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TM990/189 University Board

Is Texas Instruments’ TM990/189 a microprocessor's microprocessor?

John Caullield KOFUZ
2211 W. 119th Terrace
Leawood K5 66208

don’l know how many other hobbyists

wall as long as | do to really get into
something. bul my major contact with the
microcomputer world has been to read
about it and jusi be salisfied, In a vicarious
sort ol way, with the fascination of the
microprocassor. I'va always thought that
ona ol thesa days there'll emarge a micro-
processor's microprocessor that I'll eaally
learn on, become a varitable genlus al and
live happlly ever after.

Texas Instruments’ TMS30/189 University
Board comes closest 1o Hitting my scanario,
Time will tell If it emerges as a micro-
processor's microprocessor, bul you pay
your money, you take your chances. Tl has
provided an approach that, for me, does Il
all: alphanumeric keyboard, display,
monitor, assembler, audio cassette capa.
bllity, EIA and TTY interface options, pro-
grammable /O controllar, addressable
LEDs, a sgqueaker speaker (plezoelectric
disk), matching power supply and a ver-
satlle 16 bit GPU, tha TMS 9980.

One of Its biggest drawing cards s 570
pages of a sell-paced tutorial text. My pre-
vious reading about this spori has made me
consclous of a checklist of features . .. Tl
ssams to have packaged about all my

TM890/189 University Board, (Photos courtesy of Texas Inatruments)
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novica mind and budget could Imagine into
its University Board.

Let's look at the features of this 8 316 x
11 inch {208 cm x 27.9 cm) printed circull
board, which is three-hole punched so you
can slip It into a threa-ring bindear.

The brains of the board is 8 TMS9980, the
microprocessor. This Is a sollware-
compatible member of TI°s 9900 family of
microprocessors, Il s a single chip CPU
that has an 8 bit data bus, on-chip clock and
is & 40-pin device. Wait a minute, | can hear
you saying, | thought this was a 16 bit CPU,
Well, it s,

The TMS9080 has an axternal B bil data
bus, bul Inteémally it has a 16 bl data bus.
Thera's an 8 bit latch right inside the 9980,
Each B bit date chunk that entars tha 9980
via the external eighl data bus pins is Im-
mediately paired up with the preceding
alght bits. The combined B bil valuas form
the 16 bit Intarnal word.

Monitor Program

Tha EPROM rasident monitor, called
UNIBUG, anables you o communicate with
the TM38980. The monitor program pro-
vides fifteen commands and seven
subroutines. The UNIBUG commands are
ghown In Table 1.

In addition to the monitor commands,
there are seven utility subroutines that per-
form WO Tunclions. These subroutines are
called through the XOP (extended opera-
tlon) assembly-language Instruction. Table
2 ahows these user-sccassible ullliles.

Tha monitor program has & roommate in-
side the 4K PROM, a two character sym-
bollc assembler. After entry of the A com-
mand from the keyboard, the monllor
passes program control 1o the resident
aymbolic assembler. The assembler pro-
gram interprals assembly-language source
statements into object coda. This saves you
tha laborious, and often affor-prone, task of
looking up hexadecimal op codes lor any
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Table 1. UNIBUG commands.

ona of the €3 Instructions of the TMSE880,
plus formatting them for various addreass-
ing modes. The resideni assembler will
sava those of us In the microcomputer
novitiate anywhare from two to three light-
years of tima and a like amoun! of de
bugging lrustration.

Just like the “blg ole computars,” the
University Board assembler has several ver-
satlle assembler directives (see Table 3).

Algo, labels and comments can ba used.
Labels may consist of one or two
charactars—the first character must be
alphabetic; the second characler may be
alphanumeric. Commaents can be part of the
source statemen! and may Include any
printable character,

Keyboand

5o how do |, tha lowly human, talk to this
fantastic monlitor, symbolic assembler and
CPU? Simple, through the Integral key-
board. Any breathing electronics jock
knows that Tl s in the calculator busingss.
Well, they very niftily took one of thelr
45key keyboards and a ten digll saven-seg-
mant display and Interfaced it 1o the Univer-
sity Board. The 45 keys operate in both a
shified and unshified mode. The keys are
shifted when you depress the SHIFT key; in
this mede, a shift LED |s Wiuminated.

The keyboard display consists of ten
sevensegment LEDs. All of the letters of
the miphabet, numbers 0-9 and punciua-
tions .07+ —(@/>%A"S$=< are
avallable, How can all this be done with
seven segments?

Tl uses a styllzed lont—which maans
that some of the letters and punctuations
will look rather strange ai first (sea Example
1, which demonstrates a v, K and M). You
may grow to prefer some of the stylized let-
ters and adapt them to your evaryday life. In
fact, It will help keep your hobby just
esoleric enough B0 you can still “amaze
your friends.”

Although tha display Is ten digits, i is
capable of displaying any nina contiguous

characiers of a maximum 84 character ling.
The "shift display left" and “shift display
right” keys rotate the display six characters
at & time In a ring buffer to enable viewing
tha B4 character line.

It you are an advanced enthusiast and
have an EIA or TTY terminal, you can
populale tha EIA or TTY options on the
TMSO0/189. The printed circuil board s
pradrilled and etched for the few needed
paris, and the User's Guide detalls thelr in-
stallations.

v SHOWS UP AS Y
K SHOWS UP AS W

M SHOWS UP AS @
Example 1.

Memory

Every microcomputer system, by defini-
tion, has memory, The TMOX1B9 comes
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Schematic depiction of power supply.
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TME90/189 User's Guide.

with 1K bytes of RAM expandable on-board
1o 2K, and 4K bytes of PROM expandable
on-board to 8K. The 4K PROM coniains the
UNIBUG Monitor and Symbolic Assembier,
The user can add elthera 1K x Bor2K = @
EPROM In tha expansion EPROM socketl
provided.

For memory axpansion bayond what is
on the board, all key address and data lines
ara brought to a 40-pin connector where ad-
ditional mamory may be Interfaced. T pro-
vides a bus ewpansion interface on tha
printed circuit board, which you populate to
interface to off-board memaory. This option
will enable you to utilize the total memory
address capability of the TM8880 CPU, 16K
bytes.

Tha University Board may be interfaced
to an audio cassette for mass program
storage. The User's Gulde gives the connec-
tion detalls and parts required. To accom-
plish this, again, the printed circult board
has tha stches, but the user supplies the
parts—a relay and a transient protection
diode.

Ever since | first started reading aboul
microprocessors, |'ve wondaered about 1O,
or, how can | ged this circuit to aclually do
somathing? The University Board has two
main vehicles to the outside workaday
world. First, there Is memory-mapped WO
thal treats VO as a memory location.
Almosi all microcomputer sysiems have

XOP¥  Funotion

a Wrile oy headecimal chadacier to e
ferminal

] R D SeiMaCaTial wiont! ot (e Lavivingl

1w Wrile lour has characien 10 the lerminal

11 Echo charsciar

2 ‘Wirkle one charscied 15 the bermanal

2 Pasd ora charscter rom e terminal

1] Write & massags (o the lerminal
Table 2. Utility subroutines.
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this capability; the TMSS880 CPU is no
excaption.

CRAU interface

The second /O wvehicle is the com-
munications register unit, or CRU. The CRU
is a definite distinguishing factor of Ti's
TMS2800 lamily. It provides for a sarial
transfer of one or more bits in or out of the
CGPU via two dedicated pins on the
8080—CRAUIN and CRUDUT. A clock,
CRUCLK, Is used as a time sirobe to coor-
dinate data transfers. Use of the CRU does
not subtract from any avallable memory
locations, and it Is separate from the data
bus.

The major advantage of the CRU is “bit
diddling.” A single bit {or multiple bits up to
18} may be changed in the CRU output
schome. A single bit Is all that is necessary
1o monitor or change the status of a mator,
relay, switch, eic., i.8., the outside world.

There are fiva instructions that program
the CRU Intarface:

LDCA—Enables the user to load from
memory a pattern of 1 to 16 bits and serially
tranamit this pattern through the CRUOUT
pin.

STCR—Enablea Ihe user to store inlo
mamory a pattern of 1 to 18 bits oblalned
sarially at the CRUIN pin.

SB0—Sends a “logical one™ through the
CRUOUT pin.

S5BZ—3ends a “logical zero™ through the
CRUOUT pin.

TB—Tests the value at the CRUIN pin and
reflects the test results In the equal bit of
the Status Register.

The last threa instructions, SB0, SBZ and
TB, are the real aids to the control applica-
tions. They enabla you to tum on and off
loads as well as check their siatus. The
CRAU bacomeas a lascinaling concapl
beyond the typical memorny-mapped V0 sys-
tems.

Power Requirements

The nominal power requirement with the
on-board memory options fully populated is
+5V @700 mA, +12V @100 mA and =12
¥V @16 mA. Luckily for me, Ti supplies a
matching fossik-tual-firad power plant, the
TMB90/518, lo supply the required “juice.” If
you start adding off-board options, you'll

Absoiute ofigin of tha stalsmsenl

Block of mamody reseniod with starting

ayrnbol

Sintpen bits of kretwciate value

End of program, exii to monitor, ioad
counber

progemm
Gyrribol aquated 1o value 0 operand
String of ASBCIl coted characiers

g8 8% g} i

Table 3. Symbolic assembiler.

soon run out of power supply. So keep your
power budget In mind with respect to the
TMI90/519's capabilities.

Documentation

A major ingredient of the TMS90/189
University Board package is the tulorial
text, entitied Infroduction o Micropro-
cessors—Hardware and Software. This 500
plus page documen! stepped me through
every Inch of the system. It makes liberal
use of [lusirations, understandable and
practical examples, and it is directly keyed
to the TMB00/189 for immediate hands-on
reinforcement. (| especially enjoyed the Il
lustration that built up to a Morse code
translator. With & Httle bit of twaaking Il be
abla to usa it with my ham radiol)

The text is slmpla encugh for the relative
novice 1o use, bul the book's authors
(George Goode and Associates, Dallas,
Texas) point out that the book can also ba
used as the central text in an introductory
thres-hour college courseé on microcom:
puter systems. The chaplaer litles ars:

1. Overview of Compulers, Microprocessors
and Microcomputers

2. Arithmetic, Logic and the ALU

3. Intreduction to Computer Addressing
and Program Development

4, Assembly Language

5. Memory Systems

E. InputOutput Concepts

7. InputiOutput Design

B. Modular Programming

8. Software Engineering

10. Product Development

In addition to the tutorial text, Tl supplies
a welkwritten 150 page user's gulde. Tha
documentation is of professional quality
and highly readable.

The assambled board (no kits), lutorial
text and User's Guide |s $289. The tutorial
text alone is $19.95; User's Guide, §5.95;
TME00/519 power supply, $65.1

TMO90/ 189 tulforial lext.



