Build a Z8-Based Control
Computer with BASIC, Part 2

The Z8-BASIC Microcomputer
system described in this two-part
article is unlike any computer pre-
sently available for dedicated control
applications. Based on a single-chip
Zilog Z8 microcomputer with an on-
board tiny-BASIC interpreter, this
unit offers an extraordinary amount
of power in a very small package. It is
no longer necessary to use expensive
program-development systems. Com-
puter control can now be applied to
many areas where it was not
previously cost-effective.

The Z8-BASIC Microcomputer is
intended for use as an intelligent con-
troller, easy to program and inexpen-
sive enough to dedicate to specific
control tasks. It can also serve as a
low-cost tiny-BASIC computer for
general interest. Technical specifica-
tions for the unit are shown in the “At
a Glance” box on page 52.

Last month I described the design
of the Z8-BASIC Microcomputer
hardware and the architectures of the
Z8671 microcomputer component
and Z6132 32 K-bit Quasi-Static
Memory. This month I'd like to con-
tinue the description of the tiny-
BASIC interpreter, discuss how the
BASIC program is stored in memory,
and demonstrate a few simple appli-
cations.

Process-Control BASIC
The BASIC interpreter contained in
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ROM (read-only memory) within the
Z8671 is officially called the Zilog
BASIC/Debug monitor. It is essen-
tially a 2 K-byte integer BASIC which
has been optimized for speed and
flexibility in process-control applica-
tions.

There are 15 keywords: GOTO,
GO@, USR, GOSUB, IF...THEN,
INPUT, IN, LET, LIST, NEW, REM,
RUN, RETURN, STOP, PRINT (and
PRINT HEX). Twenty-six numeric
variables (A through Z) are sup-
ported; and numbers can be ex-

Photo 1: Z8-BASIC Microcomputer. With the two "RAM" jumpers installed, it is

configured to operate programs residing in the Z6132 Quasi-Static Memory. A

| four-position DIP (dual-inline pin) switch (at upper right) sets the serial data rate

| for communication with a user terminal connected to the DB-255 R5-232C con-
nector on the top center. The reset button is on the top left.
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NEVER UNDERSOLD.

Thats right. If you can find a lower

price in this magazine WE WILL BEAT IT! Period.*

S-100 HARDWARE

SD SYSTEMS
Versa Floppy kit .. ..... ..
Versa Floppy Il kit . .. ......
ExpandoRam Il kit. . ... ...

ITHICA INTERSYSTEMS . . . . SCALL

AR SN e ey SCALL
NORTHSTAR. ............8CALL
SUPPLIES

Verbatim Datalife Diskettes
MD5258-01,10,16 . .. ... .§26.50
FR34-8000. 0 & ... $30.00
FORA-BO00 5, S $44.00
Avery Tabulables

5,0003% X15/16 ...... $18.75
3,0003% X15/16 .. .... $14.25
1.0008% X156 ... ... $8.15

UARCO Paper [prices are FOB 5.P.
9% X11,150r 18Lb. ....%$25.9
147/8X11,150r18Lb, .$35.00

SOFTWARE
Microsoft Basic-80 .. . ... ... 5293
Microsoft Basic Compiler . .. .$318
Microsoft Fortran-80 . .. . . . . $399
MagicWand . ... ... ...... $275
Apple Visicale . .. oo $113
Pickles and Trout CR/M2 .. 8175

APPLE HARDWARE

Microsoft Z-B0 Softcard . $259
Microsoft Rameard . . . .. $170
SSMAIOAST .. ........ $165
SYMTEC Apple Light Pen . $219
MOUNTAIN HARDWARE:

Super Talker . ........ $270
ROMWRITER . ....... 8157
INTROL/X-10 ... ..... $180
ROMPLUS+ . ... ..... $162
MUSICSYSTEM ... ... $4399
AppleClock .......... H252
LpbaEpe SCALL
VidexB0x24 . .... ... .. $298
Andromeda. . .......... $170
M&RSup-R-Term ... ... $299
ENRBNERIN, . e $100

NEC Green Monitor .. ... $240
Sanyo Green Menitor . , . .$240
0D.C. Hayes Micromodem . $299
CALIFORNIA COMPUTER
SYSTEMS

See our full page ad in this
magazine.
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PRINTERS

EPSONMXBO ......... CALL
MX-80 Graphics ROM . . ,CALL
NEW EPSON MX-80 TF . .CALL
Okidata Microline 80 . . . :$415
Okidata Microline B2 ... $625
Okidata Microline B3 . . . .$899
IDS Paper Tiger 460G . .$1080
Anadex DP-8000,1 ... .$1195
Anadex DP-8500,1 ... .$1295
Centronics 737 -.......3688
NEC Spinwriter .. ... ...SCALL
NEC w/ Sellum Option . . . SCALL
C. ltoh Starwriter 25 cps$1440
C. ltoh Starwriter 45 cps$1770

Diablo B30 iy $2195
Malbu 165 ... ........81895
Malibu200 ., ......... SCALL
MBI BBG i s $495
TRS-80 HARDWARE
TREB0 S sy SCALL
Micropalis 77 track . . ... 53898
Percom Doubler .. ... .. . 5198
Percom Separator . . ......527
OrchestraB80 ........... $79




pressed in either decimal or hexadeci-
mal format. BASIC/Debug can
directly address the Z8's internal
registers and all external memory.
Byte references, which use the “@"
character followed by an address,
may be used to modify a single
register in the processor, an 1/O port,
or a memory location. For example,
@4096 specifies decimal memory
location 4096, and @ %F6 specifies
the port-2 mode-control register at
decimal location 246. (The percent
symbol indicates that the characters
following it are to be interpreted as a
hexadecimal numeral.) To place the
value 45 in memory location 4096,
the command is simply, @4096=45
(or @9%1000= %2D).

Command abbreviations are stan-
dard with most tiny-BASIC interpre-
ters, but this interpreter allows some
extremes if you want to limit program
space. For example:

IF 1> X THEN GOTOQO 1000
can be abbreviated

IF 1> X 1000

PRINT“THE VALUE IS ”;S

can be abbreviated
“THE VALUE IS ”;S

IEX=Y THEN IFX=Z
THEN PRINT “X=2Z"

can be abbreviated
IEX=YIFY=Z "X=Z"

One important difference between
most versions of BASIC and Zilog's
BASIC/Debug is that the latter
allows variables to contain statement
numbers for branching, and variable
storage is not cleared before a pro-
gram is run. Statements such as
GOSUB X or GOTO A*E—Z are
valid. It is also possible to pass values
from one program to another, These
variations serve to extend the capa-
bilities of BASIC/Debug.

In my opinion, the main feature
that separates this BASIC from others
is the extent of documentation sup-
plied with the Z8671. Frequently, a
computer user will ask me how he can
obtain the source-code listing for the
BASIC interpreter he is using. Most
often, I have to reply that it is not
available. Software manufacturers
that have invested many man-years

—
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parallel port on the Z8 board.

Photo 2: The Z8/Micromouth demonstrator, A Z8-BASIC Microcomputer is
configured to run a ROM-resident program that exercises the Micromouth speech
synthesizer presented in the June Circuit Cellar article. A Micromouth board
similar to that shown on the left is mounted inside the enclosure. Six pushbutton |
switches, connected to a parallel input port on the Z8 board, select various
speech-demonstration sequences. The Micromouth board is driven from a second

52  August 1981 © BYTE Publications Inc

At a Glance

Name
Z8-BASIC Microcomputer

Processor

Zilog Z8-family Z8671 8-bit microcomput-
er with programmable (read/write)
memory, read-only memory, and I/0 in a
single package. The Z8671 includes a

2 K-byte tiny-BASIC/Debug resident in-
terpreter in ROM, 144 internal 8-bit
registers, and 32 I/0 lines. System uses
7.3728 MHz crystal to establish clock
rate. Two internal and four external inter-
rupts.

Memory

Uses Z6132 4 K-byte Quasi-Static
Memory (pin-compatible with 2716 and
2732 EPROMs); 2 K-byte ROM in Z8671.
Memory externally expandable to 62 K
bytes of program memory and 62 K bytes
of data memory.

Input/QOutput

Serial port: RS-232C-compatible and
switch-selectable to 110, 150, 300, 1200,
2400, 4800, and 9600 bps.

Parallel 1/0: two parallel ports; one
dedicated to input, the other bit-
programmable as input or output; pro-
grammable interrupt and handshaking
lines; LSTTL-compatible.

External 1/0: 16-bit address and 8-bit
bidirectional data bus brought out to ex-
pansion connector.

BASIC Keywords

GOTO, GO@, USR, GOSUB,
IF...THEN, INPUT, LET, LIST, NEW,
REM, RETURN, RUN, STOP, IN,
PRINT, PRINT HEX. Integer
arithmetic/logic operators: +, —, /, *,
and AND: BASIC can call machine-
language subroutines for increased execu-
tion speed; allows complete memory and
register interrogation and modification.

Power-Supply Requirements

+5 V £5% at 250 mA

+12 V £10% at 30 mA

—12 V £10% at 30 mA

(The 12 V supplies are required only for
RS-222C operation.)

Dimensions and Connections

4- by 4V2-inch board; dual 22-pin
(0.156-inch) edge connector. 25-pin RS-
232C female D-subminiature (DB-25S)
connector; 4-pole DIP-switch data-rate
selector,

Operating Conditions

Temperature: 0 to 50°C (32 to 122°F)
Humidity: 10 to 90% relative humidity
(noncondensing)
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Paul Lutus creates language. Language for the future.

From him we have Apple Writer, Apple World and MusiComp.
His software was used by the Viking Mars
Lander team and other advanced
space programs.

For the past three years he has
applied himself to the development
of more efficient and powerful -
computer languages to
help him with his work.
These new languages
of the future are now
available for your use
exclusively from Insoft.
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See the new world of
programming from Insoft
at your App!e dealer.

Apple is a
registered trademark
of Apple Computer, Inc.

1y

259 Barnett Rd. / Unit 3 | Medford, Or 97501 / (503) 779-2465

@ Strings and arrays ! d
# Hires, Lores and Turllegraphics
e Music
Far more compact and approachable than
Pascal, TransFORTH 1| is both recursive and
structured and easier to use than BASIC.
Over three years in development, this hlgh
level language enables you to program in
English with far greater speed and conven-
ience than ever before possible.
TransFORTH I1. A transformation in
compuler pragramming. Available today.

The Assembly Language Development
System. Already the preferred assembler for
professional software developers.

e Object files to 18K

® Source files to 37K

e Cursor based screen editor

o Upper and lower case text entry
® Nesled macro instructions

o Local, global and universal labels
o Comprehensive error trapping

The enormous file capacity of ALD System
Il assures you of the ability to develop
virtually any imaginable software system.
And you can do so with ease since ALD
System |l edits with the simplicity of a word
processor.

ALD System |l. Powerful yet convenient.
The first choice of professionals.,

The best comes last. Both new
programs are available for the
Apple |l or Apple ll.
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in a BASIC interpreter are not easily
persuaded to give away its secrets.
In most cases, however, a user
merely wants to know the location of
the GOSUB...RETURN address stack
or the format and location of stored
program variables. While the source
code for BASIC/Debug is also not
available (because the object code is
mask-programmed into the ROM,
you couldn’t change it anyway), the
locations of all variables, pointers,
stacks, etc, are fixed, and their stor-
age formats are defined and described
in detail. The 60-page BASIC/Debug
user’s manual contains this informa-
tion and is included in the 200 pages

FFFF

FFFD —— Data-rate switches
Remainder
undefined

C000

BFFF

User-memory and I/O-
expansion area

8000
TFFF

undefined

2000

1IFF
On-board 4 K bytes of read/write
memory or EPROM

800
7FF
BASIC/Debug ROM

100

FF

Z8 registers

00

Figure 1: A simplified hexadecimal

memory map of the Z8-BASIC Micro-
computer.

of documentation supplied with the
Z8-BASIC Microcomputer board.
(The documentation is also available
separately.)

Memory Allocation

Z8-family microcomputers distin-
guish between four kinds of memory:
internal registers, internal ROM, ex-
ternal ROM, and external read/write
memory. (A slightly different dis-
tinction can also be made between
program memory and data memory,
but in this project this distinction is
unnecessary.) The register file resides
in memory-address space in hexadeci-
mal locations 0 through FF (decimal 0
through 255), The 144 registers in-
clude four I/O- (input/output) port
registers, 124 general-purpose regis-
ters, and 16 status and control regis-
ters. (No registers are implemented in
hexadecimal addresses 80 through EF
[decimal addresses 128 through 239]).

The 2 K-byte ROM on the Z8671
chip contains the BASIC/Debug in-
terpreter, residing in address space
from address 0 to hexadecimal 7FF
(decimal 0 to 2047). External memory
starts at hexadecimal address 800
(decimal 2048). A memory map of the
Z8-BASIC Microcomputer system is
shown in figure 1.

When the system is first turned on,
BASIC/Debug determines how much
external read/write memory is avail-
able, initializes memory pointers, and
checks for the existence of an auto-
start-up program. In a system with
external read/write memory, the top
page is used for the line buffer,
program-variable storage, and the
GOSUB...RETURN address stack.
Program execution begins at hexadec-
imal location 800 (decimal 2048).

When BASIC/Debug finds no ex-
ternal read/write memory, the inter-
nal registers are used to store the vari-
ables, line buffer, and GOSUB...RE-
TURN stack. This limits the depth of
the stack and the number of variables
that can be used simultaneously, but
the restriction is not too severe in
most control applications. In a sys-
tem without external memory, auto-
matic program execution begins at
hexadecimal location 1020 (decimal
4128).
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unprecedented warranty. IMS International
provides its dealers with both.

Our commitment is real.
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industry standard in reliability, we stand behind
them for two full years from date-of-sale to the
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YEARS.

is committed to providing every IMS dealer with
these distinct advantages in today’s marketplace:

@ 2 year warranty

e Low retail cost

® Best margins in the industry

e Protected territories

e Full factory technical support

e Complete system delivery in 30 days

e Comprehensive advertising and promotional

support

For more information about IMS International’s
“Reliables” and our unique dealer plan, call
714/978-6966 or write us:

Ill'V'Ig 2800 Lockheed Way
I h A ) Carson City, NV 89701
INTERNATIONAL Telex: 910-395-6051

Circle 164 on inquiry card.

BYTE August 1981 55



In a system that uses an external
2 K-byte EPROM (type 2716), wrap-
around addressing occurs, because
the state of the twelfth address line on
the address bus (A11) is ignored. (A
4 K-byte type-2732 EPROM device
does use All.) A 2716 EPROM de-
vice inserted in the Z6132's memory
socket will read from the same mem-

ory cells in response to accesses to
both logical hexadecimal addresses
800 and 1000. Similarly, hexadecimal
addresses 820 and 1020 will be treated
as equivalent by the 2716 EPROM.
Therefore, when a 2 K-byte 2716
EPROM is being used, the auto-start
address, normally operating at hexa-
decimal 1020, will begin execution of

Listing 1: Simple illustration of BASIC program storage in the Z8-BASIC Microcom-

puter.
100 P R I N
800 00 64 80 52 49 4E
E S T o

80A 45 53 54 22 00 FF

ER

Listing 2: A multiple-line illustration of BASIC program storage.

100 A=5
200 B=6
3005 “"A*B=";A"'B

100 A = 5
800 00 64 41 ap; B85 00
6 3005 4 A
80A 36 0 OB B 2 41
A . B

814 3B 4] 2R 42 00 FF

200
0. €8 42 3D

2A 42 3 22
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HARDWARE — Boards, systems and support at the right
price, featuring CCS, Televideo and others.

SOFTWARE — Many industry-standard packages and
some unique surprises, such as:

\WTOGEN — Interaclively reconfigure your CP/M* BIOS.
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alyze your
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any program beginning at hexadeci-
mal location 820. For the purposes of
this discussion, you may assume that
programs stored in EPROM use type-
2716 devices and that references to
hexadecimal address 820 also apply
to hexadecimal address 1020.

Program Storage

The program-storage format for
BASIC/Debug programs is the same
in both types of memory. Each
BASIC statement begins with a line
number and ends with a delimiter. If
you were to connect a video terminal
or teletypewriter to the RS-232C
serial port and type the following
line:

100 PRINT “TEST”

it would be stored in memory begin-
ning at hexadecimal location 800 as
shown in listing 1.

The first 2 bytes of any BASIC
statement contain the binary equiva-
lent of the line number (100 decimal
equals 64 hexadecimal). Next are
bytes containing the ASCII (Ameri-
can Standard Code for Information
Interchange) values of characters in
the statement, followed by a delimiter
byte (containing 00) which indicates
the end of the line. The last statement
in the program (in this case the only
one) is followed by 2 bytes containing
the hexadecimal value FFFF, which
designates line number 65535.

The multiple-line program in listing
2 further illustrates this storage for-
mat.

One final example of this is il-
lustrated in listing 3 on page 58. Here
is a program written to examine itself.
Essentially, it is a memory-dump
routine which lists the contents of
memory in hexadecimal. As shown,
the 15-line program takes 355 bytes
and occupies hexadecimal locations
800 through 963 (decimal 2048
through 2499). I have dumped the
first and last lines of the program to
further demonstrate the storage
technique.

I have a reason for explaining the
internal program format. One of the
useful features of this computer is its
ability to function with programs re-
siding solely in EPROM. However,



WAITING.

CIS COBOL"™ software with FORMS-2™

for Apple II® computers is here. Now.
From Micro Focus.

Apple II users . . . the wait is over. And your pa-
tience has paid off. Now you can create serious
business programs with the world's most popular
professional programming language—COBOL.
And, run them on the industry standard operating
system—CP/M™,

COBOL—the only standard lan-
guage designed exclusively for
business programming.
COBOL gives you programs
that are easy to write, easy to
read, easy to maintain and easy
to learn.

A complete program in
20 minutes.
FORMS-2, a COBOL
source-code gen-
erator, lets you
begin with a
blank screen. . .
and end with a
fully-operational
program.
FORMS-2 gener-
ates standard
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Quick, convenient program development.
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the EPROMs must be programmed
externally. While I will explain how
to serially transmit the contents of the
program memory to an EPROM pro-
grammer, some of you may have on-
ly a manual EPROM programmer or
one with no communication facility.
But if you are willing to spend the

time, it is easy to print out the con-
tents of memory and manually load
the program into an EPROM device.

Dedicated-Controller Use

The Z8-BASIC Microcomputer can
be easily set up for use in intelligent
control applications. After being

Listing 3: A program (listing 3a) that examines itself by dumping the contents of mem-
ory in printed hexadecimal form. Listing 3b shows the first and last lines of the program

as dumped during execution.

(3a)

100
102
103
105
107
110

FRINT*ENTER STaART
FRINT®*THE LIST
PRINTIFRINT
E=X4+8 {A=X+C
FRINT*AOORESS
FRINT HEX (X)#" "
120 GOSUER 300

130 X=X+1

140 IF X=R THEN GOTO 180
150 GOTO 120

180 IF Xix=A THEN
200
250
300
310

®

(3b)

250

PRINT :STOF
FRINT HEX (@X) 33
RETURN

ANDRESS FOR HEX
IS HOW MANY BYTES LONG

FRINT®

OuME s DINFUT X

"y INFUT C

DATA" IFRINT

FRINTIFRINTIB=X+8iG0TO 110

C
¥

:RUN

ENTER START ADDRESS FOR HEX DUMP ? 2048

THE LIST IS HOW MANY BYTES LONG ? 30

ADDRESS DATA
100 P R I

800 0 64 50 52 49

E N b § E R
808 45 4E 54 45 52

A R T Bp A
810 4] 52 54 20 4]

E ] S sp F
818 45 53 53 20 46
:RUN

N T a
4E 54 22
8p S T
20 5 54

D D R
44 44 52
O R sp
4F 52 20

ENTER START ADDRESS FOR HEX DUMP ? 2360

THE LIST IS HOW MANY BYTES LONG ? 45

ADDRESS DATA
(8] P 300
938 4F 50 0 1 2C
N T sp H E
940 4E 54 20 48 45
@ X ) : :
948 40 58 29 3B- 3A
I N T N sp
950 49 4E 54 22 20
310 R E
958 0 1 36 52 45
N 65535
960 4E 0 FF FF 0
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P R I
50 52 49
X sp (
58 20 28
sp P R
20 50 52
8p i :
20 22 3B
T U R
54 55 52
0 0 0

tested and debugged using a terminal,
the control program can be written
into an EPROM. When power is ap-
plied to the microcomputer, execu-
tion of the program will begin auto-
matically.

The first application I had for the
unit was as a demonstration driver
for the Micromouth speech-processor
board I presented two months ago in
the June issue of BYTE. (See “Build a
Low-Cost Speech-Synthesizer Inter-
face,” in the June 1981 BYTE, page
46, for a description of this project,
which uses National Semiconductor’s
Digitalker chip set.) It's hard to dis-
cuss a synthesized-speech interface
without demonstrating it, and I didn't
want to carry around my big com-
puter system to control the Micro-
mouth board during the demonstra-
tion. Instead, I quickly programmed
a Z8-BASIC Microcomputer to per-
form that task. While I was at it, I set
it up to demonstrate itself as well.

The result (see photo 2 on page 52)
has three basic functional com-
ponents. On top of the box is a
Z8-BASIC Microcomputer (herein-
after called the “Z8 board”) with a
2716 EPROM installed in the memory
integrated-circuit socket, the
Z8-board power supply (the wall-
plug transformer module is out of
view), and six pushbutton switches.
Inside the box is a prototype version
of the Micromouth speech-processor
board (a final-version Micromouth
board is shown on the left).

The Micromouth board is jumper-
programmed for parallel-port opera-
tion (8 parallel bits of data and a
data-ready strobe signal) and con-
nected to I/O port 2 on the Z8 board.
The Micromouth BUSY line and the
six pushbuttons are attached to 7 in-
put bits of the Z8 board’s input port
mapped into memory-address space
at hexadecimal address FFFD
(decimal 65533).

The most significant 3 bits of port
FFFD are normally reserved for the
data-rate-selector switches, but with
no serial communication required,
the data rate is immaterial and the
switches are left in the open position,
This makes the 8 bits of port FFFD,
which are brought out to the edge

Circle 367 on inquiry card, i
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connector, available for external in-
puts. In this case, pressing one of the
six pushbuttons selects one of six
canned speech sequences.

Coherent sentences are created by
properly timing the transmission of
word codes to the speech-processor
board. This requires nothing more
than a single handshaking arrange-

ment and a table-lookup routine (but
try it without a computer sometime).
The program is shown in listing 4a.
The first thing to do is to configure
the port-2 and port-3 mode-control
registers (hexadecimal Fé6 and F7, or
decimal 246 and 247). Port 2 is bit-
programmable. For instance, to con-
figure it for 4 bits input and 4 bits out-

Listing 4: A program (listing 4a) that demonstrates the functions of the Micromouth
speech synthesizer, operating from a type-2716 EPROM. The simple I/O-address
decoding of the Z8 board allows use of the round-figure address of 65000. The program
uses a table of vocabulary pointers that has been previously stored in the EPROM by
hand. Listing 4b shows a dump of the memory region occupied by the program, prov-
ing that storage of the BASIC source code starts at hexadecimal location 820.

(da)

100 @246=0:@247=113
110 X=@65000 :A=%1400
120 IF X=254 THEN @2=0

130 IF X=253 THEN GOTO 500

140 IF X=251 THEN A=A+32 :GOTO 500

150 IF X=247 THEN A=A+64 :GOTO 500

160 IF X=239 THEN A=A+96 :GOTO 500

170 IF X=223 THEN A=A+128 :GOTO 500

180 IF X=222 THEN N=0 :GOTO 300

200 GOTO 110

300 @2=N :N=N+1 :IF N=143 THEN 110

310 IF @65000<129 THEN 310

320 GOTO 300

500 @2=Q@A :A=A+1

510 IF @65000<129 THEN 510

520 IF @A=255 THEN GOTO 110

530 GOTO 500

1000 Q0=2048

1005 wW=0

1010 PRINT HEX(@Q),:0=0+1

1015 Ww=W+1l :IF W=8 THEN PRINT" ":GOTO 1005
1020 IF Q=4095 THEN STOP y

1030 GOTO 1010 g

(4b)

:goto 1000

FF EE 25l EFE FF FE
FF FF o EF EF FF
FF FF EPE FF FF FF
FF rE FE rp FF FF
0 64 40 32 34 36
3A 40 32 34 37 3D
33 0 0 6E 58 3D
35 30 30 30 20 3A
25 31 34 30 30 0

49 46 20 58 3D 32
20 54 48 45 AE 20
0! AT 1015
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put, you would load F0 into register
Fé (246). In this case, I wanted it con-
figured as 8 output bits, so I typed in
the BASIC/Debug command @246=0
(set decimal location 246 to 0).

The data-ready strobe is produced
using one of the options on the Z8's
port 3. A Z8 microcomputer has
data-available and input-ready hand-
shaking on each of its 4 ports. To set
the proper handshaking protocol and
use port 2 as [ have described, a code
of hexadecimal 71 (decimal 113) is
placed into the port-2 mode-control
register. The BASIC/Debug com-
mand is @247= 113. The RDY2 and
DAV2 lines on the Z8671 are con-
nected together to produce the data-
available strobe signal.

Lines 1000 through 1030 in listing
4a have nothing to do with demon-
strating the Micromouth board. They
form a memory-dump routine that il-
lustrates how the program is stored in
memory. You notice from the mem-
ory dump of listing 4b that the first
byte of the program, as stored in the
ROM, begins at hexadecimal location
820 (actually at 1020, you remember)
rather than 800 as usual. This is to
help automatic start-up. The program
could actually begin anyplace, but
you would have to change the pro-
gram-pointer registers (registers 8 and
9) to reflect the new address. The 32
bytes between 800 and 820 are re-
served for vectored addresses to op-
tional user-supplied 1/O drivers and
interrupt routines.

Programming the EPROM

The first EPROM-based program I
ran on the Z8-BASIC Microcomputer
was manually loaded. I simply

B FP
B FF
FE FF
FF FE
3D 30
il 31
40 36
41 3D
0 78
35 34

Circle 380 on inguiry card. ==
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If you have anything
toydo with sm:!(ltllﬂl
computers, you
should be reading
the Carl Helmers

PERSONAL
COMPUIER
LETTER

every month!

You won't want to miss a single issue of
the new Personal Computer Letter...

a monthly publication of comprehen-
sive studies on issues affecting design,
implementation, and applications of
small computer systems. The Personal
Computer Letter is a journal compiled
and edited by Carl Helmers, co-founder
and first editor of Byte Magazine. Here
is valuable information in professionally
prepared format about small com-
puters, software, peripherals, trends in
the industry, and new ideas. We accept
no advertising, and the information
provided s available nowhere else.
Written for executives, decision-makers,
market strategists, product designers
and authors in the small computer field,
each 12 to 16-page issue contains
analysis and design studies by many

of the personal computer industry’s
foremost experts. For example, the
current issue covers: Intelligent Serial
Line Filters: Exploring a family of
application oriented product ideas.

Subscribe today. Mail the coupon with
your check for $200 for the next 12
monthly issues. Sample issues at

$25 per copy, applicable to a full
years subscription.

: NORTH AMERICAN
§ia ¢ . TECHNOLOGY, INC.
JrTE 7 Strand Building
e 174 Concord St,

Peterborough, NH 03458
(603) 924-6048

O Enclosed is my $200 check or
money order for the next 12 issues
of the Personal Computer Letter.

O Enclosed is my $25 check or money
order for a sample issue, applicable
to subscription price.

NAME M
ADDRESS
CiTY -

STATE ZIP_
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EROM in BASIC” (March 1978 BYTE, page 84). The circuit, which is driven
through parallel ports, programs a 2716 in about 2V minutes and is controlled by

Photo 3: Type-2716 EPROM programmer, adapted from “Program Your Next ‘
5

a BASIC program. {
|

printed out the contents of the 26132
memory using the program of listing
3 and entered the values by hand into
the EPROM programmer. This is fine
once or twice, but you certainly
wouldn't want to make a habit of it.
Fortunately, there are better alterna-
tives if you have the equipment.

Many EPROM programmers are
peripheral devices on larger computer
systems. In such cases, it is possible to
take advantage of the systems’ capa-
bilities by downloading the Z8 pro-
gram directly to the programmer.

The programmer shown in photo 3
is a revised version of the unit I
described in a previous article, “Pro-
gram Your Next EROM in BASIC”
(March 1978 BYTE, page 84). It was
designed for type-2708 EPROMs, but
I have since modified it to program
2716s instead. All I had to do was
lengthen the programming pulse to
50 ms and redefine the connections to
four pins on the EPROM socket. It
still is controlled by a BASIC pro-
gram and takes less than 2%z minutes
to program a type-2716 EPROM de-
vice, Refer to the original article for
the basic design.

Normally, the LIST function or
memory-dump routine cannot be

used to transmit data to the EPROM
programmer because the listing is
filled with extraneous spaces and car-
riage returns. It is necessary to write a
program that transmits the contents
of memory without the extra charac-
ters required for display formatting.
The only data received by the
EPROM programmer should be the
object code to load into the EPROM.

In writing this program we can take
advantage of the Z8's capability of
executing machine-language pro-
grams directly through the USR and
GO@ commands. The serial-input
and serial-output subroutines in the
BASIC/Debug ROM can be executed
independently using these
mands. The serial-input driver starts
at hexadecimal location 54, and the
serial-output driver starts at hexadec-
imal location 61. Transmitting a sin-
gle character is simply done by the
BASIC statement

com-

GO@ %61,C
where C contains the value to be
transmitted. A serial character can be
received by

C=USR (%54)

Circle 278 on inquiry card. ==
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What can you honestly
expect from an interactive
data terminal that costs only
$3697*

Well, to begin with, color graphics.

)/ RCA’s VP-3301 has unique color-locking circuitry that gives

JII )
you sharp, jitter-free color graphics and rainbow-free characters.

Plus much more: Microprocessor control. Resident and
programmable character set. Reverse video. State-of-the-art
LSI video control. 20 and 40 character formats. RS232C and
20 mA current loop. Six baud rates. Eight data formats. ASCII
encoding. Light-touch flexible-membrane key switches for
reliability and long life. CMOS circuitry and a spill-proof, dust-
proof keyboard for hostile environments.

The VP-3301 can be used with a 525-line color or monochrome
monitor or a standard TV set through an RF modulator.** It
serves a wide variety of industrial, educational, business and
individual applications including communication with time
sharing and data base networks such as those provided by
Dow Jones News/Retrieval Service, CompuServe and Source.

All this—for the low price of $369. And it's made by RCA. So
get the whole story about the surprising VP-3301 today. Write
RCA MicroComputer Marketing, New Holland Avenue,
Lancaster, PA 17604, Order toll-free: 800-233-0094.

**Model VP-3303 with built-in RF modulator—$389.
*Suggested user price, Monitor and modem not included.

Circle 334 on inquiry card.

Listing 5: BASIC statements that print out
the entire contents of the 4 K bytes of user
memory, for use with a communicating

EPROM programmer.

1000 X=%800 :REM BEGINNING OF
USER MEMORY

1010 GO@ %61, @X :REM TRANSMIT
CONTENTS OF LOCATION X

1020 X=X +1 :IF X=%1801 THEN
STOP

1030 GOTO 1010

Listing 6: A simple BASIC program seg-
ment to demonstrate the concept of the
“black box" method of modifying data be-
ing transmitted through the Z8-BASIC
Microcomputer,

100 @246=0:@247=113 :REM SET PORT
2 TO BE OUTPUT

110 @2=X :REM X EQUALS THE DATA
TO BE TRANSMITTED

where the variable C returns the
value of the received data.

To dump the entire contents of the
26132 memory to the programmer,
the statements in listing 5 should be
included at the end of your program.

Execution begins when you type
GOTO 1000 as an immediate-mode
command and ends when all 4 K
bytes have been dumped. The trans-
mission rate (110 to 9600 bps) is that
selected on the data-rate-selector
switches.

Conceivably, this technique could
also be used to create a cassette-stor-
age capability for the Z8 board. In
theory, a 3- or 4-line BASIC program
can be entered in high memory (you
can set the pointer to put the program
there) to read in serial data and load it
in lower memory. Changing the pro-
gram pointer back to hexadecimal
800 allows the newly loaded program
to be executed. Since the Z8-BASIC
Microcomputer already has a serial
I/O port, any FSK (frequency-shift
keyed) modem and cassette-tape re-
corder can be used for cassette data
storage.

I/0 for Data Acquisition

Data acquisition for process con-
trol is the most likely application for
the Z8-BASIC Microcomputer, Low-



Customizable

The Unique Difference that Sets
VEDIT Apart in Full Screen Edifors

Total user customizability is a predominate reason that
over a thousand users find VEDIT the easiest to use full screen
editor. It makes VEDIT the only editing package which allows
you to determine your own keyboard layout and use the cursor
and special function keys on any terminal having them. And
only VEDIT fully supports all of the newly available terminals. It
may come as a surprise to you, that with any other editor orword
processor, you will have to memorize obscure control
characters or multi-character sequences, while your terminal'’s
extra keys and editing functions go unused. The customization
extends to setting the default tab positions, scrolling methods
and much more. lt's almost like designing your own editor for
your system, applications and preferences. And all of this is
easily done with the setup program which requires no
programming knowledge or ‘patches’, but simply prompts you
to press a key or enter a parameter.

Unequaled Hardware Support

The CRT version supports all terminals by allowing you to
select during setup which terminal VEDIT will run on. Features
such as line insert and delete, reverse scroll, status line and
reverse video are used on ‘smart’ terminals. All screen sizes are
supported, including large ones such as the 60 X 80 format on
the Ann Arbor Ambassador terminal. Special function keys on
terminals such as the Heath H19, Televideo 920C and IBM
3101, and keyboards producing 8 bit codes are all supported.
The memory mapped version is extremely flexible and supports
bank select and hardware cursors such as on the SSM VB3.
With this level of customizability and hardware support, you will
feel for the first time that the software was optimally designed for
your system.

Fully Compatible Replacement for Ed

Since VEDIT creates and edits standard text files of up to
one diskette in length, it serves as a replacement for the CP/M

standard editor ED. Of course, you benefit from the fastest and
easiest to use ‘What you see is what you get' type full screen
editing available, fast disk access and an editor which takes up
only 12K of your valuable memory space. With VEDIT you will
never again need or want to use the slow and tedious ED.

Special Features

VEDIT is more than just a full screen editing replacement
for ED, it gives you many new editing capabilities, such as a
scratchpad buffer for moving and rearranging sections of text,
complete file handling on multiple drives and iteration macros.
Amoung its special features you will find automnatic indenting for
use with structured programming languages such as Pascal
and PL/l, and other special facilities for Assembler and COBOL.
A real time saver is the ability to insert a specified line range of
another file anywhere in the text. Unlike most software, VEDIT
will even tolerate your mistakes. For example, one key will
‘Undo’ the changes you mistakenly made to a screen line, and
the disk write error recovery lets you delete files or insert another
disk should you run out of disk space.

Ordering
Many dealers carry VEDIT, or you may contact us for fast
delivery. Specify the CRT version, your video board or

microcomputer, the 8080, Z80 or 8086 code version, and disk
format required.

VEDIT for 8080 or Z80: Disk and manual ........... --3130
VEDIT for CP/M-86: Disk and manual .(NEW) ............ $185
Manual: Price refunded with software purchase............ $15

VISA or MASTERCARD Welcomed

CP/M and MP/M are registered tradermarks of Digital Research.
Inc. Apple llis a registered trademark of Apple Computer, Inc.
SoftCard is a trademark of Microsoft. TRS-80 is a trademark of
Tandy Corp.

* North Star ®* Cromemco ® Heath H8/H89 ® SuperBrain ® Apple Il Softcard * TRS-80 Model Il & Model |
Most other CP/M Systems with CRT or Memory Mapped Displays * MP/M ® CP/M-86

CP/M
CUSTOMIZABLE
FULL SCREEN EDITOR

CompuView Products Inc.

618 Louise, Ann Arbor, Michigan 48103 * Telephone (313) 996-1299
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cost distributed control is practical,
substituting for central control per-
formed by a large computer system.
Analog and digital sensors can be
read by a Z8-BASIC Microcomputer,
which then can digest the data and re-
duce the amount of information (ex-
periment results or control param-
eters) stored or transmitted to a cen-
tral point. Control decisions can be
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made by the Z8-BASIC Microcom-
puter at the process locality.

The Z8 board can be used for
analog data acquisition, perhaps us-
ing an A/D (analog-to-digital) con-
verter such as that shown in figure 2.
This 8-bit, eight-channel A/D con-
verter has a unipolar input range of 0
to +5V (although the A/D in-

tegrated circuit can be wired for

bipolar operation), with the eight
output channels addressed as 1/0
ports mapped into memory-address
space at hexadecimal addresses BF0OO
through BF07 (decimal 48896 through
48903). When the Z8671 performs an
output operation to the channel ad-
dress, the channel is initialized for ac-
quiring data, while data is read from
the channel when the Z8671 performs
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Figure 3: Schematic diagram of an RS5-232C serial output port for the "black box" communication application of the Z8-BASIC
Microcomputer. The Z8671 must be configured by software to provide the proper signals: one such signal,
DAV2, is derived from two bits of I/O port 3 on the Z8671. The pin numbers shown in the schematic diagram for P3, and P3; are
pins on the Z8671 device itself, not pins or sections on the card-edge connector, as are P2, through P2,.

an input operation on the channel’s
address.

Intelligent Communication
Another possible use for the
Z8-BASIC Microcomputer is as an in-
telligent “black box” for performing
predetermined modification on data
being transmitted over a serial com-

munication line. The black box has
two DB-25 RS-232C connectors, one
for receiving data and the other for
retransmitting it. The intelligence of
the Z8-BASIC Microcomputer, acting
as the black box, can perform prac-
tically any type of filtering, condens-
ing, or translating of the data going
through.

Perhaps you have an application
where continuous raw data is trans-
mitted, but you would rather just
keep a running average or flag devia-

tions from preset limits at the central

monitoring point rather than contend
with everything. The Z8 board can be
programmed to digest all the raw
data coming down the line and pass

L1l

THE

: : 433 {‘P@ IEEE 488 TO S-100 INTERFACE

11
1
i

-

=3
=$375

®"Handles all IEEE-488 1975/78 functions

= |EEE 696 (S-100) compatible

= MBASIC subroutines supplied; no BIOS
mods required

arallel ports (8255A-5)

®|ndustrial quality; burned in and tested

D&W DIGITAL

1524 REDWOOD DRIVE
LOS ALTOS, CA 95030

[Dealer inquiries invited]

[415] 966-1460

Circle 98 on inquiry card.
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Circle 370 on inguiry card.

DISCOUNT
HARDWARE

|EEE 696/S-100 Standard Boards
Assembled, tested, warranted

(ompuPro’...p2Eo;

STATE OF THE ART CPU BOARDS

DUALCPU 8/16 bit. ... .......... 5349
RGP o 5 o s S $249
FAST RELIABLE STATIC MEMORY
14 T 5299 1 T & $549
48K ....... 5799 B $999
SYSTEM AUGMENTATION
BOARDS
I/0-1 2 RS232 Serial Ports .. ...... $199
I/0-11 3 Parallel, 1 Serial Ports . . . .. $199
LG 72 0 2 e ST S S $549
DISK-1 DMA Disk Cont. .......... $399
MPX Multiplex Channel .......... 5399
SUPPORT-1 Multifunction......... 5299

Port, clock, interrupts
timers, battery back-up
7 Boards in one

DISCOUNT HARDWARE

Division of System Interface Consultants, Inc.

17440 Revello Drive
Pacific Palisades, CA 90272

Enclosed is S
Please express the following assembled,
tested, and warranted IEEE 696/S-100
boards:

Name
Address

Phone ( )

Add $25 to each order for express shipping, handling
and insurance. California residents add 6% tax. Allow
2 weeks for personal checks. Prices subject to change
without notice.

CALL FOR INFORMATION AND PRICES ON
Mainframes, terminals, printers, and complete
integrated and tested systems io meet

YOUR UNIQUE REQUIREMENTS.

(213) 454-2100
DISCOUNT HARDWARE

Division of System Interface Consultants, Inc.
Computer Specialists Established 1969
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Photo 4: A three-integrated-circuit hardwired serial output port for the
Z8-BASIC Microcomputer. Connected to port 2, any program data sent to
register 2 will be transmitted serially at the data rate selected on the four-position
DIP switch (between 50 to 19200 bps), The Z8 board, configured with fwo serial
ports, is used to process raw data moving through it. Data is received on one
side, digested, and retransmitted in some more meaningful form from the other
port. Such a configuration could also be used to connect two peripheral devices
that have radically different data rates.
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on only what's pertinent.

Another such black-box applica-
tion is to use the Z8 board as a printer
buffer. Photo 4 shows the interface
hardware of one specific application,
which [ used to attach a high-speed
computer to a very slow printer. The
host computer transmitted data to the
Z8 board at 4800 bps. Since the re-
ceiving serial port used had to be bidi-
rectional to handshake with the host
computer, | added another serial out-
put to the Z8 board for transmitting
characters to the printer. Only three
integrated circuits were required to
add a serial output port. A schematic
diagram is shown in figure 3 on page
67. The UART (universal asynchro-
nous receiver/transmitter, shown as
IC1) is driven directly from port 2 on
the Z8 board (port 2 could also be
used to directly drive a parallel-inter-
face printer), and IC2 supplies the
clock signal for the desired data rate.
Of course, the UART could have
been attached to the data and address

buses directly, but this was easier.

Transmitting a character out of this
serial port requires setting the port-2
and port-3 mode-control registers as
before. After that, any character sent
to port 2 will be serially transmitted.
The minimum program to perform
this is shown in listing 6 on page 64.
This circuit can also be used for
downloading programs to the
EPROM programmer.

In Conclusion

It is impossible to describe the full
potential of the Z8-BASIC Micro-
computer in so few pages. For this
reason, considerable effort has been
taken to fully document its character-
istics. I have merely tried to given an
introduction here.

I intend to use the Z8-BASIC
Microcomputer in future projects. I
am interested in any applications you
might have, so let me know about
them, and we can gain experience
together.



We know just how
600d G&L
Microcomputers are.

Because we use them
in our own
PC’s and CNC’s.

And now we can fill all your
needs with reliable industrial
grade modules.

GL 868 MODULES

CPU-FPA PROCESSOR
RAM-CMOS-EPROM
ANALOG MODULES
VIDEO MODULES
SERVO MODULES

NESTS-POWER SUPPLIES

HALF NEST

FULL NEST
MASTER RACK
POWER SUPPLIES

PERIPHERALS

SOFTWARE PACKAGES

DEVELOPMENT SYSTEMS

RELIABILITY

130°F AMBIENT RATED

95% RELATIVE HUMIDITY
PRE-TESTED CHIPS WITH 125°C,

168 HOUR BURN-IN

@ MODULE BURN-IN AND TEST AT 130°F
FOR 40 HOURS

-wa =] SEI THE FACTS
L w | Ask for the fact-packed GL868 booklet.
g=. W Giddings & Lewis Electronics Co.,
i B PO.Box 1658, 666 S. Military Road,
oy T Fond du Lac, WI 54935, U.S A. Telephone
& (414) 921-9400.

Electronics Division
—4 Giddings & Lewis

Circle 144 on inquiry card.
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5 W ; i Next Month: Build a phonetic
y - W T TR voice synthesizer based on the Votrax
SC-01 synthesizer chip.®
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Special thanks to Steve Walters and Peter
Brown of Zilog Inc for their aid in producing
these articles.

AI0AL BOOYATIVS 13
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BASIC/Debug is a trademark of Zilog Inc.

Editor’'s Note: Steve often refers to previous
Circuit Cellar articles as reference material for
the articles he presents each month. These
articles are available in reprint books from
BYTE Books, 70 Main St, Peterborough NH
03458. Ciarcia’s Circuit Cellar covers articles
appearing in BYTE from September 1977
J : : S through November 1978. Ciarcia’s Circuit

8 (o —B L S e Cellar, Volume II presents articles from
Photo 5: When the Z8-BASIC Microcomputer is used with a ROM-resident pro- Dicanbar 1908 Shregrs fune 1950,
gram, the two jumpers used with the Z6132 are removed, and the EPROM
jumper is installed instead. When using a type-2716 16 K-bit (2 K-byte) EPROM
device, the “16 K" jumper i's‘-in;s_i:a[fed. If a type-2732 32 K-bit (4 K-byte) EPROM
is used instead, the “32 K' jumper is installed. The EPROM is inserted in the
lower 24 pins of the 28-pin Z6132 socket (1C2) as shown.

The following items are available Z8-BASIC Microcomputer Z8-BASIC Microcomputer power supply

postpaid in the United States from: (Documentation includes: (Size: 2% by 4% inches)
The MicroMint Inc Z8 Technical Manual Provides: +5 V, 300 mA
917 Midway Z8 Product Specification +12 V, 50 mA
Woodmere NY 11598 26132 Product Specification —12 V, 50 mA
Telephone: BASIC/Debug Manual Assembled and tested... $35
(800) 645-3479 (for orders) Z8-BASIC Microcomputer Construc-
(516) 374-6793 (for technical information) tion/Operator’'s Manual)

Assembled and tested....$170

Kit....$140

These prices are in effect until September 15, 1981; call for prices after that date.

All printed-circuit boards are solder-masked and silk-screened. The documentation supplied with the Z8 board includes approximately 200
pages of materials. It is available separately for $25. This charge will be credited toward any subsequent purchase of the Z8 board.

Please include $2 for shipping and handling. New York residents please include 7% sales tax.

PAN AMERICAN ELECTRONICS

Dept. 200 = 1117 Conway Avenue
Mission, Texas 78572 U.S.A.

TOLL FREE ORDER 800/531-7466
Texas & Principal No. 512/581-2766
Telex 767339

I

ALL 2000 COMPUTER SYSTEMS
Via-Dell’Alloro, 22 R.A.
50123 Firenze, ltaly
Telephone 28 37 72
Telex 572507

TRS-80 is a Trademark of Tandy Corp.

Circle 298 on inquiry card.



