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INTRODUCTION  

The  TI  99/4 Home Computer was initially presented at the Consumer 

Electronics Show in June 1979 by Texas Instruments. The  TI  99/4 is a TMS 

9900-based microprocessor system. presently, the 99/4A mainframe is being 

manufactured by the Consumer Products Division of Texas Instruments, Inc. in 

Lubbock, Texas. 

The  TI  99/4A has many key features. Some of these feature include 16-color 

graphics, music and sound over four octaves. The  TI  99/4A also makes use of 

an expanded  TI  Basic. This feature plus the capability for up to 72K bytes of 

memory (16K RAM internal, 26K ROM, and up to 30K 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  99/4A will be 

presented in the following pages. 

SYSTEM BLOCK Dirß~ 2M: 

The  TI  99/4A Home Computer effectively combines each of the individual 

features of the unit into a complete and complex system. The basic blocks  cf  

the system include the CPU, sound generation, video display, I/O contro l, plus 

timing and control logic. These features a interfaced to produce the 

complete microprocessor system. The system block diagram of the  T:  99/4A is 

shown  ;n  Figure  i,  p.  41. 
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HOME COMPUTER 
KEY ARCHITECTURAL FEATURES 

8 9900 CPU 

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

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

1 48 KEY KEYBOARD 

1 TV INTERFACE VIA VIDÉO.MODULATOR 

8 PERIPHERAL CONNECTORS WITH  CRU  AND 8 BIT MEMORY INTERFACE 

8 1200'BAUD HOME CASSETT INTERFACE 



HOME COMPUTER 
TMS 9918 VIDEO DISPLAY PROCESSOR KEY FEATURES 

0 REFRESH THE TV SCREEN AT 60 Hz WITHOUT INTERLACE FOR COMPOSITE 
NTSC VIDEO OUTPUT 

8 24 LINES OF 32 CHARACTERS WITH 8 X 8 DOT RESOLUTION  

0 32 MOVABLE CHARACTERS  WITH MAGNIFICATION 

S 24 LINES OF 40 CHARACTERS WITH 6 X 8 DOT RESOLUTION 

0 48 LINES OF 64 INDEPENDENT SPOTS 

0 EXTERNAL VIDEO INPUT WITH SYNC 

0 PROVIDE 8 COLORS WITH 2 LUMINOUS LEVELS EACH 

0 PROVIDE 8 SETS OF COLOR SELECT REGISTERS TO PROVIDE 
SEPARATE COLOR FOR ONES AND ZEROS 

3 ADDRESS 4-15K BYTES OF RAM FOR CPU OR DISPLAY  

0 SINGLE 5 VOLT POWER SUPPLY 

0 10.74 MHz ONBOARD CRYSTAL OSCILLATOR 

0  GROM  CLOCK 

0 40 PIN PLASTIC PACKAGE 



HOME COMPUTER 
TMC Q430 GRAPHICS ROM KEY FEATURES 

0 6144 BYTES  MASK PROGRAMMABLE ROM 

í 16 BIT ADDRESS REGISTER  WITH INCREMENTED. 

1 CHIP SELECT FROM 3 MOST SIGNIFICANT ADDRESS BITS 

0 INSTRUCTION DECODE FOR FOUR OPERATIONS 

- READ BYTE AND INCREMENT 

- WRITE HIGH ADDRESS BYTE AND TRANSFER HIGH TO LOW 

- READ LOW ADDRESS BYTE 

- SPARE TO WRITE RAM OR PROM 

0 LOW COST  P  CHANNEL  MOS  

0 9us CYCLE TIME 

0 +5, -5 POWER SUPPLIES WITH TTL INTERFACE 

0 447.5 KHz CLOCK INPUT  

i  16 PIN PACKAGE  



HOME COMPUTER  
TIM  9919 SOUND GENERATOR KEY FEATURES  

i  3 VOICES WITH 4 OCTAVE MUSCIAL RESOLUTION  

i  15 BIT PROGRAMMABLE NOISE SHIFT REGISTER  

O  100  MW  AUDIO DRIVE WITH 30DS CONTROL IN 208 STEPS 

0 8 BIT CPU INTERFACE  

0 5V POWER SUPPLY 

• ILL TECHNOLOGY  

i  16 PIN PACKAGE 



SYSTEM POWER UP 

POWER IS TURNED ON:  

i  9900 CPU RESETS AND ADDRESSES LOW EPROM LOCATIONS  

i  9900 INITIALIZES  

i  9900 SETS UP WORKSPACE REGISTERS IN 6810 RAM 

1 9900 BEGINS READING FROM GROMS  

i  9900 ENTERS TIME DELAY LOOP TO ALLOW STABILIZATION - 4 SEC  

i  9919 SOUND CHIP IS TURNED OFF  

i  •9918 VDP IS INITIALIZED  

i  4116 RAM IS CLEARED - REQUIRES APPROXIMATELY 1 SEC  

i  FRONT PANEL DISPLAY IS WRITTEN INTO VDP 

0 9919 SOUND CHIP EMITS BEEP 

$ 9900 CPU ENTERS KEYBOARD SCAN ROUTINE 

SYSTEM IS NOW READY FOR USER INPUT 



ITEMS TO CHECK DURING DEBUG 

1 - CHECK IF FRONT PANEL IS UP  "TI  LOGO" 

2 - CHECK +5, +12 VOLT LEVELS THROUGHOUT BOARDS 

3 - CHECK IF READY PIN 64 OF 9900 IS LOCKED UP 

4 - CHECK THE FOUR 12 VOLT CLOCKS FROM 74362 to 9900 

5 - CHECK  

GROM SELECT PIN 10 0430 
GROM READY PIN 15 0430 
GROM  CLOCK  PIN 13 0430 

6 - CHECK PIN 38 OF 9918 FOR 3.579520 MHz CLOCK 

7 - CHECK VDP (9918) READ PIN 15 9918 
WRITE PIN 14 9918 . 

8 - CHECK DATA OUT OF 4116 RAM PIN 14 

9 - CHECK COMPOSITE VIDEO FROM DIN CONNECTOR 



HOME COMPUTER CASSETTE INTERFACE 

1. Operates with byte/manchester encoding format. 

2. Utilizes redundancy to gain increased reliability. 

3. Uses wave shaping on input and output to increase reliability. 

4. Has two motor control circuits which allow computer to control decks. 

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

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

PROBLEM AREA OF CASSETTE INTERFACE • 

1.• Reliable recovery of data is dependant on recorder used during save. 
•  

2. Reliability is directly proportional to frequency response of cassette 
deck. 

3. Reliability can be observed by looking for the "eye" or "jitter" 
phenomenon with an oscilloscope. 

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

4. Cassette is also adversely affected by speed changes. 

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

g 



GENERAL DESCRIPTION OF THE 99/4A  

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

99/4 SYSTEM HARDWARE 

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

I Clock generator/driver 

I Microprocessor unit 

1 Memory selection logic 

! System ROM & RAM  

i  16 to 8 bit interfacing circuit 

4 Timing and control logic 

$  GROM  memory 

I INS 9901 programmable system interface 

I TMS 9918 video display processor 

TMS 9919 sound generator 

I Keyboard, remote handheld unit 

I Cassette interfacing circuit 

4 I/O port 

I Power supply 

I European power supply' 

I Audio board 

10 



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

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

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

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

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

- The  GPL  interpreter. 
- Floating point routines. 
- String conversation routines. 
- Cassette interfacing and I/O programs. 
- Basic programs. 

4 The 15 to 8 bit interfacing circuit enable the 99/4 to access 8 bit devices 
by multiplexing and demultiplexing the 16 bit data bus of the TMS 9900. 

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

0 The TMS 9901 I/O 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. 

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

GROM : - Monitor routines 
- First part of the equation calculator. 
- The cassette device subroutine contain ROM.  

GROM  1 : - The editor 
- The prescan routine for basic. 
- The first part of the basic executing program.  

GROM  2 : - The file management programs. 
- The second part of the BASIC executing program. 
- The second part of the equation calculator.  

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

11 



The  GROM  port enables the user to run preprogrammed sofware in up to 5 
GROM's in a software module. This module may also contain in ROM 
processing for generating the composite video signal. A part of the 15K 
byte user RAM contains the character code table which is downloaded in the 
RAM during the power-up sequence. 

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

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

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

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

12 



OSCILLATOR CIRCUIT 

GENERAL DESCRIPTION 

The TMS 9900 microprocessor, as used in the TI99/4, uses four non over-
lapping clock signals- generated by a 74LS362 clock generator/driver. 
These four clock signals 01, Q2, Q3, and Q4 have a 12 volt swing. 
For system synchronization purposes the inverted clock signals (Q1, Q2, 
Q3 and Q4) are available at TTL level. 91)9. 
A timing diagram for the clock signals is given in figure US, As can be 
seen from the internal schematics of the 74LS362 figure 35 , there is 
also a  D  type latch available. This latch, clocked by Q3, is in the 
reset circuitry. • 

HARDWARE DESCRIPTION (see figure 2, pH.) 

POWER CONNECTIONS 
Power connection points are pin 10 for ground, pin 13 for the +12 volt, 
and pin 20 for the +5 volt supply. 
L603, L604, C604, C605 and C607 are used for decoupling of noise 
generated by the 74LS362. 

POWER UP 
Pin 17, conected to the 5 volt power supply by  serie  resistor R504 
enables the clpck outputs. 

RESONATOR PART 
A third overtone, 48MHz crystal, connected between pin 18 and 19 
determines the clock frequency. The tank circuit with L602 and L603 
connected between PINS 1 and 2 selects the third overtone. Some units 
may use a RMHZ crystal with tank components to select the primary 
frequency. 

CLOCK SIGNALS 
Pin 8, 9, 11 and 12 are the four 12 volt clock outputs for the TMS 9900. 
The four series resistors R601, R602 and R603 minimize over and 
undershoot. 
The inverted clock signals on pin 6, 7, 14 and 15 are used internally in 
the 99/4 for timing purposes. 

RESET 
Reset is accomplished during power-up and when a solid state software 
command module is inserted. 
C606 will be slowly charged by resistor R605 after applying power to the 
console. Thus for a short period the  D  input of pin 5 of the 74LS362 is 
low. The 74LS362 clocks this zero binary value to the reset out of pin 
4. This signal resets the TMS 9900 until a binary 1 value is sensed on 
pin 5. When the system is switched off, 8606 discharges C606, 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 C506, 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 descharge C506 to 
enable a new reset. 
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CENTRAL PROCESSING UNIT 

GENERAL DESCRIPTION 

The 99/4 Home Computer uses the Texas Instruments TMS 9900 micro-
processor. It provides the system with a 15 bit address and 16 bit data 
bus for communication with external memory. It also has input and output 
pins for serial in and output, interrupt handling and memory control 
(see figures 3 cegi -) Fp  Qu _  Q3) 

MEMORY INTERFACING 
The TMS 9900 interfaces with memory by means of a 16 bit data bus 
(DO-015), the 15 bit address bus (AO-A14) and the following control 
signals. 

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

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

DBIN DATA BUS IN. .When active (high), DBIN indicates that the TMS 
9900 has diabled its output buffers to allow memory to place 
read data on the data bus during MEMEN. 

READY READY. When active (high), READY indicates that memory will be 
ready to read or write during the next clock cycle. When not 
ready is indicated during a memory operation, the TMS 9900 
suspends further operating (e.g. enters a 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 9900. 

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

Timing diagrams for read and write cycles, with and without wait states, 
are given in figures -5, pp. ? - a;. 

DIRECT MEMORY ACCESS 

Performing memory access without interference of the TMS 9900 is called 
direct memory access (DMA). For this purpose the following control lines 
are available. 

HOLD HOLD. When active (low), HOLD indicates to the processor that 
an external controller disires to use address, data and memory 
control signals. The TMS 9900 enters the hold state following 
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 holdackowledge signal (HOLDA). When HOLD is removed, the 
processor returns to normal operation. 

i5 



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

The timing diagram for direct memory access is given if figure 9, p..i'. 

IN AND OUTPUT (I/O) 
The TMS 9900 has two possibilities for communicating with external devices: 

A. Addressing the device as memory. 
B. Using the communication resister unit  (CRU).  

The  CRU  makes it possible to communicate with external devices with fewer 
lines. Only A3 through A14, CRUIN, CRUOUT and CRUCLK are used. The  CRU  
I/O bus makes it also possible to address bits instead of bytes or words. 

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

INPUT 
Input is performed only with the address bus and CRUIN. Again the 
processor addresses the bit to be read. 
The system hardware decodes the bit address on A3 through A14 and enables 
the addressed bit  zo  put its value on the CRUIN line. The bit is then 
fetched by the TMS 9900. 

TIMING DIAGRAM 
A timing diagram of  CRU  operations is given in figure 10, F- 3 

The  TI  99/4 home computer uses both ways of I/O to communicate with 
internal and external devices. 

INTERRUPT HANDLING 

Interrupt processing logic on the TMS 9900 uses the following inputs. 

INTREQ INTERRUPT REQUEST. When active (low) INTREQ indicates that an 
external interrupt is requested. If INTREQ is active, the 
processor loads the data on the interrupt-code input lines ICO 
through iC3 into the internal interrupt-code storage resister. 
This code is compared to the interrupt mask bits of the enabled 
interrupt level, the TMS 9900 interrupt sequences is initiated. 
If the comparison fails, the processor ignores the request. 
INTREQ should remain active and the processor will continue to 
sample ICO through IC3 until the program enables a sufficiently 
low priority to accept the requested interrupt. 

ICO INTERRUPT CODES. ICO is the most significant bit of the interrupt 
ICi code, which is sampled when INTREQ is active. When ICO 
IC2 through IC3 are LLLH, the highest external priority interrupt 
IC3 and when HHHH the lowest priority interrupt is being requested. 

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

16 



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

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

VBB - 5 volt supply voltage 
VCC + 5 volt supply voltage  
VOD +12 volt supply voltage 
VSS system ground 

CLOCK INPUTS 
Four clock signals 01, Q2, Q3 and Q4 have to be provided on the four 
clock input pins for internal timing of the TMS 9900. Note that these 
inputs require a 12 volt swing. 

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

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

LOAD LOAD. When active (low), the processor starts execution of its 
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 16 words in 
RAM memory which is used as a register field. During reset the 
workspace pointer is fetched from adress 0000, during load from address 
FFFC. 

HARDWARE DESCRIPTION 

A drawing of the connections to the TMS 9900 as used in the 99/4 is 
given in figure -1,  p.  a/. 
The following list describes the connections in more detail. 

POWER CONNECTIONS 

+ 5 volt. The +5  volt power supply is connected to PIN 2 and 59 of the 
TMS 9900. L600, C600 and C611 are acting as a filter to 
reduce system noise on PIN 2 and C603 is used for the same 
purpose on PIN 59. 

+12 volt. The +12 volt power supply is connected to PIN 27 L601 and 
C512 are acting as a filter to reduce noise. 

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

17 



GROUND Pin connections 26 and 40 are for ground. 

CLOCK INPUTS 
Clock inputs Q1, Q2, Q3 and Q4 are input on pins 8, 9, 25 and 28 
respectively. 

ADDRESS BUS 
The 99/4 uses the address bus internally without further buffering, except 
for A14, which is used on the GROMS (see I/O bus description). 

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

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

INTERRUPT HANDLING 
Interrupt vector pins 33 through 36 are preset to code LLLH, the highest 
external priority interrupt. So the 99/4 knows only one interrupt level. 
The INTREQ line is connected to the TMS 9901, which handles the 
interrupts. 

RESET 
The system resets during power up or when a solid state software command 
module is inserted. This is done by connecting RESET pin 6 to pin 4  of 
the system clock generator (U601). 

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

WRITE ENABLE 
The WE function or pin 61 is used by fast system RAM without buffering 
and is modified by timing and control for other devices. , 

IAQ/HOLDA 
The instruction aqutsition signal on pin 7 and the hold acknowledge 
signal on pin 5 are combined on OR-gate U605 to generate a combined 
signal. 

MEMORY ENABLE (MEMEN) 
This signal is buffered by OR-gate U605 for further use in and outside 
the 99/4. R607 is used as a pull up resistor to +5 volt to assure that 
memory is disabled during power up. 

DBIN 
The DBIN signal on pin 29 is buffered twice by inverting gates U502 for 
use within the 99/4 system. 

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

13 



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

* The  ALU  
* 3 Multiplexer Busses 
* Control Logic and Control ROM 
* Internal Registers: 

Memory address register, shift register, status register, source data 
register, shift counter, workspace register, instruction register, and 
auxiliary register  Ti  and T2. 

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

The control logic and control ROM provide the necessary signals for the 
correct sequencing or operation of the CPU's instructions. This is 
accomplished with the aid of the input control signals and master timing. 
Among the internal registers there are three which are key architectural 
features of the CPU. These registers are the workspace pointer, the program 
counter, and the status register. the workspace pointer contains the location 
of the first word in the workspace. The program counter contains the address 
for the next word which is 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 9900, sixty-nine instruction words can be used. 
list of the 9900's instruction set can be found in Table r,F.31. These 
instructions are used to perform arithmetic operations, logic, comparisons; 
and manipulation operations on data. They are also used for the loading and 
storing of data within the CPU's internal registers. Data transfer between 
the external memory system and external devices is also made possible with the 
instructions via the  CRU. Instructions are also used as control functions 
within the CPU. 

The external memory used with the TMS 9900 in the 1199/4 and 1199/4A consists 
of two TMS 4732's and two  MCM  6810P's. The TMS 4732's are 4K X 8 bit  ROMS  and 
are addressed via lines A3-A14 of the address bus. However, one of the 4732's 
uses the D1-D7 lines on the data bus while the other uses data lines D8-015, 
thus combining the two 4732's into a 4K X 16 bit ROM. The MCB 6810P's are 128 
X 8 bit static RAM and are used as a scratch pad by the CPU. In a manner 
similar to the 4732's the two 6810's are combined to form a 128 X 16 bit RAM. 
One slight difference from the 4732's is that the 6810's are addressed by 
address lines AS-A14. 

The 9900 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 DBN, -MEMEEN, and -WE. During memory read, DBIN and  -MENEN  are 
active, while -WE is not. The active signals allow an output onto the address 
buss indicating the disired memory lacation to be read. DEN and  -MENEN  are 
deactivate the data bus output. 

19 



zrez,  
arn 

OtEA0+. 

nar  

Deg%  
Air 

,go 

CFUCL 

CG141.XCL 
LOGIC 

01-c4 

1 

I NU 
aZGA2S.S 
FEC1S'tf 

irfFre :CO ICJ 
! ! 

‘mytr:::1.! ce , 

, 

" „  

ij J 

16 

I  
7 ,...  

) r 
(---- ; 1. (------ .,....z._,,  .4...„

16....." 

I 
if 1 

 

i 
‘M.:1.TI•LEFElki 

! FEG:$1111  ; F,2.1_,...›  i  

I 
I  

i I 
I ! 

1. / 

.i..Z.......
t. : I I T2 

j cour.-E. cr,,,,,r.:GL  
irefixs..L.cf  fee 

, --.....-..\ 
\ , ..-,.... „ ..  

i i 1 
`•••:!,--.' `."..-'' I  

.• c 1 i  
ALL/  

L...........)  
g i  

i  

1 i I SO.:FCC OATS 1  

i

i  FiG:EIEF  i  

..1 r ) 

( 
i  

I . 

1 

I 
I 

: Vert REG:511F 1 I  

i  

1 1 

! 

I I  
00-014 CMuCGT  

FIGURE I - ARGIM:TErr:JRE 
116 



11Jer4744441/T 
c.,-: AZ:4 's~  

MI 

=JFTaCI  
:CvtC  

WIT= len.= 
1 I I item .,. 

I II  

1 

nJTT ■1t7T 
■tC37Stl 

' T ~ 

T-. 

a•a'.a.rCAwtt■ 

twe■.S►w't •tKeS7iai  
i 

~t•~ 

1  ~ .r.il7stA  tSt •  
i \ 1 
I .-___= \..  
I i  ................4, 

\ 
~~'.t= :•  

C ! ~^ { . 
CrUwTt• 

I 
~ 7 '3~.■R A.T. Ì 

■tcu7t• 
I  t 

i 

~ .....:11.11741.7,„ 

~  t STATtJS 

f ~ •tCtSTt. 

I 

♦ mlrommown ~  

t
\••••••Me r 

tanta. 
.oC•t ti 
a

1
J

tCI ~STt• 

` ? 
I t 

~ 

/ t 

J 

K
—`

— 

 4.4444.44 

.• 

r; • 
•,w ) 

•
4
+4844 

•i  

1 •  t{ 

T Ì  

Ì

LJ..n•teet,t•  i  

Cavw 

UU 

444 :44. 8 C. 
"%i!t'H /1.^.. A ~  v  ~~ f~ ~+!'+ l~t•~~  

2" ~ n  V  i~• •r ~~ V ~  

Fig. 3 

20 



Product Data nook TyIS 9900 
ARCHITECTURE 

2.8 TMS 9900 PIN DESCRIPTION 

Table 2 defi:tes the TMS 9900 pin asslçnments and desertbes the function of *eel Din. 

TABLE 2 

TMs 9900 PIN ASSIGNMENTS AND PUNCTICNS 

SIGNATURE PIN I/O OESCRtt>rrlON TLtS 9900 MN ASSIGNMENTS 

    

    

j ADDRESS SUS V  a8 1•~►' 
mew :4 24 ` OUT AO througe A14 cornet» the address *us. V=  2 2 

Al ' 22 ì  OUT Tea 34131e but Orev,oea One  memory- WAIT 3 r 
e.2 22 , OUT I merest  veetor  to the esternei.nemery r=3 4:: 

A3 21 OUT system Wen MEMEN a eeore MO I/O-0.t MC1-D4 5.rti, 
A4 ' 20 I OUT  Marea«  and MatMtta.•,nstroriren aeeresaes 4renf 6 .r._+ 
A5 19 I OUT so me I/O T/atetn when  MENIEN  ,smetres. 1A0 7 "1̀  
AS { 18  i  oUT The memo out aasumo the tngnvfe,pedanse *1 6..,~̂ „ 
4.7 17 ! OUT =imams* M01.0A a arbw. .2 9 •r̂. 
AS 16 ~ %i1JT 4./4 10 "`',,, 
4.3 I 15 I OUT 413 11 ~ 
At0 Ì 14 , OUT 412 12 '`'..—,~ 
All ; 13 ' CUT A11 13 ~ 

Al: i  tá OUT A10 14 "~^`,,,, 
A1: 11 CUT' 48 15 :~ , 
Ali U.581 10  t  OUT Al 11 `~ti., 

( i 1.7 17 Y`~, 

I. 
. DATA BUS AS IS ;,::::: 

CO 04551 , 41 , I/O ' 00 mrouga 015 =emerge tee C,etret5dnar Al 19 w  
01 42 I/0  i  34tate data *us. Ten bus  tramsen  memory Al  ZO  ..~.. 
02 43 ' I/0 ; data  te  (*Men wr,t,ngi and 1,0511 i,.hen A3 21 ~ 
0,3 i  44 I I/O ; metre) the t3terNl.?.emery 1VStem w.ee A2 -", s~..... 
04 45 ' 1/0 • EMáN ,1 aet..e. Tee cars bus assumes tee Al '" ,ti`~,_•  

t 
Lt 

C5 : 46 I I10 ' htgn.mpeMne trite  ween  •taLOA .s AO 2t .~~., 
34 i  47  i  I/O  i  aG.ve. e4 3 In... 

07 45 Iro ' Yss .6 .1 

C8 I 49 ( I/O V00 27 ~, 

09 i  50 - I/0 e3 29 . 

D>!IN 29 

CRUOUT 30 .•.`~ .+ -~ 35 
CRUIN 31 ~ 34 

IN A T1 ..~... 33 

I ` NC -  ne  ..t..•.,  eem..e._-.e 
I ' POWER SUPPLIES 

YSg Ì 1  t ;$ueeey voltage t-5  V  NCMI  

V= ' 2,559  i i  Suoo+y votssçe IS  V  NOM1, Pi•n 2 see 59  ..nat  be nn.eCed ,5 oan.,.,. 

V00 i  27 ! i  $ueo.v.0rrega Itá'/  NOMI  

'es ÿ 25.4Oí ' 4rou,+e r.er.nes Am :5 350 40 •'+ust De c:55ec1rJ  .n  :meet; 

1 CLOCXS 
41 1 3 IN !  ,Naei-1 doer 
:2 9 ' IN , Pnate-: doe. 

03 ~ 28 ; I5. Pheer3 clock. 

e4 ( 25  i  IN ; Perase.4  dec,  

Ì 
010 ' 51 It0 j 

011 I 52 ; 1/0 
Ì 

012 ( 53 { I/O~ 

013 54 ` I/O  i  
0t4 . ! 55 1  1/0 

015 11.581 ; S6 : Ilo + 
1 I 

~~ 

READY 

Hc 

CRUCLX 
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TNIJ 9900 Product Data Book 

ARCHITECTURE 

TABLE 2 (CONTINUED) 

SIGNATURE , PIN j I/O DESCRIPTION 

BUS CONTROL 

Oats bus in. Wilen eetee (hgh),  DEIN  indicates that toe TMS 9900 as o,sao,ee  'n  output out fees to 

)slow the metnery to  plie  memory-react data on  trie  data Pus during MENEM.  DEIN  remains tow in 

ell other easel pecan aanen MOLDA is  actes.  

Memory enable When acme Hew). MEMEN indexes that the adorns  Dio  Content  i  memory merest. 

Whit enacts. When acme pow). WE indicates that ,sernory,vfne eats •S emitter from ire. TMS 9900 

t0 be we ttten into memory.  

CRU  does. When active Ilsgh), CRUCLK indicates that external ,nerfae logic snout tamale the 

asumut data on CRUOUT Or stsou)d deco*. external instruction on AO Otteugn A2.  

CRU  data ha. CRUIN. normally driven by 3412íe  ar  ocen.cC l.clor Pewees, receives input data from 

external interface Ices. When the processor executes a STCR or  TE  itetruct,on,is lampiee CRUMN for 

the  leva(  of the  CRU  input at s eptieo  Cv  the address  Dus  IA3 ;ntouçi A141,  

CRU  data out Sena( I/O eau aottears on me CFUOUT line when an LOOP.. 5_z, or 550'struetion 

is exeeutad. The pace on CRUOUT should de zeroed by  esterai  I/O ,nteeiace leçte when CRUCLK 

gees ac'., Mehl. 

INTERRUPT CONTROL 

Interrupt recuest. When =ex How), INTR  ED  indicates mat an external ,n•.erruot  n  ',scuffled tt 

INTREC  +i  scene, the processor Icaes the Can en the interr001-000e.neut noes ICD •nrouçn (CO into 

Me interne! rhtan%isl.c e-itoreçe repine'. The  ecc,  n  cortsanc to me interrupt mass zits  o'  nee 

status register. It eoua) Or Mgref encnty than he tea ill inter tea Mw' iinteseu01 C7Oe  seuil  or less  

ahan  status resister bits 12 tnrtaren 15) true TR5 9300 ,nterruot sewunce s ,n.;teteC.  l'  the 

eoObarnpn fails. the 0,00100Or ignores the reeuest. (NTP  EO  should remain set,ee Inc he processor  

tedi  enntrnuS to sands ICJ through IC1 until me program enao es a sutt,C,enite 'ow  Ormone,  to actxot 

the secures intern= 

COIN 23 OUT 

MEMEN 63 OUT 

WE 51 I OUT 

CRUCZ.K 60 OUT 

CRUIN 31 IN 

CRUOUT 30 OUT 

IrTREO 22 IN 

COi (USE) 36 IN Ineerypt COMM tC'J is the MSa of the NiterrVpt Cede, wren ,a saitneiC ...men INT=E7 's actryt. When 

ICi 35 IN (CO through (CO PR LLL.M, me highest  exterar-prron^f wire-even  n  dNng reetieSSC are  ween  L+nMJ••, 

ICZ 34 IN the lowest-orronry interrupt ,a being raCwstae. 

IC3 (L53) 33 IN 

MEMORY CONTROL 

MOLD 6•t IN Mee. When active (low),  MOLO  indiates to trig processor teat an  este ici  Controller (.R.. DMA 

device) Cannes to urliae the accress  ano  Pali Ousel to transfer eats to Or from nernons The 

TMS 9900 enters tee hold state feloren; a hoed ssgnal  pree,  .t  has committed its ?resent eierio•Y 

I eren.'  The ?recede  teer gaas  Tee 100,113 and eau Dunes  .n  the R,On..rte,oanee sate ia.Ong with 

WE, MEMEN, and 0E1N) and  rasossen  with a nol?-ecenowieege renal iNOLDAI. When MOLD ,s 

remove:, the procae  te  r T.ureS 10 normal OOe itien. 

MOLDA S 

READY 

WAIT 3 vLíT 

I /  

Mold acenewledge. When acne thigh). MOLDA inspires that elf.  ?roeistof  ,t  in the held state  arp  

the redress and data buses end memory comics  oorbuts  IWE. MEMEV,  en:  DEINI are in me 

ngn-.retnecance  stata.  

Raley. When =tee thigh), READY n:icates that Tensors. unit  oe  ready CO RIC Of sent: dur:nç me 

neat  dort  dads.  Wem  Aot.flede  n  inC,Cated Own., a  eremore  ceeano... he TMS 9900 enters a watt 

State also  isterica  internat  dretsen  gold the memory  ereeen  indicate 'saes.. 

Wait. When aerie +trice), WAIT ,neie3Rt that The s.5 9900 Res mere: a wait star because 0'  a 

'ot+tacY condition from tr•emcry, 

CUT 

're me  eye'. •enew.eq tee  eresent  memory rye,. es  *me a ...eery  asei.,  •t,  too, s ceme,eree  *eiar.  tee tv.y9900 .••refs,..• eerie state !he  

meetmum .vaceer  Of Golf t,tne w.mery item '1 'fat 

Fig. 4 (e.enT:mated) 
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AREA DEFINITION 

INTERRUPT VECTORS 

XOP SOFTWARE TRAP VECTORS 
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FIGURE 2 — MEMORY MAP 

Three internal registers are aCcesslDle to the user. The program counter (PC; conrn5 me address Or the mstruCtbn 

foi+ow+n0 me cLrrent inStruCt•On berg executed This address is rerererced by the processor to +etc^ 6`•e ^ext 

instruction from memory and ,s then autOrnat!Cai1Y incremented The status register  (ST)  conta'ns.tne D'e5ent state of 

the Processor and tw.1( be further defined in Secnon 3.4., The workspace 0O.nter (wP) contains me 30ur?55  Cf  me °'rs: 

word  m  the Currently active Se: of wor(S33Ce regeste's. 

A wOriCspaCe•reCnte' f oCCrDres 16 CDnt4.l0LS mertlOrV w0roS  )n th!  genera,  memory area Isee  ^.gure  71. 5a:1, 

workspace re91Ste' rnav mold Cate or  addresses amp fSlnctron as operand reg+sters, aCC..mula:ors, audres5 r?=:Ste'S. or 



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

CRU  ALLOCATION  
Of the available 4K of  CRU  bits, the first 1K (addresses 0000-O7FE) are used 
internally in the 
reserved for future 
the peripherals 
assigned to each 

CRU  ASSIGNMENTS  

Home Computer. The second 1K (adresses  0800-OFFE) are 
use. The last 2K (addresses 1000-1FFE) are reserved for 

to be plugged in the I/O port. A block of 128  CRU  bits is 
peripheral as listed below..  

CRU  
ADDRESSES 

. 
A3 A4 A5 A6 A7 USE 

0000-OFFE  OXXXX INTERNAL USE 
1000-10FE I 0 0 0  O  RESERVED 
1100-11FE 1 0 0 0 1 -DISK CONTROLLER 
1200-12FE 1 0 0 1 0 RESERVED 
1300-13FE 1 0 0 1 1 RS 232 (I) 
1400-14FE 1 0 1 0 0 RESERVED 
1500-15FE 1 0 1 0 1 RS 232 (11) 
1600-16FE 1 0  i  1 0 RESERVED 
1700-17FE 1 0 1 1 1 RESERVED 
1800-18FE 1 1 0 0 0 THERMAL PRINTER 
1900-1FFE 1 1 X X X FUTURE EXPANSION 

INTERRUPT HANDLING  

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

9900 INTERRUPTS  

VECTOR  LOC.  
INTERRUPT (MEMORY ADDS. CPU DEVICE 

LEVEL IN HEX) PIN ASSIGNMENT  

(High 0000 RESET RESET  
est 0 FFFC LOAD LOAD 
Prior- 1 0004 INTI EXT DEV (9901) 
ity) 

Lower priority CPU interrupt are not used. The additional interrupts 
available are implemented on 9901. 
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TABLE 1. SUMMARY OF 9900 MICROPROCESSOR INSTRUCTIONS 

Mnemonic Instruction Code Description  

A Add Words 

AB Add Bytes  

ABS Absolute Value 

AI Add Immediate 

ANDI AND Immediate 

B Branch  

BL Branch and Link 

BLWP Branch and Load Workspace Pointer  

C Compare. Words 

CB Compare Bytes 

CI Compare Immediate 

CKOF Clock Off (control instruction) 

CKCN Clock On (control instruction) 

CLR CLEAR  

COC Compare Ones Corresponding 

CZC Compare Zeroes Corresponding 

DEC Decrement 

DECT Decrement By Two 

DIV Divide 

IDLE Idle (control instruction) 

INC Increment 

INCT Increment By TWO 

INV Invert 



SUMMARY OF 9900 MICROPROCESSOR INSTRUCTIONS (CONTINUED) 

Mnemonic Instruction code Description  

JEQ Jump If Equal to 

JGT Jump If Greater Than  

JH Jump If Greater Than (Logic) 

JHE Jump If Greater Than Or Equal To (Logic) 

JL Jump If Less Than 

JLE . Jump If Less Than Or Equal To (Logic) 

JLT Jump If Less Than 

JMP Unconditioned Jump 

JNC Jump If No Carry 

JNE Jump If Not Equal 

JNO Jump If No Overflow 

JOC Jump On Carry 

JOP Jump On Odd Parity 

LDCR Load  CRU  

LI Load Immediate  

LIMI Load Interrupt Mask Immediate 

LREX Restart (control instruction) 

LWPI Load Workspace Pointer Immediate 

MOV Move (word) 

MOVB Move Byte 

MPY Multiply  

NEG Negative  

ORI OR Immediate 

RSET Reset (control instruction) 
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SUMMARY OF 9900 MICROPROCESSOR INSTRUCTIONS (continued) 

Mnemonic Instruction Code Description  

RTWP Return With Workspace Pointer 

S Subtract Words  

SB Subtract Bytes 

SBO Set Bit To Logic One  

SBZ Set Bit To Logic Zero 

SETO Set To One  

SLA Shift Left Arithmetic  

SOC Set One Corresponding 

SOCB Set Ones Corresponding 

SRA Shift Right Arithmetic 

SRC Shift Right Circular 

SRL Shift  Richt  Logical 

STCR Store  CRU  

STST Store Status  

STAP Store Workspace Pointer 

SWPB Swap Bytes 

SZC Set To Zeroes Corresponding 

SZCB Set To Zeroes Corresponding Bytes 

TB Test Bit 

X . Execute 

XOP Extended Operation 

XOR Exclusive OR 



MEMORY SELECTION LOGIC 

GENERAL DESCRIPTION 

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

HARDWARE DESCRIPTION 

The schematics of the memory selection logic with a memory map is given 
in figure ii,  p•  
When MEMEN is active, 9504 (74L5138) decodes the three most significant 
address lines AO through A3, dividing the address space in the following 
8 blocks of 8 bytes. 

BLOCK 0 
Memory Block 0 ('0000-'1FFF) is used to select the system read only 
memory (ROM). 

BLOCK 1 
Memory Block 1 (>2000->3FFF) is reserved for memory expansion. 

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

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

BLOCK 4 
Memory block 4 (-> 80G0 -9FFFF) is used divided in several parts. Memory 
locations> 8000 to >83FF are used for the fast system read-and-write 
memory. This further decoding of the address space is done in or-gates 
U507. This part of the circuitry also generate the RAMBLK signed, which 
is used to select the TMS 9901 programmable system interface. 
Furthermore the MB4 signal is used to select a second 74LS138 which 
divides memory block - 4 in more parts. 

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

START SIGNAL 
By combining the CSRAM and  ROMEN  signals, together with MEMEN in 
NAND-gate U606 and OR -gate U605 the START signal is developed. This 
signal is used in the a16 to 8 bit interfacing circuit. 
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MEMORY SELECTION LOGIC 
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MEMORY ALLOCATION  

The memory address space is broken into 8 blocks of 8K bytes 
of memory. The third block (addresses 4000 - SFFF) is 
predecoded and made available at the I/O port for the 
peripherals. The second sixth, seventh and eighth blocks 
(addresses 2000-3FFF and A000 - FFFF) are available for 
further expansion. For the speech module, (addresses 9000 
97FF), a predecoded line is available at the I/O port. 

SYSTEM MEMORY MAP  

HEX ADDRESS  

0 - IFFF 
2000 - 3FFF 
4000 - SFFF 

6000 - 7FFF 

8000 - 9FFF 

A000 - SFFF 
C000 - DFFF 
E000 - FFFF  

Console ROM  Space 
Future Expansion  (internal/console)  
Peripheral expansion  (predecoded to 
I/O Connector) 
Game cartridge ROM/RAAM (predecoded 
to GROM Connector) 
Microprocessor RAM, VDP, GROM, SOUND 
and SPEECH select.  
Future Expansion 
Future Expansion 
Future Expansion  

MEMORY MAPPED DEVICES  

Addresses AO Al A2 A3 A4 A5 A14 A15 USE 

8000 1 0 0 0 0 0 0 0 Internal RAM 
(8300-83FF) 

8400 1 0 0 0 0 1 0 0 Sound 
8800 1 0 0 0 1 0 0 0 VDP Read Data 
8802 1 0 0 0 I 0 1 0 VDP Read Status 
8C00 1 0 0 0 1 1 0 0 VDP Write Data 
8CO2 1 0 0 0 1 1 1 0 VDP Write 

Address 
9000 1 0 0 1 0 0 0 0 Speech Read 
9400 1 0 0 1 0 1 0 0 Speech Write 
9800 1 0 0 1 1 0 0 0  GROM  Read Data 
9802 1 0 0 1 1 0 1 0  GROM  Read 

Address 
9C00 1 0 0 1 1 1 0 0  GROM  Write Data 
9CO2 1 0 0 1 1 1 1 0  GROM  Write 

Address 
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ROM & RAM MEMORY 

GENERAL DESCRIPTION 

The 99/4A Home Computer uses 8K bytes of read only memory for execution of 
fast system routines. 
It has also 256 bytes of random access memory which is used as a 
scratchpad memory. 

READ ONLY MEMORY 
The 99/4A uses the TMS 4732 as a read-only memory. This device 
contains 32K bits of read-only memory. It is housed in a 24 pin dual in 
line package and uses a single 5 volt supply voltage. .12 address lines 
are used to select 4K bytes of 8 bits. _ 
The device uses two chip select inputs, which both have to be active (low) 
to select the device. 

READ-AND-WRITE MEMORY • 
The 99/4A uses the  MCM  6810 as random access memory. The  MCM  6810 is 
housed in a 24 pin dual in line package and uses a single 5 volt supply 
voltage. 7 address lines are used to select 128 fields of 8 bits. 6 pins 
are available for device selection, of which two have to be low and four 
have to be high to select the RAM. 
Another pin (R/W) is provided to distinguish between writing and reading 
of data. 

HARDWARE DESCRIPTION 

Hardware connections to ROM and RAM memory are given in figure /g2;  p.  3E5. 

RAM MEMORY 
Two RAMS (U608 & U609) are connected in parallel to generate a 16 bit 
data bus, as is required by the TMS 9900. The devices are selected by the 
RAMCS signal, generated by the memory selection logic. Distinction 
between reading and writing is made by connecting the WE signal of the TMS 
9900 to the R/W PIN 16. Address lines A8 through A14 are used to select 
the proper memory locations. 

ROM MEMORY 
Both  ROMS  are connected in  paralel  to generate the required 16 bit data 
bus. 
The  ROMS  are selected by the  ROMEN  signal, generated by the memory 
selection logic. This signal is applied on pin 20. 
Address lines A3 through A14 are used to select the proper memory 
locations. 
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16 TO 8 BIT INTERFACING CIRCUIT. 

GENERAL DESCRIPTION 

The 16 to 8 bit interfacing circuit is used to interface 8 bit devices 
such as Video Display Processor (VDP). The sound chip, 
graphics-read-only memory  (GROM)  and external 8 bit peripherals to the 16 
bit data bus of the TMS 9900. It does so by successively placing the 
least significant and most significant byte of a word on the 8 bit system 
data bus during a write operation. During a read operation adjecent bytes 
are placed in the least significant and most significant byte of the 16 
bit word. To enable 8 bit devices to destinguish between the bytes, an 
additional address line A15 is generated. The interfacing circuit also 
performs the synchronization between devices connected to the 8 bit system  
databus  and the the TMS 9900 by generating adequate timing of the WE and 
READY signals. 
A of the interfacing circuit is given in figure 13, p. 4.11. 

HARDWARE DESCRIPTION 

The hardware description is divided in the following parts: 

A. Description of the 16 to 8 bit multiplexing circuit. 
B. Generation of the control signals for the multiplexing circuit.  
C. READY/HOLD generation.  
D. WE gernation. 

A. 16 TO 8 BIT MULTIPLEXING CIRCUIT 

An overview of the hardware used to interface the 16 + 8 bit 
data uses is given in figure /3, ?•`/. 
During a write operation the data on the 16 bit bus is gated to the 8 
bit system bus by enabling U616 and U614 in succession. During a read 
operation the least significant byte on the 8 bit data bus is stored in 
the 8 bit latch U615. Then the most significant byte is gated to the 
16 bit data bus by enabling bidirectional buffer U614 and the total 
word is fetched by the TMS 9900. The DIOG and DBIN on U614, DING an.d 
A15 on U615 and the DOG on U616 are used for enabling IC's and for 
determining the direction of the data flow. 
If no interfacing occurs,-the 16 bit data bus is kept floating to allow 
the TMS 9900 to access ROM or RAM memory. 

B. CONTROL SIGNAL GENERATION 

Control signal for the multiplexing circuit are generated by the 
circuit in figure  t',  p. 41;• 
U613 is a 4 bit shift register of which the outputs are used for timing 
purposes. 
When the START signal is hign, pin 2 of 0604 is low. This pin, 
connected to pin 1 of U613, sets all the outputs of the shift 
register to a binary zero. Since the START signal is also connected 
to pin 10, the shift register is disabled. Control signal generation 
is started when START becomes low, pin 10 which becomes also low 
selects the right shift mode of shift register 0613. 
Shift operation is then started as soon as pin 9 of 0613 becomes high, 
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depending on the system ready status. When the shift operation has begun 
shift output QC on pin 13 inverted in 0602 and fed back to the right 
shift input on pin 2. On every rising flank of  QI  (pin 11) the contents 
of the shift registers are shifted one position, giving timing signals on 
the outputs Qa, Qb and Qc (see figures I -7-1G, pp. 4#5-140). 
These outputs are used for generate the control signals in NAND-gates 
0603 and U606. Both DBIN and DBIN are used for selecting the direction 
of the data flow. 
CSVDPR disables U6I4 if a read from the video display processor occurs, 
this because the VDP data bus is directly connected to D1-07 of the TMS 
9900.  

C.  READY GENERATION • 
The READY generation circuit as shown in fig.i.  p  i  has two operation 
modes. In the normal mode the system ready signal is input on pin 12 
of U607. The pull-up resistor R508 assures that under normal 
circumstances the READY signal is true. • 
Slow devices can add•wait states by connecting pin 12 of U607 to 
ground. The READY signal is sampled on Q2 and available on pin 9 of 
U607. 

THERE ARE NOW TWO POSSIBILITIES: 

ROM OR RAM IS SELECTED 
In this case shift register 0613 is not enabled and the READY signal is 
gated directly via U603 and U602 to the READY/HOLD input  cf  the TMS 9900. 
Note that in this case PIN 12 of U603 has to be high. 

EXTERNAL READY TIMING 
If other devices than ROM or RAM are selected, the 16 to 8 bit 
interfacing circuit will be used. This means that the TMS 9900 has to be 
put in a WAIT state until two bytes of data are written or read by the 
interfacing circuit. This is accomplished by decoding the Qa and Qc 
outputs of the shift register in NAND-gates U612 and U603 to provide a 
low READY signal until both bytes are processed by the interfacing 
circuit. 
If during this operation a device generates a not READY, the shift 
register will stop its operation until ready becomes high again. Timing 
diagrams for the READY signal can be seen in f  i  guret -a -3,  

WE GENERATION -  - 
The WE circuit as given in fig.,L,p.,, generates the WE signals when 
writing data to an external device. In that case WE of the system has to 
be low every time a byte of information is transferred. 
To accomplish this, outputs Qb, on PIN 14 and Qc on pin 13 of 0613 are 
used to set and preset flip flop U6O7on pin 2 and 4. In this way two 
periods of 2 clock cycles long for which WE is low are Generated on pin 
3 of 0606. Q4 is used to clock U607 to assure that WE is going low on 
the rising edge of Q4, which is in agreement with TMS 9900 timing. WE is 
only gated to.,,;xternal devices when a memory write is accomplished by 
combining the WE of the TMS 9900 after inverting in U602 with the 7-4-c.  of 
the interfacing circuit. The total signal is then available of pin 3 of 
0606. 
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GRAPHIC READ ONLY MEMORY 

GENERAL DESCRIPTION 

The TMC 043.;  GROM  is a  P-channel read only memory containing 6144 8-bit 
bytes. 
The circuit has an on chip autoincrementing address counter which selects 
one of the 6144 memory bytes. 

FUNCTIONAL DESCRIPTION 

CPU INTERFACE 
The  GROM  interfaces to the CPU through the parallel data bus and the 
memory control lines as shown in fig. 3.0,33.The CPU interface consists 
of 8 data I/O lines (D0-07), chip enable  (CE),  READY, and 2 mode control 
lines (MO, M1). The  ,GROM  also requires a nominal 500 kHz clock input 
(OSC).  

GROM  PAGING 
The  GROM  has a 16-bit address register of which the lower 13-bits are 
used to address the 6144-byte ROM matrix. The most significant 3-bit 
field is used to select on of eight  GROM  pages. Each  GROM  has fixed 
3-bit page number which is determined during manufacture. .The  GROM  
compares this number with the address register page select field. If a 
match occurs, then the  GROM  is the "selected page" or "current page". 
The  GROM  data bus is placed into the output mode during a read data 
operation only if the  GROM  is the current page. The other  GROM  functions 
are not affected by the page select field. The page select field permits 
up to eight GROMs to be used in parallel. Each  
GROM  is tied to same chip enable, memory control, and data lines as the 
other GROMs. Since the page select field does not affect the data 
register or address register operations, all parallel GROMs are synchron-
ized following initialization. However, since only one  GROM  is the 
current page, only one  GROM  outputs data on the data bus during a read 
data 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 
into  slaeed  into the output mode during a read data operation. During a 
read address operation. During a read address operation, all GROMs 
output the address byte. Since all GROMs are synchronized following 
initialization no data bus conflict occurs. 

ADDRESS REGISTER AUTINCREMENTATION 
The address counter is autoincremented following a read data, write data, 
or a pair of consecutive write address opetations. When the current 
address is 8191, the next autoincrement cycle will result in a zero 
address value. The page select field is not affected by the 
auto increment. 

When the value of the address register lower 13-bit field is greater 
than 6143, the  GROM  will continue to fetch data from the 6144 byte array. 
This condition should be avoided in order to prevent invalid data fetches 
and transfers. 

INITIALIZATION 
During the power up sequence, the microprocessor should execute a 
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"dummy" read data operation. This will guarantee that a newly powered 
.up  GROM  will not respond to the first write address operation as if it 
were the second write address operation. 
The microprocessor should then initialize the  GROM  address registers with 
two consecutive write-address operations. 

READY 
The  GROM  ready line is normaly low and is high only when the  GROM  has an 
active  CE  and has read in the contents of the data bus during a write 
operation•or has placed data on the bus during a read/(operation. The 
READY line control is independent of the page select. Typical READY line 
timing is shown in figure 3i  p.  53. 

ACCESS DELAY 
The  GROM  requires that a second I/O operation not occur before it has 
completed the first operation. Consequently,  CE  must remain high at 
least 2.5  GROM  clock cycles following the trailing edge Of the last 
I/O operation. For a nominal 500 kHz OSC input, the minimal required 
delay between the rising edge of  CE  and the next falling edge is 5 
microseconds. 

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

TABLE a G,e.rr SlG OP~f;r? ic~ 

MODE 

MO Ml I/O OPERATION 

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

0 _1 READ DATA - The read data operation transfers the data byte in 
the data register to the CPU if the  GROM  is the current page.. 
The address register is then autoincremented. The addressed 
ROM byte is fetched and placed into the  GROM  data register. 

1 0 WRITE ADDRESS - The write address operation transfers the data 
byte on the  GROM  data I/O bus to the least significant byte 
(LSB) of the  GROM  address register. The old address register 
(LSB) is transferred to the address register most significant 
byte (MSB). Two consecutive write addressoperations cause the 
addressed ROM byte to be fetched and placed into the  GROM  data 
register; the address register is then autoincremented. A 



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

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

It should be noted that the MO line controls whether the data or address 
register is to be affected and the M1 line controls whether the operation 
is an input or output cycle. 

HARDWARE DESCRIPTION 

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

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

DATA BUS INTERFACING 
All 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 
OBIN to M1 and address line A14 to MO. Thus a read operation is 
performed when DBIN is high and a write operation when OBIN is low. 
Address line A14 distinguishes between data and address operations.  

GROM  SELECT  
GROM  selection is performed by the circuit in figAz.?sa. when  MENEN  is 
low, U504 decodes address lines AO, Al and A2. Decoder output Y4 is used 
to select a second 3 to 8 decoder U5O5. This device is enabled when Al5 
and one or both signals DBIN and A5 are low. Decoding of address lines 
A3, A4 and A5 are then used to select the GROMs by "ANDing" outputs Y6 
and Y7 by mean of the NAND U506 an inverter U508.  

GROM  READY 
The  GROM  ready signal is connected to the READY/HOLD via U508 and U506. 
U508 inverts the  GROM  READY signal. This signal is then combined in 
NANO-GATE U5O6 with the  GROM  select signal to get the appropriate signal 
for the system READY/HOLD line. 

MEMORY MAP  
Table  3 shows  the  memory map  for the successive  GROM  instructions.  
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TABLE 3  

GROM  MEMORY MAP 

ADDRESS TYPE OF INSTRUCTION 

9800 READ GROM DATA 
9802 - READ GROM  ADDRESS  
9C00 WRITE GROM DATA 
9CO2 WRITE GROM  ADDRESS  

As can be seen address A14 distinguishes between an address and data 
instruction. Distinction between read and write instructions is made by 
D8IN and the different addresses. This is done because when writing data or 
address information, the 9900uP executes a dummy read which would otherwise 
influence the address counter in the  GROM.  
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TMS 9901 PROGRAMMABLE SYSTEM INTERFACE 

GENERAL DESCRIPTION 

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

The TMS 9901 PSI interfaces to the CPU through the Communication Register 
Unit  (CRU)  and the interrupt control lines. The TMS 9901 occupies 32 bits 
of  CRU  input and output space. The five least significant bits of the 
address bus are connected to the PSI to address one of the 32  CRU  bits of 
the TMS 9901. The most significant bits of the address bus are decoded on  
CRU  cycles to select the PSI by taking its chip enable  (CE)  line active 
(low). • - 

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

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

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

A block diagram of  the TMS  9901  PSI  is  given  in  figure  y>>;  p.  t'a.  

CRU INTERFACE  

The CPU communicates with the TMS 9901 PSI via the  CRU.  'The TMS 9901 
occupies 32 bits in  CRU  read space and 32 bits in  CRU  write space. 
The  CRU  interface consist of 5 address select lines (SO-S4), chip enable  
(CE),  and three  CRU  lines (CRUIN, CRUOUT, CRUCLK). The select lines 
(50-54) are connected to the five least significant bits of the address 
bus (A10-A14). Chip enable  (CE)  is generated by decoding the most 
significant bits of the address bus on  CRU  cycles: When  CE  goes active 
(low), the five selected lines point to the  CRU  bit being accessed . When  
CE  is inactive (high), the PSI's  CRU  interface is disabled. In case of a 
write operation, the TMS 9901 strokes data off the CRUOUT line with 
CRUCLK. For read operation, the data is sent to the CPU on the CRUIN 
line. 
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INTERRUPT INTERFACE 

A block diagram of the interrupt control section is show in fig-J-4 
The interrupt inputs (6 dedicated (INT1-INT6), and 9 programmable) are 
sampled on the falling edge of Q3 and latched onto the chip for one Q3 
time by the SYNC LATCH, each Q3 time. The output of the SYNC LATCH. is 
inverted (interrupts are active low) and ANDed with its respective mask 
bit (mask=1, interrupt enabled). On the rising edge of Q3, the 
prioritizer and encoder senses the masked interrupts and produces a 
four-bit prioritized code and INTREQ are latched off chip with a SYNC 
LATCH on the falling edge of the next Q3, which ensures proper 
synchronization to the processor. The interrupt mask bits on the TMS 9901 
PSI are individually set or reset under software control. Any unused 
interrupt line should have its associated mask disabled to avoid false 
interrupt: to do this, the control bit  (CRU  bit zero), is first set to a 
zero for interrupt mode operation. Writing to TMS 9901  CRU  bits 1-15 
indicates the status of the respective interrupt inputs; thus, the 
disigner can employ the unused (disabled) interrupt input lines as data 
inputs (true data in). 

INPUT/OUTPUT INTERFACE 

A block diagram of the TMS 9901 I/O interface is shown in fig.23.~.s0. Up 
to 16 individually controlled I/O ports are available (seven dedicated, 
PO-P6, 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 (power-up-
reset) will program all I/O ports to input mode. Writing data to a port 
will automatically switch that port to the the output mode. Once 
programmed as an output, a port will remain in that state until RST1 or 
RST2 (command bit) is executed. An output port can be read and 
indicates the present state of the pin. A pin programmed to the output 
mode cannot be used as an input pin: applying an input current to an 
output pin may cause damage to the TMS 9901. The TMS 9901 outputs are 
latched and buffered on chip, and inputs are buffered onto the chip. The 
output buffers are MOS-to-TTL buffers and can drive two standard TTL 
loads. 

PROGRAMMABLE PORTS  

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

Fig.j44 obis a block diagram of the TMS 9901 interval timer section. The 
clock consist of a 14 bit counter that decrements at a rate of f(Q3)/64 
(at 3MHz this results in a maximum interval 349 milliseconds with a 
resolution of 21.3 microseconds). The clock can be used as either an 
interval timer or an event timer. To access the clock, select bit zero 
(control bit) must be set to a one. The clock is enabled to cause 
interrupts by writing a nonzero value to it and is then disabled from 
interrupting by writing zero to it or by a RST1. The clock starts 
operating at no more than two Q3 times after it is loaded. When the 
clock decrementer is running, it will decrement down to zero and will 
also be reloaded from the clock register and decrementing will start 
again. (The zero state is counted as any other decrementer state). The 
decrementer always runs, but is will .not issue interrupts until enabled; 
of course the contents of the not enabled clock read registers are 
meaningless. 

POWER UP 

During hardware reset, RST1 must be active (low) for a minimum of two 
clock cycles.to force the TMS 9901 into a known state. RST1 will disable 
all interrupts, disable the clock, program all I/O ports to the input 
mode, and force 1C1-IC3 to all zero's with I`t:REQ held high. The system 
software must enable the appropriate interrupts, program the clock, and 
configure the I/O ports as required. After initianal power-up the TMS 
9901 is accessed only as needed to service the clock, enable (or disable) 
interrupts, or read (write) data tc the I/O ports. The I/O ports can be 
configured by use of the RST2 software reset command bit. 

HARDWARE DESCRIPTION 

Connections to the TMS 9901 as used in the 99/4 are given in figure ßQ;p• 7 
The TMS 9901 is reset during power up by using the buffered reset 
signal of the TMS 9900. 
The TMS 9901 enabled by the RAMBLK signal (see memory selection part, 
figure 
When enabled the 9901 communicates with the TMS 9900 through the CRUIN, 
CUROUT and CRUCLK lines. The  CRU  bits are selected by decoding A10 
through A14. 
Connections with the devices which interface to the TMS 9901 are 
discussed in other sections. 
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2.7 Pin Descriptions 
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ADDRESS  CRU  BIT 

TAôl.f 
9901 INTERRUPT MAPPING 

9901 PIN FUNCTION 

0000 0 Control Control 
0002 1 INT1 17 External 
004C 2 INT2 18 Video Display Processor 

Vertical Sync 
0006 3 INT3 9 Clock Interrupt, Keyboard 

"ENTER" line, Joystick 
"FIRE" 

0008 4 INT4 8 Keyboard  "L" line, Joystick 
"LEFT" 

000A 5 INT5 7 Keyboard  "P" line, Joystick 
"RIGHT" 

000C 6 INT6 6 Keyboard "0" line, Joystick 
"DOWN" 

000E 7 INT7 (P15) 34 Keyboard "SHIFT" line, Joy- 
stick "UP" 

0010 8 INT8 (P14) 33 Keyboard sace line 
0012 9 INT9 (P13) 32 Keyboard  "Q" line 
0014 10 INT10 (P12) 31 . Keyboard "1" line 
0016 11 INT11 (P11) 30 Not Used 
0018 12 iNT12 (P12) 29 Reserved 

001A-1E 13-15 iNT13 INT15 28,27 Not Used 
& 23 

&-.c 
9901 I/O .MAPPING 

ADDRESS  CRU  BIT 9901 PI`! FUNCTION 

0020 16 PO 38 Reserved 
0022 17 P1 37 _Reserved 
0024 18 P2 26 81T2 (LSB) of Keyboard 

Select 
0026 19 P3 22 BIT1 of Keyboard Select 
0028 20 P4 21 .BITO (MSB) of Keyboard 

Select 
002A 21 P5 20 Not used 
002C 22 P6  19 Cassette Control 1 
002E 23 P  7  (INTI5) 23 Cassette Control 2 

0030 24 P  8 (INT14) 27 Audio Gate 
0032 25 PIO (INT12) 28  Mag  Tape Out 
0036 27 P1i (INT11)  30  Mag  Tape Input 
0038-003E 28-31 P12-P15 31-34 Not used 
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%AßLE -rERIPNER/u. 
OA) r/C ie 

A3 A4 A5 A6 

f)b0/22-SSCS 

/3 US 

A7 Use (Peripheral) 
Device  
Number CRU  Addresses 

>(0000 - >01T"E  (l x x x x internal use 
>10(10 - >1(1FE 1 0 0 0 0 Reserved 0 

>1100 - >l1FE 1 0 0 0 1 Disk controller 1 
>1200 - >121=2-  1 0 0 1 0 Reserved 2 
>1300 - >13FE 1  (l  (1 1 1 RS232, ports 1 and 2 3 
>1400 - > 14I-T.  1 0 1 0 0 Reserved 4 
>1500 - >15FE 1 0  l  0 1 RS232, ports 3 and 4 5 
>1600 - >16FE 1 0 1 1 0 Reserved 6 
>1700 - >17FF 1 0 1 1 1 Reserved 7 
> 1000 - > HIVE 1 1  Il  0 (1 Thermal Printer 8 
>19(10 - >191E  i  I (1 (1  l  Future expansion . 9 
>1A00 - >1  AIT  1 1 0 1 0 Future expansion 10 
>1(f00 - >1f1FE 1 1 0 1 1 Future expansion 11 
>1C00 - >1CFE 1. 1 1 0 0 Future expansion 12 
>1D0(1 - >IDFE 1 1 1 (1 1  Faure  expansion 13 
>1E00 - >11-TE  1 1 1 1 0 Future expansion 14 
>11700 - >1(1-E 1 1 1 1 1  P-Code peripheral 15 
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VIDEO DISPLAY PROCESSOR 

GENERAL DESCRIPTION 

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

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

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

ARCHITECTURE 
Fig. 2t,  p•  7i shows the block diagram of the video display processor. 
Interface to the CPU is via an 8 bit bidirectional port controlled by 
two select and one address line. Interface to the refresh RAM is via an 8 
bit data bus, an 8 bit address/data bus, and 3 control lines. The VDP 
provides clock and synchronization signals to the system via the  GROM  CLK, 
CPU, CLK, and CPU  INT  signal lines. 

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

OSCILLATOR AND CLOCK GENERATIO+N 
The video display system designed to operate with a 10.738535 mHz +/- 50 
PPM crystal input to generate the required internal clock signals. A 
fundamental frequency parallel mode crystal is used as the frequency 
reference for the internal clock oscillator, which is the master time base 
for all system operation. This master clock is divided by two to generate 
the dot clock rate of 5.3 mHz. The master clock is divided by 3 to 
provide the CPU clock. The  GROM  clock is developed from the master 
clock divided by 24. Additional, the master clock and its compliment 
are divided by 3 in two stages to provided the 6 basic color phase 
frequencies which generates the color on the target color  tv.  

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

6= 



TABLE 7 

Color vector relationships to the 3.079545 MHz color reference. 

STANDARD VDP FIRST 
COLOR PHASE APPROXIMATION GOAL* 

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

* Electrical design will attempt to provide these color signals. 

VIDEO SYNC AND CONTROLGENERATION 
The vertical and horizontal control signals are generated by decoding the 
output of the horizontal counter increments the vertical counter. Table  
e  gives the relative count values of the screen display parameters. Within 
the active display are, the three least significant bits of 
the horizontal counter addresses the individual picture elements of each 
pattern displayed. Also, during the vertical active vertical counter 
addresses each individual line in the 8 X 8 patterns. 
The VDP operates at 264 lines per frame and approximately 60 frames per 
second in a non-interlaced mode  cf  operation. 

TABLE 
SCREEN DISPLAY PARAMETERS 

HORIZONTAL DOT CLOCK CYCLES 

Horizontal active display 255 
Right border 15 
Right blanking 8 
Horizontal sync 26 
Left blanking 2 
Color burst 14 
Left blanking 8 
Left border 13 

TOTAL 342 

VERTICAL LINE 

Vertical active display 192 
Bottom border 26 
Bottom Blanking 3 
Vertical sync 3 
Top blanking 13 
Top border 27 

TOTAL 254 
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TELEVISION SCREEN DISPLAY 
The VDP assembles three major elements into a composite for display on the 
target television: background, pattern matrix, and sprites. In normal 
operation the background is composed of the border of the active display 
area. The color of this region is specified by loading the specific code 
for the color desired into the screen background color register. All 
color of this region is specified by loading the specific code for the 
color desired into the screen background color register. All color 
information is described by four bit codes composed of three color select 
bits and an intensity bit giving a total range of 15 colors with one code 
reserved for the transparent state. 

PATTERN GENERATION 
The second element of the screen display is the 32 X 24 matrix of patterns 
formed and is the active display area. Each pattern is composed of an 
8 X 8 matrix of picture elements. 
In a raster scanned television system each line of video information must 
be built and, displayed. To accomplish this, a list of 768 8-bit names - 
one for each pattern to be displayed - is assembled in the screen 
refresh memory. The 8-bit name contains both color and display 
information. 

EXTERNAL VIDEO OPERATION 
In this mode any VDP - generated signal, other than the background, will 
be display as generated. When no signal is generated, the external signal 
is gated through. In both modes, however, the external sync, blanking, 
and color burst signals are controlling the VDP and the target  tv  system. 
No internal synchronization is made to the color burst. Therefore, if a 
color VDP generated signal is desired, an externally generated 13.7 MHz 
(i.e., 3x the color frequency) must be provided to the XTL1 input and its  
non-overlapping  complement to the XTL2 input. 

VD? RESET 
The VDP is reset by applying a low signal to the RSET pin. This signal 
must last for at least 2 usec. Reset does the following: Synchronizes 
all clocks to its negative going edge (this includes Q1-Q4 control clocks, 
CPUCLK, GROMCLK and color burst), sets horizontal and vertical counters to 
known state, clears the internal command registrs, gets the text color and 
border color to black, and clears all status flags. 

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



HARDWARE DESCRIPTION 

OSCILLATOR CIRCUITRY 
An overview of the connections to the TMS 9918 VDP are given in fig.  

Timing signals for the TMS 9918 are derived from an on-chip oscillator 
which uses on external 10.7 mHz crystal. This crystal (Y100) in series 
with L100 is connected between pin 39 and 40. L100 is adjustable to set 
the frequency. C100 and C101 are the capacitors in the frequency 
determing network. R103 is added in parallel to Y100 and L100 to lower 
the impedance of the'network, thus assuring a proper voltage swing at pin 
39. Also a 5 volt voltage is fed to pin 39, R102 and L107 for decoupling. 
This voltage is used for proper start-up of the oscillator. 

POWER CONNECTIONS 
The TMS 9918 uses only one power supply voltage pin 12 (VSS) is connected 
to the system ground, PIN 33 (VCC) to the +5 volt power supply. 
C102, C103, C104 and L101 are used to suppress noise on the 5 volt line.  

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

CPU CLOCK 
The 3.58 mHz CPU clock en PIN 38 is used by TMS 9919 sound processor (on 
units which use the SN75439). 

RESET 
The TMS 9918 is reset during power up or when a solid state software 
comand module by using the reset signal of U601 pin 4. 
This signal is monitored by the 9918 on pin 34. 

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

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

The selection logic which enables CSW or CSF. is given in figure~?;  p(o4. 

Selection pins Y2 (pin 13).and Y13 .(pin 12) of U505 (74L5133) are used to 
distinguish between a write or read operation. 
The write selection from pin 12 is combined with the WE signal in OR-gate 
0507. Thus only a VDP write can occur when WE is low.  

DATABUS  INTERFACING 
Pins 17 through 24 (data lines COO through C07) are directly connected to 
DO through 07 of the TD'S 9900. 
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Thus circumventing the 16 to 8 bit interfacing circuit. 

DYNAMIC RAM INTERFACNG 
Dynamic RAM memory is given in fig.33,p.t33.The TMS 9918 uses pins 1 
through 11 and 25 through 32 for interfacing the dynamic RAM. 
Pins 3 through 10 are the address/data lines for the TMS 4116 (line 10 
only for data).  RAS  on pin 1 and CAS or pin 2 are the row and address 
strobe lines for loading the address in the 4116's (and refresh operation), 
and are connected to the corresponding pins 4 and 14 of the RAM's. R/W on 
pin 11 of the TMS 9918 distinguishes between a read or write to the RAM. 
This signal is delayed by the four inverting buffers U101 for timing 
purposes.in units manufactured not using the TMS 9918A. 
During a read all 8 seperate output bits of the RAM's form an eight bit data 
bus which is connected to RDO through RD7 (pin 25 through 32) of the TMS 
9918. 

VIDEO OUTPUT 
The composite NTSC video signal is available on PIN 36 of the TMS 9900. 
This signal if fed to the video amplifier in fig_53,p.r33.This amplifier has 
two purposes: 

1. To amplify the video signal. 

2. Tc  provide the desired output impedance of 75 ohms. 

99/4 

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

99/4A 

In the 99/4A, the first stage of the video amplifier (Q200) is a PNP 
transistor connected in the common collector configuration. Input to Q200 
is through a filter which is designed to roll off signal frequencies 
above the GMHz video bandwidth. Diodes R200 & CR201 clamp the DC level 
after C201. Q201 is an emitty-follower and is use as an impedence 
transformer to achieve the required 75 ohm video output. 
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SOUND GENERATION CONTROLLER 

GENERAL DESCRIPTION 

The TM5 9919 Sound Generation Controller (SGC) is an I2L component 
designed to provide low cost tone/noise generation capability in 
microprocessor systems. The SGC is a data bus based I/O peripheral. 

KEY FEATURES 

* 3 programmable tone generators 
* Programmable white noise generator 
* Programmable attenuation 
* 8 ohm speaker drive capability 
* External audio input 
* 15 PIN package 
* 1  L  technology 

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

TONE GENERATORS 
Each tone generator consist of a frequency synthesis section and an 
attenuation section. The frequency synthesis section requires 10 bits of 
information (FO-F9) to define half the period of the desired frequency  
(n).  This information is loaded into a 10 stage tone counter, which is 
decremented at a N/16 rate where  N  is the input clock frequency. When the 
tone counter decrements to zero, a borrow signal is produced. this borrow 
signal toggles the frequency flip-flop and also reloads the tone counter. 
Thus, the period of the desired frequency is twice the value of the period 
register. 
The frequency can be calculated by the following:  

N 
f = --- 

32n  

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

TABLE 10 : ATTENUATION CONTROL 

BIT POSITION 
AO Al A2 A3 WEIGHT 

0 0 0 1 2 d8 
0 0 1 0 4 dB 
0 1 0 0 8 dB 
1 0 0 0 16 dB 
1 1 1 1 OFF 
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NOISE GENERATOR 
The noise generator consists of a noise source and an attenuator. 

The noise source is a 15 stage shift register with an exclusive OR feedback 
network. 
The feedback network will have provisions to protect the shift register 
from geing locked in the zero state. 

The feedback network will have two feedback tap configurations as determined 
by the F8 control bit. 

TABLE  'i  : NOISE FEEDBACK CONTROL  

FB CONFIGURATION  

0 "Periodic" noise 
1 "White" noise 

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

TABLE r_< 

BITS 
NFO NF1 

NOISE GENERATOR FREQUENCY CONTROL 

 

S}?Irî RATE  

    

0 0 N/512 
0 1 N/1024 
I 0 N/2048 
I I Tone Gen. #3 output 

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

AUDIO SUMMER/OUTPUT BUFFER 
The summer is a conventional 12L operational amplifier summing circuit. It 
will sum the three tone generator outputs, noise generator output, and an 
external audio source. The output buffer will generate up to 100 
milliamperes into a 8 ohm load, if all sources are operating at maximum 
levels. It is assumed that the speaker will be AC coupled. to the chip. 

CPU/SGC INTERFACE • 
The microprocessor interfaces with the SGC by means of the 8 data lines and 
3 control lines (WE,  CE  and READY). Each tone generator requires 10 bits of 
information to select the frequency and 4 bits of information to select the 
attenuation. A frequency update requires a double byte transfer, while en 
attenuator update requires a single byte transfer. 

CONTROL REGISTERS 
The SGC has eight internal registers which are used to control the three 
tone generators and the noise source. During all data transfers to the SGC, 

74 



the first byte contains a three bit field which determines the destination 
control register. 

TABLE ;3 

RO R1 R2 

The register address codes are shown in Tablet;;. 

: REGISTER ADDRESS FIELD  

DESTINATION CONTROL RESISTOR 

0 0 0 Tone 1 frequency 
0 0 I Tone I.  attenuation 
0 1 0 Tone 2 frequency 
0 I I Tone 2 attenuation 
I 0 0 Tone 3 frequency _ 
1 0 I Tone 3 attentuation 
1 1 0 Noise control 
1 1 I Noise attenuation 

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

UPDATE FREQUENCY (2 BYTE TRANSFER) 

I

' !  
1 ,•  

X !  FO ! Fi !  F2  !  F3  !  F4  !  F5  !  

! 1 !  REG  ADDR 1 DATA 
! ► ! 

! RO!R1!R2 F6!F7!FS!F9 
~ 1,.z,••  

i 
BIT 0 FIRST BYTE BIT 7 BIT  O SECO!:; BYTE BIT 7  

UPDATED NOISE SOURCE (SINGLE BYTE TRANSFER) 

1 1 
f 
 REG  AMR 

{ RO!R1!R2 

BIT 0  

SHIFT 

X í NFO NFi 

6IT 7 

FB  

UPDATE ATTENUATOR (SINGLE BYTE TRANSFER) 

1  RED AMR 
! 
j I RO!R1!R2 

 

DATA i  

AO!Al!A2!A3 

BIT 7  

 

BIT 0 

HARDWARE DESCRIPTION 

 

POWER CONNECTIONS 
The TMS 9919 uses a single 5 volt power supply on PIN 15, LSCC and C501 
used to decouple the power line. 



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

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

SOUND PROCESSOR SELECTION LOGIC 
The logic which selects the sound processor is given in figure 3z, p 17. 

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

WE 
The WE signal distinguishes between a write to or a read from the TMS 
9919. 

EXTERNAL SOUND 
External sound is fed to PIN 9 of the TMS 9919. The 99/4 system uses two 
sound signals on PIN 9. 

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

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

SOUND OUTPUT 
Sound is available on PIN 7. C502 and R511 are used to reduce the 
bandwidth. C503, C504 and L5O1 are used for the same purpose. 
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KEYBOARD & REMOTE HANDHELD CONTROL UNIT INTERFACING 

GENERAL DESCRIPTION 

Keyboard and remote control are scanned under software control. The 
keyboard is scanned by 6 select lines. The 9 detect lines are monitored 
by the,TMS 9901 programmable system interface (see figure '17,  p.  1'27). 

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

HARDWARE DESCRIPTION 

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

Two outputs of U302 (pin 4 and 5) are used to select the remote handheld 
control units. Pull up resistors R322 and R329 are used to supply enough 
current when the outputs are in the logic high state (-5  velt).  CR  301 in 
combination with R321 and CR302 with R320 are used to get a good defined 
logic zero state, since R320 and R321 which are connected to the -5 volt 
supply generates a -.5 volt drop over CR301 and CR302. 

KEYBOARD SCANNING 
The keyboard is divided in two parts. Each part 
consisting of 4 rows with 5 keys. The outputs of the right four rows  
(INT  3, 4, 5 and 6) and the left four rows  (INT  7, 8, 9 and 10) are 
connected to the preprogrammed inputs of the TMS 9901 with the same names. 
These inputs are scanned under software control to determine which key is 
pressed down. The keyboard uses pull-up resistors for putting all lines 
in the logic one state when no key is hit. The capacitors are used for 
reducing  RF  intrference. 

REMOTE HANDHELD CONTROL UNIT 
The handheld units uses the same inputs to the TMS 9901 as the righthand 
keyboard side. 

99/4 KEYBOARD DESIGN 

The 99/4A keyboard circuit is significantly changed from the design used 
in the 99/4, although the principle of operation is the same. Seven 
outputs are used on U302, and one additional interupt line (PS), in 
order to scan the additional keys used on the 9914 keyboard. 
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CASSETTE INTERFACING CIRCUITRY 

GENERAL DESCRIPTION 

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

CASSETTE CONTROL CIRCUITRY 

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

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

DATA FORMAT 
The 99/4 uses a biphase coding technique to generate the serial data 
stream. 
A standard time interval (bit  cel)  is used in  th`  encoding software, in 
the following way: 

A. A binary one is represented by 2 bit cells both bit cells of 
opposite polarity. 

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

C. After a binary bit is written, the next bit will start with an 
opposite polarity refered to the last bit cell. 

AUDIO GATE 

A special feature is incorporated which consists of a solid state 
switching circuit. This circuit can switch the audio signal of the 
cassette recorder to the sound processor. 
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CONTROL CIRCUITRY 
Since the two control circuits are identical only a description of one 
cassette control circuitry is given (see figure  e  1, P.J3e). 
Pin 19 (P6) of the TMS 9901 programmable system interface is used to 
enable or disable 0402. 
When enabled, the LED in  opto  couplor 0401 turns on. "R415 is used to 
reduce the current through the LED. Outputs 4 and 5 of the  opto  coupler 
are used to put transistor Q401 in the conductive state, thus enabling the 
motor drive of the cassette recorder. 

WRITE CIRCUITRY 
The write signal is generated on PIN 28 of 407 the TMS 9901. The 
differentiating filter consisting of R402;  C408, C407, R400, R401 and C400 
shapes the 5+2-a.;=. 

READ CIRCUITRY 
First part of the read circuitry consists of an operational amplifier 
which performs amplification and pulse shaping of the read signal. 
R408 and R4I0 determine the gain of the amplifier. C402, C409 and C411 
are for pulse shaping purposes. R406 is the resistive load for the 
cassette recorder. 

GROUNDING 
Since the definition for ground and signal on the output jack  cf  the 
cassette recorder depends on the type used, R409 is applied to allow 
operation with both types of recorders. 

HYSTERESIS CIRCUIT 
The hysteresis circuit consists of a second amplifier with positive 
feedback, the feedback network consisting of R412 and R411. 
C4I0 is used to make the circuit less succeptible to undesired signals. 
CR402 is used to limit the negative output swing, thus avoiding damage 
to the 15 9901. R413 is used to limit the current through diode CR402. 
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I/O BUS 

GENERAL DESCRIPTION 

The 99/4 I/O bus provides maximum flexibility for operation with external 
devices. It provides peripherals with memory and  CRU  I/O buses. 
The memory bus (with 8 bit data bus) is used for instruction fetch from 
control ROM in the peripherals and for data transfer to/from memory mapped 
peripherals. 
The  CRU  bus is used for peripherals enable/disable and for device control 
and data transfer to/from  CRU  mapped pheripherals. 

The TMS 9900 accesses each peripheral to obtain instructions from the 
device service routine (OSR) read only memory. Since each peripheral 
contains its own DSR, the 99/4 does not have to be designed to anticipate 
future peripheral requirements. 
The dual I/O bus capability, along with interrupt handling and external 
OSR's provide flexibility of low cost. 

MEMORY ALLOCATION 
The third memory block (addresses 4000 - SFFF) of the 99/4 is predecoded 
and made available at the i/0 port for the peripherals. 
Addresses A000 - FFFF are available for future expansion. For the speech 
module (addresses 9000 - 97FF), a predecoded line is available at the 
I/O bus.  

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

CRU  ADDRESS PERIPHERAL 

1000 Disk 
1100 Reserved 
1200 Home Security 
1300 RS-232 
1400 Modem 
1500 Reserved 
1600 Digital Cassette 
1700 Student Typing 
1800 Thermal Printer 
1900 Not Assigned Yet 
1A00 Not Assigned Yet 
1800 Not Assigned Yet 
1COO Not Assigned Yet 
1000 Not Assigned Yet 
1E00 Not Assigned Yet 
1F00 Not Assigned Yet 



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

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

I/O READ 
A CPU read cycle for the external device consists of two 8-bit read cycles 

The two bytesread are assembled as a 16 bit word before they are presented 
to the 9900. 

MEMEN goes low true at the beginning of clock cycle 1. At the same time 
DBIN goes high true. WE stays high false during the entire cycle. At the 
same time that MEMEN goes true, the address bus goes active. In order for 
the noise and the glitches (associated with crostalk and simultaneous 
switching) to go away we allow a minimum of 100  ns  for the address lines 
to settle. MBE (see memory selection logic) goes true during the leading 
edge of Q2 of clock cycle 1. Data read from the peripherals will be valid 
750  ns  after the start of clock cycle 1. The CPU will look at the full 16 
.bit data bus during the leading adge of 01, of clock cycle 2. Under 
worse-case conditions, data must be valid 100  ns  before that time. 

I/O WRITE 
Fig.;, y;shows a 16 bit I/O write cycle. As described earlier it is 
composed of two 8-bit writes. A write cycle  wil  always be preceded by 
a  ALU  cycle.  NEMEN  and DBIN go true .at the start of the'cycle. A 
settling time of 100  ns  (min) is allowed for the address lines  t  settle 
down. WE goes true (low) on the leading edge of Q2, during the wait 
states, and stays true for 660  ns (typ).  Both during a read or a write 
the odd byte is accessed first, followed by an even byte. A_S/CRU out 
changes its state 990  ns (typ)  after the cycle is initiated. The second 
8-bit write cycle is identical to the first 8-bit write. MBE stays true 
(low) during the entire (1.8 used) cycle. 

SPEECH INTERFACE 
The I/O part has 4 lines dedicated for use by the speech module : +5, -5, 
speech block enable (SBE) and audio in. SBE is decoded by the 99/4 for 

addresses 9000 and 9400 (write and read). For the 
write cycle, SBE goes active after the address and data lines are valid.  

GROM  INTERFACE ON I/O PORT 
All signals are provided to use GROM's in external devices. Decode for  
grom  select must be performed in the external device. 



CRU  TIMING  
CRU  interface timing is shown in fig ✓.,,p.bz• The CRUOUT cycle is composed 
of 2 clock cycles. The  CRU  bit address when placed on the address bus AO 
through A14 is allowed to settle for 100  ns  (min). CRUCLK is a BO  
ms  low true signal. which occurs on the trailing adge of Q1, of clock cycle 
2. CRUOUT data is valid at the start of clock cycle 1, and is latched by 
the CRUCLK in the repective peripheral. 
CRUIN also consists of 2 clock cycles of 650  ns (typ).  Again we allow 100  
ns  for the address bus to settle down. The CPU samples the CRUIN line on 
the leading edge of Q1 of clock cycle 2. Data must be valid 40  ns  (min) 
before that. 

HARDWARE DESCRIPTION 

An overview of the hardware used to buffer the IN and output signals on 
the I/O bus is given in figurer „ F;; ~,,.,d .5/7  f2i3/. 

ADDRESS BUS BUFFERING 
U503, U509 and U510 are used to buffer address lines AO throgh A14. U510 
is only used AO, AI, A2 and A15/CRUOUT. This last signal has a series 
resistor R512 to reduce transients on the line. 

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

CRUCLK 
The CRUCLK signal from the 99/4 is inverted in U602 and then buffered by 
U510. Again a series resistor R507 is used to reduce transients. The 
buffered signal is also used on the  GROM  port. 

Q3 
Q3 is buffered by U510, R506 used to reduce transients. 

MBE 
MBE is buffered by U510.  

DEIN 
DBIN is buffered by the two inverters U503. 

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

R515 is used to reduce the base current in Q500, C506 is added to improve 
the switching speed. When in the on state, resistor pack R500 is 
connected to ground, thus generating a pull-down. When  DEIN  is low, 
Q500 is disabled. CR501, R513, 8514, CR502 and 8515 compose a circuit 
which gives a voltage of 5...volt on point A. Thus a pull-up ex15-r, when 
DBIN is low. 

OUTPUT BUS PIN CONNECTIONS 
An overview of the I/O bus pin connections is given án /C'  
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POWER SUPPLY BOARD 

GENERAL DESCRIPTION 

The US power supply consists of an exterc 
regulator board inside the Home Computer 
Connection between the console and wa' 
connector. 
The regulator board supplies the 99/4 t1 
and -5 volt. The +12 and -5 volt  supplie  
regulator, the +5 volt supply uses a swi 

SWITCHING REGULATOR 
The switching regulator used is a ua 
in fig--; .-.z9.In essence the ua 723 is 
it is connected in such a way that it be'. 
From the block diagram it can be seen  th  
compensated voltage reference, en 
limiting circuit. 

HARDWARE DESCRIPTION 
+12 VOLT SUPPLY 
The +12 volt regulator circuit shares 
volt regulator. Thi 
consisting of L1, L2,  Cl,  C2, C3 and C4. 
interference on the mains. 
D1, 02, 03 and 04 compose the bridge rec 
C9 and C17 are used to reduce the ripple 
The DC voltage is fed to the three 
regulates the input voltage down to +1 
voltage swing due to fast changing load 

-5 VOLT SUPPLY 
The -5 volt supply uses a separate 
together with C5 and C6 compose a  RF fil  
by 05, C8 reduces the ripple on the outp 
U2 is a 5 volt fixed regulator. C7 on  t  
due to fast changing load conditions. 

+5 VOLT SUPPLY 

REFERENCE VOLTAGE 
The reference voltage for the regula 
R1, 07 and zener diode D3 compose a 7 
compensate for temperature variations. 
The 7 volt reference is divided by RI1, 
through R19 are supplied with jumper a 
that the voltage on the non inverting it 
Since this comparator has an open co 
pull-up. R14 connected between the 
(pin 2) sets the voltage gain to 1. 
feedback. Since in this configuration 1 
gain amplifier, the voltage on the it 



that of the divider. This voltage is used as reference for the switching 
regulator U3. C16 is used to ensure a slow starting up of the +5 volt 
regulator•, thus the starting condition that the -5 volt is applied first 
to the circuitry inside the 99/4 is met. CI6 also determines the 
frequency at which the +5V regualtor switches. 

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

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

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

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

FREQUENCY COMPENSATION 
Frequency compensation is performed by C11 on pin 13. 

REGULATING CIRCUIT 
The output of U3 on pin 11 is used to switch the current through L4 after 
amplification by  QI  and 02. R5 reduces the input current  cf  01. R4 and 
R6 are used to ensure that both 01 and Q2 are in the non conducting state 
when not enabled by U3. 
The flyback circuitry consists of L4 and 09. The output voltage ripple is 
reduced by C14 and C15. 

CURRENT LIMITING 
Current limiting is done by using the voltage drop over R9/R10 and 
comparing this with the voltage on the cathode of the diode the divider 
circuit consisting of R7, R8 and 010. 
010 is. used for temperature compensation. 
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TEXAS INSTRUMENTS HOME COMPUTER 
TROUBLE SHOOTING GUIDE 

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

G  

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

Page c 7 Start 

Page VDP Check 

Page s9 System Ready 

Page 9 Grom  Check 

Page 9`. Front Panel Incorrect and Keyboard 

Page 97 Cassette 

Page 9 Joysticks 

Page 9s Multiplex 

Page  /cl Memory Selection Logic 

Page INTREQ 

Compiled by Curt Larsen and Paul Greenwood 

V̂5 



YES 

Check Etches 
To Various 

Continuity 
Pins for 

1 

YES 

Page 29 Probability 
U601 

NO Trace Etch 
To Problem 

NO NO Front Panel Check +5,-5 Disconnect NO Power Supply 
+12 At Power Supply, Check TS&R 

Come Up? Supply Voltages 

NO 

YES I YES 

Check Pin 38 
- 

'Check Tank Change i  

U100  for Clock 
If  present  

4`JV _ 
 o a  Circuit, C603 

L602, Y600 
Defective) 
Component' 

Adj  to 3.579545 

YES 

AiJ 
Pa3e r ~ 

NO 
Page c; 7 

Check 9900 
Pins 8, 9, 28, 
25 for Clocks. 
Also U613-p11 
U607-pll U607-
03, U300-p10 
For TTL Clocks 

Check U601 
Pins 6,7,8,9, 
11,12, 14+15 

NO ICheck U501 
For Voltage 
Pins 13=12v 
20=5v 

YES 

Front Panel 
Correct? 

YES 

NO Page 9u 

CC 

YES 

NO I
Check 8505; 
D.506, CSÚ~~̂, 
for Shcr.t9 

YES 

Find Shorts 
On Logic 
Board. Start 
Over 

Joysticks 
Operate? NO 

image it 

YES 

Respond To 
Any Key 

YES 

Plug in  
diagnostic  
grom 

Read & Write 
Cassette 

Check Pin 5 
for +5 

37 



Check p17-p24 
for CD sig-
nals on U100 

Check p3-p10 
for add/data 
lines 

Check p2 of 
u101 for R/W 

Check p38 U100 
for CPU Clock 

Check p33 Find Broken 
U100 for +5  Etchs or miss- 

ing Component 

Check parts in Oscillator 
circuit for correct conn. 
and values R102,L107,C100, 
Y100,L100,C101,R101 

Change 
 defective  
i  component 

Probability 
9918  

Goto  Memory  
S:lection 
Logic Pape  

ïa  r 

!C heck p10 
Ub00 

Check Etch 

Trace Data 
lines to 
fault 

Probability 
~ 9g c 

Check delay circuit 
U101 

Check for 
signals on 
p14,15 0100 

check p13 
U1000  .for 
signal 

Check pil ! t?cssibility 
U:00  for  R/.Ji U_00 

Check RAS, 
CAS pl, p2 
U100 

Possibility 
9918 

Check p25-p32 
U100 for out-
put of Rams 

Use Rani  traps  to 
check  Ramms, also  
check  for  open  
Etchs 

RQ 



Check p62 9900 
for correct 
ready signal 

Check 
 p6 9900 

high 

Reset 
for 

I Check p4 U601 
I for high 
, level 

Check R605, 

I 
R606, C606 

level 

Check for 
signal p5 

Probability 
U601 

U601, p6 9900 

Pull Groms, 
Sound chip 
check ready 
good? 

Check p12 U607 
for high level 

Check p3 U506 
for high 
level 

JJ  
Check Etch 
p3 U506, 
p12 U607  

First Gron 
Good 

Check for 
 Supply p8,p16 
9919 

Check p38  `JO?  
for Clock  

89 

Replace groms 
one at a  tim_  
Check ready 
each good? 

Goto  Grog: 
Check Page  

Possibility 
Sad Groins, 
Sockets,Etchs 

Replace Sound 
Chip and Check 
Ready Good? 

Find broken 
Etch or Buss 
Bar 

Goto M  Check for 
Clock p14 

Goto  VO? 
Check 
Page  C  

Possibility 
Sound Chip or 
Broken etch 

Check Coax 3e-
tween VOP and 
Sound Chip 



Check  pl  U506 Check p2 U508 Check  pl  U508 
for low level for low level for high level 

Check 85041 
for +5 at 
both ends . 

Find open Etch 
to +5 or short 
on signal side 
of U504 

          

          

          

      

Check Etch 
U50ß, U506 

 

          

          

          

          

 

Check p7, p14 Find Problem 
for voltage  

          

        

i  

         

Probability 
U506 

       

          

Check p7,p14 
for voltage 

Probability 
U50ß 

Check Etch 
R504, U50ß 

Find 
Problem 



Check p9 
U607 for 
High Level 
------------ 

Check pl0 
U613 for A-
ctive Space 

•  

Check p10, 
13, 14 for 
+5 

WW.M.11WM omen. 

Check pll 
U607 for 
Clock 

Find Broken 
Etch 

-1
Check p15 
0601 for 
Clock  

Possibility 
if all volt-
ages, Clocks, 
Reset, Load, 
lntreq are 
Present or A-
ccounted for, 
bad 9900 

Check p12 
U605 for 
Signal 

~._.._._..._.  

Check p13 
U605 for no 

High  level  

Check pi4 
U605 for 
►5 

Check p3 
U605 for 
Signal 

Check pil 
--- U605  for 

Signal  
wnwommwm 

Find Broken 
-- Etch  

Possibility 
U605 

FinA  Broken 
Etch 

Goto DD  Pind Bro-
ken Etch 

Check p2 
U605 for 
Signal 

Goto  CC 
Page 2/  

Ihmwerm.  

Check p9 
U613 for 
High Level 

Page 931, 

Check p63 
9900 for 
Signal 
• 

F;nd Broken 

Etch 

Find Broken Etch 
Between p15 U601 
and  pil  U607 

Check for Broken Etch 
Between p9 U607 and p9 
U613 

Probability 
U607 



(Check p13, 14, Check  pil  
t15 U613 for ---- for clock 
(Signal 

U613  
v..  

Check p16 U613 
for +5 p3,4,5, 
8 for GND 

1 

1 Probability 
U613, check 

1 U602, U604 I 

Find broken 
Etch to 
Suply Voltage 

j 
j- 

!Check p62 for 
!Ready 9900 

!Check p4 U6021 
-tfor Ready 
! 

!Check p3 U6021 
1-1for Ready - 
~1 

Check  pii  
U603  

!Check p3 U6031  Goto  
Page 9.3 

! Goto  AA  
t Page c2 í 

Check Etch! 
ÿail U603 & 
{ p3 U606 1  

Check p12 
U603 . 

Check Etch 
012 to p3 

r  U603 

Check p14 1 ~Check.Etch, Check p13 
U602 for +5 {_. U603 for high 
p7 for GND ! I Ilevel 

4. 

Check p14 Find 
U603 for +5  &H  _Broken 
p7 for CND Etch 

Check Etch 
p14 U601 to 
pll U613 

Check p14 
U601 for 
clock 

Probability 
U602 

Probability 
U603 

Goto  CC 
Page 27 

Check Etch 
p13 U603 
to p7 U607 



        

        

        

Check P14, 
7 U612  for  
voltage  if  
Yes  Prob.  
U612 

   

Check Etch 

    

    

        

        

EE Check Etch p5 
U612 to p13 
U613 

' Check Etchs  

i  

!Check p1,2 IplICheck p6 U612 !Check p4,5 241Check p3 U612!- Check p2 U612 -1Check etch 
!U603 for 'for signal ,U612 for !for signal tI for signr.l & Ito +5 
tActive space'p21 !signal p5! i  pl  for +5 1 

1 .  
;Check etch 
!p6 U612 to 
tpl U603 

!Check p14, 7ci . Check Etch 
!for correct I--I 
!voltages I i 

Probability 
IU603  

!Check p2 t6041 !Check Etch 
~ p2 U604 to 

( P2 U603 

~ 
! 
(  

I 

 Goto  EE !  !Check  Etch 
I  !p15 U613  
I  !to p2-11612 

Check pi 
U604 

(Check  Etch 
—  pl U604 to  

;pli  U605  

Check p14, 7 

I
11604 for cor-
rect voltages 

Probability 
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Goto  Grom 

 I  
Check p9  i 

!Check p10 ! ! Remove all Check p10 p12 
1U500 for  grom  -Í groms and 

SCheck 
for  grom!--  ---•U500 

!select  i sound chip Select # 

!Check p15 ; 1Remove all Goto  grom 
lÚ500 for grom l- groms except Check page 9  
!Ready 1 12003 check  

grom  ready 
Probability  
software  

~ 
1  

!Install one ! Install 2003 
!Chip at a time; and check 
!& find•problemi p10  

Install one 
Chip at a 
time and 
check p10 

!Check p36 T !Check p16  ! Goto VDP i 
!U100  for Comp.:-!U100  for  -4 Check page 

t !Video (Interupt ! 94.  

Check p4 of ! !Check signal ; !Check Signal  i Check Signal 1  Check C200 ! 
Video Jack 1-!Emitter of ;-!Base of Q201 --!Emitter of -I R201, R202 ! 

Í 1Q201 ! ! ! 1Q200 I 

Check Cable ! !Check Etchs 
or Monitor 1 !From p4 Video 

! !Jack to C204 
 !to R211 

Check Base ! 
Voltage of  
Q200 for 3.5e_ 

 

to 4.5 volts! 

Check R204,+ 
R205, C201 Ì 

Check Collec- !Check R207 
tor voltage _! 
Q201 for 8 to ! 
10 volts 

94 

! Goto  
—1  ïr ~  sÿ 
!  

Check pll luoto Memory 
- U506 .Selection 
, !Page h:1 

Check Etch Possibility 
U508 

1  

t Possibility! 
_Bad Etch  ori  

IGrom  

i 

Possibility 

Check Emitter 
Voltage.or 
Q201 5 to 7 
volts 

Check Base , 
Voltage Q201 
for 5 to 7 

I Volts 



!Pull All Groms! 
! E  
t 1 

!Check p9 U500 !Check Etchs t  
Ifor +5, p14 1  —!to Supply and  t  
1-5, p16 -.6 !Find Problems ! 

1  

!  Check CPU !Check p4 U101 1 !Check p37 U101! !  Check p37 j !Goto  VDP ! 
I Clock  p13 —! !----1  i !  U100 I---.  Check page  ! 
I  U500 I ! I I ! I ! I 2 I  

i i r  
Check Etch 
P13 U500 

 

Check p7 ,14 ! Check Etch 

I U101 for volt.. i  
& find problem! 

  

      

! 
! 

I 

J  

Probability 
U101  

I  Check Grom 
! Select p10  
! U500  

i  
i  

PIO  U500  
1 

I Check p12 I I  
---?  —}  

Check p13  
U508 ---J 

I  

I 

Check  pli  
U506 

!Goto  Memory  I 
----!Selection ! 

!Logic  p15 I  ! I 

f  
I 

! !Check Etch to ! Probability ; ! Check Etch I 
I )p10 ! U508 

I 

I  Check Grom  !Check p1-5 I 
I  Ready p15 
! U500 

for Data 1 --!U500 
íp11 for A14 1 

Grom  probabi-
lity good re-

!place 1 at a 
!time • 
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WO  

t
►  Use RAM Trap ! ! Change Ram 
1 to locate 1-1 Found by Ram 
! Faulty Ram. ! 1 Trap 
1 Good? ! 

►  

!Possibility !Use Ram Trap Change 
'In 4732's and --Ito  Test Groins — Defective 
IGroms Good? Grom  i 

! ! ! 

1 Check R301- 1 Check p2, 8, 
f R309 and 1 le U302 for 

Check for 
Broken Etch 

Check p21, 2, !Check p40, 1 
!U300 for +5 
1p16 for Grid 
1p10 for Clock 
!Check all ne- 
►cessary pins 
to insure 

!chip is func. 
:address  lins  
CPU lines  
Possibility 
9901, 4732's 
!for software 

Change 1 ROM 
at a time to ! 
locate fault  i  

! !Check Keyboard! 1Check p7,9,10 Check p21, 22 
1p1,3,5,7,9,10,1 11,12 U302 ! 13, 15 U302 
112,14,16,18 

f 
for Signals  for Signals 

!for Signal 

Etchs to Key-1 Gnd p15 for 
board +5 Poss. U302~ 

!Check for sig-! 
!nal on p2, 4, ! I Possibility 1 
16,8,11,13,15, ! — Keyboard 
117 upon key I 1 
!Closure  

!Check p6, 7, 8! 
19,31,32,33,34 ! ! Find Broken 
!U300 for Sig- 1-1 Etch 
;nal from key-  t ! 
!board 1  

Goto  MM 
1 

1 
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!Probability 
t9901 

!Cassette Re-! 
!mote  
! ! 

Check p23, 19 1 
U300 for high 
level !  

i -- 

••••••.... 

!Will not ! Check p5 of ! !Check p28 of 
Jack !-----9901 for  Cor-1 

Unsure F.C. 
!Write Cass- Cassette 'is in Record  ' 
lette  1 1f/correct sig.! =rect signal !Mode 

c 

1 

!{ Possibility 
 i  

Cassette is 
Not Reading 

!Check if Read 
!Signal is Pre - 
!sent at R406 f  

L 

!  

(Check Write circuit;  
cuit R400,R401,R4021  
tC400,C408,C412  

Check Cassette Cable, Check 
R404. R406, R409, C402, for. 
shorts  

1Wi 11 not 
!Read Cass  
lette  

z 

!Check if Read ! 
 !Sig.is present 

! p7 U400 

Check R408, R410, C409,C411 
for Shorts, Check p8 U400 
for +5 p4 for -5 

Check if Read j !Check CR402, R411, C412, J 
!is present on, 4------4R413, C413 , C414 for shorts 
1p30 U300 !  

!Check amount ! 
!of Jitter 1 
!During Read 1 
!Signal  t  

.,heck +5 on 1 !Check for 
!Collector roken  Etch 
1Q402, 0404 ~B  

97 

If Emitter 
Has low volt 
age replace 
Transistor 

!Check open 
(coupler and 
Transistor 

!Check C403,  C- ►  
1406 for shorts! 

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

Check for low 
Resistance 
Emitter to co-
llector 0401,3 



Check p40, I 
11300 for +5, 
;;l6 for Gnd 
p10''f/Clock, 
:heck al ne-
cessary pins 
to insure 
chip is fun-
ctional add-
ress lines, 
CPU lines 
possibility 
9ß'01, 4732's 
for software 

Input but No 
Output Bad 
Joysticks 

Insure Capacitors C307-
C310 and C317-C321 for 
Correct Value, Timing 
Critical, Other Possibili-
ties, 4732's 9901, 74LS156 

Check p5, 6 
U302  for  Neg.  
Pulse 

Insure Unit 
is Set up for 
Joystick Pro-
gram 

Check  pl,  3, I 
13, 15 U302. 
for Positive 
Pulses 

Check p2, 8 
14 0302 for 
Gnd p16 for 
-+-5 Poss. U302 

Check Etchs 
to port both 
input & out-
put 

Check p21,22, 
26 U300 for 
signal 

Check for 
Broken Etchs 

Move Joysticks !Check signal 
Position chek )at Joystick 
input pins on port Input & 
9901 p6,7,8,9 output  



Check p5 
U603 for 
Signal 

~ Check p6 
U603 

Check 11615 
for DING 

Coto Ss Check p4 
U606  

Check  pl  , 
19 U616 
Signal 

Check pD 
11603 

Check p9 
U603 

Goto ODIN  
Check Page 

/cc- 

.._..._..Et
c

~.... - 
Check p9 Check p13 Ceo JJ :heck hs Checl Check p0 

U603 U602 U602 U6I3 !'age `y  

!''ossibility Check pll 'Possib:lity Ûteck rt-. cI'r.' Check Etchst 

11615 Coto RR U603 11602  

Check pl9 Check Pin 6 Check p5 Gote rr  
U614 for UGO6 U606 
DIOG 

.r. 

.~C..~•mJ~..+- w 

Check Etchs Check p4 
0603 for 
DD I  N  

Probability 
0603 

• ./_t"0• 1.r-+•+•••• 

Goto JJ  
Page 

Check p10 
U606  for 
Dß  IN 

Check Etch 1  

+— 'Coto DUN 
Check p1ß 



Check pll Check p2 U602  Check pl U602  !Check p29 Possibility 
ÚG02 for for  DUIN for  DUIN 10600 for 
Presence of MT  N  
[MIN 

Check for I i  Check Etch 
IßÚN pal ----- to p10 U602 

0603 

Check  for Possibility  
DUIN  p10 U602 
U602 . 

Check Etch to  
Pil  0602 

Possibility 
U602 

I  

Check Etch 
to  pl  5602 



!Check i•ienen 
! p4 U504 

Check Etchs ! Possibility 
U605 

Check p3 U605 Check p2 U605 Check p63 ! tPossibility !  
--

i  
o'r's.  C.' 

t  

Check Etchs 

!Check U504 ! 1Check p6, 16 !Check Etchs 
!outputs pll, ! U504 for +5 _!to Power 
115 
115 

 active p7-I Pins 5,8 for !Supply 
GID  t  

Possibility ! Check for ; t Goto  Page 
9900 Sending 
Sad Address 
or U504 Bad 

_ 9900 Singals 
INTREQ CRUIN 
Address Lines 

! ju3 

Check p1,2,3, !Check p19,20, 
15 U505 for --,21 9900 for 
!address lines !signals 

!Remove all 
!Grams and Sound 
!Chip for follow-i  
ling check  

!Check p1,2,3 ! 
!U504 for p1,21 
lLow P3 Active! 
{ t  

!Check p22,23,1 
14 9900 for 1 

!Signal 

I Check Etchs ! 

{ 

!Check Etchs 

tGoto Page 1r~'a: 

ÌJ1 



!Check p4 U505! !Check Etch to 
!for Active !-- :all U504 
!Signals I ! 

ICheck p6 U5051 !Check p6 U506 
!for Active !----Ifor signal 
ISignal t  .  

! (Check p4 U506 jGoto DBIN 

~ I
for DEIN ----1l Check- Page 

/c•  v  

i 

Check Etch 

I 

Check p5 U506 

! Possibility ! 
3 U506 Ì 

. 

1  

Check Etch to  
pl  U505 

!Check p7 U505  
!for  2  Nega- ! 

Itive Puises  
!Check p9  for  1!  
!Negative  PPulse!   

!Check 6810's using  il  BUG ! 
!if possible, Change 4732's 
!one at a Time, Check for 
!Shorted Address Lines. 
!Go back to page 15 

'Check p14 
! U505 for 
!Signal  

! !Probability ! 

1 
~U505  

! 

!Memory selec-! 
!tion Good  
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Check p32 ! !Check pll 
9900 for 4----4300 for 
Intreq ! !lntreq 

!Check p40 !Find Broken; 
ÌU300 for +5 — Etch 

 

'Check p3 !Check p7 U607 !Goto  CC 

I
U300 for 03 ----! ----! ?age 
Clock 1 ! £7 

Check Etch 
p7 U601 and 
p3 U300  

!Check Etch 
!Between pll ! 
U300 and p321 
19900 

Check p17 
U300 for 
Intreq 

Check for 
Pull-up R300 

!Check p18 
I U300 for 
lIntreq  

`j Check p16 
11'100 for  
l  Intreq  

Goto VDP 

I
Check  Page 
88 

Check Etch ; 

103 



44 TOP 

43 BOTTOM 

TOP 

COMPONENT 
SIDE 

I/O PORT CONNECTOR 

1 BOTTOM 

2 
4 

/ 6 
/ 8 

TOP 

SBE 
-EXT  INT  
A10 
All 

-1 
>< 3 
,/ 5 
,/ 7 

BOTTOM 

+5  V  
RESET 
A5 
A4 

/ 10 P3 x 9 OBIN * 
x 12 READY ✓ 11 Al2 
/l4 A8 x 13 -LOAD 
v16 A14 ✓ 15 A13 
v18 A9 /17 Al 
v20 A2 ty-19 A15 
'r22  -CRU  CLOCK 21 GROUND 
24 -03 SYSTEM CLOCK ,, 23  

~ 26 -WE v-25 
, 28 -MBE „ 27 GROUND 
/3O Al 29 A6 

32 -MEMEN 31 AO 
- 34 D7 - ' 33  CRU  IN 
-36 06- ✓ 35 D4 
-38 05 / 37 DO 
,40 D1 - ,-'39 02 
,-42 D3 - x 41 HOLD / IAQ  
t  44 SOUND IN ?< 43 -5  V  

SBE - SPEECH BLOCK ENABLE 
MBE - MEMORY>ßLOCK ENABLE 
EXT  INT  - EXTERNAL INTERUPT  
MENEN  - MEMORY ENABLE 
DBIN - DATA BUS IN 
IAQ - INSTRUCTION AQUISITION 
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1 - CASSETTE 1 MOTOR CONTROL 
2 - CASSETTE 1 MOTOR CONTROL 
3 -  MAG  OUT RETURN (GROUND) 

CASSETTE I/O PORT 

\ 2 
g, 

3 
7 

4 
R 9/ 

4 - CASSETTE AUDIO INPUT 
5 -  MAG  OUT 
6 - CASSETTE 2 MOTOR CONTROL 
7 - CASSETTE 2 MOTOR CONTROL 
8 -  MAG  IN 
9 -  MAG  IN RETURN (GROUND) 

JOYSTICK I/O 

1 - • 
2 - JOYSTICK B 
3 - UP 
4 - PUSH BUTTON \ 2 3 4 5' 
5 - LEFT ~5  7 R _.2U 
6- 
7 - JOYSTICK A 
8 - DOWN 
9 - RIGHT 

VIDEO I/O 

1 - +12 VOLTS 
2 - GROUND 
3 - AUDIO OUT 
4 - COMPOSITE VIDEO OUT 
5 GROUND 3 

  

2 



GROM PORT CONNECTOR  

GROUND  135 GROUND Cs?'(;) 36 
GROM VSS 33 34 —ROM  G  

GROM READY 31 32 —WE 
—5  V  29 30 A4 

GROM  CLOCK  ,27 28 A5 
08IN ,25 26 A6 
A14 23 24 A3 

GROM SELECT ,21 22 A7 
+5  V  .19 20 A8 

DO 17 181 A9 
01 .15 16 A10 
02 13 14 All 
03 ,11 12 Al2 
04 ,9 10 A13 
05 7 3 A15/CRU OUT 
06 ,5 6  CRU  IN 
07 ,3  4  —CRU  CLOCK 

RESET  1 2. GROUND 

--FRONT—:› 



l 2 3 4 5 6 1  
LSee 

I 6 Coments 
Error Test Bit 5 

-*Error Test Bit 
- Multiple Bit Errors '4 

U- U- U- 7- U- U- U- U- 
102 103 104 105 106 10T 108  109 

0:=  
0 
-;:). 

~ e 
.- 9 

>8~ >2ö >(0 >24 >02 >ot LED' 

000000 
- Bad Chip 

4116's 
U102-U109 

0  O O O '  

2 3 4 5 6 

~  y  
MSB LS3 

LSB MSB Bad 
Testing 

',Test  In Procress 

2nd & 3rd Indicators should 
alternate SLOWLY. 

5th Indicator shows '•íS3 ERROR. 

6th Indicator shows LS8 ERROR. 

6810's 
U608, U609 

   

   

   

   

 

LED —Bad Chip—, 
2003 2034 2005 

   

   

2 3 4 5 6 

íMot I !  
Used See Comments 

-9Testinc In Progress 

~ 
-~ ~ 

eD  

2003 
2004 
2005 

6 

5 

4 

RAM TRAP OPERATING INSTRUCTIONS 

TEST Switch 
FUNCTION Position INDICATORS COMMENTS- 

BEFORE EACH TEST MAKE SURE THE UNIT UNDER TEST IS SWITCHED "OFF". 

START UP PROCEDURE: 

1. Turn Unit To Be• Tested "Off" 

2. Insert RAM Trap 

3. Select Test Mode On Ram Trap 

4. Turn "On" Unit To Be Tested 

5. Press LOAD Switch 
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3.70.4 LINE DECCOEAS1•tULTífL£XHRS 
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- 3 TO 8 LINE  DECODER/MULTIPLIER 

- 2 STATE OUPUT: 1) HIGH 
2) LOW 

- 3 ENABLES, G2A & G28 - ACTIVE LOW, GI -  ACTIVE HIGH 

- ENABLES CAN BE USED AS INVERTING OR NON-INVERTING INPUT 

TO MULTIPLEX DATA 
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4 BIT BI-DIRECTIONAL SHIFT REGISTER 

POSITIVE EDGE TRIGGERING (1\) 

- 4 MODES OF OPERATION: (A) PARALLEL LOAD 
(B) SHIFT RIGHT (OA TO OD)  
(C) SHIFT LEFT (OD TO OA)  
(D) INHIBIT CLOCK (DO NOTHING) 

• ?aral)e) inputs and Outputs 

• Four Operating Modes: 

Synchronous Parallel Load 
Right Shift 
Left Shift 
Co Notning 

• Pcst:rave Edge•Triccered Clocking 

• Dirac: Overriding Clear 

TYPICAL 
m.sxnaJM 

Type 
CLOCK 

f AECUE'LCY 
•3a  
LS1343. ;$ use 

"S'?a 135 Ilse. 

•:.:SCrlptiCn   

3ta741e4. SN74LS134A. 3N743134 ... a OR N PACX:•GF 
íTCP VIEW 
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a it•tft register.  71ís  C•r a't e3r1ains 46 eltireatent  gates  anti fear.:res parallel  incurs.  paratiet cs.azu:s.  -sett  ent:: sin 
fes :heft eertal tnputa. OCcrating•e?lcCe-tans 3l  inputs•  and a direct c.ernoir g  Cite line. The  •lgtsser  etas `Cur  out r.: 
:naces ot operahort. aacne)y: 

2araiter ltreadsidet toad  
stift  net tin Ole 3:recaan Ca, toward C01 
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LS244  

'OCTAL (8) BUS DRIVER' 
'NON-INVERTING' 
'1-WAY COMMUNICATION' 
'3 STATE OUTPUT': 1) HIGH 

2) LOW 
_ 3) HIGH IMPEDANCE  
G  IS ENABLE ACTIVE - LOW 

OCTAL WffERSJLINE ORIVfcRL'UNE RECVVIRS  

244 vONINVERTE03STATFOUTPUTS 

:_: 
~~  

! le ~  

L  /.7,«/./(~ ; ~  

    

5..... sis 

 

r hs~  

SN644.3241 IA SN74LS2Y U. NI 

 

  

- INPUT/OUTPUT/ENABLE  

INPUT 
2A4 

2G 

OUTPUT 
2Y 4 
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TYPE SN74LS3S2 (TIM9904) 
FOUR-PHASE CLOCK GENERATOR/DRIVER 

PARAMETER MEASUREMENT 2NFORMAT2ON  
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245  MCNIMYlitTi3 3SlATt CUTsuTs 
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LS245  

- OCTAL (8) BUS DRIVER' 
'NON-INVERTING  ' 
'2-WAY COMMUNICATION' 
'3-STATE OUTPUT' 1) HIGH 

2) LOW 
3) HIGH IMPEDANCE 

- G-  IS ENABLE„ACTIVE LOW  
- DIR  IS DIRECTION CONTROL A-' B,,,B-z, A 

! DIR ! OPE?A  T  tOr. ENABLE 
!~  

DIR  

!  i  

0 ! D !B DATA TO 
! ! 

G !  i  !A DATA TO 
! I 

1 ! X !ISOLATION 
!  !,..

i -L1  
,~ 

~~ 

INPUT B 
! INPUT = A 

INPUT 

OUTPUT 

///////  

I;I-L// 
rt g. 34 

X= DON'T CARE WHAT  STA-  

A=OUTP UT B=OUTPUT 

T13 



OCTAL  O•TY►E Uraus  

373 >STATE OUTPUTS 
COMMON OUTPUT CONT*OL 
COMMON 4N46LE 

lee Oy 7.171 
SN641.S277 UI 
SNS.lLT77 le 

SN7415373 U. NI 
SN743373 U. P4) 

ráV-tii%j.i n{ ~{rj~n~n{i-n~i - - -~i 

,~ . .•~ ~ a. a. • i  

J •_ {.: 1(- JJI~I /ii,~;~~~i ~ 
—rr • ~ • ~ s • ~ . — 

S 373 

- OCTAL (8)  D-TYPE LATCHES 

- 3 STATE OUPUT: 1) HIGH 
2) LOW 
3) HIGH IMPEDANCE 

WHEN  G  (ENABLE) IS HIGH, THEN  Q  (INPUT) WILL FOLLOW  D  (INPUT) 

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

OUTPUT ! ENABLE ! OUTPUT 
CONTROL !  G D  

1 I . .  
L ! H H ! H  

1 I . .  
L ! H L ! L  

I I . .  
L ! L X I Q0 

I I  

H I X X ! HI =Z 
I I 

ü0= DATA PRESENT AT INPUT WHEN ENABLE WENT  LOUW  

X = DON'T CARE Fig . 37 
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4116 DYNAMIC RAM 

- 16,384 X 1 ORGANIZATION 

- 3 STATE OUTPUTS 

AO - A6 - ADDRESS INPUTS 

CAS - COLUMN ADDRESS STROBE  
D - DATA INPUT  
O - DATA OUTPUT 

ROW ADDRESS STROBE 
WRITE ENABLE 

- REFRESH MUST BE PERFORMED EVERY  2 MILLISECONDS 

- RAS  LATCHES THE ROW ADDRESS (AO -AG)  

      

- CAS LATCHES THE COLUMN ADDRESS (AO - AS) 

AO Al A2 A3 A4 A5 A6  i  AU Al A2 A3 A4 A5 A6  

8192 4096 2048 1024 512 256 128  i  54 32 15 8 4 2 1 

CAS RAS 

117 



►tN NOMENCLATURE 

imam« Mona 
Column Moms ma» 

Data  ;mout  
Data  autout  
P.ow adorers sweat 

Virtu Enable 
—rrV pear auoav 

power sYpaty 
•1:•Y po++araupptr  

Q  V  run 

Vss 

CrAS 

14 Q 

h 13 Ai 

12 A3 

11 At 

10 AS 
f Vee 
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VIM .,\ .^,. a,  
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DON'T CARE I+  

VOM  

VO'  

MI.2  
VALID 

Pst  RI  

• it 

I 1 , 
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4116  RPM  (corvi.)  

le.PWN DEMAND AND'Lar 1G 
DUA6.IN.UNE PACKAGES 

MOP VIEW) 

read cycle timing 
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MF  4732  ROMS  

o 4096 X 8 BIT MEMORY SIZE  

o +5, GNU ONLY  

o 8 BIT TRI-STATE DATA OUTPUTS (Q1-Q8) 
Q8 = MSB 
01 = LSB  

o 12 ADDRESS LINES (AU-All) 
All = MSB 
AO = LSB  

o CHIP IS ENABLED  WHEN CS1 AND CS2 ARE BOTH LOW  

o ONLY DURING THE ENABLE ARE THE OUTPUTS ENABLED, ALL OTHER CASES 
THE OUTPUTS ARE  TRI-STATED, 

08 07 06 Q1 04 Q3 Q2 Q1• QS 07 06 05 04 05 Q2 01 

~ ~  

O  ~ ~1I 21 3 4 5 6 7 ~ 8 g 1101111 121 151 14 15 

~ 1 J 
- 23 

I I i  
-27 

'AG 06-'J3-32 
tin 



6810 RAM  

o 128 X 8 STATIC RAM  

o USED AS SCRATCH PAD (CPU RAM)  

o TWO DEVICES ARE USED TO MAKE A 128 X 15 MEMORY AREA  

o + 5, GND ONLY 

n~.11.1G1431>r1' 

2 

1-Cm0 

a-01 
0 

v«_24 

*4 

A1-27 

23 

4 02 A2 - 21 

4  os  4.3 214 

4 04 A4 - ill 

7 OS A1 - 1• 

Il~Oi A4 - 1! 

1/ D1  MAI  _ 14 

14 QA CS 3 1• 

11  Cil  E3+ 14 

12 y~E32 =2 1s 

Du - D7 = DATA I/O 
AO_- AS = ADDRESS LINES 
R/W = HIGH IS READ, LOW IS WRITE 

TO BE ENABLED: CSO & CS3 MUST BE HIGH 

CS1,CS2,CS4, & CS5 MUST BE LOW 

Fig. 39 

RAG 06-03-82 
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~  

DS- VSS  
dl d0 

D10 U616 -09 
d3 d2 
D12 -D/1 
d5 -=44 -d4 
D14 013 
d7 d6 

*00 DIS  
VCC * -*COG  

D4 VSS 012 VSS 
03 DS  Dit  012  
D:  D6 D10 D14 
D1 U610 D7 09 D15 
DO A14 D3 A14 
A3 4732 A13 A3 A13 
A4 Al2 A4 Al2 

*CS1 All *CS1 All 
VSS 10 VSS 10 
A5 A9 A5 A9 
A6 A3 A6  e  
VCC * A7 VCC 

VCC- VSS VCCi -VSS 
~ ~~^ VrIV- - CS 1 
VSS- 

 
VSS -*CS1 

VSS- VSS VSS --VCC 
*WE- U608 D7 *WE- U609 -D12 
A14- D2 A14-4 -013 
A13- 4810 -04 A13- 6310 rD14 
Al2-4 rD3 Al2-» -015 
AIi- -05 A11-w  -DG  
A10- -D6 A10- -09 
A9- - DI A9- -D10 
A3- -DO A3j -011 
VCL ̀  * -VSS VCC * -VSS 

da  *QC VSS VSS 
dl  DO 09  D? 
d2 0614 D1  dl  0615 d0 
d3 7' d3 d2 
d4 74LS D3 D11 D10 
d5 -245 04 013 -373 D12 
d6  DZ  d5 d4 
d7 Dc d7 d6 

*DI4f D7 D15 D14 
VCC *  DEIN  VCC *  DINO  

D  denotes 16 bit data bus  
d  denotes 3 bit multiplexed data. bus 

Fig. 40 .  
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IMPORTANT NOTICE REGARDING TECHNICAL DATA 

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

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

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

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

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

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


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139

