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Features

> Available in 2 or 4 channel versions.

> The configuration of each channel is fully programmable,

> Four handshaking lines per channel -- two input, two output.
> Headers allow configuration as "modem" or "terminal’.

> Independant baud rate generator for each channel -- sixteen software selectable baud
rates from 50 to 19200 baud.

> Eight level vectored interrupt controller handles receive & transmit interrupt requests
from each channel.

> Interrupt controller may be slaved to our CPU Support Card for fully vectored operation
or it may be used in the "polled mode" retaining the interrupt masking and priority rotation
features of the interrupt controller.

Summary of Switches and Jumpers

THE 8 POSITION DIP-SWITCH

Positions 1 through 4 set the highest 4 bits of the 1/0 port address base (the low four bits
select a particular function on the board). Position 1 sets A7, position 2 sets A6, 3 sets AS,
and 4 sets A4, CLOSED represents a one, and OPEN a zero.

Position 5 (M-S) selects whether the 8259A interrupt controller is acting as master or slave.
CLOSED selects slave mode, OPEN selects master mode. Note that this switch doesn't
actually program the 8259A, it only configures the 8259A's support circuitry to match the
master or slave mode as programmed. :

Position 6 (P-V) selects whether the 8259A operates in the polled or vectored mode.
CLOSED selects the vectored mode and OPEN selects the polled mode. The switch should
only be OPEN if the 8259A on the Muitiport Serial card is not to respond to interrupt
acknowledges from the CPU.

Positions 7 and 8 control the wait state generator. To disable wait states entirely, OPEN
position 8 (position 7 doesn't matter). To always insert one wait state, CLOSE position 8 and
OPEN position 7, In systems in which pin 98 of the S-100 bus indicates processor speed, such
as the Seattle Computer Products 8086 CPU board, closing both positions 7 and 8 will enable
a wait state only when the processor is at high speed, Generally, wait states are not needed
in 8080 and Z80 systems; SCP recommends a wait state only when used with our 8086 CPU at
8 MHz.

THE INTERRUPT JUMPER

The set of 10 pairs of pins near the lower left corner of the board selects which S-100
interrupt lines is driven by the "INT" output of the 8259A interrupt controller. To choose one
of the eight VI lines, NMI, or INT, set the connector block over the pair of pins below the
silk-screened legend corresponding to the desired interrupt line. If interrupts aren't used, set
the connector over two pins in the TOP row. (Don't connect to any of the pins in the
bottom row!)



THE DIP-HEADERS

For normal operation, each pin on the dip~headers should be connected to the pin on the
opposite side, i.e., pin 1 to pin 14, pin 2 to pin 13, etc. Wiring the dip-headers for any other
mode of operation is too complex to be included in this summary, refer to the section
"CONFIGURING THE DIP-HEADERS",

Programming and Using the Multi-poft Serial Card

I/O Ports

The Multiport Serial card requires a total of fourteen 1/0 ports for communication with the CPU.
These fourteen ports can be set on any sixteen port boundary called the BASE. The BASE is selected
using the first four positions of the 8 position dip-switch. These first four positions correspond to
A7 -A4 from left to right. Turning a switch on (closed) selects a one and turning it off (open)
selects a zero.

SwW-1 Sw-2 Sw-3 SW-4 | /0 port address BASE

OFF OFF OFF OFF 00 hex
OFF OFF OFF ON 10 hex
OFF OFF ON OFF 20 hex
OFF OFF ON ON 30 hex
OFF ON OFF OFF 40 hex
OFF . ON OFF ON 50 hex
OFF ON ON OFF 60 hex
OFF ON ON ON 70 hex
ON OFF OFF OFF 80 hex
ON OFF OFF ON 90 hex
ON OFF ON OFF AO0 hex
ON OFF ON ON BO hex
ON ON OFF OFF CO hex
ON ON OFF ON DO hex
ON ON ON  OFF EO hex
ON ON ON ON FO hex

The I/0 ports are assigned as follows:

BASE+0, Channel 0 8251A data port.

BASE+1, Channel 0 8251A control/status port.
BASE+2, Channe!l 1 8251A data port.

BASE+3, Channel 1 8251A control/status port.
BASE+4, Channel 2 8251A data port.

BASE+5, Channel 2 8251A control/status port.
BASE+6, Channel 3 8251A data port.

BASE+7, Channel 3 8251A control/status port,
BASE+8 output only, Channel 0 baud rate port.
BASE+9 output only, Channel 1 baud rate port.
BASE+10 output only, Channel 2 baud rate port.
BASE+11 output only, Channel 3 baud rate port,
BASE+12, 8259A interrupt controller (A0 = 0).
BASE+13, 8259A interrupt controller (A0 = 1),

Ports BASE+14 and BASE+15 are not used by the Multiport Serial Card and are free for use by other
devices in the system,



Serial Input/Output

The Multiport Serial card has either two or four 8251A-type USARTs for RS-232 communication.
The two channel version uses ports 0 and 1, the four channel version uses ports 0 through 3. The
transmit and receive baud rates are always the same on any given channel, but each channel is
independently programmable. See the section on baud rate generators for complete details on how
to program the desired baud rate for each channel,

Each 8251A USART requires two |/O ports to communicate with the processor, the data port and

the control/status port. The table below shows where these ports are with respect to the Mukiport
Serial card's base port address (BASE).

BASE+0 -- channel 0 data
BASE+1 -- channel O control/status
BASE+2 -- channel 1 data
BASE+3 -- channel 1 control/status
BASE+4 -- channel 2 data
BASE+5 -~ channel 2 control/status
BASE+6 ~-- channel 3 data
BASE+7 -- channel 3 control/status

Before the 8251A can be used it must be initialized by sending the desired operating parameters to
the control/status port. A total of four bytes are required, the first two reset the 825TA so that it
can accept the Mode and Command instructions. The first write to the control/status port after
reset programs the Mode instruction. All subsequent writes to the control/status port program
Command instructions.

Byte 1 - 10110111 (B7 hex)
Byte 2 - 01110111 (77 hex)
Byte 3 - Mode instruction.
Byte 4 - Command instruction,

MODE INSTRUCTION DEFINITION
M7 M6 M5 M4 M3 M2 M1 MO
S1 SO PE/O PEN L1 LO B1 BO

M6-M7 S0-S1 number of transmitter stop bits
00 = Invalid
01 = 1 stop bit
10 = 1.5 stop bits
11 = 2 stop bits
M5 PE/O Parity Even/Odd
0 = Odd parity
1 = Even parity
M4 PEN Parity Enable
0 = No parity bit
1 = Parity bit enabled
M2-M3 LO-L1 character length (number of data bits)

00 = 5 bits
01 = 6 bits
10 = 7 bits
11 = 8 bits



MO-M1 BO-B1 baud rate factor
00 = Sync mode, see an 8251A data sheet.

01=1X
10 =16 X
11 =64 X

S0=S1 programs the number of stop bits sent by the transmitter. The receiver never requires
more than one stop bit,

PE/O selects even or odd parity.

PEN selects whether or not a parity bit is transmitted by the transmitter and expected by the
receiver, If parity is enabled, even or odd parity is selected by PE/O. If no parity is selected,
PE/O has no effect.

L0-L1 selects the number of data bits transmitted by the transmitter and expected by the
receiver. The start, stop, and parity bit (if any) are not counted in the number of data bits.

BO-B1 The baud rate factor selects how many clocks per transmitted or received bit. 16 X is
almost universally used but 64 X provides a simple way to switch between two baud rates a
factor of four apart (1200 and 300 for example). The baud rates given in the "SETTING THE
BAUD RATES" section assume 16 X baud rate factor. 1 X should only be used for transmission
because slight differences in baud rate between two devices can cause serious reception
errors if 1 X is used. BO-B1 = 00 selects the synchronous mode of operation, see an 8251A
data sheet for more information.

COMMAND INSTRUCTION DEFINITION

c7 ~ Ce C5 C4 C3 C2 C1 Cco

X IR DSR ER SBRK RxE CTS TxE

C7 X =don't care,
This bit is used with the sync mode. See an 8251A data sheet.
C6 R Internal Reset
0 = No operation
1 = Reset the 8251A.
C5 DSKR/RTS Data Set Ready/Request To Send
0 = DSR or RTS line inactive (-12 volts)
1 = DSR or RTS line active (+12 volts)
C4 ER Error Reset
0 = No operation
1 = Reset error flags (PE, OE, FE)
C3 SBRK Send BReaK
0 = Normal operation
1 = Send break (continuous space [-12 volts] from transmitter output)
C2 RxE Receiver Enable
0 = disable receiver
1 = enable receiver
C1 CTS/DTR Clear To Send/Data Terminal Ready
0 = CTS or DTR line inactive (=12 volts)
1 = CTS or DTR line active (+12 volts)
CO TxE Transmitter Enable
0 = disable transmitter
1 = enable transmitter

IR = 1 puts the 8251A into an "idle" mode waiting for a new Mode instruction. After reset the
8251A must be reinitialized before it can be used.
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DSR/RTS controls the level on either the DSR line or the RTS line depending on whether the
channel is configured as a "modem” (computer) or a “terminal’, If configured as a "modem"
the DSR line (RS=232 pin 6) is driven, if configured as a "terminal' the RTS line (R$-232 pin 4)
is driven. See the section on "CONFIGURING THE DIP-HEADERS' to configure the channel as
a "'modem” or "terminal®,

ER resets the three error flags PE, OE, and FE.

SBRK sends a continuous space level (-12 volts) on the data output line. if configured as a
*modem” (computer) the data output line is the RxD line (RS-232 pin 3), if configured as a
*terminal® the data output is the TxD line (RS-232 pin 2).

RxE = O turns off the receiver. In the off state the RxRDY status bit is inhibited as well as the
RxRDY Interupt Request to the 8259A interrupt controller.

CTS/DTR controk the level on either the CTS line or the DTR line depending on whether the
channel is configured as a "'modem" (computer) or a "terminal’. If configured as a "modem"
the CTS line (RS-232 pin 5) is driven, if configured as a "terminal' the DTR line (RS~232 pin
20) is driven. See the section on "CONFIGURING THE DIP-HEADERS' to configure the channel
as a "modem" or "terminal’,

TxE = 0 turns off the transmitter. In the off state the TxRDY Interupt Request to the 8259A
interrupt controller is inhibited immediately but the transmitter will still accept a character to
fill its buffer although it will not transmit it until the transmitter is turned back on.

STATUS READ DIFINITION

The status of the 8251A can be read from the control/status port. The various bits indicate the
condition on the receiver, transmitter, and error conditions.

57 S6 S5 S4 S3 S2 S1 SO

RTS/DSR BD FE OE PE TxE RxRDY TxRDY

S7 RTS/DSR Request To Send/Data Set Ready

0 = RTS or DSR line is inactive (-12 volts)

1 = RTS or DSR line is active (+12 volts)
S6 BD Break Detect

0 = Receiver is receiving normal data

= Receiver is receiving a break level
(continuous space, -12 volts)

S5 FE Framing Error

0 =No error

1 = A valid stop bit was not received after the last character
S4 OE Overrun Error

0 =No error

1 = The last character overran the previous one,
S3 PE Parity Error

0 =No error

1 = The last character received had incorrect parity.
2 TxE Transmitter Empty

0 = Transmitter not empty

1 = Transmitter has sent all characters out
ST RxRDY Receiver ReaDY

0 = No character has been received

1 = Receiver has a character to read



S0 TxRDY Transmitter ReaDY
0 = Transmitter is not ready to accept a character
1 = Transmitter can accept a character

RTS/DSR indicates the level on either the RTS line or the DSR line depending on whether the
channel is configured as a "modem" (computer) or a *terminal’, If configured as a "modem"
the level on the RTS line (RS~232 pin 4) is indicated, if configured as a "terminal’ the level on
the DSR line (RS-232 pin 6) is indicated. See the section on °"CONFIGURING THE
DIP-HEADERS® to configure the channel as a "modem" or “terminal’,

BD is high when the 8251A detects a continuous break level (=12 volts) on the data input
line. If configured as a "'modem"® (computer) the data input fine is the TxD line (RS-232 pin 2),
if configured as a "terminal' the data input line is the RxD line (RS-232 pin 3),

FE indicates framing error. If this bit is high, the receiver didn't detect a valid stop bit after
the data and parity bits.

OE indicates overrun error. If this bit is high, the CPU didn't read the character received
before the last character.

PE indicates parity error. If this bit is high, parity of the last character didn't match its parity
bit.

TxE = 1 indicates the transmitter is empty. It has sent all the data given to it.

RxRDY = 1 indicates the receiver has a character to read.

TxRDY = 1 indicates the transmitter is ready to accept a character for transmission.
THE DTR/CTS INPUT

The DTR/CTS input can't be read as part of the status as the RTS/DSR input can. Instead, the
DTR/CTS input has direct control over the operation of the transmitter. It has the same effect as
the Transmitter Enable bit of the Command instruction. When this line goes inactive (=12 volts) the
transmitter will stop transmitting after it transmits the contents of its buffer, The transmitter will
accept a character to fill its buffer although it will not transmit it till DTR/CTS goes active once
more. When the channel is configured as a "'modem" (computer) the DTR line (RS-232 pin 20)
controls the transmitter, when the channel is configured as a "terminal® the CTS line (R$-232 pin 5)
controls the transmitter. See the section on "CONFIGURING THE DIP-HEADERS for more

information.
WRITE RESTRICTIONS

1> Data may only be written to the 8251A when TxRDY = 1,
2> Mode and Command instructions require 4uS recovery time between writes, This could be a
problem because inline code can possibly output faster than this,

MOV AL,0B7H ; 4 cycles
ouTB BASE+7 ; 10 cycles 14 cycles total

For example, the MOV & OQUTB instructions shown require 14 clock cycles for execution minus one
cycle for the write pulse width gives a total time between writes of 13 cycles or 1.625uS for an
8MHz 8086 with 16 bit memory. We therefore need to add 2.375uS or 19 more clocks to meet the
requirement. Any instruction requiring 19 or more clocks could be placed between writes to
provide the delay. The only one byte instruction which meets this requirement is CMPB which takes
22 clocks. This instruction could cause problems if the Sl, DI, DS, and ES registers aren't properly
set because it would do two random address reads. If two bytes are allowed a register PUSH & POP
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takes 19 clocks but requires a valid stack. Possibly the least offensive instruction is an AAD
instruction. This requires two bytes and only modifies the AX register. AAD requires 60 clocks
which is a bit excessive but does meet the requirement. With a 4MHz 8086 only 3 clocks are
required. A NOP fills the requirement nicely. If you are ever planning to upgrade to an 8MHz 8086
it's a good idea to make the software 8MHz compatible so it won't have to be modified in the
future. Possibly the best solution is to use a loop to initialize:

MOV CX,4

MOV S1,INITABLE
INITLOOP: SEG cs

LODB

ouUTB BASE+7

LOOP INITLOOP

The actual loop takes 41 clocks (5.125uS @ 8MHz) which solves the write recovery time
requirement. The whole routine requires only 16 bytes including the table compared to 22 bytes for
inline code with two -byte delays.

A 4MHZ 180 doesn't require any delays because 18 clocks satisfy the requirements (including two
for the write pulse). Inline requires 18 clocks, seven for the load and eleven for the output. OTIR
requires 21 per loop.

I/0 CONNECTIONS

Each channel has its own connector at the top of the board. Channel 0 uses JO, channel 1 uses }1,
etc. A cable with appropriate connectors to extend the connector at the top of the board to the
back panel of the computer is required for each channel. The cable should have a 26 pin female
socket transition connector on one end to connect to the connector on the board and a 25 pin
female "D" connector on the other end to mount on the back panel of the computer. Cables are
available from Seattle Computer Products.

Serial pinouts:

DB25S abbr., name J0-)3
1 AA CG Chassis Ground 1
2 BA TxD Transmitter Data 3
3 BB RxD Receiver Data 5
4 CA RTS Request To Send 7
5 CB CTS Clear To Send 9
6 CcC DSR Data Set Ready 11
7 AB SG Signal Ground 13
8 CF DCD Data Carrier Detect 15
9 17

10 19
11 21
12 23
13 25
14 2
15 4
16 6
17 8
18 10
19 12
20 CcD DTR Data Terminal Ready 14
21 16
22 18



23
24
25

20
22
24
no connection 26

Configuring the DIP Headers

Each channel has a 14 pin dip-header which allows the channel to be configured as a *‘modem" or a
"terminal’. If the channel is to be connected to a terminal it should be configured to be a "modem®,
If the channel is to be connected to a modem it should be configured as a "terminal’.

Configuring a channel as a "modem®,

Connect pin 1 to pin 14

NOwmds WN

Configuring a channel as

Connect pin

1
2
3
4
6
7

13
12
11
10
9
8

a "terminal®;

to pin 13
14
11
12
8
9

Custom configurations ~- the functions of the various pins are given below so that the user may
reconfigure the channel to solve various non-standard connection problems,

Dip-header pin

[ QT G Sy
A WNQCOONTURWN A

function

serial data input to receiver

serial data output from transmitter

output handshaking line (controlled by DSR/RTS bit of Command Instruction)
input handshaking line (read as RTS/DSR bit of Status byte)

+12 volts for tying unused inputs and RS-232 lines high

input handshaking line (DTR/CTS input for controlling transmitter)

output handshaking line (controlled by CTS/DTR bit of Command Instruction)
CTS (RS-232 pin 5)

DTR (RS-232 pin 20)

DCD (RS-232 pin 8)

RTS (RS-232 pin 4)

DSR (RS-232 pin 6)

RxD (RS-232 pin 3)

TxD (RS-232 pin 2)
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