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M-80 MANUAL ERRATA

Page 50; should read:

0232, 0233 = .5 bit time = half
0241, 0242 = 1 bit time = full
025C, 025D = .6 bit time = halfp

Page 53; should read:

For two stop bits, simply double the numbers in 0298, 029c.

Page 13; should read:
4024 WR BUS to mode definition register

Page 60; Example 1:
Mode set should be STA 4024H
STA 4022H to set port A 1I/0

Example 2:
STA 401AH Set bit 2, port B

Some INS8154 do not power-up reset at the same time as the
Z-80, thus a_ software wait after reset should be used
before attempting to program the 8154. For example:

ORG 0000
LXI SP, 4OFFH
MVI C,ﬁ ; Set Counter
RTLOP DCR C ;s Loop begins here
" PUSH D ; Stall for
POP D H time
JNZ RTLOP ; And loop until done

Remainder of program

Simijlar code is executed in both the M-80 Monitor and Tiny
Basic on power-up.
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LIMITED WARRANTY

MILLER TECHNOLOGY warrants that the equipment sold here-
under shall be in good working order, and that MILLER TECH-
NOLOGY will replace defective components or correct factory
assembly defects in the product. The product is guaranteed
against all defects and materials and workmanship for a
period of one (1) year from the purchase date. Any product
returned to MILLER TECHNOLOGY postpaid during the one (1)
vear period will be replaced or restored to proper working
condition and returned to the sender without charge.

This Warranty does not apply to damage caused by ship-
ping, accident, unauthorized repair, abuse, misuse, or modi-
fication.

The foregoing warranties are in lieu of all other war-
ranties expressed or implied, and of all obligations or lia-
bilities on the part of MILLER TECHNOLOGY for damages, in-
cluding, but not limited to, consequential damages, arising
out of or in connection with the use or performance of the
product.

MILLER TECHNOLOGY does not assume any responsibility for
the use of any circuitry described in this manual and reserves
the right to change said Circuitry at any time without notice.

No MILLER TECHNOLOGY product sold under this Warranty 1is
for use in life support applications or situations wherein
malfunction or failure of the product, or its software, could
cause bodily injury or property damage.

Pages 14-29 are reprinted with the permission of National
Semiconductor. Pages 6 through 11 of this manual have been
reproduced with the permission of Zilog¥ Inc. Before this or
any other Zilog copyrighted material can be reproduced, in
whole or in part, stored in a retrievel system, or trans-
mitted in any form or by any means, electronic, mechanical,
photocopying, recording, or otherwise, prior written approval
must first be obtained from Zilog, Inc.

If you need help in locating replacement parts, require
technical assistance, or wish to return a board for warranty
Oor non-warranty repair work, contact:

MILLER TECHNOLOGY
647 N. Santa Cruz Ave.
Los Gatos, CA. 95030

(408) 395-2032
Copyright (c) 1980 by MILLER TECHNOLOGY

All rights reserved.
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CAUTION

1. Do not perform any solder work on a board while power
is applied

2. Use only electronic quality rosin core solder.
3. Read all material before beginning construction.
4. Do not plug or unplug boards while power is on.

5. Do not apply power to any board or circuit checking each
compcnent and each trace.

6. Do not insert chips in sockets before all soldering on
the board is completed.

7. Do not use nonstandard parts or unknown quality surplus
parts.

8. Use only specified DC power.

9. Do not attempt construction, application, or repairs
beyond your level of skill. Seek competent engineering
assistance if in doubt.

10. Use extreme care with static sensitive integrated circuits
to prevent static discharge damage.

11. Do not plug or unplug an integrated circuit from a socket
while power is applied.

Failure to observe the above guidelines will void the warranty.



INTRODUCTION

The Miller Technoclogy M-80 single board microcomputer
provides Z-80 computing power, and professional construction
at an affordable price. The M-80 board is of highest guality
double sided epoxy glass construction with plated thru holeés,
solder masked on both sides, silk screened component and
digital line identification, and gold plated edge connector
fingers. Applications for this small (4.5 by 6.5 inches)
microcomputer are limited only by the users imagination.

The home enthusiast can program the M-80 board to control
home heating and cooling, serve as a burglar alarm, or
function as a smart peripheral interface. The professional
user will find many uses for the M-80 board in custom test
equipment, fast prototype construction, distributed proces-
sing, or low volume production egquipment where the use of a
microcomputer is necessary, but the application cannot
support other, much more costly microcomputer cards.

The heart of the M-80 is the popular z—86@ﬁicroprocessor
operating from a 2 MHz crystal controlled clock. The minimum
system comes with 128 bytes of RAM, sockets on the board
accept up fo 2K of additional 2114 type RAM. Basic interface
capakility is 16 bits of highly versatile I/0. Each of the
16 bits can be specified simply as an input or an output, and

individually set, reset or tested. Alternatively, the 16
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bits can be specified simply as two paralled I/O ports. All
16 bits appear on the standard 44 pin>edge connector. A
fully lcaded M-80 card requires +5 at 280 mA, +12 at 60 mA,
and -5 at 35 mA.

The card will support up to 2K of 2708 ROM, although
the board may be modified to accept 2716, 2704, 2758, 2608,
or 2316 ROMs. There is breadboard space on the card to accept
custom user circuitry, and logic on the card provides 16K of
decoded address strobes for easily interfacing additonal
memory or I/O ports. Every data bus line, address line,

Zz-80 control signal line, decoded address strobe line, and
unused pin on the edge connector is accessible at a wire wrap
pin hole. User modifications can easily be made by wire wrap,
solderwrap or simple solder and wire techniques.

Contained in a single 2708 ROM, the M-80 monitor imple-
ments 10 high level commands. The user can reset the M-80
board, dump memory, enter data into memory, download a pro-
gram from another machine into memory, begin execution at any
address, set a breakpoint, proceed from a breakpoint and set,
clear, or test any of the 16 I/O bits. There are also a
number of ﬁseful routines within the monitor which can be
called by the user, such as serial I/0, wait loop, message

printing, etc. The M-80 monitor assumes that a 2 MHz system



clock is used, optional 2114 RAM is not necessary for monitor

operation. Serial communications are via two of the 16 I/0

bits.
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HARDWARE OVERVIEW

An overall block diagram of the M-80 is shown on the
following page, figure 1. Ull is a simple clock circuit that
provides the 2 MHz timing for the Z-80 central processing
unit U2. U9 and Ul0 serve to decode the address space for
the ROM,RAM, and I/O. Sockets are provided for two 2708
EPROMs, U3 and U4. Ul is an INS8154 which serves a dual
purpose as 16 bits of I/0 and 128 bytes of RAM. U5, U6,U7,
and U8 are 2114 type RAM for up to 2048 bytes of additional
RAM. A complete schematic is shown at the back of this
manual. Table 1 shows edge connector pinout. Each major
circuit section will be discussed in detail below.
Modifications and additions to the basic M-80 board can be
made quite easily by solder and wire, solder wrap, or wire
wrap methcds. Examples of M-80 board modifications are

detailed following the circuit description section.

HARDWARE CIRCUIT DESCRIPTION

Clock: Ull is a CD4049 which serves as an oscillator and
buffer for providing appropriate clock signal to the z-80.
Although a 2MHz crystal is shown in the schematic, any
crystal whose frequency is between 500 KHz and 2.7 MHz can
be used equally as well. Appropriate consideration in
software execution time must be taken in account for various
clock rates. The M-80 monitor assumes that a 2 MHz clock
is used.

Address Decoding: U9, a 74LS154 takes care of the bulk of

memory address decoding. The first 16K of address space is
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Pinout of M-80

22 pin edge connector

COMPONENT SIDE

H oW 00 < o U W N

18
19
20
21
22

Port B bit
Port B Dbit
Port B bit
Port B bit
+12 Volts
+5 Volts
Unused

NMI

bit
bit
bit
bit

Port
Port
Port
Port
GND

B

Unused
Unused
Unused
Unused
Unused
Unused
Unused
Unused

Unused

4

O

N

(serial ocutput)

N KX 3T < acHd n%Y Yz R &R gD "B QW P

SOLDER SIDE

Port B bit
Port B bit
Port B bit
Port B bit
-5 Volts

+5 Volts
Unused
Unused

Port A Dbit
Port A bit
Port A Dbit
Port A Dbit
GND

Unused
Unused

Unused

"Unused

Unused
Unused
Unused
Unused

Unused

. :
M=-80 Monitor serial input and output

TABLE 1

>
5 (serial input)
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decoded in 1K increments. Address space is allocated as
shown in Table 2. ©Note that the address 'space is not
uniguely assigned since address line Al5 is not part of the
decoding. The 74LS32, Ul0, and a section of Ull, CD4049,
provides the remainder of the decoding. Two gates of UlO
serve to generate the correct chip select strobes for the |
two EPROMs. A single inverter secticn of Ull prohibits the
EPROMs or RAMs in participating in a refresh cycle.

CPU: Although the Z-80 operates in its simplest implementa-
tion on the M-80 board, it can be oriented to utilize
vectored interrupts, wait states for slow peripherals or
memory, bus requests, etc. For normal operation, all four
jumpers (INT,WAIT,BUSRQ, and RESET) must be installed, as
must the 1K pullup on NMI. By pulsing NMI (card edge con-
nector pin 8) low for 25 to 100 microseconds, the Z-80 will
execute a subroutine call to 0066 Hexf Power up reset is
accomplished by R2 and C6. All important Z-80 pins are
brought out to wire wrap size feed thru holes on the M-80
board. Six pages from the Z-80 Technical Manual follow,
giving an overview of CPU architecture and pin description.
(Reprinted with the permission of Zilog.)

EPROM: U3 and U4 are 2708 type EPROM for permanent, cost
effective program storage. Alternatively they can be 2758
EPROM fcor use in a single 5V supply environment. 2608 type
PROMs can be used if the M-80 is to be used in production
quantities. 2716 EPROMs and 2316 PROMs can be used with
minor board modifications, as can 2704 EPROMs. Details on
using the 2704,2758, and 2716 are treated in a later section
of this manual under hardware changes and additions. Larger
PROMs can be accomodated by the appropriate anding of address

select lines. The M-80 monitor program is contained in a

*
0066 is the warm start for the M-80 Monitor.



M-80 Address

Map:

Address

0000
0400
0800
0C00
1000
1400
1800
1C00
2000
2400
2800
2C00
3060
3400
3800
3C00
4000
4080

4100 to FFFF

As

signment

EPROM 1
EPROM 2
Decoded for
Decoded for
RAM U5,U6
RAM U7,U8
Decoded for
Decoded for
Decoded for
Decoded for
Decoded for
Decoded for
Decoded for
Decoded for
Decoded for
Decoded for
INS8154 1/0
INS8154 RAM

Unused,

U3
U4
user

user

user
user
user
user
user
user
user
user
user
user

Ports

not uniquely decoded

TABLE 2



2.0 Z-80 CPU ARCHITECTURE

A block diagram of the internal architecture of the Z-80 CPU is shown in figure 2.0-1. The diagram
shows all of the major elements in the CPU and it should be referred to throughout the following

8-BIT
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description.

DATA BUS
CONTROL
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2.1 CPU REGISTERS

The Z-80 CPU contains 208 bits of R/W memory that are accessible to the programmer. Figure 2.0-2
illustrates how this memory is configured into eighteen 8-bit registers and four 16-bit registers. All Z-80
registers are implemented using static RAM. The registers include two sets of six general purpose registers
that may be used individually as 8-bit registers or in pairs as 16-bit registers. There are also two sets of
accumulator and flag registers.

Special Purpose Registers

1. Program Counter (PC). The program counter holds the 16-bit address of the current instruction being
fetched from memory. The PC is automatically incremented after its contents have been transferred
to the address lines. When a program jump occurs the new value is automatically placed in the PC,

1]

+5Y GND ¢

CPUU

REGISTERS

I

ADDRESS
CONTROL

18-8IT
ADDRESS BUS

Z-80 CPU BLOCK DIAGRAM

overriding the incrementer.

2. Stack Pointer (SP). The stack pointer holds the 16-bit address of the current top of a stack located
anywhere in external system RAM memory. The external stack memory is organized as a last-in first-
out (LIFO) file. Data can be pushed onto the stack from specific CPU registers or popped off of the
stack into specific CPU registers through the execution of PUSH and POP instructions. The data
popped from the stack is always the last data pushed onto it. The stack allows simple implementation
of multiple level interrupts, unlimited subroutine nesting and simplification of many types of data

manipulation.

FIGURE 2.0-1

ALU




MAIN REG SET ALTERNATE REG SET

ACCUMULATOR FLAGS ACCUMULATOR FLAGS
A F A’ F
B C B’ c
GENERAL
D E D’ E’ PURPOSE
REGISTERS
H L H L
INTERRUPT MEMORY
VECTOR REFRESH
I R

INDEX REGISTER IX
SPECIAL
PURPOSE
REGISTERS

INDEX REGISTER 1Y

STACK POINTER SP

PROGRAM COUNTER PC

Z-80 CPU REGISTER CONFIGURATION
FIGURE 2.0-2

. Two Index Registers (IX & IY). The two independent index registers hold a 10-bit base address that
is used in indexed addressing modes. In this mode. an index register is used as a base to point 1w a
region in memory from which data is to be stored or retrieved. An additional byte is included in
indexed instructions to specify a displacement from this base. This displacement is specified usa tw0's
complement signed integer. This mode of addressing greatly simplifies many types of programs.
especially where tables of data are used.

(5%

4. Interrupt Page Address Register (I). The Z-8§0 CPU can be operated in a mode where an indirect call
to any memory location can be achieved in response to an interrupt. The I Register is used for this
purpose to store the high order 8-bits of the indirect address while the interrupting device provides the
lower 8-bits of the address. This feature allows interrupt routines to be dynamically located anywhere
in memory with absolute minimal access time to the routine.

'

. Memory Refresh Register (R). The Z-80 CPU contains a memory refresh counter to enable dynamic
memories to be used with the same ease as static memories. Seven bits of this 8 bit register are auto~
matically incremented after each instruction fetch. The eighth bit will remain as programmed as the
result of an LD R, A instruction. The data in the refresh counter is sent out on the lower portion of
the address bus along with a refresh control signal while the CPU is decoding and executing the fetched
instruction. This mode of refresh is totally transparent to the programmer and does not slow down the
CPU operation. The programmer can load the R register for testing purposes, but this register is normally
not used by the programmer. During refresh, the contents of the I register are placed on the upper 8 bits of
the address bus.

Accumulator and Flag Registers

The CPU includes two independent 8-bit accumulators and associated 8-bit flag registers. The accumu-
lutor holds the results of 8-bit arithmetic or logical operations while the flag register indicates specific
conditions for 8 or 16-bit operations, such as indicating whether or not the result of an operation is equal
to zero. The programmer selects the accumulator and flag pair that he wishes to work with with a single
exchange instruction so that he may easily work with either pair.




General Purpose Registers

There are two matched sets of general purpose registers, each set containing six 8-bit registers that
may be used individually as 8-bit registers or as 16-bit register pairs by the programmer. One set is called
BC, DE and HL while the complementary set is called BC’, DE” and HL’. At any one time the programmer
can select cither set of registers to work with through a single exchange command for the entire set. In
systems where fast interrupt response is required, one set of general purpose registers and an accumulator/
flag register may be reserved for handling this very fast routine. Only a simple exchange commands need be
executed 1o go between the routines. This greatly reduces interrupt service time by eliminating the require-
ment for saving and retrieving register contents in the external stack during interrupt or subroutine process-
ing. These general purpose registers are used for a wide range of applications by the programmer. They also
simplify programming, especially in ROM based systems where little external read/write memory is
available.

2.2 ARITHMETIC & LOGIC UNIT (ALU)

The 8-bit arithmetic and logical instructions of the CPU are executed in the ALU. Internally the ALU
communicates with the registers and the external data bus on the internal data bus. The type of functions
performed by the ALU include:

Add Left or right shifts or rotates (arithmetic and logical)
Subtract Increment

Logical AND Decrement

Logical OR Set bit

Logical Exclusive OR Reset bit

Compare Test bit

2.3 INSTRUCTION REGISTER AND CPU CONTROL

As each instruction is fetched from memory, it is placed in the instruction register and decoded. The
control sections performs this function and then generates and supplies all of the control signals necessary
to read or write data from or to the registers, control the ALU and provide all required external control
signals.



3.0 Z-80 CPU PIN DESCRIPTION

The Z-80 CPU is packaged in an industry standard 40 pin Dual In-Line Package. The 1/O pins are shown
in figure 3.0-1 and the function of each is described below.

27 30
y 31 "o
19 N
MREQ 4—2——- ———D32 Ay
— 0
system J [ORQ =—r—— ‘”2‘3—@’ A3
CONTROL Y RO -] = e Ay
WR <22 3 o Ag
36 A
— 28 37
AFSH  <a— — 27 | aporess
L= = Ag BUS
FALT <o | 39 A
..__4_0_4;» A'IO
WAT @—2 e -——;—» Apy
cPU : — %12
controLS wF 16 o &80 cPy 3 e A
NMI -ib -——i——b A‘|4
26 - ° o A
RESET ———
CcPU gUsRa — 25 o
BUS - 23
CONTROL | BUSAK <-—— \
nﬂ-1——-a> D0
-@-E—» D,
6 12
b <—— D,
+5V ——%ﬁs -@3—&» Dy DATA
GND —_— mg—m— D, BUS
<e—=> Dg
10 Dg
BE
0 D7
Z-80 PIN CONFIGURATION
FIGURE 3.0-1
AO'AH Tri-state output, active high. AO'AIS constitute a 16-bit address bus. The
(Address Bus) address bus provides the address for memory (up to 64K bytes) data
exchanges and for 1/O device data exchanges. I/O addressing uses the 8 lower
address bits to allow the user to directly select up to 256 input or 256 output
ports. Ag is the least significant address bit. During refresh time. the lower
7 bits contain a valid refresh address.
DO-D7 Tri-state input/output, active high. Dg-D7 constitute an 8-bit bidirectional
(Data Bus) data bus. The data bus is used for data exchanges with memory and [/O

devices.

M,
(Machine Cycle one)

Output, active low.—IVTl indicates that the current machine cycle is the OP
code fetch cycle of an instruction execution. Note that during execution
of 2-byte op-codes, M1 is generated as each op code byte is fetched. These
two byte op-codes always begin with CBH, DDH, EDH or FDH. M1 also
occurs with JORQ to indicate an interrupt acknowledge cycle.

MREQ Tri-state output, active low. The memory request signal indicates that the
(Memory Request) address bus holds a valid address for a memory read or memory write
operation.



IORQ

(Input/Output Request)

RD
(Memory Read)

WR
(Memory Write)

RFSH
(Refresh)

HALT
(Halt state)

WAIT
(Wait)

INT
(Interrupt Request)

NMI

(Non Maskable
Interrupt)

10

Tri-state output, active low. The IORQ signal indicates that the lower half of
the address bus holds a valid I/O address for a 1/O read or write operation. An
10RQ signal is also generated with an M1 signal when an interrupt is being
acknowledged to indicate that an interrupt response vector can be placed on
the data bus. Interrupt Acknowledge operations occur during M, time while
1/O operations never occur during M; time.

Tri-state output, active low. RD indicates that the CPU wants to read data
from memory or an 1/O device. The addressed 1/O device or memory should
use this signal to gate data onto the CPU data bus.

Tri-state output, active low. WR indicates that the CPU data bus holds valid
data to be stored in the addressed memory or 1/O device.

Output, active low. RFSH indicates that the lower 7 bits of the address
bus contain a refresh address for dynamic memories and the current MREQ
signal should be used to do a refresh read to all dynamic memories.

Output, active low. HALT indicates that the CPU has executed a HALT soft-
ware instruction and is awaiting either a non maskable or a maskable inter-
rupt (with the mask enabled) before operation can resume. While halted. the
CPU executes NOP’s to maintain memory refresh activity.

Input, active low. WAIT indicates to the Z-80 CPU that the addressed
memory or I/O devices are not ready for a data transfer. The CPU continues
to enter wait states for as long as this signal is active. This signal allows
memory or 1/O devices of any speed to be synchronized to the CPU.

Input, active low. The Interrupt Request signal is generated by I/O devices. A
request will be honored at the end of the current instruction if the internal
software controlled interrupt enable flip-flop (IFF) is enabled and if the
BUSRAQ signal is not active. When the CPU accepts the interrupt, an acknowl-
edge signal (IORQ during M| time) is sent out at the beginning of the next
instruction cycle. The CPU can respond to an interrupt in three different
modes that are described in detail in section 5.4 (CPU Control Instructions).

Input, negative edge triggered. The non maskable interrupt request line has a
higher priority than INT and is always recognized at the end of the current
instruction, independent of the status of the interrupt enable flip-flop. NMI
automatically forces the Z-80 CPU to restart to location 0066y;. The program
counter is automatically saved in the external stack so that the user canreturn
to the program that was interrupted. Note that continuous WAIT cycles can
prevent the current instruction from ending, and that a BUSRQ will override
a NMI.




RESET

BUSRQ
(Bus Request)

BUSAK
(Bus Acknowledge)

Input, active low. RESET forces the program counter to zero and initializes
the CPU. The CPU initialization includes:

1) Disable the interrupt enable flip-flop
2) Set Register [ = OOH
3) Set Register R = 00y
4) Set Interrupt Mode 0

During reset time, the address bus and data bus go to a high impedance state
and all control output signals go to the inactive state.

Input, active low. The bus request signal is used to request the CPU address
bus, data bus and tri-state output control signals to go to a high impedance
state so that other devices can control these buses. When BUSRQ is activated,
the CPU will set these buses to a high impedance state as soon as the current
CPU machine cycle is terminated.

Output, active low. Bus acknowledge is used to indicate to the requesting
device that the CPU address bus, data bus and tri-state control bus signals
have been set to their high impedance state and the external device can now
control these signals.

Single phase TTL level clock which requires only a 330 ohm pull-up resistor
to +5 volts to meet all clock requirements.
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single 2708 EPROM which plugs into socket U4. The monitor
implements 10 powerful high level commands including break-
points and the capability of downloading programs into the
M-80 board's RAM.

RAM: Up to 2K of 2114 type RAM can be accomodated by the
M-80 board , dlthough it is not necessary for the M-80 board
and M-80 monitor to be operated with it.

RAM-I/O: Ul is an INS8154 which contains 128 bytes of RAM
and 16 bits of highly flexible I/O. Each I/0 bit can be
individually selected as an input or an output. Each output
bit can be individualy set or reset by a single instruction.
Similarly, each input bit can be read singly. Reads and
writes can also be accomplished on an 8 bit wide port basis.
Port A can be also operated as a strobed input or output

with handshaking, and is capable of being used as a Tri-state
output port. 1In this manner, the M-80 board can appear as a
peripheral to another computer. Table 3 gives a breakdown of
INS8154 protocol. Following table 3 is a reprint of the
INS8154 data sheet, (reprinted with the permission of National
Semiconductor) which explains in detail the various versatile
operating modes. Examples of INS8154 programming are given

in the software applications section.



INS8154 Protocol:

ADDRESS READ/WRITE

4022 WR Bus

4023 WR Bus

4040 WR Bus

4020 RD Port
4020 WR Bus

4021 RD Port
4021 WR Bus

401N WR Port
400N WR Port
400N RD Port
401M WR Port
400M WR Port
400M RD Port
4080-40FF RD/WR RAM

Mode Definition Register: 00
20
30
70
Output Definition Register: 0
1
When a single bit is read, the

TABLE 3

ASSIGNMENT

to output definition, port A
to output definition, port B

to mode definition register

A to bus
to port A
B to bus
to port B

A, set bit N N=0-7
A, clear bit N
A, read bit N

B, set bit M M=bit#+8
B, clear bit M
B, read bit M

Basic I/0

Strobed Input

Strobed Output

Strobed Output with Tri-state

]

Input
Output
bit is returned on data bus,bit 7.

13



General Description

The RAM Input/Output Chip is an LS| device which
provides random access memory and peripheral inter-
facing for microcomputer systems. The RAM portion
contains 1024 bits of static RAM organized as 128x8.
The 1/O portion consists of two peripheral ports of
eight bits each. Each of the 1/0O pins in the two ports
may be defined as an input or an output tc provide
maximum flexibility. Each port may be read from or
written to in a parallel (8-bit byte) mode. To improve
efficiency and simplify programming in control-based
applications, a single bit of 1/0 in either port may be
set, cleared or read with a single microprocessor instruc-
tion. In addition to basic /O, one of the ports, port A,
may be programmed to operate in several types of
strobed mode with handshake. Strobed mode together
with optional interrupt operation permit both high
speed parallel data transfers and interface to a wide
variety of peripherals with no external logic.

The RAM /O is an n-channel silicon gate device
packaged in a 40-pin dual-in-line package. It operates
with a single 5-volt power supply and is fully TTL
compatible.

APRIL 1978

INS8154 N-Channel 128-by-8 Bit
RAM Input/Output (RAM l/O)

Features

s 128x8 RAM

= Single +5-volt power supply

s Low power dissipation

= Fully static operation

= Completely TTL compatible

e Two 8-bit programmable /O ports

= |/O port A has TRI-STATE® capability

s Handshake controls for strobed mode of operation
= Single bit I/O operations with single instruction
= Reduces system package count

e Direct interface with SC/MP

= Independent operation of RAM and /0O

= MICROBUS™* Compatible

g-Ag-gzL [oUURYD-N ¥SIESNI

P

INS8154 MICROBUS™ Configuration

occurred.

*Trademark, National Semiconductor Corp.

NOTE

The INTR signal becomes active only in the
strobed mode when o dota transaction has

AG-.
w ADG-ADO
D7-
mmmmm 067-D
ADDRESS &0
IAx =
i w0 PORT A BUS
Py “Bus- ils" o1
S = INSO154 PORT B BUS
GROUP conthoL”| 8 = tso
BUS U f—————>>|NRDS
S (MEMW o tNwos
RESET NRST
INTR
P

© 1978 National Semiconductor Corp.

DA-B15M48/Printed in U.S.A.

(N myy) ndinoanduj NyY e
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Absolute Maximum Ratings*

Voltage at Any Pin
Operating Temperature Range 0°C to +70°C
Storage Temperature Range -65°C 10 +156°C
Lead Temperature (Soldering, 10 seconds) 300°C

-05V1t0+7.0Vv

"Absolute Maximum Ratings are those values beyond which the
safety of the device cannot be guaranteed. Continuous operation
at these limits is not intended; operation should be limited to those
" conditions specified under Electrical Characteristics.

DC Electrical Characteristics

(T a within operating temperature range, Vcc = 5V * 5% unless otherwise specified.)

Parameter Conditions Min Typ Max Units
VIH Logical /1" Input Voltage 2.0 Vce+0.5 \
ViL Logical “0" Input Voltage -0.5 0.8 \
VOH Logical 1" Output Voltage loH = =100 uA 2.4 B \%
VoL Logical ““0"" Output Voltage loL=2.0mA 0.4 \%
I Input Load Current VIN=0V to 525V +10 uA
Lo Output Leakage Current High Impedance State 110 UA
Icel Power Supply Current All Outputs Open, Ta = 25°C, 45 60 mA
NRST < 0.8V
AC Electrical Characteristics
(T within operating temperature'range, Vee = BV £ 5% unless otherwise specified — see Note 1.)
Parameter ] Conditions ] Min | Typ ] Max ‘ Units
READ CYCLE
tsw STB Pulse Width (Mode 2 Only) 300 ns
1g) STB | to IBF 1 Delay (Mode 2 Only) 250 ns
tpg Peripheral Setup 50 ns
tPH Peripheral Hold 120 ns
TAH Address Hold 50 ns
tCH CS Hold 50 ns
tRD NRDS { to Data Valid 350 ns
tA Access 560 ns
tCco Chip Select to Output 520 ns
tOH Data Valid After NRDS 1 0 125 ns
Output Load Capacitance 75 pF
WRITE CYCLE
wWe Write Cycle (for RAM) 700 ns
TAS Address Setup 50 ns
tAH Address.HoId 0 ns
tcs CS Setup 50 ns
tCH CS Hold 0 ns
DS Data Setup 50 ns
tDH Data Hold 50 ns
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AC Elscirical Characteristics (cont’d)

Parameter I Conditions I Min ‘ Typ [ Max J Units

WRITE CYCLE
WP NWDS Pulse Width 300 ns
tAO ACK 4 t0 OBF 1 (Modes 3 & 4 Only) 250 ns
tACW  ACK Pulse Width (Modes 3 & 4 Only) 300 ns
WD Port Data Valid After NWDS ¢ 300 ns
PE ACK | to Valid Output (Mode 4 Only) 300 ns
D ACK 1 10 Hi-Z (Mode 4 Only) 0 125 ns

QOutput Load Capacitance 75 pF
TWRST  Master Reset Pulse Width 300 ns

Note 1: All times measured from a valid logic ‘0" level = 0.8 or a valid logic 1" level = 2.0 V.

Read Cycle

™

5T (N) - PBY
| — |

18F (0UT) - PBS A f\ MOOE 2
INTR (OUT) ~/ ’,\

|~ s -l PH |.~
PERIPHERAL (. _ VALIO FOR D VALID FOR I
INPUT STROBED MODE 2 BASIC INPUT
I 1
Sroe] -

|
T } \—-r_—
ADG-ADD, MAT X VALID ADDRESS.

-~ —o] tan [-_

e
|
€30 AND €51 X X

I""‘TO—' 1CH —=| I-—

NRDS \
—-l RO |.. —~-||u>¢1..
2 =y
DATA BUS VALIO DATA
e ‘
Write Cycle
CYC (FOR RAM) |
D ]
ADG-A00, W/iT x ;ALIDAMNESS X

[=es - —]tcH|— '
€50 AND (51 |
A X
—-||ns — =] 10K [+
DATA BUS )l\l VALID DATA )— ————————————————

D S

NWDS \
INTR (OUT) =\ _f

| o |

GF (Pos) —\ _/—
== 1ACW —=|
ATK (pa7) \

[~ two~|
PERIPHERAL BUS
?r‘»‘z%s"u”éﬂ‘%{r’i OLD DATA x VALID NEW DATA
M0

e~ w

(STROBED QUTPUT HI-Z
WITH TRI STATE VALID DATA ——
CONTROL)
MOQE 4
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INS8154 Block Diagram

A
— b
NRST%E;—D‘ @ =)
€50 i
READ (16-19, 21-24)
. PORT | pAT-PAD
P N EE CONTROL oUTPUT A
(38) LOGIC D DEFINITION e
NWDS = V| aecisTen
NRDS =]
MODE
D RECISTERE 2o ra
25 o
7| HANDSHAKE
LOGIC
(8-15) DATA N
087-080 =z BUS Gz ouTPUT
BUFFER D DEFINITION ')
REGISTER P vonT (19,171
s ez Pei-peo
4 N
N v
BIT ] |,
OPERATIONS (o) [ 128 X 8 RAM
40
:zn; vee
(32:26) 1 ~———GRO
A

AD6 -

NOTE: APPLICABLE PINOUT NUMBERS
ARE INCLUDED WITHIN
PARENTHESES.

Pin Configuration

PBG ] 1 40 f=—Vee
PBS—— 2 39 f~——PBY
PBA=—i 3 38 f——NWDS
PBI~— & 37 f~—NRDS
PB2~—— § 36 [~ NRST
PB1—I§ 35 [~ 50
PBO=—| 7 38 f~—cs1
0878 33 —M/i0
D86~ 9 32— ADS
08s—10  [NS8154  31|—a0Ds
DBa=— 11 30 =——AD4
083—1 12 29 f~—aD3
08213 28 f=— AD2
DB1=—i 124 27 ——AD1
0B0O— 15 26 [——ADO
PAT=—] 15 25 f——INTR
PAG—] 17 24 f—PAD
PAS—] 18 23 p—PA1
PAG=——] 19 22 f—mPA2
GND—{ 20 21 —PA3
Pin Names

DB7 - DBO DATA BUS
ADE- ADO | ADDRESS INPUT

NRST RESET INPUT
wio MEMORY/I0 SELECT
€50, cs1 CHIP SELECTS
NWDS WRITE STROBE
NRDS READ STROBE

PAT - PAD PORT A

PB7 - PBO PORT B

INTR INTERRUPT REQUEST
vee +5 VOLTS

GND 0 VOLTS
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Basic Functional Description

The RAM 1/O performs two separate but important functions in microcomputer systems. The first is data storage
provided by the 128 x 8 RAM. The second function is peripheral interfacing provided by the two 8-bit I/0 ports. The
ability to program the configuration and operating modes of the 1/O ports allows interfacing a microcomputer to a wide
varity of peripherals with minimum external logic. Major functional blocks of the chip are shown in the block diagram;
an operational summary of the chip is provided in figure 1. A description of the chip pinouts and a summary of the

internal chip registers is given below.

(DE7 - DBO) Data Bus Buffers

The datz bus buffer is a TRI-STATE, bidirectional, 8-bit
buffer that is used to interface the RAM 1/0 to a micro-
computer data bus. Data, control, and status information
is transmitted to and received from the RAM 1/0 via the
date bus buffers. Execution of a STORE instruction by
the microprocessor may be used to transmit data and
control information from the CPU to the RAM 1/0.
Execution of a LOAD instruction may be used to trans-
mit datz and status information from the RAM 1/0 to
the CPU.

(CS0 and CS1) Chip Select Inputs

The combination of a low on CSO and a high on CS1
input pins enables communication between the RAM
1/0 and the microprocessor.

(M/10) Memaory 170 Select

The state of the M/IO input pin determines whether
communication between the CPU and RAM 1/O chip
will involve the RAM portion of the RAM (/O or the 1/0
portion. A high on M/10 selects the RAM while a low
selects the |/0.

(NRDS) Read Strobe

NRDS is an active-low read strobe. A low on this pin
enables data or status information to be read from the
RAM /0.

(NWDS) Write Strobe

NWDS is an active-low write strobe. A low on this pin
enables data or control information to be written into
the RAM 1/0.

(ADG - ADO) Address Inputs

The address input bus determines where in the RAM 1/O
communication will take place. When the RAM is
selected, the address bus determines which of the 128
bytes of RAM will be read from or written into. When
1/0 is selected, the address determines which 1/O or
control register will be enabled for communication with
the CPU. These pins are normally connected to the seven
low address lines of the microprocessor.

RAM

The RAM contained on the RAM 1/0 chip consists of
1024 bits organized as 128 eight-bit bytes. Since the
RAM is fully static, no refresh or clocks are required.
Data out of the RAM is of the same polarity as data in,

and readout is nondestructive. The RAM is a standard

six-transistor cell similar in design to the 2102A static .

RAM.

(MDR) Mode Definition Register

The Mode Definition Register is an internal control
register that determines the operating mode of port A.
This register is write only. If a read operation is per-
formed with the address set to that of the MDR, the
data bus will remain in the high impedance state.

(PA7 - PAO, PB7 - PBO) Peripheral Ports A and B

The RAM 1/0 contains two eight bit 1/O ports: port A
and port B. Each port consists of an eight-bit output
data latch with buffer and an eight-bit input data latch.
Full flexibility is provided with the ability to define any
bit of the two perts either as an input or as an output.
Bit set, clear and read of all 1/0 pins are also provided.
Moreover, port A may be operated in strobed input or
strobed output modes.

Output Definition Registers — ODRA and ODRB

Associated with each port is an output definition registr r
(ODR). Each ODR is an eight-bit latch that defines
which of the 1/O pins in the respective port are to be
used as outputs. ODRA controls the direction of port
A and ODRB controls the direction of port B. Both
ODRs are write only registers. If a read operation is
performed with the address set to that of an ODR, the
data bus will remain in the high impedance state.

(INTR) Interrupt Request

The interrupt request {INTR) output is an active high
signal used to interrupt the microprocessor when a
strobed mode data transaction has occured. This signal
is active only when port A is in the strobed mode. INTR
will be set to a low when a master reset is applied (NRST
set low).

(NRST) Master Reset

NRST is the master reset input for the RAM 1/O chip.
A low on this pin clears all registers in the 1/0 portion
of the chip (MDR, ODRA, ODRB, and the port output
data latches) and places the data bus in the high imped-
ance state independent of any other control strobes.
After a master reset, the 1/O ports will both be in the
basic 1/0 mode and configured as inputs. The master
reset does not change any data previously stored in the
RAM and does not allow data to be written into or read
from the RAM while NRST is low.
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Operation

sros|wed] &5 | &7

Wio | as | as [aa|a3] a2 I

RAM OPERATIONS

Data Bus - RAM 1 1 0 0 1 ‘ T [ T x [ x I X T x T+ 7 x
" RAM - Data Bus 1 0 1] o 1] ’ X ] x| x| x!x]x ! x
BIT OPERATIONS
Set Bit Port A 1 1 0 0 1 0 oo |1!lolmr 8] 80
Clear Bit Port A 1 1 o o[ 70 lolo]o]ols2ler]ss
ReadBuPoiA | ol 1t ol T o TololxTo mlales —
Set it Port B vl o o [T T o T oToel i1 larlar 80
Clear Bit Port B N 1 vl o o T T o T ol o T ol las e g0 |
Ruad Bit Port B 1 0 10 T e T 10 X | B2 e BO
PORT OPERATIONS
PortA - DataBus ol ol i lo o] 1Jo]o]o0]0]
Data Bus -PortA o 1 o | o _1_: o | ol 1 '_'9 olo]a
Port B» - Dgta Bus 1 0 1 0 ) 1 O N ’AVO— 1 . 0 0 0 0
Data Bus - Port B 1 1 0 0 1 o Jol1]olololn
CONTROL OPERATIONS
Data Bus = Output Definition A 1 f 1 0 0 1 ‘I o ' } i 0 -(_"—. ]_(3-_ 7‘: 0
Data Bus - Qutput Defimtion B 1 1 0 0 1 o] 6] ! 1 ‘b (8} 0 ! 1
Data Bus - M()(i(: Defimition Register 1 ) 1 0 0 1 ) 0 [ 0 H1 ) 0 7 0 1 0 ¢}
DISABLE FUNCTION
L MesterReec o To [x | 2D I x I I I [x
Data Bus ~ Hl»Z 1 1 X I‘x X X x = -x___ —
o DweBucwiz Ty x| X x I x I x b x [ x x
Data Bus — Hi-Z 1 X X J X | X | x| x!x|x

Figure 1. Truth Table
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Detailed Operation
RAM

The internal organization of the RAM and a typical RAM memory cell are shown in figure 2; the 1024-bit memory is
structured in a 32-column by 32-row matrix. The proper row is selected by the five higher-order address (AD6-AD2)
inputs; the 8-bit byte in this row is selected by eight 1-0f-4 column decoders controlled by the two lower-order address
(AD71-ADO) inputs. A timing diagram of RAM read/write operations is shown in figure 3. While RAM cannot be read
from or written into during a master reset (NRST), the reset signal does not affect the data in RAM.

|
|
l i
| RAM ARRAY ] —
Abe E ROW SELECT 32 Catimns | DATA DATA
|
| =
|

AOZ’——%: | TYPICAL MEMORY CELL
ts ﬁa @a @s

COLUMN DECODERS

NRST s————

NRDS s>

NWOS ———>1  READ/WRITE SENSE AMPLIFIERS
M/i§ =]  CONTROLS & BUFFERS

[ ——
[ ———

DATA BUS
Figure 2. RAM Organization
RAM Read Operation

1 |
ADS - ADO, M/iD X VALID ADDRESS )

]—-—‘—4»\——»] ‘ “'”I*"—"I
0 AND CST X X

|———-lcu_> v‘ 1eH '_,__
NROS N Y
S
DATA BUS
——————— M ———— ~ VALID DATA P e e
1 1

RAM Write Operation

B
%

ADE - ADO, M/iD X VALID ADDRESS X
TAS |[-———tAH———|
—v— |

©S0 AND CS1 X X
L—\CS——— —s{ ICH l...._
|

DATA BUS X VALID DATA )——————
—.ltgs fe— -—mn——l

NWDS \I ‘ '/

Figure 3. RAM Read/Write Timing




Mode Definition Register

The mode definition register defines the operating mode
for port A. Port B is always in the basic I/O mode. There
are four operating modes for port A:

Mode 1 — basic 1/0
Mode2 — strobed input
Mode 3 — strobed output

Mode 4 — strobed output with TRI-STATE control

In mode 1, hasic 1/0, there is no handshaking and data
is simply written to or read from the specified port.
Port B is always in this mode. When NRST goes low,
both port A and port B are set to the basic 1/0 mode
with all bits set to input. Mode 2, strobed input,
provides a means for transferring data from the peri-
pheral into port A in response to handshake or strobe
signals. Mode 3, strobed output, provides a means for
transferring data from port A to the peripheral in
response to strobes or handshake signals. Mode 4,
strobed output with TRI-STATE control is similar to
mode 3 except that port A is in the high impedance
state until the handshake signal goes active. Figure 4
summarizes what data should be written into the MDR
to place port A in the desired mode. When port A is
operated in any one of the three strobed modes, two
pins of port B are used for handshake control functions;
accordingly, only six of the eight port B pins are
available for data input/output bits.

Output Definition Registers

Although addressed separately from the ports, the
output definition registers are an integral part of the 1/0
ports as shown in figure 5. This figure shows the input
data latch and output data latch/buffer of a bit in a port
and the bit of the ODR associated with it. Thus there is
one bit of an ODR associated with each peripheral 1/0
pin in port A and port B. 1falow or 0" is written into
the ODR, the output data buffer associated with it will
be disabled, and the I/O bit is in the input mode. If a
high or 1" is written into the ODR, the 1/O bit is in-the
output mode. When strobed mode operation (modes 2
through 4) is defined for port A via the MDR, it is also
necessary to set up proper input/output definition in
ODRA for port A.

Basic 1/0 — Mode 1

In the basic 1/0 mode of operation data is simply
written to or read from a port without handshake
signals; the interrupt request (INTR) is always low when
port A is operated in this mode. Port B is always in the
basic 1/0 mode, whereas the MDR bit 5 (M in figure 4)
must be set to zero to define port A in the basic 1/0
mode. Since the MDR, ODRA and ODRB are all cleared
by a master reset, both port A and port B will be in the
basic input mode after a master reset (NRST set low).

Figure 6 shows a timing diagram for basic output. When
the microprocessor performs a write operation to a port,

the data on the data bus is latched in the output latch
on the leading edge of the write strobe. The data will
remain valid until another write to the port with new
data occurs. If the new data written is the same as the
old data, then no change will occur so long as the
proper data and strobe timing is maintained.

Figure 7 shows a timing diagram for basic input. When
the microprocessor reads the port, the peripheral data is
latched in the input latch on the leading edge of the read
strobe. The data bus buffers are enabled so the contents
of the latch are gated on to the system data bus. The
data remains latched until the end of the read cycle
(i.e., until the trailing edge of the read strobe). Latching
the input data in this manner allows the chip to synch-
ronize asynchronous peripheral signals with slow rise and
fall times to the microprocessor.

A port can have some input pins and some output pins,
since there is an ODR latch for each bit in the port. A
write to a pin defined as an input will load a new value
into the output data latch, but since the output data
buffer is disabled, it will have no effect on the 1/0 pin.
A data read from 1/O pins defined as outputs will read
the data from the output data latch. The data will be
read properly only if the 1/0 lines are permitted to be
greater than V|4 for a logic 1 output and Inss than ViL
for a logic 0 output. If the I/O pins are loaded in such a
way that valid levels are not reached, the data read will
not always agree with the data stored in the output data
latch.

Bit Set, Clear and Read

In addition to reading and writing cach port as an eight-
bit parallel byte, it is also possible to set, clear or read
any individual bit in either port. Bit set or clear is per-
formed by doing a write operation with the chip selected
and the proper address. Since the address determines
which bit is operated on and whether it is set or cleared,
the eight data bus lines are all don’t-care for a bit set or
clear. This permits the microprocessor to do a bit set
or clear with a single instruction without initially setting
up the accumulator. The three low order bits of the
address determine which bit of the port is set or cleared
(e.g., AD2 = 0, AD1 = 1 and ADO = 0 would indicate
bit 2). Address bit 3 (AD3) determines if port A or port
B is acted upon. Address bit 4 (AD4) determines if the
operation is a bit set or clear.

When a bit read is performed, the selected bit is placed
on data bus bit 7 (DB7) and all other bits of the data
bus are set to zero. The bit is selected by reading from
the chip with the same addresses described for bit set
and clear. All bit operations are summarized in figure 8.

Besides simplifying programming in control applications,
bit operations are used to control interrupt enable when
port A is in the strobed mode. The timing for bit opera-
tions is the same as that for basic input/output except
that, for bit set and bit clear operations, the data bus is a
“don’t care.”” A bit set to a pin whose previous value was
a 1" or a bit clear to a pin whose previous value was a
0" will not cause that pin to leave its previous value,
even momentarily.
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DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO Bit Location
TS ouT M - - MDR Bit Name
X X 0 X X X X X Basic 1/0
X 0 1 X X X X X Strobed Input
o] 1 1 X X X X X Strobed Output
1 1 1 X X X X X Strobed Output with TRI-STATE Control
Figure 4. Mode Definition of Port A with MDR
\\l NPYT
DATA
SET LATCH
v
INTERNAL N l\ PERIPHERAL
8US ouTPUT 1/0 PIN
DATA
LATCH
RESET
OUTPUT
DEFINITION
REGISTER

)

Figure 5. Internai Logic of One Bit of an 1/0 Port with ODR
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Figure 6. Basic Output Timing
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Figure 7. Basic Input Timing

]NRDS]NWDS] A4 |a3] a2[a1]A0

BIT SET & CLEAR

Bit Set, Port A 1 o] 1 ]10(B2|B1|BO
Bit Clear, Port A 1 0 0 |0]|B2|B1|BO
Bit Set, Port B 1 0 1 |1|8B2|B1|BO
Bit Clear, Port B 1 0 0 |1/B2|B1|BO
BIT READ

Selected Bit—~DB7

0--DB6-DBO

Bit Read, Port A 0 1 X |0]|B2(B1|BO
Bit Read, Port B 0 1 X |1(B2|B1|BO

Bit Operations Enabled When €S0 = 0, CS1 =1, M/i0 = 0, A6 =0,

& A5=0

B2, B1, & BO select which bit is selected (B0 is least significant bit).

Figure 8. Bit Operations
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Strobed Input (Port A) — Mode 2

This ‘mode allows data to be read from a peripheral in a
two-step transaction. First, the peripheral strobes data
into the RAM 1/0 input latch and notifies the micro-
processor that data is ready to be read. Second, the
processor reads the contents of the RAM 1/0 input latch
and resets the handshake control signals for the next
transaction to take place. Transferring data in two steps
frees the microprocessor to undertake other tasks in
between data transfers from the port A peripheral.
Figure 9 shows the signal timing and figure 10 shows a
logic diagram for the handshake signals. The handshake
control signals are as follows:

STB (Strobe)

The STB signal is an active-low strobe generated by
a peripheral to signify that data is valid at the peripheral
bus on the trailing edge of this strobe. This signal is fed
into pin PB7 of the RAM 1/0. STB latches peripheral
bus data into the RAM /0O input data latch on its
trailing edge. This does not require the RAM 1/0 to be
selected. Should STB pulse low more than once before
the arrival of NRDS, the data stored in the RAM 1/0
input data latch will be the /ast stored data.

IBF (Input Buffer Full)

The IBF signal is an output from the RAM /O driven
by pin PB6; IBF is set by the leading edge of STB and
is reset by the trailing edge of NRDS when the micro-
processor is performing a byte-read from port A. IBF
high tells the peripheral that data is latched in the port A
input data latch. IBF goes low on the trailing edge of the
microprocessor NRDS strobe to notify the peripheral
that data has been read in the microprocessor and that

<~ TSW —

the next transaction can now take place. The micro-
processor can override IBF by doing a bit set or bit clear
to PB6.

IE (Interrupt Enable)

IE is the output data latch of PB7, whose output is
ANDed with the interrupt request latch to produce the
INTR signal. IE is zero after a master reset (NRST) but
may be written into from the microprocessor by doing a
bit set/clear to PB7.

INTR (Interrupt Request)

When enabled by IE, INTR is an output that is set on
the trailing edge of STB, requesting the microprocessor
to read the data in the port A input data latch. When
the microprocessor responds to read port A, the trailing
edge of NRDS resets INTR. Should |E not be set, INTR
will remain low.

In a multiple-interrupt application, the microprocessor
can poll the RAM 1/0 for the existence of an interrupt
request by doing a bit read of PB7. Being able 1o read
the INTR status on, the microprocessor system bus is
useful in multi-interrupt schemes to find the originator
of an interrupt.

Parallel write operations to port B while port A is in any
one of its strobed modes will leave bits PB6 and PB7
unaffected. Thus, port B now has 6 data 1/O bits
associated with it and the handshake bits PB6 and PB7
respond only to valid changes in handshake status or to
bit set/bit clear operations.

§Ta(m)=vs7—\__/

—~o—_|
IBF (OUT) = PB6 A

INTR (OUT) \/

I<— tps -’ PH I-—

PERIPHERAL —X vALID DATA X

| 1

ADS - ADO, /D x VALID ADORESS X
I-—IIA———-— —>| K l——
30 AND CS1 1 |
—co—] v |-—
NRDS \\!
——I tRD |<— »ltun|<—
DATA BUS mm mom e e e e

_______ —GALID DATA Yoo e =
d

|

Figure 9. Strobed Input, Mode 2 Timing
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Initializing Strobed Input — Mode 2

Prior to operation, an initialization procedure must be
undertaken. The MDR must have a ““1” written into bit
5 and a “0" written into bit 6. The ODRA must have
“0s" written ints it to identify the pins in port A which
will function in mode 2. The ODRB must have a 0"
written into PB7 in order to make 1t an input which will
receive STB from the peripheral. Also, PB6 must be
defined as an ou'put so that it can drive the IBF signal.
The remaining six lower bits of ODRB are configured as
needed for the basic input/output transactions occuring
in port B

TS OUT ™M

LT T wer

D7 D6 D5 Do Mode 2
I 5

D7 D6 [s]e]

ODRA = “0s”" <t mode 2 pins

Writing to the MDR to define mode 2 operation will
automatically initialize both IBF and INTR in such a
manner that they will he expecting the peripheral to
begin the first I/O transaction with a STB strobe, i.e.,
both 'NTR and iBF will initialize low when the above

write 1o the MDR takes place.

Handshake Status

Handshake status control signals IBF and INTR will be
reset by a microprocessor LOAD instruction only if it
is addressed to port A as a byte read. A parallel write or
bit write or bit read to port A will nor affect handshake .
status. A hyte read or write to port B will not affect
handshake status either, since PB6 and PB7 are masked
from byte writes to port B when port A is in any of its
strobed modes. It is possible, however, 1o override IBF
or IE by an appropriate bit write to PB6 ar PB7, respec-
tively
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Figure 10. Strobed input, Mode 2 Handshake Logic




Strobed Output (Port A) — Mode 3

This mode allows outputting data from the CPU to an
asynchronous peripheral. The CPU writes into the
output latch of the RAM 1/0; in turn this creates a hand-
shake signal which notifies the peripheral that its bus has
new data on it. The peripheral reads the port A bus and
returns the handshake signals to their previous state,
awaiting the next CPU write. The peripheral bus is
always being driven by the port A buffers in this mode.
Pertinent timing relationships are shown in figure 11 and
a logic diagram showing the handshake signals is shown
in figure 12.

The handshake signals associated with mode 3 are the
following:

ACK (Acknowledge)

ACK is an active-low strobe generated by peripheral to
read the data present on its bus. ACK drives the RAM
1/0 PB7 input and it sets the OBF signal on its leading
edge and sets the INTR on its trailing edge; for this to
happen, the RAM 1/O need not be selected.

|<—— tAs—v—|

OBF (Output Buffer Full)

OBF is an active-low signal generated by RAM 1/0 PB&
output. OBF goes low in response to the trailing edge of
NWDS for a parallel write to port A and returns high on
the leading edge of ACK. OBF being low signals to the
peripheral that valid data is now ready to be read on the
peripheral bus.

IE (Interrupt Enable)

This is the same as for mode 2.

INTR (Interrupt Request)

When enabled by IE, INTR is set.on the trailing edge of
ACK and reset on the trailing edge of NWDS when 2
byte write to port A occurs.

The value of INTR can be read from the CPU data bus
side by means of a bit read to PB7. This is useful in
locating the originator of an interruptin a multi-interrupt
scheme.
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e
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Figure 11. Strobed Output, Mode 3 Timing
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Initializing Strobed Output — Mode 3

To initialize for mode 3 operation, the MDR must have
“1s” written into bits 5 and 6. A “0” must also be
written into bit 7.

Writing to the MDR to define mode 3 operation will
automatically initialize both OBF and INTR such that
the RAM 1/0 will be expecting the first strobed opera-

tion to take place. Both INTR and OBF are injtialized
high for mode 3, provided IE is set to a “1.” If IE is
set to “’0,” INTR will not initialize high.

The ODRA must have ““1s” written into it to identify
the bits of port A which will function in mode 3. The
ODRB must have a “0” in PB7 in order to make it an
input which will receive ACK from the peripheral. Also,
PB6 must be defined as an output so that it can drive
the OBF signal. The remaining 6 lower order bits of port Handshake Status — Mode 3

B are configured as needed for the basic 1/0 transactions Handshake status control signals OBF and INTR will be
occurring in port B. reset low by a CPU STORE instruction only if it is

TS OUT M addressed to port A as a paralle/ write. A parallel read or,

any bit operation to port A will nor affect handshake
status. A word read or write to port B will not affect
Mode 3 handshake status either, since PB6 and PB7 are masked
* from word writes to port B when port A is in any of its
strobed modes. It is possible, however, to override OBF
or IE by an appropriate bit write to PB6 or PB7, respec-
ODRA = ““1s"" at mode 3 pins. tively.
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Q ) D

BIT SET PB7 —
D Py 0 P87
oUTPUT N1 ineur i
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LATCH (ATK)
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/

INTERNAL r
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° INTR
] outpureim

0 Q
INTERRUPT
REQUEST
LATCH

0 pgg D
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1]

/

a PBS
ovtPuT ] outeurpin
A
LATCH @8R

BIT CLEAR —)D__f
P86
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DEFINITION
REGISTER

Figure 12. Strobed Output, Mode 3 Handshake Logic
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Strobed Output with TRI-STATE Control — Mode 4

This mode is similar to mode 3 in that it uses the same
handshake signals and transfers data in the same direc-
tion. A timing diagram for mode 4 is shown in figure 13.
Handshake logic is shown in figure 12. The main
difference from mode 3 is the fact that the peripheral
bus is in the TRI-STATE condition at all times except
when ACK is low, enabling the RAM 1/0 to drive the
peripheral bus to its valid state.

The CPU writes into the output latch of the RAM 1/0;
this resets INTR and OBF but the peripheral bus remains
in TRI-STATE until the peripheral responds with a low-
going ACK strobe. The ACK strobe enables the RAM
1/0 port output buffers to drive the peripheral bus active
during this strobe time. The leading edge of ACK sets
the OBF and the trailing edge of ACK sets INTR. The
trailing edge of NWDS for a byte write to port A resets
both OBF and INTR the same as in mode 3.

Initializing Strobed Output — Mode 4

To initialize for mode 4 operation, the MDR must have
“1s" written into bits 5, 6, and 7. The ODRA must have
“1s" written into it to identify the bits of port A which
will function in mode 4. The ODRB must have a “0" in
bit 7 and a ““1” in bit 6.

'——ms——i

LSMITI-[—I—I—ID—J
Lo oo

ODRA = "1s"" at mode 4 pins.

Writing to the MDR to define mode 4 operation will
automatically initialize both OBF and INTR high such
that the RAM 1/0 will be expecting the first strobed
operation to take place, provided IE is set to a “1.”
If not, INTR will not be initialized high.

Handshake Status — Mode 4

Handshake status control signals OBF and INTR will be
reset low by a CPU STORE instruction only if it is
addressed to port A as a parallel write. A parallel read or
any bit operation to port A will not affect handshake
status. A word read or write to port B will not affect
handshake status either, since PB6 and PB7 are masked
from word writes to port B when port A is in any of its
strobed modes. It is possible, however, to override OBF
or |E by an appropriate bit write to PB6 or PB7, respec-
tively.
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Figure 13. Strobed Output with TRI-STATE Mode 4 Timing
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Figure 14. Typical Application — Thres-Chip SC/MP System with 128 Bytes of RAM, 22 Bits of 1/0
and up to 2048 Bytes of ROM
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INS8154 N-Channel 128-by-8 Bit RAM Input/Output (RAM I/0)

Physical Dimensions

2.020
T(51.309) T T T e |
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’— (13.208) -
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ED MDD

r
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0.032 |
0.813) - ~
~ 0590
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MAX

I;llzl\ﬂI_‘Jlillill_'llil"'l
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270 = = @11
TYP L | . MAX gp20-0.060

(‘:,:.1":,) 0.050 0,010 0.10040.010 | F 0.018 -0.002 i
e 11270 -0254) (540 0254) (0457 -0 081)

40-Lead Ceramic Dual-in-Line Package (D)
Order Number INS8154D

2070
|- v - ’{

0550 +0.003
(13.970 0127)
PINNO 1INDENT «_

.

[DEEREEORORORE DR TRT R CRERT

0.020
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0635 (7905 03671 | h {2540 (0.457 00
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40-Lead Plastic Dual-in-Line Package (N)
Order Number INS8154N
Ordering Information

The RAM 1/0 device may be ordered through the local National Semiconductor sales representative or by contacting
our world or international headquarters listed below.

For “N* Package:
For ““D’* Package:

INS8154N
INS8154D

Nalional S d

GmbH

NS Inc.. Japan

8000 Munchen 21
6112

National Semiconductor
Corporation

2900 5, tor Drive
Santa Clara Calfornia 95051
Tel 1408) 737 5000

TWX (9101 139 9240

West Germany
Tel 089/9 15027
Telex 05 22772

Miyake Building

129 Yotsuya Shinjuku ku 160
Tokyo Japan

Tel 103} 455-3711

TWX 232 2015 NSCJ J

NS Electronics (Hong Kong) Ltd
8th Floor

Cheung Kong Electronic Hidg

4 HINg Yip Street

Kwun Tong

Kowloon Honq Kony

Tel 3411241 8

Telex 73866 NSEHK H/

Cible NATSEM|

NS Electronics Do Brasil

Avdi Brigageiro Fana Lima 844

11 Andar Conjunto 1104

Jardim Paulistano

0 Paulo Brasil

Teler 1121008 CABINE SAQ PAULO

NS Eloctronics Pty. Lid.

Cor Stud Ra & Mtn Highway
Bayswater Victoria 3153
Australia

Tel 03 729-6333

Telex 32096

National does not assume any responsibility for use of any circuitry described. no circuit patent hicenses are implied. and National reserves the right, at any time without notice. to change said circuitry
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HARDWARE MODIFICATIONS, ADDITIONS, INTERFACING

RAM

More 2114 RAM is easy to add to the M-80 board. Address
and data bus connections parallel the existent 2114 RAM, and
the chip select is picked off an unused line of the address
decoder. Other types of RAM may alsc be interfaced in a

similar manner.

ROM

2708 type EPROM can be added by utilizing similar cir-
cuitry to that shown in the M-80 schematic. For each 2708
added, one gate of a 74LS32 must also be added. 2608 type
ROM can simply be plugged into the existing 2708 sockets.
2704 type EPROM can be used in the existing 2708 sockets
by cutting the trace to pin 22 and tying pin 22 to ground.
2758 type EPROM can also be used by accomplishing the
following:
1. Cut trace to pin 18, tie pin 18 to pin 20.
2. Cut trace to pin 19, tie pin 19 to ground.
3. Cut trace to pin 21, tie pin 21 to +5.
2716 EPROM can be used by making the following changes while
referring to figure 2:
1. Cut trace to pin 21 and tie pin 21 to +5.
2. Cut trace to pin 20 and tie pin 20 to RD.
3. Cut trace to pin 19 and tie to address line AlO.
4. Cut trace to pin 18 and tie pin 18 to the output of an

AND gate. The two inputs of the AND gate are tied to two

successive outputs of the address decoder.
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INTERFACE TO A HOST COMPUTER OR TERMINAL

The M-80 board and monitor is simple to connect to either
a host computer or terminal by TTL, RS232, current loop, RF
link, fiber optics or other means. TTL levels requires no
additional circuitry, serial input is port B, bit 5 and
serial output is port B, bit 4. RS232 requires the circuitry
shown in figure 3, the op amp can be almost any general pur-
pose op amp. Also shown in figure 3 is the appropriate
Circuitzy for current loop operation.

A terminal or host computer requires only the serial in-
put and serial output of the M-80, figure 4, however, it is
advantageous to provide a means for interrupting M-80 opera-
tion when desired. A 25 to 100 microsecond low going pulse
on the NMI line will cause the M-80 to execute an uncon-
ditional subroutine call to location 0066, the beginning of
the M-80 monitor. The interface to a single M-80 board re-
quires only 3 signal lines and a ground. Interface hardware
to multiple M-80 boards can be made less hardware intensive
by using multiplexers, at the host computer end, on the serial
input, serial output and NMI lines.

I/0

Additional input or output bits can be added to the
M-80 in a variety of ways, eight of which are detailed below:
1. 1Input bits can be added at the expense of output bits
using multiplexers on the INS8154 as shown in figure 5.
Bits 0, 1,.and 2 of port A are used as the inputs, bits 3,
4, and 5 are outputs, used to select which input bits the
74LS152 multiplexers will pass on to the INS8154.
2. In a similar manner, output bits can be added at the
expense of input bits by utilizing addressable latches.
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Figure ¢ shows bits 0 thru 5 of port A used as outputs.
Bits 0 and 1 drive the 74LS259 addressable latches, while
bits 2, 3 and 4 select the output bit latch to be written
to. Bit 5 is used to strobe the data into the latches.
3. An 8255 (24 bits of I/0) can be added as shown in
figure 7.
4. An additional 8154 (16 bits of I/0 and 128 bytes RAM)
or an 8254 (16 bits of I/0) can be added as shown in
figure 7.
5. 8 output bits, memory mapped, can be implemented by
using a 74LS374 as shown in figure 8.
6. 8 input bits, memory mapped can be added also utili-
zing the 74LS374. 1If strobed input is not desired, a
7418373 should be used with the enable line tied high.
See figure 8.
7.,8. Figure 9 shows how I/O bits can be I/0 mapped in-
stead of memory mapped. A single 74LS138 will properly
decode and provide 8 input or output port strobes. A
74LS8374,as well as a wide variety of other I€s,can be
used for input or output.

I/0 of other types are also easily interfaced to the.
M-80 board. Figure 10 shows how to obtain 8 bit resolu-
tion information from 16 analog channels. Only three
chips are required, a 74C73, a 74LS368, and an ADC0816
(all available from National Semiconductor). The A/D
will make a single conversion in 125 microseconds, and
is initiated by a dummy read or write to memory location
3800. End of conversion can be read on bit 0 at 3000.
Input channel to be converted is selected by writing the
desired channel number (0-15) to 3400. Output data is
read from 3CO00.



Figure 11 shows how a D/A can be interfaced. The in-
expensive DAC-08 is used with an op amp to provide a 0 to
5 volt output. The op amp can be a 741, 308,301, LF355,
etc.

Although the M-80 monitor provides a software serial
interface, for some applications, it may be necessary to add
a little hardware to take care of particular serial data
transfer needs. Figure 12 shows how a National Semiconductor
INS8250 can be interfaced. The INS8250 features a pro-
grammable baud rate generator, fully programmable serial in-
terface characteristics, and 8 bits of I/0 for full modem
control. Other UARTS, 8251, 1602, 6850,2350, or special
serial communications controllers, SD1S%33, can also be

accomodated.
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M-80 MONITOR VERSION 1.1

OVERVIEW:

' The M-80 monitor is available on a single 2708 EPROM.
Ten powerful commands are implemented; the user can reset the
M-80 board, dump memory, enter data into memory, download ‘a
program from another machine into memory, begin execution at
any address, set a breakpoint, proceed from a breakpoint and
set, clear, or test any of the 16 I/0 bits. There are also
a number of useful routines within the monitor which can be
called by the user, such as serial I/0, wait loop, message
printing, etc. The M-80 monitor assumes that a 2 MHz system
clock is used, and requires that an INS8154 be present, no
additional RAM (2114) or EPROM is necessary. Serial communi-
cations are via port B: bit 4 is the serial output, bit 5 is

the serial input. A logic high is the idle condition.

COMMANDS :

The M-80 board will prompt with "M-80:" on power up, and
when it is expecting to receive a command. A single error
message, "WHAT?" is used to signify that the user has typed
an illegal command or character.

R: Reset the M-80. This will cause the M-80 to set the
stack pointer to 40FF (8154 RAM), and to set bit 4 of port
B on the INS8154 to an output for serial output purposes.
Bit 5 of port B is used as the serial input. The I/O mode
is set to basic I/0, and the M-80 will return with a prompt.
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D: Dump memory. The M-80 can dump memory anywhere from

0000 to FFFF. The format is D XXXX YYYY CR . XXXX is the
start address in hex, and YYYY is the end address for the
memory dump. YYYY must be followed by carriage return, line
feed. 1If the end address is less than the start address, the
memory dump will "wrap-around" thru zero. If a single byte

is desired to be dumped, then the end address equals the start
address. Each line of the dump is preceded by an address,
followed by the contents of 16 memory locations in hex format.

E: Enter data into memory. The user can enter data into any
memory location, or section of memory. Format is E_XXXX CR ,
where XXXX is the beginning address for data to be entered
into memory. Following the CR , data must be entered in

hex format. This command is terminated by a "/". Data can

be entered on multiple lines, and without intervening spaces
if desired, as the monitor will disregard a space, CR and LF

in this mode.

Control-B: Download into memory. This command allows the
user to download programs, or data directly into the memory
of the M-80. This is an easy way to develop and alter pro-
grams for the M-80. After receiving a control-B, the M-80
will expect 2 bytes of length of dump information, high byte
first, followed by 2 bytes of start location information,
high byte first. The appropriate amount of data should then
follow. Length, start address and data should all be in
binary. An example of a host processor software interface

is given in a later section. When the last byte is received,

the M-80 will print "OK" and issue a prompt.
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G: Execute a program. Execution will begin at a user
specified location. The format is G_XXXX where XXXX is the
address at which the users program resides. The user may
reenter the monitor in four ways. The first is to simply
jump to the beginning of the monitor at 0066 hex. If re-
initializing the M-80 is desired, jump to 0000. The NMT
line may be brought low for approximately 25 microseconds
which will call the monitor at 0066, see the hardware de-—
scription for a more complete explanation. The last method
is to set a breakpoint. After the breakpoint is encountered,

the M-80 will dump the registers and return to the monitor.

B: Set a breakpoint. A breakpoint may be set at any memory
location in RAM by using the following format; B_XXXX where
XXXX is the address at which the breakpoint will be placed.
If a breakpoint is encountered, it will terminate execution
at that point, print out all of the registers, enter the
monitor and give a prompt for the next command. Any of the
registers may be changed by entering data into the memory
locations where the registers are temporatily stored.
Storage occurs on the stack as shown in Table 4. The regis-
ters are restored from the stack when proceeding from a
breakpoint’'using the "P" command. The breakpoint routine is
implemented by replacing the byte at the address where the
breakpoint is to occur with a D7 (RST 2) and storing the re-
placed byte at 40FF. When the breakpoint is encountered,
the D7 is removed and the original byte is restored to its

proper location.




LOCATION OF REGISTERS ON STACK

Bytes below SP Contents
' 0 Stack location at breakpoint
1 PC high
2 PC low
3 H®
4 L'
5 D'
6 E'
7 B'
8 o
) Al
10 F'
11 H
12 L
13 D
14 E
15 B
16 C
17 A
18 F
19 I
20 F
21 IY high
22 IY low
23 . IX high
24 IY low

TABLE 4
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P: Proceed from a breakpoint. Upon issuing the command p,
the M- 80 will restore the registers from the stack and will

begin execution at the memory location where the breakpoint
was set.

S: Set a bit.

C: Clear a bit. After receiving either the S or C ccmmand,
the M-80 will prompt with A/B. Enter A for port A or B for
port B, immediately followed by the bit number (0-7). If an
S was originally specified, the designated bit will be set
only if that particular port bit is designated as an output.
Similarly, the C command will clear the specified port bit
only if it has been assigned as an output bit. Full
specifics can be gleaned from the hardware description of the

M-80, on assigning port bits as inputs or cutputs.

T: Test a bit. The M-80 will prompt with A/B after receiving
the T command. By entering A for port A or B for port B
immediately followed by the bit number, that specific port

bit will be tested and the M-80 will respond with a 0 or a 1
depending upon the logic state at that bit.
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USER ACCESIBLE SUBROUTINES

There are 13 subroutines which can be called by the
user. The start memory locations for the subroutines are
shown in table 5. The descriptions of the subroutines, af-

fected registers, and other pertinent details follows below.

RCVR: A serial input receiver which performs serial to
parallel conversion. The A and flag registers are affected.
When called, the routine will wait for a start bit on port

B bit 5. After a start bit is detected, RCVR will accept 8
data bits, low bit first, and returns the whole byte in the
A register. Bit rate is set in three pair locations, all in
standard low, high format:

0239,023A = .5 bit time = Half
0248,0249 = 1 bit time = Full
0263,0264 = .6 bit time = Halfp

The three numbers are generated by the following equations:

Half= T/2 - 25 uS
17 us

Full= T - 76.76 uS s .
17 us (T=bit time)

Halfp= .6T - 25uS
17 us

For 300 baud, Half=97, Full=192, Halfp=116, and the contents

of the appropriate memory locations are shown below:

0232 61
0235 -00
0241 cCoO
0242 00
025C 74
025D 00

Decimal eguivalents are shown in table 6 for various baud.



USER ACCESIBLE ROUTINES: MONITOR VERSION 1.1

Subroutine Start Location
RCVR 0226
RCVRX 0265
XMTR 0269
WAIT 02a4
PRMPT 02BO
ERROR 02B7
CRLF 02C3
HXASC 02D2
PRHEX 02E5
CNVRT 02F8
FORHX 0300
ASCHX 032D
PRBIT 0371
PRMSG 0386

TABLE 5




Bit

it Rate

50
75
110
134.
150
300
600
1200
1800
2000

Half

587
391
266
217
195
o7
48
23
15
13

Full

1172
780
530
433
388
192
94
45
28
25

TABLE 6

Halfp

704
469
319
261
234
116
57
28
18
16
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RCVRX: This subroutine is the same as RCVR except that it
will strip off the parity bit before returning, i.e. bit 7

will always be a zero.

XMTR: A serial output transmitter which performs parallel

to serial conversion. No registers are affected. Data to
be output is placed in the A register. Format for the serial
output is a single start bit, 8 data bits (bit 0 first) and

a single stop bit. Bit rate is set in three pair locations,
all three pair = Full as calculated as shown in the RCVR
subroutine. The three pair, and contents for 300 baud are

shown below:

0273 CO
0274 00
0292 cCoO
0293 00
029B CO (stop bit time)
029C 0C

For two stop bits, simply double the numbers in 0222, 02A3.

WAIT: A general purpose wait loop. Only the H and L regis-
ters are affected. The wait time is entered in the HL regis-
ter, for example:

LXI H, 58822

CALL WAIT
will result in a 1 second wait. Wait time is calculated by
the formula T = 25uS + N(17uS) where N is the value in the

HL register when the subroutine is called.

PRMPT: This subroutine will print the prompt "M-80:".
Registers A, flag, H and L are affected.

ERROR: This will print the message "WHAT?". Registers A,
flag, H and L are affected.
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CRLF: This will print a carriage return, line feed followed
by a 3 character time wait. The A and flag registers are
affected. To change the wait time after the line feed is
issued, change the contents of memory locations 02D2 and 02D3.
Calculate the desired wait time using the formula given in

the description for the WAIT subroutine, and substitute the
appropriate numbers in the forementioned memory locations,

format is the standard low byte, high byte.

HXASC: Converts the binary value in A to two hexadecimal
ASCII digits in D (high nibble) and E (low nibble). The
flag, D, and E registers are affected. Example: If the

A register contains 01001111 when HXASC is called, the

D register will contain 34 hex and the E register will con-
tain 46 hex when the subroutine returns to the calling pro-
gram.

PRHEX: Converts the binary value contained in the HL regis-
ter pair to four hex ASCII digits and prints them. The A
and flag register are affected. '

CNVRT: Converts a 4 bit binary nibble in the A register to
a hex ASCII digit in A. Top nibble must be a zero. The A
and flag registers are affected.

ASCHX: Converts a hex ASCII digit to a lower 4 bit nibble in
A if possible. If the hex ASCII digit entered in the A regis-
ter is not 0-9 or A-F,then the subroutine will return with

the carry flag set. The A and flag registers are affected.
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PRBIT: This will print either a "1" or a "0" and then issue
a CRLF. If bit 7 in register is a one, it will print "1"
and alternatively, it will print a "0" if bit 7 in A is a
zero. NoO registers are affected.

PRMSG: This will print a message of any length desired.
The location of the message is pointed to by the HL register
pair. The subroutine is terminated when it encounters an FF
in memory. Example: To print the message "STOP" we call the
routine by:

LXI H, 1200 (hex)

CALL PRMSG

and the message is stored at 1200 hex as follows:

ADDRESS CONTENTS CONTENTS (ASCITI)
1200 53 s
1201 54 T
1202 4F 0
1203 50 p
1204 PR -

Note that the end of the message must be terminated by an FF
( this is not printed). The A, flag, H and L registers are
affected.

FORHX: Accepts 4 successive hex ASCII digits from the serial
input port and converts them to an equivalent 16 bit binary
number in the DE register pair. If an illegal character is
entered, this subroutine will cause "WHAT?" to be printed

and will return to the monitor. Registers A, flag, B,C,D,
and E are affected.




INTERRUPTS AND RESTART INSTRUCTIONS

The M-80 monitor utilizes the seven interrupt/restart

functions as shown below:

INSTRUCTION

RST
RST
RST
RST
RST
RST
RST

1

~N o U b W N

LOCATION USE

0008 Jump to 1000 to a user routine
0010 Used for breakpoint routine
0018 Jump to RCVR routine

0020 Jump to RCVRX routine

0028 Jump to XMTR routine

0030 Jump to 1003 to a user routine
0038 Jump to 1006 to a user routine

Note that RST 3, RST 4, and RST 5 can be used for a single
byte call to the RCVR, RCVRX, and XMTR routines respectively.

56



TYPICAL HOST COMPUTER SOFTWARE INTERFACE

The following two pages show a listing for the software
interface between a host system and a single M-80 board. The
hardware interface link can be as simple as TTL to TTL or
RSZ32, current loop, RF link, fiber optical cable, etc.
Details on this portion of the interface can be found in the
hardware section of this manual. '

The software interface presented assumes the following:
Keyboard status - Input port 0, bit 0

. Keyboard data - Input port C8, bits 0-7

UART receiver status - Input port 43, bit 1

UART receiver data - Input port 42, bits 0-7

UART transmitter status - Input port 43, bit O

- UART transmitter data - Output port 42, bits 0-7

. Video monitor driver - at location F547 hex.

~N oYy o W N

Note that if this routine receives a Z from the keyboard,
it will return to the resident assembler/monitor in this
particular host machine.

The only M-80 monitor command that requires any special
processing is the download command, controcl-B. Before the
download command is given, load up 7FFA, 7FFB with the length
of the download dump; 7FFC, 7FFD with the desired Starting
address for the data to be placed in the M-80 RAM, and 7FFE,
7FFF to point to a location in the host pProcessors memory
from where the download data will come. In this manner, a
program for the M-80 can be assembled on a development system
or a host processor and then downloaded into the M-80 for
debugging, or execution. Alternatively, by using the proper
hardware and formatting, the M-80 could be downloaded from
punched cards, paper tape, cassette tape, reel to reel mag

tape, floppy disk or hard disk.
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FE FF

aF ¥F

aoE2

CESEE
@548
asza

k]
B340

B350
PSS
e
a57a
B52a

7 STRRT EQU LENTH+2

BEES %
TTERAE W SERIAL INPUT/OOTFUT TO TALK TD M2
BEAS *
GEAT skt &
GopE R T T T T
@Ise
BETE #
e BRI G T T e e

goem YIDED EQU 8FS47H  YIDED CQUTPUT ROUTINME
B2a5 *

TEEA TLIHN B
Gzom ANI 4 CHECK STRTUS OF KEYBOARD
@238 J2 T2 IF INFUT, GO MAMDLE AT T2
G240 IN 434 SERIAL RECEIVER STATUS
G5 AMI 2
BoED T2 7L LOOP UNTIL INFUT

TTUERTE T IMN 42H  SERIAL DATH THROT
G2ae CALL YIDEQ DISFLRY IT
f25aE JMFP 71 GO GET MORE

T EzZe@ Tz IN G0SH KEYEORRD PORT
6316 ANI 7FH WO FARITY
BZ2A cPI 7Z°
TBRIR O JZ BESTH IF 7 THEN RETURN TO BSSEMELER
6349 CPI ®2H COWNTROL B
G356 JZ BLOCK  IF CONTROL-B THEW SEMD BLOCK OF DATH

TEE8R O OCALL ¥WTR O T T ‘
e JMP T4 KEEF LOOPING
G4EE
@@l = USING STAMDARD LOM. HIGH FORMAT FUT THE LENGTH IH
B4mz «  7FFR. FFFE.  THE START ADDRESS FOR THE MG IN 7FFC.
@452 = FFFD.  THE START ADDRESS FOR THE HOST SYSTEM I
B4@d = FFFE, PFFF. T
s &
B466 LENTH ERU 7FFAH

MEMRY EGL STRRET+Z

(BLOCK LHLD LEWTH GET LENGTH

¥CHG PUT IT IM DE
LHLD START GET START ADDRESS
MYI B, @2 CONTROL B

 CALL HMTR  SEMD COMMAND

CALL RCYE WRIT FOR ECHO

MYl A, “B7 DISCARD ECHO AND SEND B TO DIZPLAY
CALL YIDEQ FAMD DISFLAY IT

MOY 8.0 HIGH EYTE OF LEWNGTH

CALL XMTR

MO F.E LDW EYTE OF LEWGTH

CALL ®MTRE

MY A, H  HIGH EYTE OF START ROORESS

CALL ¥MTR - ‘

MO AL LOW BYTE OF START ADDRESS

CALL =MTR

LHLD MEMRY START RDDRESS FOR DUMP IM HOST

BLOOF MOY A, D LOOF TO DUMP THE BLOCK

0FR E DE=GG?
JZ BLEND
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7FE2 FS

7FE2
7FES
FET
7FER
7FEE

PFED C

FFEE
FFEE
FFTE
FF7e
7F7S

bl ngwar)
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Ec

CAR S

F1
Lz

(1]
ES
CH
LE

o

y

s

[ L B S PN ]

L T

=
4 Ty
=

Do ]
o

Br4E
avsa
G7ea
AF7R

Foon -
RCWR IW 43H CHECK RCYR STATUS

ag1a
@z

BYZE
@4
@asE

=15
|;-:
-1

MOV A. M GET BYTE

CALL ¥MTR SEMD IT TO THE Ma@
I H & -

DCX D

JHP BLOOP

BLEWD JMP Ti ALL DONE

SR PUSH PSH_ SAVE DATA ON STRCK
TZ IN 43H OGET XMTR STARTUS

ANT 4
JZ2 T LOOF UWTIL DK
POP FSW GET DATA BACK
OUT 42H PUSH IT ouT

RET ALL DONE

ANI 2

JZ ECYR WRIT UNTIL DATA IS RECEIVED
IN 42H GET THE DATA

RET HALL [OHE
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SOFTWARE APPLICATIONS:

1. Set up the INS8154 for basic I/0 mode, set bits 0,2,4,
and 8 of port A to outputs, bits 1,3,5, and 7 to inputs:

XRA A A=00
STA 4040H Set mode
MVI 2,55H ‘
STA 4023H Inputs and outputs set
2. Set bit 2 of port B, test bit 1 o6f port A:
STA 401BH Set bit 2, port B
LDA 4001H Test bit 1, port A )

3. Dump a2 section of memory to the terminal. This differs
from the D command of the monitor in that it does not print
out the address after every 16 bytes. This routine is handy
when saving a program on paper tape. The program can be
lcaded in by using the monitor's E command, specifying the
start address, and turning on the tape reader. See the
following page for the listing.
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1H@R Ae1E #

1885 ARZE *

1606 8838 + THIS PROGRAM WILL DUMP MEMORY TO THE TERMINAL SUITSELE
A FEE gaea * FOR SAYING OM PAFER TAPE. IT MILL FIRST ISSUE A CRLF
1058 BE7E * AND THEW WAIT FOR THE START ADDRESS, ENTERED AS FOUR HEY
1L BE2E + CHARACTERS.  IT WILL ISSUE AMOTHER CRLF END MEIT FOF THE
1 FEE B@36 + DUMF LEMGTH OMCE AGRIN ENTERED AS FOUR HEY CHARECTERS
1B @108  ANY ERRORS ENCOUNTERED IN ENTERING THE STRRT ADDRESS
1 GG @118 # RND LENGTH WILL RESULT IN THE TERMINATIOM OF THIS
1REG @128 * FROGRAM AND RETURNING TO THE MOMITOR

1 G 8138 + THE FPROGRAM WILL THEM WAIT FOR A CR BEFORE FRINTING
15058 G146 # 2B SPACES., THE DUMFED DATA, AHD 28 MORE SPACES.

1AER B8 % WHEN COMPLETED. THE FROGRAM RETURNS COMTROL TO THE
1@EE BL6E * MOMITOR

1 A5 3456 %

1805 B46@ *

1566 E5EE CR EQU B0H

1 G A58 SPACE EOL 28H

1865 B528 LF EOU BAH

1EEaE BS3E CRLF EQU @20ZH

1GE6 G548 FORHR EQU 0Z88H

1368 ASSA RCWRR EOU B265H

158 BSER XMTR EQU A265H

RREIETE B5TA HXASC EQL B2DEH

1GEE BSER MONTR EQU 9RSEH

1 EAG BR8E *

1860 SOE

1663 OO 03 Az 1006 CALL CRLF

186Z C0 G5 @3 1815 CALL FORH¥ ENTER THE START ADDRESS

10EE CD C3 @z 128 CALL CRLF

1@A3 EE 1678 #CHG  FUT START ADDRESS IM HL

1868 CD B9 63 1844 CALL FORHY ENTER THE DUMF LENGTH

1080 CD &5 82 1656 INL CALL ROVRR '

1818 FE @D 185 CPI CR

1012 C2 ab 14 1678 JHZ INL MWAIT FOR A CR

1815 O 03 B2 1056 CALL CRLF

1013 96 14 1638 MYI B. 28 OUTRUT 2B SFACES

LA ZE 28 1163 SFL MY F. SPACE

1810 D 83 B2 1iiA CRLL XMTR

181F a5 1126 DR B

1G2E 143A JHZ 5P

16 1146 CALL CRLF

1158 DUMPL MYI E. 16 DO THE DUMF. 16 EYTES FER LIME
11ed DUMF2 MOW A.M GET THE BYTE
117a FUSH D
1428 CALL HARsC
1196 MO A D

5 8z 2R CALL =MTR

28 1216 MYI A. ZFACE

22 a2 1226 CALL XMTRE
258 MY AL E

22 B2 1246 CHLL =HTR

2i 258 MYl A, SPACE

[y
D)
[an)
.o

126 CHRLL HMTR
1278 FOF [
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M1 Fu SPACE

1330
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M-80 KIT CONSTRUCTION

Assembly cf the M-80 should not take the experienced
builder more than an hour to complete and test.

1. Solder IC sockets into the appropriate board locations
if desired. The component side of the board is the side
with the silkscreened words: Miller Technology.

2. Solder in the three resistors and the single diode. Be
sure to orient the diode correctly for proper polarity.
Solder in the six .luF ceramic capacitors.

4. Solder the crystal into the board, the body of the crys-
tal must be flush with the board. A small drop of glue
may be placed beneath the crystal for additional mechani-
cal security.

5. Install jumpers J1,J2,J3,J4. This is the normal operating
mode for the M-80 board.

6. Plug in IC's into their appropriate sockets. The M-80
monitor ROM, if used, should be placed in ROM socket UA4.
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TRCUBLESHOOTING THE M-80

Power: Make sure that the proper pcwer connections are made
to the card edge connector. Ground should appear on pins 13
and P, +5 on pins 6 and F, +12 on pin 5, and -5 on pin E.
Check the power supply pins on all ICs to ensure that appro-
priate voltages are present.

Clock: A 2 MHz sguare wave should be visible at pin 12 or 15
of Ull, or pin 6 of U2. A nonsymmetrical clock usually in-
dicates the absence, incorrect insertion, or malfunction of
dicde Dl1. Make sure that resistor R3 is the correct value.
If the 2 MHz crystal is suspected, replace it with a known
good crystal. Ull can similarly be tested by replacing it
with a known good CD4049. 1If the output of the clock seems
to be stuck high or low, the fault may lay with U2. Remove
U2 and check clock operation.

CPU: For normal operation, jumpers J1-J4 must be present and
the RESET line must be high. Check U2 pins 16,17,24,25 and
26 - they should all be at +5 volts. Check power on reset
operation by momentarily grounding pin 26 on U2. A quick
operational check may be made by first removing all RAM,ROM,
and Ul. Wire a 24 pin header such that pins 9,10,11,13,14,15,
16, and 17 are connected to ground (pin 12). Place the header
in the socket for U3 or U4. When the CPU now reads memory,
it will execute NOPs. Check U2 for correct RD pulses, and
that U2 cycles thru all of memory.



65

ROM/RAM: With the dummy ROM installed, check that the

address strobes from U9 occur at the appropriate times and

do not overlap. Next check the CS lines on all of the RAMs
and ROMs to verify proper decoding. If this fails to illu-
minate the problem, substitute the suspect parts with known
good ROMs or RAMs. .
I/0: The INS8154 is best exercised with software. Its 128

by 8 RAM can be checked by the users favorite memory checking
program or by using the simple program given on the next page.
The program also sets all of INS8154's port bits to outputs

and toggles them for verification by an oscilloscope.




THE FOLLOWIHG PROGRAM ACCOMPLISHES A SIMPLE MEMORY
TEST BY “RTTL%J THE LOWER = EITS GF THE ADDRESS

i)

FOR A CHECK. @KW ERROR IS5 SIGHALED BY TOGGLING THE

T

oA 10RQ LIME ON THE -8,
BEEE oo ﬁ « IF THE MEWMORY TEST FRSSES, BUL THE FORT BITS ARE SET
HEEG 70 DUTRUTS AND ARE ALL TOGGLED.

!

i FOR CHECK

1698 ST ETE FRON NENCRY
1168 THE B#TE DK?

a8 1448 R IF WOT. SIGNAL AW ERRUR
1128 XT MEMORY LOCATION
1138

TEST BYTE

NIZHED WET?

LOOP UMTIL DOME CHECKING
WWTRPUT § MRT BITS

= =
D ]

TS=0UTFUTS
S JTPUT

e

>

}
s K e

Al
41 ST S TOPORT A
48 =T JEROES TO FORT B
sl JHE SLIMG BITS FOREYER
: FM E DGEGLING THE I0RE LIME

1438 = OW THE

{ 5 T

15 T B
5 1E] 1528 JMF START  TRY IT RGRIM

INTO THE MEMORY LOCATION ARD THEW EERDIMNG IT BRCK T
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PARTS LIST:

DESIGNATION

U2

Ul
U3,U04
U9
U5-U8
Ull

Ulo0
Cl-Cé6
R2

R1

R3

D1

XTAL
SKT-1,2
SKT-3,4
SKT-5,6,7,8
SKT-11
SKT-10

e I T e e T R S ST - N S SR N N S

PART DESCRIPTION

Z-8

INS8154

270

74LS154

211
CD4
74L

0

8

4

049
S32

.1 uF capacitor

20K
1K
10M
1n4
2 M
40
24
18
16
14

LW

148
Hz

pin
pin
pin
pin

pin

resistor

114

socket
socket
socket
socket
socket

NOTE: Some Z-80 CPU will exhibit poor power-on reset.
Changing R2 from 20K to 91K will fix this problem

if  encountered.
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Breadboard Area

<> . 1uF
SAuF TS
T . 1uF
t 2708 E 2114
1
© (Monitor)
u >1400
10000
2114 <
1%:::::::_
E 2114
1
) 2708 >1000
% 2114
1l 0400 1 _
TR e |
L . 1uF :
1234
<. 1luF | |
z-80 7418 % CD
1 1 32 10,4049
1om 1
I
1IN914
1
‘ INS8154 y 7415154
4000 ]
<:> . 1uF
1K
1 22

M-80 Assembly Drawing (component side)
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Additional information on the Z-80 or other M-80 components

can be obtained by writing to the appropriate vendor:

ZILOG

Literature Dept.
10460 Bubb Road
Cupertino, CA 95014

INTEL Corp.
3065 Bowers Avenue
Santa Clara, CA 95051

NATIONAL SEMICONDUCTOR
2900 Semiconductor Drive
Santa Clara, CA. 95051



