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INTRODUCTION

The TI 99/4 Heome Computer wacs initially precented at

+

he Consumer
Electronics Show in June 197% by Texas Instrumente. The TI 29/4 ic &
THME F200-based microprecessor system. Fresently, the 99/48 mainframe
is being manufactured by the Consumer Froductes Divieceion of Teuxas

Instruments Inc. in Lubbock, Taxas.

The TI 99/4A has many key features. Seme of these featurecs, include
l1é6-coler graphics, music and sound over four octaves. The T1I 92/4A
Aalso makes use of an expanded Tl Bacsic. Thie feature plus the
capability for up to 72K bytes of memory (16K RAM internal, 246K ROM,
and up to Z0K ROM interfaced via the Command Module peripherals) make
the TI 99/4A Home Computer a very powerful tool. These key features
and the general operation of the TI 92/4A will be presented in the

following pages.

SYSTEM BLOCE DIAGRAM:

The TI S2/445 Home Computer effectivelv combines gach of the individual
features cof the unit inte a complete and complex system. The basic
blocke of the svstem include the CPU, sound generation, video display,
1/0 control, plus timing and control logic. These features are
interfaced to produce the complete microprocessor system. The system

block diagram of the TI 99/4A is shown in Figure 1, p. 2
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HOME COMFUTER
FEY ARCHITECTURAL FEATURES

700 CFRU

VIDED FROCESSOR WITH 10.74 MH:z

CRYSTAL OSCILLATOR FOR NTSC

COMFOSITE VIDEO GENERATION AND

CONTROL OF GRAFHICS RAM

Z BRAFHICS ROMS ONEOARD WITH &K EBYTES EACH, EXFANSION
FORT FOR SOFTWARE MODULES WITH UF TO FIVE &k X 8 GROMS
AND 8k ROM OR RAM

48 KEY EEYEOARD

TV INTERFACE VIA VIDEO MODULATOR

FERIFHERAL CONMECTORS WITH CRU AND 8 EBIT MEMORY INTERFACE

1200 BAUDR HOME CASSETTE INTERFACE



HOME COMFUTER
TMS 9918 VIDED DISFLAY FROCESSOR FEY FEATURES

REFRESH THE TV SCREEN AT 60 Hz WITHOUT INTERFACE FOR COMFOSITE
NMTSC VIDEO OUTFUT

24 LIMNES OF I2 CHARACTERS WITH 8 X 8 DOT RESOLUTION
32 MOVAELE CHARACTERS WITH MAGNIFICATION

24 LINES OF 40 CHARACTERS WITH &6 X 8 DOT RESOLUTION
48 LINES OF &4 IMDEFENDENT SFOTS |
EXTERNAL VIDEO INFUT WITH SYNC

FROVIDE 8 COLORS WITH 2 LUMINOUS LEVELS EACH

FROVIDE 8 SETS OF COLOR SELECT REGISTERS TO FROVIDE
SEFARATE COLOR FOR ONES AND ZEROS

ADDRESS 4-16K BYTES OF RAM FOR CFU OR DISFLAY
SINGLE S VYOLT FOWER SUFFLY

10.74 MHz ONMEBOARD CRYSTAL OSCILLATOR

GROM CLOCK

40 FINM FPLASTIC FACHAGE



HOME COMFUTER
TMC 0420 GRAFHICS ROM KEY FEATURES
5144 BYTES MASE FROGRAMMAELE FROM
16 BIT ADDRESS REGISTER WITH INCREMENTER
CHIF SELECT FROM = MQOST SIGNIFICANT ADDRESS RBITS
INSTRUCTION DECOLCE FOR FOUR OFERATIONS

- READ BYTE AND INCREMENT

WRITE HIGH ADDRESS BYTE AND TRANSFER HIGH TO LOW

READ LOW ADDRESS EYTE

-SFARE TO WRITE RAM OR FROM

LOW COST F CHANNEL ™MOS

Pus CYCLE TIME

+5. -5 FOWER SUFFLIES WITH TTL INTERFACE
447.3 EHz CLOCK INFUT

165 FIN FARCEAGE



HOME COMFUTER
TIM 9919 SQUND GENERATOR HEY FEATURES
3 VOICES WITH 4 OCTAVE MUSICAL RESOLUTICN
15 BIT FROGRAMMAELE NOISE SHIFT REGISTER
100 m AUDIO DRIVE WITH ZODE CONMTROL IN 2DE -STEES
8 BIT CFU INTERFACE
SV FOWER SUFFLY
1%L TECHNOLOGY

16 FIN PACEAGE



SYSTEM FOWER UF

FOWER IS TURNED ON:
8 ?2%20 CFU RESETS AND ADDRESSES LOW ROM LOCATIONS
8 00 IMITIALIZES
8 9200 SETS UF WORKSFACE REGISTERS IN 4810 RAM
@ 2200 BEGIMS REALDING FROM GROMS
8 @900 ENTERS TIME DELAY LOOF TO ALLOW STAEBRILIZATION --# SEC
@ @192 SOUND CHIF IS TURNED OFF
8 9218 VDF IS INITIALIZED
8 4116 RAM IS CLEARED — REGRUIRES AFFROXIMATELY 1 SEC
8 FRONT FANEL DISFLAY IS WRITTEN INTO VDF
@ 9919 SOUND CHIF EMITS REEF
€ 9900 CFU ENTERS KEYEBOARD SCAN RéUTINE

SYSTEM IS NOW READY FOR USER INFUT



n

ITEMS TC CHECE DURING DERUG

CHECE IF FRONT FANMEL IS UF “TI LOGD"

CHECE +5, +12 WOLT LEVELS THROUGHOUT EBOARDS

CHECE IF READY FIN &2 0OF 29200 IS LOCEED UF

CHECE THE FOUR 12 VOLT CLOCES FROM 74362 TO 9900

CHECH

GROM SELECT FIN 10 0430

GROM READY FIN 1S5 043¢

GROM CLOCKE FIN 12 Q4Z0

CHECK FIN ZB OF 9918 FOR T.579%548 MHz CLOCK

NOTE: SYSTEM WILL RUN WITH CLOCE FROM I.579520 MHz
MHz

CHECE VDF (9918) READ FIN 1S5 9918
WRITE FIN 14 9918

CHECE. DATA OQUT OF 4116 RAM FIN 14

CHECK COMFOSITE VYIDEO FROM FIN CONMECTOR

TO

- =
.

79548



HOME COMPUTER CASSETTE INTERFACE
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with byte/manchester enceding format.

Utils

ot
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n

redundancy to gain increased reliability.
Uses wave shaping on input and output to increase reliability.

Has twe motor control circuite
decks.

which allow computer tc centrol
Has capability of reading from one deck and writiﬁg to another,
under computer control.
The interface is software intensive and relies on 9901 internal
timer for 1t’s timing.

FROBLEM ARE& OF CASSETTE INTERFACE

Reliable recovery of data ie dependant on recorder used during
save. '

Reliability is directly proportional to frequency response of
cacssette decl.

Feliability can be obeserved by looking for the
phenomenon with an oscilloscope.

"eye" or "jitter"

A. Fresent 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 circuit can
this.

under special circumstances caucse



GEMERAL DESCRIFTION OF THE 27744

The following paragraphs provide a description of the 99748 system
hardware, the VDF chip (TMS 9918), the sound chip (TMS 9212}, the
GROM (TMC ©430), the ascsociated timing diagrams., the cassette
interface circulitry and pcocwer supply.

P2/4 SYSTEM HARDWARE

The 99/4 hag been built arcund the TMS 220C¢ microprocessor. Figure 1,
shows a block diagram of the system. In this description the logic of
the ?29/4 is grouped into the following functional sections.

9 Clock generator/driver

® Microprocessor unit

® Memory selection logic

® System ROM % RAM

® 16 to 8 bit interfacing circuit

® Timing and control logic

® GFROM memory

@ TMS 9901 programmable system interface

@ TMS 9218 video display processor

¢ TMS 9919 sound generator

® Fkeyboard, remote handheld unit
® Cacssette interfacing circuit

® I/0 port

® Fower supply

European power supply

® Audig board

10



The purpose and compesition of these functional sections is to
provide an overview of the 99/44 svstem with a detailed description in
the succeedin aragraphs.

grrap

] The clock generator/driver provides 4 non—overiapping clock
cignale for the TMS 9900 microprocesscor and also internal latch
which is used on the recset circuitry.

[ The microprocessor unit with the TMS 2200 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.

e 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 pragrams.

~ The GFL interpreter.

- Floating point routines.

- String conversation routines.

- Cascette interfacing and 1/0 programs.
- Basic programs.

e The 16 to 8 bit interfacing circuit enable the 99/4 to access 8
bit devicee by multiplexing and demultiplexing the 16 bit data bus
of the THMS 2200.

¢ Timing and control logic provides the timing and enables signals
for the 16 to 8 bit interfacing circuit. It also handles the
READY and WE signal for memory operations.

s The TMS 9201 I/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 99/4A) It contains the_
following system routines:

GROM O - Monitot+r 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.

GECM memory is expandable up to a limit of 48K through the grom
1/0 port. The GROM port enables the user to run preprogrammed
csoftware in up to § GROM s in a software module. Thics module may
also contain in ROM processing for generating the composite video
signal. A part of the 1&K byte uses RAM during the power-up
sequence.

11



The TMS 2917 cound
generating I tones

“h

a one chip device capabkle o
=

is apa
e programmable by the ucser.
The keyboard interface is using the TMS 9201 1/0 chip. The
kevboard scanming is using the multiplexing technigue.

The I/0 port provides the capability to the $2/4 to access the ROM

in the various peripherals containing the device servics routines
(DER"s8) and 1t takes care of the data =xchanga.

o)

the European version of the 29/4. VYolume control ise by a slide
pet.

The audio board hcouses an audio amplifier to drive the 82 ohm in

12



The TMS 9900 microprocessar, as used in the Tl 9974, uses four non
overlapping clock siagnals generated by a 74LS362 clock generater/
driver. These four clock signals (01, @2, BT and 04) are available
at TTL level. i timing diagram for the cleck <signals is given in
figure I5, p.114. &5 can be seen from the internal s=chematice of
the 74LEIZ&Z figure I3, there is alse a D type latch available.
This latch, clocked by B3, is in the reset circuitryv.

HARDWARE LDESCRIFTION (SEE FIGURE 2. F.14.)

FOWER CONMECTIONS
Fower cornection points are pin 10 for ground, pin 13 for the +12v
and pin 20 for the +3 wvolt supply. L6OZ, L&24, C604, C62S and
C607 are used for decoupling of noise generated by the 74L53&62.

FOWER UF
Fin 17, connected to the S volt power supply by serieg resestor
R6Q4 enables the clock outputes.

RESONATOR FART .
A third overtone, 48MHz cryesetal, ccnnected between pin 18 and 19
determines the clock frequency. The tank circuit with Lé&0Z2 and
L50Z connected between' FINS 1| and 2 selects the third overtone.
Some unites may use a 12 MHZ crystal with tank componente to select
the primary frequency.

CLOCE SIGNALS
Fin 8, 9, 11 and 12 are the four 12 wvolt clock cutputs for the TMS
00, The four series resistors R601, R60Z and R&60Z minimize over
and undershoot. The inverted clock signals on pin 6, 7, 14 and 1S
are used internally in the 2P%9/4 for timing purpocses.

RESET
Reset ic accomplished during power-up and when a solid state soft-
ware command module is inserted. C60&6 will be slowly charged by
recsistor FR&605 after applying power to the console. - Thus for =
short period the D input of pin 5 cof the 74LS362 is low. The
74L87462 clocks this zero binary value to the recset out of pin 4.
This signal resets the TMS 9900 until a binary 1 value is sensed
on pin 3. Nhen.the system is switched off, R&606 discharges Cé4oé,
thus enabling a new reset. When a solid state software command
module is inserted, the reset line is connected to -5 volt. C606
is then partly discharged by C306, thus dropping the voltage at
pin 5 for a short time to the binary low level, generating a
reset. When the solid state software command module is removed,
resistor R514 will discharge CS06 to enable a new reset.

13



Figure

2. Clock Circuitry.
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CENTRAL FROCESSING UNIT

MEM

MERAL LESCRIFTION

THE 99/44 Home Computer use the Texas Instruments THMS 92900
mlCroprocessor. It provides the svstem with & 1S bit addrecscs and
1& bit data bus for communication with external memorvy. It also
has input and output pins for serial in and output, interrupt
handling and memory control {(see figures I and 4, p.Z20-F3).

ORY INTERFACING

The TMS 9200 interfaces with memory by means of a 16 bit data bus
(DO-D13), the 15 bit address bus (A0-A14) and the following
control signals.

MEMEN MEMORY ENABLE. When active (low), MEMEN indicates that the

WE

DR

Ti
=t

DIR
Fe
ca

addrese bus contains a memory address.

WRITE ENABLE. When active (low). WE indicates that memory
write data is available from the TMS 2900 to be written into
MeMOory.

IN DATA BUS IN. When active (high), READY indicates that
memory will be ready to read or write during the next clock
cycle. When not ready ics indicated during a memory
operation, the TMS 2200 suspends further operation (e.g.
enters & wait state) until READY becomes active again. after
which the memory read/write cycle is completed. This signal
enables the use of slow memory devices with the TMS 22090.

IT WAIT. When active (high), WAIT indicates that the TMS <9200
has entered a wait state because of a not-ready condition
from memory.

ming diagrams for read and write cycles, with and without wait
ates, are given in Figures 5-8, p.2S-28. o

ECT MEMORY ACCESS
rforming memory access without interference of the TMS 29200 1is
lled direct memory access (DMA). For this purpose the following

control lines are available.

HOL

D When active (low), HOLD indicates to the procescsor that an
external controller desires to use address, data and memory
control signals. The TMS 9900 enters the hold state
following a 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 MEMEN., WE
and DBIN and responds with a hold ackowledge cignal (HOLDA).
When HOLD is removed, the processor returns to normal
operation.

15



HOLDA (HOLD ACHNCWLEDGE! then active (high), HOLDA indicates thzat the
processor 1s in the hold state and that the cutpute (MEMEN, WE and
DEIN) are in the high inpedance state thus making it peossible for an
external device to use ths buses a

1€ given 1+ Figure
2.p.29
)

IN &NMD QUTFUT (I1/0)
The TME 2900 has
devices:

' A. Addrescsing the device as memorvy.
E. Using the communication resister unit (CRU)Y.

two poscsibilities for communicating with sxternal

The CRU makeces it possible to communicate with 2xtenal devicesz with
fewer lines.Only A3 through A14, CRUIN, CRUQUT and CRUCLE are used.
The CRU I/0 bus makes it also possible to addrecss bites or words

QUTFUT

Output with the CRU interface is performed as follows:The processor
addresses the bit to be set. This address is decoded and enables a
latch to the data present on the CRUOUT lines on CRUCLE.

INFUT

Input is performed only with the address busz and CRUIM. Again the
precessor addresses the bit to be read. The system hardware decodes

the bit address on AZ through Al14 and enables the addrescsed bit to

put i1ts value on the CRUIM line. The bit is then fetched by the
™S 2200,

TIMING DIAGRAM
A timing diagram of CRU operations is given in figure 10,pI0.
The TI 99/4 home computer uses both ways of 1/0 to communicate with
internal and external devices.

INTERRUFT HANMDLINMNG
Interrupt processing logic on the TMS 2900 uses the following inputs.

INTREQ INTERRUFT REQUEST. When active (low) INTREQ indicates that
an external interrupt is requested. I+ INTREQ ics active,
the processor loads the data on the interrupt-code input
linees ICO through ICZ into the internal interrupt-code
storge resister. Thics code is compared to the interrupt
mask bits of the enabled interrupt lsvel, the TMS 9900
interrupt sequences is initiated. If the ceomparicon fails,
the processor ignores the request. INTREQD should remain
active and the processor will continue to sample ICO
through IC3 until the program enables a sufficiently low
priority to accept the requecsted interrupt.

1Co INTERRUFT CODES. ICO is the most sighificant hit of the
IC1 interrupt code, which i1s sampled when INTRER is active.
1c2 When ICO through IL3 are LLLH, the highest external

ICE priority interrupt and when HHHH the lowest preority ic

being requested.

In this system, ICQ,IC"s and ICZ are tied to VSS,and ICI ics tiesd to
YCC, thus if INTRER is active, 1t is alwave considered the highest
priorityv,

16



TIMING SIGNAL
The TME 7900 has an additional timing csignal IAR which becomes high
during any memocry cycle whern the TMS 2200 is acquiring an
instructien. This signal can be used for timing purposes.

SUFFLY VOLTAGES
The TMS 9900 requires 2 voltages with respect to ground.
VEE - 2 wvolt supply voltage
VCC + S volt supply voltage
vDD +12 wvolt supply voltage
Ves system ground

CLOCE INFUTS
Four clock signals, @1, Q2, @3 and @4, have to be provided on the
four clock input pins for internal timing of the TMS 9200. Note
that these inputs reguire a 12 volt =swing.

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

RESET

LOAD

When active (low), RESET resets the processor. When RESET
is releacsed. the TMS 9900 starts execution of ites programs
with the first memory address fetched from memory location
0002,

When active (low)., the procescor starts execution of ites
programs on the address in memory location FFFE.

During a reset or load, the microprocessor also fetches the
workspace pointer. This is the starting address of a memory field
of 15 words in RAM memory which is used as a register field.
During reset the workspace pointer is fetched from address (000,
duwing load from address FFFC.

HARDWARE DESCRIFTION

A drawing of the connectiones to the TMS 9900 as used in the 99/4 is
given in Figure 4,p.21.

The following licst describes the connections in more detail.

FOWER CONNECTIONS

+ 5 volt. The +8 volt power supply is connected to FIN 2 and S9

of the TMS 9200. L&6OO, C600 and CbH11l are acting as a
filter to reduce system noise on FINZ and C&0F is used
for the same purpose on FIN S9. '

+12 volt. The +12 volt power supply is connected to FIN 27 L&60O1

and C612 are acting as a filter to reduce noise.

- 3 volt. The -3 volt power supply is connected to FIN 1 with

C60Z for decoupling.

17



GROUND Pin canrections 24 and 40 are for ground.

CLOCE IMFUTS
Cleck inpute @1, @2, @Z and @4 are input on pins 8, 9, 25 and 28
respectivelv.

ADDRESS BUS
The 99/4 uses the address bus internally without further
burfering, except for Ald, which is used on the GROMs (s=e 1/0 bus
description).

DATA BUS
Internal ROM and RAM ucses the data bus without buffering. To
connect the data bus to internal 8 bit devices and for in and
output, a specixl 16 to B bit interfacing circuit is ucsed.

CRU RUS
CRUDUT, CRUI and CRUCLK are used intermally without buffering.

INTERRUFT HAMNDLING ‘
Interrupt vector pins IZ through 26 are preset to code LLLH, the
highest external priority interrupt. So the 9%9/4 knows onlvy ce
interrupt level. The INTREQ line is cennected to the TMS $901,
which handles the interrupts.

RESET
Thé system resete during power up cor when a solid state software
command module is inserted. This is done by connecting RESET pin

6 to pin 4 aof the system clock generator (Us021).

LOAD

The load functicn or pin 4 is connected to the 1/0 Fort via
resistor R3Z3.

WRITE EMNAELE
The WE functicn or pin 61 is used by fast system FRAM without
Euffering and i1s modified by timing and contrcl for other
devices.

IAQ/HOLDA
The instruction aquisition signal cn pin 7 and the hold
acknowledge signal on pin $ are combined on OR-gate U&CS to
generate a combined signal.

MEMORY EMABLE (MEMEM)
This signal is buffered by OR gate U&OS for further use in and
cutside the 92/4. R607 ics used as & pull up resistor to +5 volt
to assure that memory i1s disabled during power up.

DEIM
The DEIN signal on pin 29 is buffered twice bv inverting gatess
U602 for use within the 99/4 svstem.

READY /HOLD
READY anrd HOLD on pins 462 and 64 are combined to form one signal.

18



& study of 99007s internal structure ics useful when trving to
understand the operaticn of the IC. The architscture of the F900
micreprocesszor is shown in the diagram of figure Z,p.20. This shows
the internal features within the CFU.

These f=zatures include:

The ALU

I Multiplexer buses

Control Logic and Control ROM

Internal Registers:

Memory address reqicter, shift register, status register,
source data register, shift counter, workspace register,
instruction register, and auxillary register Tl and TZ.

1 e w3 M)

The ALU (Arithmetic Logic Unit) is a 16-bit, parallel logic network
uvsed in the execution of the 99200°s instructions. The unit performs
arithmetic functions, log. and comparicsons. The multiplexer buses
are used in the trancsfer of flow and data in the CFU. The control
circulitry provides the signals necessary for correct gating.

The control logic and contraol ROM provide the necessary signalese for
the correct sequencing of operation of the CFU s instructicne. This
is accomplished with the aid of the input control signals and master
timing. Among the internal reqisters there are three which are heay
architectursl features of the CFU. These registercs are the workspace
pointer that contains the location of the firset word in the

wor kspace. The program counter contains the address for the next
werd which 1is to be used in the execution of an instruction. The
status register determines if the conditions necessary for an
instruction execution have been met. This is done by the setting of
flags.

In the operation of the 9209, sixty-nine instruction words can be
used. A list of the 9900°s instruction set can be found in Table
Z.p.31. These incstructions are used to perform arithmetic
operations, logic, comparisones, and manipulation operations on data.
They are also used for the loading and storing of data within the
CFU e internal registers. Data transfer between the external memory
syetem and external devices is also made possible with the
instructions via the CRU. Instructions are also used as control
functions within the CFU.

The e:xternal memory used with the TMS 9900 in the TI 99/4 and TI
@¢/4A consists of two TMS 4732 and two MCM &6810F° s, The TMS 4732°%s
are 4k X 8bit ROMS and are addrescsed via lines AZ-A14 of the address
bus. However, one of the 4732%< uses the D1-D7 lines on the data bus
while the other uses data lines D8-D13, thus combining the two 6810°s
are combined to form a 128 X16 bit RAM. One =light difference from
the 4722%s is that the 6810°s are addressed by address linecs AB8-Al4.

The 9200 uses three control signals during operation of the external
memory read and write to control the use of the address and data
busses. These signals are DEIM, —-MEMEN, and -WE. During memory
read, DBIN and -MEMEMN are active, while -WE i< not. The active
csignals allow an output onto the address bus indicating the desitred
memory location to be read. DBIN i€ active (high) when the 9900 has
dicabled its output buffers and is used in the system to enable data
input to the procecssor.
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Product Data Book TMS 9900 -
ARCHITECTURE

28 TMS 9900 PIN DESCRIPTION
Table 2 defines the TMS 9900 pin assignments and describes the function of esch pin.

TABLE 2
TMS 2900 PIN ASSIGNMENTS AND FUNCTIONS

SIGNATURE | PIN | /O DESCRIPTION TMS 9900 PIN ASSIGNMENTS

b 64 HOLD
63 MEMEN
62 READY
61 WE
80 CRUCLX
59 veo
S8 NC
57 NC
56 D1S
55 D14
54 D13
53 D12
. s2 D11
51 D10
S0 09
49 Ds
o7

ADORESS BUS

AQ (MSB) QUT | AO through A14 comprise the sddress bus.

24 Vee
23 | OUT| Thvs 3state bus provides the memory- WAIT
22 | OUT| scdress vecter to the externsi-memory COAD
21 | OUT| system when MEMEN is acuve and 1/0Dit  HOLDA
20 | OUT | sddresses and external-instruction addresses RESET
19 | OUT| to the 1/O syswem when MEMEN is inactive. 1AQ
18 | OUT | The address bus the high-impe ot
A7 17 | QUT] state when HOLDA is active. o2

3548 4 3 IR A

W oWV e WM -~

»
4
&
g
»
z
»
o
3

A9 15 | ouT A13 M E
A0 14 | OUT A12 12
Al 13 | ouT A1l 13
A12 12 | OUT A10 14
A1l n ouT A% 15
A4 (L5S8B) 10 | OUT As 16 &
AT W7 48
DATA BUS AS 18 47 D¢
00 (MS8) 41 /O | DO through D15 comorise the bidirectionsl AS 19 % DS
[o}] 42 1O | 34tete data bus. This bus transters memory A4 20 4 D4
02 43 | 10 | cats to (when wniting] and from (when A3 N % “ D3
03 L) t/O | resding) the externsi<Temory fvstem when A2 43 D2
[+ ) 45 1/Q | MEMEN is sctive. The data bus assumes the Al 23 R 42 01
0% 46 | 1/0 | nighmpedsnce state when HOLDA is A0 24 2= 4« Do
D6 47 | 10 | active. o = ?‘5 0 vgg
[*}] 48 [Z]e] Vgs 28 33 NC
o8 49 | /O Voo 27 3 NC
09 s | /O 3 2B 37 NC
=314} st o D8IN 29 % 1ICe
on 52 [I[s} CRUQUT 30 3% IC
012 53 1o CRUIN 2V ™2
013 s | 1o RTREG 2 1 3
[+2 7 S 5 Ho
D15 (LSB) s | 110
NC — N internal connectron
POWER SUPPLIES
vgg 1 Suopty voitage (=5 V NOM)
vee 2,59 Suppiy voitage {5 V NOMI, Pins 2 3nd 59 must be connected in parallel,
Voo 7 Suooty voluge (12 V NOM)
Vss 26.40 Ground reference, Pins 28 and 40 must De connected « oarsilel.”
CLOCKS
ol 8 1IN | Phase-} clock )
22 9 IN | Phase-2 clock
X} 8 IN | Phese-3 clock
od 28 iN Phase4 clock
Fig. 4
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TABLE 2 (CONTINUED)
SIGNATURE | PIN 1o DESCRIPTION

BUS CONTROL

oBIN 2 out Data Dus in. When sctive lhigh), DBIN indicates that the TMS 9900 has dissbled 1ts outout bufters 10
sllow the Memory 10 Place Mmemory-read data on the Gats bus during MEMEN. DBIN remains low in
all other cases except when HOLDA is actve.

MEMEN 63 ouT Memory ensbie. When ective (low), MEMEN indicates thst the sddress bus contains 3 memory sddress.
WE 61 out Write enable. When active (lowl, WE indicates that memory wweite data s avalabie from the TMS 9300

10 be written int0 MeMoOry.

CRUCLK 60 ouT CRU clock. When active thighl, CRUCLK indicates thet externsi interfsce 10gi¢ shouid samoie the
output data on CRUOUT or shouid d. exrernsl instr on AQ through A2.
CRUIN N IN CRU dets in. CRUIN, normally driven by J<state or open-collector devices, receives input dats from

externs! interface logic. When the processor executss 8 STCR or TB instruction, it samoles CRUIN for
the level of the CRU input bit specified Dy the sddress bus (A3 through Al4),

CRUOUT 30 ouT CRU dsts out. Serisl /O dsta spoeers on the CRUOUT line wiven an LDCR, SBZ, or SBO inmstruction
is exscuted. The des on CRUOUT shouid be sarmpled by external 1/Q intertace logic when CRUCLK
goes sctive (highl.

INTERRUPY CONTROL
INTREQ 2 IN interrupt request. When active {towl, INTREQ indicawrs thet sn external interrupt is requested. if

INTREQ is sctive, the processor 10ads the data on the interrupt-code-ndut lines 1ICO Mrough IC3 into
the intemal interTupt-code-Storage register. The code 18 compared 10 the interrunt mask birs of the
nistus register. |f equal or higher priority then the enabled interruDt tevel (interrupt code equal or tess
than status register bits 12 through 15} the TMS 9900 interrupt sequence is initisted. If the
comparison fails, the processor ignores the request, IFRE—Q shouid remain active ard the procwssor
wilt continue 10 sampie (CO through 1C3 until the program enables & sufficiently low priority to accept
the request interrupt.

1CO (MS8} 38 IN interrupt codes. |CO is the MSB of the Interrudt cods. which is samoied when INTREQ is active, When

ic1 35 IN 1CO through 1C3 are LLLM, the highest externasl -prionity interrupt is Deing requested and when HHHH,

12 34 IN the IOWeST1-DriOrity iINterrupt is being requested.

1C3 (LS8} 3 IN

MEMORY CONTROL

HOLO 64 N Hold. Wnen active (low), HOLD indi to the or that an external controlier (e.9., DMA
Gevica) desires 10 utilize the sddress snd dsta buses 1o transter dsts to or from mamory. The
TMS 9900 entert the hoid state following a hoid signal when it has completed its present mMmemory
eycie® The processor then places the address snd dsta Duses in the high-impedancs state (siong with
WE, MEMEN. snd OBIN) snd with 8 hoid doe signsl (HOLDA). When HOLD is
removed, the ProcEIsOr METUrng 10 NOTRBl Operation.

HOLDA s ouT Hoid acknowisdge. When active (highl, HOLD A indi that the or is in the hold state and
the sddress and dsts buses and memory control oututs (W—E, l\m and DBIN) sre in the
high-impecance state.

REAOY 62 IN Resdy. When active (high), READY indicates that memory will be resdy 10 resd Of write during the
next clock cycie. When not-ready 11 inGicated during 3 memory Operstion, the TMS 990Q enters a wait
131 and RIDENdS INternet CDArELion until the Memory fystem indicate ready.

wWAIT 3 ouT Wait. When sctive (high), WAIT indicates thet the TMS 9900 has entered 3 wait state becsuse of 2

notready congition trom memory,

“1f the cycie tOlIOw NG the Dresent MemOry CYCle is 8130 § MeMOry Cycie, i1, 100, I COMOIETEd Defore the TVEEI00 enters tne NOIS stets. The
of METTIOrY CYCIes 1s threa.

Fig. 4 (continued)
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MEMORY

AREA DEFINITION ADDRESS g MEMORY CONTENT
0 15
o WP LEVEL 0 INTERRUPT
0002 PC  LEVEL O INTERRUPT
0004 WP LEVEL 1 INTERRUPT
0008 PC  LEVEL 1 INTERRUPT
INTERRUPT VECTORS <
g <
003C WP LEVEL 15 INTERRUPT
003€ PC LEVEL 15 INTERRUPT
~
e
0040 WP XOPoO
0042 #C XOPO
XOP SOFTWARE TRAP VECTORS < { >
007¢ WP XOP 15
007€ PC  XOP 15
~
r coso
[ ]
L]
L ]
GENERAL MEMORY AREA
GENERAL MEMORY FOR
PROGRAM, DATA, AND < MAY BE ANY
WORKSPACE REGISTERS COMBINATION aF
PROGRAM SPACE
OR WORKSPACE
L]
L ]
\
LOAD SIGNAL VECTOR FFFC WP  LOAD FUNCTION
FFFE PC LOAD FUNCTION

FIGURE 2 — MEMORY MaAP
Three internal registers are accessible to the user. The program counter {PC) contains the address of the instruction
following the current instruction being executed. This address is referenced by the processor to fetch the next
instruction from memory and is then automatically incremented. The status register (ST) contains the present state of
the processor and will be further defined in Section 3.4. The workspace pointer (WP) contains the address of the first
word 1n the currently active set of workspace registers. )

A workspace-register file occupies 16 contiguous memory words in the general memory area (see Figure 2). Each
workspace register may hold data or addresses and function as operand registers, accumulators, address registers, or



Crivers are deactivated to prevent the input data from conflicting

with output data. Memory write make
active, and DRBIN deactivated.

<
=

use of
Under thecse cecnrnditione the

-MEMEN also ~WE both

F00

cutputs on the address and data buses and holds these outputs for the

duration required by RAM.

CRU ALLOCATION

0+ ths available 4K of CRU bits,
Q7FE) are used internally
(addressess 0800-0FFE?
(addresses 1Q00-1FFFE)
in the I1/0 port.
peripheral as listed below.

TABLE 1 CRU ASSIGNMENTS

CrRU

ADDRESSES AT A4 AS A
QOOO-0OFFE (s X X
1000-10FE i O 0
1100-11FE 1 O Q
1200-12FE 1 Q O
1Z200~-13FE 1 &) 0
1400-14FE 1 0 1
1500-15FE 1 Q 1
1600—-16FE 1 Q 1
1700-17FE 1 O 1
1800~-18FE 1 1 Q
1200-19EE 1 1 X
1FOQ-1FFE i 1 1

INTERRUFT HANDLING

The interrupt available on the 1/0 port
interrupts of the TMS 9901 Frogrammable

TABLE 2 2900 INTERRUFTS

VECTOR LOC.

INTERRUFT (MEMORY ADDFE. CFU
LEVEL IN HEX) FIN
(HIGHEST ¢ Q000 RESET
FRIORITY) 1 FFFC t.0AD

0004 INT1

Lower priority CFU interrupt are not ucsed.
available are implemented on the 29901.

the first 1K
in the Home Computer.
are reserved for future use.

are recerved for the peripherale to be plugged
A block of 128 CRU bits is assigned to each

-~ -
ok
S

S0 e

—_ s O

<

{addresses QOO0
The cecond 1k
The last 2K

A7 USE

X INTERNAL USE

0 RESERVED

1 DISE CONTROLLER
) RESERVEL

1 FRIMARY RS2IZ2

0 RESERVED

1 SECONDARY RS2IZ
] RESERVED

1 RESERVED

Q THERMAL FRINTER
X FUTURE EXFANSION
1 F-CODE

1s one of the machkable
Systems Interface.

DEVICE
ASSIGNMENT

RESET
LOAD

EXT DEV (2901)

The additional interrupts
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TAELE =.

MMEMONIC

ABRS

AT

ANDI

EBL

BLWF

(@]

CE

CrOF
CEON
CLR
cnoc
CzC
DEC
CECT
DIV
IDLE
INC
INCT

TNV

SUMMARY OF 9200 MICROFROCESSCOR INSTRUCTIONS

INSTRUCTION CODE DESCRIFTION

ADD WORDS

ADD BYTES

AEBSOLUTE VALUE

ADD IMMEDIATE

AND IMMEDIATE

BRANCH

BRANCH AND L INEK

ERANCH AMD LOAD WORKESFACE FOINTER
COMFA&RE WORDS

COMFARE BYTES

COMFARE IMMEDIATE

CLOCE OFF (CONTROL INSTRUCTIOM)
CLOCE ON (COMTROL INSTRUCTION)
CLEAR

COMFARE OMNES CORRESFONDINMG
COMFARE ZEROES CORRESFONDIMG
DECREMENT

DECREMENT BY TWO

DIVIDE

IDLE (CONMTROL IMNSTRUCTIOM!
INCREMENT

INCREMENT BY TWO

INVERT



SUMMARY OF 2900 MICROFROCESSCE INSTRUCTIONS (COMTINUEL)

MNEMONIC INSTRUCTION CODE DESCRIFTION

JEG JUumF IF EQUAL TO

JGT ' JUMF IF GREATER THAN

JH JUMF IF GREATER THAN (LOGIC)

JHE JUMF IF GREATER THAN OR EQUAL TO (LOGIC!
Ju JUMF IS LESS THAN

JLE JUMF IF LESS THAN OR EQUAL TGO (LOGIC)
JLT JUMF IF LESS THAN

Jme UNCOMDITIONAL JUMF

JINC JUMF IF NO CARRY

JNE JUMF IF NOT EQUAL

JNO JumF IF NO OVERFLOW

Joc JUMF ON CARRY

JOF JUMF ON ODD FARITY

LDCR LOAD CRU

LI LOAD IMMEDIATE

LIMI LOAD INTERRUFT MASE IMMEDIATE
LREX RESTART (CONTROL INSTRUCTION)
LWFI LOAD WORKSFACE FOINTER IMMEDIATE
Moy MOVE (WORD)

MOVE MOVE BYTE

MFEY MULTIFLY

MEG NEGA;IVE

ORI OF IMMEDIATE

RESET RESET (CONTROL INSTRUCTIOM?

)
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SUMMARY

MMEMONIC

n

SE

SEO

SkZ

SETO

SLA

SRC

SRL

STCR

STST

STWF

SWFE

sSIC

SZCE

TE

X0OF

X0OR

FR0O0 MICROFROCESSOR IMNSTRUCTICNS (CONTINUED)

INSTRUCTION CODE DESCRIFTIOM

RETURN WITH WORESFACE FOINTER
SUBTRACT WORDS

SUBTRACT BYTES

SET EBIT TO LOGIC ONE

SET BIT TO LOGIC ZERO

SET TO ONE

SHIFT LEFT ARITHMETIC

SET ONE CORRESFONDING

SET OMES CORRESFONMDING
SHIFT'RIBHT ARITHMETIC
SHIFT RIGHT CIRCULAFR

SHIFT RIGHT LOGICAL

STORE CRU

STORE STATUS

STORE WORKSFACE FOIMTER
SWAF BYTES

SET TO ZEROES CORRESFONDING
SET TO ZEROES CORRESFOMDING EYTES
TEST BIT

EXECUTE

EXTENDED OFERATIONM

EXCLUSIVE OR
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MEMORY SELECTICM LOGIC

GENERAL DESCRIFTION
The memcory cselection logic deccodes the more csignificant address
lines for cselecting fast EOM and RAM memory. £flso the output of
the deceder ics ucsed for a2 second decoder,. which selects internal
devices such as YDF, sound etc...

H&SRDWARE DESCRIFTION
The cschematics of the memcry selection logic with a memeory map
i€ given in Figure 11, p.35. When MEMEN is active, US04
(74L.5128) decodes the three most significant address lines AQ
through A3, dividing the address space in the following 8 blocks
of 8 bvtes.

ELOCH O
Memory Block © (=0000-:>1FFF) is used to select the system read
only memory (ROM). '

BLOCE 1

Memory Block 1 (:2Z000-:3FFF) is reserved for memory expansion.
BLOCH 2

Memory EBlock 2 (:4000-34FFF) is used to select read only memory

in external devices, such as RS2Z2 interface. The ROM in these
devices contains the device service routine (MEE).

RLOCE. =
Memory Block I (»6000-:>7FFF) is used for the optional read only
memory 1n =0lid state software command modules (ROMG).

Et OCkE 4
Memory Elock 4 (:8B00Q0-:>9FFF) is used divided in several partes.
Memory locaticens 8000 to *BIFF are used for the fast system

read-and-write memory. This further decoding of the address
space 1 done in OFR—-gates US07. This part of the circuitry also
generates the RAMBLE signed, which is used to select the TMS
?901 programmable system interface. Furthermore the MEB4 cignal
is used to select a second 74LS1Z8 which divides memary bloct 4
in more parts.

BLOCE S, & AND 7
These blocks are used along with Block 1 for memory expansion.

START SIGNAL i
By combining the CSRAM and ROMEN signals , together with MEMEN
in MNAND-gate U&06 and OR-gate U605, the START signal is
developed. This signal is used in 'the 16 to 8 bit interfacing
circuit.
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MEMORY ALLOCATION

The memory address space 1s broken intec 8 blockes of 3K bvtes of
memory. The third block (addressecs 4000 - SFFF: is predecoded and
made available at the 1/0 port for the peripherals. The secend

zixth, seventh and eighth blocks (addresssee 2000-IFFF and ANOO -
FFFF! zre available +or further expancsion. For the speech module,
{addresses Q0XX - 24X¥X¥), =z predecoded line i awvailable at the I1/0
peort.

HEX ADDRESS

O - 1FFF Console ROM Space

2000 - IFFF  Memory Expansion
4000 - SFFF Feripheral expansion (predecoded to 1/0 Cornector:?
6D = TFFE BGame cartridge ROM/RAM (predecoded to GROM Connector)

8000 -~ 9FFF Microprocessor RAM,, VDF, GROM, SOUNMD and SFEECH select.
AOOD - BFFF  Memory Expansion
Co00 - DFFF  Memory Expancion
EOOOQ - FFFF Memory Expansion

TAEBLE S MEMORY MAFFED DEVICES

8000 1 Q O O 0 (8] Q Q Internal RAM
(BZOO0-8TFF)

8400 1 o 0 Q O 1 0 O Sound

2300 1 0 Q 0 1 Q Q Q YDF Read Data

8802 1 Q 0 0 1 0 Q VDF Read Status

8roo 1 Q Q Q 1 1 0 Q VDF Write Data

8Co2 1 o 0 0 i 1 1 0 VDF Write
Address

QOO0 1 (8] Q 1 (0] [ 0 0 Speech Read

Q400 1 0 O 1 0 1 O Q Speech Write

o800 1 O ) 1 1 0 (8] 0 GROM Read Data

302 1 0 0 1 1 0 1 0 GROM Data
Address

QCOHO 1 (9] O 1 1 1 Q 8] GROM Write Data

QCO2 i Q Q 1 1 1 1 Q GROM Write

Address



ROM & RaM MEMORY

GENERAL DESCRIFTION

The 9974A Home Cemputer uses 8K bytes of read only memary for
execution of fast system routines. It alsec haz 256 byteese of
randaom access memory which is used as a scratch pad memorv.

READ OMLY MEMORY
The 22?744 uses the TMS 4722 as a read-aonly memary. This device
contains 3IZK bits of read-only memory. It 1is houcsed in a 24 pin
dual in line package and uses a single 5 volt supply voltage. 12
address lines are used to select 4K bvtes of 8 hits. The device
uses two chip select inputs, which both have to be active (low) to

select the device.

READ-AND-WRITE MEMORY
The 99/4A uses the MCM 4810 as random access memory. The MCM 68310
iz housed on a 24 pin dual in line package and uses a single §
volt supply voltage. 7 address lines are used to select 128
fizlds of B8 bits. & 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 DESCRIFTION

Hardware connections to ROM and RAM memery are given in figqure
12,p.3B.

FAM MEMORY
Two RAMS (U&0B % ULD?) are conrected in parallel ta generate a 1&
bit data bus, as is required by the TME 2900, The devices are
selected by the RAMCS signal, gemerated by the memory selescticn
logic. Pistinction between reading and writing is made by
connecting the WE signal of the TMS 9900 to the R/W FIN 16.
Address lines AB through Al4 are used to select the proper memory
locations.

FROM MEMORY
Both ROMS are connected in parallel to generate the required 16
bit data bus. The ROMS are selected by the ROMEN signal,
generated by the memory selection logic. This signal ics applied
on pin 20. Addrese lines AT through Al4 are used to select the
proper memory locations.
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m

BIT IMTERFACING CIRCUIT.

GEMNERAL DESCRIFTION

+

The 16 to 8 bit interfacing circuit is used to interface 3

El Eit
devices such as Video Digplav Freocessor (VDF). The sound chip,
graphics—read-only memcry (SROM) and external 8 hit peripherals to
the 1& bit data bus of ths TMS 99200, It do=es z2 by successively
placing the least significant and most significant bvte of a word
on the 2 bit system data bus during a write cperation. During a
read operaticn adjacent bytss are placed in the le2ast sigrnificant

and most significant bvte of the 16 bit word. To enable S hit
devices to destinguish between the bytes, an additional addrecss
line A1S is generated. The interfacing circuit alseo performe the
synchronization between devicecs connected to the 8 bit =z=vstem data
bus and the TMS 2900 by generating adegquate timing of WE and READY
signals. A schematic of the interfacing circuit is giwvwesn in
figure 13, p. 41.

HARDWARE DESCRIFTION
The hardware description is divided in the following part

\n

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

E. Generation of the control signals for the multiplexing .
circuit.

C. READY/HOLD generation.

D. WE generation.

A. 16 TO 8 HIT MULTIFLEXING CIRCUIT
An overview of the hardware used to interface the 16 to 8 bit
data uses is given in figure 13, p. 41. During & write operation
the data on the 16 bit bus is gated to the 8 bhit system bus by
enabling Ub616 and U614 in succession. During a read operation the
least significant byte on the B bit data bus is stored in the 8
bit latch U415, Then the most significant byte is gatsd to the 14
bit data bus by enabling bidirectional buffer Ué&14 and the total
word is fetched by the TMS 900, The DIOG armd DERIN on UsS14, DING
and ALY on U615 and the DOG on Uslbé are used for enabling IC s and
;igr determining the direction to the data flow if no interfacing
occurs, the 16 bit data bus is kept floating to allow the TMES 2200
to access ROM or RAM memorvy.

E. CONTROL SIGMAL GENERATION

Control signals for the multiplexing circuit are generatad by the
circuit in figure 14, p. 42. Usl3 is a 4 bit shift register the
outputs of which are used for timing purposes. Wh=an the START
signal is high, pin 2 of U504 is low. This pin, connected to pin
1 of Ub1Z, =sets all the outputs of the shift register tc a binary
tero. Since the START signal is also connected to pin 19, the
shift register is disabled. Control signal generation is started
when START becomes low, pin 12 which also becomes low selectes the
shift right mode of shift register U617, Shift operaticn is tRen
started as soon as pin 9 of U&L1T beccmes high, depending on the
system ready status. When the chift cperaticon has begun cshitt
output GC on pin 13 inverted in U402 and feedback to the shift
right input on pin 2. On everyv rising flank of Q1 (gin 11) the
contents of the shift registers arz shifted one position, giving

z9



C.

timing signals on the outputs 04, BB, and OC (see figurees 17-18,
P.45-446) . These outputs are used for generating the control
signals in NAND-gates U&0T and U&s0&. Eoth DEIN and DRIN are used
for selecting the dir=sction of the datza flow. CS5VDFR disakles
U&14 i+ a read from the video display preocessor cccurs, because
the YDF datas bus is directly connected to D1-D7 of the THMS 9%00.

READY GENERSTIONM

4=

The READY generaticn circuit as shown in figure 15, p.47 has tuwo
operating modes. In the normal mode the system ready signals is
input on pin 12 of ULQ7. The pull-up resistor RS08 assures that
under normal circumstances the READY signal is true. Slow devices
can add wait states by pulling pin 12 of U&07 to ground. The
READY signal is sampled on B2 and available on pin 9 of U&07.

THERE ARE NOW TWO FOSSIEBILITIES:

ROM OR RAM IS SELECTED

In this case shift register U61Z is not enabled and the READY
signal is gated directly wvia U503 and U692 to the READY/HOLD input
of the TMS 2200, Note that in this case pin 12 of Ub60Z has to be
high.

EXTERMAL READY TIMING

If other devices then ROM or RAM are cselected. the 146 to 8 bit
interfacing circuit will be used. Thise means that the TMS 92040
has to be put in a WAIT state until two bytecs of data are written
or read by the interfacing circuit. This is accomplished by
decoding the QA and QC outpute of the chift register in NAND-gates
Us12 and U60OZT to provide & low READPY signal until both bvtes are
processed by the interfacing circuit. If during this gcperation =z
device generates a not READY, the shift register will step its
operation until ready becomes high again. Timing diagrame for the
FREADY signal can be seen in figures 7-8, p.27-26.

WE GEMERATION

The WE circuit &as given in figure 16.p44 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 bvte of information ics
transferred. To accomplish this , outputs GE, on pin 14 and QC on
pin 17 of U&1T are ucsed to set and preset flip flop U&Q7 on pin 2
and 4. In this way two periods of 2 clock cycles long for which
WE ics low are generated on pin I of UbsOé. Q4. which is in
agreement with TMS %900 timing. WE is only gated to external
devices when a memory write is accomplishesd by combining the WE
of the TME 9900 after inverting in U&L0Z with the WE of the
interfacing circuit. The total signal is then available of gin =



Figure 13. 16 to 8 Bit Multiplexing Circuit
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Figure 14. Control Signal Generation
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Figure 16. WE Generation
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o

The TMC 0430 GROM is a F-channel read only memory containing 4614
8-bit bvtes. The circuit has an on chip autoincrementing addrec
counter which selecte one of the 6144 memory bvtes.

n

FUNCTIONAL DESCRIFTION

CFU INTERFACE

The GROM interfaces to the CFU thrcough the parallel data d

b
the memory control lines as shown in figure S2, p. 122, Th
1
r

($1

C

mc
N
SmCca

wn =

interface consists of 8 datx I/0 limes (DO-D7), chip enab { )
READY, and Z mode-control lines (MO, M1). The GROM alcso

a nominal 500 EHz clock input (03C).

equi

(=]
=

GROM FAGING

The GROM has =z 14-bit address register of which the lgwer 13-bits
are used to addrecss the 6144-byte ROM matrix. The most
significant field is used to select one cof eight GROM pages. Each
GROM has a fixed Z-bit page number which is determined during
manufacture. The GROM compzres this number with the address
register page select field. If & match occurs, then the GROM ics
the "selected page" or "current page”. The GROM data bus is
placed into the output mode during a read data operatior only if
the BROM is the current page. The other GROM functions are not
afftected by the page select field. The page cselect fisld permits
up to eight GROMs to be used in parallel. Each BGROM ics tied to
the zame chip enable, memory control, and data linee as the other
GROMs. Since the page select field does not affect the datsz
register or addrecss register operations, all parallel GROMs are
synchronized following initialization. Howewver, since only one
GROM is the current page, only one GROM outputs data on the data
bus during & read data operation. If no GROM is selected (the
address register page field does not match the page number of any
GROM), then no GROM is placed intc the ocutput mode during & read
data operation. During a read address operation, all GROMs output
the address bvte. Since all GROMs are svnchronized folloiwing
initialization no data bus conflict occurs.

ADDRESS REGISTER AUTOINCREMENTATION

The address counter is autoincremented following & read. data,
write data, or a pair of concsecutive write address operaticns.
When the current address is 8191, the next autoincrement cvcle
will result in a zero address value. The page select field is not
affected by the auteocincrement.

Whern the value of the addrescs register lower 13-bit field is
greater that 6142, the GROM will continue to fetch data from the
&144 bvte artray. This condition cshould be avoided in order to
prevent invelid data fetches and transfers.

INITIALIZATION

During the power up sequence, the microprocescor should execute a
"dummy" read data operation. This will guarantee that a newly
nowered up GROM will not respcnd to the first write address
operation acs i1f the were the second write address operation. The

48



READY

The GROM ready line is normally low arnd is high cnly when the SROM
asz an active CE and has read in the contentse of the data bus
during a write operation cor has placsed datz on the bus during =

i The READY lins control ie independsnt of the

Tyvpical READY lime timing iz shown i

GCCESS DELAY

1/0

MO

0

The GROM requires that a second 1/0 operatidn not cccur bsfore it
has completed the first coperation. Cocnsequently, CE must remain
high at least 2.3 GROM clock cycles fellowing the trailing =dgs of
the last I/0 operation. For 2 minimal 300 kHz 0SC input, the -
minimal reguired delay between the rising edge of CE and the rext
falling =dge is S microseconds.

OFERATIONS
When CE becomes active (low), the mode lines detsrmine which cne
of fouwr GROM I/0 operations 1= to occur as shown in Table &0

TABLE & GROM I/0 COFERATIONS
MODE

M1 1/0 OFERATION
O WRITE DATA — The write data cperaticen is included for use
in future read/write versions of the GROM. The write data
gperatian does not recsult in a data transfer tc the TMC
04270 GROM. The address register is thenm autoincremented.
The addressed ROM bvte is fetched and placed into the GROM

data register.

1 RESD DATA — The read data opegration transfsrs  the data
bvte 1in the data register to the CFU if the GROM i=z the
current page. The addressz regicter is  then autoin-
tremented. The addrecssed RCM bvte is fetched and placad
into the GROM data register.

ﬂ

0 WRITE ADDRESS - The write address operation transfers the
data byte on the GROM data I/0 bus to the least signi-
ficant byte (LSB) of the GROM addrecss register. Th= old
address rregister (LSB) 18 transferred to'the address
register most <significant byte (MSH). Two consecutive
write address operations cause the addra=sssd ROM byvte to
be fetched and placed into the GROM data regicster: the
address register is then autoincremented. A write addrsss
gperation immediately following a read data,
or write data operation does not result in = data fs=tch
and address autoincresmentation.

1 READ ADDPRESS - The read address operaticrn transter
MSE of the addrescs register to the CFU i1if the GZROM
current page. The addrecss register LSE i= automat:
transferred ts the MEER.
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It should be ncted that the MO line controls whether the data or
address register is to be affected and the M1 line controls
whether the operaticn is an input or output cvcle.

HoRDUWARE DESCRIFTION
The 374 has three internal BGROMs (TMC (0430) and the possibility
to add S5 more external GROMs via the GROM port. All GROMs are
connected 1n parallel as can be seen in figure S2, p.132.

GROM CLOCH
The clock signals for the GROMs are derived from the TMS 9918
video display processor. The clock cycle time is 2.24 ucsec. A 1k
ohm pull-up resistor is used to ensure proper functicoring of the
F-channel device with TTL logic.

DATA EBUS INTERFACING
ARll GROMs are connected in parallel to the 8 bit data bus.

MODE CONTROL
The type of operation performed by the GROM is determined by
connections DEIN to M1 and address line Al14 to ™MO. Thus a read
operation 1s performed when DERIN is high and a write operation
when DPRIN is low. Address line Al4 distinguishes between data and
address operations.

GROM SELECT .
GROM celect is performed by the circuit in figure 20, p S2. When
MEMEN 1s low, US0D4 decodes address lines A0, Al and AZ. Decoder

output ¥4 is used to select a second = to 8 decoder USOS. This
device is enabled when AlS and one or both signals DEIN and AS are
1ow. Decoding of addrecss lines AT, A4 and AS are then used to

select the GROMs by "ANDing" outputs Y46 and Y7 by means of the
NAND US06 and inverter USOS8.

GROM FEADY
The GROM ready signal is connected to the READY/HOLD via USO8 and
Usoé. UsSo8 invertes the GROM READY signal. This signal 1is then
combined in NAND-GATE US06 with the GROM select signal to get the
appropriate signal for the system READY/HOLD line.

MEMORY MAF
Table 7 shows the memory map for the successive GROM instructiones.

50



TABLE 7
GROM MEMORY MAF

ADPDRESS TYFE OF IMSTRUCTION
BOD READ GROM DATA

?302 READ GRCM ADDRESS
FCOO0 WRITE GROM DATA
FCoz2 WRITE GROM ADDRESS

As can be seen, address Al4 distinguicshes between an address and data
instruction. Distinction between read and write instructions is made
by DEIN and the different addresses. This is done because when
writing data or address information, the F200ufF executes a dummy read
which would otherwise influence the address counter in the GROM.
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FC01 FROGRAMMABLE SYSTEM INTERFACE

The TMS 290! is a programmable system interface (FSI), which can
be used feor input, output and interrupt priority handiing. It

xlsoc features an on chip programmable interval timer. The TMS

it

FF21 is used for kevboard, remcte handheld control urit, cassette:
recorder interfacing and VYDP interrupt handling in the $7/48&
vt

~Z

Elt.

- The TMS 9901 FSI interfaces to the CFU through the Communication

CR

FRegister Unit (CRU) and the interrupt control lines. The TMS 9201
occupies 32 bits of CRU input and output and szpace. The five
least significant bits of the address bus are connected to the FSI
to address one of the Z2 CRU bits of the TMS 9901. The mocst
gignificant bits of the address bus are decoded or CRU cvcles to

select the FSI by taking ites chip enable (CE? .line active (low!.

Interrupt 1nputs to the TMS 2901 FSI are sychronized with 03,
inverted, and then ANDed with the appropriate mask bit. Once
every 03 clock time, the prioritizer looke at the 15 intsrrupt
input AND gates % generates the interrupt control ccde. The
interrupt control code and the interrupt request line constitute
the interrupt interface to the CFU.

Aftter recet all 170 porte are programmed as inputs. By writing to
any 1/0 port, that port will be programmed as an output port until
another reset occurs, either software or hardware. Data at the
input pins are buffered on the TMS ?901. Data to the output ports
in latched and then buffered on-chip by the FSIs MOS to TTL
buffers.

The interval timer on the TMS 9901 is accesszed by writing a cne to
cselect bit zero (control bit) which pute the FSI CRU interface in
th=s clock mode. Once in the clock mode the 114 bit clock cormtents
zan be read or written. Writing to the clock register will
reinitialiize the clock and cause it to start decrementing. When
the clock counts to zero, it will cause interrupt and reload to
its initial value. Reading the clock contents permits the user to
see the derementer contents at the point in time just before
entering the clock mode. The clock read regicster is rnot updated
when the FSI is in the clock mode. A block diagram of the TMS
?901 PSI is given in figure 23, p.6&2.

U INTERFACE

The CPU communicates with the TMS 9901 FSI via the CRU. The TMS
?F01 occupies 32 bits in CRU read space and 22 bites in CRU write
spacs. The CRU interface concsist of S address select lines
(S50-54), chip enable (CE), and three CRU line=s (CRUIN, CRUOUT,
CRUCLED . The select lines (S50-S4) ares connected to the five leacst
significant bits of the address bus (Al10-A143), Chip enable (CE)
iz generated by decoding the most significant bite of the address
bus on CRU cycles: When CE goes active (low!, the five selected
lines point to the CRU bit being accessed. Whin CE is irnactive
(high’, the FSI°s CRU interface is disabled. In case of a write
opsration, the TMS 99201 cstrokes data off the CRUOUT lime with
CRUCLE. For read operation, the data 1s sent to the CFU on the
CRUINM line.

sS4



INTERRUFT INTERFACE

A block diagram of the interrupt contrel section is shown in figure
24, p. 61. The interrupt inputs (& dedicated (IMT1-INTS&), and <
programmable) are sampled on the falling 2dge of @82 and latched onto
the chip for one 0 inverted (interrupts arse active low! and ANDed
with its respective mask bit (mask=1, intsrrupt snabled). On the
ricsing edgs of (I, the prioritizer and sncoder sensecs the masksd
interrupts and produces a four—bit prioritized code and INTRER arse
latched off chip with a SYNCLATCH on the falling edge of the next 03,
which ensures proper synchronization to the processor. The interrupt
mask bits on the TMS 99201 FSI are individually set or resst under
software control. ANy unused i1nterrupt line shculd have its
assocliated mask disabled to avoid falcse interrupt: to do this, the
control bit (CRU bit zero), is first set to a zero for interrupt mode
operation. Writing to TMS 9901 CRU bits 1-1% indicates the statues of
the recpective interrupt inputs: thus., the deszianer can employ the
unused’ (disabled) interrupt input lines as data inputes (true data
in).

INFUT/0OUT INTERFACE

A block diagram of the TMS 9901 I/0 interface is shown in figure 23,
p.&0. Up to 16 individually controlled I/0 perts are available (seven
dedicated, FO-F&6, and nine programmable) and as discussed above, the
unused dedicated interrupt lines also can be used as input lines (true
data in}. Thus the TMS 9901 can be configured to have more than 16
inputs. RST1 or RSTZ (command bit ) is executed. An output port can
be read and indicates the present state cf the pin. A pin programmed
to the output mode cannot be used as an input pin: applving an input
current to an output pin may cause damage to the TMS 2901. The THMS
7901 outpute are latched and buffered on chip, and inputs are buffsred
onto the chip. The ocutput buffers are MOS-TO TTL buffers and can
drive two standard TTL loads.

FROGRAMMABLE FORTS

A total of nine pins on the TM5 9991 are user programmable as either
I1/0 ports..or interrupts. These pins will assume all charactericstics
2f the type pin they are programmed to be. Any pin which is not being
used for interrupts should have the appropriate interrupt mask
disabled (mask=0) to avoid erroneous interrupts to the CFU. Ta
program one of the pins as an interrupt, its interrupt mask simply is
enabled and the line may be used ac if¥ it were ocne of the dedicated
interrupt lines. To program a pin as an 1/0 port, disable the
interrupt mask and use that pin as if it were one of the dedicated 1/0
ports.

(
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INTERVEL TIMER

Figure 26, p.&3 is & block diagram of the TMS 2201 intsrval timer
section. The clock concsists of a 14 bit counter that decrements
at a rate of (Q3)/64 {at ZMHz this resulte inm & maximum interval
Z4? milligeconds with a resolution of Z1.32 microsecondes!. The
clock cam be used as either an interval timer or an event timer.
Te access the clock, select bit zerc {control bit) must bhe set to
a one. The cleck is enabled to cause interrupts by writing a

=3

nonzero value to it and is then dicsabled from interrupting by
writing zero to it or by an RETIL. The clock starte operating &t
no more than two 207 times after it is loaded. When the clack
decrementer ic running, it will decrement down to zero and will
then be reloaded from the clock regicster and decrementing will
start again. (The zero state is counted as any other decrementer
state). The decrementer always runs, but it will not issue
interrupts until enabled: of courcse, the contents of the not
enabled clock read regicsters are meaningless.

FOWER UF

During hardware recset, R5T1 must be active (low) for a ainimum of
two clock cycles to force the TMS 9901 into a known state. RST1
will disable all interrupts, disable the clock, program all I1/0
pcrts to the input mode, and force ICO-ICT to all zeroc’s with
INTREQ held high. The svstem software must enable the appropriate
interrupts, program the clock, and configure the I1/0 perte as
required. After initial power—-up the TMS 9901 is accessed onrly as
needed to service the clock, enable (or dicable) interrupts., or
read f{write) data to the 170 ports. The 1/0 porte can be
configured by use of the RSTZ software reset command bit.

HARDWARE CDESCRIFTION

Cornecticns to the TMS 9201 as used on the 99/4A are given in
figure 22,p.57. The TMS 9901 is reset during power up by using
the buffered reset signal of the TMS 29900, The T™MS 9201 enabled
by the RAMELE signal (see memory selection part, figure 11 p.3I5).
When enabled. the.- P901 communicates with the TMS 9900 through the
CRUIN, CRUOUT and CRUCLFK lines. The CRU bite are selected by
decoding Al1Q through Al4. Connections with the devices which
interface to the TMS 9201 are discusced in other sections.



TMS 9901 JL, NL
PROGRAMMABLE SYSTEMS INTERFACE

Peripheral
and Interface Clrcuits

27 Pin Descriptions
Table 4 defines the TMS 9901 pin assignments and descnbes the function of each pin.
TABLE4
TMS 2901 PIN ASSIGNMENTS AND FUNCTIONS
SIGNATURE PIN 7o DESCRIPTION
iNTREQ 11 | OUT| INTERAUPT Request. Whan active (low)
iNTHEQ ndicates that an enabled interrupt @n 0 vee
has been recerved. INTREQ will stav active cavout 7 P w0
untl ail enabled interruptl 1NDULS are re- erverx 3 (] -
moved. caumn o ] ] non
1C0 (MSB) 15 | OUT] Iaterrupt Code tines. ICC-IC3 outout the _E_I s | » 0
iC1 14 OQUT] tunary code corresponding 10 the highest wie o0 = s2
€2 13 | OUT| pronty enadled mierrupt. |t no enadied wrs 1 (] I M INTIRTS
IC3 (LS8 12 | OUT] interruots are actwve ICO—IC3 = (1.1,1.1), w s Lo Wreew
CE S | IN | Chio Enadle. When acuve (low) data may be w1, E I a2 ‘:_';'"’
transterred througn the CRU interface to ° '°E i n INhaez
the CPU. TE has no effect on the wterruot WTREG 1 30 RTent
control section. ea 12 ™ Nmme
. ez 13 (] % INTIVPY
so 39 IN Address setect lines. The data bit being - 7 s
s 36 IN accesed by the CRU nterface is specified o 1s {1 l U
s2 35 IN by the S-brt code s0pearing on $O-54. d
s3 25 N Vss 8 s s
ot 20w w17 24 sa
w2 w 13 iNTiae?
CRUIN 4 QUT] CRU data in (to CPU). Qata soecilied by s e (] Dz e
SO-$4 is transmitted to the CPU oy CRUIN. C p
. s 20 H2r ee
When CE 13 not active CRUIN is in 2 high-
impedance state.
CAUOUT 2 IN CRU data out (trom CPU). When CE s active. data present on the CRUOUT naut will be samoted during
CRUCLK ana written «nto the command bit 1oecified by S0-S4.
CRUCLK 3 IN CRU Clock (from CPUL. CRUCLK specifies that vaiid data s present on the CAUQUT line.
STy 1 IN | Power Uo Resat. When active {iow) R3T1 resets all interrupt masks 10 "0, -esers 1CO - ¢C3 » (0. 0. 0. O),
INTERQ = 1 qisaoles the clock, and programs all 1/Q ports to «nputs. AST] hes a Schmitt-tesger (Aout 10
attow inolementatron weth 3n RC circuit as shown in Figure 7
vee 49 Sugoly Voitage. <5 V naminal.
vss 16 Groundg Aeference
3 0] W Svstem clock {03 1n TMS 9900 svsiem. CKOUT in TMS 9980 svstem)
L gl 170NN
iNT2 18 | IN 1 Group 1, interruot inpurts.
NT3 9 [ IN When active (Lowl the 11gnai s ANDed with 113 corcesoondsn.
g
MT4 8 IN mask Dit and if enabied 18Nt 1O the 1nterruDt CONLrol sachion.
iNTS T 1IN 1 [RTT nas hghest priorcy.
RTs 8 | IN
iNT7?; P1s 34 Ho
NT8/ P14 3 "o
NT9 P13 32 Vo
MT10/P12 an o ; " .
NT11/P11 10 o >Gnaq,m 2. orogrammable intercrypt lactive 1owi or 1/O Dins {1rue logic). Each 0w s individually proarammaote a:
m"‘Zl'"‘.O 29 o an interruot, an INDUL 0OfL, Of IN OUIDUL DOt
NT13/09 8 1O
iNT14/8 27 | WO
iRT15/87 23 1o
0 38 1o
(3] 37 Ho
P2 26 o]
P3 22 1/Q |3 Group 3, 1/Q parts (teye (ogic). Each 0un 13 individually 0rogrammabie as an DUt POrT OF an OU DUt POrT.
Pa N e}
PS 20 (1]
4] 19 [Ie]

Fig. 22
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ADDRESS

0000
0002
0004
0006

0008
000A
000C
000E

0010
0012
0014
0016
0018
001A

0020
0022
0024
0026
0028
002A
002C
002E
0030
0032
0036

0038 - 3E 28 - 32 PROG. 12 - PROG.

- 1E

CRU BIT

H wWN—O

[8,]

- 15

9901 INPUT/QUTPUT MAP

PORT DESIGNA
CONTROL
INTERRUPT
INTERRUPT
INTERRUPT
INTERRUPT
INTERRUPT
INTERRUPT
INTERRUPT

INTERRUPT
INTERRUPT

INTERRUPT 10

INTERRUPT 1
INTERRUPT 1
INTERRUPT 1

PROGRAMMABLE
PROGRAMMABLE
PROGRAMMABLE
PROGRAMMABLE
PROGRAMMABLE
PROGRAMMABLE
PROGRAMMABLE
PROG. 7 /1
PROG. 8 / I
PROG. 10 / I
PROG. 11 / I

TION

W M -

6
7 (P15)

8 (P14)
9 (P13)

(P12)
1 (P11)
2 (P12)
3-15

N PHEWNH—=O

15
14
12
11
15

NT.
NT.
NT.
NT.

58

PIN

17
18
9
8

7

31-34

FUNCTION

CONTROL
EXTERNAL

VOP VERTICAL SYNC.

KEYBOARD:
JOYSTICK:
KEYBOARD:
JOYSTICK:
KEYBOARD:
JOYSTICK:
KEYBOARD:
JOYSTICK:
KEYBOARD:
JOYSTICK:
KEYBOARD:
KEYBOARD:
KEYBOARD:

NOT USED
RESERVED
NOT USED

NOT USED
NOT USED

/. ,MN=
FIRE

;LKJH SPACE
LEFT

POIUY ENTER
RIGHT

09876

DOWN

12345

up

ASDFG SHIFT
QWERT

ZXCVB

BIT 2 OF KEYBOARD SELECT (LSB)
B8IT 1 OF KEYBOARD SELECT

BIT O OF KEYBOARD SELECT (MSB)
ALPHA LOCK KEY

CASSETTE MOTOR CONTROL 1
CASSETTE MOTOR CONTROL 2
AUDIO GATE

MAG TAPE DATA OUT

MAG TAPE DATA INPUT

NOT USED

TABLE 8



TABLE 19 FERIFHERAL ADDRESSES

———————— OM CRU BUS
DEVICE

CRU ADDRESSES AZ A4 A5 A& A7 USE (FERIFHERAL NMUMBER
FO0O00->0FFE Q X X X X Internal use
#1000->10FE 1 O Q 8] O Feserved ]
*1100->11FE 1 0 Q O 1 Disk centroller 1
#1200-12FE 1 0 O 1 0 Reserved 2
F1ROO0-=13FE 1 o Q 1 1 RS232,ports 1 and =2 3z
»140Q00-+14FE 1 O 1 9] Q Reserved 4
#1300~ >13FE 1 ) 1 O 1 Fel2Z2,portse T and 4 S
#1600-+156FE 1 0 1 1 0 Reserved 1)
#1700-*17FE 1 O 1 1 1 Recserved i 7
#»1800—-:18FE 1 i o0 9] 0 Thermal Frinter 8
#1900-*19FE 1 1 0 Q 1 Future expancsicon Q
*1A00-*1AFE 1 1 O 1 Q Future expancsion 102
F1BOO-+1BFE 1 1 Q 1 1 Future expansion 11
»1COO->1CFE 1 i 1 O O Future expansion 12
»1DOO-1DFE 1 1 1 0 1 Future expansion 13
*1EQQ—->1EFE 1 1 1 1 O Future expansion 14
»1FO0O-+1FFE 1 1 1 1 1 F—-Code peripheral 15
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Figure 24. TMS 9901 Interupt Handling Logic.
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Figure 25. TMS 9901 Programmable System Interface.
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Figure 26. TMS 9901 Interval Timer Section.
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VIDEQD DIEFLAY FR SE0OR

GEMNERAL DESCRIFTION
The TMS 2918 videc display processor is capable of genersting a
complete NTSC color television video sigral. The information to
be displaved is stored irn dynamic RAM, with the TMS 9918 genera-—
Lting &ll the nmecessary interfacing sigrals.
The VDF will gesnsrate & solid ccolor border and background on which
a 2 X Z4 matrix cf B X 8 picture element patierns is supesrim-
pocsed, In addition a high degree of mobility and resclution is
provided in thes +orm of the <eprites, cor dynamic patterrs, which
are further supsrimposed on the pattern display
fin option can be <selected whereby the VDF can functicorn as a 40X24
character alphanumeric terminal by setting the text commarnd bit to
cne.

ARCHITECTURE
Figure. 29, p.71 shows the block diagram of the video displav pro-
cCessor. Interface to the CFU is via an 8 kit bidirecticonal port
controlled by twe 2lect and one addrase lines. Interface tc the
retresh RAM is via an B8 bit data bus, an 8 bit addrecss/data bus,
and I centrel lines The VDF provides clock and synchronization
sigrnals to the svstem via the GROM CLE, CFU. CLE, and CFU INT
and CFU INT signal linec.
Interface to the target television is provided by a composite
video cutput signal.
OSCILLATCR AND CLOCH GENERATION

The video display svetem ise decsiqned to operate with a 10.73I8&FS
MHz +/- S0 FFM crystal input to generate the reguired internal
clock <signals. A fundamental $reguency parallel mode crvstal is
used zc the frazquency reference +or the internal clock ogscillator,
which is the master time base for all system cperation. This
master clock is divided by 2 to generate the dot clock rate of 3.7
MHz. The master clock is divided bv 3 to provide the CFU cleck.

The GROM clock is developed from the master clock divided by 2Z4.
additionally, the master clock and its compliment are diwvided by =
in 2 stages to provide the 6 basic color phase fre— guencies which

generate the color to the target color TV,

COLOR FHASE GEMERATIOM

The 12.7+ MHz master clochk and its compliment are used teo

a 6 phase ZT.T7345 MH:z (+/—-10Hz) clock to provide the video color
signales and the coler burst reference for use in develcping the
composite video output signal. Table 11 cshowe the six colores, the
standard phase shift=s, znd the color approsimations provided b
the YDF. While the WYDF signals are not exact squivalencies., the
differences can ezsily be adjusted by the color and tint contreol
of the target color television. Te insure Fompatlﬁl‘ ity with
menechrame televisicon receivers, an intensity lavel on the grav
scale is assigned to each ceoclor signal.

generate
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Cva
Gre
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VID

or vector ra2laticnships to the 0079548 MHz color refsrencs.
STANDARD YDFE FIRST
Or FHASE APFROXIMATION GOAal ¥
low 12 +/- 10 Q0 5]
75 +/— 10 &0
snta 120 +/- 10 12 S
2 192 +/~ 14 180 e
n 2546 +/- 10 240 S
en 00 +/—- 10 00 5
Electrical design will attempt to provide theze color sigrals.
EOQ SYNMC ANMD CONTROL GEMERATION
The vertical and horizontal corntrol sigrals are generatad
decoding the horizontal counter increments and the vertical
countar. Table 12 gives the relative ceount valuss of the screen
dieplay parameters. Within the active display arsa, the three
least csignificant kits of the horizontal counter addrezses tha
individual picture elsments of =ach pattern displavesd. Alsg. th
active vertical counter addresses gach individual linse in the 3u
patterns. The VDF cperates at 264 lines perframe and approx
&0 frames per cecend in a non—interla ed mods cof oparation.
TARLE 12
SCREEN LCISFLAY FARAMETERS
HORIZONTAL® DOT CLOCEK CYCLES
Horizontal active displavy 236
FRight beorder 15
Fight blanking 3
Horizontal svnc 25
Lett blanking 2
Coler burst 14
Left blanking 2
Left border =
TOTAL 42
VERTICAL LINME
Vertical active display 192
Bottom border 26
EBottom blanking 3
Vertical svnc z
Top blanking 1%
Top border 27
TOTAL 2&4

o
[}

imately
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FOW

EVISION SUREEM

The VYDF assemblesz three major slementz into a composite for displavy
on the target television: background, pattern matrix, and sprites.
In mnormal operaticn the background is compossd of the bordsr of +he
active display area. The color of thie region is cpecified by
loadimg the gpecific code for the color desired inmtoc the scroen
background color resgicster. All color of this regicn is specifisd
bv loading the specific code for the color decired intc ths scrcen
background color register. #11 coleor information is  described by
four bit codes composed of threes color select bits and an intermsity
bit givimg =& tetal range of 15 colors with cne code reserved for
the transparsnt state.

TEEN GENERATION

The cecond slement of the screen display is the ':X:J matrix of
patterns {formed and iz the active dicsplay area. Ea pattern is
composed of an 848 matrix of picture elements, In a rdster ‘scanned
television system each line ¢f video information must be built and
displayed. To accomplish this, a list of 748 8-bit rnames—— one for
each pattern to be displayed—— is azacssembled in the screen refresh
memory. The 23-bit rname contairms beth coler and display informatiaon.
ERNEL VIDEO OFERATION

In this mode any VYDF - gererated signal, other than ths background,
will be displaved as generated. When no <cignal i generated, the
external signal is gated through. In both modes. however, the
externzl <=svnc, blanking. and color burst signals are controlling
the VWDF and the target TV svstam. No internzl synchronizaticn is
made toc the color burst. Therefore, if & color VDF generated =signal

(

3

the color
non-—over -

i
frequency

desired,
)

an
must

externally
be provi

generated 10.7 MH: l.o., o X

ed tc the XTL! input and

ite
1t

lapping compliment to the XTLZ input.
RECET
The WVDF 1= reset by applving & low <ignal to the R2ET pin. This
=*gn=1 must last for at least 2 ussec. Reset dees the fellowing:
vnohronizes & clocks to its me2gative going edge ( this includes
Ul—u4 control clockes, CFUCLE, GROMCLE and color burst), sete horiz-

state, clears the intesrnal

and boarder coler to black,

cocunters to a known
gets the text color
cstatus f1lages.

ontal and vertical
cemmand register,
and <l all

care

ER UF

VEE mucst be applised to the 411ées either before or at  the same tims
as the cther supplies and removed lacst. Failure to observe this
precaution will cause dissipation in excess of the absoluts madimum
ratings dus to internal +forward bias conditions. This al=sc agplies
to system use, where failur of the YBE supplyvy must immediatelvy
shut down the cother csuppliss. After power up, =ight memorvy cvcles
must ke performed to achisve proper device cperation.

&6



HaRDWaRE DESCRIFTION

OSCILLATOR CIRCUITRY
An ovarvisw of the connectiorns to thse THMZ F%18 YDF ars given in
£fimures 20 mn71
figure F.p7l.
Timing <signals for the T™™M3 918 zarzs derived from an on-chia
nscillator  which uses an siternal 16,7 MHz crvstal. This crwstal
(Y100 1in s=riss wihkh L1IOO 1= connected bstwssn pin I9 oand 40
L1G0 1= adjustable to cset the Freguency. Clod and Ciad the
capacitors 1n the Afreguency determining nstwerk., RIOD iz added
in parallel to Y100G and L1000 to lower the impedance of the metwort:,
thils assuring a proper- veltage swing at pin T2, Also =2 Z wvelt
voltage is fed to pin I9, (R1GZ  and L1007 for descoupling:. Thi=z
voltage is used +for proper start-up of the oscillator.

FOWER CONMMECTIONS -
The TME 9918 uses only one power supply voltage. Fin 12 (UY33) is
connectes to the system ground, and FIN I3 (VCC) to the +5 wvelt
power supply. €102, C103, C1l04 and L1011 are used to suppress noise
on the & wvolt line.

5R0OM CLOCHE
The 10.7 MHz oscillater frequency is intsrnally dividsd by 24,
This gives a freguency of 43135.8§ kEHz. This Afr=2guerncy 1g buffered
and fed to pirn 37 and used as the GROM clock.

Cry CLOCK
The .38 MHz CFU clock on FIM 323 is us2d by TM5 9919 sgund
processor f(on units which use the SN 7&£489).

RESET
The THMS 2718 is reset during power up oF with a dolid state soft-
ware command module by using the resset signal of UL01 nin 4. This
signal is menitored by the 9218 on oin 34,

CHIF SELECTION LOGIC

The YDF is gselected with CSW on pin 14 or TSR on pin 1S are low.
When CS5W is low the microprocescsor can write tc the VDF, when CSE
is low, data zan be r=ad from the VDF. The MODE cianal on pin 13
i1s used in combination with CSW and CSR to select four basic modes
of operaticn.
The selection legic which enables C3W or CSR is given im figure 27,
n&?. ’
Selection pins Y2 ( pin 12 ) and Y12 (gpin 12) of US0OS (74L31383) ars
used te distinguish between a write or rzad operation. The writs
selection from pin 12 is combined with the WE <cignal in OR-gate
usoz Thus only a VYDF write can occur when WE ic laow.

DATA BUS INTERFACIMNG
Fine 17 through 24 (data limes CDO through CD7) are dirsctly con-
nected tc DO through D7 of the TME 2200,
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Figure 28. Video Display Processor.
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[ |
i kN { i [} {
5 0 SPRITE ATTRIBUTE TABLE BASE ADORESS
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The THME 7919 Sound Gensraticn Controller (S6CY is an I L comoonent
designed to provide low cost tene/necise  generation cepetilitv in
Microprocessor systems. The SGC is a data bus bzssd I/0 »
peripheral.,

k=
¥ ammable white noise generator
¥ ammable attenuvation

¥ 8 chm spesker drive capability

% External audia input
3

¥

* 16 FIN packagse
1 L technology

LEVICE ARCHITECTURE
The device consists of three programmakle ton

grammable ncise generator, a clock ccaler, ard an audic

summer
output buffer. The SGC has & parallel 8 bit interfaces through
which the microprocessor transfers the data which controls the

audio output.

TONE GEMERATORS
Each tome generator cconesists of a frequency synthesis section and
an attenuation section. The freguency synthesics section requires
10 bits of information (FO-F%) to define half the period of the
deszsired frequency (n). This information is lgaded inte a 10 stage
tone counter, which is decremented at a N/16 rate where N is the
input clock freguency. When the tore ceounter decrements to zero,
a borrow signal is produced. Thie borraow signal toggles the
freguency flip—*flop and also relosds the tone counter. Thus, the
period of the desired frequency ics twice the value of the periocd
regicster. The frequency can be calculated bv the following:

San

The output of the frequency flip—-flop will feed into a four state
attenuator. The attenuater wvalues., along with their bBit peesition
in the data word, are showrn in table. 14 multiple attenusation
centrol bits may be true simultaneously. Thus, the maximum

—

attsnuation is 30 db.
TARLE 14: ATTENUATION CONTROL

EIT FOSITION

AD A1 A2 AT WEIGHT
0 ] 6] i 2 DE
o Q 1 0 4 DR
0 1 QO 3] 8 DE
1 0 0 0 16 DR
1 1 1 1 OFF

~
.



= =nerator consists of 2 nolss scuwrce and an attenustor.
The npoise sowce is a 1S stace shift.reglster with an exclusive 0OR
feedback network. The fe==dbachk network will have preovicions to
protect the shift register from getting locksd in the zeroc state.
The foedbaclk n2tweorb will have two fesdback tap configuraticns as

determinsd by the FE centrel bit.

TABLE 15: NOISE FEEDERACK CONTRDL

FE CONFIGURATION
0 "Feriocic" noicse
1 "White" noise

Whenever the FE bit is changed, the shift register is cleared. The
shift register will shift at one of four rates as determined bv
the two NF bite. The fixed shift rates are derived from the input
clock.

TABLE 14: MOISE GENERATOR FREQUEMNCY CONTROL

BITS
MFO T NF1 SHIFT RATE
Q Q N/S512
0 1 N/1OQ24
1 8] N/2048
1 1 Tone Gen. #2 output

The output of the noise source is fed to an attenuator similar to
the tone generator atternuvator.

AUDIO SUMMER/OUTFUT BUFFER
The summer is a conventional lzL operational amplifier summing
circuit. It will sum the three tone generator dutputs, noise gen-
erator output, and an external audio source. The cutput buffer
will generate up to 100 milliamperes into a 8 ohm load, if all
sources are operating at maximum levels. It is ascumed that the
speaker will be AC coupled to the chip.

CFU/SGC INTERFACE
The microprocessor interfaces with the SGC by means of the 8 dat
lines and I control lines (WE, CE and READY). Each tecne generator
requires 10 bits of information to select the fregusncy and 4 bit
of information to select the attenuation. A frequency update re
quires & double byte transfer, while an attenuator update reguirfes
a =zingle bvte trancsfer.

CONTRCL REGISTERS
The SGC has =2ight internal registers which are ed to
three tone generators and the noise s=zourcs Durin
transfers tc the SGC, the first bvte contain ra
which determinecs the destinatien control regi
addrecss codes ars shown in Table 17.
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DATE FORMATS
The formats

regqul

UFDATE FREQUENCY

aa LR R e Bost

0 0 Taone 1 fregusncy

0 1 Tone 1 attenuaticn
1 < Torne Z freguency

1 1 Tone Z attencaticn
O 0 Tone I freqguency

i 1 Tone 2 attenuaticn
i 0 Moilcse comtrol

1 1 HMolse attenuaticn

red to transfer data are

(2 BYTE TRANSFER)

- -

shown below.

1 1 REG ADDR : DATA : i : :

: v ROIRLIIRZY 1 FEF7IFBIFT! P00 X iRt FL
BIT O FIRST EYTE BIT 7 BIT O SECONMD
UFDATED NOISE SOURCE (SINGLE BYTE TRANSFER)

‘ 1 i+ REG ADRDR ! : ¢ SHIFT ‘

i ¢ RORIYRZ U FEROD i NFC NF1 .

EBEIT O BIT 7

FOWER CONNECTIONS
The THMS

LEGT 1

$919 uses
used to d
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5
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2w and remote cortrol =Ys
Th; rd is scanned by & =21
mon By the THS 3701 pro
fig oL 127).
Tws other select linss ars ussd ¢ sgiscting the remcts handhsld
centrol unit, the five detect lines of these unite are shared with
thaose of ths ksvbcoard.

HARDWARE DESCRIFTION
The kevbeard and remote handheld unit i1ntsrfzaces ts the amicropro-
cessor via the TME @901 programmable svstem interface. Fins F2 PZ
and F4 of the 7201 are programmed as outputs and ussd as input for
UZ02 (74L8156), a dual 2 to 4 decocder. This IC 15 wired =zas a
threa to eight line decoder. Qutputs are wussd to scanm the bevw—
board and joyst:i port.
Two  outputs of UZ0E (pin 4 and S are used to select  the remots
handheld contrel uwunits. Full up recistors RIZIZE and RZ usad
to supply enough cwrent when the gutouts are in the high
cstate (+Z wvelt). CR Z41 in combinatieon with RIZI21 and with
RZIZ20  are used to get a good defimed lagic zsro stats., sincs RIZO
and RIZ!1 which are connectsd to the +5 volt supply generates a -.54
volt drop cover CRIZ0O1 and CRIOZ.

FEYBOARD SCANNING
The keyboard is divided in two parts. Each part consisting of 4
roews with € kevs. The outputes of the right four rows (INT Z, 4, S
and &) and the left fouwr rows (INT 7, 8. 9 and 1o are connects
to the preprogrammed inputs of the TMS 2201 with the same names.
Thesa inputs are scanned undsr softwares control to detsrmine whichk
key 1 pressed down. The kevboard uses gull-up reciztors for
puttting all lines im the legic one state whean no key 1s hit. The
capacitors are used for reducing RF interferzsnce.

REMOTE HANDHELD CONTROL UMIT
The handheld unit uses the same inputs to the TMS 9901 as the
righthand kevboard side.

?P?/4a FKEYROARD DESIGN

The 99744 Lkevboard circuit is significantly charmged <ram the
design uesed in the %9/4, althcough the principle of cperaticn i=
the =same. Seven cutputs are used orn UIZI0Z, and orne additional in-
terupt line (PS), in order to scan the additioral keve used on the

29 /44

kLevboard.



CASEETTE INTERFACUING CIRCUITEY

GEMERSL DESCRIFPTION
The cassstte interfacing circuit enables the 99/44 to store
read data from a2 normal cascsette recorder. The intsrfacing
cuitry consists of I distinct parte: the control circuitry,
write circultry and read circuitry, o

CASSETTE CONTROL CIRCUITRY
Thisz part zonsists of two sclid state switches which ars used
remote contreclling of up to twe cassette recorders.

WRITE CIRCUITRY
The write circuitry <cupgplies digital data which has besn w
shaped cascsstte recorder. It uses a TMB 2201 output gate a
sexzond order filter to csugply & signal of the desired shape
amplitude. I+ two cacssstte recorders are used, then both will
use the same write <signal, but only one recorder is selected
timz by the corntrol circuitry.

DAaTA FORMAT

The %274 wuses 3 biphase coding technique tgo generate the se
data stream. & standard time interwval {(bit cell) ie used in
encoding software, in the following way:
S & Binary cne is reprecented by 2 bit cells both bit ¢
ot opposite polarity.
=, A binary fero if represented by 2 bit cells, both bit

cells of the same polarity.

After birmary bit ics written, the next bit will start
with an oppocsite polarity referenced to the last bit
cell.

(=%

AUDIOD GATE

A specieal featuwre is incorporated which concsists of &2 solid s
switching circuit. This circuit can switch the audic signal of

cassette recorder tc the sound procecssor.
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COMNTROL CIRCUITRY
Since ths two control circuites are iderntical, only & decscription
of cne cassette control circuit is given (see figuws= 34, p. 1I24).
Fin 19 (F&) of the THMS 97221 programmable evstem interface is usad
tg enable or disable G402, When enabled, thes LED in gpto-couplaor
U4l turne on. F41E 1= used te reducs the currznt  through the
LED. Outputs 4 and I cf the opto-couplsr ars wszd to put tran-
sigtor (401 1n the conductive state, thus ernabling the motor drive
cf the cassette recorder. :

WRITE CIRCUITRY
The write signal i1s generated on pin Z8 of 407 the TMS 2901. The
differentiating filter consisting of R40QZ, C408, CaA07, FR400, R4O0L
and C400 shapes the signal.

READ CIRCUITRY
First part of the read circuitry concsists of an cperational ampli-
fier which performs amplification and pulse shaping of the read
signal. R408 and R410 determine the gain of the amplifier. C402,
C402 and C411 are for pulse shaping purpcses. R406 is the recis-—
tive load for ths cassette recorder.

GROUND ING
Since the definition for ground and =zignal on thes output jack o+

the cassette recorder depends on the type used,

allow operation with both types of recorders.

HYSTERESIS CIRCUIT

The hysteresis circuit consists of a second
tive feedback, the feedback network
C412 is used to make the circuit less
signals. CR40Z2 is wused to limit the
avoiding damage to the TMS F701.
rent thrcough diode CR40Z.

R41Z 1=

80

amplifiar
consisting

succeptible to
negative output swing,
ucsed to limit the c

R4Q? ics applied to

with posi-
and R411.
undesired
thus

o+ R412

L=



MEMO

The 92748 1/0 bus provides maximum Flewibility for coperation with
external devices. It provides peripherals with memorvy and CRU I/0
buses, The memory bus {(with B bit data b } is used for instruc-—-
tion fetch from contrel ROM in the perig 1= and for data trans-
fer tosfrom meEmory mappsd  gperipherals., The CRU  bus i3z used for
peripherals enmable/disable and for device contrcl and data trane-
fazr to/from CRU mapped peripherals.

The TMS 00 acceosses each peripheral to obtain instructions from
the device service routine (DSR) rezad only memory Since each
peripherzal containe its owrn DSR., the 92/44 does not have tc be de-
csigned to anticipats future peripheral requiremernts. The duzsl I/0
bue capability, along with interrupt handling and external DSF°s

provide flexibility at low cost.

FY ALLOCATION

The third memory block {(addreszss 4000-SFFF) of the F54A is pre-—

deccdsd and made available at the 170 port for th= perlphmral

Addresses AQ00 - FFFF are available for memory expansion. or the
soeech module (addresses YOXY - 24XX) ., 2 predecoded line is avail-

abkle at the I1/0 bus.

ALLOCATION

O+ the available 4F of CRU bits. the +irst 1k {(addresses QOO0 -

Q7FE) are used internally in the Home Computer. The second 1K
(addresses 0300 - OFFE) are reserved for future use. The last 2¥
addresses 1000 - 1FFE)} are reserved feor the peripherals to be
clugged in the 1/0 port. A block of 128 CRU bits 1s zscigned to
each peripheral as listed below.

TABLE 18 CRU ALLOCATION

EES FERIFHERAL

Reserved

Dicsk Svetem
Modem

Frimary RSZ2ZIZ
Mot Aesigned

1500 Secondary RSZIZ2
1 &0 Mot Assigned
1700 HEX BUS (T™M)

Thermal Frinter
Not Assigned
Mot Assigned

1Euu Mot Assigned

1CO0 Yideo Controller Card
1DOG IEEE 488 Controller Card
1EDQ Not Assigned

F-Code

jas]
-



INTERRUFT HAMDLINGE
The interrupt avsilabls on the 170 maskabls
interrupts of the TMES %01 programmaizl “

BUFFERTING
All I/70 signals must be zbls to drive two LE-tvpe loads {(with ths
axception of the data bus?. In additicon, gerighsrals gcenerating
CRUIM, READY/HOLD. LO = 4 IMT shall buff=sr ths=se =ignalsz be-
fors ﬁuttiwg them .

170 READ
&4 CFU read cvcle for the external davics ceonsists of two 8-bit
read cycles (figure 18, pddr. The two bvtes read ar=2 assembled as
& 1& bit word before thev are presentsd to the 200,
MEMEN geces low true at the beginning cf cleck cvcle 1. 4t the
same time DEIN goes high true. WE stavs high false during the
entire cycle. &t the same time that MEMEN gos=s true, the addrecss
bus goes active In order +cr the noise and the glitches
(associated with crosstalk and simultaneocus switching) to go awav,
w2 allow a minimum of 100 ne for ths address lines to ssttle. MEE
(see memary selection logic) goess truse dJFlﬁg the leading edge of
G2 of cleck cvcle 1. Data rz=ad from the peripherals will ke walid
720 ne attsr the start of clock cvcls 1. The CFU will lcok at the
fu1ll 16 bit data bus during the leading edge of 91, =F clock cvcols
2. Under worst-caze conditicns, data must ke valid 100 ne befores
that time.

I/0 WRITE

Figure 17,p45 shows

& 16 bit

I1/0 write cvcle. fAs described

2arllasr

it is composed of two 8B8-bit writes. A write cycle will alwavs bs
preceded by an ALU cvcle. MEMEN and DEIN go true at the start of
the cvcle. A settling time of 10C ns {(minimum) is allowed for the
addrese lines to settle down. WE goes true (low) on the lsading
adge of 832, during the wait states, and stave true for &&0 ns
(typically: During a read and a write, the codd bvyte

f1i

ns

et

=L

An
atter the cvcle

f{nllow=ad by
(tvpigcally
cvcle
during the

13
entire (1.8 usec!
SFEECH INMTERFACE

The 170 port has 4 lines

+3., -3, speech bleck enable (
the 29/74A for addressses 2000
write cycle, SBE goes active
valid.

GROM INTERFA
All

CE ON I/0 FORT
signals are gprovided to us

~
[

for GROM selesct must be performed

2ven byte.

iderntical to the first

dedicated for ucse

~A1S/CRYU out chan
tnitiated. The
3-bit write.

1

cyclea.

v the spesch module:
SEE) and audic 1in. SEE 1= dezoded bv
and F400 {(write and r=ad). For the
atter the address and data lines are
2 GROM =z in extermnal devicas. Decodse
in the external dewvice.



CRU TIMIMNG
CRU interface timing is shown in figure 10, p3d The CRUGUT cvcle
1¢ composed of 2 clock cvocles. The CRU bit addressz when placed on
the addrsss bus 40 through Ald4 is allowsd to settls for 100 =
(minlmum). CRUCLE 1= =& B0 ms low true gignal which occurs on the
trailing sdge of G1l, of cleck cycle 2. CRUDOUT dats is  wvalid at
the start of clock cvycle, and is latched by the CRUCLE in the re-
pective periphersal. CRUIM =2lso comeists of 2 clock cveles of &40
me (typicallyvi. fgainm we allow 100 ns fpor the address bus to
settle down. The CFU samples the CRUIN lime on the leading sdge of
£l of cvole 2. Data must be wvalid 40 ns (min) befors that.
HARDWERE DESCRIFTION
AN overview of the hardware uzed to buffer the IN  and OCUTFUT
signals on the I/0 bus is given in figures 55, pl3S ard Si, pl3Zl.
ADORRESS BUS BUFFERING
U502, UZ09 and US10  are used to buffer address linss AQ through
a14. UE10 is only used for A2, Al, A2 and A1S/CRUOUT. Thie last
signal has = series recistor R31Z2 te reduce transients on the
line.
WE is buffered by US1IC on the output {pin 10). A seriecs resistor
RS09 1s used to reduce transients.
CRUCLE
The CRUCLEK signal from the 29/4A in inverted in UEDZ and then busd—-
fered by U310, Again a series recsicstor RSQ7 is used to reduce

transients. The buffered signal is also used on the GROM port.

0F is buffered by US10, RS06 used to reduce trancsients.

MERE
UE1o.

1T

TN
DEIN

U]

buffered by the two inverters USOS.

LaTa BUS

Since the data bus in buffered by U616 in the interfacing circuit,

no additional buffering
quirements. a
is low, Q300

1 necessary. -
special pull-up/pull down
i€ in the on state.

circuilt is added. When

RZ19 is used
state,

to reduce the base currsnt in QS00.
resistor pack R3I0O is connected to ground,

When in the cn

& pull-down. Wher DEIN is low. Q300 is dicabled. CRSG1, RS20,
REZ21, CRSOZ2 and RE2Z compose a circuit which gives a wvaoltage cof
volte to the resistor pack. Thus a pull-up exists whesn DBIN is
1ow.

QUTFUT EUS FIN CONNECTIDNS

An overview <f the I/0 bue pin cennectiens is given on plo4d.

Howeve=r to meet loading re-
DRI

&L

M

thus generating

(=
-



FOUHER SURFLY ZOaRD

GEMERAL DESCRIFTIONM
The US power supply consishts of an a2xtsenal wall tramsfo
reaul ator board inside the Home Computesr. CTonnection D
conzole and wall tranzform ] u ] necto
gulator bBoard suppliss thes itage
and -2 wvolh., The +12 and mal
fixed regulator and  the + 1ng
Circull.

SWITCHINME REGULATOR
The switching regulator used is a wa 727 C. & schematic diagram is
givern in ‘igure 47, plZ?. In essence the uva 72T is a rnormal s=aries
requlateor, but i1t is cennected in such & way that it bshaves like
a .1tch1nw regulator. From the blgclk diagram it can bs sser that
the regulator consists of a compensated voltage refersnce, and
error amplifier and a cuwrrent limiting circuit.

HARDWARE DESCRIFTION -+12 YOLT SUFFLY
The +12 volt regulator circuit shares the rectifier circuit with
the +5 vellt regulator. Thiz circult uses ai input filter consis-
ting of L1, L2, C1, 2, CZ and C3. The filter iz ussd to ra2duscs RF
interference on the mains. D1, D2, DT and D4 compose the bridas
rectifier. C? and C17 are used tc reduce the ripple. The OC re-
voltage is fed to the three gin fixsd regulator U, which rsgul-
ates the input wvoltage do to +1Z wglt., Cl2 iz ussd teo reduce
voltage swing dus to fast chwnﬂinu load cenditicons.

-3 VOLT SUFFLY
The -5 volt supply usas a separate winding on  the tranformer. L=
tcget with €5 and Cé compeose an RF filter. The AC voltage is
rectified by DI, C3 reduces the rippls on the cutput of the
rectifier. J2 1s a & volt fimned regulator. C7 on the output
reduces voltage swinmg due to fast changing load conditions,

+5 VOLT SURRLY

REFEREMCE YOLTAGE
The reference voltage for the regulateor iz derived from the +12
velt. R1, D7 and zener diods DE cempose a 7 volt reference. D7
is used to zZaompencsatz for temperaturese variations. C12 is ws=d to
reduce noise. The 7 wvelt reference is divided by R1i, RIS and Ris
through R192, R1& through R1? are supplied with jumper wirss which
can be cut in such a way that the woltage on the norn-inverting
input of caomparatcor U4 is S volts. Since this :cmp1r=*or has an
open collector output, R1Z is used as a pull-up. R14 ccocnnected bs=-
tween thez output and the inverting irmput (gim 20 csets the veltage
gain to 1. R1Z provides a small positive feedback. Since in thi
configuratiom the comparator behaves as 2 unity gaim amplifiss,
the voltage on the inverting input (oinm 2y is sgqual to that of the
divider. This voltags-is used as a refzrsncs faor the switchirng

Cls 1 h
N .




Uz (us& C) uses the following circuitrv:

REFERENCE VWOLTAGE
The reference voltage on pin 2 of Ud is commected to the
mon—inverting input of UZ (gim S).

FEEDEAZE VOLTAGE
The +Z volt is dirsctly connescted teo the inverting irmput of U3
(FIn 4).

FOWER COMNECTION .
Fower is comnected to gpinm 12 of UZ wvia RI. C1Z i=s used to reduce
voltage swings on the powsr lins. Since thes powser comees from the
+12 volt supply., ths swlkching regqulator only works when this wol-—
tzge i1 present. Ground connection ics tc gin 7.

FREQUENCY COMFENSATION
Freguency compensation is performed bv Cl1 on pin 13,

FEGULATING CIRCUIT L
The output of UT orn pin 11 is used to switch the current through
LA after amplification by 01 and Q2. RE reduces the input cwrent
current of G1l. R4 and Ré are used to ensure that bgoth 01 and Q2
are in the non-conducting state when not enabled by UZ. The $£1v-
back circuitry congists of L4 and D?. The ouvtput voltage ripple is
reduced by T14 and C15.

CURREMT LIMITING
Curremt limiting is dome by using the veoltage drop cvaer R?P-R10 and
comparing this with the vcltage on the cathode of the diode., the
divider circult consisting of R7, R3 and D10, D10 is ussd for tem-—

perature compencsation.
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. U OME COMEUTER
TROUBLESHOOTING GUIDE

Thiz guide will take vyou by the preblesm, not neccessarily to the pro
blem. You still n=zed your basic. troublechcooting skills. Thic guide
iz aimed at the new technician but still can be referenced when in

: All box=s going to the right mean NO, and all boues
i going down mean YES. Small circles are reference

{ points which vou mav be sent back to.
1
1
]
$
1
t

Fage 837 Start

Fage 88 VDF Check

Fage 89 System Ready

Fage 9SS GROM Check

Fage @96 Front Fanel Incorrect and kKevboard
Fage @7 Cas=sette

Fage <98 Jovesticks

Fage 99 Multiplex

Fage 101 Memory Selaction Logic

Fage 10X INTRED

{(Campiled by Curt Larcsen and Greenwoad).
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Front Panel NO Check +5,-5 NO Disconnect NO Power Supply
+12 At Power Supply, Check TS&R
Come Up? Supply Voltages _
YES YES YES
Front Panel Find Shorts
Correct? _NO Page 96 On Logic
Board. Start
(::) Over
YES Check 9900
Pins 8, 9, 28,
25 for Clocks.}NO |Check U601 NG |Check U601 |NO |Trace Etch
Also U613-pll Pins 6,7,8,9, For Voltage To Problem
Respond To Ue07-pl1l U607- 11,12, 14415 Pins 13=12v
Any Key _No p3, U300-pl0 20=5v
Page 96 For TTL Clocks
YES YES
YES Check Etches Check Pin 5{NO {Check R605
To Various for +5 R606, C606
YES Pins for for Shorts
Continuity -
Plug in
diagnostic YES
grom
Check Pin 38 Check Tank NO ]Change
U100 for Clock | NO Page 88 Circuit, €603 Defective
If present L602, Y600 Component
Adj to 3.579545
YES
Read & Write YES
Cassette _NO
Page 97 Page 89 Probability
U601
Joysticks
Operate? NO
“Page 98
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Check p38 U100

for CPU Clock

Check p33
U100 for +5

Look for broken
Etchs or<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>