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INTRODUCTION

The 71 99/4 Home Computer was initially presented at the Consumer
Electronics Show in June 1978 by Texas Instruments. The TI 99/4 is & TMS
9900-based microprocessor system. presently, the 95/4A mainframe is being
manufactured by the Consumer Products Division of Texas Instruments, Inc. in

Lubbock, Texas.

The TI 99/4A has many key fsatures. ’Some of these feature includs 1l8-color
graphics, music and sound over four octaves. The TI 99/4A also makes use of
an expanded TI Besic. This feature plus the capzbility for up to 72K bytes of
memory (16K RAM internal, 26K ROM, and up to SOK ROM interfaced viz the

Command Module peripherals) meke the TI 99/4A Home Computer a very powerful
: Y

tool. Thesz key features and the general operztion of the TI 99/4A will be
presented in the following pages.

SYSTEM BLOCK DIAGRAM:

T

he T1 88/4A Home Computer effectively combings 2ach of the indjvicuel

r
—

feztures of the unit into & conplete and comp iex systam. The basic ocks ¢f

the system inciucde the CPU, sound generation, video display, I/0 contirci, plus

timing and control logic. These features a-e interfaced to procduce the
"

complete microprocessor system. Tne system block diagram of the TI 89/44 is

shown n Figure i, p- Q.
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HOME COMPUTER
KEY ARCHITECTURAL FEATURES

9900 CPU

VIDEC PROCESSOR WITH 10.74 MHz
CRYSTAL OSCILLATOR FOR NTSC
COMPOSITE VIDEO GENERATION AND
CONTROL OF GRAPHICS RAM

3 GRAPHICS ROMS ONBOARD WITH 6K BYTES EACH, EXPANSION
PORT FOR SOFTWARE MODULES WITH UP TO FIVE 6K X 8 GROMS
AND 8K ROM OR RAM

48 KEY KEYBOJARD
TV INTERFACE VIA VIDEO.MODULATOR
PERTPHERAL CONNZCTORS WITH CRU AND & BIT MEMORY INTERFACE

1200 BAUD HOME CASSETT INTERFACE



HOME COMPUTER
T™S 9918 VIDEQ DISPLAY PROCESSOR KEY FEATURES

REFRESH THE TV SCREEN AT 60 Hz WITHOUT INTZRLACE FOR COMPOSITZ
NTSC VIDEQ OUTPUT

24 LINES OF 32 CHARACTERS WITH & X 8 DOT RESOLUTION

32 MOVABLE CHARACTERS WITH MAGNIFICATION

24 LINES OF 40 CHARACTERS WITH & X 8 DOT RESOLUTION
48 LINES OF 64 INDEPENDE&T’SPOTS
EXTERNAL VIDEQC INPUT WITH SYNC

PROVIDE 3 COLORS WITH 2 LUMINCUS LEVELS EACH

PROVIOE 8 SETS OF COLOR SELECT REGISTERS TO PROVIDE
ZPARATE COLOR FOR ONES AND ZEROS

ADDRESS 4-16K BYTES OF RAM FOR CPU OR DISPLAY

SINGLE 5 VOLT POWER SUPPLY
10.74 MHz ONBCARD CRYSTAL OSCILLATOR
GROM CLOCK

40 PIN PLASTIC PACKAGE



HOME COMPUTZR
TMC Q430 GRAPHICS ROM KEY FEATURES

6144 BYTES MASK PROGRAMMABLE ROM
16 BIT ADDRESS REGISTER WITH INCREMENTER

CHIP SELECT FROM 3 MOST SIGNIFICANT ADDRESS BITS
INSTRUCTION DECODE FOR FOUR OPERATIONS

READ BYTE AND INCREMENT

WRITE HIGH ADDRESS BYTE AND TRANSFER HIGH TO LOW
READ LOW ADDRESS BYTE

SPARE TO WRITE RAM OR PROM

LOW COST P CHANNEL MOS

Sus CYCLE TIME

+3, -5 POWER SUPPLIEZS WITH TTL INTERFACE
447.5 KHz CLOCK INPUT

16 PIN PACKAGE




HOME COMPUTER
TIM 9919 SOUND GEMERATOR KEY FEATURES

3 VOICES WITH 4 OCTAVE MUSCIAL RESOLUTION

15 BIT PROGRAMMABLE NOISE SHIFT REGISTER
100 MW AUDIO DRIVE WITH 3003 CONTROL IN 2DB STEPS
8 BIT CPU INTERFACE

5V POWER SUPPLY
IlL TECHNOLOGY
16 PIN PACKAGE



SYSTEM POWER UP

POWER IS TURNED ON:

w
-<
wy
~—l
™
=

9900 CPU RESETS AND ADDRESSES LOW EPROM LOCATIONS
9900 INITIALIZES

9900 SETS UP WORKSPACE REGISTERS IN 6810 RAM

8900 BEGINS READING FROM GROMS

9900 ENTERS TIME DELAY LOOP TO ALLOW STABILIZATION - % SEC
8919 SOUND CHIP IS TURNED OFF

-9918 VDP IS INITIALIZED

4116 RAM IS CLEARED - REQUIRES APPROXIMATELY 1 SEC
FRONT PANEL DISPLAY IS WRITTEN INTO VDP

9919 SOUND CHIP EMITS BEEP

8900 CPU ENTERS KEYBOARD SCAN ROUTINE

IS NOW READY FOR USER INPUT



U S W N

ITEMS TO CHECK DURING DEBUG

CHECK IF FRONT PANEL IS UP "TI LOGO"
CHECK #5, +12 VOLT LEVELS THROUGHOUT BOARDS
CHECK IF READY PIN 64 OF 9900 IS LOCKED UP
CHECK THE FOUR 12 VOLT CLOCKS FROM 74362 to 9900
CHECK
GROM SELECT PIN 10 0430
GROM READY PIN 15 0430
GROM CLOCK PIN 13 0430
CHECK PIN 38 OF 9918 FOR 3.578520 MHz CLOCK
CHECK VOP (9918) READ PIN 15 9918

WRITE PIN 14 9918.
CHECK DATA COUT OF 4116 RAM PIN 14

CHECK COMPQSITE VIDED FROM DIN CONNECTOR
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HOME COMPUTER CASSETTE INTERFACE

Operates with byte/manchester encoding format.

Uti1%zes redundancy to gain increased reliability.

Uses wave shaping on input and output to increase reliability.

Has two motor control c¢ircuits which allow computer to control dscks.

Has capability of reading from one deck and writing to another, under
computer control.

The interface is software intensive and relies on 9901 internal timer for
it's timing.

PROBLEM AREA OF CASSETTEt INTERFACE -

.- Relizble recovery of data is dependant on recorder used during save.

Reliability is diractly proportional to frequency response of cassstie
deck.

Reliability can be observed by looking for the "eye" or "jitter”
phenomencn with an cscilloscope.

A. Present reliability is dependant on amount of jitter.
If jitter is less than 60 ms cassette should work.

Cassette is also adversely affected by speed changes.

A. Motor control curcuit can under special circumstances cause this.



GENERAL DESCRIPTION OF THE 99/4A

The following paragraphs provide & description of the 99/4A system hardware,
the VDP chip (TMS 9918), the sound chip (TMS 9919}, the GROM (TMC 0430), the
associated timing diagrams, the cassette interface circuitry and power supply.
99/4 SYSTEM HARDWARE

The 99/4 has been built around the TMS 9900 microprocessor. Fig. 1 shows a
block diagram of the system. In this description the logic of the 99/4A is
grouped into the following functional sections.

§ Clock generator/driver

8 Microprocessor unit

§ Memory selection légic

8 System ROM & RAM

% 16 to 8 bit interfacing circuit

¢ Timing and control lagic

§ GROM memory

$ TMS 9901 programmable system interface

8 TMS 9918 video displey procassor

8 TMS 9919 sound generator

? Keyboard, remote handheld unit

9 Cassette interfacing circuit

¢ I/0 port

§ Power supply

8 European power supply:

8 Audio board



The purpose and composition of these functional sections is to provide an
overview of the 99/4A system with a detailed description in the succeeding
paragraphs.

The clock generator/driver provides 4 non-overlapping clock signals for the
TMS 9900 microprocessor and also internal latch which is used in the reset
circuitry. :

The microprocessor unit with the TMS 9900 handles all the processing as
required by the on board software as well as the off board software (DSR's
and command modules), interrupts, and power-up initialization.

The memory address/decode logic provides enabling signals to the various
RAM*s, ROM's, GROM's and interface circuit. )

System RAM consists of 256 bytes static RAM used as a scratch pad memory
for all system operations. The system ROM consists of 8K bytes of the
following system programs.

- The GPL interpreter.

- Floating point routines.

- String conversation routines.

- Cassette interfacing and I/0 programs.
- Basic programs.

The 156 to 8 bit interfacing circuit enable the 99/4 to access 8 bit devices
by multiplexing and demultiplexing the 16 bit data bus of the TMS 9900.

Timing and control logic provides the timing and enable signals for the i6
to 8 bit interfacing circuit. It also handles the READY and WE signal for
memory operations.

The TMS 6801 1/0 controller is the interface used by the keyboard scanning
circuit and the cassette interfacing circuit. It also handles interrupts
and has. an on-chip timer.

GROM memory consists of 18K bytes of graphics program. (Graphics is the
intermediate language used in the 99/4) It contains the following system

routines:
GROM U : - Monitor routines

- First part of the equation calculator.

- The cassette device subroutine contain ROM.
GROM 1 : - The editor

- The prescan routine for basic.

The first part of the basic executing program.

GROM 2 : The file management programs.

The second part of the BASIC executing program.
The second part of the equation calculator.

EGrom memory is expandable up to a limit of 48K through the grom I/0 Port.

11



The GROM port enables the user to run preprogrammed sofware in up to 5
GROM's in a software module. This module may also contain in ROM
process1ng for generatxng the composite video 51gna1 A part of the 16K
byte user RAM contains the character code table which is downloaded in the
RAM dur1ng the power-up sequence.

The TMS 9919 sound generator is a one chip device capable of generat1ng 3
tones and noise programmable by the user.

The keyboard interface is using the TMS 9901 I/0 chip. The keyboard
scanning is using the multiplexing technique.

The I/0 port provides the capability to the 99/4 to access the ROM in the
various peripherals containing the device service routines (DSR's) and is
takes care of the data exchange.

The audic board houses an audio amplifier to drive the 8 ohm loadspeaker in
the European version of the 99/4. Volume control is by a slide pot.



OSCILLATOR CIRCUIT
GENERAL DESCRIPTION

The TMS 9900 microprocessor, as used in the TIS9/4, uses four non over-
lapping clock signals generated by a 74LS382 clock generator/driver.
These four clock signals Ql, Q2, Q3, and Q4 have a 12 volt swing.

For system synchronization purposes the inverted clock signals (Ql, Q2,
03 and Q4) are available at TTL level. P4,

A timing diagram for the clock signals is given in figure 3§, As can be
seen from the internal schematics of the 74LS362 figure 35 , there is
also a D type latch available. This latch, clocked by Q3, is in the
reset circuitry. :

HARDWARE DESCRIPTION (see figure &, piv-)

- - - - - -

POWEZR CONNECTIONS
Power connection points are pin 10 for ground, pin 13 for the +12 volt,
and pin 20 for the +5 volt supply.
L603, L604, C604, C605 and C5807 are used for decoupling of noise
generated by the 74LS362.

POWER UP
Pin 17, conected to the 5 volt powsr supply by serie resistor R6J%
enables the clock outputs. '

RESONATOR PART
A third overtone, 48MHz crystel, connected between pin 18 and 189
determines the clock frequency. The tank circuit with L602 and L603
connected between PINS 1 and 2 selects the third overtone. Some units
may use a RMHZ crystal with tank components to select the primary
frequency. .

CLOCK SIGNALS

Pin 8, 9, 11 and 12 are the four 12 voit clock outputs for the TMS 990C.
The four series resistors R601, R502 and R603 minimize over and
undershoot. .

The inverted clock signals on pin 6, 7, 14 and 15 are usaed internally in
the 29/4 for timing purposes.

RESET

Reset is accomplished during power-up and when 2 solid state software
command module is inserted.

€606 will be slowly charged by resistor R805 after applying power to the
console. Thus for a short period the D input of pin 5 of the 74LS3562 is
low. The 7415362 clocks this zero binary value to the reset out of pin
4. This signal resets the TS 9900 until a binary 1 value is sensed on
pin 5. When the system is switched off, R606 discharges C606, thus
enabling & new reset. When a solid state software command module is
inserted, the reset line is connected to -5 volt. (806 is then partly
discharged by C506, thus dropping the voltage at pin 5 for a short time
to the binary low level, generating 2 reset. When the solid state
software command module is removed, resistor R514 will descharge (506 to
enable a new reset.

4.
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CENTRAL PROCESSING UNIT
GENERAL DESCRIPTION

The 99/4 Home Computer uses the Texas Instruments TMS 2900 micro-
processor. It provides the system with a 15 bit address and 1& bit data
bus for communication with external memory. It also has input and output
pins for serial in and output, interrupt handling and memory control
(see figures 3 ead ~, pr Ou- 93)

MEMORY INTERFACING
The TMS 9900 interfaces with memory by means of a 16 bit data bus
(D0-D15), the 15 bit address bus (A0-Al4) and the following control
signals.

MEMEN MEMORY ENABLE. When active (low), MEMEN indicates that the
address bus contains a memory address.

WE WRITE ENABLE. When active (low), WE indicate that memory write
data is available from the TMS 9900 to be written into memory.

DBIN = DATA BUS IN. .When active (high), DBIN indicates that the TMS
9S00 has diabled its output buffers to allow memory to place
read data on the data bus during MEIMEN.

READY READY. Wnen active (high), READY indicates that memory will be
ready to read or write curing the next clock cycle. When not
ready is indicated during & memory operation, the TMS 2900
suspends further operating (e.g. enters & wait state) until
READY becomes active again, after which ths wnmory read/write
cycle is completed. This signal enables the use of slow memory
cevices with the TMS 9900.

WAIT _WAIT. When active (high), WAIT indicates that the TMS 9900 has
entered & wait state bec ause of a not-ready condition from
memory.

Timing diagrams for read and write cycles, with and without wait stztes,
are given in figures £-%.pp. 45~ 256

DIRECT MEMORY ACCESS

Performing memory access without interference of the TMS 9900 is called
direct memory access (DWA) for this purposs the following contrel lines
are available.

HOLD HOLD. When active (low), HOLD indicates to the processor that
an external controller disires to use address, data and memory
control signals. The TMS 9900 enters the hold state following
& hold signal when it has completed its present memory cycle.
The processor then places the address and data buses in the
high-impedance state along with MEMIN, WE and DBIN and responds
with a holdackowledge signal (HOLDA). When HOLD is removed, the
processor returns to normal operation.

[
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HOLDA HOLD ACKNOWLEDGE. When active (high), HOLDA indicates that the
processor is in the hold state and -that the outputs (MEMEN, WE and
DBIN) are in the high inpedance state thus making is possible for
an external device to use the buses and access memory.

The timing diagram for direct memory access is given if figure ¢, p- 49.

IN AND OUTPUT (1/0)
The TMS 9900 has two passibilities for communicating with external devices:
A. Addressing the device as memory.
B. Using the communication resister unit (CRU).

The CRU makes it possible to communicate with external devices with fewer
lines. Only A3 through Al4, CRUIN, CRUOUT and CRUCLK are used. The CRU
I/0 bus makes it also possible to address bits instead of bytes or words.

OUTPUT
Qutput with the CRYU interface is performed as follow. The processor
addresses the bit to be set. This address is decoded and enables a latch
to the data present on the CRUOUT line on CRUCLK.

INPUT
Input is performed only with the address bus and CRUIN. Again the
processor addresses the bit to be read.
The system hardware decodes the bit address on A3 through Ald 2 d an a-1es
the addressed it to put its value on the CRUIN line. The bit is then
fetched by the TMS 9900.

TIMING DIAGRAM _
A timing diagram of CRU operations is given in figure /o, £- 3C-

The TI 99/4 home computer uses both ways of I/0 to communicztie with
intarnal and external devices.

/

INTERRUPT HANDLING
Interrupt processing logic on the TMS 9S00 uses the following inputs.

INTREQ  INTERRUPT REQUEST. When active {low) INTREQ indicates that an

external interrupt is requested. If INTREQ is active, the
processor loads the data on the interrupt-code input lines ICO
through IC3 into the internal interrupt-code storage resister.
This code is compared to the interrupt mask bits of the enabled
interrupt level, the TMS 9900 interrupt sequences is initiated.
If the comparison fai1s, the processor ignores the requast.
INTREQ should remain active and the processor will continue to
sample ICO through IC3 until the program enables a sufficiently
low priority to accept the requested interrupt.

ICO INTERRUPT COQDES. ICO is the most significant bit of the interrupt
IC1 code, which is sampled when INTREQ is active. When ICO
1C2 through IC3 are LLLH, the highest external priority interrupt
IC3 and when RHHH the lowest priority interrupt is being requested.

In this system, ICO, IC's, and IC2 are tied to VSS, and IC3 is tied to VCC,
thus if INTREQ is active, it is always considered the highest priority.

16



TIMINE SIGNAL
The TMS 9900 has an additional timing signal IAQ which becomes high
during any memory cycle when the TMS 9900 is acquiring an instruction.
This signal can be used for timing purposes.

SUPPLY VOLTAGES
The TMS 9900 reguires 3 voltages with respect to ground.

VBB - 5 volt supply voltage
vCC + 5 volt supply voltage
VDD +12 volt supply voltage
VSS system ground

CLOCK INPUTS
Four clock signals Ql, Q2, Q3 and Q4 have to be provided on the four
clock input pins for internal timing of the TMS 9900. Note that these
inputs require a 12 volt swing.

SYSTEM START UP
The following signals can be used for system start up.

RESET RESET. When active (low), RESET resets the processor. When
RESET is released the TMS 9900 starts exscution of its programs

with the first memory address fetched from memory locztion
0002.

LOAD LOAD., When active (low), the procsssor starts exscution of its
programs on thz address in memory location FFFE.

During & reset or load the microprocessor also feiches the workspace
pointer. This is the starting address of a memory field of 16 words in

RAM memory which is used as a register field. Ouring reset the
workspace pointer is fetched from adress 0000, during load from address
FFFC.

HARDWARE DESCRIPTION

- ———— - - - ——— - - -

A drawing of the connections to the TMS 9900 as used in the 99/4 is
given in figure -4, g£-&/.
The following list describes the connections in more detail.

POWER CONNECTIONS

+ 5 volt., The +5 volt power supply is connected to PIN 2 and 59 of ths
™S 9900. U600, C600 and C611 are acting as a filter to
reduce system noise on PIN 2 and C603 is used for the same
purpes2 on PIN 59.

+12 volt. The +12 volt power supply is connected to PIN 27 L601 and
€812 are acting as a filter to reduce noise.

- 5 volt. The <5 volt power supply is connected to PIN 1 with C602 for
' decoupling.

§—
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GROUND Pin connections 26 and 40 are for ground.

CLOCK INPUTS
Ciock inputs Ql, Q2, Q3 and Q4 are input on pins 8, 9, 25 and 28
respectively.

ADDRESS BUS
The 99/4 uses the address bus internally without further buffering, except
for Al4, which is used on the GROMS (sees I/0 bus description).

DATA BUS
Internal ROM and RAM uses the data bus without buffering. .To connect the
data bus to internal 8 pit devices and for in and output, a special 18 to
8 bit interfacing circuit is used.

CRU BUS ]
CRUCUT, CRUIN and CRUCLK are used internally without buffering.

INTERRUPT HANDLING
‘Interrupt vector pins 33 through 36 are praset to code LLLH, the highest
external priority interrupt. So the 99/4 knows only one interrupt level.
The INTREZQ line is connected to the TMS 8901, which handles the

interrupts.

RESET
The system resets during power up or when & solid state scfiware command
mocdule is inserted. This is done by connecting RISET pin & te pin & of

the systam clock generator (US01).

LOAD
The load function or pin 4 is connected to the I/0 Port via resistor
R523.

WRITE ENABLE
The WE function or pin 61 is used by fast system RAM without buffering
and is modified by timing and control for other devices.
IAQ/HOLDA
The instruction aquisition signal on pin 7 and the hold acknowledge
signa% on pin 5 are combined on OR-gate U605 to generate 2 combinec
signal.

/

MEMORY ENABLE {MEMEN)
This signal is buffered by OR-gate UG0S for further use in and cutside
the 99/4. R607 is used as a pull up resistor to +#5 volt to assure that
memory is disabled during power up.

OBIN
The DBIN signal on pin 29 is buffered twice by inverting gatss US02 for
use within the 99/4 system.

READY/HOLD
READY and HOLD on pins 62 and 64 are combinsd to form one signal.



A study of 9900's internal structure is usaeful when trying to understand the
operation of the IC. The architecture of the 9500 microprocessor is shown
in the diagram of Fig,3,p.92. This shows the internal features within the CPU.
These features include:

* The ALU

3 Multiplexer Busses

Control Logic and Control ROM

Internal Registers:

Memory address register, shift register, status register, source data
register, shift counter, workspace register, instruction register, and
auxillary register T1 and T2.

* & A F

The ALU (Arithmetic Logic Unit) is a 16-bit, parallel logic network used in
the execution of the 9900's instructions. The unit performs arithmetic
functions, log, and comparisons. The multiplexer busses are used in the
transfer of flow of data in the CPU. Tne control circuitry provides the
signals necessary for correct gating.

The contrcl logic and control ROM provide the necessary signals for the
correct sequencing or operation of the CPU's instructions. This is
accomplished with the aid of the input control signals and master timing.
Among the internal registers there are threes which are key architectural
features of the CPU. These registers are the workspace pointer, the program
counter, and the status register. the workspace pointer contzins the location
of the Tirst word in the workspace. The program counter contazins the address
for the next word which is to be used in the executicn of an instruction. The
status register determines if the conditions necessary for an instruction
execution have been met. This is done by the settinz of {lags.

In the operztion of the 9900, sixtv-nine dinstruction words can be used. A
Tist of the 9800's instruction set can be found in Table /,£ 31 These
instructions are used to perform arithmetic operations, logic, comparisons,
and manipulation operations on data. They are also used for the loading and
storing of datz within the CPU's internal registers. Data transfer betwesn
the external memory system and external devices is also made possibie with the
instructions via the CRU. Instructions are also used as control functions
within the CPU.

The external memory used with the TMS 9S00 in the Ti99/4 and TI99/4A consists
of two TMS 4732's and two MCM 6810P's. The TMS 4732's are 4K X 8 bit ROMS and
are addressed via lines A3-Al4 of the address bus. However, one of the 4732's
uses the D1-D7 lines on the dataz bus while the other uses data lines D8-D15,
thus combining the two 4732's into a 4K X 16 bit ROM. The MCB €810P's are 128
X 8 bit static RAM and are used as a scratch pad by the CPU., In a manner
similar to the 4732's the two 6810's are combined to form a 128 X 16 bit RAM.
One slight difference from the 4732's is that the 6810's are addressed by
address lines A3-Al4,

The 9900 uses thres control signals during operation of the externzl memory
read and write to control the use of the address and date busses. These
signals are DBN, -MEMEN, 2nd -WE. During memory read, DBIN and -MEMEN ere
active, while -WE is not. The active signals allow an output onto the address
buss indicating the disired memory lacation to be read. DBIN and -MEMEN are
deactivete the data bus output.
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Product Data Book TL\IIS 9900
ARCHITECTURE

2.8 TMS 9200 PtN DESCRIPTION

-
Tavdie 2 defines the TMS 5200 pin assuignments and describes the funcuion of such Din.

TABLE2
THS 2900 PIN ASSIGNMENTS AND FUNCTIONS

signaTURE ! min ! wo ! DESCRIPTION TMS 9900 AIN ASSIGNMENTS

‘! P ACORESS BUS vee 155 s FOTD
AD iMS2) 4 ! OU‘T‘E AQ througn Ald comprise the aderess Bus. vee 2 :e =S 63 MEMEN
Al P23 QUT| Ths Jatate bus provices the memory~ war 355 62 READY
a2 | 22, OUT| sotrens vector 3 the extemabmemory TIAD 4 50 ~ 61
A3 © 21 | OUT| svitem when MEMEN s acove and /02t HOLDA  § 2 83 cALCLX
ad | 20 ! OUT} scarenes and axtemalirmrucuion sadrenes  ATS & == Ess Vee
as | 19 ! QUT| 10 the 1/Q system when MEMEN 15 inacuve, 17 Y- B - 3 NC
AS | 18 | OUT] The sacress bus a33umes the Nighumoecdencs o1 B T 7 NC
a7 : 17 | OUT] state wiven HOLOA 3 acuwe. 2 3 Ess o1s
ag P16 L ouT A4 10 2T 55 D14
A |18 ‘.°""‘ A3 11 2T S 213
A6 14 ouT a2 1282 3 012
At ¢ 13t euT A1 13 ¥ [Tes2 ot
FYH [zt our! A0 U D ——— T35 ot
a1z P cu“.’i As s & ! 2w o
A13.1L88) { 10 OUT: AR 18 & l | g 08

| ! A7 17 2 | C: <8 07
N ‘ ! CATA 8US As 13 27| z } 21 o8
[=-RRELTH] 41 1 /O ' TO rwough D15 sormorre e tidirecuional as g £TH [am-gr™1
=} 42 1O | 3utate dats mus. This bus transrerss memory A4 DX Km0 53
o 43 1o ; a1t3 (o (woen wrnng] ang from lwhen N 3_“::“ 2
s ik O | racing) the e3tern3iememony fvItem when A2 2T T4 o2
ca : 4s i o MEMEN 13 3ctrve, The Cats Dus J1aurmes the Al 22T ;g FEEE-T!
= {45 1 UQ ' mgnempecance state when =OLDA s a0 2¢ = o= 4t D0
25 '47};/0'5.“,\._ - = To2as ves
o7 8 | 0! vss 6 5 23 mC
cs t a9 | o vop T 2 =3 NC
ce j o w9, 3 3 5T L...vnc
[-1F) Cst 10! omiN 29 WO =28 iCD
o lsz|wot cRUCUT 30 Fo T2 et
otz B w. CRUIN 31 &0 U =
o513 %o WTAEa = O =1 s
D1a | F] o '
o1s (LS3) % o

' i ! NE = RO ATIrNgt CONRETHON

¢ ! ' POWER SUPPLIES
Vag [ B ¢ Suooly vortage (=% ¥ NCM?
Ves : 2,!9:~ f Sugoiy voitage 1§ /7 NOM), Pims 2 ang $3 =ust Be connected im cardiie,
Voo pom | Swesty vortage (127 NOM)
Ves 125,491 : Grouncg retewnzs Fras I8 30 40 must De conmesied i Sarpiel”

Lo

: : i eLeexs
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T.\IS 9900 Product Data Bock
ARCHITECTURE

TABLE 2 ICONTINUED!

sicNaTURE | pin | vo ! DESCRIPTION
BUS CONTROL

CBIN 23 ouUT Dars Dus 1. When active (high), DBIN indicaies that the TMS 2900 =as o1sa0lec 1ty outdut buffers 0
Slow the memary D Dlace MeMAry-eac €313 00 ne cata Bus during MEMEN. DEIN remarns low in
all other cases excest when MOLDA 11 actve.

MEMEN -~ QuUT Memory snable When acuve llw).M—EME_N nd1cItes That the J00reSs DUS CONTAINS 3 MEMOTY 30CTeSS.

! ! ' - .

we | 8 l! OUT | Wnu enale. When actne liowl, WE indicates that memory wrrte Gazs s avauabre trsm the TMS 9900
10 De wririen Mo memory.

CRUCLK -] ouT | CRU deoex. When active thighl, CRUCLK incicates that exernat mertace logis snould samsie the

! .outout data on CRUSUT or shouid external sagtr on AQ througn A2.

CRUIN 3] IN CRU data in. CRUIN, normally drven Dy J4tate or open<collector devices, receives input dara from
extemn3i intertacy 109:c. When the procemsor exacutes 8 STOR or T2 imtruction, it samgies CRUIN for
™e leval of the CRU imput 012 soecfies by the sdcres dus (AJ inmusn AT4),

LRUCUT 36 ouT CRU g2%2 cut Senal /O cata 300e3es on the SEUOUT hine when an LOC2, S22, o SEC imtruetion
18 oueu;rd. The 233 on CRUOUT shouid de s3mowed Dy external /O inte~sce 1o5ic when CRUCLY

| goes agywe thighl.
! INTERRUPT CONTROL
!-N_;R_EQ 2 iN Interruet recuest. Yhen aective liowr), R-T?_Ea mcicates Nat an extemal Aterruot 8 racuestes I
! m 15 BCirve, the Processor lcads tNe Cat3 ON the iNTeTUDtcoris=ntut anes 1CY *hrougn IC3 inte
! the INTernal IRIMUOICOCe-4IOTICE regiSTer. THe SD08 11 COMDA’ET 10 e NterTyDT Masx Mg o *Ne
’ eaTus registes. I ecual or higher prsnty than he enadied iInternast eves {intermuot £o0e #QUal OF les
men status recister Mts 12 thirouen 15) the TMS 300 interrust secuence s 'mittated. IF the
COMBanaon fails, ™ Drocwsser YNOres the reECUest. m SMOUIS femAin acTive 3 e Drocessor
whilt contnue 1o 1amoie 1C0 throwen 1C3 untit (N2 Drogram ematas 3 sulhitientty iow SNOnTy 10 acseot
the redues? intermrust.

1C0 IMSB} 36 N trerruct coaes. 1C0 s the MS3 of the interrudt coce, wmich 13 sarmDies wnen INTS S0 S achive, When

11 k] iN 1C0 tMirougn 1C3 are LLLHM, ™e RIighesT $XIMNS -ONONTY INTE"IDT 13 SHNG MECUESIES INC witen Mmbi,

Q< 4 N the ICWEST-ORIGNIVY IRTE TUST 1§ DING recuested.

[Jon MW} 3, N X

: MEMORY CONTROL

HOLD & IN mola. When active {lowl, “0wo ™ the o that an exte-mai controiler leg., DMA

dewice) oesires tO utidize the ACAress INC Cat2 Guses (O transier Qa3 0 or from memory The
' H TMS-QSOO arcers e hoi@ mate foilownng & NOIC soNal whies (1 RS COMDietsd 1T3 Sresent Temoy
! s eyce.’ The Srocssor (hen Dlaces the 200Tess NG Ca12 DUes 1 the MgN-rMOECINCE STITE ‘3:0ng with
: WE, MEMEN, anc CSIN) and resoonas with 2 holc-scxnowiecoe hignal iHOLDAL When HGLD s

\ rEMOVeEd, 1he DFOCEIIOr METUMMS 10 NOrMI 0oeraton.

HOLDA 1 euT f Hold acxnowirdge. Yhen achve ihghl, HOLDA that *he' or 13 1 the ACIS 12ate INC
™e COreIs Ind 33t Duses I mermory IoNtrol SuIDUT INE, MEMEN, ang 28I wre m e
Pgh-smeecance state.

! .
READY g2 fN Reacy. When acuive Uvigni, READY incicates ™at memory wail De resty 30 728C S wnte furing the
| next Slock Cycie. When AoT-masv 1S iACICated QUNNng 3 MEMOrY Ot andn, e TMS F200 entens 2 wan?
FIFTE 2N SUSDENCT Nt NI CHE"BTICH until e MEMOrY FvSeMs inCICTTE "2y,
WAIT 3 ouT Wait, Whea aeuve ugh), WAIT incicates that the TME 85350 nas entered 3 wait 12270 Decause 0% 2
! ral ! agtreacy cINOition trom memcry,
*1t the cyc's g The Sres: ¥ TYCIE 13 2630 3 MeMNOry SYCiS, 't 100, 1 SOMEIvTen 410re tme TVEDGC0 emvery e na st218 The

MG AIMYTR Ay mDer OF CIRINCLTIVE TIermO/y CYCIes Y Tires
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1A

foan

NESET

PIN

e

TABLE 2 ICONCLUOED)
_DrSCIUrTIioN

YIMING AND CONYNOL

OUT %7 Bsnuciion sciistuon, TAQ Is aceive thigh) duning sny inemory cycle whan the THMS 0900 is scauiring an

nstsiection. VAL can b usuil ts deteat dtoget op coder,

Vomt When active tluw), TOAD cuises the TMS 9900 10 eneciie & %atile | with

v
o vectar (WE and PC) The tosd sequencs bieging sfier the initruction
Lotrw) wxacutad 1 comploted LOATT will absn venminas an hile siase # rdl\i is active duonng the time
T8t 1sleasnil, then the TOAD ap vatl ocows sbier he TRESET duncuion is conylelod TOAD shouted
semain acive fae one insttactinn pesrtoit EAL can ba used 19 det ! ion L farivs. This sgnal

attsens £11C G contmmng the

can hie et 10 ingdement cobit stann OM toxdars Adshtionally, tront panal ines can Lis ungt, ]

wing CHLE luts ay f10n panel anterfacy  shpnats st 1oliwere <Onurdd toutines ta contiol the panet
Ogarations

llt-sf:T 6 euteasend, e TMS G900 then Intiiates 8 level 2ero Intariupt sequence that scrpaees WP ant £C
Hram tocanons 0000 ard 0002, suis al) s1atun seghster Lits 10 2es0, snd sterts enecution. NESET will sho

testninote wn idic 11ate. IV SUT st e held scuve tsr g cvntinumn of thiee clock cycles. *



MEMORY

AREA DEFINITION ADDRESS ¢ MEMORY CONTENT
—
0 5
o000 WP LEVEL 0 INTERRUPT
0002 PC  LEVEL O INTERRUPT
0004 WP LEVEL 1 INTERRUPT
0006 PC  LEVEL Y INTERRUPT
INTERRUPT VECTORS <
< <
co3c WP LEVEL 15 INTERRUPT
002E PC LEVEL 1S INTERRUPT
.
~
f 0046 we XOPO
0042 - PC XODPO
XCOP SOFTWARE TRAP VECTORS < Z . }
037C WP XOP 15
oo7e PC  XOP 15
~
pd
ocso
L ]
L ]
L
GEINERAL MEMORY AREA
CENERAL MEMORY FOR . v ANY
PROGRAM. DATA, AND < ”‘M::Mﬁo o
WORKSPALCE REGISTERS co N
PROGRAM SPACE
OR WORKSPACE
L]
*
.
LOAD SIGNAL VECTOA 11325 WP LOAD FUNCTION
EFRE PC  LOAD FUNCTION
FIGURE 2 ~ MEMORY MA? .

Thres internal registars ate accessidle to the user. The drogram counter (PC) conming tme 2SCress Gf the iastruchon
folowing ine cucrent instrucTion Dermg executed This aldress 15 rarerencec by the Dracessdr 1o frien e mex?
insTructon from memory and S then automaticaily incrementad The status redisier (ST} comtans.ine D-esent state of
the processor and wnli b2 furiner cefined m Secnon 3.3, The worksoace oointer (WP) comiains tne 3ourass ¢f me frs?
word 1 the currently active set of worksoaze raqisters.

A worksogce-reqister file Occudies 18 COMTIZUOLS MeEMOry worSs in tne generst memory ares isee Sgure 2V Eadn

WOrKSS3Ce register mav mold Qata Or asQrasses anc funclion is coergnd registers, AaCC.MUIGISIS, aUCTess ranieTs, of



Drivers are deactivated to prevent the input data from conflicting with output
data. Memory write makes use of -MEMEN also -WE both active, and DBIN
deactivated. Under these conditinns the 9900 ouputs on the address and
data busses and holds these outputs for the duration required by RAM.

CRU ALLOCATION

0Ff tne availanle 4K of CRU bits, the first 1K (addresses 0000-07FE) are used
internally in the Home Computer. The second 1K (adresses 0800-OFFE) are
reserved for future use. The last 2K (addresses 1000-1FFE) are reserved for
the peripherals to be plugged in the I/0 port. A block of 128 CRU bits is
assigned to each peripheral as listed below..

CRU ASSIGNMENTS

CRU

ADDRESSES. "+ A3 A4 A5 A5 A7 USE

0CQ0-OFFE 0 X X X X INTERNAL USE
1000-10FE 1 0 0 0 0 RESERVED
1100-11F€E 1 0 0 0 1 DISK CONTROLLER
1200-12F¢ 1 Q 0 1 0 RESERVED
13C0-13FE 1 0 4] 1 1 RS 232 (1)
1400-14F% 1 0 1 0 0 RESERVED
1500-15FE 1 0 1 0 1 RS 232 (11)
1600-16FE 1 Q 1 1 0 RESEZRVED
1700-17FE 1 0 1 1 1 RESERVED
1800-18FE 1 1 0 0 0 THERMAL PRINTER
1900-1FFE 1 1 X X X FUTURE EXPANSION

INTERRUPT HANOLING

The interrupt available on the I/0 port is one of the maskable intsrrupts of
the TMS 9901 Programmable Systems Interface.

9900 INTERRUPTS

VECTOR LQC.
INTERRUPT (MEMORY ADOR. CPy DEVICE
LEVEL IN HEX) PIN ASSIGNMENT
(High 0000 RESET RESET
est 0 FFFC LOAD LOAD
Prior- 1 0004 INTL EXT DEV (9901)

ity)

Lower priority CPU interrupt are not used. The additional interrupts
available are implementsd on ¢S01.

24
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TABLE 1. SUMMARY OF 9900 MICROPROCESSOR INSTRUCTIONS

Mnemonic Instruction Code Description
A Add Words

AB Add Bytes !

ABS Absolute Value

Al Add Immediate

ANDI AND Immediate

B Branch

8L Branch and Link

BLWP Branch and Load Workspace Pointer
C Compare. Words

ce Compare Bytes

CI Compare Immediate

CKOF Clock OFf (conirol instruction)
CKCN Clock On (control instruction)
CLR CLEAR

coc Compare Ones Corresponding
(4 Compare Zeroes Corresponding
OEC Decrement

DECT Decrement By Two

oIV Divide

IDLE Idle (control instruction)

INC Increment

INCT Increment 8y TWO

INY Invert
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SUMMARY OF 9900 MICROPROCESSOR INSTRUCTIONS (CONTINUED)

Mnemonic Instruction code Description

. JEQ Jump If Equal to
JGT Jump If Greater Than
JH Jdump If Greater Than (Logic)
JHE Jump If Greater Than Or Equal To (Logic)
JL Jump If Less Than
JLE . Jump If Less Than Or Equal To (Lcgic)
JLT Jump If Less Than
JMP Unco§ditioned Jump
JINC Jump If No Carry
NE Jump If Not Equal
JNO Jump If No Overflow
JOC Jump On Carry
Jop Jump On 0dd Parity
LDCR Load CRU
LI Load Immediate
LIMI Load Interrupt Mask Immediate
LREX Restart (control instruction)
LWPI Load workspace.Pointer Immediate
MOV Move (word)
MoVB Move Byte
MPY Multiply
NEG Negative
ORI OR Immediate
RSET Reset (control instruction)



-SUMMARY OF 9900 MICROPROCESSOR INSTRUCTIONS (continued)

Mnemonic Instruction Code Description
RTWP - Return With Workspace Painter
S _ Subtract Words

SB Subtract Bytes

SBO Set Bit To Logic One

SBZ Set Bit To Logic Zero

SETO Set To One

SLA Shift Left Arithmetic

S0C ‘Set One Corresponding

S0C8 Set Ones Corresponding

SRA Shift Right Arithmetic

SRC Shiff Right Circular

SRL Shift Right Logical

STCR Store CRU

STST © Store Status

STWP Store Workspace Pointer

SWPB Swap Bytes

SZ¢C Set To Zeroes Corresponding
SZCB Set To Zeroes Corresponding Bytés
TB Test Bit

X . Execute

X0oP Extended Operation

XOR Exciusive'93
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MEMORY SELECTION LOGIC
GENERAL DESCRIPTION

- - - - - . - .- -

The memory selection logic decodes the more significant address lines for
selecting fast ROM and RAM memory. Also the output of the decoder is
used for a second decoder, which selects internal devices such as VOP,
sound etc...

HARDWARE DESCRIPTION

- - - - " - -

The schematics of the memory selection logic with a memory map is given
in figure ji, p- 3%,
When MEMEN is active, US04 (74LS5138) decodes the three most significant
address lines AQ0 through A3, dividing the address space in the following
8 blocks of 8 bytes.

BLOCK O
Memory Block O (>0000->1FFF) is used to select the system read only
memory (ROM).

BLOCK 1
Memory B8lock 1 (>2CQ0->3FFF) is reserved for memory expansion.

BLOCK 2 )
Memory Block 2 {(>4000->5FFF) is used to select rezd only memory in
external devices, such 3s RS232 interface. The ROM in these devicas
contains the device service routine (MBE).

BLOCK 3
Memory block 3 (>6000->7FFF) is used for the opticnal read only mamory in
solid state software command modules (ROMG).

BLOCK 4

Memory block 4 (>8000->9FFF) is used divided in several parts. Memory
locations > 8000 to >83FF are used for the fast system read-and-write
memory. This further decoding of the address space is done in or-gates
USO7. This part of the circuitry also generate the RAMBLK signed, which
is used to select the TMS 9901 programmablie system interface.
Furthermore the MB4 signal is used to select a second 74LS138 which
divides memory block 4 in more parts.

BLOCK 5, 6 AND 7
These blocks are used along with Block 1 for memory expansion.

START SIGNAL
By combining the CSRAM and ROMEN signals, together with MEMEN in
NAND-gate U606 and OR-gate U6C5 the START signal is developed. This
signal is used in the alé to 8 bit interfacing circuit.
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MEMORY ALLOQCATION

The memory address space is broken into 8 blocks of 8K bytes
of memory. The third block (addresses 4000 - SFFF) is
predecoded and made available at the I/0 port for the
peripherals. The second sixth, seventh and eighth blocks
(addresses 2000-3FFF and AQO0 - FFFF) are available for
further expansion. For the speech module, (addresses 9000 -
97FF), a predecoded line is available at the I/0 port.

SYSTEM MEMORY MAP

HEX ADDRESS

0 -~ 1FFF Console RCOM Space
2000 - 3FFF Future Expansion (internal/console)
4000 - SFFF Peripheral expansion (predecoded to
1/0 Connector) .
6000 - 7FFF Game cartridge ROM/RAM (predecoded
to GROM Connector)
8000 - 9FFF Microproczssor RAM, VDP, GROM, SOUND
) and SPEECH select.
A0OC - BFFF Future Zxpansion
C000 - DFFF Future Expansicn
g000 - FFFF Future Expansion

MEMORY MAPPED DEVICES

Addressas A0 Al A2 A3 A4 A5 Al4 Al5 USE

80040 1 ¢ ¢ 0 0 0 0 0 Internal RAM
(8300-83FF)

8400 1 0 0 0 0 1 o0 0 Sound

8800 1 0 0 ¢ 1 0 © 0 VDP Read Data

8802 1 0 0 0 1 0 1 0 V0P Read Status

8C00 1 0 0 0 1 1 O 0 ° VDP Write Data

8C02 i 0 0 o0 1 1 1 0 VOP Write
Address

9000 1 0 0 1 o0 0 O 0 Speech Read

9400 1 0 0o 1 ¢ 1 0O 0 Speech Write

9300 1 ¢ 0 1 1 o0 O 0 GROM Read Data

9802 1 ¢ ¢ 1 1 0o 1 0 GROM Read
Address

8Co0 1 0 0 1 1 1 O 0 GROM Write Data

9C02 1 o ¢ 1 1 1 1 0 GROM Write

Address



ROM & RAM MEMORY
GENERAL DESCRIPTION

The 99/4A Home Computer uses 8K bytes of read only memory for execution of
fast system routines.

It has also 256 bytes of random access memory which is used as a
scratchpad memory.

READ ONLY MEMORY
The 99/4A uses the TMS 4732 as a read-only memory. This device
contains 32K bits of read-only memory. It is housed in a 24 pin dual in
line package and uses 2 single 5 volt supply voltage. 12 address lines
are used to select 4K bytes of 8 bits.

The device uses two chip select inputs, which both have to be active (low)
to select the device.

READ-AND-WRITE MEMORY

The 89/4A uses the MCM 5810 as random access memory. The MCM 6810 is
housed in a 24 pin dual in line package and uses a single 5 volt supp]y
voltage. 7 address lines are used to select 128 fields of 8 bits. 6 pins
are available for device selection, of which two have to be low and four
have to be high to select the RAM.

Ancther pin (R/W) is provided to distinguish between writing and reading
of data.

HARDWARE DESCRIPTION

P Y T L T T P T T o

Hardware connections to ROM and RAM memory are given in figure /&, p Yo

RAM MEMORY
Two RAMS (U608 & UB0%) are connected in parallel to generate 2 16 bit
data bus, as is required by the TMS 9900. The devices are selected by the
RAMCS signal, generated by the memory selection logic. Distinction
betwesn reading and writing is made by connecting the WE signal of the TMS
9S00 to the R/W PIN 16. Address lines A8 through Al4 are used to select
the proper memory locations.

ROM MEMORY
Both ROMS are connected in paralel to generate the required 16 bit data
bus.
The ROMS are selected by the ROMEN swgna1, generated by the memory
selection logic. This signal is applied on pin 20.
Address lines A3 through Al4 are used to select the proper memory
locations.
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16 TO 8 BIT INTERFACING CIRCUIT.
GENERAL DESCRIPTION

R L T

The 16 to 8 bit interfacing circuit is used to interface 8 bit devices
such as Video Display Processor (VDP). The sound chip,
graphics-read-only memory (GROM) and external 8 bit peripherals to the 16
bit data bus of the TMS 9900. It does so by successively placing the
least significant and most significant byte of a word on the 8 bit system
data bus during a write operation. During a read operation adjecent bytes
are placed in the least significant and most significant byte of the 16
bit word. To enable 8 bit devices to destinguish between the bytes, an
additional address line Al5 is generated. The interfacing circuit also
performs the synchronization between devices connected to the 8 bit system
databus and the the TMS 9900 by generating adequate timing of the WE and
READY signals.

A suhemovil of the interfacing circuit is given in figure /3 p. 4/.

HARDWARE DESCRIPTION
The hardware description is divided in the following parts:

A. Description of the 16 to 8 bit multiplexing circuit.

B. Generation of the control signals for the multiplexing circuit.
C. READY/HOLD generation.

D. WE gernation.

A. 16 TO 8 BIT MULTIPLEXING CIRCUIT

An overview of the hardware used to interface the 16 T¢ 8 bit
data uses is given in figure /3, 2 /.

During a write operation the data on the 16 bit bus js gated to the 8
bit system bus by enabling U616 and U614 in succession. During a read
operaticn the least significant byte on the 8 bit data bus is stored in
the 8 bit latch U615. Then the most significant byte is gated to the
16 bit data bus by enabling bidirectional buffer U814 and the total
word is fetched by the TMS 9900. The DIOG and DBIN on UEl4, DING and
Al5 on U615 and the DOG on U616 are used for enabling IC's and for
determining the direction of the data flow.

If no interfacing occurs,-the 16 bit data bus is kept floating to a]low
the TMS 9900 to access ROM or RAM memory.

B. CONTROL SIGNAL GENERATION

Control signal for the multiplexing circuit are generated by the
circuit in figqure 74, p-43.

U613 is a 4 bit shift register of which the outputs are used for timing
purposes.

When the START signal is hign, pin 2 of U604 is low. This pin,
connected to pin 1 of U613, sets all the outputs of the shift
register to 2 binary zero. Since the START signal is also connected
to pin 10, the shift register is disabled. Control signal generation
is started when START becomes low, pin 10 which becomes also low
selects the right shift mode of shift register U613.

Shift operation is then started as soon as pin 9 of U613 becomes high,

39



cC.

depending on the system ready status. When the shift operation has begun
shift output QC on pin 13 inverted in U602 and fed back to the right
shift input on pin 2. On every rising flank of Q1 (pln 11) the contents
of the shift registers are shifted one position, giving timing signals on
the outputs Qa, Qb and Qc (see figures ,71-1Q, pp. #S -4&).

These outputs are used for generating the control signals in NAND-gates
U603 and U606. Both DBIN and DBIN are used for selecting the directien
of the data flow. :

CSVDPR disables U614 if a read from the video display processor occurs,
;his because the VDP data bus is directly connected to D1-D7 of the TMS
900.

READY GENERATION -

The READY generation circuit as shown in fig./s,¢ %0 has two operation
modes. In the normal mode the system ready signal is input on pin 12
of U607. The pull-up resistor R508 assures that under normal
circumstances the READY signal is true,

Slow devices can add wait states by connecting pin 12 of usd7 to
ground. The READY signal is sampled on Q2 and available on pin 9 of
ueo7.

THERE ARE NOW TWO POSSIBILITIES:

ROM OR RAM IS SELECTED
In this case shift register U613 is not enzbled and the RZIADY signal is
gated directly via USQ3 and U602 to the READY/HOLD input ¢f the TMS 99CC.
Note that in this case PIN 12 of UE03 has to be high.

EXTERNAL READY TIMING :
If other devices than ROM or RAM are selected, the 16 to 8 bit
interfacing circuit will be used. This means that the ™S 9900 has to be
put in a WAIT state until two bytes of data are written or read by the
interfacing circuit. This is accomplished by decoding the Qa and Qc¢
outputs of the shift register in NAND-gatss Ugl2 and U603 to provide a
low READY signal until both bytes are processed by the interfacing
circuit.

If during this operation a device generates a not READY, the shift
register will stop its operation until ready becomes high again. Timing
diagrams for the READY signal can be seen in figures 2-3, pp27-38.

WE GENERATION
The WE circuit as g1ven in fig /i, o9+ generates the WE signals when
writing data to an external device. In that case WE of the system has to
be low every time a byte of information is transferred.
To accomplish this, outputs Qb, on PIN 14 and Qc on pin 13 of U613 are
used to set and preset flip flop U6070n p1n 2 and 4. In this way two
periods of 2 clock cycles long for which WE is low are generated on pin
3 of U606. Q4 is used to clock U607 to assure that WE is going lgw on
the rising edge of Q4, which is in agreement with TMS 9900 timing. WE is
only gated to_external devices when a memory write is accomp?1sh=d by
combining the NE of the TMS 9900 after inverting in U602 with the Wt of
Egg% interfacing circuit. The total signal is then availzble of pin 3 of
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GRAPHIC READ ONLY MEMORY
GENERAL DESCRIPTION

D - - - - - - -

The TMC 0437 GROM is a P-channel read only memory containing 6144 8-bit
bytes.

The circuit has an on chip autoincrementing address counter which selects
one of the 6144 memory bytes.

FUNCTIONAL DESCRIPTION

ceu INTERFACE ]
The GROM interfaces to the CPU through the parallel data bus and the
memory control 1lines as shown in fig.+3,933. The CPU interface consists
- of 8 data 1/0 lines (D0-D7), chip enable (CE), READY, and 2 mode control
2ine§ (MO, Ml). The GROM also requires a nominal 500 kHz clock input
0sC). :

GROM PAGING
The GROM has a 16-bit address register of which the lower 13-bits are
used to address the 6144-byte ROM matrix. The most significent 3-bit
field is used to select on of eight GROM pages. FEach GROM has fixed
3-bit page number which is determined during manufacture. 'The GROM
compares this number with the address registsr page select field. If a
match occurs, then the GROM is tne "selected page" or "current page™.
The GRCM data bus is placed into the output mode during & read data
operation only if the GROM is the current page. The other GROM functions
are not affected by the page select field. The page select Tield parmits
up to eight GROMs te be used in parallel, Esch
GROM is tied to same chip enable, memory control, and data lines as the
other GROMs. Since the page select field does not affect the data
register or address register operations, a1l parallel GROMs zre synchron-
ized following initialization. However, since only one GROM is the
current page, only one GROM outputs data on the data bus during a read
data operatwon. If no GROM is selected (the address register pagz field
does not match the page number of any GROM), then no GROM is placed
into slaced into the output mode during & read data operation. Ouring a
read address operation. During a read address operation, all GROMs
output the address byte. Since all GROMs are synchronized feollowing
initialization no data bus conflict occurs.

ADORESS REGISTER AUTINCREMENTATION
The address counter is autoincremented following a read data, write data,
or a pair of consecutive write address opetations. When the current
adqress is 8191, the nex%t autoincrement cycle will result in a zero
address value. The page selesct field is not affected by the
autoincrement.

When the value of the address register lower 13-bit field is greater
than 6143, the GROM will continue to fetch data from the 6144 byte array
he

This cond1tvon should be avoided in order to prevent invalid data fete
and transfers.

INITIALIZATION
During the power up sequence, the microprocssscer should execute a



"dummy" read data operation. This will guarantee that a newly powered
.up GROM will not respond to the first write address operation as if it
were the second write address operation.

The microprocessor should then initialize the GROM address registers with
two consecutive write-address operations.

READY
The GROM ready line is normaly low and is high only when the GROM has an
active CE and has read in the contents of the data bus during a write
operation-or has placed data on the bus during a rea%y’opera;ion. The
READY line control is independent of the page select. Typical READY line
timing is shown in figure 21, p-53.

ACCESS DELAY
The GROM requires that a second I/0 operation not occur before it has
completed the first operation. Consequently, CE must remain high at
least 2.5 GROM clock cycles following the trailing edge 6f the last
_ I/0 operation. For a nominal 500 kHz 0SC input, the minimal required

delay between the rising edge of CE and the next falling edge is 5
microseconds.

1/0 OPERATIONS

When CE becomes active (low), the mode lines determine which one of four
GROM I/0 operations is to occur as shown in table

TA3LE o, GReMm ITIC OFERATIONS
MODE

MO ML I/0 OPERATION

g0 0 WRITE DATA - The write data operation in included for use in
future read/write versions of the GROM. The write data
operation does not result in a data transfer to the TMC 0430
GROM. The address register is then autoincremented. The
addressed ROM byte is fetched and placed into the GROM data
register.

0 .1 READ DATA - The read data operation transfers the data byte in
the data register to the CPU if the GROM is the current page. .
The address register is then autoincremented. The addressed
ROM byte is fetched and placed into the GROM data register.

I 0 WRITE ADDRESS - The write address operation transfers the data
byte on the GROM data I/0 bus to the least significant byte
(LSB) of the GROM address register. The old address register
(LSB) is transferred to the address register most significant
byte (MSB). Two consecutive write addressoperations cause the
addressed ROM byte to be fetched and placed into the GROM data
register; the address register is then autoincrementsd. A

KEY
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A write address operation immediately following a read data,
read address, or write data operation does not result in a data
fetch and address autoincrementation.

1 1 READ ADDRESS - The read address operation transfers the MSB of
the address register to the CPU if the GROM is the current
page. The address register LSB is automatically transferred to
the MSB. : :

It should be noted that the MO line controls whether the data or address
register is to be affected and the Ml line controls whether the operation
is an input or output cycile.

HARDWARE DESCRIPTION
The 99/4 has three internal GROMS (TMC 0430) and the possibility to add 5
more external GROMs via the GROM port. A1l GROMs are connected in
parallel as can be seen in figure 3&, p. /3.

GROM CLOCK :
The clock signals for the GROMs are .derived from the TMS 9918 video
display processor. The clock cycle time is 2.24 usec. A 1K ohm pull-up
resistor is used to ensure proper functioning of the P-channel device
with TTL logic.

DATA BUS INTERFACING
A1l GRCMs are connected in parallel to the 8 bit data bus.

MODE CONTROL
The type of operation performed by the GROM is determined by connections
DBIN to M1 and address line Al4 to MO. Thus a read operation is
performed when DBIN is high and a write operation when DBIN is low.
Address line Al4 distinguishes between data and address operations.

GROM SELECT )
GROM selection is performed by the circuit in fig.22.733. when MEMEN is
Tow, U504 decodes address lines AQ, Al and A2. Decoder output Y4 is used
to select a second 3 to 8 decoder US05. This device is enabled when AlS
and one or both signals DBIN and A5 are low. Decoding of address lines
A3, A4 and A5 are then used to select the GROMs by "ANDing" outpuls Y6
and Y7 by mean of the NAND US06 angd inverter U508.

GROM READY

The GROM ready signal is connected to the READY/HOLD via U508 and U30S5.
U508 inverts the GROM READY signal. This signal is then combined in
NAND-GATE US06 with the GROM select signal to get the appropriate signal
for the system READY/HOLD line.

MEMORY MAP

~

Table 3 shows the memory map for the successive GROM instructions.,

o
[



TABLE 3
GROM MEMORY MAP

ADDRESS TYPE OF INSTRUCTION
-9800 READ GROM DATA
9802 - READ GROM ADDRESS
9C00 WRITE GROM DATA
9co2 WRITE GROM ADDRESS
As can be seen address Al4 distinguishes between an address and data

instruction. Distinction between read and write instructions is made by
DBIN and the different addresses. This is done because when writing data or
address information, the 9900uP executes a dummy read which would otherwise
influence the address counter in the GROM.
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TMS 9901 PROGRAMMABLE SYSTEM INTERFACE
GENERAL DESCRIPTION

The TMS 9901 is a programmable system interface (PSI), which can be used
for input, output and interrupt priority handling. It also features an on
chip programmable interval timer. The TMS 9901 is used for keyboard,
remote handheld control unit, cassette recorder interfacing and VDP
interrupt handling in the 99/4 system.

The TMS 9901 PSI interfaces to the CPU through the Communication Register
Unit (CRU) and the interrupt control lines. The TMS 9901 occupies 32 bits
of CRU input and output space. The five least significant bits of the
address bus are connected to the PSI to address one of the 32 CRU bits of
the TMS 9901. The most significant bits of the address bus are decoded on

%RU fyc1es to select the PSI by taking its ch1p enable (CE) line active
low

Interrupt inputs to the TMS 9901 PSI are sychronized with Q3, inverted,
and then ANDed with the appropriate mask bit. Once every Q3 clock time,
the prioritizer looks at the 15 interrupt input AND gates & generates the
interrupt control code. The interrupt control code and the interrupt
request 1ine constitute the interrupt interface to the CPU.

After reset all I/0 ports are programmed as inputs. By writing tc any I/0
port, that port will be prcgrammed as an output port until another resst
occurs, either software or hardware. Data at the inputs pins ars buffered
on tha TMS 9901. Data to the output ports is latched and then buffered
on-chip by the PSI's MOS to TTL buffers.

The interval-timer on the TMS 9901 is accessed by writing a one to select
bit zero (control bit) which puts the PSI CRU interface in the clock mode.
Once in the clock mode the 14 bits clock contents can be read or written.
Writing to the clock register will reinitialize the clock and cause it to
start decrementing. When the clock counts to zero, it will cause and
interrupt and reload to its initial value. Reading the clock contents
permits the user to see the decrementer contents at the point in time just
before entering the clock mode. The clock read register is not updated
when the PSI is in the clock mode.

A block diagram of the TMS 9601 PSI is given in figure §f§;P.La£L.
CRU INTERFACE

The CPU communicates with the TMS 9901 PSI via the CRU. The TMS 9901
occupies 32 bits in CRU read space and 32 bits in CRU write space.

The CRU interface consist of 5 address select lines (S0-S4), chip enable
(CE), and three CRU lines (CRUIN, CRUOUT, CRUCLK). The select lines
(S0-S4) are connected to the five least significant bits of the address
bus (Al0-Al4). Chip enable (CE) is generated by decoding the most
significant bits of the address bus on CRU cyclas: When CE goes active
(1ow), the five selected lines point to the CRU bit being accessed . When
CE is inactive (high), the PSI's CRU interface is disabled. In case of a
write operation, the TMS 9901 strokes data off the CRUQUT line with

CRUCLK. For read operaticn, the datz is sent to the CPU on the CRUIN
Tine.



INTERRUPT INTERFACE

A block diagram of the interrupt control section is show in fig.ov, 2.&!
The interrupt inputs (6 dedicated (INT1-INT6), and 9 procrammable) are
sampled on the falling edge of Q3 and latched onto the chip for one Q3
time by the SYNC LATCH, each Q3 time. The output of the SYNC LATCH is
inverted (interrupts are active low) and ANDed with its respective mask
bit (mask=1l, interrupt enabled). On the rising edge of Q3, the
prioritizer and encoder senses the masked interrupts and produces a
four-bit prioritized code and INTREQ are latched off chip with a SYNC
LATCH on the falling edge of the next Q3, which ensures proper
synchronization to the processor. The interrupt mask bits on the TMS 9901
PSI are individually set or reset under software control. Any unused
interrupt line should have its associated mask disabled to avoid false
interrupt: to do this, the control bit (CRU bit zero), is first set to a
zero for interrupt mode operation. Writing to TMS 9201 CRU bits 1-15
indicates the status of the respective interrupt inputs; thus, the
disigner can employ the unused (disabled) interrupt input lines as data
inputs (true data in). .

INPUT/OUTPUT INTERFACE

A block diagram of the TMS 9901 I/0 interface is shown in fig. 233 7+Q.Up
to 15 individually controlled 1/0 ports are available (seven dedicated,
PO-P5, and ninz programmable) and as discussed above, the unused dedicated
interrupt lines also can be used as input lines {trus data in). Thus the
TMS 9901 can be configured to have more than 16 inputs. RST1 (power-up-
reset) will program all I/0 ports to input moce. Writing data to a port
will automatically switch that port to the the output mode. Once
programmed as an output, a port will remain in that state until RSTL or
RST2 (command bit) is executed. An output port can be read and
indicates the present state of the pin. A pin programmed to the output
mode cannot be used as an input pin: applying an input current to an
output pin may cause damage to the TMS 9901. The TMS 9901 outputs are
latched and buffered on chip, and inputs are buffered onto the chip. The
output buffers are M0S-to-TTL buffers and can drive two standerd TTL
loads.

PROGRAMMABLE PORTS

A total of nine pins on the TMS 9901 are user programmable as either 1/0
ports or interrupts. These pins will assume all characteristics of the
type pin they are programmed to be. Any pin which is not being used for
interrupt should have the appropriate interupt mask disabled (mask=0) to
avoid erroneous interrupt to the CPU. To program one of the pins as an
interrupt, its interrupts mask simply is enabled and the line may be used
as if it were one of the dedicated interrupt lines. To program a pin as
an I/0 port, disable the interrupt mask and use that pin as if it were one
of the dedicated 1/0 ports.



INTERVAL TIMER

Fig.Jde £u>is a block diagram of the TMS 9901 interval timer section. The
clock consist of a 14 bit counter that decrements at a rate of f(Q3)/64
(at 3MHz this results in a maximum interval 349 milliseconds with a
resolution of 21.3 microseconds). The clock can be used as either an
interval timer or an event timer. To access the clock, select bit zero
(control bit) must be set to a one. The clock is enabled to cause
interrupts by writing a nonzero value to it and is then disabled from
interrupting by writing zero to it or by a RSTl. The clock starts
operating at no more than two Q3 times after it is loaded. When the
clock decrementer is running, it will decrement down to zero and will
also be reloaded from the clock register and decrementing will start
again. (The zero state is counted as any other decrementer state). The
decrementer always runs, but is will .not issue interrupts until enabled;
of course the contents of the not enabled clock read registers are
meaningless. -

POWER UP

During hardware reset, RST1 must be active (low) for a minimum of two
clock cycles to force the TMS 9901 into 2 known state. RSTL will disable
a1l interrupts, disable the clock, program all 1/0 ports to the input
mode, and force IC1-IC3 to all zerc's with INTREQ held high. The system
software must enable the zppropriate interrupis, program the clock, and
cenfigure the I/0 ports as required. After initiana] power-up tha TMS
9901 is accessed only as needed to service the clock, enzble {or disable)
interrupts, or read (write) date tc tha I/0 ports. The I/0 ports can be
configured by use of the RST2 software reset cormand bit.

HAROWARE DESCRIPTION

L R L L D T 2

Connections to the TMS 9901 as used in the $9/4 are given in figuregd,o-$7.

The TMS 9901 is reset during power up by using the buffered reset

signal of the TMS 9900.

;he TMS 9901 enabled by the RAMBLK signal (see memory selection part,
igure

When enzbled the 9901 communicates with the TMS 9900 through the CRUIN,

CUROUT and CRUCLK lines. The CRU bits are selected by decoding AlO

through Al4.

Connections with the devices which interface to the TMS 9901 are

discussed in other sections.

wmn
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TMS 9901 JL, NL
PROGRAMMABLE SYSTEMS INTERFACE

Peripheral
and Intertace Circuits

2.7 Pin Descriptions
Tabile 4 defines the TMS $8C1 pin assignments and cescndes tne functon of ezch gin.
TABLE4
TMS $901 PIN ASSIGNMENTS AND FUNCTIONS
M 1
SIGNATURE] PiNT 1o | DESCRIPTION -
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TRALE
9901 INTERRUPT MAPPING

ADDRESS CRU BIT 9901 PIN FUNCTION
0000 0 Contro]l Control
0002 1 T INT1 17 External
004cC 2 INT2 18 Video Display Processor
Vertical Sync
0006 3 INT3 9 Clock Interrupt, Kesyboard
UENTER" line, Joystick
IIFIRE"
0008 4 INT4 8 Keyboard "L" line, Joystick
IILEFTII
000A 5 INTS 7 Keyboard "P* line, Joystick
"RIGHT"
0ooc 6 INTE 6 Keyboard "0" line, Joystick
IIDONN“
000¢ 7 INT7 (P15) 34 Keyboard "SHIFT" line, Joy-
stick "Up"
0010 8 INT8 (Pl4) 33 Keyboard space line
0012 9 INT9 (PL3) 32 Keyboard "Q" line
0014 10 INT10 (P12) 31  Keyboard "1" line
0015 11 INT11 (P11) 30 Not Used
0018 12 INT12 (Pi2) 29 Reservad
001A-1E 13-15 INT13-INT1S 28,27 Not Used
& 23
TABLE &
2901 I/Q MAPPING
ADORESS  CRYU BIT 9¢Q01 eIN FUNCTICN
0020 16 PO 38 Reserved
0022 17 P1 37 Reserved
0024 18 P2 26 BIT2 (LS8) of Keyboard
Select
0026 19 P3 22 BIT1 of Keyboard Select
Q028 20 P4 21 BITO (MSB) of Keyboard
Select
0Q2A 21 PS 20 Not used
002¢ 22 P6 19 Cassatte Control 1
002t 23 P 7 (INT1S) 23 Cassette Control 2
0030 24 P 8 (INT14) 27 Audio Gate
0032 25 P10 (INT12) 28 Mag Tape Qut
00386 27 P11 (INT11) 30 Mag Tape Input
0038-003c 28-31 P12-P15 31-34  Not used
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TABLE &

CRU Addresaes

Y0000 - YOFE
>1000 - >10FE
1100 - S1IFE
>1200 - d12FE
31300 - >13FE
1400 - >Y4FE
>1500 - dYSFE
1600 - >16FE
1700 - >17FE
Y1000 - S10FE
1900 - D19FE
SIAND - DIAFE
1000 - >IHFE
>1C00 - S1CFE
Y1ID00 - SIOFE
YIE00 - DIFE
DIFON - SUVE

t

TERIPHERAL ADDRESSLS

o

A3 A4 A5 A6 A7

—— ———— At o m——

P e e g e e e

Ot

- D DD e e DO

— D e e OO

i30S

Use (Peripheral)

Internal use
Reserved

Disk controller
Reserved

R$232, ports 1 and 2
Reserved

RS232, ports 3 and 4
Ressrved

Reserved

Thermal Printer
Fulure expansion
Fulure expansion
Future expansion
Future expansion
future exponsion
Fulure expansion
P-Code peripheral

Device

Number

N - D

wn

14
15



rﬂSjjaz s /5219./;/ (dﬂC/A?j /?}/'( .

TMTAEQ et

wasgx '—}
- { T ARS
\ SYNC | i
sSvae 1 LATEx
Lagdlr Jp— 1 e
STnC , ‘
LAICH s |
PRICAINIZER { X 1
AN Y ! ; 1
SYNG ENC3CER ; ; X
LATCH by ! ‘ "
1 !
1
] SY™C
_—'_"‘“:,‘ 1 p— MASK  ed
|
= - |
LAICH - Tavwe
> - 7 -
i " Y
s
CAY ::-——_.—
MTENS AT | CAY LGS

Fig. 24




/?Loj 2 -w.[/c

{

-ty omet

taw
-t asact

7778

5507
:>>/'ZJIIC-\ v'a z;ﬂf/éL-C <,

PRICUTIZEN
ANO
ENCOCER
118 10 4}

- o -

INTERVAL
TIMER

CRUY
LoCiC

j}

GROY?

T
SUBFERS

11 ﬂ]"(

)

3

}
GAQUP | !
2
= SUFEEAS
>
pro———
—

Cagur
PR nm—
SUFSERS )

b.’—.1—.__-: .

-1

0

n

(8))



7485 jjo:’ A réf\.oc-«z 77~ e gcc,/f'o ~

TN ase s
0es ea cuoex
; r eI AAYST
o e
1oc : QLOLE JLCATwanTEA
-%]
2023 MGsTEA

€100 west
PPt i P
:] \:' l
[T}

i




VIDEO DISPLAY PROCESSOR
GENERAL DESCRIPTION

The TMS 9918 video display processor is capable of generating a complete
NTSC color television video signal. The information to be displayed is
stored in dynamic ram the TMS 92918 generating all the necessary
interfacing signals.

The VDP will generate a solid color border and background on which a 32 X
24 matrix of 8 X 8 picture element patterns is superimposed. In addition
a high degree of mobility and resolution is provided in the form of the

sprites, or dynamic patterns, which are further superimposed on the
pattern display.

An option can be selected whereby the VDP can function as a 40 X 24
character alphanumeric, terminal by setting the text command bit to one.

ARCHITECTURE .
Fig. 34,2 7t shows the block diagram of the video display processor.
Interface to the CPU is via an 8 bit bidirectionzl port controlled by
two selact and one address lina. Interface to the refresh RAM is via an 8
bit data bus, an 8 bit address/data bus, and 3 control 1ines. The VDP
provides clock and synchronization signals to the system viz the GROM CLK,
CPU, CLK, and CPY INT signal lines.

Interface to the target television is provided by & composite video output
signal.

OSCILLATOR AND CLOCK GENERATION

The video display system designed to operate with a 10.738635 mHz +/- 50
PPM crystal input to generate the required internal clock signals. A
fundamental frequency parallel mode crystal is used as the frequency
reference for the internal clock oscillator, which is the master time base
for 211 system operation. This mester clock is divided by two to generate
the dot clock rate of 5.3 mHz. The master clock i35 divided by 3 to
provide the CPU clock. The GROM clock is developed from the master
clock divided by 24. Additional, the master clock and its compliment
are divided by 3 in two stages to provided the 6 basic color phase
frequencies which generates the color on the targst color tv.

COLOR PHASE GENERATION

The 10.7+ mHz master clock and its complement are used to generzte a 6
phase 3.57545 MHz(+/-10Hz) clock to provide the video color signals and
the color burst reference for use in developing the composite video output
signal. Table ™7 shows the six colors, the standard phase shifts, and the
color approximations provided by the VDP. While the VDP signals are not
exact equivalencies, the differences can easily bz adjusted by the color
and tint control of the target color television. To insure
compatibility with monochrome television receivers, an intensity level
on the gray scale is assigned to each color signal.

o
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TABLE 7

Color vector relationships to the 3.079545 MHz color reference.

STANDARD VDP FIRST .

COLOR PHASE APPROXIMATION GOAL*

Yellow 12 +/- 10 00 10 +/- 5
Red 76 +/- 10 60 70 +/- 5
Magenta 120 +/- 10 120 120 +/- 5
Btue 192 +/- 10 180 190 +/- 5
Cyan 256 +/- 10 240 250 +/- 5
Green 300 +/- 10 300 300 +/- 5

*

tlectrical design will attempt to provide these color signals.

VIDEQ SYNC AND CONTROL GENERATION

The vertical and horizontal control signals are generau=d by decoding the
output of the horizontal counter increments the vertical counter. Table
g nges the relative count values of the screen display parameters. Within
the active display area, the three least significant bits of
the horizontal counter addresses the individual p1cLur= elements of each
pattern displayed. Also, dur1ng the vertical active vartical counter
addresses eacn individual line in the & X 8 patterns.

The VOP operates at 264 Tlines pe" frame and approximately 60 {rames per
second in 3 non-interlaced mcde cf operation.

TASLE &
SCREEN DISPLAY PARAMETERS

HORIZONTAL 00T CLOCK CYCLES
Horizontal active display 255
Right border 15
Right blanking 8
Horizontal sync 26
Left blanking 2
Color burst 14
Left blanking 8
Left border 13
TOTAL 342
VERTICAL LINE
Vertical active display 192
Bottom border 26
Bottom Blanking 3
Vertical sync 3
Top blanking 13
Top border 27
TOTAL 254

85



TELEVISION SCREEN DISPLAY

The VDP assembles three major elements into a composite for display on the
target television: background, pattern matrix, and sprites. 1In normal
operation the background is composed of the border of the active display
area. The color of this region is specified by loading the specific code
for the color desired into the screen background color register. All
color of this region is specified by loading the specific code for the
color desired into the screen background color register. All color
information is described by four bit codes composed of three color select
bits and an intensity bit giving a total range of 15 colors with one code
reserved for the transparent state.

PATTERN GENERATION

The second element of the screen display is the 32 X 24 matrix of patterns
formed and is the active display area. Each pattern is composed of an
8 X 8 matrix of picture elements. -

In a raster scanned television system each line of video information must
be built and displayed. To accomplish this, a list of 768 8-bit names -
one for each pattern to be displayed - is assembled in the screen
refresh memory. The 8-bit name contains both color and display
information.

EXTERNAL VIDEQO OPERATION

In this moce any VDP - generated signal, other than the background, will
be display as generated. When no signal is generated, the external signal
is gated through. In both modes, however, the external sync, blanking,
and color burst signals are controlling the VDP and the target tv system.
No internal synchronization is mads to the color burst. Therefore, if a
color VDP generated signal is desired, an 2xternally generated 12.7 MH

(i.e., 3x the coler frequency) must be provided to the XTLl input and its
non-overlapping complement to the XTL2 input.

VDP RESET .
The VDP is reset by applying 2 low signal to the RSET pin. This signal
must last for at least 2 usec. Reset does the following: Synchronizes
all clocks to its negative going edge (this includes Q1-Q24 control clocks,
CPUCLK, GROMCLK and color burst), sets horizontal and vertical counters to
known state, clears the internal command registrs, gets the text color ang
border color to black, and clears all status flags.

POWER UP

VBB must be applied to the 4116's either before or at the same time as the
other supplies and removed last. Failure to observe this precaution will
cause dissipation in excess of the zbsolute maximum ratngs due to internal
forward bias conditions. This also applies to system use, where failure
of the VBB supply must immediately shut down the other supplies. After
power up, eight memory cycles must be performed to achieve proper device
operation.



HARDWARE DESCRIPTION

OSCILLATOR CIRCUITRY
An overview of the connections to the TMS 9918 VDP are given in fig 33, o 7

Timing signals for the TMS 9918 are derived from an on-chip oscillator
which uses on external 10.7 mHz crystal. This crystal (Y100) in series
with L100 is connacted between pin 39 and 40. L1000 is adjustable to set
the frequency. €100 and Cl01l are the capacitors in the frequency
determing network. R103 is added in parallel to Y100 and L100 to lower
the impedance of the network, thus assuring a proper voltage swing at pin
39. Also a 5 volt voltage is fed to pin 39, R102 and L107 for decoupling.
This voltage is used for proper start-up of the oscillator.

POWER CONNECTIONS
The TMS 9918 uses only one power supply voltage pin 12 (VSS) is connectad
to the system ground, PIN 33 (VCC) to the +5 volt power supply.
€102, C103, C104 and L10l are used to suppress noise on the 5 volt line.

GROM CLOCK
The 10.7 mHz oscillator frequency is internally divided by 24. This gives
a frequency of 445.8 kHz. This frequency is buffered and fed to pin 37
and used as the GROM clock.

CPU CLOCK
The 3.58 mHz CPU clock on PIN 38 is used by TMS 8916 sound processor {(on
units which use tha SN76489).

RESET
The TMS 6918 is reset during power up or when 2 solid state software
command module by using the reset sicnal of U601l pin 4.
This signal is monitorad by the 9918 on pin 34.

CHIP SELECTION LOGIC
The VDP is selected when CSW on pin 14 or CSR on pin 15 are low.

When CSW is low the micro processor can write to the VDP, when CSR is low,
data can be read from the VDOP. The MODE signal on pin 13 is used in
combination with CSW and CSM to select four basic modes of operation.

The selection logic which enables CSW or CSAR is given in figured7; p69.

Selection pins Y2 (pin 13). and Y13 (pin 12) of USQ5 (74LS133) are used to
distinguish betwesen a write or read operation.

The write selection from pin 12 is combined with the WI signal in OR-gate
US07. Thus only a VDOP write can occur when WE is low.

DATABUS INTERFACING

Pins 17 through 24 (data lines CDO through CD7) are directly connectad to
DO through 07 of the T™S 9900.



Thus circumventing the 16 to 8 bit interfacing circuit.

DYNAMIC RAM INTERFACNG
Dynamic RAM memory is given in fig.33,».433.The TMS 9918 uses pins 1
through 11 and 25 through 32 for interfacing the dynamic RAM.
Pins 3 through 10 are the address/data lines for the TMS 4116 (line 10
only for data). RAS on pin 1 and CAS or pin 2 are the row and address
strobe lines for loading the address in the 4116's (and refresh operation),
and are connected to the corresponding pins 4 and 14 of the RAM's. R/W on
pin 11 of the TMS 9918 distinguishes between a read or write to the RAM.
This signal is delayed by the four inverting buffers U101 for timing
purposes.in units manufactured not using the TMS S918A.
During a read all 8 seperate output bits of the RAM's form an eight bit data
bus which is connected to RDO through RD7 (pin 25 through 32) of the TMS
g918.

VIDEO OQUTPUT
The composite NTSC video signal is available on PIN 36 of the TMS 9900.
This signal if fed to the video amplifier in fig.$3,2./23.This ampiitier has
two purposes:

1. To amplify the video signal.
2. To provide the desired output impedznce of 75 ohms.
°38/4

The first stage of the amplitier consisting of Q200 is 2 common base
amplifisr which has encugh bandwidth to amplify the video signal. R201 is
used to adjust the gain of the video amplifier. The second stage with Q201
has no voltage amplification since this stage is used as an emitter
foliower, but is used as an impedance transformer to provide the 75 ohm
output inpedance. R208 and C205 is a filter which decouples the video noise
from the +12 volt power line. L200 and C207 have ths same purpose and the
voltage from this filter can be ussed to supply power for an RF modulator.

99/4A

In the §9/4A, the first stage of the video amplifier {Q200) is a PNP
transistor connected in the common collector configuration. Input to Q200
is through a filter which is designed to roll off signal frequencies
above the GMHz video bandwidth. Diodes R200 & CR201 clamp the DC level
after C201. Q201 is an emitty-follower and is use as an impedence
transformer to achieve the required 75 ohm video output.
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SOUND GENERATION CONTROLLER
GENERAL DESCRIPTION

The TMS 9919 Sound Generation Controller (SGC) is an L component
desxgneo to provide low cost tone/noise generation capability in
microprocessor systems. The SGC is a data bus based 1/0 periphereal.

KEY FEATURES

* 3 programmable tone generators

* Programmable white noise generator
* Programmable attenuation

* 8 ohm speaker drive capability

* External audio input

* 1? PIN package

* 14 technology

DEVICE ARCHITECTURE
The device consists of three programmable tone generators, 2 programmable
noise generator, 2 clock scaler, and an audio summer output buffer. The
SGC has a parallel 8 bit interface through which the microgrocessor
transfers the data which controls the audio output.

TONE GENEZRATORS
Each tone generator consist of a frequency synthesis se

¢tion and an
attenuztion section. The fregquency synthesis section reguirss 10 bits of
information (‘0 ‘9) to define half the period of the desired frequenc
(n). Tnis information is loaded into a 10 stage tone counter, hnwch is

decremented at a N/16 rate where N is the input clock freguency. When the
tone counter decrements to zero, a borrow signal is producad. this borrow
signal toggles the frequency flip-flop and also reloads the tone counter.
Thus, the period of the des1red frequency is twice the value of the period
register.

The frequency can be calculated by the following:

N
f = cu-
32n

The output of the frequency flip-flop will feed into a four state
attenuator. The attenuator values, along with their bit position in the
data word, are shown in table Multiple attenuation control bits may be
true simultaniously. Thus, the maximum attenuation is 28 db.

TABLE /O : ATTENUATION CONTROL

BIT POSITION

A0 Al AZ A3 WEIGHT
c 0 o0 1 2 d8
¢ 0 1 o 4 o8B
0 1 o0 O 8§ d3
1 0 0 O 16 d3
1 1 1 1 OFF



NOISE GENERATOR
The noise generator consists of a noise source and an attenuator.

The noise source is a 15 stage shift register with an exclusive OR feedback
network.

The feedback network will have provisions to protect the shift register
from geing locked in the zero state.

The feedback network will have two feedback tap configurations as determined
by the FB control bit.

TABLE 11 : NOISE FEEDBACK CONMTROL

F8 CONFIGURATION
0 "Periodic" noise
1 "White" noise

Whenever the FB bit is changad, the shift register is cleared. The shift
register wil shift at one of four rates as determined by the two NF bits.
The fixed shift rates are derived from the input clock.

TABLE /-2, NOISE GENERATOR FREQUENCY CONTROL
BITS .
NFO NF1 SEIFT RATEZ
0 0 N/512
0 1 N/1024
1 0 N/2048
1 1 Tone Gen. #3 output

The output of the noise source is feed to an atienuator similar to ths tone
gengrator attenuator.

AUDIO SUMMER/OUTPUT BUFFER .
The summer is a conventional 12L operational amplifier summing circuit. It
will sum the three tone generator outputs, noise generator output, and an
external audio source. The output buffer will generate up to 1090
milliamperes into a 8 ohm load, if all sources are operating at maximum
levels. It is assumed that the speaker will be AC coupled to the chip.

CPU/SEC INTERFACE .
The microprocessor interfaces with the SGC by means of the 8 dzta lines an
3 control lines (WE, CE and READY). Each tone genesrztor recuires 10 bits o
information to select the frequency and 4 bits of information to select the
attenuation. A frequency update requires a double byte transfer, while an
attenuator update raquires 2 single byte transfer.

d
$
i

1]

CONTROL REGISTERS
The SGC has eight internal registers which are usad to control the three
tone generators and the noise source. During all datz transfers to the SGC,
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the first byte contains a three bit field which determinas the destina*ion
control register. The register address codes are shown in Tableil.

TABLE ;3 : REGISTER ADDRESS FIELD
DESTINATION CONTROL RESISTOR

Tone 1 frequency
Tone 1 attenuation
Tone 2 frequency
Tone 2 attenuation
Tone 3 frequency .
Tone 3 zttantuation
Noise control

Noise attenuation

x
memmoooo |l &
| =
IS OORHOO | -
| 3
HOMOOFO | v

DATA FORMATS
The formats required to transfer data are shown below.

UPDATE FREQUENCY (2 BYTEZ TRANSFER)

{1 | REG ADDR | DATA g i ; '
B . A !
| U ROIRIIRZ [ FEIF7IFSIFY | 10 | X 1 FO | FL I F2 | F3 1 FalFs |
BIT 0 FIRST B8YTE BIT7 BIT §  SECOIT SYTE BIT 7

UPDATID NOISE SOURCE (SINGLE BYTE TRANSFER)

? 1 | REG ADDR ’ [ SHIFT i
{
P rotr1tr2 | 78 | x | neo nel
8IT 0 BIT 7

UPDATE ATTENUATOR (SINGLE BYTE TRANSFER)

| 1| RED A00R ’ DATA |
i | rotriirz | A

O!ALIA21A3

BIT 0 BIT 7
HARDWARE DESCRIPTION

POWZR COMMECTIONS
The TMS 9819 uses a single 5 volt power supnly on PIN 15, LSCO znd €350
used to decouple the power line.

prd
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CLOCK
The TMS 9919 use a 3.58 mHz clock signal on. PIN 14, derived from the TMS
9918 video display processor. The SN94624 uses the 447.5 Khz Grom Clock.

DATA BUS
The TMS 9919 uses an eight bit parailel data bus connected directly to the
99/4 data bus.

SOUND PROCESSOR SELECTION LOGIC
The logic which selects the sound processor is given in figure 33.p 17.

READY
The ready line of the TMS 9919 is directly connected to the system ready
line. This wired-OR convention is possible because NAND gate U506 is open
collector. ’

—

WE .
The WE signal distinguishes between a write to or a read from ths TMS
991¢.

EXTERNAL SOUND
External sound is fed to PIN 9 of the TMS 9216, The 99/4 system uses two
sound signals on PIN 9. .

1. Extesrnel sound from the cassette interface connector
2. Sound frcm the speech unit

R510 is used to reduce the speech signal to an zppropriate level.

SOUND QUTPUT
Sound is available on PIN 7. (502 and R511 are used to reduce the
bandwicdth., C503, C504 and L501 are used for the same purpose.
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KEYBOARD & REMOTE HANDHELD CONTROL UNIT INTERFACING
GENERAL DESCRIPTION

Keyboard and remote control are scanned under software control. The
keyboard is scanned by 6 select lines. The 9 detect lines are monitored
by the TMS 9901 programmable system interface (see figure 47, £-7/37).

Two other select lines are used for selecting the remote handheld control
unit, the five detect lines of these units are shared with those of the
keyboard.

HARDWARE DESCRIPTION

- - - s - -

The keyboard and remote handheld unit interfaces to the microprocassor via
the TMS 9901 programmable system interface. Pin P2, P3 and P4 of the 9901
are programmed &s outputs and used as input for U302 (74LS156),.a
dual 2 to 4 decodern This IC is wired as a three to eight
line decoder. Outputs are used to scan the keyboard and joystick port.

Two outputs of U302 (pin 4 and 5) are used to select the remote handheld
control units. Pull up resistors R322 and R329 are used to supply enough
current when the outputs are in the legic nigh state (+5 velt). CR 301 in
combinztion with R321 and CR302 with R320 are used to get 2 good defined
logic zero state, since R320 and R321 which are connected {o the -5 volt
sunply generates a -.6 volt drop over CR30l and CR30Z.

KEYBOARD SCANNING

The keyboard is divided in two parts. Each part
consisting of 4 rows with 5 keys. The outputs of the right four rows
(INT 3, 4, 5 and 6) and the left four rows (INT 7, 8, ¢ and 10) are
connected to the preprogrammed inputs of the TMS 9601 with the same names.
These inputs are scanned under software control to determine which key is
pressed down. The keyboard uses pull-up resistors for putting all lines
in the logic one states when no key is hit. The capacitors are used for
reducing Rrf intrference.

- REMOTE HANDHELD CONTROL UNIT
The handheld units uses the same inputs to the TMS $901 as the righthand
keyboard side.

69/4 KZYB0ARD DESIGN

The 99/4A keyboard circuit is significantly changed from the design used
in the 99/4, although the principle of operation is the same. Seven
outputs are used on U302, and one additionzl interupt line (PS), in
order to scan the additional keys used on the $9/4 keyboard.



CASSETTE INTERFACING CIRCUITRY
GENERAL DESCRIPTION

- - - . - -

The cassette interfacing circuit enables the 99/4 to store and read data
from a normal cassette recorder. The interfacing circuitry consists of 3
distinct parts: the control circuity, the write circuitry and read
circuitry.

CASSETTE CONTROL CIRCUITRY

This part consists, of two solid state switches which are used for remote
controlling of up to two cassette recorders.

WRITE CIRCUITRY
The write circuitry supplies the signal with digital data to the cassette
recorder. It uses 2 TMS 9901 output gate and a second order filtar to
supply a signal of the desired shepe and amplitude.
If two cassette recorders are used, then both will use the same write
signal, but only one recorder is selected at a time by the control
circuitry.

DATA FORMAT
The 99/4 uses a biphase coding technique to gsnerzte the serial deta
stream.
A standard time dinterval (bit cel) is usad in the encoding software, in
the following way: . '

A. A binary one is represented by 2 bit cells both bit cells of
opposite po1a*1ty.

8. A binary zero if represented by 2 bit cells, both bit cells of the
same polarity.

€. After a binary bit is written, the nex

t will start with an
opposite polarity refered to the last bit ce

bit
11.

AUDIO GATE
A special feature is incorporated which consists of a solid state
switching circuit. This circuit can switch the audic signal of the
cassette rscorder to the sound processor.

~)
[Ya)



CONTROL CIRCUITRY
Since the two control circuits are identical only a description of one
cassette control circuitry is given (see figure sv, #/34).
Pin 19 (P6) of the TMS 9901 programmable system interface is used to
enable or disable Q402.
When enabled, the LED in opto couplor U401 turns on. "RA15 is used to
reduce the current through the LED. Outputs 4 and 5 of the opto coupler
are used to put transistor Q401 in the conductive state, thus enabling the
motor drive of the cassette recorder.

WRITE CIRCUITRY
The write signal is generated on PIN 28 of 407 the TMS 9901. The
differentiating filter consisting of R422; C408, C407, R400, R4OL and C400
shapes the s{snsé-

READ CIRCUITRY
First part of the read circuitry consists of an operational amplifier
which performs amplification and pulse shaping of the read signal.
R408 and R410 determine the gain of the amplifier. (402, C409 and C4l1l
are for pulse shaping purposes. R4086 is the resistive load for the
cassette recorder.

GROUNDING
Since the definition for grounc and signal on the output jack cf the
cassette recorder depends on the type used, R409 is applied tc &llow
operation with both types of recorders.

HYSTZRESIS CIRCUIT
The hysteresis circuit consists of & second amplifier with positive
feedback, the feedback network consisting of R412 and R41l.

C410 1is used to make the circuit less succeptible to undesirad signals
CR402 is used to 1imit the negative outpui swing, thus avoiding damage
to the TMS 99C1. R413 is used to limit the current through dioce CR4(0Z

»
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I70 BUS
GENERAL DESCRIPTION

The 99/4 1/0 bus provides maximum flexibility for operaticn with external
devices. It provides peripherals with memory and CRU I/0 buses.

The memory bus (with 8 bit data bus) is used for instruction fetch from
control ROM in the peripherals and for data transfer to/from memory mapped
peripherals.

The CRU bus is used for peripherals enable/disable and for device control
and data transfer to/from CRU mapped pheripherals.

The TMS 9900 accesses each peripheral to obtazin instructions from the
device service routine (DSR) read only memory. Since each peripheral
contains its own DSR, the 99/4 does not have to be designed to anticipate
future peripheral requirements.

The dual I/0 bus capability, along with interrupt handling and extarnal
DSR's provide flexibility of low cost.

MEMORY ALLOCATION

The third memory block (acdresse§ 4000 - 5FFF) of the 2%/4 is predacodad
anid made available at the I/0 port for the periphera1s.

Addrassses AQCO - FFFF are available for future expansion. For tha spesech
module (addressses G000 - 97FF), a predecoded line is available at the

1/0 bus.

CRU ALLGCCATION
Of the available &K of CRY bits, the {irst 1K (addresses 00C0 - Q?FE) are
used internally in the Home Computer. Thne szcond 1K (addresses 0830 -
QFFE) are reserved for Tuture use. The last 2X (addressses 1000 - 1 )
are reserved for the peripherals to bz plugged in the I/0 port. A b
of 128 CRU bits is assigned to each paripheral as listed below.

CRU ADDRESS PERIPHERAL

1000 Disk

1100 Reserved

1200 Home Security
1300 RS-232

1400 Modem

1500 Reserved

1600 Digital Cassette
1700 Student Typing
1800 Thermal Printer
1900 Not Assigned Yet
1A00 Not Assigned Yet
18Q0 Not Assigned Yet
1C00 Not Assigned Yot
1000 Not Assigned Yet
1E00 Not Assigned Yet

1FCO Not Assigned Yet



INTERRUPT HANDLING
The interrupt available on the I/0 port is one of the maskable interrupt
of the TMS 9901 programmable systems interface.

BUFFERING
A1l 1/0 signals must be able to drive two LS-type LOADS (with exception
of ths data bus).
In addition, peripherals generating CRUIN, READY/HOLD, LOAD and EXT INT
schall buffer these signals before putting them on the I/0 bus.

1/0 READ
A CPU read cyc?e for the external davice consists of two 8-bit read cycles
(Feg 72, P e,
The two’ bytesread are assembled as a 16 bit word befors they are presented
to the 9900.

MEMEN goes low true at the beginning ot clock cycle 1. At the same time
DBIN goes high true. WE stays high false curing the entire. cycle. At the
same time that M.hLN goes true, th2 address bus goes active. In order for
the noise and tne g}1tch=s (associated with ‘crostalk and simultaneous
switching) to go away we allow a2 minimum of 100 ns for the address lines
to settle. MBE (see memory selecticn 1ogic) goes true during the leading
edge of Q2 of clock cycle 1. Data read from the peripherals will be valid
750 ns after the start of clock cycle 1. The CPU will look at the full 16
‘bit data bus during the leading adge of Ql, of clock cycle 2. VUnder
worse-case conditions, data must be valid 100 ns before that time.

1/0 WRITE

Figs>, = v5shows & 16 bit I/0 write cycle. As described esariier it is
composed of two 8-bit writes. A write cycle wil always be pre eded by
a ALU cycle. MEMEN and DBIN go true.at the start of the cycie.
settling time of 100 ns (min) is allowed for the address lines % settle
down. WE goes true (low) on thes leading edge of Q2, during the wait
states, and stays true for 660 ns (tyc). Both during a read cor a write
the odd byte is accessed first, followed by an even byts. AL5/CRU ou
changes its state 990 ns (typ) after the cycle is initiated. The second
8-bit write cycle is didentical to the first 8-bit writse. M3EI stays true
(low) during the entire (1.8 usac) cycle.

( hERS

9

r

{

SPEECH INTEZRFACE :
The I/0 part has & lines dedicated for use by ths speech moduie : +5, -5,
speech block enable (SBE) and audio in. SBE is decoded by the 3898/4 for
addresses 9000 and G400 (write and read). For the
write cycle, SBE goes active after the address and data lines are valid.

GROM INTERFACE ON I/0 PORT
AT s1cnals are providsd to use GROM's in external devices.
grom select must be performed in the external dsvice.

Lo |
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[¢]
0.
[}
._"‘
O
-3

e



CRU TIMING

CRU interface timing is shown in figs>. #5=. The CRUOUT cycle is composed
of 2 clock cycles. The CRU bit address when placed on the address bus AOQ
through Al4 is allowed to settle for 100 ns (min). CRUCLK is a &0
ms low true signal which occurs on the trailing adge of Ql, of clock cycle
2. CRUQUT data is valid at the start of clock cycle 1, and is latcheg by
the CRUCLK in the repective peripheral.

CRUIN also consists of 2 clock cycles of 660 ns (typ). Again we allow 100
ns for the address bus to settle down. The CPU samples the CRUIN line on
the leading edge of Ql of clock cycle 2. Data must be valid 40 ns (min)
before that.

AARDWARE DESCRIPTION
An overview of the hardware used to buffer the IN and output signals on
the 1/0 bus is given in figure= _ > ~2/0c and 5/, P13/,

ADDRESS BUS BUFFERING .
U503, U509 and US10 are used to buffer address lines A0 throgh Al4. USLO
is only used A0, Al, A2 and Al15/CRUQUT. This last signal has a series
resistor R512 to reduce transients on the line.

WE is buffered by U510 on the output (PIN 10). A series resistor R505 is
used to reduce transisnts.

CRUCLK
The CRUCLK signal from the §9/4 is inverted in U832 and than bufferad by
US10. Again a series resistor R3G7 is used to reduce transients. The
buffered signal is also used cn thes GROM port. ’

Q3
Q3 is buffered by U510, R5C6 ussed to rscducs transients.

MBZ
MBE is buffered by U510,

OBIN .
DBIN is buffered by the two inverters US0S.

DATA BUS
Since data bus is buffered by U616 in the interfacing circuit, no
additional buffering is necessary. However to meet loading regquirements
2 special pull-up/pull down circuitry is added. When D3IN is low, Q500 is
in the on state.

R515 is used to reduce the base current in Q500, C506 is adced to improve
the switching speed. When in the on state, resistor pack R500 is
connected to ground, thus generating a pull-down. When DBIN is low,
Q500 is disabled. CRSQ1, R313, R514, CR5Q2 and RS51%5 compose & circuit
which gives a voltage of 5...volt on point A. Thus a puli-up exis+s when
DBIN is low.

QUTPUT BUS PIN CONNECTIONS
An averview of the 1/0 bus pin connecticns is given én 2, s0¥¢

(g0
(9%



POWER SUPPLY BQARD
GENERAL DESCRIPTION

- - - - - -

The US power supply consists of an exten
regulator board inside the Home Computer.
Connection between the console and wa
connector.,

The regulator board supplies the 99/4 tl
and -5 volt. The +12 and -5 volt suppli
regulator, the +5 voit supply uses a swi

SWITCHING REGULATOR
The switching regulator used is a ua
in fig-;, .-.<9.In essence the ua 723 is
it is connected in such a way that it be
From the block diagram it can be seen th
compensated vo1tage reference, an
1imiting circuit.

HARDWARE DESCRIPTION

+12 VOLT SUPPLY
The +12 volt regulator circuit <hares
volt regulator. Thi
consisting of L1, L2, C1, C2, C3 and C4.
interference on the mains.
D1, D2, D3 and D4 compose the bridge rec
CS and C17 are used %to reduce the ripole
The OC voltage is fed to the three
regulates the input voltage down to +1
voltage swing due to fast changing load

-5 VOLT SuPPLY
The -5 volt supply uses a separate
together with C5 and C6 compose & RF fil
by D5, C8 reduces the ripple on the outp
U2 is a 5 volt fixed regulator. C7 ont
due to fast changing load conditions.

+5 VOLT SUPPLY

REFERENCE VOLTAGE
The reference voltage for the regula
Rl, D7 and zener diode D8 compose a 7
compensate for temperature variations.
The 7 volt reference is divided by RI11,
through R19 are supplied with jumper v
that the voltage on the non inverting ir
Since this comparator has an open CO
pull-up. R14 connected between the
(pin 2) sets the voltage gain to 1.
feecback. Since in this conTiguration t
gain amplifier, the voltage on the ir



that of the divider. This voltage is used as reference for the switching
regulator U3. Cl6 is used to ensure a slow starting up of the +5 volt
regulator, thus the starting condition that the -5 volt is applied first
to the circuitry inside the 99/4 is met. Cl6 2also determines the
frequency at which the +5V regualtor switches.

SWITCHING REGULATOR
Switching regulator U3 (US 723 C)-uses the following circuitry:

REFERENCE VOLTAGE
The reference voltage on pin 2 of U4 is connected tc the non inverting
input of U3 (pin 5).

FEEDBACK VOLTAGE
The +5 volt is directly connected to the inverting input of U3 (PIN 4).

POWER COMMECTION .
Power is connected to pin 12 of U3 via R3. C13 is used to reduce voltage
swings on the powaer line. Since the power comes from the +12 volt supply,
the switching regu]ator only works when this voltage is present. Ground
connection is to pin 7.

FREQUENCY COMPENSATION
Frequency compensation is performed by Cll on pin 13.

REGULATING CIRCUIT
The output of U3 on pin 11 is used to switch the current through L4 &fter
-amplification by Q1 and Q2. R3S reduces the input current of Ql. R& and
R6 are usad to ensure that both Ql and Q2 are in the non conducting stzte
when not enabled by U3.
The flyback circuitry consists of L4 and D9. The output voltage ripple is
reduced by Cl4 and C15.

CURRENT LIMITING
Current limiting is done by using the voltage drop over R$/R1C and
comparing this with the voltage on the cathode of the diods the divider
circuit consisting of R7, R8 and D10.
D10 is used for temperature compensation.
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TEXAS INSTRUMENTS HOME COMPUTER
TROUBLE SHOOTING GUIDE

This guide will take you pv the problem,not neccessarily to the problem. You
sti1l need your basic troubleshooting skills. This guide is aimed at the new
technician but still can be referenced when in doubt.

S

A1l boxes going to the right mean no, and all boxes
going down mean yes. Small circles ares reference points
which you may be sent back to.

Page ¢7 Start

Page & VDP Check

Page g¢ System Ready

Page 945 Grom Check

Page & Front Panel Incorrect and Keyboard
Page ¢7 Cassette

Page 92 Joysticks

Page 9¢ Multiplex

Page /c¢/ Memory Selection Logic

Page /G3 INTREQ

Compiled by Curt Larsen and Paul Greenwood
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NO
TS&R

Power Supply .

Front Panel NO Check +5,-5 NO Disconnect
l +12 At Power Supply, Check -
Come Up? Supply Voltages
YES YES
Front Panel Find Shorts
Correct? _NO Page 9p On Logic
Board. Start
i ¢cC Qver
YES Check 9900
- {Pins 8, 9, 28,
25 for Clocks.|NO }Check U601 NO
Also Us13-pll Pins 6,7,8,9,
Respond To N {U607-pll UBOQ7- 11,12, 14+1%
Any Key b p3, U300-pl0
F@Se G Yor TTL Clocks
YES
Yes {Check Stches g
To Various
YES Pins for
Continuity
Plug in
diagnostic
grom
Check Pin 38 R
U100 for Clock ot QG
If present Page =2
Adj to 3.579545
Read & Write YES
Cassette _No 1
Page 97 Page 2¢
Joysticks
Operate? NO
“Page 3¢
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Check U501 {NO |Trace Etch}
For Voltage . To Problem
Pins 13=12v
20=5v
YES
|Check Pin 5110 |Check R505)
for +5 12606, C605)
for Shcnts}
YES
{Check Tank |10 {Change
Circuit, C603 Defective
1L602, Y800 Componant

et ar sy vt st

YES

Probability
ysol




Check p38 U100 Check p33
Tor CPU Clock Y100 for +5

H

Find Broken
ftchs or miss-
ing Component

Check parts in Oscillator ' !
circuit for correct conn.

and values RlOZ,LlO?,ClOO,{ [
'¥Y100,L100,C101,R101

Probability
e918

Check for Goto Memory
signa2is on Selection
pl4,15 U100 {Logic Pag%cpz

U160 for
signal

Check pl0
iUSOO

lC»eck 213
i Check ttch

Check RAS, i Possibility
CAS pl, p2 9918
4100 f

£e

i

t

Check p3-pl0
for add/data
lines

Check p2 of
ul0l for R/W

|

Uigo0 for out-

Check p25-p32
put of Rams

component

Check pl7-p24 Trace Data
for CD sig- lines to
nals on U100 fault

Change
defective

Probability
¢o18

Check pll

!?cssibility
U100 for R/Wj j

U100

T ————————————

|

Check delay circuit ‘

ul0l

Use Ram traps to

------ check Rams, also

check for open
ttens




Check p6Z2 29900 Check Reset Check p4 Us01 Check Rb605,
for correct p6 9900 for for high R606, Cs06
ready signal | high level | i level ]

{

Check for Probability |
signal p5 usol
usdl, ps 9S00

| Pull Groms, | Check pl2 U807 Check p3 U508
Sound chip for high level far high
check ready level
{ good? !
& ‘
Check Etch
p3 USQs,
pl2 U607
Replace groms First Grom Goto Grom
one at a time Good t Check Page
Check ready e
each good? ‘
Possibility
8ad Groms,
Sockets,Etchs
Replace Sound ICheck for Find broken
Chip and Check Supply p8,plé|——— Etch or Buss
Ready Good? 9919 Bar
Goto AA Check for Check p38 VDP | Goto vo?
Clock pld for Clock ~———1! Chack
Page 22
Possibility Check Cozx Be-
Sound Chip or twesn YDP and
groken etch Sound Chip

[s 1]
(N o)
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‘Check p2 U508

Check pl U506

for low level for low level

Check Etch
U508, U506

-

Check p7, pl4 Find Prohlem
for voltage

Probability
U506

g s s o e

Check R504

Check pl U508 Find open Etch
for high level {for +5 at ——{to +5 or short
tboth ends ! on signal side

of U504

- o g e ns o

b ey

Check Etch
R504, U508

——tan

Find
Problem

Check p7,pla
for voltage

vt

Probability
U508
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Check p9
U607 for

P

P e i el

Check plo0,
13, 14 for
+5

High Level

A B s o My 8 07

e

Pt ot R rn T o e

Check pll
U607 for
Clock

ot Bes b Game e o

Find Broken
‘Etch

mamee e B S g @ e oo

o v G St G

Check plb
u60l for
Clock

P e i

Probability
u607

— i+

.

—— Wins g ——y—

Goto CC

wmaelPage 2/

e+ e & e - WA 10 s v, § O

Find Broken Etch
Between pl5 U601

and pll U607

Check p9 Check for Broken Etch
U613 for ———| Between p9 U607 and p9
High Level 1613
o
Check pl0 Check pll Chack pl2 Check p3 Check p2
U613 for A- U605 for |—— U605 for |——{ U605 for U605 for
ctive Space Signal Signal Signal Signal
Pind Bro- Check pl3 Find Broken Goto DD
ken Etch U605 for nof— |Etch
High level
] -
Page 92 Check pla Find Broken
U605 for et ELCh
+H
Possihility!
U605

FTUp—

PO

Check p63
9900 for
Signal

- S —

L P

find Broken
Etch

ey

Possibility
if all volt-
ages, Clocks,
Reset, Load,
Intreq are
Present or A-

tccounted for,

bad 9900
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ICheck pl13, 14, Check pll US13 Check pl4 Goto CC
115 U613 for  }——Ifor clock - U601 for ~—! Page 77
1Signal [ clock
Check Etch
] pld Us01l to
pll U613
i
i Check pl6 U613 Find broken
1 for +5 p3,4,5,{——|Etch to
8 for GND JSuply Voltage
i
’ Probability !
U613, check |
| | Us02, Usod |
§
ICheck p52 for| !Check nd U6021 {Check p3 U60Z! [Check pll |Check p3 USOB{ Goto
Ready $900 |-lfor Ready ,-{for Ready I- 603 - |- Page 93
% | SR '
| | i
| Goto AA jCheck Etch Check pl2 Check Etch
| Page Y pll U603 & U603 -1pl2 to p3
i | p3 U606 I 1us03
|
Check pia | 1Check.Etch{ |Check p13 Check Eich
Ug02 for +5 l_} | 1U603 for high{-}pl3 U603
p7 for GND |} | 1evel to p7 U607
Probability Check pl& ! | Find
U602 US03 for +5 &3- Broken
n7 for GND ttch
Probability

Ue03




$Check pl,2

}Check p2 U612

-}Check etch

) pliCheck p6 U612} !Check p4,5|p4)Check p3 U6l12!-
{UeQ3 for Jfor signal i U612 for [for signal | |for signal & | lto +5
lActive space!p?| Isignal ps! [ Ipl for +5
I
i ' i
; f 1 -
] ICheck etch Check P14, Check Etch Goto EE . | !Check Etch
{ Ip6 US12 to | |7 U612 for : 1 ipl5 US13
Ipl U803 voltage if ! tto p2-Us12
! —~——————  |Yes Prob.
; us12
iCheck pl4, 7! ! Check Etch EE Check Etch ps
Ifor correct Y—-' Uel2 to pl3
fvoltages _ Us13

=

£

} Probability
U603

s g sy ath e

ICheck p2 UBGE|

L raant

!

ICheck Etch {

}—1p2 US04 to

P2 U603 l

S ————————

Check pl
uso4

Prare.

Check Etch !
pl Usl0é to
.pll UeQds

(

|Check pld, 7
iU604 for cor-
rect voltages

¥

l Probability

us04

R ——————

] Check Etchs

|




!Check pl0 ] | Remove all Check pl0 i Check pl2] |Check pll aoto Memory
{U500 for gromj-! groms and |-—~={US00 for gromi— -1U506 JSelection
Iselect { sound chip Select i | fpage sl

| |

: Check Etch] }Possibility
{Check pl5 Remove all Goto grom Us08
1U500 for grom|-igroms except{-—I|Check page @
IReady 2003 check Probability

grom ready software

2

! !Install one | |Install 2003 Goto Grom

! IChip at a time! land check ~—! Check p¢

; 1% find-problem! [pl0

]

! Install one Possibility

{ Chip at a __1Bad Etch or

! time and 1Grom

! check pl0

!
{Check p36 E \Ch=c< pl6 Goto VDP | Goto !
1100 for Comp.:i-1U100 for Check page {—| ... 79
1Video @ lInterupL 2%. | )

Possibility

B L e YR

! Check p4 of
Video Jdack

-

| ’Check smcna]
|-1Emitter of
| 1Q201

|
|
4
{

iCheck Signal |

;Base of Q201 E

Check Signal
Emitter of
Q200

—

Check C200 !
-1 R201, R2C2 !
1

H
H

Check Cable
or Monitor

e 2

! 1Check Etchs

1

! IFrom p4 Videol

I }Jack to C204
Ito RZ211

!
l

Check Emitter
Yoltage -or
3201 5 to 7
volts

Check Base
Voltage of

Q200 for 3.5}
to 4.5 volts!

Check R20¢,
R205, C201

Check Collec-!
tor voltage E
Q201 for 8

10 volts [

Check R207

ICheck Base !
Voltage Q201 !
for 5 to 7 }
Volts

i
205, €201 |

- 1
]
4




1Pull A1l Groms|
1
! i

ICheck p9 U500 !  !Check Etchs |
Ifor +5, pld |—1Ito Supply and |

-5, pl6 -.6 [Find Problems |

! Check CPU |  !Check p4 U101 ! ICheck p37 U10l! | Check p37 |} !Goto VOP !
! Clock pl3 I———!  — i—1 U100 }l——ICheck page !
I Us00 ! . v | £3

| Check Etch l 'Check p7 ,14

{
i P13 US00 U101l for volt.! 1
& find problem! |

Check Etch

!

¢

! Probability |
! U101 i

-

Check Grom
Select pl0
Us00

- oy o

I Check pl2 Check pl2 ’

oo Check pli JGoto Mamory !
-——i P10 U500 %———{ Uus08
{

!
-1 U506 —~~|Selection !
! fLogic pl5 !

i
— |
! Probability ! ] Check Etch
! U508 !
i |

ICheck Etch to
1010

)

PO

ey —

! Check Grom
| Ready pl5
| Us00

.i

{Check pl-8
- 1500 for Data
Ipll for Al

USRS

arom probabi-
flity good re-
iplace 1 at a
}time

W
on



! Use RAM Trap !
I to locate

| Faulty Ram. !
! Good? C

IPossibility
|In 4732's and
I Groms

l—1 Found by Ram

! Change Ram E

{ Trap '

Use Ram Trap
to Test Groms
Good?

Change 1 ROM
at a time to
locate fault

ICheck Keyboard!

1p1,3,5,7,9,10,!
112,14,16,18 i
{for Signal |

!
!
!
!
!
;

|

!Check for sig-!
Inal on p2, 4, !
16,8,11,13,15,
117 upon key
tClosure

1Check ps, 7, 8!
19,31,32,33,34 !

{U300 for Sig- 1=t

inal from key- |
lboard

j r—
i
!

tCheck p7,9,10 |

for Signals

!

Change
Defective
Grom

Check p2l1, 22
11,12 U302 113, 15 U302
for Signals

Check p21, 22,

|

|

Check R301- !
R30¢ and !
Etchs to Key—f
board !

Antp et e g arm

I Possibility
! Keyboard

! Find Broken |
Etch i
y
1

}

Check p2, 8, |
1£ U302 for
Gnd pld for
+5 Poss.

U302

| Check for
Broken Etch

W
N

!
!

ICheck p40, 1

__1U300 for +5

plé for Gna
pl0 for Clock
ICheck 211 ne-
gessary pins
to insure
chip is func.
?address linss
CPU lines
Possibility
8901, 4732's
for software
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1Insure H.C.
is in Record
lMode |

[Check p28 of
b—r19901 for Cor-
Irect signal

1

|

ICheck Write circuit!
cuit R400,R401,R4021
C400,C408,C412 ,_J

Will not { Check p5 of !
lWrite Cass- r==tCassette Jack
lette f f/correct sig.
I
Possibility
Cassette is
Not Reading
iWill not ICheck if Read
{Read Cass- {Signal is Pre-
fette Isent at R406

L

[Check if Read
Sig.is present
p7 U400

1

Check if Read
is present on
p30 U300

—_—
1Check amount
lof Jitter
[During Read
1Signal

ICassette Re-!
Imote f |
1 i

Check p23, 15
U300 for high
level

Check Cassette Cable, Check
R404, R406, R409, (402, for
shorts S

Check R408, R41Q, C409,C411
i for Shorts, Check p& U400
for +5 p4 for -5

E

} Check CR4Q02, R41l, Céle,
}———iR413, C413, C&14 for snorts

[

!
!
!
!

!
19501

+
| 1
H :

'Probability !
{
1

L
Check +5 on
collector
2402, Q404

l

} ICheck for !

r———-15roken Eten |
i {

1

Check for a-
bout 4 volts
on Emitter of
Q402, Q404

L

Check for low
Resistance
Emitter to co-

L

11lector Q401,31.

JIf Emitter
Has low volt
age replace
Transistor

H

1Check open
_____jEOuplgr and
Transistor

A p——————

Check €403, C-
406 for shorts

97
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Check p5, 6

U302 for Neg:

Pulse

- o . ot it . e S

oy, ool -

Move Joystickl
Position chek
input pins on
9901 p6,7,8,9

P A

Insure Unit

is Set up for
Joystick Pro-

gram

. et e . B e

ICheck signal
Jat Joystick
lport Input &
output

-

Input but No
OQutput Bad
Joysticks

————— oant o

Insure Capacitors C307-
€310 and C317-C321 for
Correcl Value, Timing
Critical, Olher Possibili-
ties, 4732's 9901, 74LS156

Check pl, 3,
13, 15 U302

for Positive
Pulses

]

Check p2, 8
14 U302 for
Gnd plG for
+5 Poss. U302

s, e

o S B T it

Check Etchs
to port both

input & out-

put

Check p21,22,

26 U300 for

signal

N\ s e e o s e g oo ey e e

o S 4

Check for
Broken Etchs

T,

Check p40, |
U300 for +5,
nl6 for Gnd
n10"f/Clock,
check al ne-
cessary pins
Lo insure
chip is fun-
ctional add-
ress lines,
CPU lines
possibility
1001, 4732'<
for sof tware
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Crto
Fage

JJ

('\7

Check U615 | | Check p6 | |Check p5 Goto JJ
for DING U603 U603 for Page
Signal 79
o S Sos
Check Etchs} [Check p4 iCheck pl0 y\Goto DRIN
U603 for U606 for Check pl4
DBIN 1DRIN
)
N O A
Probability Check Etch}
U603
Check pl, Check p8 Check p9 Goto DBIN
19 U616 U603 U603 Check Page
Signal ee
- - i —
‘heck Etchs} |Checl p0 Check p8 Check p9 Check pl13
U603 U602 U602 U613
- - r— - ! A L
Check pll Possip:lity] {Check Frebr! {Passibility] [Check Etchs
U615 Goto RR U603 1602
—‘ N S G Oy v vt Sy . ——— -
Check p19 Check Pin 6] |Check p5 Goto IT
U614 for U606 U606
DIOG
Check p4 Goto Ss
U606
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Check pll Check p2 U602 Check _pl U602 ICheck p29 Possibility

uGo2 for for DBIN for DBIN U600 for 79c¢
Presence of DBTN
DBIN

—— i G (0 9 Sy et S o ot g 2 P R —— e, it et st s

1

Possibility Check Etch
U602 to pl U602

1

lCheck Etch tol

P11 U602

DBIN plO U602

Check for l ‘ Possibility
u602

!

Check for Check Etch
BIN pa ~e——| to pl0 U602
U603 ‘ :

e e oap s — T




IRemove all

I

IGroms and Sound i
}Chip for follow-)
|

1ing check

!
!

1Check pl,2,3 |
1ys04 for pl,2!
How P3 Active
]

Y 2 Y =y = e $ o

ICheck Memen i

{pd US04
| .

e sy

-

Check p22,23,|
114 9900 for ;
{Signa? !

!

[ Check Etchs !
! 1

1 i

iCheck p3 UGOSi

|

Check Etchs

Check p2 UB05!

Check p83 !

[Possibility |
770 i

i i

Possibiiity !
Uees }

I

Check Etchs

tCheck U504

Check p6, 16 ,

ICheck Etchs

i
{Outputs pll, 1__ |US04 for +5 | lto Power
115 active p7-! &Pins £,8 for | !Supply
[15 i lano P
i _
] |
Possibility | [Check for ! | Goto Page
9900 Sending | 12900 Singals | 162

Bad Address
or U504 Bad

-

lAddress Lines

INTREQ CRUIN |~

5 UsQ05 for
address lines

{Check pl,2,3,§

|
!
-— 1

ICheck pl9,20,!
--121 9900 for
Isignals

Reeom = > =

ICheck Etchs }

1Goto Page 1od}

H

<

(=)




ICheck p4& U505! ICheck Etch to !
Ifor Active |——ipll U504

tSignals ! !

]

|

[
{Check p6 US05] ICheck p6 U506 |
'for Active |-—!for signal {——-—
iSignal | !

1
I Check Etch t

|

|
!

Check p4 U506
for DBIN

|

Check p5 U506

|

P Possibility |

|
!
t

Us06

ICheck p7 U505
Ifor 2 Nega-

|
itive Pulses 1——!0One at a Time, Check for

|Check p9 for 1!

INegative Puise! 130 back to page 15

!Shorted Address Lines.

'Check 681C's using TI BUG |
1if possible, Change 4732's]|

ICheck pld |
114505 for
1Signal

- - - - - - .-

[Probability |
-—-iUSOS

IMemory selec-!
{tion Good

i
' |

4

162

1
!

|

Goto DBIN
——1Check Page
/6C

|

Check Etch to

pl U505

I

E

|
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!

ettt ———————

A ———————

Check p40

Check p32 ! ICheck pll ! ! Find Broken!
9900 for U300 for  }——|U300 for +5 }—IEtch )
Intreq ! iIntreg ! ! H
I1Check Etch ! ICheck p3 Check p7 UsQ7
{Between pll | —=lU300 for 03 |——!
U300 and p32! 1Clock
9900 l ——— i
Check Etch
p7 U601 and
p3 U300
Check pl7 | Check for
U300 for i.—- Pul1-up R300
Intreg !

T

- -

ICheck pl8 ! .{Check pld | lGoto VO?P
1U3CO for e U100 for P Check Page
{Intreg ! | Intreg i ez

!
{
1

Check Etch |}
]
!

A ———————

IGoto CC

——Page

!
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I1/0 PORT CONNECTOR

{_ 44 TOP
COMPONENT
"SIDE 43 BOTTOM
— 2 TOP
/ 1 BOTTOM
PR
TOP
2 SBE v 1
& -EXT INT > 3
6 AlD 5
8 All 7
10 A3 * 9
=12 READY 11
14 A8 =13
16 Ala 15
18 A9 17
- 20 A2 19
22 -CRU CLOCK : 21
v 24 =03 SYSTEM CLOCK .23
26 -WE 25
©28 -M2E 27
2 30 Al 29
32 -MEMEN 31
.36 D7 - - 33
-36 D6— 35
.38 D5 v 37
.40 DI - .39
42 D3~ % 41
~44 SQUND IN X 43
SBE - SPEECH BLOCK ENABLE
MBE - MEMORY ,BLOCK ENABLE
EXT INT - EXTERNAL INTERUPT

MEMEN - MEMORY ENABLE

DBIN - DATA BUS IN
IAQ - INSTRUCTION AQUISITION

104

GROUND

Lw

GROUND
Ab

HOLD / IAQ
-5V



WOONOYOYTHL W N -

W00 SOYOUL - 0N

OV 4> G )

CASSETTE 1 MOTOR CONTROL
CASSETTE 1 MOTOR CONTROL
MAG OUT RETURN (GROUND)
CASSETTE AUDIO INPUT

MAG OUT ’

CASSETTE 2 MOTOR CONTROL
CASSETTE 2 MOTOR CONTROL
MAG IN

MAG IN RETURN (GROUND)

JOYSTICK B
yp

PUSH BUTTON
LEFT

JOYSTICK A
DCWN
RIGHT

+12 VOLTS

GROUND

AUCIO OUT

COMPQSITE VIDZO QUT
GROUND

CASSETTE I1/0 PORT

2 3 4
‘ilﬁ_.l__ﬁ__gﬁl

JOYSTICK 1/0

l 2 3 4 5
\\.6_1___8_,0./
VIDED 1,0



GROM PORT CONMECTOR

GROUND

GROM VSS
GROM READY
-5V

GROM CLOCK
D8IN

Al4

GROM SELECT
+5V

..
[}

(3Y]

21

erouno (et
-ROM G

NE

Ad

A5

A6

1 A3

A7

A8

AS

Al0

All

Al2

Al3
AlS/CRY QUT
CRU INM
-CRU CLOCK
GROUND

—FRONT=>



RAM TRAP OQPERATING INSTRUCTIONS
TEST Switch

FUNCTION Position ‘ INDICATORS COMMENTS-
> to >0 >op JLED's
8%>680 -
- ! U-vu- U- 7- U- U- U- U-
4116's tja -E} 1 2 4 5 6 102 103 106 105 106 107 108 109
U102-u109 {1 ' See 6 ) 9D DD
) Comment e el Bl b Dl b B B
_ Error Test Bit{5!| D) DDIE
Error Test Bit =l=l=l—|—{—]={—
Multiple Bit Errors 49 353 3

-0 -0 0 o ,,

% 3rd Indicators should

- :5 1 2 3 4 5 6 alternate SLOWLY.
6810°'s = l l $ NE
Us08, UBQ9 {|. MSB LS3{ 5th Indicator shcows MSB ERRCR.
D LS8 MSB Bad
Testing 6th Indicator sheows LSB ERRCR.
Test In Progress
.b’ O Q O O O}t —2ad chip
. _t 2003 2004 23C5
2003 LD' 1 4 £ 6 o | 'j ;"’;
2000 |! ” L : | %
2005 ’ - Hot ‘ t 51 £
____3_; Used See Comments 2 { -
a D 1D

Testing In Progress

BEFORE EACH TTST MAKE SURE THE UNIT UNDER T&ST IS SWITCHED "OFF™.

START UP PROCEDURE:

1. Turn Unit To Be Tested "Off"
2. Insert RAM Trap

3. Select Test Modz On Ram Trap
4. Turn "0On" Unit To Be Tested

5. Prsss LOAD Switch



MaINFRANE RAM -TraP

COMPONENT LAYCUT

‘ LURNDY
’ TTTETRS 40D 22-14
WSRO

C-1,C-2 __0.1 »F_carcizzas A1 Seon -!

1LC-1 TALSIBEN P-2 100K v, -
e - - - A ‘ AL REUSTCRS ARS GUATT S

1c-2 JALSZIN R-3=R-8& SCDD.__[

JC-3 T4LSTEAN R-?, R4C 2.2x02 |

1C-4 TALS1TAN -1 SPAT_ PuskeNTTon suntoa{mone~TARY N

1c-3 TS 403&2NL §-2, 5-3 _SPST ToLisLE switeMeEs

ic-& 2332 (SFRCW)

Brol 2 2420

1A
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LS138

70 8 LINE DECODER/MULTIPLIER

1)
2)

STATE QUPUT:

[\)

A

ENABLES, G2A 2 528 - ACTIVE LOY, G

&

I - ACTIVE

HIGH

ENABLES CAN BE USED AS INVERTING OR NON-INVERTING INPUT

7O MULTIPLEX DATA

3-T23-8 LINE DESCODEAS MULTIPLEXERS

138

“Ses aace 7-132

2 i e T 22 S 28
wilaiut iy
> ;

* 3

SASALSTIB L2 W SNTALSIZB LU N)
SNEASIZN 1J. W SNT&S123 1 NY

‘LST33, 3i%2
‘LS138 $128 PUNCTICN TABLE
Sttt hi ! N ; Ql:’”UTS
| —m——— 7 | ENaBLE | sSELECT !
, —ee L, G1 G2* i€ 8  A'YO Y Y2 YYYeYEVYE YT
- b ———— R ]
X _>, v [ — i X A X X X|® % W o M M A nmi
<, [— —_— olle Lox lx ox x{w oMM oM MoN o om,
a —_— i - . .
—— ———— L S S U . B R I R
I R <o D’ 73 H i
— L s LA R U T % I B N A VOV VRR Py
—_— . ; :
e e 2l surmrs LI S O L L T I M A T B Vi
! P T e . z WL jLU M oMM M oH L oM oM oMo
{A _>,..__q>.___."_ ] YR ; [ R N R B I
' | — :
:h—:‘:?j;‘ _——"’".4‘ ML M L oRrbA MM MMM N
-3 > ) > | et S A N I
1 s | “:'—"’} - Loom - A;uuquuuuti
i ‘:-—-—>o—.-g>——..——__/ L
> *G2 « 324 - G28
.o Agn teBt L T IOW tevet X = wepigwant
Fig. 31
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L

- 4 BIT BI-DIRECTIONAL SHIFT REGISTER
- POSITIVE EDGE TRIGGERING ()

- 4 MODES OF QPEZRATION: (A) PARALLEL LOAD
(B) SHIFT RIGHT (JA T0 QD)
(C) SHIFT LEFT (GD TO GA)
(D) INHIBIT CLOCK (DO NOTAING)

¢ Parallel inguts and Qutputs SN74184, SNTALSISKA, SNT2STIS ... J QR N PACKAGE
{TOP VIEW)
s Four Ogerating Modas:
Q_ -
Synchronous Parallel Load ves Qs 38 ,_1 So ““‘r_‘l., 2
Right Shift s 115 L L' RIEUTIENE L
Left Shift TR
Co Notning | N R S v
* Pasitive Edge-Triggered Clocking | U l!
SuiaR 30 !
¢ Qiract Cverriding Claar i i L ’ 1
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LS244

‘OCTAL (8) BUS DRIVER’
"NON-INVERTING'
"1-WAY COMMUNICATION'
'3 STATE QUTPUT': 1)  HIGH
2) LOW
- 3)  HIGH IMPEDANCE
G IS ENABLE ACTIVE - LOW

OCTAL BUFFERS/LINE DAIVERS/LINE RECEIVERS

244 «oNMINVERTED 3STATE OuUTRUTS

Lllh‘(ﬂ
INPUT/OUTPUT/ENABLE
[WPUT ! g
2A4 |
l
2% 5
OUTPUT
2Y4 '
V4711 312 /117111177111117]
| ! /LLILLILLI L2011

Fig. 33
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"TYPE SN74LS382 (TIM8804)

" FOUR-PHASE CLOCK GENERATOR/DRIVER

PARAMETER MEASUREMENT INFORMATION
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.
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INPUT

QCTAL (8) BUS DRIVER’

"NON-INVERTING '
‘2-WAY COMMUNICATION'
'3-STATE QUTPUT D)
' 2)
3)

G IS ENABLE,.ACTIVE LOW

[,S245

HIGH
LOW
HIGH IMPEDANCE

DIR IS DIRECTION CONTROL A->8...B= A

OCTAL SUS TRANCEIVERS

24 5 NCNINVEATED 3STATE QUTPUTS

QUTPUT

Sou sage 7318 SNS4LS24S i) SN74LS22S {2, N}
G ! D[R ! OPERATIG
! !
0 ! 9 13 2ATATO
! |
G ! 1 'ADATA T0O
INPUT B | ;
| INPUT = A 1 ! X liSOLATICH
! H{H{-2)
! | t |
‘ ‘ l . DON'T CARE YHAT STA
| ! i
t ‘ [/111]]
| . V41-7//
F1g. 34
A=QUTPYUT 3=JUTPUT

LA
4a

~oTm =
3 AL D=«



LS 373

OCTAL (8) D-TYPE LATCHES
3 STATE OUPUT: 1)  HIGH
2) LOW
3)  HIGH IMPEDANCE
WHEN G (ZNABLE) IS HIGH, THEN Q CINPUT) WILL FOLLOW D CINPUT)

WHEN G (ENABLE) IS LOW, THEN Q (OUTPUT) WILL LATCH D (INPUT)

OCTAL D-TYPE LATCHES j

373 ssrateoutruts
EOMMON CUTPUT CONTROL
COMMON ENABLE

Sou page 74P

OUTPUT | ENABLE o QUTPUT
CONTROL_ ! G D1
‘ ! |
Lt A HotooH
! !
Lty L1t
! !
L 1L X 1 Q
! !
HooL X X 1 H =7
! 1

dg= DATA PRESENT AT INPUT WHEN ENABLE WENT LOW
X = DCN'T CARE Fig. 37
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4116 DYNAMIC RAM
- 16,388 X 1 ORGANIZATION
- 3 STATE QUTPUTS
AO - A6 - ADDRESS INPUTS
- COLUMN ADDRESS STROBE
- DATA INPUT
- DATA OUTPUT

ROW ADDRESS STROBE
- WRITE ENABLE

s oo © © O
. o~ l
73)

'

- REFRESH MUST BE PERFORMED EVERY 2 MILLISECONDS
- ?33 LATCHES THE ROW ADDRESS (AQ - AS)

- CAS LATCHES THE COLUMN ADDRESS (AU - Af)

AG Al A2 A3 AW A5 Mg [ AD AL A7 AS An AS AS
3197 4096 2048 1024 S12 256 128 1 54 32 15 8 4 2 1

CAs RAS

117



4116 RAM (cont.)

read cycle timing

ADORESSES

L]

16-PN CERAMIC AND PLASTIC
DUAL-IN-LINE PACKAGES
{TOP VIEW)
ves 1§ g ®  vss
3
. 2 q,—__; 1 CAS
& 1t 3 “ Q
1 v
s e Y oas
a s 7 2 a3
az sl I e
AL ? 1 as
veg 81 Y o vee
PN NOMENCLATURE
AG-AS  Acoress inouts w Write Enable
= Column sdoren sTrobe | Vag =5V power sucoly
[~} Cxta inout i vee -V 2ower wpDiv
Q Data outdut I vop = +12:V power wooly
3 RAow 200r ex3 STrODe | Ves 0V grouna
1 .
r tetre) +
I
1! - !
. i KL} ‘
Vi —-< ‘7-—-
; st \__
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t by it
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| 1 t
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" = tmiAR) : tw(C)

vt N —tnird
Vin TRFALA AV
penTme ) | TN oanT e X (x

i | |
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MF 4732 ROMS

4096 X 8 BIT MEMORY SIZE
+5, GND ONLY

8 BIT TRI-STATE DATA QUTPUTS (Q1-Q8)

Q8 = MSB
Ql = LSB
12 ADDRESS LINES (AQ-AlD)
All = MSB
AC = LSB

CHIP IS ENABLED WHEN CS1 AND CS2 ARE 30TH LOM

ONMLY DURING THE ENABLE ARZ THE QUTPUTS ENABLED, ALL QTHER CASES
THE OUTPUTS ARE TRI-STATED.

93 37 35 @5 G4 Q3 Q2 Q1 Q8 Q7 Q6 Q5 @4 Q3 Q2 4l

LQV 1 | 2.1 3141595

an
~~
OGO
()
-
(]

Lii 171 151 148 {15

11a
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6810 RAM

128 X 8 STATIC RAM
USED AS SCRATCH PAD (CPU RAM)
TWO DEVICES ARE USED TO MAKE A 128 X 15 MEMORY AREA

+ 5, GND ONLY

DO - D7 = DATA 1/0
AO_- AS = ADDRESS LINES
R/4 = HIGH IS READ, LOW IS WRITE

70 BE cNABLED: CSO & CS3 MUST BE HIGH

CS1,CS2,Cs4, & CS5 WUST BE LOW

Fig. 39
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D4 ~Vess
D3~ ~DS
o~ )
Dl U410 D7
DO ~A14
AS- 4732 FALZ
Al ~A12
#CS1- =A11
Rty =A10
AS- AP
AL— -AS
VCC * A7
VCCH ~YUSS
YSEH #2351
S5 -\32
*WE~ 1J£02 =D7
Al4- ~D2
Al1Z- £810 D43
Al2- D32
All- —~DS
A10- gl
AS- L D1
AZ- =00
vee-__ % |-Vss

d0O—
di-
d3-
d3-
d4-
dS~
dé-
d7-
#DI0G—
VCC-

Usia

74L3
-2435

*

-uss
D0
D1
D2
D2
D4
oS
D&
D7
-DEIN

D dencotes 16 bit data bus

d denotes 2 bit multiplexed data bus

D12- -YS3
Ditl- ~D12
Din ~D14
Do+ U411 ~DIS
D3~ —-A14
A3 4732 AL2
A A2
#CS1- ~A11
YoSS- ~-A10
AS+ -
As- —A2
Ve * A7
YCCH —y2:5
VS3- —-221
VS35 YT
*WE- 1J&0%7 ~D12
Al4- ~D13
A12+4 4310 ~D14
Al ~-D1S
atiq -0
AlO- —~D%
AP~ D10
AS =011
YL * =~Y3S3S
2#GC -Y32
Do —~02
di—< U&1S =40
d3+ -2
Di1= 74L3 D10
D134 =372 ~D12
45+ —~d4
d7- )
D154 ~014
YCCH #* eDING
Fig. 40.
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IMPORTANT NOTICE REGARDING TECHNICAL DATA

The following should be read and understood before purchasing and/or using
this literature.

TI does not warrant that the book materials will be free from error or will
meet the specific requirements of the consumer. The consumer assumes complete
responsibility for any decision made or actions taken based on information
obtained using the book materials. Any statements made concerning the utility
of the literature are not to be construed as express or implied warranties.

Texas Instruments reserves the right to change any of the.technical data
contained herein without notice.

TEXAS INSTRUMENTS MAKES NO WARRANTY, EITHER EXPRESS OR IMPLIED, INCLUDING BUT
NOT LIMITED TO ANY IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE, REGARDING THIS LITERATURE OR ANY INFORMATION DERIVED
THEREFROM AND MAKES ALL SUCH MATERIALS AVAILABLE SOLELY ON AN "AS- IS" BASIS.

IN NO EVENT SHALL TEXAS INSTRUMENTS BE LIABLE TO ANYONE FOR SPECIAL,
COLLATERAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES IN CONNECTION WITH OR ARISING
OUT OF THE PURCHASE OR USE OF THIS LITERATURE AND THE SOLE AND EXCLUSIVE
LIABILITY OF TEXAS INSTRUMENTS, REGARDLESS OF THE FORM OF ACTION,  SHALL NOT
EXCEED THE PURCHASE PRICE OF THIS BOOK. MOREOVER, TEXAS INSTRUMENTS SHALL NOT
BE LIABLE FOR ANY CLAIM OF ANY KIND WHATSOEVER BY ANY OTHER PARTY AGAINST THE
USER OF THIS MATERIAL.

Some states do not allow the exclusion or limitation of implied warranties or
consequential damages, so the above limitations or exclusions may not apply to
you in those states.
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