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Texas Instruments’ 99/2
Basic Computer

A look at the design process from concept to prototype

Designing a new low-cost com-

puter system is a delicate balancing
act. Your system must satisfy the

needs of your market, respond to the
challenges presented by your com-
petitors, and still be profitable to
build and market. In designing the
new Texas Instruments 99/2 Basic
Computer, we managed to achieve all
of the above requirements in only
four and a half months, which may
be record time for a new system.

The TI-99/2 was developed to
compete directly with such low-cost
computers as the Sinclair ZX81 and
the Timex/Sinclair 1000. The tremen-
dous demand for computers that sell
for less than $100 demonstrated a
growing need for a low-cost com-
puter-literacy product for both
children and adults. QOur primary
goal as designers of the T1-99/2 was
to build a home computer that would
enable people of all ages to take part
in the computer revolution around
them. It would also be used as a
learning computer for students from
grade school through college.

To satisfy consumers’ needs, a low-
cost computer must function beyond
the computer-literacy stage; only
then can it enable novices to improve
their newly developed skills, through
activities such as personal record
keeping, education aids, and even
mind-challenging games.
more, the computer must be capable

of growing with individuals who
want to develop more advanced skills
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Further-

Photo 1: The Texas Instruments Basic
Computer 99/2 is designed to compete
directly with low-priced computers such
as the Timex/Sinclair 1000. BASIC pro-
grams written on the 99/2 can run on the

TI-99/4A, but the reverse is not true.

or applications.

Texas Instruments set what we con-
sidered to be very aggressive goals in
the design and manufacture of the
T1-99/2. In this article we'll discuss
those goals and how we met and
sometimes, in our opinion, surpassed
them in the course of the four and a
half months between the initial con-
cept and the completion of working
prototypes for the January 1983 Con-
sumer Electronics Show (see photo 1).

Design Requirements |
We believed a major portion of our
market would be first-time computer
buyers looking for a minimal invest-
ment in the world of computers. We
kept the price low, hoping that those
who decided computer programming
was not for them would not regret the
expense. QOur basic assumption about

XB i 13728

these potential buyers was that theyg®
would base their purchase decisiopgl
on price, not features. Comput
power, expandability, and the ava;
ability of peripherals would be - &
celative measure for choosing froglt:
among several computers in the samg.:
price range,
We felt strongly that the first-timgls
buyer must not be intimidated by tig
product. The console, we decide 8
must be simple, and the keyboag
must be no more complicated than §
typewriter keyboard. A clutte
keyboard, with multiple-functigi
keys—and, therefore, multip]
legends—would generate an imr g
iate “1'll never learn to use that” "in
titude. In addition, we thought tif -
computer should be sufficiently
ple to operate and self-containgg
enough to ensure ease of use. B
Once the beginner starts to develd
computer skills, the computer n
peripherals that make new
tions accessible. An economical p
gram and data-storage unit was neg
essary, as were preprogrammed g
plication software packages to 3
crease the computers utility. W
decided that the system would i
need a low-cost printer for listiflk
and as a way of keeping track of pg.
gram output. In addition, the s "
needed to handle the memory explt
sion that becomes necessary as P
gramming expertise increases. b4
For computer owners who progg
to more advanced applications
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range of more sophisticated periph-
erals is necessary, We saw a need for
communications or networking de-
vices; high-density, fast-access mass
storage; and printer/plotter-type
peripherals to provide a very power-
ful but low-cost computer system (see
photo 2). Growth beyond these levels
of sophistication would probably en-
tail buying a computer with greater
capabilities.

To ease the upward migration to
more sophisticated computers, we
decided to make our computer part of
sn integrated product line based on
the 99/4A. Integrating the computer
with other TI products would enable
us to provide compatible software
and peripherals for other members of
the TI Home Computer Family. Pro-
gramming techniques and computer
programs developed on a low-cost
machine could be used on the more
sdvanced machine without being
rewritten. Peripherals for the new
machine would then be compatible
with the more expensive console, and
rone of the equipment and program-
ming exchanges would become
obsolete.

Having identified these require-
Dents, we selected the following
characteristics for the T1-99/2.

l)a computer system for less than
$100 that consists of a console, an
external AC adapter for power,
and a minimum of 2K bytes of
RAM (random-access read/write

Photo 2: Peripherals for the 99,2, The
line of low-cost peripherals tncludes, from
top to bottom: the HX-1000 printer/plot-
ter, the HX-2000 Wafertape Digital Dripe
tape unit, and the HX-3000 RS-232C inter-

face.

memory) and 16K bytes of ROM
(read-only memory)

2) a built-in, two-channe] black-and-
white RF modulator (channels 3/4)
tor connecting the system to a
standard TV (use of black and
white was necessary to achjeve
cost goals)

3) a built-in interface for a standard
audio-cassette recorder to provide
economical mass-storage capabil-
ity. Only audio in/out would be
supported by the system. Cost
would not allow support of motor
control

4) a built-in Hex-bus interface to pro-
vide compatibility with the line of
low-cost peripherals

5) an operating system that would be
a subset of TI-BASIC as used on
the TI-99/4A Home Computer
console. Thus the software written

on the 99/2 would be upward com-

patible with the 99/4A. For cost
reasons, the 99/2 would not use
the Graphics Read-Only Memory
(GROM) programming language
of the 99/4A and therefore,
99/4A command cartridges would
not be compatible with the 90/2,
Software compatibility would be
provided by BASIC programs
stored on cassette

6) no sound, color, or joystick
capability would be supported,
again because of cost constraints

7} the full system bus structure would
be available at an expansion port
on the rear of the console. This
would facilitate memory-expand-
ing Solid State Software cartridges
(not 4A compatible) or any other
tuture system expansion

8) a2 nonintimidating 48-key type-
writer-like keyboard with only
two legends per key top. Layout
and functionality of the keyboard
would match that of the 99/4A To
achieve the goal of two legends per

key, lowercase letters would not be
supported.

To enhance user acceptance and
utility of the keyboard, we needed a
raised key that provided tactile feed-
back as it was pressed. But we also
needed the economy of a Mylar key
material. Qur mechanical design

team came up with a keyboard Sys-
tem that provided both advantages:
using a Mylar key matrix under an
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Photo 3: The mair circuil board of the 9972
static RAMzs (4K bytes!.
DC regulator with heat sink.

elastomeric” key-top assembly. The

elastomeric system provides 48 raised
kevs in a single molded sheet an ar-
rangement that takes advantage of
the elastomeric properties of the
material. Depressing the key actuates
the Mylar underneath.

Internal Architecture

We decided to use the new high-
speed TMS9995 microprocessor that
runs at 10.7 MHz, a standard crystal
frequency. We chose the TMb59995
over the TMS9900 because it requires
fewer external control components
and less circuit-board space due to its
smaller package (see photo 3.
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The 99.2 uses a standard address.
data bus system. By using a 16-bit

icroprocessor and DMA  (direct
memory access) video processing,
we attained a high-speed system per-
formance. Initially, the system had
only 2K bytes of RAM. But when we
expanded the system from 16K bytes
of ROM to 32K bytes of ROM to
allow the software to run a full file-
management system without a plug-
in module, we decided ocur overhead
use of RAM was too high. We added
2K bytes of RAM to carry the
overhead of the system BASIC and
still give us a reasonable amount of
space for the program.

videc contralier chiy !

LN
32K-bute ROM1. a two-channel RE modulator arid the 5

-l tu

O controlier

rn.

The total RAM in the computer 15
actually 4.2K bytes. including the 25¢
bytes of scratch-pad memory in the
TMSG995 microprocessor. Tha!
scratch-pad memory helps improve
the speed of the system. The 32K-byte
ROM has a physical address space o
24K bytes, and the last 8K bytes o
ROM are bank switched to preserve
32K-byte expansion-port capabilit
(see tigure 1).

The expansion port has all syster
control address and data bus signat
available. This allows expansion wit?
RAM ROM, or [/O {(input/outpu!
cartridges. The 32K-byte expansiof
address space can be configured i

¥
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Figure 1: Internal architecture of the T1-99/2.

8K-byte increments of memory with

'ROM building up at the low end of

the expansion address space and
RAM building down from the high
end of the expansion address space.

The system contains two gate ar-
rays; one controls the video display,
and the other handles I/0O functions.
Gate arrays are a low-cost method of
designing custom lCs (integrated cir-
cuits). Starting with an array of logic
elements on an 1C, the manutacturer
simply designs a mask to connect the
elements in the final metalization pro-
cedure. To change the logic on a chip,
you simply change the mask.

The video-display controller is a
DMA processor that shares RAM and
ROM with the microprocessor. The
shared-memory structure improves
the ability to effectively update and
scroll the video display, thus allowing

more time to be allotted to the central

processing unit.

The 1/OQ controller handles the
Hex-bus interface, cassette interface,
keyboard, 1/0, clock generation,
system reset, and RAM/ROM chip-
select generation. This gate array
“allows higher system integration and
therefore lowers the cost of the
system.

The 99/2's BASIC language is ar-
chitecturally different from the
BASIC used in the 99/4A. To the user
it appears the same, but to meet our
goal of cost reduction we had to
redesign the internal modules. For ex-
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ample, the RAM and ROM are in dit-
ferent places in the 99/2 and 99/4A.
Gtill, for the most part the BASIC
commands produce the same re-
sponses as the 99/4A BASIC. In addi-
tion, the system is faster to execute
and uses fewer parts.

We decided to go with Solid State
Software to meet the need for a plug-
in module that would allow the user
to personalize the system through
configuration software. The user
could turn the system into a terminal
emulator, a learning aid, or a game
machine.

We didn't want the
beginning user to have
to hook up too many
external parts.

e
We built the RF modulator into the
system to simplify use. We didn't
want the beginning user to have to
hook up too many external parts.

The 99/2 uses a 128-character set.
Each character is an 8 by 8 dot
matrix. It takes 8 bytes, or 64 bits, of
information within the ROM to
define each character. There are 1024
bytes of ROM in the system commit-
ted to screen generation: these are
unavailable for system BASIC.

One byte of RAM is required for
every character Jocation on the screen
(768 bytes for a 24-character by
32-line screen display). The central

processing unit writes a code into
each of those RAM locations. The
gate array then reads that code and
knows which of the 128 characters to
display on the screen. The video con.-
troller chip and the microprocessor
share the system in order to keep the
display from flickering, which can be
annoying to the first-time user.

The video controller chip has
dominant control of the bus system,
When it wants the bus, it gets it—no
matter what the central processing
unit is doing. We designed it that way
to satisfy the refresh-rate re-
quirements. The processor can com-
pute only when the video controller is
not using the system. The central pro-
cessing unit can compute only during
border times, when the electron beam
is not drawing a trace on the screen,
such as during the horizontal retrace,
vertical retrace, and top and bottom
border times.

When the screen is full of
characters, the video controller has
the bus 90 percent of the time, and the
central processing unit can be used
for computing only about 10 percent
of the time, which slows down the
computer drastically. To overcome
this limitation, we designed the videc
controller with enough intelligence tc
know not to tie up the system when
nothing is displayed on a line. At the
end of every line that is generated, the
processor writes what is called a
blank end-of-line character. The
video controller responds to this
character by releasing the bus for the
rest of that row on the line.

When the screen is blank, the video
controller accesses the memory only
1/768 of the maximum computation

time available. Because a line of }

BASIC code seldom fills an entire
screen line, the computing time 15
greatly increased by this feature. If
we need to compute quickly, the sys-
tem has the ability to disable the

video chip; then there are no inter- |

ruptions to computing time. The soft-
ware controls the screen and can be

accessed through BASIC,

BASIC

To facilitate our computer-literac
goals for the 99/2, we provided three

additional BASIC statements that are
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not compatible with the 99/4A byt
that do allow the user to develop
some assembly-language program-
ming skills. These are the PEEK,
POKE, and MCHL (machine-lan.
guage execute) commands that et the
user read/write directly into mem-
ory. By using the MCHL command,
the user can execute an assembly-lan-
guage program. Most applications on
the 99/2 will not require the PEEK.
POKE, and MCHL commands but
their availability gives users a chance
to do assembly-language program-
ming, even though it is not supported
by the 99/4A console BASIC.

The 99/2 users manual explains

“any of the incompatibilities. It is im.-

portant for the user to know these

when writing a program that uses the |

assembly-language capabilities of the
99/2. Those instructions will be
flagged as errors on the 99/4A. We
felt that anyone who can program in
assembly language will understand
how to change the program to run on
the 99/4A. Anything written totally
in BASIC will be compatible.

System Software

The system software of the 99/2,
we decided, would provide power-up
initiation and system configuration
detinitions and would allow users tq
select operation in BASIC or to yse an
application module that had been
previously inserted into the expan-
sion port. We decided to impiement a
subset of the TI-90/4A console
BASIC to satisfy the v pward software
compatibility users need to migrate to
another computer system.

Because of architectural limita.
tions, the 99/2 does not support
several features—CALL COLOR,
CALL SOUND, CALL JOY, CALL
CHARS$, and CALL SCREEN The
cost of the additional hardware re.
quired to support these features
would have caused us to exceed our
pricing goals.

In addition, the system would not
use the TI-99/4A GROM language
because of the cost of the hardware
required to support GROM chips. We
had to develop a completely new
BASIC interpreter for the 99/2 that
Was optimized to use the speed ad-
"Ntages of our architecture yet pro-

vide a meaningful subset of TI-
BASIC. We included a fyll file-man-
agement system in the system soft-
ware to take fyll advantage of the
Hex-bus peripheral system,

Within the time frame we gave our-
selves, we didnt have sufficient
resources to develop a complete soft-
ware system for the 99/2. so we
decided to go to an independent third
party for the software generation. We
needed a group that was willing to
undertake a task of this magnitude in

Southwestern Louisiana (USL) in
because its
computer science department had
worked with TI before and came
highly recommended. After we dis-
cussed our concepts and needs with
them, the USL team accepted the
challenge. During the course of the
tour and a half months in which we

prepared prototypes for the January
1983 Consumer Electronics Show
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(CES) in Las Vegas, Nevada, the USL
team members provided very useful
feedback on the 99/2 system architec-

ture.

Development Schedules
The entire 99/2 system was con-
ceived, designed, and developed in
time to introduce working prototypes
at the CES show. The full develop-
ment cycle, from concept through
production, including qualification
and certification, was approximately
eight months long. This achievement
required the cooperative dedicated ef-
forts of many Tl groups both inside
and outside the Consumer Group.
Our Semiconductor Group devel-
oped two new gate array ICs, from
layout to working prototypes, in two
months. Logic design of the gate ar-
rays was done in Lubbock, Texas, by
the IC design organization of the Per-
sonal Computer Division in approx-
imately one month.
The mechanical design team of the
Personal Computer Division designed
and developed the console, AC

__________

adapter, cassette/video connections,

and the keyboard in time to have pro-
totypes at the CES show, also in
about four and a half months. Devel-
opment included implementation of
advanced assembly techniques to
allow reduced manufacturing time
and lower cost. Our Industrial Design
team provided the styling of the con-

sole.
w

The full development
cycle, from concept to
production, was
approximately eight

months.
“

Other members of the Tl Con-
sumer Group also contributed greatly
to the successful introduction of the
TI-99/2. Qur packaging design and
artwork team worked many extra
hours to provide the appropriate
packaging material for the unit, while
our manual-writing staff developed a
series of four manuals for the 99/2
that gradually progress in complexity

to handle the range from novice to
computer hobbyist.

Final Thoughts

The TI1-99/2 is not just another
low—cost, entry-level computer. [t is 3
computer system designed for educa.-
tion and personal use. Users will find
it an inexpensive introduction tg
microcomputers. With the use of
Solid State Software cartridges such
as Learn to Program and Learn to
Program BASIC, individuals and
schools can easily obtain instruction
in computer programming,.

By introducing peripherals and in-
expensive software simultaneously
with the computer, Texas Instru.
ments believes this system will grow
with an individual, inspire confidence
in the use of computers, and foster
the continued growth of the computer
revolution.®

About the Authors

Harry Littlejohn was program manager and
project engineer and Mark Jander was project
design engineer for Texas Instruments’ T1-99/2
design group.
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