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Product Description

Note: This manual includes information about Revision C and Revision D IP-MP-
SERIAL cards. Both versions are software compatible. Differences between the
revisions are described throughout this manual and are summarized in Appendix
A.

The IP-MP-SERIAL is part of the family of IndustryPack® (IP) I/O modules. This IP is
built to run on an 8 MHz or a 32 MHz IndustryPack bus. The IP-MP-SERIAL fully
supports synchronous and asynchronous operation with all five modem handshake
signals. IP-MP-SERIAL provides internal data buffering, serial data rates up to 10
megabits per second (Mb/s), and support for nearly all serial protocols. The IP-MP-
SERIAL incorporates the Zilog Z16C30 Universal Multi-Protocol Serial Controller (USC)
which includes four 32-byte FIFO buffers. A FIFO buffer is provided for both transmit and
receive data on each of the two independent channels. Protocols supported by the
Z16C30 include HDLC, SDLC, Bisync, NRZ, NRZI, and Biphase. Additional capabilities
include 16- and 32-bit CRC generation and checking, one to eight bits per character, one
address/data bit, MIL STD 1553B protocol support, sync character stripping, preamble
generation, and digital phase-locked loop circuits for clock recovery. Refer to the Zilog
documentation for details on Z16C30 programming.

The IP-MP-SERIAL includes an onboard 3.6864 MHz oscillator that can be divided by the
Z16C30 to create the standard bit rates from 50 b/s to 115.2 Kb/s. A table of time
constant values for these bit rates is provided near the end of the Programming section.
A separate location is provided on the IP for a user oscillator. The 1/O interface provides
four external clock lines to permit full duplex synchronous operation on both channels.
The interface for each channel includes an external transmit and receive clock. The
transmit clock can be programmed to be either an input to the IP or an output from the IP.
The receive clock is only an input.

The two channels within the Z16C30 USC device are almost completely independent.
Each channel has a baud rate generator, a digital phase-locked loop, a vector register,
an interrupt controller, and a protocol controller. Refer to the Zilog documentation for
details.

The Zilog Z16C30 does have one limitation that needs to be considered when
implementing synchronous serial interfaces. The reference clock required for the baud
rate generator or the digital phase lock loop can only be input to the Z16C30 on either the
Receive Clock (RxC) pin or the Transmit Clock (TxC) pin of the channel. If the
synchronous serial interface requires the IP-MP-SERIAL to supply the transmit clock and
receive the receive clock, then only the receive clock can be used to generate the
transmit clock. If a half size oscillator is available that generates the exact frequency of
the transmit clock, then there is another option. The oscillator can be installed in the User
Oscillator position (OSC1 in card Revision C and COSC2 in Revision D) on the IP-MP-
SERIAL and its output can be sent to both the Z16C30 TxC pin and the remote receiver.
This is achieved by programming the Z16C30 TxC pin as an input and programming
IPCR_B to output the Transmit Clock and enable the driver. Refer to the Zilog
documentation for details on Z16C30 programming.

Independent interrupt vectors and controls are provided for each IP-MP-SERIAL channel.
The IP can be configured so both channels share Interrupt Request Zero or each
channel interrupts on a separate Interrupt Request line. When a single Interrupt Request
line is used, Channel A is given priority over Channel B in the event of simultaneous
interrupt requests. Interrupt priority and sequencing is controlled by a programmable
device. Contact SBS Technologies if your application has special requirements.
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The EIA-232, EIA-422, and EIA-485 compatible interface circuit (formerly RS-232, RS-
422, and RS-485) facilitates interfacing with a wide variety of equipment. In Revision C
cards, 5 SIP resistor packages are used to define the electrical characteristics of the
serial 1/0 interface. For Revision D cards, two jumper setting and four SIP resistor
packages are used instead.

The IP-MP-SERIAL supports DMA transfers when combined with a carrier board that
also supports IndustryPack DMA transfers. IndustryPack Control Register A can be
programmed to select one of four DMA configurations for the IP-MP-SERIAL.

o
:

Receive
Select Transmit |& 2
- > Clock |3 3
IP IP Bus > TxD DI
- - : <o
Bus Interface —P RTS w o
Z16C30 Y o 8
usc RD |5
ID PROM - CTS Oc
<«—— DoD 23
Control - DTR c ¥
i @)
Registers |« DSR
(IPCRs)

Note: —-—-» only in EIA-485

Figure1l IP-MP-SERIAL Block Diagram
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Communication Capabillities

The IP-MP-SERIAL uses a Zilog Z16C30 Universal Serial Controller (USC) that provides
internal data buffering, serial data rates up to 10 Mb/s, and support for nearly all serial
protocols. The Z16C30 includes a 32-byte FIFO buffer for each transmit and receive data
channel. The Channel Mode Register (CMR) of each channel of the Z16C30 is
programmed to configure the IP for operate in any of the following modes.

Asynchronous Mode: The receiver and transmitter can handle data at a rate of 1/16,
1/32, or 1/64 the clock rate. The receiver rejects start bits less than one-half a bit time
and will not erroneously assemble characters following a framing error. The transmitter is
capable of sending stop bits anywhere in the range of 1/16 to two stop bits per character
in 1/16 bit increments.

Isochronous Mode: Both the transmitter and receiver may operate on asynchronous
data using a 1x clock. The transmitter can send one or two stop bits.

Asynchronous with Code Violations Mode: This is similar to Isochronous mode except
that the start bit is replaced by a three bit-time code violation pattern as in MIL-STD-
1553B. The transmitter can send zero, one or two stop bits.

Monosync Mode: In this mode, a single character is used for synchronization. The sync
character can be either eight bits long with an arbitrary data character length, or
programmed to match the data character length. The receiver is capable of automatically
stripping sync characters from the received data stream. The transmitter may be
programmed to automatically send a CRC on either an under-run or at the end of a
programmed message length.

Bisync Mode: This mode is identical to monosync mode except that character
synchronization requires two successive characters for synchronization. The two
characters need not be identical.

HDLC/SDLC Mode: In this mode, the receiver recognizes flags, performs optional
address matching, accommodates extended address fields, 8-bit or 16-bit control fields
and logical control fields, performs zero deletion and CRC checking. The receiver is
capable of receiving shared-zero flags, recognizing the abort sequence and receiving
arbitrary length messages. The transmitter automatically sends opening and closing
flags, performs zero insertion and can be programmed to send an abort, an extended
abort, a flag or CRC and a flag on transmit under-run. The transmitter can also
automatically send the closing flag with optional CRC at the end of a programmed
message length. Shared-zero flags are selected in the transmitter and a separate
character length may be programmed for the last character in the frame.

Bisync Transparent Mode: In this mode, the synchronization pattern is DLE-SYN,
programmed to be selected from either ASCII or EBCDIC encoding. The receiver
recognizes control character sequences and automatically handles CRC calculations
without CPU intervention. The transmitter can be programmed to send SYN, DLE-SYN,
CRC-SYN, or CRC-DLE-SYN upon underrun and can automatically send the closing
DLE-SYN with optional CRC at the end of a programmed message length.

NBIP Mode: This mode is identical to asynchronous mode except that the receiver
checks for the status of an additional address/data bit between the parity bit and the stop
bit. The value of this bit is FIFOed along with the data. This bit is automatically inserted in
the transmitter with the value that is FIFOed with the transmit data.
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802.3 Mode: This mode implements the data format of IEEE 802.3 with 16-bit address
compare. In this mode, the DCD and CTS modem handshake signals are used to
implement the carrier sense and collision detect interactions with the receiver and
transmitter.

Slaved Monosync Mode: This mode is available only in the transmitter and allows the
transmitter operating as though it were in monosync mode to send data that is byte-
synchronous to the data being received by the receiver.

HDLC Loop Mode: This mode is also available only in the transmitter and allows
operation in an HDLC loop configuration. In this mode, the receiver is programmed to
operate in HDLC mode so that the transmitter echoes received messages. Upon receipt
of a particular bit pattern, a sequence of seven consecutive ones, the transmitter breaks
the loop and inserts its own frame(s).
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Data Encoding

The Z16C30 used on the IP-MP-SERIAL may be programmed to encode and decode the
serial data in any of eight different ways as shown in Figure 2 and described below. The
high and low levels shown in Figure 2 are observed at the TxD and receive data (RxD)
pins of the Z16C30. These levels are inverted by the EIA-232 drivers and receivers
between the Z16C30 and the I/O interface. The EIA-422/485 drivers and receivers do not
invert the data signals. The transmitter encoding method is selected independent of the
receiver decoding method. The encoding method is configured by the programming of
the Encoding Field of the Transmit Mode Register (TMR) of each IP channel. The
decoding method is configured by the programming of the Decoding Field of the Receive
Mode Register (RMR) of each IP channel.

NRZ: This is the default encoding method. In this encoding method a one is represented
by a High level for the duration of the bit cell and a zero is represented by a Low level for
the duration of the bit cell.

NRZB: This encoding method inverts the NRZ data.

NRZI-Mark: This encoding method represents a one is by a transition at the beginning of
the bit cell. That is, the level present in the preceding bit cell is reversed. A zero is
represented by the absence of a transition at the beginning of the bit cell.

NRZI-Space: For NRZI-Space encoding, a one is represented by the absence of a
transition at the beginning of the bit cell. The level of the previous bit cell is maintained. A
zero is represented by a transition at the beginning of the bit cell.

Biphase-Mark: This encoding scheme is also known as FM1. A one in Biphase-Mark
encoding is represented by a transition at the beginning of the bit cell and another
transition at the center of the bit cell. A zero is represented by a transition at the
beginning of the bit cell only.

Biphase-Space: This encoding scheme is also known as FMO. A Biphase-Space
encoded one is represented by a transition at the beginning of the bit cell only. A zero is
represented by a transition at the beginning of the bit cell and second transition at the
center of the bit cell.

Biphase-Level: This encoding scheme is also known as Manchester encoding. This
encoding method represents a one by a High level during the first half of the bit cell and a
Low level during the second half of the bit cell. A zero is represented by a Low during the
first half of the bit cell and a High during the second half of the bit cell.

Differential Biphase-Level: This encoding scheme is also known as Differential
Manchester encoding. In Differential Biphase-Level encoding, a one is represented by a
transition at the center of the bit cell that has the opposite polarity from the transition at
the center of the preceding bit cell. A zero is represented by a transition at the center of
the bit cell that has the same polarity as the transition at the center of the preceding bit
cell. In both cases there may be transitions at the beginning of the bit cell to set up the
level required to make the correct center transition.
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Figure 2 Data Encoding
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DMA Operation

The IP-MP-SERIAL is one of the first IndustryPacks designed to support Standard IP Bus
DMA transfers. These DMA cycles are modified I/O cycles that use address line A1 to
indicate which DMA Request is being acknowledged. The IP-MP-SERIAL maps all DMA
transfers to the data register of the selected channel of the Z16C30. There are relative
few carrier boards that support DMA transfers over the IP Bus. This section describes
how the Motorola MVME162FX can be used to perform DMA accesses to the IP-MP-
SERIAL.

The Z16C30 can be programmed to generate up to four DMA request signals, two for
each channel. The IP-MP-SERIAL supports four DMA modes that map two of the four
DMA request signals to the two IndustryPack Bus DMA Request lines. The IP Carrier
board DMA channel that responds to the Transmitter DMA Requests generated by IP-
MP-SERIAL must be configured to respond with a Standard DMA Acknowledge (1/O)
write cycle. These cycles can only transfer data to the Transmit Data Register of the
Z16C30. The Z16C30 can be programmed so that DMA transfers to the Transmit Data
Register can configure other Z16C30 Registers. The DMA channel that responds to the
Receiver DMA Requests from the IP-MP-SERIAL must be configured to respond with a
Standard DMA Acknowledge (1/O) read cycle. These cycles can only transfer data from
the Receive Data Register of the Z16C30. The Z16C30 can be configured to transfer
receive status register data on the tail of received messages by DMA. Figure 3 lists the
four DMA modes and shows the DMA Requests that must be acknowledged with DMA
I/O Reads and the ones that must be acknowledged with DMA 1/O Writes.

DMA Mode DMAReq0 DMAReq1
00 Channel B Receiver (DMA 1/0 Read) | Channel A Receiver (DMA I/O Read)
01 Channel B Transmitter (DMA 1/O Channel A Transmitter (DMA 1/O
Write) Write)
10 Channel B Transmitter (DMA 1/O Channel B Receiver (DMA 1/0 Read)
Write)
11 Channel A Transmitter (DMA 1/0O Channel A Receiver (DMA 1/0O Read)
(Default) | Write)

Figure3 DMA Request Modes

Both word and byte DMA transfers to the Transmit Data Register and from the Receive
Data Register are supported. The data path width is defined by the state of the BS0* and
BS1* signals on the IP Bus during the DMA transfer. The IP-MP-SERIAL performs a 16-
bit data transfer when BS0* and BS1* are zero and an 8-bit data transfer when BS0* is a
zero and BS1* is a one. Software should never try to make a byte access to the upper
byte of the Z16C30 data registers.

No DMA requests or transfers can occur until the corresponding DMA Enable bit of
IPCR_Ais set to ‘0’ to enable DMA interface logic. IPCR_A bit 3 enables DMA Request 0
and bit 4 enables DMA Request 1. The IP-MP-SERIAL board will only respond to the
DMA acknowledge cycles made to DMA Request channels that have the enable bit set to
‘0’. The IP-MP-SERIAL board will ignore all DMA acknowledge cycles made to DMA
Request channels that have the enable bit is set to ‘1°. If both bits 3 and 4 of IPCR_A are
set to ‘1’, the IP-MP-SERIAL board will ignore all DMA acknowledge cycles. On most
systems this will result in a Bus Time Out Error since the IP does not acknowledge the
access.
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Bit 3 of IPCR_A is automatically reset to disable DMA transfers on DMA Request 0 if the
IP Carrier board asserts DMA End during a DMA Acknowledge cycle to DMA Request 0.
Bit 4 of IPCR_A is automatically reset to disable DMA transfers on DMA Request 1 if the
IP Carrier board asserts DMA End during a DMA Acknowledge cycle to DMA Request 1.
The DMA End signal is never asserted by the IP-MP-SERIAL.

The DMA request thresholds for the transmitter and receiver of each channel of the
Z16C30 are set by writing 7 hex to bits 15..12 of the corresponding Command/Status
Registers (RCSR_A, RCSR_B, TCSR_A, or TCSR_B) to select the Request Level
register. Next the 8 bit threshold level value is written to bits 15..8 of the corresponding
Interrupt Control Registers (RICR_A, RICR_B, TICR_A, or TICR_B). After writing the
Request Level, it is recommended that the hex value of 5 be written to bits 15..12 of the
corresponding Command/Status Register to protect the Request Level threshold from
being accidentally modified. The Z16C30 does not request a DMA transfer until there is
one more character or empty location in the FIFO buffers than is specified in the Request
Level threshold field. Because of this requirement it is possible that the last character of a
received message may make the received character count equal to but not greater than
the request threshold so no DMA request is generated until the first character of the next
message is received. This is most likely to happen when DMA transfers are made by
byte accesses rather than word accesses. By using DMA word accesses and setting the
receive threshold to one byte or one byte less than the message length will cause all data
to be transferred. Near the end of the Programming section of this manual is a table of
register values that can be used to initialize the Motorola MVME162FX and IP-MP-
SERIAL for DMA operation.
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Resistor and Jumper Settings (Rev. C)

This section applies Revision C cards only. Five SIP resistor packages are used to
define the electrical characteristics of the serial I/O interface. RN1 and RN2 are pull-up
resistors used to control the current available to the “reference” pin of the differential
receivers during single ended operation. For EIA-232 operation the ‘+’ side of the
differential receiver is biased at approximately 1.2 volts. The ‘—’ side of the differential
receiver is used as the EIA-232 input. RN3, RN4 and RNS are discrete resistor packages
used to terminate the EIA-422 differential inputs. On the standard IP, RN3, RN4 and RN5
are 100Q resistors. The user may select and install alternate SIP resistors to optimize the
termination for a specific application. RN3, RN4 and RN5 should not be installed for
single ended configurations to prevent the input voltage from being applied to the
reference pin. RN1 and RN2 should not be installed during differential operation.
However; in most cases, the small current drain added by RN1 and RN2 will not result in
improper operation. Figure 4 below summarizes the recommended Resistor Pack
configurations for the various serial interface configurations. The factory default resistor
pack configuration has all of the resistor pack locations filled with the values listed in
Figure 4 below, and is suitable in most cases for EIA-422 or EIA-485 operation.

Serial Interface Resistor Packs Installed Resistor Packs Removed
EIA-232 RN1 and RN2 (2KQ) RN3, RN4 and RN5 (100Q)
EIA-422 RN3, RN4 and RN5 (100Q) | RN1 and RN2 (2KQ)
EIA-485 RN3, RN4 and RN5 (100Q) | RN1 and RN2 (2KQ)

Figure4 IP-MP-SERIAL Rev C Resistor Pack Configuration

To configure the IP-MP-SERIAL for different serial interfaces on each channel it is
necessary to cut off some of the pins on the resistor packages so that RN3, RN4 and
RNS5 can be used to terminate the differential inputs on one channel without corrupting
the operation of the EIA-232 inputs on the other channel. For example to operate
Channel A in EIA-232 mode and Channel B in either EIA-422 or EIA-485 mode; remove
pins 4 and 5 from RN1; pins 2, 4 and 5 from RN2; pins 1, 2, 3 and 4 from RN3; pins 1, 2,
5 and 6 from RN4; and pins 1, 2, 3 and 4 from RN5.

To support EIA-485 operation, the EIA-422 transmit data (TxD) line of both channels is
equipped with an EIA-422 transceiver. Under software control, this pair of lines can be
either transmit data or receive data. The transmit clock (TxC) line of each channel is also
equipped with an EIA-422 transceiver. Instead of 100Q termination resistors, the transmit
data lines have 2KQ bias networks with jumper options. The transmit clock lines have
both 100Q termination resistors and 2KQ bias networks with jumper options. Removing
the jumpers disables the bias networks. The bias resistors on the plus terminal of the
ElA-422 transceiver can be connected to either ground or +12 volts. The minus terminal
network can be connected to either ground or —12 volts. If either the transmit data or
clock is to be used as an EIA-232 receiver, the plus terminal of the transceiver should be
biased to ground and the minus terminal of the transceiver used as an input if the signal
is to be inverted. If no inversion is desired, then set the minus terminal bias network
jumpers to ground and use the plus terminal of the EIA-422 transceiver as the input. The
standard configuration of these jumpers sets the plus terminal bias network to +12 volts
and the minus terminal bias network to ground. Experimenting with the bias network
jumper settings can reduce the noise introduced by a missing or unterminated serial
interface cable. See Appendix A for a summary of differences between IP-MP-
SERIAL Rev C and Rev D boards.

There are four sets of jumpers on the IP-MP-SERIAL. These jumpers determine how the
transmit data and transmit clock lines of each channel are biased. Figure 5 lists the
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factory default setting of these jumpers. Figure 6 lists the functions of all possible jumper

settings. Figure 7 is an assembly diagram of the IP-MP-SERIAL showing the locations
and factory default setting of the jumpers.
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Figure 5 Factory Default Jumper Settings for Rev C Board
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Figure 6 Jumper Settings for Rev C Board
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Figure 7 Factory Jumper and Resistor Network Settings for Rev C Board
Option 95121

The IP-MP-SERIAL Revision C can include Option 95121 which uses the IP Clock to
sample the received External Receive Clock and the External Transmit Clock. Noise on
the I/O cable that is not filtered out by the EIA-422 receivers is filtered out by this
sampling. Clock sampling limits the maximum frequency of the received external clocks
to 3.5 MHz on the 8 MHz IP Bus.

11
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Resistor and Jumper Settings (Rev. D)

Jumper E1 and E4 are used to select single ended or differential I/O interface for
Channel A and Channel B. RN1, RN2, RN3, and RN4 are discrete resistor packages
used to terminate the EIA-422 differential inputs and EIA-485 transceivers. On the
standard IP, RN1, RN2, RN3, and RN4 are 100Q resistors. The user may select and
install alternate SIP resistors to optimize the termination for a specific application. RN1,
RN2, RN3, and RN4 should be removed for single ended configurations. Figure 8
summarizes the recommended resistor packs configurations and jumper settings for the
various serial interface configurations. Notice that RN3 and RN4 are removed by the
factory. These resistor packs are required for EIA-422/485 operations. However there
are two options of how to install these resistor packs, which is described later in this

section.

Serial Interface Jumper Settings Resistor Packs

Channel A EIA-232 E1: Pin2to Pin3 RN2 and RN3 removed
EIA-422 E1: Pin1to Pin2 RN2 and RN3 (100Q) installed
EIA-485 E1: Pin1to Pin2 RN2 and RN3 (100Q) installed

Channel B EIA-232 E4: Pin2to Pin3 RN1 and RN4 removed
ElA-422 E4: Pin1to Pin2 RN1 and RN4 (100Q) installed
EIA-485 E4: Pin1to Pin2 RN1 and RN4 (100Q) installed

Figure 8 IP-MP-SERIAL 1/O Interface Configuration

It is possible to configure the IP-MP-SERIAL for different serial interfaces on each
channel. For example, to operate Channel A in EIA-232 mode and Channel B in either
EIA-422 or EIA-485 mode: connect jumper E1’s pin 2 to pin 3, remove RN2 and RN3,
connect jumper E4’s pin 1 to pin 2 and install RN1 and RN4

To support EIA-485 operation, the EIA-422 transmit data (TxD) line of both channels is

equipped with an EIA-422/485 transceiver. Under software control, this pair of lines can
be either transmit data or receive data. The transmit clock (TxC) line of each channel is
also equipped with an EIA-422/485 transceiver. The transmit data lines have 2KQ bias
networks with jumper options.

The user has the option to terminate TxD line of each channel. By default, SIP resistors
are installed with all locations of RN3 and RN4 filled as shown in Figure 11, therefore
terminating the TxD lines. If termination of the TxD lines is not desired, it is necessary to
cut off pin 1 and pin 2 of the provided SIP resistors and install them as shown in Figure
12 with location 5 and 6 for RN3 and RN4 empty. RN3 corresponds to Channel A and
RN4 to Channel B. To terminate Channel A’s TxD line only, SIP resistors need to fill all
locations of RN3 but only locations 1 to 4 of RN4. IP-MP-SERIAL Rev C boards have
their TxD lines terminated. See Appendix A for a summary of differences between
IP-MP-SERIAL Rev C and Rev D boards.

The transmit clock lines have both 100Q termination resistors and 2KQ bias networks
with jumper options. Removing the jumpers disables the bias networks. The bias
resistors on the plus terminal of the EIA-422/485 transceiver can be connected to either
ground or +12 volts. The minus terminal network can be connected to either ground or —
12 volts. If the EIA-422/485 transceiver that connects to TxD lines is to be used as an
EIA-232 receiver, the plus terminal of the transceiver should be biased to ground and the
minus terminal of the transceiver used as an input if the signal is to be inverted. If no
inversion is desired, then set the minus terminal bias network jumpers to ground and use
the plus terminal of the EIA-422/485 transceiver as the input. The standard configuration
of these jumpers sets the plus terminal bias network to +12 volts and the minus terminal
bias network to ground. Experimenting with the bias network jumper settings can reduce

12

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



the noise introduced by a missing or unterminated serial interface cable. In IP-MP-
SERIAL Rev C, EIA-422/485 that carry TxC lines can also be used as EIA-232 receivers.
In the same fashion, EIA-422/485 that carry TxD lines can be used as EIA-232 receivers.
However, in IP-MP-SERIAL Rev D, a dedicated EIA-232 receiver that connects to TXC
lines is available and it is recommended to use these receivers to receive TXC during
EIA-232 operation. Contact SBS Technologies if your application requires the use of
EIA422/485 transceivers that connects to TXC as EIA-232 receivers. See Appendix A
for a summary of differences between IP-MP-SERIAL Rev C and Rev D boards.

There are 6 sets of jumpers on the IP-MP-SERIAL. Four of the jumpers (E2, E3, E5, and
E6) determine how the transmit data and transmit clock lines of each channel are biase