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SECTION I

INTRODUCTION

1.1 GENERAL DESCRIPTION

The MPC-4 is an S-100 Bus processor board which functions as a
controller and interface for four serial terminals.

The MPC-4 is controlled by an on-board %80 microprocessor. There
are two 24 pin sockets, one of which can be configured to hold 2K
or 4K PROMS, while the other can be configured for 1K or 2K PROMS
or RAMS (1K or 2K X 8). The board provides a programmable baud
rate for each terminal, two DART's (dual asynchronous
receiver/transmitter) for serial interface, a four channel
counter timer chip, and 1K of static RAM,

A real time clock is also provided.

1.2 FUNCTIONAL DESCRIPTION

Figure 1-1 1is a block diagram of the MPC-4, The following
sections contain a description of each block.

1.2.1 780 CPU

The 7280 CPU is the heart of the MPC-4. The 7280 CPU controls the

DART's, which handle I/0 to all of the four serial ports. The
CPU also helps control interface between the board and the

system,
1.2.2 CTC
The CTC provides one of its four channels for use as a real time
clock, The other three channels are available to the user via
connections on X1l. See Appendix G for programming details.
1.2.3 OSCILLATOR
The OSCILLATOR provides a 4.9152 MHZ clock. This 1is used
directly by the baud rate generators and is divided by 2 to
provide the system clock.
1.2.,4 PROGRAMMABLE BAUD RATE GENERATORS
The PROGRAMMABLE BAUD RATE GENERATORS (PBRG's) provide a baud
rate to each of the four serial channels., The baud rate varies
as a function of the constants output to the PBRG's.

1-1
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1.2.5 SERIAL I/0
Serial 1I/0 is provided by two Z80 DART's (dual asynchronous

receiver/transmitter). They are programmed to generate

interrupts for data received, See Appendix H for DART
programming details.

1,2.6 ADDRESS BUFFER

Serves as an interface between the address bus on the MPC-4 and
the addresses on the S$-100 bus.

1.2.7 DATA IN BUFFER

Serves as an interface between the data bus on the MPC-~4 and the
data out lines on the S-100 bus.

1.2.8 DATA OUT BUFFER

Serves as an interface between the data bus on the MPC-4 and the
data in lines on the S$-100 bus.

1.2.9 STATUS PORT

Serves to inform host system of each users input and output
status.,

1.2.10 INTERRUPT CONTROL

Generates host system interrupt whenever data is output to status
port (if jumper installed). Interrupt is cleared when Qata is
input by the host system. Also responsible for generating NMI
when system outputs to port FXH where X=the board number.

1.2,11 ADDRESS DECODER

Uses addresses to form memory enables and signals according to
PROM and RAM sizes and boundaries.

1.2.12 RANDOM ACCESS MEMORY (RAM)

Consists of 1K X 8 static RAM (2114-3). This RAM is where the
data buffers, stacks, etc., are located.




1.2.13 PROM/RAM

Consists of two sockets, one being PROM, selectable as 2K or 4K,
and the other being RAM or PROM, selectable as 1K or 2K (see
Options, section 5.0).

1.2,14 BOARD SELECT LOGIC

Generates BUSRQ when board is selected and also enables address
buffer,

1.2.15 PORT DECODE

Responsible for decoding the address 1lines to select the
appropriate ports.

1.2,16 MUX

Multiplexer to select appropriate signals depending on whether
host system or onboard CPU has control of the board.

1.2.17 WAIT STATE GENERATOR
Puts host system in wait state from the time the board is
selected, causing a BUSRQ, until the onboard CPU issues a BUSAK,

causing its address, data, and control lines to TRI-STATE. This
prevents conflicts between the two CPU's (host and MPC).

1.3 SIGNALS USED

Table 1-1 shows the S-100 Bus signals used by the MPC-4,.



Table 1-1.

MPC-4 S-100 Bus Signals.

SIGNAL PIN # DIRECTION
DIO-DI7 95,94,41,42,91,92,93,43 OUTPUT
DOO0-DO7 36,35,88,89,38,38,40,90 INPUT
A0-A7 79,80,81,31,30,29,82,83 INPUT
A8-Al5 84,34,37,87,33,85,86,32 INPUT
PRDY 72 OUTPUT
sS0uUT 45 INPUT
SINP 46 INPUT
VIl 5 OUTPUT (OPTIONAL)
VI2 6 OUTPUT (OPTIONAL)
VI3 7 OUTPUT (OPTIONAL)
VI4 8 OUTPUT (OPTIONAL)
MEMR 47 INPUT
MEMW 68 INPUT
POC 99 INPUT
+8 1,51
+16 2
-16 52
GND 50,100




SECTION II

THEORY OF OPERATION
2.1 INTRODUCTION

The following discussion assumes that the reader has a basic
understanding of digital electronics and of the Z80. Figures 2-
1, 2-2, 2-3, 2-4, and 2-5 contain the timing diagrams for the Z
80 CPU.

2.2 QVERALL OPERATION

The MPC-4 1is controlled by a Z80 CPU which executes a firmware
program located at address 0000H. This program is responsible
for I/0 and housekeeping. All interrupt routines are contained
here also.

Data 1is input to the MPC from the terminals via two 7280 DART's,
(dual asynchronous receiver/transmitter). As a user inputs data
the DART interrupts the CPU. The CPU in turn executes the
appropriate interrupt service routine, which places this data in
a separate memory buffer for each user and flags the system to
show data available.

Data 1is output to the terminals by the DART's in much the same
manner. The system outputs data to the MPC and this data is
entered into a memory buffer (one for each user). This data is
then output to the appropriate user via the DART's.

The CTC furnishes one channel for use as a real time clock. The
other three channels may be utilized using jumpers. The system
clock is divided down by the CTC and generates timed interrupts.
These interrupts are counted to provide seconds, minutes, hours,
day, month and year.

The MPC-4 causes the host system to enter a wait state when the
board is selected. A board select causes a BUSRQ to the Z80 CPU
and this BUSRQ generates the wait state. The wait state remains
until the Z80 CPU responds with a BUSAK signal. The BUSAK signal
is used as a multiplex signal, as well as a direct enable for the

address buffers and an indirect enable for the data out and data
in buffers.,
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SECTION III
TECHNICAL DESCRIPTION
3.1 INTRODUCTION

This description 1is meant to explain the operation of those
blocks in the block diagram which warrant further explanation.
It may prove helpful for the reader to also use the software
listing (Appendix D) during this discussion.

3.2 CTC AS REAL TIME CLOCK

In this application, the CTC is used in the timer mode. It is
programmed with a prescaler of 256 and a time constant of 128.
These divisions are performed on the system clock (2.4576 MHZ).
The CTC generates an interrupt every time this division 1is
completed or with a frequency of 2.4576MHZ-256-128=75 HZ.

The remainder of the process is taken care of through software.
The year, month, day, hour, minute and second counts are kept in

memory in BCD form. See the Memory Map in Appendix E for these
locations.

3.3 PROGRAMMABLE BAUD RATE GENERATORS

The four baud rates are provided by two COM 5016T-5 PROGRAMMABLE
BAUD RAGE GENERATORS (PBRG's). Each PBRG has two channels and
each can provide any of sixteen (16) standard baud rates between
50 and 19200 Baud, according to a one half byte constant which is
latched into it. By outputting a byte to a port corresponding to
one of the PBRG's, it is possible to program both channels at
the same time. The constants set the baud rate as shown in Table
3-1.




Table 3-1. Baud Rate Constants.

1/2 BYTE CODE BAUD RATE
0 50
1 75
2 1
3 134.5
4 150
5 300
6 600
7 1200
8 1800
9 2000
A 2400
B 3600
C 4800
D 7200
E 9600
F 19,200

The BRG for wusers 1 and 2 is accessed as port ODH. D4-D7
determine the baud rate for user 1. D0-D3 correspond to user 2.
The BRG for wusers 3 and 4 is accessed as port OEH. D4-D7
correspond to user 3 and DO0-D3 correspond to user 4.

3.4 SERIAL 1/0

The serial I/0 section utilizes two Z80 DART's (dual
asynchronous receiver/transmitter) to provide four (4)
asynchronous serial interfaces. The Z80 DART's are versatile in
that they may be programmed to perform a variety of functions.
The DARTS in this application are programmed to interrupt
whenever any of their channels has a receive character available.
Transmission occurs as an output to the port corresponding to the
channel where the data is to be output. It is recommended that

the user read Appendix H to better understand the programming of
the 7280 DART,



Whenever data is input to a channel of one of the DART's, that
channel generates an interrupt and places a vector on the data
bus. This vector will be changed according to whether channel A
or channel B is interrupting. By programming a different vector
into each DART the service routine for each user will have a
different starting location. Using the 'Status Affects Vector'
mode, the vectors are changed as follows:

VECTOR PROVIDED

VECTOR WRITTEN AT INTERRUPT
USER 1 (CHANNEL A) DOH D4H
USER 2 (CHANNEL B) DOH DCH
USER 3 (CHANNEL A) COH C4H
USER 4 (CHANNEL B) COH CCH

3.5 STATUS PORT

The Status Port is seen as port OFH by the CPU on the MPC-4 and
as FXH by the system CPU where X=board number.

The Status Port contains information pertaining to each user's
input and output status. The information available to the host
system by reading port FXH (Status Port) is arranged as follows:

BIT 7 6 5 4 3 2 1 0

User 4 User 3 User 2 User 1 User 4 User 3 User 2 User 1
PURPOSE Output Output Output Output Input Input Input Input

BIT DEFINITIONS

OoUTPUT "O" = BUFFER FULL NOT READY FOR DATa
"1" = READY FOR DATA

INPUT "0" = NO DATA TO INPUT
"1l" = DATA TO INPUT

When the host system issues an output to the status port, the
port is not changed but an NMI (non-maskable interrupt) is
generated to the CPU. The service routine for the NMI updates
the status byte and outputs the revised status to the status
port. (See Appendix I - host system driver for MPC-4)

3.6 INTERRUPT CONTROL

If bus interrupts are selected an interrupt is generated whenever
the status port is written to. If the data in the status port is
then needed, the interrupt service routine may read the status
port. It must be noted that if this interrupt option is used the
vector must be written into the CTC on the host system's SBC.

3-3



SECTION IV
DATA MANIPULATION
4.1 MEMORY ORGANIZATION
The RAM is located at 1000H on the board as shipped. The memory
map for this RAM is contained in Appendix E and will be a useful

aid in this discussion.

The first 40H bytes are divided into eight (8) separate sections
as follows:

1000H~-1007H — USER 1 1IN 1008H-100FH — USER 1 OUT
1010H-1017H - USER 2 1IN 1018H-101FH - USER 2 OUT
1020H-1027H - USER 3 1IN 1028H-102FH - USER 3 OUT
1030H-1037H - USER 4 1IN 1038H-103FH - USER 4 OUT

Each of these sections is represented by a buffer section 1in
memory (see Memory Map). The first two bytes of each section
contain a pointer which points to the beginning address of that
section's buffer.

The third byte contains the buffer size for each section. The
input buffers are 80 bytes long and the output buffers are 128
bytes long.

The fourth byte is called the buffer insert offset. When this
value 1is added to the beginning address of the buffer, the
result points to the location where the next byte of data is to
be stored.

The f£ifth byte is called the buffer extract offset. When it is
added to the beginning address of the buffer the result points to
the location from which the next byte of data is to be taken.

The sixth byte 1is the data byte. During input this byte
represents the data just taken from the extract address in the
buffer for input to the system. During output it represents the
data output by the system for storage in the insert address of
the buffer.

The seventh byte is the number of the data port for a paticular
user.

USER 1 IN & OUT - PORT 0

USER 2 IN & OUT -~ PORT 2

USER 3 IN & OUT - PORT 4

USER 4 IN & OUT -~ PORT 6
4-1




4.2 INPUTTING DATA FROM USER

Appendix I is the host system driver for the MPC-4 and should be
referenced as an example for sections 4.2 and 4.3. The CPU takes
data from the DART and places it in the location pointed to by
the sum of the buffer beginning address and the buffer insert
offset. The buffer 1insert offset is then incremented. The
insert offset will always be greater than the extract offset.
The software guards against overwriting the extract with the
insert. The location (buffer begin + extract) points to the next
byte to be output to the host system. This byte is put in the
data byte location and the extract offset is incremented. The
host system waits for the specified user's input.ready bit on the
status port, then takes the data from the data byte location and
replaces it with OFFH. An NMI is then generated by the host
writing to port OFXH. The MPC-4 then repeats with the next byte
and continues until data is all output or buffer is full. «

4.3 OQUTPUTTING DATA TO USER

This procedure 1is basically the same as the input procedure.
When the host system has data to output it waits for the
specified output ready bit on the status port, then it selects
the MPC-4. This gives the system access to the memory of the
MPC-4. The data to be output is placed in the user's data byte
location and control is returned to the MPC-4. This data byte is
transferred to the data insert location and the insert offset is
incremented. The data byte is zeroed. Next the byte in the data
extract location is output to the DART for the particular user,.
The extract offset is then incremented and the procedure repeated
until all data is output or the buffer is full.




SECTION V
OPTIONS
5.1 INTRODUCTION

There are certain options available to the user of the MPC-4,.
They fall in the following categories:

. BOARD SELECT
MEMORY

CTC

SERIAL I/0

BUS INTERRUPTS

moOQw>

5.2 BOARD SELECT QPTIONS (X10)

In the board select logic X10 defines the board number. This
number may range from 00 to OFH. The chart in Table 5-1 shows
how X10 should be jumpered for each board number.

Table 5-1. Board Select Jumper Options.

BOARD JUMPERS TO INSTALL

¥

00 X10-1 TO X10-8, X10-2 TO X10-7, X10-3 TO X10-6, X10-4 TO X10-5
01 X10-1 TO X10-8, X10-2 TO X10-7, X10-3 TO X10-6

02 X10-1 TO X10-8, X10-2 TO X10-7 X10-4 TO X10-5
03 X10-1 TO X10-8, X10-2 TO X10-7

04 X10-1 TO X10-8, X10-3 TO X10-6, X10-4 TO X10-5
05 X10-1 TO X10-8, X10-3 TO X10-6

06 X10-1 TO X10-8, X10-4 TO X10-5
07 X10-1 TO X10-8

08 X10-2 TO X10-7, X10-3 TO X10-6, X10-4 TO X10-5
09 X10-2 TO X10-7, X10-3 TO X10-6

0A X10-2 TO X10-7 X10-4 TO X10-5
0B X10-2 TO X10-7

0C X10-3 TO X10-6, X10-4 TO X10-5
0D X10-3 TO X10-6

OE X10-4 TO X10-5
OF

The MPC-4 comes to the user confiqured as board #7. This is for
use with COSMOS in the SD Microcomputers family. If a different

board number is desired the etch jumper between X10-1 and X10-8
may need to be cut.

5.3 MEMORY OPTIONS (E1-E9, X9)

There are a number of options available to the user as to the
size, type and boundaries of the memory on the MPC-4.




The socket at U20 may contain either RAM, ROM, or EPROM in sizes
of 1K X 8 or 2K X 8. The socket at Ul9 may contain EPROM or ROM
in sizes of 2K X 8 or 4K X 8. Tables 5-2 and 5-3 show the
necessary jumpers for each case,

Table 5-2. Jumper Options for U39.U T

1K RAM E4-E5, E8-E9 MK4808

2K RAM E5-E6, E8-E9 MK4816

1K ROM/ E4-E5, E7-ES8

EPROM Intel 2308/2758
2K ROM/ E5~E6, E7-ES8

EPROM Intel 2316/2716

Table 5-3. Jumper Options for U204

2K ROM/ E1-E3 Intel 2316/2716
EPROM
4K ROM/ E2-E3 Intel 2332/2732
EPROM

X9 contains the jumpers for the block sizes and the lower block
boundaries.* Block sizes may be 1K, 2K, or 4K**, The lower
block boundary may be set at 0000, 4000H, 8000H, or COOOH.
Tables 5-4 and 5-5 give all of the options for X9. -

Table 5-4. Block Size Jumpers.

BLOCK SIZE NECESSARY JUMPERS
1K X6-1 TO X9-16, X9-2 TO X9-14, X9-3 TO X9-13
2K X9-2 TO X9-15, X9-3 TO X9-14, X9-4 TO X9-13
4K X9-3 TO X9-15, X9-4 TO x9-14, X9-5 TO X9-13

*It should be noted that the MPC-4 will auto start only at 000O0H.

**NOTE - Make block size equal to largest memory device. e.g. If
U19 has a 2K RAM and U20 has a 4K ROM, the 4K block size should
be selected.

Table 5-5. Boundary Jumpers.,

BOUNDARY BEGINNING AT: NECESSARY JUMPERS ]
0000H X9-5 TO X9-12, X9-6 TO X9-11
4000H X9-6 TO X9-11, X9-7 TO X9-10
8000H X9-5 TO X9-12, X9-8 TO X9-9
COOOH X9-7 TO X9-10, X9-8 TO X9-9
5-2




The MPC-4 has the jumpers etched to confiqure the board as
follows:

A. 2K blocks beginning at O0000H.

B. Ul9 - 2K EPROM

C. U20 - 1K RAM

The user may need to cut some or all of these etched jumpers to
reconfigure,

5.4 CTC OPTIONS (XII)

These pins represent points of access to the channel inputs and
outputs on the CTC,.

5.5 SERIAL I/Q OPTIONS (X1-X8)

These jumpers may be wused to convert to synchronous serial
interface. It should be noted that if this is desired the Z80
DARTS would have to be replaced with Z80 SIO's.

The board 1is etch jumpered so that the transmit and receive
clocks come directly from the on-board baud rate generators.

5.6 INTERRUPT QOPTIONS (E10-El4)

These jumpers provide access to the interrupt chain of the S-100

xbus. It must be noted that if mode 2 interrupts are to be used
the vector must be written into the CTC on the SBC.




SECTION VI

CONSTRUCTION

6.1 INTRODUCTION

The MPC-4 kit 1is intended for those who have had some ©prior
experience with kit building and digitial electronics. If you do
not fall into this category, it is highly recommended that you

find an experienced person to help you in assembly and check out
of the board.

Appendix B shows the parts list for the MPC-4. Double check
all the parts against the parts list.

6.2 ASSEMBLY PRQOCEDURE
1. 1Install and solder the resistors as follows:

R2 22 Ohm 1/4W 5% (RED,RED,BLACK,GOLD)

R3 220 Ohm 1/4W 5% (RED,RED,BROWN,GOLD)

R9,10 820 Ohm 1/4W 5% (GRAY,RED,BROWN,GOLD)

R8 1.2K 1/4W 5% (BROWN,RED,RED,GOLD)

R1,4,5,6 2.4K 1/4w 5% (RED,YELLOW,RED,GOLD)
R7,11,12 4.7K 1/4W 5% (YELLOW,VIOLET,RED,GOLD)
RP1 RESISTOR PACK 4.7K 6 PIN SIP

aOmmoOw»
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NOTE: Pin 1 of the Sip is designated by a notch or dot on the
end of the package.

2. Install and solder IC sockets as follows:

40 PIN - U17,U18,U27

28 PIN - U1l6

24 PIN - U19,U20

20 PIN ~ U36,U37,U38,U40,041

18 PIN - U13,U14,U023,U24

16 PIN -~ U2,U25,028,U029,U34,039

14 PIN - U1,U3-U0U12,015,U21,U22,U26,U30-U33,U035,042,043

3. Install and solder Berg headers as follows with long pin up:

X1-X4 (2X11)
X10 (2X4)

4, 1Install and solder the voltage regqulators as follows:

A. VRl (LM323 5V 3A) is installed with the 6103-B heat sink.
The metal screws and nuts are to be used.

B. VR2 (LM7812 12V 1A) is installed with one of the mylar

insulators between it and the PC board, a nylon nut and
screw are used.
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C. VR3 (LM7912 -12V 1A) is installed the same as VR2.

5. 1Install and solder capacitors as follows:

A, C3 10 pf

B, Cl 33 pf 50V

c, C2 .01 uf

D, C4-Cl6,21 .1 uf 50V

E. Cl17-20 10 uf 25V Tantalum (Note polarity)

6. Install and solder transistor Ql according to silkscreen.

7. Install and solder crystal Y1,

8. Double check all solder connections for cold solder joints,
unsoldered connections, or shorted connections.

6.3 VOLTAGE CHECK

1. The following check should be performed before any IC's are
installed.

2, Plug board into an S-100 bus and apply power. Check the
following voltages at the designated points:

+5V Check at positive (+) terminal of C17
+12V Check right hand pin of VR2
=12V Check right hand pin of VR3

Each voltage should be within 10% of the specified voltage. it

not, refer to the power supply section of the troubleshooting
guide.

3. Once the supply voltages have been verified the IC's may be

inserted,

A. U27 780 CPU

B. Ul17,18 780 DART

C. Uuleé Z80 CTC

D. TUl9 MPC-4 PROM-2716

BE. Ul13,14 2114 1KX4 RAM

F. 023,24 COM 5016T BAUD RATE GENERATOR
G. U03,7,8,12 75188 (1488) DRIVER
H. U4,5,6,9,10,11 75189 (1489) RECEIVER
I. U30,33 741500

J., 021,22 741502

K. Ul 741504

L., Ul5 7406

M. U31 741514

N. U35 74LS20

0. U26 741827

P, U032 TALS32

Q. U42,43 74L874




R. U25,34 74LS85

S. U028 7415138

T. U2 74L5139

U. U209 74L5158

V. U39 74LS174

W. U36,37,38,40 74LS5244

X. U4l 74LS374

This completes the construction phase of your MPC-4, It 1is

now time to move to the testing section.

NOTE Do not be alarmed because U20 is empty and is not
called out on the parts list. U20 is a socket provided for
additional RAM if desired.

Install two PCB ejectors with mounting pins (see Assembly
Drawing) .



