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APPENDIX B

INTEGRATED CIRCUIT TECHNICAL
SPECIFICATIONS

DESCRIPTION PART NO,

Bus Interrupt Module MC68153
Direct Memory Access Interface SCB68430
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MC68153

Advance Information

BUS INTERRUPTER MODULE

The bipolar LS| MC68153 Bus Interrupter interfaces a micro-
computer system bus to multiple siave devices requiring interrupt
capabilities. It handles up to 4 independent sources of interrupt
requests and is fully programmable.

® VERSAbus/VMEbus Compatible

e MC68000 Compatible

e Handies 4 Independent interrupt Sources

® B Programmable Read/Write Registers

e Programmable Interrupt Request Levels

® Programmable Interrupt Vectors

e Supports Interrupt Acknowledge Daisy Chain
e Control Registers Contain Flag Bits

e Single +5.0 Volt Supply

e Total Power Dissipation = 1.5 W Typical

e Temperature Range of 0°C to 70°C

® Chip Access Time = 200 ns Typical with 16 MHz Clock
® 40-Pin Dual-In-Line Package
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BUS
INTERRUPTER
MODULE
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1 CASE 711-03
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ABSOLUTE MAXIMUM RATINGS (Beyond which useful life may be impaired.)

Parameter Symbol Value Unit

Supply Voltage Vee -05t0 +7.0 v
o b Vin = e BURN-IN LIMITS: A maximum
Input Current lin -30 to +5.0 mA T of +175°C may be used for
Output Voltage Vout —05to +55 v periods not to exceed 250 hours.
Output Current ;ElL Twice Rated g mA
Storage Temperature I!‘ﬁ -6510 + 140 °C
Junetion Operating Temperature TJ -5510 + 140 <
DC ELECTRICAL SPECIFICATIONS (Vee = 5.0V =5%, Tp = 0°C to 70°C)

Paramater Symbol | Min Max Unit Test Conditions
High Level Input Voltage ViH 2.0 - v
Low Level Input Voltage ViL — 0.8 v
input Clamp Vohage Vik — -15 v Vep.= MIN, iy = —18 mA
High Level Output Voltage!1) VOH 2.7 - v Voo = MIN, ign = —400 uA
Low Level Output Voltage VoL — 0.4 v Vee = MIN, IgL = 8.0 mA
Qutput Short Circuit Current(2) 105 -15 -130 mA Vee = MAX, Voyt = 0V
High Level! Input Current H —_ 20 nA Vee = MAX,VIN = 27V
Low Level Input Current L - -0.4 mA Vee = MAX, ViN = 04 V
Supply Current Icc 225 385 mA | Vgc = MAX
Output Off Current (High) _lozH — 20 uh Vee = MAX, Vourt = 24V
Output Off Current (Low) lozL —_ =20 wA VEC = MAX, VgyTt = 04V

AC TEST CIRCUIT — AC Testing of All Outputs

q
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Vee = 50V
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MC68153
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Pin Under Test
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. Not applicable to open-collector outputs.
. Not more than one output should be shorted at 8 time for longer than one second.

CL-‘lﬁpF%

e A
e

tth—

>
> 1000 0

> 500 01

IACK Low to CLK High and IACKIN Low to CLK High (Setup Times) of 18 ns Min must be observed

1
2 —_—

3. CS Low to CLK High (Setup Time) of 15 ns Min must be observed.
4

5

. See Table 1 for additiona! performance guideiines.
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AC ELECTRICAL SPECIFICATIONS (Vcc = 5.0V =5%, Ta = 0°C to 70°C)

Paramater

Test
Number(5)

CLK High to Data Out Valid (Delay)(3]

CLK High to DTACK Low (Delay)(3)

TS High to DTACK High (Delay)

CLK High to Data Out Valid (Delay)(4}

CLK High to INTAE Low (Delay)(4)

TACK High to Data Out High Impedance (Delay)
TACK High to DTACK High (Delay)

TS High to Data Out High (Delay)

CS High to IRQ High (Delay)

TACK High to "Fg'm AE High (Delay)

$e55880080(2F

SWONOOEWN =

GENERAL DESCRIPTION

The MC68153 Bus Interrupter Module (BIM) is de-
signed to serve as an interrupt requester for peripheral
devices in @ microcomputer system. Up to 4 indepen-
dent devices can be interfaced to the system bus by the
MC68153. Intended for asynchronous master/slave bus
operation, the BIM is compatible with VERSAbus, VME-
bus, MC68000 device bus, and other system buses. Fig-
ure 1 shows a block diagram of a typical configuration.
In this example, three peripheral devices (bus slaves)
are connected to the system data bus. Each of these
devices could be parallel /0, serial I/O, or some other
function. An interrupt request from any device is routed
to the MC68153, and the BIM handles all interface to
the system bus. It generates a bus interrupt request as
aresult of the device interrupt request. When the system
interrupt handler or processor responds with an inter-
rupt acknowledge cycle, the MC68153 can answer sup-
plying an interrupt vector and handling all timing.

The functional block diagram of the MCEB153 is
shown in Figure 2. The device contains circuitry to ac-
cept four separate interrupt sources (INTO - INT3). in-
terface to the system bus_includes generation of bus
interrupt requests (IRQ1 - IRQ7), response to a bus in-
terrupt acknowledge cycle (either supplying a vector or
passing on a daisy chain signal), and releasing the bus
interrupt request signal at the proper time. The BIM has
fiexibility provided by eight programmable read/write
registers. Four 8-bit vector registers (VRO - VR3) contain
status/address information and supply 2 byte vector in
response to an interrupt acknowledge cycle for the cor-
responding interrupt source. Four other 8-bit control
registers (CRO -~ CR3) contain information that oversees
operation of the interrupt circuitry. The control infor-
mation is programmable and includes interrupt request
level and interrupt enable and disable. Also contained
in the control registers are flag-bits. These flags are
useful for task coordination, resource management, and
interprocessor communication.

@ MOTOROLA Semiconductor Products Inc.

B-3

SIGNAL DESCRIPTION

Throughout the data sheet, signals are presented us-
ing the terms asserted and negated independent of
whether the signal is asserted in the high voltage or
low voltage state. Active low signals are denoted by a
superscript bar.

BIDIRECTIONAL DATA BUS — DO - D7

Pins DO - D7 form an 8-bit bidirectional data bus to/
from the system bus. These are active high, 3-state pins.
D7 is the most significant bit.

ADDRESS INPUTS — A1- A3

These active high inputs serve two functions. One
function is to select one of the eight possible registers
during a read or write cycle. Secondly, during an inter-
rupt acknowledge A1- A3 show the level of interrupt
being acknowledged, and the BIM uses these to deter-
mine if 8 match exists with an internal level.

CHIP SELECT — CS

CS is an active low input used to select the BIM's
registers for the current bus cycle. Address strobe, data
strobe, and appropriate address bits must be included
in the chip select equation.

READ/WRITE — RW

The RW input is a signal from the system bus used
to determine if the current bus cycle is a read (high) or
write (low).

DATA TRANSFER ACKNOWLEDGE — DTACK

DTACK is an open-collector, active low output that
signals the completion of a read, write, or interrupt ac-
knowledge cycle. During read or interrupt acknowledge
cycles, DTACK is asserted by the MCE8153 after data
has been provided on the data bus; during write cycles
it is asserted after data has been accepted from the data
bus. A pullup resistor is required to maintain DTACK
high between bus cycles.




MC68153

AGURE 2 — MC88153 FUNCTIONAL BLOCK DIAGRAM
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MC68153 {

FGURE 3 — LOGICAL PiN ASSIGNMENT
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INTERRUPT ACKNOWLEDGE SIGNALS — IACK,
IACKIN, IACKOUT

These three pins support the interrupt acknowledge
cycle. A low level on the IACK input indicates an inter-
rupt acknowledge cycle has been initiated. This signal
is conditioned externally with Address Strobe and the
lower data strobe of an MC68000 type bus. After IACK
is asserted the BIM compares the interrupt level pre-
sented on address lines A1, A2, and A3 with the current
levels generated internally and determines if a match
exists. Then, if input IACKIN is asserted (driven low),
the BIM will either complete the interrupt acknowledge
cycle if a match exists or assert output IACKOUT if no
match exists.

IACKIN and IACKOUT form part of a prioritized inter-
rupt acknowledge daisy chain. The daisy chain priori-
tizes interrupters and guarantees that two or more de-
vices requesting an interrupt on the same level will not
respond to the same cycle. The requesting device (or
interrupter) must wait until IACKIN is asserted and not
pass the signal on (assert IACKOUT) if it is to complete
the interrupt acknowledge cycle.

BUS INTERRUPT REQUEST SIGNALS — IRQ1 - IRQ7

These open-collector outputs are low when asserted,
indicating @ bus interrupt is requested at the corre-
sponding level. An open-collector buffer is normally re-
quired for sufficient drive when interfacing to a system
bus. A pullup resistor is required to maintain IRQ1 -
IRQ7 high between interrupt reguests.

@ MOTOROLA Semiconductor Products Inc.
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DEVICE INTERRUPT REQUEST SIGNALS —
INTO - INT3_

INTO - INT3 are active low inputs used to indicate to
the BIM that a device wants a bus interrupt.

INTERRUPT ACKNOWLEDGE ENABLE — INTAE

During an interrupt acknowledge cycle, this output
pin is asserted low to indicate that outputs INTALO and
INTAL1 are valid. These two outputs contain an encoded
number (x) corresponding to the interrupt (INTx) being
acknowiedged. This feature can be used to signal in-
terrupting devices, which supply their own vector, when
to respond to the interrupt acknowledge cycle with the
vector and a DTACK signal.

INTERRUPT ACKNOWLEDGE LEVEL — INTALO,
INTAL1

These active high outputs contain an encoded num-
ber corresponding to the interrupt level being acknowl-
edged. They are valid only when INTAE is asserted low.

CLOCK — CLK
The CLK input is used to supply the clock for internal
operations of the MC68153.

RESET — CS, IACK

Although a reset input is not supplied, an on-board
reset is performed if CS and IACK are asserted
simulitaneously.




&
A3 A2 A1 S/ & & é& \*{‘6
o| oo F |Fac| xiN | 1RE [IRAC| L2 | L1 | LO CONTROL REGISTER 0
0 0 1 F |FAC| XiAN | IRE |IRAC| L2 | L1 | LO CONTROL REGISTER 1
o | 1 0 F |FAC| XiN | IRE [IRAC| L2 | L1 | LO CONTROL REGISTER 2
T 111 11 F |FAc| xin | me [Rac] 2 [ L1 | Lo CONTROL REGISTER 3
1 ol ol|vr|vel| vs |va|Vva]v2a|wVvl]|WVo VECTOR REGISTER 0
1 0 1 vz | ve| vs | va | va | V2|Vl |V VECTOR REGISTER 1
1 1 o | vz |ve| vs | va|va]|v2a|Vvi]| Vo VECTOR REGISTER 2
1 1 1 | v? | wve| v | va | va|v2a]|Vvl]| Vo VECTOR REGISTER 3
7 6 5 4 3 2 1 0 REGISTER
REGISTER BIT NAME
REGISTER DESCRIPTION clearing IRE disables the interrupt request. To re-

The MC68153 contains 8 programmable read/write
registers. There are four control registers (CRO- CR3)

that govern operation of the device. The other four
(VRO - VR3) are vector registers that contain the vector
data used during an interrupt acknowledge cycle. Figure
4 illustrates the device register model.

CONTROL REGISTERS

There is a control register for each interrupt source,
i.e., CRO controls INTO, CR1 controls INT1, etc. The con-
trol registers are divided into several fields:

1. Interrupt level (L2, L1, LO) — The least significant
a-bit field of the register determines the level at
which an interrupt will be generated:

L2 L1 Lo IRQ LEVEL
0 0 0 DISABLED
0 0 1 IRQ1

0 1 0 IRQ2

0 1 1 IRQ3

1 0 0 IRQ4

1 0 1 IRQ5

1 1 0 IRQ6

1 1 1 IRQ7

A value of zero in the field disables the interrupt.

. Interrupt Enable (IRE) — This field (Bit 4) must be set
(high level) to enable the bus interrupt request as-
sociated with the control register. Thus, if the INTX
line is asserted and IRE is cleared, no interrupt re-
quest (IROX) will be asserted.

. Interrupt Auto-Clear (IRAC) — H the IRAC is set (Bit
3), IRE (Bit 4) is cleared during an interrupt acknow!-
edge cycle responding to this request. This action of

@ MOTOROLA Semiconductor Products Inc.

enable the interrupt associated with this register, IRE
must be set again by writing to the control register.

4. Externalinternal (X/IN) — Bit 5 of the control register
determines the response of the MC68153 during an
interrupt acknowledge cycle. If the X/N bit is clear
(low level) the BIM will respond with vector data and
a DTACK signal, i.e., an internal response. If X/IN is
set, the vector is not supplied and no DTACK is given
by the BIM, i.e., an external device should respond.

5. Flag (F) — Bit 7 is a flag that can be used in con-

junction with the test and set instruction of the

MCB8000. It can be changed without affecting chip

operation. It is useful for processor-to-processor

communication and resource allocation.

Flag Auto-Clear (FAC) — If FAC (Bit 6) is set, the Flag

bit is automatically cleared during an interrupt ac-

knowledge cycle.

VECTOR REGISTERS

Each interrupt input has its own associated vector
register. Each register is 8 bits wide and supplies a data
byte during its interrupt acknowledge cycle if the as-
sociated External/internal (X/IN) control register bit is
clear (zero). This data can be status, identification, or
address information depending on system usage. The
information is programmed by the system user.

DEVICE RESET

When the MCB8153 is reset, the registers are setto a
known condition. The control registers are set to all
zeros (low). The vector registers are set to $OF. This
value is the MC68000 vector for an uninitialized interrupt
vector.

B-6



FUNCTIONAL DESCRIPTION

SYSTEM OVERVIEW

The MCB8153 can be used with many system buses,
however, it is primarily intended for VMEbus, VERSA.-
bus and MC68000 applications. Figure 5 shows a system
configuration similar to VMEbus. In the figure only one
system Data Transfer Bus (DTB) master is used. The
Priority Interrupt structure provides a means for pe-
ripheral slave devices to ask for an interrupt of other
processor (DTB master) activity and receive service
from the processor. The MC68153 BIM acts as an inter-
face device requesting and responding to interrupt ac-
knowledge cycles for up to 4 independent slaves.

In Figure 5, functional modules are identified as In-
terrupters and an Interrupt Handler. An Interrupter (such
as the MC68153) receives slave requests for an interrupt
and handles all interface to the system bus required to
ask for and respond to interrupt requests. The Interrupt
Handler receives the bus interrupt requests, determines
when an interrupt acknowledge will occur and at which
level, and finally either performs the interrupt acknowl!-
edge (IACK) cycle or tells the DTB master to execute the
IACK cycle.

The signal lines in the Priority Interrupt structure in-
clude (* — indicates active low):

1. IRQ1*-IRQ7* — seven prioritized interrupt re-

2. IACK* — signal line that indicates an interrupt ac-
knowledge cycle is occurring.
3. IACKIN*NACKOUT* — two signals that form part
of a daisy chain that prior-
itizes interrupters.

in addition Data Transfer Bus control signals are in-

volved in the IACK bus cycle:

1. AS*® — the Address Strobe asserted low indicates

a valid address is on the bus.

2. DSO* — the lower Data Strobe asserted low in-
dicates a data transfer will occur on bus
bits D0O0-DO07.

3. WRITE* — the Read/Write is negated indicating
the data is to be read from the Inter-
rupter.

4. AD1-A03 — Address lines A01-A03 contain the
encoded priority level of the IACK
cycle.

5. D00-D07 — Data bus lines D00-D07 are used to
pass the interrupt vector from the re-
sponding Interrupter to the Interrupt
Handler.

6. DTACK* — Data Transfer Acknowledge asserted
low signals that the Interrupter has

quest lines. put the vector on the data bus.
FIGURE 5 — SIMPLE VMEbus CONFIGURATION
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Figure 6 shows a flow diagram of a typical interrupt
request and acknowledge operation. Briefly, the se-
quence of events is first, an Interrupter makes a request,
next the Handler responds with an IACK cycle, then the
Interrupter passes a vector to the Handler completing
the IACK cycle, and finally the Handler uses the vector
to determime additional action. Typically, an interrupt
service routine is stored in software and the vector de-
termines where its starting address is stored.

Note the daisy chain operation. If the IACK level {on
A01-AD03) does not match the Interrupter’s request level
or if no request is pending. the Interrupter passes the
IACKIN* signal on and asserts IACKOUT*, This sequen-
tial action automatically prioritizes Requesters on the
same level (first one in line with a request pending gets
serviced) and prevents two or more Interrupters from
responding simultaneously.

FIGURE 6 — INTERRUPT REQUEST AND ACKNOWLEDGE
OPERATION FLOW DIAGRAM

INTERRUPTER
@ @
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Requests Interrupt)
Drive IRO4* Low

INTERRUPTER

INTERRUPT
HANDLER

L L
i, S

(Daisy Chain)

.

Detect IRQ4* Low.
Initiate IACK Cycle:

Place 3-bit

level 4 code on AD1-A03.
Drive IACK* Low
(causing IACK

Daisy Chain to go Low.)
Drive AS* to Low.

Drive Write* High.

Drive DSO* to Low.

e
AN

'

Detect IACK* Low.
Detect AS*® Low.
Check 3-bit Interrupt
Acknowledge Code
(Detect Match).
Detect DSO* Low.
Detect IACKIN® Low
from Daisy Chain.
Place Vector Byte
on Data Bus.

Drive DTACK® to Low.

|

v

Detect DTACK* Low.
Read Vector.
Release IACK Cycle.
(Release AS*,
A01-AD3, DSO*,
Write*, IACK*).
Initiate Interrupt
Service Sequence.
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This discussion is a very cursory look at the bus op-
eration. For more details including situations with mul-
tiple bus masters, the user is directed to the VMEDbus
Specification MVMEBS or VERSAbus Specification
ME8BKVBS. Also, the MC68153 can be used with other
buses having similar interrupt structures.

BIM BUS INTERFACE

Figure 7 shows a simplified block diagram of the
MC68153 interface to VERSAbus or VMEbus. Address
Decode and Control Logic are dependent on the appli-
cation and must be designed to guarantee BIM ac spec-
ifications. It is possible in most cases that the decode
logic can be shared with the slave devices. Buffers are
provided where shown to comply with bus loading and
drive specifications. It is also possible that buffers can
be shared with the slave bus interface.

READ/WRITE OPERATION
All eight BIM registers can be accessed from the sys-

tem bus in both read and write modes. The BIM has an
asynchronous bus interface, primarily designed for
MC68000-like buses. The following BIM signals gener-
ate read and write cycles: Chip Select (CS), Read/Write
(RW), Address Inputs (A1-A3), Data Bus (D0-D7), and
Data Transfer Acknowledge (DTACK). During read and
write cycles the internal registers are selected by Al,
A2, and A3 in compliance with the Figure 4 Truth Table.

Figure B shows the device timing for a read cycle. R/
W and A1-A3 are latched on the falling edge of CS and
must meet specified setup and hold times. Chip access
time for valid data and DTACK are dependent on the
clock frequency as shown in the figure.

__Figure 9 shows the device timing for a write cycle. R/
W, A1-A3, and DO-D7 are latched on the falling edge
of CS and must meet specified setup and hold times.
Chip access time for DTACK is dependent on the clock
frequency as shown in the figure.

FIGURE 7 — VMEbus/VERSAbus INTERFACE BLOCK
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FIGURE 8 — READ CYCLE
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MC68153

INTERRUPT REQUESTS

The MCB8153 accepts device interrupt requests on
inputs TNTO, INT1, INT2, and INT3. Each input is regu-
lated by Bit 4 (IRE) of the associated control register
(CRO controls TNTO, CR1 controls INT1, etc). If IRE (In-
terrupt Enable) is set and a device input is asserted, an
Interrupt Request open-collector output (IRQ1-IRQ7) is
asserted. The asserted IRQX output is selected by the
value programmed in Bits 0, 1, and 2 of the control
register (LO, L1, and L2). This 3-bit field determines the
interrupt request level as set by software.

Two or more interrupt sources can be programmed
1o the same request level. The corresponding IROX out-
put will remain asserted until multiple interrupt ac-
knowledge cycles respond to all requests.

i the interrupt request level is set to zero, the interrupt
is disabled because there is no corresponding IRQ out-
put.

INTERRUPT ACKNOWLEDGE

The response of an Interrupt Handler to a bus inter-
rupt request is an interrupt acknowledge cycle. The
IACK cycle is initiated in the MC68153 by receiving TACK
low. RW, A1, A2, A3 are latched, and the interrupt level
on line A1-A3 is compared with any interrupt requests
pending in the chip. Further activity can be one of four
cases:

1. No further action required — This occurs if IACKIN
is not asserted. Asserting TACK only starts the BIM
activity. If the daisy chain signal never reaches the
MC68153 (IACKIN is not asserted), another Inter-
rupter has responded to the TACK cycle. The cycle
will end, the chip TACK is negated, and no addi-
tional action is required.

. Pass on the interrupt acknowledge daisy chain —
For this case, IACKIN input is asserted by the pre-
ceding daisy chain Interrupter, and IACKOUT out-
put is in turn asserted. The daisy chain signal is
passed on when no interrupts are pending on a
matching level or when any possible interrupts are
disabled. The Interrupt Enable (IRE) bit of a control
register can disable any interrupt requests, and in
turn, any possible matches.

. Respond internally — For this case, IACKIN is as-
serted and a match is found. The MC88153 com-
pletes the IACK cycle by supplying an interrupt
vector from the proper vector register followed by
a DTACK signal asserted. TACKOUT is not asserted
because the interrupt acknowledge cycle is com-
pleted by this device.

For the MCB8153 to respond in this mode of op-
eration, the EXTERNAL/INTERNAL control register
bit (X/IN) must be zero. For each source of interrupt
request, the associated control register determines
the BIM response to an IACK cycle, and the X/iN

@ MOTOROLA Semiconductor Products Inc.
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bit sets this response either internally (X/iN = 0)
or externally (X/IN = 1).

4. Respond externally — For the final case, IACKIN is
also asserted, a match is found and the associated
control register has X/IN bit set to one. The
MC68153 does not assert IACKOUT and does as-
sert INTAE low. INTAE signals that the requesting
device must complete the IACK cycle (supplying a
vector and DTACK) and that the 2-bit code con-
tained on outputs INTALO and INTAL1 shows
which interrupt source is being acknowledged.

These cases are discussed in more detail in the fol-
lowing paragraphs.

internal interrupt Acknowiledge
For an internal interrupt acknowledge to occur, the
following conditions must be met:

1. One or more device interrupt inputs (INTO-INT3)
has been asserted and corresponding control bit
IRE value is one.

. IACK asserted.

. A match exists between [A3, A2, A1] and the (L2,
L1, LO] field of an enabled, requesting control reg-
ister. If two or more devices are requesting at the
same interrupt level, preference is given to the
highest number requester, that is, INT3 has highest
priority and INTO has lowest.

Control register bit X/IN of matching interrupt
source must be zero.

5. IACKIN asserted.

The internal interrupt acknowledge cycle timing is
shown in Figure 10. The 8-bit interrupt acknowledge
vector is presented to the data bus and DTACK is as-
serted. Note also that INTALO and INTAL1 are valid and
INTAE is asserted during this cycle although they would
normally not be used. The cycle is terminated (data and
DTACK released) after TACK is negated.

During the IACK cycle, the INTERRUPT AUTO-CLEAR
control bit (IRAC) comes into play. If the IRAC = one
for the responding interrupt source, the INTERRUPT EN-
ABLE (IRE) bit is automatically cleared during the IACK
cycle, thus disabling the associated interrupt input and
any TRQX output asserted due to this interrupt input.
Before another interrupt can be requested from this
source, IRE must be set to one by writing to the control
register.

Note that IACKOUT is not asserted because this de-
vice is responding to the IACK and does not pass the
daisy chain signal on. Also, new device interrupt re-
quests occurring on INTO-INT3 after IACK is asserted
are locked out to prevent any race conditions on the
daisy chain.
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FIGURE 10 — INTERRUPT ACKNOWLEDGE CYCLE — INTERNAL VECTOR
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External Interrupt Acknowledge

For an external interrupt acknowledge, the same con-
ditions as listed above are met with one exception. Con-
trol register bit X/IN of matching interrupt source must
be set to one. The timing is shown in Figure 11. For this
cycle, the interrupt vector and DTACK must be supplied
by an external device. INTAE is asserted indicating that
INTALO and INTAL1 are valid. The external device can
use these signals to enable the vector and DTACK. The
cycle is terminated after IACK is negated.

The IRAC control bit acts in the external interrupt ac-
knowledge the same as described for the internal re-
sponse (see above). Also, TACKOUT is not asserted and
new device interrupts are disabled for reasons dis-
cussed above.

@ MOTOROLA Semiconductor Products Inc.
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Pass On IACK Daisy Chain

if the MCB68153 has no interrupt regquest pending at
the same level as the interrupt acknowledge, the IACK
daisy chain signal is passed on to the next device if

is asserted. The following conditions are thus
met:
1. TACK asserted.

2. No match exists between [A3, A2, A1] and the [L2,
L1, LO] field of an enabled, requesting control reg-
ister.

3. TACKIN is asserted.

JTACKOUT is asserted if these conditions are valid. This
output drives TACKIN of the next Interrupter on the daisy
chain, passing the signal along. Figure 12 shows the
timing for this case. IACKOUT is negated after IACK is
negated.
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FIGURE 11 — INTERRUPT ACKNOWLEDGE CYCLE — EXTERNAL VECTOR
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MC68153

CONTROL REGISTER FLAGS

Each control register contains a Flag bit (F) and a Flag
Auto-Clear bit (FAC). Both bits can be read or altered
via a register write without affecting the interrupt op-
eration of the device. The Flag is useful as a status
indicator for resource management and as a semaphor
in multitasking or multiprocessor systems. Flag (F) is
located in bit position 7 and can be used with the
MCB8000 Test and Set (TAS) instruction.

The Flag Auto-Clear (FAC) is used to manipulate the
Flag bit. If the Flag is set to one and the FAC is also one,
an interrupt acknowledge cycle to the associated inter-
rupt source clears the Flag bit. This feature is useful in
determining the interrupt status and passing messages.

RESET

There is no reset input, however, a chip reset is ac-
tivated by asserting both CS and TACK simultaneously
(Figure 13). These inputs should be held low for a min-
imum of two clock cycles for a full reset function. The
control registers are reset to all zeroes and the Vector
Registers are set to a value of $OF. This vector value is
the uninitialized vector for the MC68000. See the
MC88000 Users Manual for more details on this vector.

CLOCK

The chip clock is required for internal operation to
occur. Typical frequency is 16 MHz in VMEbus and
VERSAbus applications derived from the system clock.
Any frequency can be used, however, up to 25 MHz
(Figure 14).

RAGURE 13 — RESET
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AC PERFORMANCE SPECIFICATIONS
(Voc = 5.0V 5%, TA = 0°C to 70°C)

Number Characteristic Min Max Units Notes
1 RMF A1-A3 Valid to CS Low (Setup Time) 10 - ns
2 TS Low to R'W, A1-A3 Invalid (Hold Time) 5.0 —_ ns
3 TS Low to CLK High (Setup Time) 15 - ns 1
4 CLK High to Data Out Valid (Delay) - 55 ns 2
5 CLK High to DTACK Low (Delay) — 40 ns 2
6 DTACK Low to CS High 0 ns
7 CS High to DTACK High (Delay) - 35 ns 10
8 cs High to Data Out Invalid (Hold Time) 0 —_ ns
9 CS High to Data Out High-impedance (Hold Time) — 50 ns
"10 €S High to TS or IACK Low 20 - ns
1 Data In Valid to CS Low (Setup Time) 10 — ns
12 s Luw to Data In Invalid (Hold Time) 5.0 - ns
13 DTACK High to Data Out High-Impedance _ 25 ns 10
14 TACK Low to CLK High (Setup Time) 15 - ns 1
15 A1-A3 Valid to IACK Low (Setup Time) 10 —_ ns
16 TACK Low to A1-A3 Invalid (Hold Time) 5.0 — ns
17 TACKIN Low to CLK High (Setup Time) 15 — ns 1.8
18 CLK High to Data O Out Valid (Delay) - 85 ns 3
19 CLK High to DTACK Low (Delay) — 40 ns 3
20 CLK High to INTAE Low (Delay) _ 40 ns 3
22 m Low to MIN High 0 - ns 8
23 _DI_&CK Low to IACK High 0 — ns
24 IACK High to Data Out Invalid (Hold Time) 0 - ns
25 IACI( High to Data O Out High Impedance (Delay) - 60 ns
26 IACK High to DTACK High (Delay) - 45 ns 10
27 1ACK High to 1 INTAE E High (Delay) — 35 ns
28 INTALO, INTAL1 Valid to INTAE Low (Setup Time) 1.0 2.0 CLK Per
29 INTAE High to INTALD, INTAL1 Invalid (Hold Time) 1.0 2.0 CLK Per
30 IACK High to lRQl High (Delay) — 50 ns 7,10
k3 1ACK High to TACK or CS Low 20 — ns
32 Eﬁgh to |Acw (Delay) —_ 40 ns 5
33 IACKIN Low to IACKOUT Low (Delay) — 30 ns 4,8
34 TACKOUT Low to IACKIN, IACK High 0 - ns ]
k 1} 1ACK High to JACKOUT High (Delay) — 35 ns
36 JACK and CS both Low to CLK High (Setup Time) 15 —_ ns 9
37 CLK High to TACK or CS r CS High (Hold Time) 0 — ns
38 IACK or CS High to TACK and CS High (Skew) — 1.0 CLK Per 6
39 Clock Rise Time — 10 ns
40 Clock Fall Time —_ 10 ns
4t Clock High Time 20 -_ ns
42 Clock Low Time 20 - ns
43 Clock Period 40 —— ns

MNOTES:
1. This specification only applies if the VBIM had completed all operations initisted by the previous bus cycle when T8 or TACK was asserted. Foliowing
 normal bus cycle, all operations are completed within 2 clock cycles atter TS or TACK have been negated. if TACK or TS is asserted prior to
completion of thase operations, the new cycle, and hence, DTACK is postponed.

# the TACK, TACKIN or TS setup time is violated, BTACK may be ssserted as shown, or may be asserted one clock cycle later (i.e. TACK will not be
recognized until the next rising edge of the clock).

2. Assumes that 3 has Deen met.

3. Assumes that 14 and 17 have both been met.

4. Assumes that 14 has been met. (IACKOUT cannot go low prior to TACKIN going low).

5. Assumes that 14 has been met and TACKIN has been low for st least the amount of time specified by 33.

6. 38 is the minimum skew between the last moment when both |ACK and TS are asserted to when both are negated, to insure that an access cycle
is not unintentionally started.

7. Assumes no other INTx input is causing TRQX to be driven low.
8. In non-daisy chain systems, JACKIN may be tied low.

8. Failure to meet this spec. causes RESET to be ignored for 1 clock period. It is then necessary 10 keep these signals low for 3 clock periods instead
of 2.

10. Delsy time is specified from Input signal to Open-Collector Output pulled High thru 1.0 kf} resistor 1o +6.5 V.

@ MOTOROLA Semiconductor Products Inc.
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MC68153

OUTLINE DIMENSIONS

AR ASOSAB SO A00 5
L L ] _T
D ] s
. |
MUV VULV UV VUWVLNVVVUVVWVVY
! A PR S —
i € . e[ * _‘
N ~
—_ll—i gt
I =l - \ - I 4
: -— - ! 2 1.1 I
—h —la ¢ o sarmg 8 % il T Lo g “ e
LYl
~ [maLieeTERS|  mewEs
MALLEMETERS  MNCHES | D W | MAX | Mm | A
DWW ] WAT | W | WAX A §131] 5324 2000 | 20% NOTES
Wl @ 1068 NOTES V210 1549 0500 | GH'0 1 DM A IS DATUM
1171 W3 [ 0%0 00 . 1 mnn::.:m.nuu OF LEADS (D). 3 ':m 8180 00 H Esmonnnmuu FOR LEADS
- LL HIN 025 men @0010) AT 0 038 | 05 00 @ po2? * RO @ TAS]
l_—‘%g' onl mﬁﬂﬁzﬁ‘mﬂﬂof.? F 1127 [ 155 ' 0050 | 0085 3 T 15 SEATING PLANE
: 1 ] EACH DTHER 3 54 850 01e08sC_| 4 g;;:::::::mlis LEADS WHEN
TRHHEHI R Al TiMTemToE  * Jesoaaws o
ll%%tm%ﬁm'_‘ :” i Ty e L snusc _osesc 8 ::E::?sfémn AND TOLERANCING
S ! MOLD FLASH M 56 | 1% g0 | 1 PER ANSI Y145 197]
— :']r ‘: | W 081 127 100 | 0b%0
CASE 711-03 CASE 734-04
PLASTIC PACKAGE CERAMIC PACKAGE
TYPICAL THERMAL CHARACTERISTICS
gJA (Junction to Ambient) Junction Temperature
Package Still Air Still Air @ 70°C Ambient
L Suffix 40°C'w 147°C
P Suffix! 3sCW 137°C

NOTES:

1. For reliable system operation the maximum allowable junction temperature (T ) for plastic encapsulated packages has been limited to + 140°C.
Exceeding this limit will accellerate “wear-out” mechanisms associated with industry standard assembly methods using thermosonic ball bonds to
attach gold (Au) bond wire to sluminum (Al) bond pads on the die surface.

2. At Ty = 140°C, time to 0.1% failure due to AwAl interconnect = 8,920 Hours.
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not assume any hability ansing out of the application or use of any product or circuit described herein neither goes 11 Convey any hicense under its
patent ngnts nor the nights of others Motorola and ‘E ere registered tragemarks of Motorola Inc Motorola. Inc 15 an Equal Employment Dpportunity
AMirmative Action Employer
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Signetics

Microprocessor Products

DESCRIPTION

The SCB68430 Direct Memory Access
Interface (DMAI) is a single channel
interface circuit which is intended to
complement the performance and archi-
tectural capabilities of the SCN68000
microprocessor. The DMAI functions by
transferring a series of operands (data)
between memory and a device: operand
sizes may be bylte, word, or long word. A
block is a sequence of operands: the
number of operands in the block is
determined by a transfer count stored
within the DMAI. The SCB68430 can be
programmed to utilize single cycle (cycle
stealing) or burst data transfers.

The DMAI provides two interfaces. The
microprocessor interface is fully compat-
ible with the SCN68000 microprocessor.
The device interface includes lines for
requesting, acknowledging, controlling,
and timing the data transfers. The DMAI
is a single-channel subset of the other
68000 family DMA controllers (68440
and 68450), It is software compatible
with these devices and provides similar
interfacing signals to both the system
bus and the device.

The SCB68430 is constructed using
Signetics ISL bipolar technology.

January 1986

SCB68430

Direct Memory Access
Interface (DMAI)

Preliminary Specification

FEATURES
e Bus compatible with SCN68000
microprocessor

e Software compatible with other
68K family DMA controllers

e Single address transfers

e Cycle steal and burst mode
operation

¢ Bus arbitration daisy chain

* Automatic rerun on bus error

e Supports 32-bit transfers for VME
bus

e Supports SCN68000 vectored
interrupts

e 24-bit address counter
e 16-bit transfer counter

® Maximum transfer rate of 5
Mbytes per second

® Signetics ISL bipolar technology

B-17

PIN CONFIGURATION
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Signetics Microprocessor Products

Preliminary Specification

Direct Memory Access Interface (DMAI)

SCB68430

ORDERING CODE

Vec =5Vt 5%, To=0°C to 70°C
PACKAGES
10MHz 12.5MHz
Ceramic DIP SCB68430CAI48 SCB68430CCI48
Plastic DIP SCB68430CAN4SB SCB68430CCN48
Plastic LCC SCB68430CAAS2 SCB68430CCAS2
BLOCK DIAGRAM
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Signetics Microprocessor Products Fieiminary specticanon

Direct Memory Access Interface (DMAI) SCB68430

PIN DESCRIPTION

MNEMONIC

PIN NO.

TYPE

DESCRIPTION

Al -A7

AB - A23/

D0-D15

ASN

UDSN

LDSN

R/WN

CSN

DTACKN

RESETN

CLK

IRON

IACKN

BRN

BGN

48 -42

41-37
35-25

24

17

10

16

1

1170

o]

170

Ife]

170

ffe]

o]

Address Lines: Active high, three-state. In the MPU mode, these low order address lines specify which
internal register of the DMAIl is being accessed. in DMA mode, A1 — A7 are ouputs which provide the low order
address bits of the location being accessed. Three-stated in IDLE Mode.

Address/Data Lines: Active high, three-state. These lines are time multiplexed for data and address leads.
The lines OWNN, RWN, CSN, and DBENN are used to control the demultiplexing of the address and data
using external circuitry. In MPU mode, the bidirectional data knes (DO~ D15) are usad to transfer data
between the MPU and the DMAL. In the DMA mode, A8 - A23 provide the high order address bits of the
location being accessed. Three-stated in IDLE mode.

Address Strobe: Active low, three-state. In MPU and IDLE modes, ASN is an input which indicates that the
current bus master has placed a valid address on the bus. It is monitored by the DMAI during bus arbitration to
ascertain that the previous bus master has completed the current bus cycle. In DMA mode, it is an output
indicating that the DMAI has placed a valid address on the bus.

Upper Data Stobe: Active low, three-state. In MPU and IDLE modes, UDSN is an input which indicates that
the upper data byte of the addressed word is being addressed. In DMA mode, it is an output with the same
meaning.

Lower Data Strobe: Active low, three-state. In MPU and IDLE modes, LDSN is an input which indicates that
the lower data byte of the addressed word is being addressed. In DMA mode, it is an output with the same
meaning.

Read/Write: Active high for read, low for write, three-state. In MPU mode, R/WN is an input which controls
the direction of data flow through the DMAI's input/output data bus interface and, if required, through an
external data bus buffer. R/WN high causes the DMAI 1o place the data from the addressed register on the
data bus, while R/WN low causes the DMAI to accept data from the data bus. In DMA mode, R/WN is an
output to memory and |I/0O controllers indicating the type of bus cycle. It is held three-stated dunng IDLE
mode.

Chip Select: Active low. When low, places the DMAI into the MPU mode. This input signal is used to select
the DMAI for programmed data transfers. These transfers take place over DO - D15 as controlled by the
R/WN and A1- A7 inputs. The DMAI is deselected when CSN is high. CSN is ignored during DMA mode.

Data Transfer Acknowledge: Active low, three-state. In MPU mode, DTACKN is asserted on a write cycle 10
indicate that the data on the bus has been latched, and on a read cycle or interrupt acknowledge cycle o
indicate that valid data is present on the bus. The signal is negated (driven high) when completion of the cycle
is indicated by negation of the CSN or IACKN input, and returns to the inactive third state a short time after itis
negated. In DMA Mode, DTACKN is an input monitored by the DMAI fo determine when the addressed device
(memory) has latched the data (write cycle) or put valid data on the bus (read cycle).

Master Reset: Active low. Assertion of this pin clears internal control registers (See table 1), initializes the
interrupt vector register to H'OF', and sets the status register to the default value
B'0000 000X, where X is the state of RDYN. All bidirectional 1/Q lines are three-stated and the DMAI is placed
in the IDLE mode.

Clock: Active high. Usually the system clock, but may be any clock meeting the electrical specifications. Used
by the DMAI to synchronize device functions and external control lines, and may not be gated off at any ume.

Interrupt Request: Active low, open collector. This output is asserted, if interrupts are enabled, upon end of
transfer, on occurrence of a bus error, and on receipt of an abor from the MPU. The CPU can read the status
register 10 determine the interrupling condition(s), or can respond with an interrupt acknowledge cycle to
cause the DMAI to output an interrupt vector on the data bus.

Interrupt Acknowledge: Active low. When asserted, indicates that the cufrent cycle is an interrupt
acknowledge cycle. The DMAI normally responds by placing the contents of the intermupt vector register on
the data bus and asserting DTACKN. IACKN is not serviced if the DMAI has not generated an interrupt
request.

Bus Request: Active low, open collector. BRN is asserted by the DMAI to request ownership of the bus after
a DMA request is sensed on the REQN input from the 1/0 device. It is negated when the bus has been
granted (BGN low) and BGACKN has been asseried, or, in burst DMA reques! mode, if the I/O device
negates its request at least one clock cycle before BGACKN is asserted.

Bus Grant: Active low. BGN indicates to the DMAI that it is to be the next bus master. This signal is originated
by the MPU and propagated via a daisy chain or other prioritization mechanism. After BGN is asserted, the
DMAI waits until DTACKN, ASN, and BGACKN have become inactive before assuming ownership of the bus
by asserting BGACKN.

January 1986

B-19



Signetics Microprocessor Products Preliminary Specification

Direct Memory Access Interface (DMAI) SCB68430

PIN DESCRIPTION (Continued)

MNEMONIC |PIN NO.| TYPE DESCRIPTION

BGOUTN 14 o} Bus Grant Output: Active low. Daisy chain output which is asserted by the DMA| when BGN is asseried and

the DMAI does not have a bus request pending.

Bus Grant Acknowledge: Active low, three-state. As an input, BGACKN is monitored by the DMAI during the
bus arbitration cycle to determine when il can assume ownership of the bus (BGACKN negated). In DMA
mode, it is asserted by the DMAI 1o indicate that it is the bus master. Three-slated in MPU and IDLE modes.

Rerun: Active low. This input is asserted by external error detect logic 1o indicate a bus error. In DMA mode,
the DMAI stops operation and three-states the data, address, and control lines, except BGACKN. It remains
halted until RERUNN becomes inactive, and then re-tries the last bus cycle. If RERUNN is asserted again, the
DMAI sets the ERR bit in the status register, stops DMA operation, releases the bus, and interrupts the CPU, if
interrupts are enabled, responding with a special interrupt vector when IACKN is asserted. Not monitored in
MPU and IDLE modes.

BGACKN 15 170

RERUNN 23 |

REQN 22 | DMA Request: Active low. This input from the 1/0 device requests service from the DMAI and causes the
DMAI to request control of the bus. In burst mode, the input is level sensitive, and the DMAI releases the bus
after REQN is negated and the current DMA cycle is completed. In cycle steal mode, the REQON input is
negative edge triggered. A negative going edge must occur at least one clock cycle betore DTCN is assented

to accomplish continuous transfer cycles but not earlier than beginning of master cycle.

ACKN 20 o} DMA Request Acknowledge: Active low. ACKN is asserted by the DMAI to indicate that it has gained the
bus and the requested bus cycle is now beginning. It is asserted at the beginning of every bus cycle atter ASN

has been asserted, and is negated at the end of every bus cycle.

RDYN 19 1 Device Ready: Active low. RDYN is asserted by the requesting device to indicate 1o the DMAI that valid data
has either been stored or put on the bus. If negated, it indicates that the data has not been stored or
presented, causing the DMAI to enter wait states. RDYN can be held low continuously if the device is fast

encugh so that wait states are not required.

Device Transter Complete: Active low. In DMA mode, DTCN is asserted by the DMAI to indicate to the
device that the requested data transfer is complete. On a write to memory operation, it indicates that the data
provided by the device has been successiully stored. On a read from memory operation, it indicates to the =
device that the data from memory is present on the data bus and should be latched.

Done: Active low, open collector. As an output, DONEN is asserted by the DMAI concurrent with the ACKN
output lo indicate to the device that the transfer count is exhausted and that the DMAI's operation is
completed as a result of that transfer. As an input, if assered by the device before the transfer count became
zero, it causes the DMA| to abort service and generate an interrupt request, if interrupts are enabled.

DTCN 21 (o]

DONEN 18 170

OWNN 2 0 Own: Active low, open collector. This output is asserted by DMAI during the DMA mode to indicate bus

mastership. It can be used to enable external address/data and control butfers. Inactive in MPU and IDLE
modes.

Data Bus Enable: Active low, open collector. Asserted by the DMAI when CSN is asserted or when IACKN is
asserted and the DMAI has an interrupt request pending. Can be used to enable bidirectional data buffers for
DO - D15. Inactive in IDLE and DMA mode.

Power Supply: +5 volt power input.

Power Supply: +1.5 volt power input.
Ground: Signal and power ground input.

DBENN 1 (o}

Ve 12 1
Vag 13 |
Vss 36 |

PIN DESCRIPTION

The Pin Description table describes the func-
tion of each of the pins of the DMAI. Signal
names ending in "N’ are active low. All other
signals are active high. In the descriptions,
'‘MPU mode' refers to the state when the
DMAI is chip selected. The term "DMA mode’
refers 1o the state when the DMAI assumes
ownership of the bus. The DMAI is in the
'IDLE mode' at all other times.

In this data sheet signals are discussed using
the terms 'active’ and 'inactive’ or 'asserted’
and 'negated’ independent of whether the
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signal is active in the high (logic one) state or
the low (logic zero) state. Refer to the individ-
ual pin descriptions for the definition of the
active level of each signal.

REGISTERS AND COUNTERS

Register Map

The internal accessible register organization

of the DMAI is shown in table 1. The following

rules apply to all registers:

1. A read from a reserved location in the
map results in a read from the 'null
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register'. The null register returns all ones
for data and results in a normal bus cycle.
A write to one of these locations results
in a normal bus cycle but no write occurs.
Unused bits of a defined register are read
as indicated in the register descriptions.
All registers are addressable as B-bit
quantities. To facilitate operation with the
68K MOVEP instruction, addresses are
ordered such that cenain sets of regis-
ters may also be accessed as words or
long words.
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The operation of the DMAI is programmed by
writing control words into the appropnate
registers. Operational feedback is provided
via status registers which can be read by the
CPU. The contents of certain control and
status registers are initialized on RESET.

To provide compatibility with the other 68K
tamily DMA controllers, control and status

Table 1. DMAI ADDRESS MAP

bits are mapped in bil positions equivalent to
where they are located in the register map of
the other devices. Bits which are used in the
other devices but not in the DMAI are as-
signed default values. If upward compatibility
to the other controllers is required, the pro-
grammer should use these default values
when writing the control words to the regis-

ters, although they have no effect in the
DMAI. When a register is read, the default
value is returned regardiess of the value used
when the register is programmed. The default
value s indicated by '(x)' in unused bit posi-
tions in the register formats, which are illus-
trated in table 2.

1.2

L o & ACRONYM REGISTER NAME MODE AFFECTED BY RESET
dd000000 CSR Channel Status Register R/W? Yes
dd00O0O00O01 CER Channel Error Register R Yes
dd0o0O0O010 Reserved

dd0OO0O0O0 11 Reserved

dd0oO00100 DCR Device Control Register R/W Yes
dd00O0101 OCR Operation Control Register R/W Yes
dd0OO00110 SCR Sequence Control Register R/W* No
ddOoO0O01 11 CCR Channel Control Register R/W Yes
dd001000 Reserved

dd0O01001 Reserved

dd001010 MTCH Memory Transfer Counter High R/W No
dd001011 MTCL Memory Transfer Counter Low R/W No
dd001100 MACH Memory Address Counter High R/W* No
ddO0OO01101 MACMH Memory Address Counter Middle High R/W No
ddoo0o1110 MACML Memory Address Counter Middle Low R/W No
ddOoO0o 1111 MACL Memory Address Counter Low R/W No
dd0O1dddd Reserved

dd1000dd Reserved

dd100100 Reserved

dd100101 IVR Interrupt Vector Register - Normal R/W Yes
dd100110 Reserved

dd1001 11 IVR Interrupt Vector Register - Error R/W Yes
dd1010dd Reserved

dd101100 Reserved

dd101101 CPR Channel Priority Register R/W* No
dd101110 Reserved

dd101111 Reserved

dd11dddd Reserved

NOTES:

1, AO =0 for UDSN asserted, A0 = 1 for LDSN asserted.

2. 'd’ designates don't care,

3. A write 1o this register may perform a status resetting operation
4. This register is a dummy register present only 10 provide compatibiity with other 68K family DMA conlrollers. A write to this regisier has no effect on

the DMAIL

Table 2. REGISTER BIT FORMATS

DEVICE CONTROL REGISTER
BIT15 BIT14

BIT13 BIT12 BIT11

BIT10

BIT09

BITO8

EXTERNAL
REQUEST

DCR MooE NOT USED

(0)

0= BURST
1=CYCLE
STEAL

NOT USED

NOT USED
(1) (1) (")

NOT USED

NOT USED
()

NOT USED
©)

NOT USED
()

*Should be programmed as ‘0 for SIZE (OCR[5:4]) = 00 and as ‘1" otherwise. When read, the value of this bit

is OCR[5]. .OR.OCR[4).
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OPERATION CONTROL REGISTER (OCR)
2 BITO07 BITO6G BITOS BITD4 BITO3 BITD2 BITO1 BITOO

DIRECTION | OPERAND SIZE
0=MEM TO 00 = BYTE

ocR DEV NOT USED 01=WORD (16 BIT) | NOT USED | NOT USED | NOT USED | NOT USED |
1=DEV TO (0) 10 = LONG WORD"® () (0) (1 (0) i

MEM 11= WORD (32-BIT)" |

"Long word and 32-bit word modes are nol supported by 68440. 32-bit word mode is not supporied by 68450.

SEQUENCE CONTROL REGISTER (SCR)

CCR

CSR

CER

CPR

BIT15 BIT14 BIT13 BIT12 BIT11 BIT10 BIT09 BIT08
| |
NOT USED | NOT USED | NOT USED | NOT USED | NOT USED | NOT USED | NOT USED | NOT USED |
(0) | (0) (0) (0) (0) (1) (0) (0) [
- |
CHANNEL CONTROL REGISTER (CCR)
BIT07 BIT06 BITOS BIT04 BITO3 BITO2 BITO1 BIT0O
i SOFTWARE | INTERRUPT
START ABORT ENABLE |
: 0=NO | NOT USED | NOT USED | 0=NO 0=NO NOT USED | NOT USED | NOT USED |
1=YES ©) ©) 1= YES 1= YES ©) () © |
CHANNEL STATUS REGISTER (CSR)
BIT15 BIT14 BIT13 BIT12 BIT11 BIT10 BIT09 BITO8
CHANNEL NORMAL READY
OPERATION DEVICE ERROR C:CA::EL INPUT
COMPLETE TERMINATE STATE
0=NO | NOT USED | 0=NO 0=NO 0=NO | NOT USED | NOT USED | 0=Low
1=YES ©) 1=YES 1= YES 1= YES ©) © 1= HIGH
CHANNEL ERROR REGISTER (CER)
BITO7 BITOS BITOS BIT04 BITO3 BITO2 BITO1 BITOO
ERROR CODE
00000 = NO ERROR
NOT ouseo NOT{ t::sr:r.» NOT{ ;seo Rt bs b
© 10001 = SOFTWARE ABORT
CHANNEL PRIORITY REGISTER (CPR)
BITO7 BITO6 BITOS BITO4 BITO3 BIT02 BITO1 BIT0O
NOT USED | NOT USED | NOT USED | NOT USED | NOT USED | NOT USED | NOT USED | NOT USED
(0) (0) (0) (0) (0) (0) (0) (0)

Device Control Register (DCR)

[15] External Request Mode
This bit selects whether the DMAI operales in
burst or cycle steal mode.

0

Burst mode. This mode allows a device
to request the transier of multiple oper-
ands using consecutive bus cycles. In
this mode the request (REQON) line is an
active low input which is asserted by the
device to request an operand transfer.
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The DMAI services the request by arbi-
trating for the bus, obtaining the bus, and
notifying the peripheral by asserting the
acknowledge (ACKN) output. If the re-
guest line is active when the DMA| as-
serts ACKN, and remains active at least
until the DMAI asserts device transfer
complete (DTCN), the DMAI recognizes a
valid request for another operand, which
will be transferred during the next bus
cycle. If the request line is negated be-
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fore the DMAI asserts DTCN, the DMA|
relinquishes the bus and waits for the
next request, but the current transfer will
be completed.

Cycle steal mode. In this mode, the
device requests an operand transfer by
generating a falling edge on the request
(REQN) line. The DMAI services the
request by arbitrating for the bus, obtain-
ing the bus, and notifying the peripheral
by asserting the acknowledge (ACKN)
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output. The request ine must be in the
inactive state for at least one clock cycle
before a request is made. After a request
has been asserted, it must remain at the
assertion level for at least one clock
cycle. If another request is received be-
fore the first operand part of a lormer
request is acknowledged, the second
request is not recognized. Normally, the
DMAI will relinquish the bus after servic-
ing a valid request. However, if the device
generates a new request before the
DMAI asserts DTCN for the last operand
part, the DMAI will retain ownership of
the bus and that request will be serviced
before the bus is relinquished.

Operation Control Register
(OCR)

[7] Direction
0 Transfer is from memory 10 device.
1 Transfer is from device 1o memory.

[5:4] Operand Size

The programming of these bits determine

whether UDSN, LDSN, or both are generated

during the transfer cycle and the increment by
which the memory address counter (MAC) is
changed in each transfer cycle.

00 Byte. The oparand size is B bits. The
MAC is incremented by one after each
operand transfer. If the LSB of the MAC
is a '0’, UDSN is asserted during the
transfer. If the LSB of a MAC is a "1,
LDSN is asserted during the transfer. The
transfer counter decrements by one be-
fore each byte is transierred.

01 Word. The operand size is 16 bits. The
MAC is incremented by two after each
operand transfer. The value of the LSB of
the MAC is ignored and both UDSN and
LDSN are asseried during the transfer.
The transfer counter decrements by one
betore each word is transferred.

10 Long word. The operand size is 32 bits.
The operand is transferred as two 16-bit
words. The MAC is incremented by two
after each 16-bit word is transferred. The
value of the LSB of the MAC is ignored
and both UDSN and LDSN are asseried
during the transfer, The transfer counter
decrements by one before the entire long
word is transferred. Note that this mode
is not implementad in the 68440

11 Double word. The operand size is 32 bits.
The operand is lransferred as a single
32-bit word. The MAC is incremented by
four after each operand transfer. The
value of the two LSBs of the MAC is
ignored (the A1 output will always be a
zero in this mode) and both UDSN and
LOSN are assened during the transfer.
The transfer counter decrements by one
before the double word is transferred.
Note that this mode is not implemented
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in the 68440 or 68450; it is included in the
DMAI to support VME bus operations.

Sequence Control Register
(SCR)

This register serves no function in the DMAI.
It 1s included only to provide compatibility with
the programming for the 68440 and 68450
DMA controllers.

Channel Control Register (CCR)

[7] Start Operation

0 No start pending.

1 Start operation. The start bit is set to

initiate operation of the DMAI. The mem-
ory address counter and the memory
transfer counter should have been previ-
ously initialized, and all bits of the chan-
nel status register (CSR) should have
previously been reset. The DMAI initates
operation by clearing any pending re-
quests, ciearnng the start bit, and setting
the channel active bit in the CSR. The
DMAI is then ready to receive requesls
for an operation. The channel cannot be
started il any of the internal status bits in
the CSR (CSR[15:11]) have not been
cleared.
A pending start cannot be reset by a write
to the register. START can be cleared
only by the DMAI when it starts operation
or by setting the software abort bit
(CCR[4)).

[4] Software Abort

0 Do not abort.

1 Abort operation. Setting this bit termi-
nates the current operation of the DMAI
and places it in the IDLE state. The
channel operation compiete and error
bits in the CSA are set, the channel
active bit in the CSR is reset, and an
ABORT ERROR condition is signaled in
the CER. Setting this bit causes a pend-
ing start o be reset.

[3] Interrupt Enable

0 Interrupts not enabled.

1 Enable interrupts. An interrupt request is
generated if the channel operation com-
plete bit in the CSR is set. When the
IACKN input is asserted, the DMAI re-
turns the normal interrupt vector if the
error bit in the CSR is not set, or the error
interrupt vector if error is set.

Channel Status Register (CSR)

A read of this register provides the status of
the DMAI. The COC, NDT, and ERR bits can
be cleared by writing a "1’ to the bit positions
of the register which are to be cleared. Those
bit positions which are written with a ‘0’
remain unaffected.

[15] Channel Operation Complete
This bil is set following the termination,
whether successful or not, of any DMAI
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operation and indicates that the DMA transter
has completed. This bit must be cleared to
start another channel operation.

[13] Normal Device Termination

This bit is set when the device terminates the
DMAI operation by asserting the DONEN line
while the device was being acknowledged.
This bit must be cleared to start another
channel operation.

[12] Error

This bit is used to report that the DMAl's
operation was terminated due to the occur-
rence of an error. The condition which caused
the error can be determined by reading the
channel error register (CER). This bit must be
cleared to start another channel operation.
When this bit is cleared, the CER is also
cleared.

[11] Channel Active
This bit is sel after the channel has been
started and remains set untii the channel
operation terminates. It is then automatically
cleared by the DMAI. The bit is unaffected by
the write operations.

[8] Ready Input State

This bit reflects the state of the RDYN input
at the time the CSR is read. The bit is a "0’ if
RDYN is low and a '1" if RDYN is high. This
bit is unatfected by write or reset operations.

Channel Error Register (CER)

[4:0] Error Code

This field indicates the source of error when
an error is indicated in CER[12]. The contents
of this register are cleared when CER[12] is
cleared.

00000 No error.

01001 Bus error. A bus error occurred during
the last bus cycle generated by the
DMAI. See rerun description in OPER-
ATION section.

10001 Software abort. The channel operation
was terminated by a software abort
command. See CCR[4).

Channel Priority Register (CPR)
This register serves no function in the DMAL
Itis included only to provide compatibility with
the programming for the other 68K tfamily
DMA controliers.

Memory Address Counter
(MACH, MACMH, MACML,
MACL)

The 32-bit memory address counter 1s used
to program the memory location where the
first operand to be transferred is located or is
to be transferred to, depending on the direc-
tion of transfer. The counter must be initial-
ized prior 1o beginning the transfer of a block
of data and then increments automatically
depending on the operand length, as de-
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