET VOLTAGE ADJUSTMENT

The PGA206 and PGA207 are laser trimmed for very low
offset voltage and drift. Many applications require no exter-
nal offset adjustment. Multiplexed data acquisition systems
generally correct offset by grounding the inputs of one
channel to measure offset voltage. Stored offset values for
each gain are then subtracted from subsequent readings of
other channels.

DIGITAL INPUTS

The digital inputs pand A select the gain according to the
logic table in Figure 1. Logic “1” is defined as a voltage
greater than 2V above digital ground potential (pin 14).
Digital ground can be connected to any potential ranging
from the V- power supply to 4V less than V+. Digital
ground is usually equal to analog ground potential and the
two grounds are connected at the power supply. The digital

inputs interface directly to CMOS and TTL logic. Figure 2 shows optional offset voltage trim circuits. Offset
voltage changes with the selected gain. To adjust for low

A nee_lrl_y constant cgrrent_of approxma_tely 1.2mA flov_vs_ M offset voltage in all gains, both input and output offsets must
the digital ground pin. It is good practice to return digital be trimmed

ground through a separate connection path so that analog
ground is not affected by the digital ground current.

BURR - BROWN®

7 PGA206/207
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Manual output offset trim circuit.
Vo, V4 . . V+
1) Resistors can be substituted
1 ?13 for REF200. Power supply 100pA
4 Svervoi PGA206 rejection will be degraded. 1/2 REF200
_ ver-Voltage
VWA W—15 1000
- 10kQ 10kQ
A G 16 -
1 Digitally Selected
15 S As O Vo
Ay O Feedback Network + 11 100,
- 14
Digital O—— 1/2 REF200
Ground o
5 Over-Voltage 10
v o—— 10kQ 10kQ
™ Protection Offset control with
5 3 digital/analog converter
IS
Voo V-
Optional Input Offset Adjustment D/A
1
200kQ
(100kQ to 500kQ)
V+

FIGURE 2. Optional Offset Voltage Trim Circuits.

R, adjusts the offset of the input amplifiers. Output stage
offset is adjusted with R A buffer op amp is required in
the output offset adjustment circuit, as shown, to assure
that the Ref pin is driven by a low source impedance. To
adjust for low offset voltage in all gains, first adjust the
input stage offset in the highest gain. Then adjust the
output stage offset ¢rin G = 1. Iterate the adjustments for
lowest offset in all gains.

Offset can also be adjusted under processor control with g
D/A converter as shown in Figure 2. The D/A’s output
voltage can be reduced with a resistor divider for better
adjustment resolution, but an op amp buffer following the
divider is required to provide a low source impedance to
the ref terminal. A different offset value is required for
each amplifier gain.

INPUT BIAS CURRENT RETURN PATH

The FET inputs of the PGA206 and PGA207 provide ex-
tremely high input impedance. Still, a path must be provided
for the bias current of each input. Figure 3 shows provisions|
for an input bias current path. Without a bias current return
path, the inputs will float to a potential which exceeds the
linear input voltage range and the input amplifiers will
saturate.

If the differential source resistance is low, a bias current
return path can be connected to only one input (see thermo
couple example in Figure 3). With higher source impedance,
using two resistors provides a balanced input with possible
advantages of lower input offset voltage due to bias current
and better common-mode rejection.

Many sources or sensors inherently provide a path for input

bias current (e.g. the bridge sensor shown in Figure 3)

Microphone,
Hydrophone PGA
etc.
47kQ 47kQ =
Thermocouple PGA
+
10kQ )
H PGA
+
VR ) Center-tap provides
bias current return.
Bridge _
PGA —O
+

Bias current return
inherrently provided by source.

These applications do not require additional resistor(s) for FIGURE 3. Providing an Input Bias Current Path.

proper operation.

BURR - BROWN®
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+15V
. 14 2
Input Filter - 11509
See Text I 4
wae T MF | s
Vi o—— A B 0
Channel 1 1kQ —— 10nF ————6—0
Vik o YW ! i N A/D Converter
i | 13 PGA207 ADS7807
inF +
12 * —
= m- o 9 -
11
--- o}
10 9 QS
Channel4/_'_
Software-Zero l 8 1|16
-15V
L1
To Address
74HC574 CK|——O Logic
T T T T T
Data Bus
FIGURE 4. Multiplexed-Input Signal Acquisition System.
INPUT COMMON-MODE RANGE MULTIPLEXED INPUTS

The linear input voltage range of the PGA206 and PGA207 The PGA206 and PGA207 are ideally suited for multiple
is from approximately 2.3V below the positive supply volt- channel data acquisition. Figure 4 shows a typical applica-
age to 1.5V above the negative supply. As a differential tion with an analog multiplexer used to connect one of four
input voltage causes output voltage to increase, however, thélifferential input signals to a single PGA207.

linear input range is limited by the output voltage swing of careful circuit layout will help preserve accuracy of multi-
amplifiers A and A. So the linear common-mode input plexed signals. Run the inverting and non-inverting connec-
range is related to the output voltage of the completetions of each channel parallel to each other over a ground
amplifier. This behavior also depends on supply voltage— pjane, or directly adjacent on top and bottom of the circuit
see performance curves “Input Common-Mode Range Vspoard. Grounded guard traces between channels help reduce
Output Voltage”. stray signal pick-up.

Input overload can produce an output voltage that appeargyyitiplexed signals from high impedance sources require
normal. For example, if an input overload condition drives special care. As inputs are switched by the multiplexer,
both input amplifiers to their positive output swing limit, the charge can be injected into the source, disturbing the input
difference voltage measured by the output amplifier will be signal. Since many such sources involve slow signals, a
near zero. The output of the PGA206 or PGA207 will be simple R/C filter at the input can be used to dramatically
near OV even though both inputs are overloaded. Thisiequce this effect. The arrangement shown filters both the

condition can be detected by sensing the voltage ondhe V gitferential signal and common-mode noise.
and \p, pins to determine whether they are within their

linear operating range.

INPUT PROTECTION

The inputs of the PGA206 and PGA207 are individually
protected for voltages up #10V. For example, a condition

of -40V on one input and +40V on the other input will not
cause damage. Internal circuitry on each input provides low
series impedance under normal signal conditions. If the input
is overloaded, the protection circuitry limits the input current
to a safe value. The typical performance curve “Input Over-
load V/I Characteristic” shows this behavior. The inputs are
protected even if no power supply voltage is applied.
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FIGURE 5. Shield Drive Circuit.

GAIN VIV) | A, | A As | A,

G=1,2,5, 10 G=1, 10, 100 1 0 0 0 0

v- 2 0 1 0 0
no 5 1 0 0 0
Vo 10 1 1 0 0

Vivo ] 20 0 1 0 1
50 1 0 0 1

100 1 1 0 1

& 200 0 1 1 0

AL Ay Ag A, 500 1 0 1 0

1000 1 1 1 0

FIGURE 6. Wide Gain Range Programmable IA.
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