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Edltorlal .............................................................. �

Not surprisingly, you know a great 
deaJ about computers and have valu­
able information to share (if you want 
to share your knowledge by writing 
for BYTE, see the text box below). 
Almost 50 percent of you describe 
your skills in personal computing as 
advanced, and another 40 percent 
call your skills intermediate; the re­
maining 10 percent are college stu­
dents and other bright novices who 
want to learn a lot fast . 

You cite the comprehensiveness 
and depth of BYTE's coverage of per­
sonal computing as distinguishing it 
from other magazines. We consider 
that the supreme compliment. 

We do research in order to make 
sure that BYTE continues to focus on 
your interests and needs. Since our 
staff shares your interests and 
matches your profile, we hope not 
only to do a good job, but also to en­
joy it. 

A Note on the BYTE 
Computer Shows 

The first BYTE Computer Show 
takes place May 10 through 12 
(Thursday through Sunday) at 
McCormick Place in Chicago, with 
the second to follow on June 14 
through 17 (Thursday through Satur­
day) in Los Angeles. BYTE shows . 
won't be industry exhibitions where 
manufacturers and distributors make 
deaJs, but regional gatherings for 
users of personal computers, and 
especially for BYTE subscribers (who 
get an all-day pass to all exhibits and 
conferences for $7.50, as opposed to 
$15 for nonsubscribers). 

At the BYTE Shows, you will have 
the chance to meet Steve Ciarcia, 
Jerry Pournelle, Gregg Williams, Rich 
Malloy, Mike Vose, Richard Krajew­
ski, and other BYTE editors. You can 
attend conferences on subjects of 
greatest interest to personal computer 
users, such as 32-bit microprocessors, 
languages, graphics, programming 
environments, personal robots, note­
book computers, idea processing, AI 
gateways to natural languages, and 
voice recognition . You can share in­
formation with other subscribers 
(users' report on low-cost 1200-bps 
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modems, languages forum, home­
brew databases, etc.) and get more in­
volved in BYTE by participating in 
meetings on reviewing and writing 
for BYTE. 

Equally important, the BYTE 
Shows are not just tempting "don't 
touch" exhibitions; they are fairs at 
which you can buy products from ex­
hibitors if you find the machine of 
your dreams or the board, periph­
eral, or program you've been living 
without for too long. 

We think the separate elements as­
sembled under one roof-the confer­
ences, the equipment and software 
on exhibit, the chance to meet fellow 
subscribers, and the opportunity to 
shop for a variety of personaJ com­
puter products- will combine to 
make the BYfE Shows enjoyable for 
all BYTE subscribers and others who 
find personal computers as fascinat­
ing as we do. 

See you at the Shows. 
- Phil Lemmons, Editor-in-Chief 

Writing For BYTE 
BYTE continues to solicit and publish articles and reviews that keep you informed aboul 

what’s new and important i11 microprocessor-based technology, and many of our articles 
are still written by you, the peaple directly involved with the field we report on. Details 
on queryi11g 11s about article, product-review, and book-review ideas are listed below. We 
also welcome s11bmissions (hjped and double-spaced, please) lo our Letters to the Editor 
column. Please contact us, via the appropriate department at: 

BYTE 
POB 372. �
Hancock, NH 03449 �
(603) 924-9281 

You may also want to call or write us (send a stamped, self-addressed business envelope) 
for our current aufltor guidelines. 

Articles 
Because oiir editorial needs are very specific and s11bject to change, we prefer receivi11g 

quen; letters instead of completed articles. A query letter should contain one or two pages 
explaining the subject to be covered, its importance to the BYTE reader, and the focus of 
the proposed article; it should also contain a one- or two-page outline and a tentative first 
two pages of the proposed •article. Quen; letters should be addressed to the features editor. 

If you send us a completed article, we need double-spaced printed versions of the main 
text (up to 25 numbered pages) and all listings, figures, and tables; please label all items 
and place all captions on a separate page. Photos should be 35 mm (or larger) transpar›
encies or 5- by 7-inch (or larger) pn"nts. If possible, we would also like to receive magnetic 
w pies of the text, /J’stings, and tables on Apple DOS, IBM PC, Kaypro, or 8-incli CPIM 
disks; we will pay an additional $20 for this. The files should be standard ASCll text files 
and should not confain any nonprintablecharaders; we prefer files that use mrriage returns 
only at the end of each paragraph. You should also include a stamped, self-addressed 
return e11Velope of the appropriate size. Address these to the features editor. 

Product Reviews 
We frequently need good product reviewers a11d sometimes accept unsolicited reviews. 

BYTE product reuiews must be fair, accurate, and comprehensive. Reviewers must have 
co11sidemble experience in the microcomputer field. Writing experience is preferred but not 
required, and reviewers must have 110 financial connection to the company whose products 
are being rroiewed. If you are interested in becoming a BYTE reviewer, send a letter to 
our producl-riroiew editor stating what computer products you own, what products you 
are intere.sted in, and what writing experience you have. 

Book Reviews 
BYTE is always looking for qualified book reviewers. Submit queries and proposals ac›

companied by a resume, writing samples, or a list ofcomputer-related interests and exper›
tise to the book-review editor. Unsolicited book reviews also will be considered. 

We pay competitive rates for articles and reviews and offer you the chance to share your 
expertise with l111ndreds of thousands of BYTE readers. Your comments and submissions 
are always welcome. � 
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C Grab 

AZTECC86 8086 18088 
new release 2.0 

PC DOS I MS DOS $.249 
CP I M·86 $249 
BOTH $399 

/PRO extension $249 
C Grafx call 
Uni -Tools I $ 99 
PHACT database call 
z $125 
QulckC S125 

AZTEC C II 80801Z80 
CP I M-80 St99 
1PRO extensions $t 50 

AZTEC cao TRS-80 
MODEL Ill or 4 $199 
/ PROllland4 $349 

COMMODORE C64 Cross Compllars 

LJ Futl C ..J Fasl ob1ect code I J Basic graphics 
LJ 8087 support I Large memory model L1 Fast r 0 
[J Overlays ' J Reloc.ating assembler ;J Linker & library 
I J Library has 110 . screen i 0 . graphics. PC DOS-CP M 186 
O Interlaces with ORI and MICROSOFT assemblers 
::J Compatible wilh AZTEC C lorCP M, APPLE. CS4 , & TRS·80 

I PRO includes optimizer. CBS debugger, and other tools 
Comprehensive color graphics for use with C or stand alone 
Tools I has make, dill, grep.- & other UN IX inspired 1ools 
Phact is a comprehensive set of C database !unctions 
Z ts a full screen C editor much like the UN IX Vi editor 
Quick C compiles C source In to interpreted code in a flash 

Full C compiler, assembler. linker. library u@ty, PRO exten­
sions include library source. ulllitles. ROM libraries. M·BO and 
RMAC interface 

The Model 4 system is lull AZTEC C II and runs under TRSDOS 
or OOSPLUS. the Model Il l system does not support float. PRO 
has lloat for Ill, Z. llbrary source . ... 

AZTECC65 
APPLE DOS 
ProDOS 

6502 A complere C developmenl sys1em lor the APPLE II and lie with 
S199 assembler, linker. editor, SHELL. library, and library source. Binar y 
call files execute under DOS or SHELL 

C CROSS DEVELOPMENT 
SYSTEMS 

C cross compiler, 
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PDP-11 S2000 otherS750 
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other sys tems call 
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.....bury, H.J. 077DI 

Cross systems generate modules on a HOST system that are 
downloaded lor execution on a targel system. HOSTS Include 
PDP-11 UNIX, 8086 UNIX porls, PC DOS. CP M·86. CP M , and 
APPLE. TARGETS inc1ude CP M. APPLE , COMMODORE C64. 
& TRS-80. 

PRENTICE-HALL and MANX SOFTWARE SYSTEMS JOmed 
lorces to produce an unmatched "hands on" C lulor1al. Includes 
lessons. tex l. last compiling student C compi ler. and . 

Quick C compiles C code into exlremely compact 1n1erpre1ed 
code at blinding speed. Run lime system has UN IX funcuons. 

Ord•r phone IOO-Dl-0440 (outslcla NJ) 
20f·7llMCI04 (NJ Ind outside USA) 

'Ntll(fTT): ....... Shipping: par c:ompllar 
lnformatlom20t.._7117 nntdllyUU •2u,. 
Tech support: 201·'111CM137C USA SS. adaya wClfldwlda m , 

CMMta 110. alrmll outslda 
USA ACIMdl S20 

UNIX is a trademark of Bell Labs. CP I M, CP ' M-80 andCPI M-86 are t rademarks ol ORI. PC DOS is 
a trademark of IBM . MS DOS i s a trademarl< of MICROSOFT. N.J. re sidents add 6% sales tax . 
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Letters----------------­
up with a concrete way to determine the 
bit size of any given processor, there are 
two commonly used methods. The first 
is to rate the processor by th e width of 
the external data bus, and the second is 
to rate it by the width of the internal data 
bus. Mr. Williams makes the assertion 
that the correct way to determine size is 
to rate the processor by the maximum size 
of a mul tiplicand in arithmetic op ration . 
Let me address each of these methods 
individually. 

Determining the size by examination of 
the external data bus was, until IBM 
entered the microcomputer marketplace, 
the most commonly accepted method of 
rating processor size. It is still probably 
the best way because most microproces­
sor systems' speed is limited by the data 
bus bandwidth (memory accesses per 
second times size of data bus) . 

IBM, through its PC advertising, has 
endor ed ra ting the processor size by 
using the internal data bus size. This 
allows them to call the 8088, which has 
an 8-bit external data bus, a 16-bit pro­
cessor. Jt is interesting to no te that lntel, 
the designer and manufacturer of the 
8088, refer to this processor as an 8-bi t 
unit (source: 1982 JC Master, page 1083). 

Mr. Williams's contention that the size 
is determined by the maximum multipli­
cand size is absurd. Rating a processor by 
this method results in both the 8080A and 
6502 proce sors being 0-bit micros, which 
I am sure even Mr. Williams will admit 
is untrue. 

Comparing the sizes of some common 
microproce or u ing the above criteria 
brings about the results shown below. 

Int Width/ Mult iplicand 
Processor Ext Width Width 
8080A 818 0 
6800 8/8 0 
6502 818 0 
8088 16/8 16 
8086 16/1 6 16 
68000 32/16 16 

As I stated , l believe that the mea ure 
of the externa.l data bus is the most valid 
method of determining processor ize. 
Using the width of the internal bus r ults 
in the 8088 and 8086 being the same size, 
which, although true from a software 
point of view, is not true for the hardware. 
Because most people use the proce sor 
size as a relative indicator of computa­
tional speed, the external data bus width 
is the measure that has the most bearing. 

Unfortunately, rBM has set the (de 















And it's happening again with our IBM. 
compatible Rana 2000 This 320K double density 
drive offers a large centering cone for problem­
free diskettes and our exclusive silencing mecha­
nism to make it the quietest disk drive you 
can buy. 

At Rana we know the key to our success is 
providing the highest technology, on the best 
possible products, while fiiling the most possible 
user needs. That is why we spend so much time on 
research and development. Our world-renowned 
engineers were the first to otter increased capac· 
ity. The first to design a write protect eature. The 
first to use a metal band positioner and get 100% 

data integrity, and a 3 to 4 times improvement in 
access speed. And. the first to bring you all this 
performance, quality and dramatic styling. 

This is why our Elite One got the #1 rating 
from Softalk Magazine. And our Atari · compatible 
Rana 1000 Slimline has turned a game computer 
into a sophisticated business tool. And soon we'll 
have a new Winchester drive and a new series of 
very high density minifloppies, for both IBM 
and Apple. 

So call or write for the nearest Rana retailer 
or computer store. We're Rana Systems. And we 
know that to keep a step ahead, we have to put 
you first. 

RanaSystems 

21300 Supc1101 S11QCI, Cha1swo11r1 CA 91311 213·709·5•84 
Call roll t1ec I 800 421·2207 In Cat1fO<l'\la o<iy call 1·000·262·•Z2• 
So.Jrcc Number TCT 6!>4 

Circle 331 on inquiry card . 



ANNOUNCING ... �

NOW WE’VE ADDED EVERYTHING TO TURBO PASCAL 
(EVERYTHING EXCEPT A HIGH PRICE) 

� �WINDOWING! 

. . . This is a real shocker. On the IBM PC or PC jr. you’ll now have a procedure to program windows... . Any part of the 
sc reen can be selected as a window and all output w ill automatically go to th is part of the screen only. As many 
windows as you please can be used from the same program. 

� AUTOMATIC OVERLAYS! 
. . . No addresses or memory space to calculate, you simply specify OVERLAY and TURBO PASCAL will do the 

rest. 

�GRAPHICS, SOUND AND COLOR SUPPORT FOR YOUR IBM PC OR JR! 

� FULL HEAP MANAGEMENT! 
. .. via dispose procedure. 

� OPTIONAL 8087 SUPPORT! 
.. . Ava ilable for an additional charge. 

If you have a 16 bit computer w ith the 8087 math chip- you r number crunch ing programs wil l execute up to 1 OX 
faster! 

EXTENDED PASCAL FOR YOUR IBM PC, PC jr., �
APPLE CP/M, MSDOS, CP/M 86, CCP/M, OR CP/M 80 �

� Full �screen interactive editor providing a complete � Program chaining with common variables. 
menu driven program development environment. � Dynamic strings with full set of string handling 

� 11 significant digits in floating point arithmetic. features. 
� Built-in transcenden tal functions. � � Full support of operating system facili ties. 
� Random access data files. � � And much more. 
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Apple It AppJe Ill TAS-80 Model ti IBM PC IBM PC (with Trump Card) 

224 222 189 190 2.4 

Table 1: A compan'son ofexecution times (in seconds) oftire benchmark progmm in listing 
1. 

ciency of the high-level language by 
operating it in a compiled mode 
rather than as a repeatedly inter­
preted task. Finallyt if the .functional 
throughput of a particular application 
becomes dependent upon direct 
microprocessor intervention, for 
those tasks, substitute a faster 
microprocessor or help it with a 
coprocessor. 

A Black Box Called Trump Card 
This article is not about building a 

classic speed-up board for the IBM 
PC. The word "speed-up" implies 
replacing the 8088 with an 8086 or 
80186. Instead, visualize your PC as 
a black box with an input, output, 
and crank. Rather than simply turn­
ing the crank faster, think of adding 
another black box, in the same path 
between input and output, that per­
forms selective tasks more efficient­
ly and faster than the 8088 alone. To 
increase the relative throughput of 
the system, I have designated an 
alternate path for specific program 
functions. 

l ' ve named this separate box 
Trump Card . It is a functionally in­
dependent 10-MHz Zilog Z8001­
based computer with its own 512K 
bytes of memory. Designed specif­
ically as a compiled high-level­
language computer, Trump Card is 
addressed as an I/O device that com­
municates through the expansion 
bus (see photos 1 and 2). 

Among the specific functions that 
Trump Card supports are BASIC, C, 
CP/M-80, text editing, 28000 assem­
bly-language programming, and a 
RAM disk. It does not directly ex­
ecute programs written in 8088 
assembly code, such as l.otus 1-2-3. 
ft instead executes programs written 
in high-J vel languages such as 
BASIC or C (a Pascal compiler and 
8088-to-ZBOOO translator are in the 

works). Alternatively, it can enhance 
the function of programs such as 
1-2-3 by expanding available memory 
and speeding disk functions. The 
ultimate purpose of Trump Card is to 
improve system throughput. 

This month, 1 will outline the basic 
functions of Trump Card and 
describe its hardware in detail . This 
ls, of course, a Circuit Cellar con­
struction project, and you are en­
couraged to build your own Trump 
Card. More on that later. Next 
month, I'll describe some of the soft­
ware in detail and do a littJe 
benchmarking. 

First, a little about Trump Card and 
the Z8001. 

Trump Card 
Trump Card is a per ipheral board 

that plugs into any expansion slot on 
an IBM PC or PC-compatible com­
puter. It contains a ID-MHz Z8001 
and up to 512.K bytes of memory. To 
use it, you simply load a BASIC, 
CPfM-80, or C program from PC­
DOS and type "RUN." Its memory 
can also be used as a RAM disk. 

Trump Card comes with software 
that translates existing BASIC and 
other high-level-language programs 
to run with reduced overhead. To 
speed the execution of BASICA, 
Trump Card compiles the code with 
a special version of BASIC called 
TBASIC. Unlike other compilers, this 
has no separate compiled-code disk 
files (unless you pecificall y want 
them) and no long delays. TBASlC 
instantly compiles the program in a 
few tenths of a second when you 
load the file into Trump Card. In ap­
pearance, it looks like any old, slow 
interpreted BASIC. but it runs with 
the speed of a compiler. 

TBASIC ts PC BASJCA-compatible. 
You can use either the Trump Card 
screen editor or BASICA'.s editor to 

Listing 1: Sieve. of Eratosthenes prime­
number-generator progrnm. 

5 DEFINT A-Z 
I 0 SIZE '"' 8190 
20 DIM FLAGS(8191) 
30 PRINT "Only 1 tl!m1Hon" 
50 COUNT = 0 
60 FOR l = 0 10 SlZE 
70 FLAGS(l) = 1 
80 NEXT I 
90 FOR I = 0 TO SIZE 

100 IF FLAGS(!) = 0 T!-1"..EN 180 
l!O PRlME = I+I +3 
120 K = I PRrME 
130 fF K > SIZE THEN 170 
140 FLAGS(K) "" 0 
150 K = K + PRJME 
160 GOTO 130 
170 COUNT = COUNT 
180 NEXT r 
190 PRINT COUNT, " PRIMES" 

write your programs. Then run the 
same program using either Trump 
Card or BASICA. Depending upon 
the insbuctions you use, Trump Card 
provides a tenfold to hundredfold in­
crease in program performance (see 
photo 3). Table 1 shows typical results 
of what Trump Card can do with the 
prime-number Sieve of Eratosthenes 
program (September 1981 BYTE, 
page 180) frequently used to bench­
mark computer systems (see listing 
1). 

Though I conceived of Trump Card 
initially as a BASICA enhancement, 
it didn't take me long to realize t11at 
a Z8001 with 512K bytes of memory 
has some real computing power and 
deserves proper support. For that 
reason, the software supplied with 
this project is much more extensive 
than usual. With the utilities and 
languages included, you should have 
little trouble using the vast software 
base of 280 and 28000 programs. 

Trump Card includes the following 
software: 

BASIC Compiler- TBASIC is PC 
BASICA-compatible. The dif· 
ferences between the BASICA in­
terpreter and the TBASIC compiler 
are minimal. Most instructions are 
implemented without modifica­
tion. 

CP/M-80 Emulator- Trump Card can 
run your CPIM-80 ZBO assembly­
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language programs directly with­
out special disk headers or transla­
tion programs. Simply download 
your Z80 programs and run them. 

C-Compiler- Trump Card includes 
the industry standard version of C 
that is described in The C Program­
ming Language by Kernighan and 
Ritchie. 

Debugger-Intended to aid in pro­
gram development. With it, you 
can examine and replace memory 
and register contents, set break­
points, or single-step through 
programs. 

Screen Editor-Incorporating many 
of the features included in word 
processors, the editor enables you 
to write or examine ASCII text files 
for either the PC or Trump Card's 
use. 

Multilevel Language Compiler-This 
is a structured assembler that 
allows Pascal-like control and data 
types, arithmetic expressions with 
automatic or specified allocations 
of registers, and procedure calls 
with parameter passing. 

RAM Disk- Trump Card can allocate 
128K to 387K bytes of its on-board 
memory to function as an in­
telligent RAM disk (DOS 2.0 only). 
This memory is separate from and 
in addition to any already existing 
on the PC bus. Trump Card's other 
functions can run concurrently. 

The ZSOOO Microprocessor 
A block diagram of the Z8000's in­

ternal structure appears here as 
figure 1. As the programmer sees it, 
the 2'.8000 contains sixteen 16-bit 
general-purpose registers (for ad­
dresses or data) that may also be 
used in groups to form as many as 
eight 32-bit registers or four 64-bit 
registers. The low-order halves of the 
registers may be used for byte opera­
tions, thus the 28000 is able to ma­
nipulate data in 8-, 16-, 32-, and 64-bit 
pieces. 

The eight addressing modes are 
register, indirect-register, direct-ad­
dress, indexed, immediate, base-ad­
dxess, base-indexed, and relative-ad­
dress. The instruction set utilizes data 
types ranging from single bits to a 
32-bit-long word. The processor ex­
ecutes 110 distinct instruction types 
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zaooo CPU FUNCTIONAL BLOCK DIAGRAM 

Figure 1: Block diagram of the internal stn1cture of the Zilog ZBOOO family of microprocessors. 

that, when permuted by all the ad­
dressing modes and data types, 
create a set of more than 400 
instructions. 

The Z8000 has two different modes 
of operation: system and normal. 
Which mode of operation is in effect 
is controlled by a bit in the flag-and­
control word (FCW). The main dif­

ference between the operating modes 
is that some of the control/interrupt 
and I/O instructions work only in the 
system mode. To simplify the design 
of the Trump Card, I chose to use 
only the system mode. 

The Z8001 (see photo 4) is the 
memory-segmented version of Zilog's 
chip; it comes in a 48-pin DIP (dual-

Photo 4: The 48-pin dua/-inline package tf1nt houses the Zilog 28001 microprocessor, the 
heart of the Trump Card. 
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ZBOOl CPU PIN FUNCTIONS 

figure 2: Pinout arrangement of t/1e Z8001 memory-segmented version. 

inline package), the pinouts of which 
are shown in figure 2. (The nonseg­
mented 40-pin version is called the 
28002.) By memory segmentation, 
the directly addressable 8-megabyte 
memory space is divided into as 
many as one hundred twenty-eight 
64!<-byte regions. Seven segment­
selection lines coming out of the 
ZBOOl control the high-order memory 
addressing. When the Z8001 is reset1 

the segment addressing automatical­
ly reverts to segment 0, the lowest 
641<-byte block of memory. Transfer 
of control between segments is done 
by jumps, calls, and returns. 

Inside the Trump Card 
The schematic diagram of figure 3 

shows the Trump Card's circuitry. It 
can be plugged into any expansion 
slot of an IBM PC or into any other 
computer with compatible I/O slots 
and operating system . 

.Five of the Z8001's seven segment­
selection Jines, SNO through SN4, are 
used in the Trump Card to decode 

addresses for up to 1 megabyte of 
RAM (5121< bytes fit on the board) 
and 4K bytes of ROM (read-only 
memory). Segment line 4 selects be­
tween the ROM, mapped into seg­
ments 0 through 15, and the RAM, 
residing in segments 16 through 31. 
The states of the segment lines are 
latched by IC3; segment line 4 is 
named RAM/PROM. 

Address/Data Bus 
The address/data lines coming 

from the Z8001 (ADO through AD15) 
are a time-multiplexed address and 
data bus, which can address a range 
of 65,536 (641<) byte of memory or a 
like number of 110 addresses. Since 
the Z8001 can form addresses at 
either word or byte boundaries, the 
least significant bit ADO is used in 
byte operations to determine ii the 
upper or lower byte is to be operated 
upon. The address on the AD lines 
becomes valid when the 28001 
asserts the 1\5 (address strobe­
active low) line; lt remains that way 
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for a short hold time after AS returns 
to its idle high state. The address 
&om the Z8001 is latched by two 
type-74LS373 transparent latches, IC5 
and IC6, that are always enabled. The 
use of transparent latches allows for 
maximum address-setup time to the 
memories. 

The latched addresses (LAO 
through LA15) come out of the 
74LS373s with LAO combined with 
the signal B/W (byte or word address) 
to form the EVEl'J or L500 byte-bank­
select signal for memory. When BIW 
is low, it signifies that a 16-bit 
memory word is being referenced; 
this causes the outputs of the two 
AND gates at IC8 pin 3 and ICB pin 
6 to be active irrespective of the state 
of LAO. By doing byte operations in 
this manner, it is possible for the 
z.8001 to do single-byte memory 
writes without first reading an entire 
word location. 

The Trump Card contains a pair of 
type-2716 EPROMs (erasable pro­
grammable read-only memories), 

Text ro111bwed on page SD 
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Number Type +5 v GND 
IC1 zaoo1e 11 36 
IC2 Z85B 1 s 14 
/C3 74LS373 20 10 
IC4 745138 16 8 
IC5 74LS373 20 10 
1C6 74LS373 20 10 
IC7 74LS04 14 7 
ICB 74LSOB 14 7 
iC9 74LS02 14 7 
IC10 74LSOB 14 7 
/C11 74LS32 14 7 
IC12 74 LS04 14 7 
IC13 74LS02 14 7 
IC14 74LS138 16 8 
1C15 74LS138 16 8 
IC16 74LS138 16 8 
IC17 74157 16 8 
IC18 74157 16 B 
IC19 74S74 14 7 
IC20 74LSOB 14 7 
IC21 2716 24 12 
IC22 2716 24 '2. 
IC23 74LS245 20 10 
IC24 6116-3 24 12 
IC25 74LS393 14 7 
IC26 74LS245 20 10 
IC27 74LS74 14 7 
IC28 74LS139 16 8 
IC29 74LS04 14 7 
1C30 74 LS32 14 7 
IC31 74LS51 14 7 
IC32 74LS51 14 7 
IC33 74LSOO 14 7 
IC34 74LS74 14 7 
IC35 74LS74 14 7 
/C36 4164-15 16 8 

(150 ns) 

/C99 4164-15 16 8 

Power win"ng table for figure 3. 

Turi continued from page 44: 

which contain a bootstrap loader for 
cold-start-up and system-diagnostic 
routines. Address lines LAl through 
LAll are connected to the EPROMs, 
IC22 (even byte) and 1C23 (odd byte). 
There is no need to use the QUI) 
or EVE'N bank-select lines since no 
data is ever written into the EPROMs. 
The signal RAM/PROM is connected 
to the L5 pin on the 2716s. The 
mE"Q (memory request) signal from 
the 28001 is also connected to pin 18 
(OE or output enable) of the 2716s, to 
inhibit the possibility of bus conten­
tion during 110 cycles. 

Status Signals 
Various status signals tell the rest 

of the system about the processor's 
condition and the type of information 
that is appearing on the address/data 
bus. The status signals are as follows: 

50 SYT'E May 19!14 

PC Trump Card 
Address Port Function 

03EE 3 A "write" lo lhis port by the processor that has current 
use of the bucke1 will cause the 8·bit address counter, 
IC25. to be reset to 0. It w111 also release lhe bucket for 
use by the other processor. If bit 0 of the data bus JS set 
to a 0 when this write is performed by the 8088 processor, 
a nonmaskable lnterrup1 (NM/) is also Issued to he ZB001. 
Reading this port allows either processor to see data at 
the current address of the counter without incrementing 
the counter If the bucke Is not available, a read opera­
tion to this port will return an FF. 

03EC A read operation to this port by the processor that has 
the bucket reserved will return the data at the current ad­
dress of the counter and increment the counter at the end 
al the read operation. A read by the processor that does 
not have the bucket will return a value of hexadecimal FF 
and wi ll not increment the counter. A write to this port by 
the processor that has reserved the buck.el will en er data 
at the current address of the counter and mcremenl he 
counter at the end al the operation. A write by the pro· 
cessor that does not have the bucket will not enter dale 
and the counter wi ll not be incremented. 

03EB This part is not used for da1a transfer by the Z8001. A write 
to lhis port by the 8088 will Issue a reset lo the Trump Card. 

Table 2: Communication be.tween the 'l.8001 arid the 8088 is U1rough t/1e"bucket," a FIFO 
b1-1ffer mnde from a type-6D6 static-men1on1 c/1ip and s11pport comporrenls. S/unvn here 
an? the tliree basic bucket functions and tlte addresses and codes for each. 

Read/Write: The RIWsign.aJ is used to 
indicate the direction of the current 
bus transaction. When high, the 
direction of data is toward the Z8001. 
Data is clocked into the processor at 
the occurrence of a positive-going 
pulse on 05 (data strobe). When OS 
is lo\o\T, data flows from the processor 
outward. 
Nonna//System: The N/5 signal in­
dicates whether the processor is 
operating in the system (supervisory) 
mode or normal (user) mode of 
operation. This control line is used 
when there is a multitasking and/or 
multiuser type of environment to 
segregate system [unctions and 
memory. The line is unused in the 
Trump Card. 
Byte!WOiil: The B/W line is provided 
to enable the Z8001 to perform byte 
operations on memory. When high, 
it indicates that a byte operation is to 
take place; a low state indicates word 
operations. This signal is also used in 
the 000 or EV1!N memory-select 
logic. 
Status Lines: Lines SlU through SD 
are utilized to define the exact type 
of transaction occurring on the bus. 
Only 4 of the 16 possible codes are 

reguired for operation of the Trump 
Card. The first status code, 0000 (In­
ternal Operation), is decoded but 
unused. The second operation code, 
0001 (Memory Refresh), is output by 
the internal Z8001 memory-refresh 
timer and is used in refreshing the 
on-board dynamic RAM. (This signal 
is ANDed with MREQ and is used as 
one of the two select signals in the 
�r�o�w�~�a�d�d�r�e�s�s�-�s�t�r�o�b�e� generation logic.) 
The third operation, 0010 (Standard 
1/0 Reference), is used in the process 
of commun.icating with the host 8088 
processor. The fourth operation code, 
0011 (Special I /0), denotes 1/0 asso­
ciated with the signal Sl5TO and is 
reserved for future expansion. 

Clock Generation 
The basic dock rate for the 28001 

on the Trump Card is provided by 
IC2, a Zilog Z8581 clock generator 
and controller (CGC). The ZBOOl's 
dock-input maximum voltage mu t 
come within a certain range of the 
power-supp1y potential (precisely V1;1: 
- 0.4 V) and have a maximum rise 
and faJI time of 10 nanoseconds (ns). 
Such requirements are difficult to 
meet with standard oscillators and 



Photo 5: A typical display on the Tektronix U40 logic analyzer: the Photo 6: Th aid in my initial development, a Zsca11-BOOO emulator 
column-address-strobe/row-address-strobe timing of the Trump Card. is plugged bij a ribbon cable into tl1e 28001 socket on the Trump Card . 

In emulation mode, the Zscan-8000 can run diagnostic programs and 
exercise all functions of the Trump Card at 4 MHz. Hardware deb11g­
ging is greatly simplified because all sections of the hardware need 
not be working to use the emul.ator. 

ITL (transistor-tTansistor logic), but 
they are easily met by the CGC. The 
Z8581 also provides an easy and ef­
fective means of adjusting the pro­
cessor's bus cycles to the speed of 
available memory devices. 

The CGC is used on the Trump 
Card to stretch specific bus cycles. As 
used on the Trump Card, the 28001 
does three different basic categories 
of operations: internal operations, 
memory access, and input/output 
operations. The timing of the ZCLK 
signal emitted by the CGC depends 
on which of these bus activities is tak­
ing place. The Z8581 can be con­
figured to add wait states that enable 
the use of 150- and 200-ns RAM 
chjps. 

Trump Card/Host 
Communication 

The "bucket" is the communica­
tions interface between the PC and 
Trump Card. This FIFO (first-inlfirst­
out)-type dual-port memory con­
figuration consists of a 6116 static 
memory (IC24), an 8-bit address 
counter (IC25), two data-bus buffers 
(ICs 23 and 26), and the necessary 
control logic to arbitrate access. Pro­
grams and instructions are passed 
between the two computers via this 
FIFO circuitry. As far as the PC is 
concerned, the bucket appears as two 
I/O port addresses. A system of soft­

ware handshaking between the com­
puters determines which has re­
served and is using the bucket. Table 
2 shows the port addresses and their 
functions. 

It is not possible for both pro­
cessors to have use of the bucket at 
the same time. With the processors 
running asynchronously, arbitration 
is necessary. lt is provided by four 0­
type flip-flops: two for access re­
quests and two for access reserva­
tions. The two access-request flip­
flops are clocked by the transition of 
an access-request signal from either 
processor �(�~ for the Z8001 and 
PCSEL for the 8088). The preset 
inputs of these flip -flops are con­
nected to the HOID signal, which is 
active whenever one of the pro­
cessors has succeeded in reserving 
the use of the bucket. When HOLD 
is active, it prevents the other pro­
cessor from gaining access. 

The 28001 communicates through 
the bucket for all its normal 1/0 by ac­
tivating the IDRQ line. The 8088 
selects the bucket when it performs 
either an IOW (I/O write) or IOR (I/O 
read) in the range of the IBM's regular 
memory-address space from hexa­
decimal 03E8 to 03EE. Accesses to 
these addresses are decoded by IC28 
to generate the Trump Card's PCSEL 
signal. 

The two access-reserve flip-flops 

sample the output of the request flip­
flops 180 degrees out of phase with 
each other. This is done to prohibit 
simultaneous requests from being 
honored. These flip-flops are cleared 
by a reset command issued from the 
reserving processor. 

The Q outputs from these flip-flops 
are combined by a logical AND func­
tion with the processor request to 
form the active select states used by 
the bucket: Z ANDed with rn; for the 
Z8001 and PC for the 8088. Whenever 
either request flip -flop is active, the 
HOLD signal is active and is used as 
the chip-select input on the 6116 
memory. The FIFO memory, how­
ever, is written to by the Z8001 onJy 
when a "write bucket with incre­
ment'' command is used. 

The WE signal, connected to the 
write-enable input of the 6116 
memory, is active during either a 
Z8001 l/O request (with R/W low and 
ITS active) or an 8088-generated write 
to the bucket (with PL and INC 
active and 1:ffi'.'.m inactive). The INC 
signal is active whenever the pro­
cessor that has control of the bucket 
sets bit 1 of the address low. The 
CLEAR signal is active when bit 1 of 
the address generated by the selected 
processor is high and a write opera­
tion is occurring. 

A nonmaskable interrupt to the 
Z8001 is generated when the 8088 
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