MINI 280 SYSTEM

Call it what you like: an ali-time favourite, an evergreen in computer
land, cr just a die-hard electronic component: the Z80 8-hit
microprocessor enjoys tremendous popularity because it is

inexpensive, widely available and easy to program. Furthermore, a

massive amount of software and paperware is available for this

powerful CPU. Here, we present a no-frills miniature computer

system hased on the Z80 CPU, with /O and ROM. No RAM, no,
because that is not strictly necessary for small applications if your
programming is up to scratch (but we have a RAM extension up our

ROBABLY the most remarkable feature

of the present computer board is the ab-
sence of RAM (random access memory).
This is unusual, but in many cases the inter-
nal registers of the Z80 can function as RAM
“equally well, Omitting a RAM IC then aHows
s to cut down on components {cost), and

save board space,

The block diagram of the Z80 system is
shown in Fig. 1. Remarkably, the arrange-
ment of the functions corresponds closely to
that of the associated ICs on the circuit
board. In fact, Fig, 1 shows the classic setup
of a microprocessor system. The Z80 CPU
(central processing unit) uses I/O-mapped
input-output operations, which means that
the CPU works with different addresses for
the memory and the I/O blocks. The present
system has four 1/0 addresses, although
two further blocks of four addresses may be
selected via the two /O ports.

The I/O ports available in the system are
compatible with the universal I/0 interface
for IBM PCs (Ref. 1), which allows the exten-
sions originalty developed for this to be con-
nected without problems {for instance, the

sleeve).

by A. Rigby

relay card discussed in Ref. 2).

From the block diagram it may appear
that the memory address decoder is a super-
fluous luxury: there is only one EPROM, and

that could have been connected direct to the
CPU without a decoder. The decoder, how-
ever, divides the memory range into four
blocks of 16 Kbyte each, and so allows RAM
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Fig. 1. Block diagram of the Z80 microprocessor system. Note the absence of RAM.
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to be added (more about this next month), or
more EPROMs. Moreover, the memory ad-
dress decoder is formed by the remaining
two 1-0f-4 decoders contained in the IC used
for the I /O address decoder. This means that
although it may net be used in many cases,
the memory decoder does not require addi-
tional hardware anyway.

Circuit description

The circuit diagram shown in Fig. 2 closely
resembles the block diagram. Only two ICs

have been added: a voltage regulator and a
hex inverter. Three inverters in the latter IC
(IC8), are used to implement the 2-MHz
clock oscillator, The unused control inputs of
the 280 (IC1) are held at +5 V via a pull-up
resistor array. The reset input of the CPU is
connected to an R-C network and a swiich to
ground (51) that allows the system to be
reset. The control, address and data lines of
the Z80 are connected to the I/0 and mem-
ory sections in the usual way.

Address decoder IC7a divides the 64-
KByte memory range into four sections of

MINE Z80 SYSTEM
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Fig. 2.
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Circuit diagram of the mini Z80 system.
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COMPUTERS AND MICROPROCESSORS
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Track layouts (mirror images) and component mounting plan of the PCB for the mini Z80 system.

Fig. 3.
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Resistors:

t  7-way SH. array 100kQ R1

1 33Ck0 R2

2 2kQ2 . R3;R4

2 8-way SIL array 100k R5;R6

Capacitors:

1 1uF 16V radial 1

2 68pF C2;,C3

1 1uF solid MKT C4

1 100uF 25V radial C5

6 100nfF C6-C11

Semiconductors:

1 Z80CPU [

1 2764 or 27128 1c2

2 74HCT574 IC3;1C4

2 74HCT245 1C5;1C6

1 74HCT13% IC7

1 74HCTO4 CIC8

1 7805 [[83¢]

Miscellaneous:

2 10-way box header K1;K2

2 20-way box header K3:K4

2 6-way box header K5;K6

1 push-button 1

1 quarliz crystal 2.00MHz X1

1 Enclosure 150x80x55mm, '
e.9. Bopla E440VL

1 printed ¢ircuit board 916060

16 kByte, so that so-called mirror areas are
avoided. Only if an 8-KByte EPROM is used,
its contents are duplicated in the upper half
of the 16-KByte area reserved for it. The
EPROM on the mini Z80 card is located in
the range that starts at address 0000, where
the CPU starts afler a reset. The other signals
supplivd by Lhe MEM address deceder, and
the write signal (WR), are available on the
PCB for use by external circuits, such as a
RAM or EPROM extension.

[/0 address decoder 1C7p makes use of
address lines A0 and Al only. This means
that the /0 addresses do have ‘mirror loca-
tions': the same IC 1s selected every four ad-
dresses. Since the read and write lines are not
used in the [/0 address decoder, you must
take care not to write to input devices, or
read from cutput devices, on penalty of de-
straying the CPUL Note, however, that ad-
dresses € and 1, at shich the two 8-bit
outputs, 1C3 and [Cy, reside, can be read
without problems.

The next two addresses, 2 and 3, are occu-
pied by two bidirectional ports, 1Cs and 1Cs,
and must be used more carcfully. These
ports can be set te funclion as an input, an
oulput, ora bidiirectional device with the aid
ol Jumpers. When 1Cs or 1Cs are used as
input devices, u write operation to them may
damage the CPU or the addressed IC, since
in that case two outputs are interconnected,

“which results in a virtual shorbcircuit. When

used as output devices, a read operation o
ICs or ICs is not harmful. In bidirectional
mode, the CPU is protected reasonably well
against output conflicts, and it then depends
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Fig. 4. Undoubtedly the most flexible way of developing scftware for the Z80 board is by

MINI ZB0 5YSTEM

means of an EPROM emulator and a PC running a Z80 assembier.

outputl:
output2:
inputl:
input2:

begin:

loop:

SIMPLE TEST PROGRAM FOR MINIZ80 BOARD

ICS and IC6 jumpers set for inpult only

Be careful,

equ
edqu
equ
equ

org

1d
out
out
in
epl
out
in
cpl
out
jr

[PEIN R )

o0h

a,o
{outputl),a
{outpuk2},a
a,(inputl)

{outputl},a
a,{input2)

{output?},a
loop

a write can be destructive
YIS R SRR R R R EREFE N EREE LN R EN R I EEE TR ENEEE SR LR LRSS N

saddress for Kl
;address for K2
;address for K3
;address for K4

P i it T T S T RN R SR SRS B R L L2 o

N s I 2 2 s EE R T RS S R EEE SIS S RS RS 2R R AL LA

;program start address

;initialize outputs

iread input from
vinvert each bit
joutput to Ki
jread input frem
;invert each bit
joutput to K2

K3

K4

;loop to check inputs

910060-13

Fig. 5. A simple test program that presents input data in inverted form at the output.




COMPUTERS AND MICROPROCESSORS

Table 1. VO address overview -

Port 1/O address Connector
iC3 0 K1
1G4 1 - K3
IC5 2+4n K3
1ICB6 3+4n K4

n=0-3)

on thelevelsupplied by the circuit connected
to connector K3 or Kt whether or not a dan-
gerous situation can, arise from reading
from, or writing to, ¥Cs or ICe. In addition to
the eight datalines, connectors K3 and Ki
therefore also carry the RED and WR signals,
which indicate read and write operations re-
spectively, and so enable an external circuit
to disable its inputs or outputs accordingly.
There are more signals on K3 and K one en-
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able signal, and two address lines, A2 and
A3 These allow the Z80 card to work with

Fig. 6

. Z80 register overview.

extensions originally developed for the
universal I/O interface for PCs.

The enable signal on the extension con-
" nectors indicates that the 1/O lines are ad-
dressed, so that the circuit connected can
start reading or writing data. Address lines
A2 and A3 give us access to a total of eight
externaj addresses: four each via each exten-
sion connector, as shown in Table 1.

To prevent the output ports being left in
an undesired state after switching on the sys-
tem, the outputs of 1C3 and 1C4 are briefly
switched to high impedance with the aid of
network R2-C4, whose R-C constant is about
three times greater than that of the CPU resct
network. Provided the relevant instructions
are placed right at the start of the program
(i.c., from 0000 onwards), network R2-Cu af-
fords sufficient time for the CPU to initialize
the cutputs properly and prevent output-to-
output conflicts,

The system is completed by a voltage
regulator, [Cy. This allows a mains adaptoer
with an output rating of 9 V to 15 V d.c. at
300 mA to be used, which is a safe as well as
inexpensive way of powering the computer.

Construction

The design of the double-sided through-
plated board used for building the Z80 sys-
tem is shown in Fig, 3. This board is available
ready-made through our Readers Services.
Construction is straightforward work,
and merits no further discussion. Applica-
tion circuits can be connected to the Z80
board either via short lengths of flatcable, or
direct via the connectors. In the latter case,
the Z80 card is best fittect on top of the appli-
cation circutt. This ensures that the EPROM
socket remains accessible for a new EPROM,’
an EPROM emulator, or a RAM extension.
Asshown in one of the photographs, such an
assembly is obtained by fitting sockets to the
underside of the Z80 card (see Fig. 8).

AAELEES SR ESERASESEREEEESERE R EEEFESEN SRS AR N TR S ST TN
SIMPLE TEST PROGRAM FOR MINIZ80 BOARD
USING MACRO'S

HEEEER IS SRR LR R Rl R YRR EE R ER T R

H ICS and IC6é jumpers set for input only

MEEZZEEEE R RS AL AR Y TS

'
H
]
B

saddress for Kl
jaddress for K2
saddress for K3
;address for K4

outputl: equ O
output?: equ 1
inputi: equ 2
input2: equ 3

3TETETEIE I B I I N RN DT I I B H B IE IR WMWK WA MWW NN NN AK NN

H MACRO DEFINITION

A S s R R R AR e R R R R R R T R

init_to zero:
MACRO
14 a,l
out (outputl),a
out. {(output2).,a
-MACEND

ileoad initial value
iset output to zero
;set output to zero

A _to_output:
.MACRO output ;jdefine variable:
cpl sinvert each bit
out (output).a ioutput contents of A
.MACEND

output

input_to_A:
.MACRO input
in a,{input)
.MACEND

;jdefine variable: input

;read input into A

M IE I NJE M6 I MM RN K IR WA K KWWK NN KN NN NN

: MAIN PROGRAM

JEFERAERAK KRN KR E R T AR TR TR N A IEI I I I I MWW KNI

org Oh

iprogram start address
begin: init_to_zero sinitialize outputs
loop: input _to A inputil

A_to_output outputl
input_to A input2
A_to_output output?2

ir loop iloop to check inputs

910060-15

The fixing holes in the PCB are located  Fig. 7.

such that the completed board is easily fitted

Because of the absence of RAM, subroutines are best replaced by macros during
the assembly phase,
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MINI Z80 SYSTEM

Table 2. Non-executable
instructions (without RAM)

CALL c¢¢,nn  conditional subroutine
;eall

CALL nn ;direct subroutine call
IM 1 ;interrupt mode

M 2 ;interrupt mode

POP IX :get data from stack
POP 1Y ;get data from stack
POP qog :get-data from stack
PUSH IX ;put data onto stack
PUSH Y ;put data onto stack
PUSH qg ;put data aonto stack
RET return from subroutine
RETH ;return from interrupt
RETN return from non-

;maskable interrupt

qq = AF, BC, DE or HL
co = condition to execute instruction
nn = address

into the enclostire mentioned in the parts list.
Where the board is used as a controlier for
ome application only (as discussed above),
the sections with the fixing holes in them
may be cut off to reduce the board size even
further.

Writing programs

As already mentioned, a massive amount of
literature exists on programming the Z80. In
addition, assemblers and cross-assemblers
for the 780 are widely available. Lacking
thuse, you may stitl program the Z80 purely

32-MByte Solid-state FLASH
DISK module from DES
DES Innovative Blectrenics have developed
amemory module based on flash-type mem-
ory 1Cs, to take over the function of a hard
disk in PC XTs and ATs. The module sup-
porls various memory sizes up to 32 MByte,

* and can be expanded in steps of T MByte. Of-

fering a read access time of 250 ns (typ.), the
solid-state hard disk is about 100 times faster
N a conventional drive smil, Thenee, the
dala transfer sale that can be achieved dur-
ing read operations is limited by the system
bus or driver software only.

Unlike a conventionat hard disk, a solid-
state memory madule will not wear out, and

s Lo less sensitive o envisonmmental Belors

such as dust, vibrations, cte. This makes the
solid-state disk particalarly suitable for use
in industrial envirenments. Another major
application arca of this new product is innet-
works, where workslations can operate inan
‘oft-line’ mode, having the most frequently
used programs stored on a solid-state disk,
The FLASH solid-state disk is PCXT and
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Fig. 8. Z80D board fitted ‘piggy back’ on to a prototype of the RC5-code infra-red receiver

described elsewhere in this issue.

by hand, i.e., by writing a machine code pro-
gram, looking up the opcodes, and loading
them into an EPROM. A far more flexible
way of developing software is atforded by
an EPROM emulator (Fig. 4), which goes
round the problem of having to erase and re-
program an EPROM every time a change is
required {and debugging, as you probably
know, almost invariably involves a lot of
changes).

For now, you probably want to know if
the card works. Well, that can be found cut
quite easily with the aid of the test program
listed in Fig. 5. Set the two jumpers on the
board to input before running the program
{from EPROM). The program turns the Z80
card essentially into an input data operator.
As you can see, this can be achteved without

"RAM, since the (many) registers of the Z8%

can be used for the ‘scratch’ functions. Fig-
ure 6 shows a register overview of the Z80.
The absence of RAM means that a num-

NEW PRODUCTS

AT bus compatible (ISA and EISA). A tatal of
16 SIMM scckets are available on the card to
instal]l up to 16 Mbyte using 1 MByte SIMM
modules, or 32 MByte using 2 Mbyte
SIMMs. An autoboot version is alse avail-
able. The disk cards can be taken out of the

ber of Z80 instructions can not be used.
These instructions, listed in Table 2, are es-
sentially those related to stack operations. As
you can see, it is not possible to call interrupt
and subroutines if you do not have RAM.
Fortunately, this need not result in “spaghetti
software’, because most assemblers support
the use of macros, Macros are small pieces of
machine code that are used frequently in a
program, and which need to be written in
source code only once. In most cases, it is
possible to use variables in macros, for in-
stance, to indicate the register or address the
macro is to make use of. An example 0f a
piece of source code containing macros is
given in Fig. 7. |
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system without tosing data or programs.
Battery backup is not required for this func-
tion. The FLASH disk can be erased and re-
programmed in the PC under DOS, and
functions like a hard disk.
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