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Preface 

This manual provides depot-level main­
tenance information for memory boards used 
with the Model 990110 or Model 990112 
Minicomputer Systems. The ·manual is 
organized into the following four sections. 

3 Maintenance - Describes the depot 
maintenance philosophy and provides 
the checkout and fault isolation pro­
cedures for the memory boards. 

Section 
4 Drawings - Provides the assembly 

drawings and logic diagrams for the 
memory boards. 

1 General Description - Provides an in­
troduction, overview, and specifications 
for the memory boards described in the 
manual. 

2 Functional Description - Provides de­
tailed theory of operation for the 
memory boards. 

Additional information related to the use of 
the memory boards in the Model 990110 and 
the Model 990112 Minicomputer Systems 
may be found in the following documents. 

Title 

Model 990 Computer 733 ASRIKSR Terminal Installation 
and Operation 

Model 990110 Computer System Hardware Reference 
Manual 

Model 990110 Computer System Field Maintenance 
Manual 

Model 990110 Computer System Depot Maintenance 
Manual 

Model 990112 Computer Hardware User's Manual 

Model 990112 Computer System Field Maintenance 
Manual 

2250690-9701 

Part Number 

945259-9701 

945417-9701 

945402-9701 

945404-9701 

2264446-9701 

2264447-9701 
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1.1 GENERAL 

This manual provides detailed theory and 
depot-level maintenance procedures for 
TILINE* memory boards that use a 16,384-bit 
dynamic random-access memory chip for 
primary memory storage. The memory 
boards described in this manual may be used 
with the Model 990/10 or Model 990/12 
Minicomputer Systems and will be referred 
to as the TILINE memory. This section pro­
vides a brief general description of the 
TILINE memory boards. 

1.2 TILINE MEMORY BOARDS 

The TILINE memory boards described in this 
manual consist of the Memory Controller, 
96KB, with Error Checking and Correction, 
990/16KR, hereinafter referred to as the 96KB 
memory controller; the Cache Memory Con­
troller, 64KB, with Error Checking and Cor­
rection, 990/16KR, hereinafter referred to as 
the cache controller; and the Memory Add­
On Module, 256KB, with Error Checking and 
Correction, 990/16KR, hereinafter referred to 
as the 256KB add-on memory array. Con­
figurations and parts numbers of the TILINE 
memory boards are as shown in table 1-1. En-

*Registered trademark of Texas Instruments Incor­
porated. 
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General Description 

vironmental specifications for the boards are 
as shown in table 1-2, power requirements 
are shown in table 1-3. 

Table 1-1. TILINE Memory Boards 

Logic Board Tl Part Number 

96KB memory controller board (standard version) 
with 0 bytes RAM (controller 
only) 
with 32K bytes RAM 
with 64K bytes RAM 
with 96K bytes RAM 

2261980-1 
2261980-2 
2261980-3 
2261980-4 

96KB memory controller board (fine line 
version) O bytes RAM (controller 
only) 
with 32K bytes RAM 
with 64K bytes RAM 
with 96K bytes RAM 

Cache memory controller board 
(64K bytes RAM) 

256KB add-on memory array 
board· 

Change 1 

with 64K bytes RAM 
with 128K bytes RAM 
with 192K bytes RAM 
with 256K bytes RAM 

2261980-5 
2261980-6 
2261980-7 
2261980-8 

2261990-1 

948955-1 
948955-2 
948955-3 
948955-4 

1-1 
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General Description 

1·2 

Table 1·2. TILINE Memory Boards Environmental Specifications 

Item 

Operating 
Temperature1 

Humidity 

Storage 
Temperature 
Humidity 

Shock 

Vibration 

Altitude 

Note: 

Specification 

0° to 65° C (32° to 149° F) 
Oto 95%, noncondensing 

- 40° to 70° C ( - 40° to 158° F) 
0 to 95%, noncondensing 

Will sustain 2-foot vertical drop when 
installed in the chassis 
Will withstand 1G at 5 Hz to 80 Hz and 
0.3G at 80 Hz to 500 Hz 

0 to 3.05 km (0 to 10,000 ft) 

1 Lower the upper operating temperature limit by 2°C (3.6°F) for every 762 
meters (2500 feet) increase in altitude. 

2250690-9701 



Table 1-3. Memory Board Current Requirements in Amperes 

Voltage 

96KB Memory Controi ier 
+5V Main 
+5V Stby 
+ 12V Stby 
-5V Stby 

256KB Add-On Memory Array 
+5V Main 
+5V Stby 
+ 12V Stby 
-5V Stby 

Cache Controller 
+5V Main 
+5V Stby 
+ 12V Stby 
-5V Stby 

Note: 

Current, Maximum Cycle 
Rate1 

2 
0.550 
0.550 
0.0025 

0.200 
0.400 
1.10 
0.001 

6 
0.600 
0.550 
0.002 

Current, Idle 
Operation 

2 
0.550 
0.120 
0.002 

0.200 
0.350 
0.350 
0.000020 

6 
0.600 
0.120 
0.002 

General Description 

Current, Standby 
Operation 

0 
0.170 
0.120 
0.0025 

0 
0.080 
0.350 
0.000020 

0 
0.200 
0.120 
0.002 

1 Current maximum cycle rate based on 1 cycle per microsecond for the 96KB memory controller 
and 256KB add-on memory array and 500-nanosecond average cycle rate for the cache controller. 
Current drain figures assume that each board is fully implemented with memory devices for max­
imum storage capacity. 

2250690-9701 
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Functional Description 

2.1 GENERAL 

This section provides a functional descrip­
tion of the TILINE memory. As shown in table 
1-1, standard options of the 96KB memory 
controller board in standard and fine line ver- I 
sions provide memory capacity that ranges 
from 32K to 96K bytes on a single board in in­
crements of 32K bytes. When system re­
quirements are for greater than 96K bytes of 
memory, additional memory can be im­
plemented by installing add-on memory array 
boards in full-sized slots of the chassis. Error 
checking and correcting (ECG) is a standard 
feature of TILINE memory. 

The TILINE memory consists of two different 
memory controllers; the 96KB memory con­
troller and the cache controller board. The 
cache controller uses a cache technique to 
improve the effective operating speed of 
primary memory. Expansion of memory is im­
plemented by adding 256KB add-on memory 
array boards. Through the use of two memory 
controller boards, each with four add-on 
boards, total memory capacity can be ex­
panded to 2M bytes when used in a 990/10 or 
990/12 minicomputer system. 

The paragraphs that follow provide a detailed 
description of each of the memory con­
trollers and of the add-on memory array 
board. 

2.2 96KB MEMORY CONTROLLER 

The 96KB memory controller is a 
multi layered board that contains the memory 
control logic, storage logic, storage 
elements for up to 96K bytes of metal-oxide 
semiconductor (MOS) random-access 
memory (RAM) on the board, and the control 

logic for up to 1 M bytes of additional memory 
on associated add-on memory expansion 
boards. The 96KB memory controller inter­
face to the TILINE bus is made through the 
two 80-pin connectors at the bottom edge of 
the board that installs into the chassis slot. 
Two 50-pin connectors at the top edge of the 
board are used to interface with expanded 
memory. Table 2-1 describes these interface 
signals in detail. The interface signals to the 
Tl Li NE at the bottom edge of the board are as 
described in table 2-2. 

The 96KB memory controller functions as a 
TILINE SLAVE device. As such, it generates 
or accepts data only in response to a TILINE 
MASTER device. Logic on the 96KB memory 
controller consists of TILINE interface logic, 
timing and memory refresh control circuits, 
and error checking and correction circuits. 
The memory array on the memory controller 
consists of from zero to three banks (rows) of 
memory chips, with 22 memory chips in each 
bank. Each memory word consists of 16 data 
bits and six check bits. During normal opera­
tion, only the data bits are processed on the 
TILINE data bus. 

The 96KB memory controller board may be 
placed in a diagnostic mode by addressing 
the memory controller logic at a specified 
TILINE Peripheral Control Space (TPCS) ad­
dress. Cycle control and refresh control for 
the add-on memory boards are provided by 
the 96KB memory controller board, but the 
add-on memory expansion boards interface 
directly with the Tl LINE for address selec­
tion. The 96KB memory controller circuits, in­
cluding the error checking and correcting cir­
cuits, are implemented in transistor­
transistor logic (TTL) devices on the lower 
part of the board (figures 2-1 and 2-1A). The I 

2250690·9701 Change 1 2-1 



Functional Description 

Table 2-1. Memory Controller to 256KB Add-On Memory Array Board Interface Signals 

Signature 

MBOO-
MB01-
MB02-
MB03-
MB04-
MB05-
MB06-
MB07-
MB08-
MB09-
MB10-
MB11-
MB12-
MB13-
MB14-
MBi5-
MB16-
MB17-
MB18-
MB19-
MB20-
MB21-

IBSEL-

IR/W-

ADO DD 

IRAS-

ICADSEL 

ICAS-

2-2 

Pin Number 

P4-1 
P4-3 
P4-5 
P4-7 
P4-9 

P4-11 
P4-13 
P4-15 
P4-17 
P4-19 
P4-21 
P4-23 
P4-25 
P4-27 
P4-29 
P4-3i 
P4-33 
P4-35 
P4-37 
P4-39 
P4-41 
P4-43 

P3-19 

P3-21 

P3-29 

P3-13 

P3-7 

P3-15 

Definition 

22-bit bidirectional data bus that transfers read and write data between 
the two boards (includes six check bits: MB16- through MB21-). 

Board selected signal. The board selected signal is sent to the memory 
board controller when the 256KB add-on memory array board decodes a 
TILINE address that falls in the address space defined by the address 
switches and memory size jumpers. 

Read/write control. The read/write control line to the 256KB add-on 
memory array-board specifies either a read or write memory operation. 

Odd word address. The address odd line operates in conjunction with 
the read/write control line to enable both rows in a selected bank dur­
ing a read operation or to enable only the required odd or even row dur­
ing a write operation. 

Row address strobe. The row address strobe clocks seven row address 
bits into memory chips. 

Column address select. The column address select line causes the sec­
ond seven address bits to be applied to the memory chips. 

Column address strobe. Column address strobe clocks the seven col­
umn address bits into the memory chips. 

2250690-9701 



Functional Description 

Table 2-1. Memory Controller to 256KB Add-On Memory Array Board Interface Signals (Continued) 

Signature 

RF ADO-
RFAD1-
RFAD2-
RFAD3-
RFAD4-
RFAD5-
RFAD6-

REFRESH-

+5 SWEN-

POWE RON-

IORES-

IMERR-

ICERR-

2250690-9701 

Pin Number 

P3-27 
P3-33 
P3-17 
P3-35 
P3-25 
P3-23 
P3-31 

P3-5 

P3-1 

P3-11 

P3-37 

P3-3 

P3-9 

Definition 

Refresh address lines. Refresh address lines provide the row address 
to the memory chips during a refresh operation. 

Refresh cycle in progress. The refresh control line causes the refresh 
address lines to be applied to the memory chips that are then strobed 
into the memory chips by the IRAS- pulse. 

5-volt switch enable. Turns on power (5 volts) to 256KB add-on memory 
array whenever main power is on or during a refresh operation in stand­
by operation. 

Power on. Power on is true after 5 volts is stable. When false, this 
signal inhibits extraneous strobes to the memory chips. 

110 reset. The reset line resets the error indication lamps after initial 
power-up and in response to a front panel reset or execution of a RSET 
instruction. 

Memory error, multibit error. Memory error is generated by the control 
logic of the memory controller during a read cycle and sets the error in­
dication lamp on the selected 256KB add-on memory array board. 

Correctable error, one-bit error detected. The correctable error signal is 
generated by the control logic of the memory controller during a read 
cycle. This indicates that a one-bit error has occurred and sets the error 
indication lamp on the selected 256KB add-on memory array board. 
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Functional Description 

Signature 

TLGO-

TLREAD 

TLADR00-
01-
02-
03-
04-
05-
06-
07 -
08-

Pin Number 

P1-25 

P1-11 

P2-55 
P2-44 
P2-51 
P2-53 
P2-57 
P2-59 
P2-47 
P2-49 
P2-17 

09- P2-19 
10- P2-10 
11- P2-12 
12- P2-11 
13- P2-15 
14- P2-8 
15- P2-9 
16- P2-29 
17- P2-27 
18- P2-25 

TLADR19- P2-31 

TLDAT00-
01-
02-
03-
04-
05-
06-
07 -
08-
09-
10-
11 -
12-
13-
14-

TLDAT15-

TLTM-

TLMER-

2-4 

P2-67 
P2-69 
P2-35 
'"'"' -,.,-., ,,_,:;,, 
P2-61 
P2-63 
P2-43 
P2-45 
P2-21 
P2-33 
P2-23 
P2-20 
P1-27 
P1-28 
P1-30 
P1-31 

P1-20 

P1-55 

Table 2-2. TILINE Signal Definitions 

Definition 

TILINE Go: Initiates all data transfers when transition from high (3 V) to 
low (1 V) occurs. 

TILINE Read: When high (3 V), designates a read from SLAVE opera­
tion; when low (1 V), designates a write to SLAVE operation. 

TILINE address: To define the location of data during a fetch or store 
operation. When high (~2 V), the corresponding address bit is a zero; 
when low (~0.8 V), the corresponding address bit is a one. 

TILINE Data: Bidirectional data lines that, when high (~2 V), represent 
zero data bits and, when low (~0.8 V), represent one data bits. 

TILINE Terminate: When low (1 V), indicates that the SLAVE device has 
completed the requested operation. 

TILINE Memory Error: When low (~0.8 V), indicates that a 
nonrecoverable error has occurred during a memory read operation. 

2250690-9701 



Signature 

TLAG (in) 

TLAG (out) 

TLAK-

TLAV 

TLWAIT-

TLIORES-

TLPRES-

TLPFWP-

TLHOLD-

TLCACHEN 

2250690-9701 

Functional Description 

Table 2-2. TILINE Signal Definitions (Continued) 

Pin Number 

P2-6 

P2-5 

P1-71 

P1-58 

P1-63 

P1-14 
P2-14 

P1-13 
P2-13 

P1-16 
P2-16 

P2-26 

P1-73 

Definition 

TILINE Access Granted: When high (~2 V), indicates that no higher­
priority device has requested use of the TILINE. When low (~0.8 V), 
prevents the receiving device from gaining access to the TILINE bus. 

TILINE Access Granted: When high (~2 V), indicates that neither the 
sending device nor any higher-priority device is requesting use of the 
TILINE. When low (~0.8 V), indicates that either the sending device or 
some higher-priority device is requesting use of the TILINE bus and 
prevents all lower-priority devices from gaining access to the bus. 

TILINE Acknowledge: When high (3 V), indicates that no TILINE device 
has been recognized as the next device to use the TILINE. When low 
(1 V), indicates that some TILINE device has requested access, has 
been recognized, and is waiting for the bus to become available. 

TiLINE Available: When high (3 V), indicates that no TILINE device is 
using the bus. When low (1 V), indicates that the TILINE bus is busy. 

TILINE Wait: A normally high (3 V) signal that, when low (1 V), tem­
porarily suspends all TILINE MASTER devices from using the T!LINE 
bus. This signal is generated by bus couplers to allow them to use the 
bus as the highest-priority user. The cache controller also generates 
TLWAIT- during initialization of the cache controller. 

TILINE 1/0 Reset. A normally high (~2 V) signal that, when low (~0.8V), 
halts and resets all TILINE 1/0 devices. This signal is a 100- to 
500-nanosecond pulse generated by the RESET switch on the pro­
grammer panel or by the execution of a RSET instruction in the AU. 

TILINE Power Reset: A normally high (~2 V) signal that goes low 
(~0.8 V) to reset all TILINE devices and inhibit critical lines to external 
equipment. The signal is generated by the power supply at least 10 µs 

before de voltages begin to fail during power-down and until de 
voltages are stable during power-up. 

TILINE Power Failure Warning Pulse: A pulse that precedes TLPRES­
by 2 ms. When low (~0.8 V), indicates that a power-down sequence is 
in progress, allowing the AU to perform its power failure interrupt 
subroutine. 

TILINE Hold Signal: A normally high (3 V) signal that goes low (1 V) to 
assert that a central processing unit (CPU) is executing an Absolute 
Value (ABS) instruction. TILINE Hold prevents interference from 
another processor on the TILINE while the first processor is per­
forming the ABS instruction. This signal is used and propagated by 
TILINE COUPLERS in multiprocessor systems. 

TILINE Cache Enable Signal: The cache memory in the cache controller 
is enabled when this signal is high. 
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96K bytes of on-board MOS memory consists 
of three rows of TMS 4116 devices across the 
top of the board. Each row includes the 22 
devices required for the storage of 16 data 
bits and 6 ECC bits. The TMS 4116 chip is 
based on N-channel silicon gate technology, 
and the inputs and outputs are TTL com­
patible. 

As shown in figure 2-1, the 96KB memory 
controller board includes, in addition to TTL 
control logic, 2 light-emitting diode (LED) er­
ror indicators, 11 LED chip failure indicators, 
and 2 dual-in-line switch packages. One of 
these switch packages is used to set the 
starting address of the on-board memory. 
The other switch package is used to select a 
TPCS address. The two error-indicating LEDs 
indicate that a one-bit (correctable) error or a 
multibit (uncorrectable) error has occurred 
on this board. The correctable error LED 
lights when the error-correcting logic detects 
and corrects an error in data read from 
memory. The memory error LED lights when 
the error-detecting logic senses a data error 
that cannot be corrected (two or more bits in 
error). 

Functional Description 

These indicators are set on the first occur­
rence of the respective error stimulant and 
remain set until the board is powered down 
or until an 1/0 RSET instruction is issued. The 
additional 11 chip failure LEDs pinpoint the 
memory chip that caused the first single-bit 
error. Any additional errors do not affect the 
chip failure LEDs. However, subsequent er­
rors are recorded by the two error indicators 
located on the board where the error oc­
curred. The 11 chip failure indicators are 
divided into 2 groups, as shown in figure 2-2. 
A group of five LEDs forms a binary code that 
identifies the bit that failed. The remaining 
six LEDs form a binary code that identifies 
the row that contains the failing chip. Table 
2-3 summarizes the error indicators and their 
functions. 

The dual-in-line base address switch con­
sists of eight single-pole, single-throw ad­
dress switches. The address switches cor­
respond to the 8 most significant bits (MSB) 
of the 20-bit TILINE address and permit board 
starting address selection in SK-byte in­
crements. Switch 1 is the most significant bit 
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Functional Description 

of the address and switch 8 is the least 
significant bit (LSB). The required switch set­
tings for the 96KB memory controller are 
shown in table 2-4. Addresses other than 
those shown can be represented in a similar 
manner by using the eight switches to repre­
sent the binary number. Since each of the 3 
rows of memory devices represents 32K 
bytes of memory, the memory capacity 
available is either 0, 32K, 64K, or 96K bytes. 
Memory size is set by connecting memory 
size jumpers as shown in table 2-5. 

The diagnostic mode pencil switches corres­
pond to address bits 11 through 18 of the 
20-bit TILINE address bus and select the 
TPCS address used to operate the controller 
in the diagnostic mode. Switch 1 is the most 

significant bit, and switch 8 is the least 
significant bit. This permits the selection of 
512 addresses that fal I between F8001s, and 
FBFE1s, inclusive, in the 15-bit address form 
and between FFC001s and FFDFF1s inclusive, 
in the 20-bit form. Table 2-6 shows some 
typical TPCS addresses and their corre­
sponding switch settings. The recommended 
TPCS addresses for 96KB memory con­
trollers are shown in table 2-7. Software pro­
vided by Texas Instruments expects these 
values to be used. 

A host computer may place the 96KB 
memory controller in the diagnostic mode by 
addressing the controller with the correct 
TPCS address (see table 2-7) on the TILINE 

Table 2-3. Description and Function of 96KB Memory Controller Error Indicators 

Indicator 

Bit In Error 

Row In Error 

Memory Error 

Correctable Error 

2-8 

Description 

Hexadecimal 
Code 

00 = Bit 0 

OF = Bit 15 

15 = Bit 21 

Hexadecimal 
Code 

00 = Row O 
01 = Row 1 
02 = Row 2 

22 = Row 34 

Multibit error on 
this board 

Single-bit error on 
this board 

Display Convention 

LED On: Bit = 1 

LED On: Bit = 1 

LED On: Error 

LED On: Error 
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Functional Description 

address lines while executing a write opera­
tion. When in the diagnostic mode, testing of 
al I on-board memory banks and add-on ex­
pansion memory banks may be performed. 

2-3, bits 0 through 3 specify which of the four 
areas of memory on which to administer the 
test. The memory that is mounted on the 
96KB memory controller board is divided into 
Bank A, Bank B, and Bank C. Additional 
memory boards are considered as expan­
sion. Bank A addresses fall between the base 
address plus 1638416 (16K). Bank B addresses 
start at the end of Bank A and continue for 
another 16K. Bank C addresses fall similarly, 

When the proper TPCS address is found to 
be present on the TILINE address lines, the 
controller examines the data bits present on 
the TILINE data bus for instructions on how 
to conduct the self-test. As shown in figure 

Table 2-4. 96KB Memory Controller Board, Starting Address Switch Settings 

Beginning Word 
Address on Switch Setting 

Board 
( )18 SW1 SW2 SW3 SW4 SWS SW6 SW7 SWS 

00000 
01000 
02000 
03000 
04000 
05000 

OFOOO 
10000 

40000 

F4000 

OFF OFF OFF 
OFF OFF OFF 
OFF OFF OFF 
OFF OFF OFF 
OFF OFF OFF 
OFF OFF OFF 

OFF OFF OFF 
OFF OFF OFF 

OFF ON OFF 

ON ON ON 

OFF OFF OFF OFF OFF 
OFF OFF OFF OFF ON 
OFF OFF OFF ON OFF 
OFF OFF OFF ON ON 
OFF OFF ON OFF OFF 
OFF OFF ON OFF ON 

OFF ON ON ON ON 
ON OFF OFF OFF OFF 

OFF OFF OFF OFF OFF 

ON OFF ON OFF OFF 

Number of 
Memory Words 

Below Board 

0 
4,096 
8,192 

12,288 
16,384 
20,480 

61,440 
65,536 

262,144 

999,424 

Table 2-5. 96KB Memory Controller Board Memory Size Jumper Schedule 

Memory Size (Bytes) Jumper E9 Jumper E10 

0 OFF OFF 

32K OFF ON 

64K ON OFF 

96K ON ON 
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Functional Description 

2-10 

Table 2-6. TPCS Addresses and Corresponding Pencil Switch Settings 

CPU TPCS Switch Setting 
Address Address SW1 SW2 SW3 SW4 SW5 SW6 

FB00-02 FFC00-01 OFF OFF OFF OFF OFF OFF 
F804-06 FFC02-03 OFF OFF OFF OFF OFF OFF 

F81C-1 E FF COE-OF OFF OFF OFF OFF OFF ON 
F820-22 FFC10-11 OFF OFF OFF OFF ON OFF 

F9FC-FE FFCFE-FF OFF ON ON ON ON ON 
FA00-02 FFD00-01 ON OFF OFF OFF OFF OFF 

FBFC-FE FFDFE-FF ON ON ON ON ON ON 

Table 2-7. TPCS Locations for the 96KB Memory Controller 

Typical Assignments for 
Memory Devices Device 

SW7 

OFF 
OFF 

ON 
OFF 

ON 
OFF 

ON 

swa 

OFF 
ON 

ON 
OFF 

ON 
OFF 

ON 

FBOO 
FB04 

First 96KB memory controller (Switches 1 and 2 On) 
Second 96KB memory controller (Switches 1,2, and 8 On) 

BANK 8 EXPANSION 

l J 
0 1 2 3 4 5 6 7 8 9 10 1 1 12 13 14 1 5 

T I 1 l 
BANK A BANK C MODE RESET 

Figure 2-3. TPCS Data Word Bit Assignments 
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starting with the uppermost boundary for 
Bank Band continuing for another 16K. 

Bit 4 controls the mode of the data placed on 
the TILINE data bus. When bit 4 is zero, the 
error correction logic on the controller is 
disabled and data is passed to the CPU un­
changed. When bit 4 is set to one, the six 
check bits are exchanged for the most 
significant data bits. This allows the user to 
directly access the check bits generated by 
the ECC logic and to monitor their validity. 
Bit 7, when set to one, acts like an 110 reset to 
clear the controller error latches from the 
controller, restoring the memory controller 
board to normal operation. 

When reading the TPCS word, the 96KB 
memory controller places data words on the 
TILINE data bus. The data words read are 

WORD 0 

0 2 5 

Functional Description 

even and odd forms of the TPCS address as 
set in the TPCS pencil switches. The content 
and meaning of the two data words are as 
shown in figure 2-4. 

After being placed in the diagnostic mode, 
data bits 0 through 7 of the TILINE data word 
are examined by the diagnostic logic when a 
TILINE write operation is peformed. The user 
can form this data word to control the 
following features: 

• Selection of a portion of memory on 
which to perform the diagnostic test 

• Selection of the diagnostic mode 

• Clearing the error latches 

Expansion memory cannot be modified into 

-------..r---------v--- '--r-' 
BASE ADDRESS OF 

CONTROLLER (BIT O MSB) 
(INVER rEo DATA) 

WORD 1 

SIZE OF 
MEMORY 

ROW IN ERROR 
(BIT 2 MSBi 

00 - NO MEMORY 
0 1 - 1 BANK ( 1 6K 1 

1 0 = 2 BANKS ( 3 2K 1 
11 " 3 BANKS (48K) 

(A) 1 40176B 

Bl T IN ERROR 
(BIT 8 MSB) 

ID CODE 
100) 

CORRECTABLE 
ERROR OCCURRED 

SAME AS WORD 0 

Figure 2-4. Word O and Word 1 Placed on the TILINE Data Bus by the 96KB 
Memory Controller When in the Diagnostic Mode During a Read 
Operation 
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Functional Description 

banks. Data bits 0 through 3 select one or al I 
of the banks and/or the expansion. Data bit 4 
selects the mode under which the diagnostic 
should be run. When this bit is zero, the error 
detection and correction logic is disabled in 
the specified banks. When data bit 4 is one, 
the most significant data bits of the word are 
swapped through the multiplexer with the six 
error-checking bits in the banks or memory 
area specified. When bit 7 is one, a command 
is issued to clear all latches and disable all 
three-state TPCS devices to restore the con­
troller to normal operation. 

2.2.1 TMS 4116 Memory Chip 
The TMS 4116 memory chip is a monolithic, 
high-speed, dynamic, 16,384-bit MOS RAM 
organized as 16,384 one-bit words. All inputs 
and outputs are compatible with TTL logic, 
including the clocks: Row Address Strobe 
(RAS-) and Column Address Strobe (CAS-). 
The seven address lines and the data-in (DI) 
lines are latched on the chip to simplify 
system design. The data out (DO) line is 
unlatched to allow greater system flexibility. 
To decode 1 of 16,384 storage cell locations, 
14 address bits are required. To achieve this, 
seven row-address bits are set up on the 
seven address lines and latched onto the 
chip by RAS-. Then, in this system, a column 
address select (CADSEL-) signal applies the 
seven column address bits to the seven ad­
dress tines. The GAS- strnbe latches the 
column address bits onto the chip. A refresh 
operation must be performed at least every 
two milliseconds to retain data. Each of 128 
row addresses is strobed with RAS- to cause 
all bits in each row to be refreshed. Since the 
output buffer is in the high-impedance state 
unless GAS- is applied, the "RAS- only" 
refresh sequence avoids any output during 
refresh. GAS- remains high (inactive) for this 
refresh sequence, thus conserving power. 

2.2.2 Control and Operation 
The 96KB memory controller monitors the 
TILINE, decodes addresses on the TILINE ad­
dress bus, and directs the performance of 
read and write cycles to addressed memory 
under control of a TILINE MASTER device. 
This addressed memory can be on board or 
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located on add-on expansion boards. The 
following functional description is keyed to 
the block diagram for the memory board 
(figure 2-5). 

2.2.2.1 Memory Timer. Pulses used to con­
trol the timing and sequence of operation 
during memory read and write operations are 
provided by the memory timer. This includes 
timing for the memory refresh cycle that is a 
memory read operation. The memory timer 
consists of two resistance/capacitance (RC) 
timers and two 250-nanosecond delay lines 
along with associated TTL logic. Each 
250-nanosecond delay line has 10 output 
taps that are separated from each other in 
time by 25 nanoseconds. An input signal to 
the delay line is propagated down the line 
and is reproduced at each output tap, with 
each progressive tap introducing an addi­
tional 25 nanoseconds of delay to the input 
signal. The delayed-by-250-nanoseconds out­
put of the first delay line is the input to the 
second delay line, providing a total delay of 
500 nanoseconds. 

Reference is made to the simplified func­
tional diagram for the memory timer in the 
following discussion of the operation of the 
timer (figure 2-6). When the 96KB memory 
controller is not busy with a previous 
memory operation nor a refresh operation, 
the asserted TLGO- from the MASTER 
device provides a high BTLGO to trigger the 
two RC timers. In turn, these generate the 
G0120 and G0170 pulses at approximately 
120 and 170 nanoseconds after the asserted 
TLGO-. G0120 clocks a flip-flop to generate 
the row address strobes for both on-board 
use and for add-on memory expansion board 
use. With either the 96KB memory controller 
or add-on memory addressed, the low board 
selected signal (BSEL-) is clocked by G0170. 
A high BSEL- signal produces the low 
ENDCYC- signal to abort the cycle. Assum­
ing a valid address is presented to the local 
memory or to an add-on memory expansion 
board, as BUSY goes high (at time T170 after 
TLGO- is asserted), a high pulse is clocked 
into the input of the first of the two delay 
lines. At the time T270, a pulse that is 
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Functional Description 

delayed by 100 nanoseconds from G0170 is 
used to reset the flip-flop at the input to the 
delay line. This 100-nanosecond-wide pulse 
propagates down the delay lines, providing 
the various delayed pulses as shown in 
figure 2-6. 

2.2.2.2 Address Examination. The TILINE 
address, consisting of address bits 
TLADROO- through TLADR19-, is presented 
to the 96KB memory controller at the time 
TILINE GO (TLGO-) is asserted by the TILINE 
MASTER device. The eight most significant 
bits, TLADROO- through TLADR07-, are ap­
plied to an adder circuit, where the starting 
address of the board as set by the start ad­
dress switches on the board, is, in effect, 
subtracted, and the resultant output bits 
ADROO- through :l1.DR07- are generated. W!th 
the board not busy (CADSEL- is high), ad­
dress bits ADROO- through ADR05- and the 
output of two memory size jumpers are 
enabled as inputs to the board/bank address 
decoder. A valid address presented to the 
board/bank address decoder (that is a 
preprogrammed logic array) develops a low 
board selected signal, SEL-, and a high at 
one of the three BANK signals. At approx­
imately 170 nanoseconds after TLGO- is 
asserted, and with the board selected, the 
G0170 output from the board timer clocks 
B_USY high and the memory read or write cy­
cle operation is continued. If the address is 
not val id for the board or for any add-on 
memory board, BUSY remains low, and a 
high BSEL- signal ANDed with G0170 pro­
duces a low ENDCYC- to abort the cycle as 
previously described. Output bits of the ad­
dress subtracter ADR06- and ADR07-, along 
with TILINE address bits TLADR08- through 
TLADR12- are applied as the row address in­
puts to the row/column address select cir­
cuit. Address bits TLADR13- through 
TLADR19- are the column address inputs to 
the row/column address select circuit. With 
no refresh operation in progress, the row ad­
dress inputs are latched onto the memory 
chips in the addressed bank as the row ad­
dress strobe, RAS, is clocked high by the 
G0120 output from the memory timer. The 
G0170 output from the memory timer clocks 
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CADSEL- low, and the column address in­
puts to the row/column address select are 
selected for output to the memory chips. The 
T220 output from the timer clocks the col­
umn address strobe CAS high to latch the 
column address bits onto the memory chips 
in the address bank. 

2.2.2.3 Memory Write Cycle. To execute a 
write to memory cycle, the TILINE master 
device asserts TLGO- and at the same time 
asserts the write command, TILINE READ 
(TLREAD), by setting both signals low. 
TLREAD causes the read/write input to the 
memory devices to go low, thereby placing 
the board in the write mode. The MASTER 
also generates val id write data on the data 
bus (TLDAT -) and a valid 20-bit address 
(TLADR-) on the address lines. The asserted 
TLGO- triggers the memory timer, and after 
120 nanoseconds G0120 is generated to 
clock row address strobe (RAS) high and to 
also provide the row address strobe, IRAS-, 
for the add-on memory expansion boards. 
RAS is ANDed with the selected bank signal 
to provide a low row address strobe that 
latches the seven row address bits onto the 
selected bank of memory devices. A delayed 
strobe output from the memory timer G0170, 
is used to interrogate the results of address 
decoding on the 96KB memory controller and 
on the add-on expansion boards. With a val id 
address decoded, the low BSEL- clocked by 
G0170 generates a high BUSY signal. The 
high BUSY signal clocks a 100-nanoseconds 
wide pulse that is applied to the input of a 

, 500-nanosecond delay line. The effect is that 
the delay line is activated at time T170 
(nanoseconds) after TLGO- is asserted. 

At time T170, the column address select 
signal CADSEL- is clocked low and the col­
umn address bits are selected for application 
to the addressed bank of memory devices. 
The column address strobe, CAS, is clocked 
high by T220 to strobe the column address 
bits, the 16 data bits, and the six check bits 
that are generated by check logic on the 
board into the selected memory bank. Also 
generated at this time is the column address 
strobe for add-on memory, ICAS-. For a 
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memory write cycle, the T345 output from the 
memory timer ANDed with a high READ­
signal generates the TILINE terminate signal 
TLTM- for transmission to the TILINE inter­
face. The time from receipt of the asserted 
TLGO- to the transmission of TLTM- is 
typically 370 nanoseconds. However, the 
time for a memory write cycle, the time from 
the beginning of a write cycle until a new 
memory cycle can begin, is typically 520 
nanoseconds. TLGO- can be asserted by the 
master device before then but will be ignored 
until the memory busy signal is released. The 
positive transition of TCYC generated by the 
memory timer occurs at time T520 to signal 
the completion of the memory write cycle by 
changing the state of the flip-flop that 
generates the BUSY signal. 

2.2.2.4 Memory Read Cycle. To execute a 
memory read cycle, the TILINE master device 
asserts TLGO- low and TLREAD high. 
TLREAD generates a high at the read/write in­
put to the memory devices, thereby placing 
the memory board in the read mode. 

The master also generates a valid address on 
the address lines. The address is decoded 
and interrogated, the row address strobe 
(RAS), column address select (CADSEL-), 
and the column address strobe (CAS) are 
generated and used in the same manner as 
was described for the memory write cycle. 
With the memory board addressed and in the 
read mode, the low RSEL- signal enables the 
16 output data bits from the addressed 
memory through three-state buffers and 
latches. Each data bit is applied as one input 
to an exclusive-OR gate. Similarly, RSEL­
enables six check bits to the error detect 
logic. RENAB-, clocked low by time T370 
pulse output from the memory timer, enables 
the 16 data bits onto the data bus. However, 
data is not valid to the master device until 
TL TM- is asserted by the memory board. 
With no error detected, at time T445 the 
TACC output from the memory timer, ANDed 
with the high ERROR- signal, asserts TL TM­
low. The master device accepts data as valid 
and releases TLGO-. A detected and correct­
able error generates an output from the error 

2250690-9701 

Functional Description 

detect logic that is applied to the other input 
of the exclusive-OR gate for the data bit in 
error to change the sense of that data bit, 
thereby correcting the error. At the same 
time, the ERROR- signal driven low inhibits 
the assertion of the valid data signal, TL TM-, 
to the MASTER device. (After an appropriate 
delay to permit data correction, the positive 
transition of the TCERR output from the 
memory timer at time T520 asserts TL TM- to 
the master device.) 

2.2.2.5 Memory Refresh Controller. A re­
fresh of the memory cell matrix is ac­
complished by performing a memory cycle at 
each of the 128 row addresses every two 
milliseconds to preserve data that is stored 
in the dynamic MOS memory storage cells. 
The refresh address lines at the output of the 
refresh controller replace the normal row and 
column address lines to refresh 1/128th of 
the memory during a refresh cycle. Refresh 
cycles are synchronized with memory re­
quests and begin immediately following the 
first memory cycle that occurs after the 
refresh request is made. In the event that no 
memory requests are made before a second 
refresh request occurs, a refresh cycle is 
forced at the time of the second refresh re­
quest. When main power is removed from 
memory, the memory is said to be in the 
standby mode. While in this standby mode, 
only that circuitry required to maintain the in­
tegrity of the refresh controller is powered by 
the power supply battery. Refresh requests 
are generated at the same rate as when main 
power is on. When a refresh request occurs, 
the required address and control logic is 
switched on and the refresh cycle is exe­
cuted. The address and control logic power 
is switched off at the completion of each 
single cycle. The refresh controller consists 
of a free-running oscillator, four flip-flops, 
and a binary counter. (Figure 2-7 is a 
simplified functional diagram of the refresh 
controller.) The output of the oscillator is 
AN Ded with PWRON to generate 128 refresh 
clock pulses, labelled RFCLK, every two 
milliseconds. RFCLK clocks a high RFREQ 
to the inputs of refresh flip-flop 2 and the 
forced refresh flip-flop. If a memory cycle is 
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in progress or if a memory cycle occurs 
before the next RFGLK pulse is issued, the 
column address strobe, GAS, clocks the high 
through to the input of refresh flip-flop 3. At 
the end of the memory cycle, the positive­
going RAS- signal clocks the high through 
this fiip-fiop to generate the RFCYC and 
RFGYG- signals. RFGYG is used to incre­
ment the 128-count binary counter by one for 
each refresh cycle. The output of the counter 
is selected during a refresh cycle to address 
each of the 128 rows of the memory devices 
in turn, one row for each refresh cycle. The 
high RFGYG is applied at the input to the 
board/bank address decoder to enable al I 
banks of memory during a refresh cycle. In 
the absence of normal memory cycles, GAS 
and RAS- are not available to clock the flip­
flops in the method just described, and an 
alternate method of forcing refresh cycles is 
used. As before, the first RFGLK pulse 
clocks a high RFREQ to the inputs of two 
separate flip-flops. The flip-flop normally 
clocked by GAS remains static in the 
absence of a memory cycle, and the next 
RFGLK pulse generated clocks RFREQ 
through the forced refresh flip-flop as a high 
input to a NANO gate. With a memory cycle 
not in progress, the other two inputs to the 
NANO gate (RTLGO- and BUSY-) are high. 
The low SAFA- output of the NAN D gate sets 
refresh flip-flop 3 to generate the RFGYG and 
RFGYG- signals. Since refresh flip-flop 1 is 
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Functional Description 

not reset by the AN Ded outputs of ref re sh 
flip-flops 2 and 3, REFREQ at the input to the 
forced refresh flip-flop stays high, and all en­
suing RFGLK pulses generate forced refresh 
cycles in the absence of normal memory 
cycles. 

2.2.2.6. Error Checking and Correction. The 
error correction code is a modified Hamming 
code that allows for correction of any single­
bit error and detection of any double-bit error 
that may occur when processing data to 
either on-board memory or to add-on memory 
array boards. A three-bit or greater number of 
errors causes erroneous operation of the 
checking logic. The gross error condition, 
wherein all Os or all 1 s are returned from 
memory, is detected as an error. During a 
write cycle, the 16 data bits are applied to a 
check bit generator that provides the six 
check bits, GB10 through GB15, at the same 
time that the data word is written into 
memory. The check bit generator consists of 
six 9-input odd/even parity generators/ 
checkers. During a write cycle, eight data 
bits are applied as inputs to each of the six 
parity generators/checkers with the pattern 
shown in figure 2-8. 

The six check bits generated are stored in 
memory along with the 16 data bits. During a 
read cycle, the six check bits are read out of 
memory as GBOO- through GB05- along with 

7 8 9 10 1 1 12 13 14 15 

x x x x 

x x x 

x x x x 

x x x x 

x x x x 

x x x x x x x x 

Figure 2-8. Error Correcting Code Bit Patterns 
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the data bits. The check bits, along with their 
corresponding data bits, are applied to the 
parity generators/checkers that are acting as 
9-input devices. If the parity of all six 
groupings of data and check bits are correct, 
the assumption is made that no error has 
occurred. Note that the sense of two of the 
check bits (bits 0 and 1) is inverted to assure 
that the gross error condition of all Os or all 
1 s is detected. If the parity of one or more of 
the check groups is incorrect, an error has 
occurred and the correction logic is enabled. 
The correction logic looks at the output of 
the six parity generators/checkers as a 6-bit 
code. Any single data bit error will change 
the sense of exactly three check bit lines and 
generate a code unique to that bit. The cor­
rection logic decodes this unique code, 
determines that the error is correctable, and 
inverts the specified data bit. Any single 
check bit error will change the sense of ex­
actly one check bit line and generate a code 
unique to that bit. The correction logic will 
decode this unique code and pass the data 
with no modification. Any two data bits in 
error will change the sense of an even 
number of check bit lines and generate 
codes that are not unique to any given error 
combination. Therefore, a memory error is 
signaled and the data is not modified. Three 
or more bit errors generate codes that may 
indicate either no error, a correctable error, 
or· an uncorrectabTe error, but in each in­
stance an erroneous result is produced. 

2.3 256KB ADD-ON MEMORY ARRAY 

The 256KB add-on memory array board con­
tains the storage elements, address 
decoding logic, and control and data buffers 
for up to 256K bytes of MOS RAM on the 
board. The board is used in conjunction with 
the 96KB memory controller (or the cache 
controller) to provide high-density main 
memory for the computer. Up to four of the 
256KB add-on memory array boards may be 
under the control of one memory controller. 
The 256KB add-on memory array board inter­
face to the TILINE consists of the TILINE ad­
dress lines and power lines and is made 
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through two 80-pin connectors at the bottom 
edge of the board that installs into the com­
puter chassis. Two 50-pin connectors at the 
top edge of the board provide the data path 
and control signals interface to the 96KB 
memory controller. Memory on the 256KB 
add-on memory array board consists of from 
one to four banks of memory chips. Each 
bank consists of 2 rows of 22 memory chips 
(1 row for even and 1 row for odd word ad­
dresses). Double-word read and single-word 
write cycles are implemented for use with 
the cache controller. 

As shown in figure 2-9, the address decoding 
logic and the control and data buffers for the 
256KB add-on memory array board are im­
plemented in TTL devices located on one 
side of the board. The eight rows (or four 
banks) of the TMS 4116 MOS memory 
devices extend across the rest of the board, 
with row and bank designations as shown in 
figure 2-9. Also installed on the board are two 
LED error indicators and the dual-in-line 
switch package used to set the starting ad­
dress of the board. The two error-indicating 
LEDs indicate that a one-bit (correctable) er­
ror or a multibit (uncorrectable) error has oc­
curred on this board. These indicators are set 
on the first occurrence of the respective error 
stimulant and remain set until the system is 
powered down or until an 110 Reset instruc­
tion is issued. The dual-in-line switch con­
sists of eight single-pole, single-throw 
switches. The address switches correspond 
to the eight most significant bits of the 20-bit 
TILINE address and permit board starting ad­
dress selection in SK-byte increments. 
Switch 1 is the most significant bit of the ad­
dress and switch 8 is the least significant bit. 
To set the starting address switch settings 
for the 256KB add-on board, use the switch 
settings provided for the 96KB memory con­
troller (table 2-4). The memory capacity may 
be set in increments of from one to four 
banks of memory. Since each bank of 
memory represents 64K bytes of memory, 
the memory capacity available is either 64K, 
128K, 192K, or 256K bytes. Memory size is set 
by connecting jumpers across the terminals 
of E9 and E10 as shown in table 2-8. 
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Functional Description 

The description that follows is keyed to the 
functional block diagram for the 256KB add­
on memory array board, figure 2-10. 

2.3.1 Examination of Address 
TILINE address bits TLADROO- through 
TLADR18- are presented to the 256KB add­
on memory board at the same time that 
TLGO- is asserted to the memory controller. 
The eight most significant bits, TLADROO­
through TLADR07-, are applied to an address 
adder circuit on the 256KB add-on memory 
board, where the starting address of the 
board as set by the starting address switches 
on the board is in effect subtracted. The 
resultant output address bits, ADROO­
through ADR07-, are generated as the sum of 
this subtraction. With the board not busy, 
CADSEL- is high and address bits ADROO­
through ADR04- are enabled as inputs to the 
board/bank address decoder. A valid address 
presented to the board/bank address 
decoder develops a low board selected 
signal, SEL-, and a high at one of four BANK 
signals. 

The SEL- enables a low IBSEL- interface 
signal to notify the memory controller that a 
valid address has been decoded and the 
memory read or write cycle is continued as 
described in the theory of operation for the 
memory c9ntroller. Qljtput bits of the (:ld­
dress subtractor ADR05- through ADR07-
and TILINE address bits TLADR08- through 
TLADR11- are applied as the row address in-

puts to the row/column address select cir­
cuit. Address bits TLADR12- through 
TLADR18- are the column address inputs to 
the row/column address select circuit. With 
no refresh operation in progress, the row ad­
dress strobe from the memory controller, 
IRAS-, is clocked low at time T120. At time 
T170, ICADSEL from the memory controller 
changes state, and the column address in­
puts to the row/column address select circuit 
are selected for output to the memory chips. 
Then at time T220, the column address 
strobe from the memory controller, ICAS-, 
changes state to latch the column address 
bits onto the memory chips in the addressed 
bank. 

2.3.2 Write Cycle 
To execute a write memory cyc!e, the T!L!NE 
master device asserts TLGO- and at the 
same time asserts the write command 
TILINE READ (TLREAD) by setting both 
signals low. The master also generates valid 
write data on the data bus (TLDAT -) and a 
valid 20-bit address (TLADR-) on the address 
lines. The memory interface circuits on the 
96KB memory controller receive the TLGO­
as the 256KB add-on-memory board decodes 
the address to determine if the address is 
valid for that board (as set on the memory 
start address switches and memory size 
jumpers). The (;lS_serte(j TLGO- trigg~rs the 
memory timer on the memory controller that 
produces a delayed strobe to interrogate the 
results of the address decoder. If no valid ad-

Table 2-8. Memory Size Jumpers for 256KB Add-On Memory Array Board 

Memory Size (Bytes) Jumper E9 Jumper E10 

64K OFF ON 

128K ON OFF 

192K ON ON 

256K OFF OFF 
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dress is decoded on the memory controller 
or on any 256KB add-on memory board, a 
cancel signal is produced that aborts the cy­
cle. When a valid address is decoded on the 
256KB add-on memory, the memory timer on 
the memory controller generates the follow­
ing interface signals to the 256KB add-on 
memory board in this sequence: 

• Row address strobe (IRAS-) to strobe 
seven address bits into the selected 
memory banks 

• Column address select (ICADSEL) to 
select the second set of seven address 
bits 

• Column address strobe (ICAS-) to 
strobe the second set of address bits, 
the 16 data bits, and the six check bits 
generated by the memory controller 
check logic in the selected memory 
bank. The memory timer also generates 
the TILINE terminate (TLTM-) to the 
TILINE bus. 

The data word is steered to either the odd or 
even row of the selected bank by the ADODD 
signal that is generated by the memory con­
troller from the least significant TILINE ad­
dress bit, TLADR19-. The time from receipt 
of TLGO- to transmission of TL TM- is 
typically 370 nanoseconds. 

2.3.3 Read Cycle 
To execute a memory read cycle, the TILINE 
master device asserts TLGO- low and 
TLREAD high. The master also generates a 
valid address on the address lines. The ad­
dress is decoded and interrogated. The row 
address strobe (RAS-), column address 
select (ICADSEL), and the column address 
strobe (ICAS-) are generated and used in the 
same manner described for the memory write 
cycle. Both the odd and even rows of the 
selected bank are accessed. The data word 
that is returned to the memory controller is 
specified by the ADODD control line as it 
generates either of two enabling signals, 
EVOUT - or ODOUT -. This line may be tog­
gled after the first data word has been 
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latched to provide the alternate word for 
cache storage. The odd-even words are con­
tiguously addressed, with the odd word 
always being the next higher word ad­
dressed. The time from receipt of TLGO- to 
transmission of TL TM- is typically 520 
nanoseconds if no error is detected in the 
data accessed from memory, and 620 
nanoseconds if an error is detected and error 
correction logic is enabled. If the correction 
logic on the memory controller determines 
that the error is not correctable, the ac­
cessed data is not modified and TILINE 
memory error (TLMER-) is asserted in addi­
tion to TL TM-. 

2.3.4 Refresh Cycle 
Refresh timing for the 256KB add-on memory 
is controlled by the 96KB or cache memory 
controller that must produce 128 refresh 
cycles for each refresh period. For each 
refresh cycle, the memory controller pro­
vides the refresh address (RFADO through 
RFAD6), the REFRESH signal, and the row 
address strobe (IRAS-). The REFRESH signal 
applied to the board/bank address decoder 
on the 256KB add-on memory board, in turn 
generates the board-selected IBSEL- signal 
that is sent to the memory controller. All the 
memory banks on the memory array are 
refreshed simultaneously. While in standby 
mode, only the circuitry required to maintain 
the integrity of the refresh logic is powered 
by the power supply battery. Refresh re­
quests are generated at the same rate as 
when main power is on. When a request oc­
curs, the required address and control logic 
is switched on and the cycle is executed. The 
address and control logic is switched off at 
the completion of each single cycle. 

2.4 CACHE CONTROLLER 

The cache controller is a multilayered printed 
circuit board that contains all memory con­
trol logic as well as the storage elements for 
64K bytes of primary memory and 2K bytes of 
cache memory, and the control logic for up to 
1 M bytes of additional memory on 
associated add-on memory expansion 
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boards. The cache controller uses a cache 
technique to improve the effective operating 
speed of primary memory. Under the cache 
concept, frequently used data is copied from 
the relatively slow primary memory into a 
small, fast cache memory. Subsequent calls 
to data residing in the cache can be honored 
many times faster than data from primary 
memory. The cache controller interface to 
the TILINE bus is made through the two 
80-pin connectors at the bottom edge of the 
board that installs into the chassis slot. Two 
50-pin connectors at the top edge of the 
board are used to interface with expanded 
memory. 

As was true for the 96KB memory controller, 
up to four of the 256KB add-on memory array 
boards may be controlled by the cache con­
troller. Cycle control and refresh control for 
the add-on array boards are provided by the 
cache controller but the add-on boards inter­
face directly with the TILINE for address 
SP.lection. 

The cache controller circuits, including the 
ECC circuits, are implemented in TTL 
devices on the lower half of the board, as 
shown in figure 2-11. The 64K bytes of on­
board MOS primary memory consist of two 
rows of TMS 4116 devices across the top of 
the board. Each row includes the 22 devices 
required for the storage of 16 "data bits and 
the 6 error checking bits. The TMS 4116 chip 
is organized as 16,384 one-bit words housed 
in a 16-pin, dual-in-line package. The chip is 
based on N-channel silicon gate technology, 
and the inputs and outputs are TTL compati­
ble. The 2K bytes of cache memory consist 
of two banks of memory devices grouped in 
the center of the board's lower edge. Each 
bank includes the 14 devices required for the 
storage of the 16 data bits, 2 data parity bits, 
a data error bit, 11 address bits, 2 address 
parity bits, and a validity bit. The memory 
device is organized as 256 4-bit words in an 
isoplanar TTL, 22-pin, dual-in-line package. 
The device has a typical read access time of 
30 nanoseconds and has three-state outputs. 

As shown in figure 2-12, the cache controller 
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includes 3 LED error indicators, 11 LED chip 
failure indicators, and an LED HIT indicator. 
The 3 error-indicating LEDs are dedicated to 
the following functions: 

• To indicate that a single-bit, correctable 
primary memory error has been 
detected and corrected (CERA). 

• To indicate that a multibit, uncor­
rectable primary memory error has been 
detected and placed on the data bus un­
modified (MERA). 

• To indicate that a parity error has oc­
curred in either the cache data or the 
cache data address. The requested 
word is provided from primary memory 
instead of cache (CAER). 

The error-indicating LEDs are set on the first 
occurrence of an error stimulant and remain 
set until the board is powered down or until a 
RSET instruction is issued. 

The additional eleven chip-failure indicators 
pinpoint the memory chip that caused the 
first single-bit error and are divided into two 
groups, as shown in figure 2-12. A group of 
five indicators form a binary code that identi­
fies the bit that failed. The remaining six 
LEDs form a binary code that identifies the 
row fhaf"cOntafnsTile faffing chip. AacHtfonal 
errors do not affect these indicators but are 
recorded by the two error indicators located 
on the add-on memory expansion board 
where the error occurred. 

The HIT indicator lights whenever the ad­
dressed word in a memory read or write 
operation resides in cache memory. Table 2-9 
summarizes the indicators and their func­
tions. 

Each of the dual-in-line switches consists of 
eight single-pole, single-throw, push-type 
switches. As shown in figure 2-11, one 
switch package is used to set the cache con­
troller's on-board memory starting address. 
The other package selects the TPCS address 
of the board. 
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The memory starting address switches cor­
respond to the eight most significant bits of 
the 20-bit TILINE address and permit board 
starting address selection in BK-byte in­
crements. Switch 1 is the most significant bit 
of the address, and switch 8 is the least 
significant bit. Operation of these address 
switches is identical to those of the 96KB 
memory controller. The required switch set­
tings for the cache controller are the same as 
those for the 96KB memory controller (see 
table 2-4). Addresses other than those shown 
can be represented in a similar manner by us­
ing the eight switches to establish the binary 
number. 

The diagnostic mode pencil switches corre­
spond to address bits 11 through 18 of the 
20-bit TILINE address bus and select the 
TPCS address that is used to operate the 
controller in the diagnostic mode. Switch 1 is 
the most significant bit of the address, and 
switch 8 is the least significar ·: bit. This per­
mits the selection of 512 addresses that fall 

Functional Description 

between F8001s and FBFE1s, inclusive, in the 
15-bit address form. The 20-bit address is 
generated in the address development pro­
cess. Table 2-6 lists several examples of 
TPCS addresses and their corresponding 
switch settings. These settings are operated 
identically for the cache controller. The 
recommended TPCS addresses for cache 
control le rs are shown in table 2-10. Software 
provided by Texas Instruments expects 
these values to be used. 

2.4.1 Cache Operation 
The cache controller makes the primary 
memory appear to operate faster by storing 
copies of often-used memory word pairs in a 
small, fast-access memory. The cache con­
troller stores in cache the contents of the 
last 512 odd/even memory word pairs re­
quested by a TILINE master device. An odd 
memory word is a word with an address in 
which the least significant bit is one. An even 
memory word is a word with an address in 
which the· least significant bit is zero. A pair 

Table 2-9. Description of Cache Controller Indicators 

Indicator 

HIT 

ROW 

BIT 

CAER 

CERR 

MERR 
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Function 

Indicates that the addressed word in a 
read or write operation resides in 
cache memory. 

These six LEDs indicate in hexa­
decimal the row that sustained a data 
recovery error. Refer to table 2.3. 

These five LEDs indicate in hexa­
decimal the bit determined to be in er­
ror. Refer to table 2-3. 

An uncorrectable cache error has 
occurred. 

A correctable primary memory data 
error has occurred. 

An uncorrectable primary memory data 
error has occurred. 
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of data words whose addresses are identical 
except for the sense of the least significant 
bit is called an odd/even word pair. When a 
primary memory word is requested by the 
TILINE master device, the cache logic 
searches the collection of data words in the 
fast memory (cache memory) to see if the re­
quested word is present. If the requested 
word is not present, the cache logic adds the 
new word to the cache memory along with 
the other member of the odd/even word pair. 
With the cache option enabled, any of the 
following possibilities may occur during a 
read or write operation. 

• A val id memory address is decoded but 
is not present in the cache memory. If 
the memory operation is a read opera­
tion, the requested word and the other 
member of the odd/even pair are 
fetched from primary memory and 
copied to the cache memory. If the 
memory operation is a write operation, 
the specified word is updated in primary 
memory only and no action is taken by 
the cache controller to add this word to 
the cache memory. 

• A valid memory address is decoded and 
is present in the cache memory. If the 

memory operation is a read operation, 
the requested word is copied from the 
cache memory to the TILINE data bus. If 
the memory operation is a write opera­
tion, both the cache memory and the 
primary memory are updated. 

• A nonval id memory address is found on 
the TILINE address bus. The cache con­
troller takes no action and the Tl LINE is 
relinquished after a specified timeout 
period. 

• The cache controller board is busy with 
either a memory refresh cycle or a 
memory cycle with another master 
device. The master device encountering 
the busy indication must wait for the 
cache controller board to become free. 

The cache for the cache controller is enabled 
via the TPCS write word addressed to the 
cache controller. Addressing the cache con­
troller's selected TPCS in a write operation 
with bit 9 of the word tow, enables the cache. 
Similarly, setting this bit high disables the 
cache option and the board functions as a 
primary controller only. 

The cache controller is equipped with error 

Table 2·1 O. Recommended TPCS Settings for One or More Cache Controllers 

CPU Address TILINE Address Module 

FB10 (Switches 1, 2, and 6 ON) FFD88 1st Cache Controller 

FB14 (Switches 1, 2, 6, and 8 ON) FFD8A 2nd Cache Controller 

FB18 FFD8C 3rd Cache Control !er* 

Note: 

*Additional controllers placed every four bytes (CPU address). 
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detection and correction circuits that 
generate error prevention data. The error 
prevention information is stored with other 
cache data as shown in figure 2-13. When the 
cache controller board is powered up or 
when an instruction is issued through the 
TPCS, an initialization sequence is executed 
on the cache controller. Initialization con­
sists of setting all validity bits low and clear­
ing all error logic. Validity bits are then 
generated and stored with all cached data 
word addresses. The sense of the validity bit 
is high when the cache is operating normally 
and low during intialization or when an error 
condition occurs. When a data word is 
fetched from the cache memory, the validity 
bit is checked along with the associated par­
ity bits. If the validity bit is high, the fetched 
data word is treated normally. If the sense of 
the validity bit is low, the cache version of 
the requested word is discarded and the 
fetch is made from primary memory instead. 

2.4.2 Cache Memory Control and Operation 
The cache memory controller monitors the 
TILINE, decodes addresses on the TILINE ad­
dress bus, and directs the performance of 
read and write cycles to addressed memory 
under control of a TILINE master device. This 
addressed memory can be on the cache 
memory controller board or located on add­
on expansion boards. Figure 2-14 shows the 
data flow for the cache memory controller. 
The following functional description is keyed 
to the block diagram for the cache memory 
controller, figure 2-15, and to the logic 
diagram for the board, found in section 4. 

2.4.2.1 Cache Memory Board Timer. Pulses 
used to control the timing and sequence of 
operations during memory read and write 
operations are provided by the memory timer. 
This includes timing for the memory refresh 
cycle that is in itself a memory read opera­
tion. The memory timer consists of two 
resistance/capacitance (R/C) timers, a 
20-nanosecond delay line, a 30-nanosecond 
delay line, and two 250-nanosecond delay 
lines, along with associated TTL logic. Each 
250-nanosecond delay line has 10 output 
taps that are separated from each other in 
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time by 25 nanoseconds. An input signal to 
the delay line is propagated down the line 
and is reproduced at each output tap, with 
each progressive tap introducing an addi­
tional 25 nanoseconds of delay to the input 
signal. The delayed-by-250-nanoseconds out­
put of the first delay !ine is the input to the 
second 250-nanoseconds delay line, pro­
viding a total delay of 500 nanoseconds. 

Reference is made to the simplified func­
tional diagram for the memory timer (figure 
2-16) in the following description of the 
operation of the timer for a normal, primary 
memory cycle. 

When the cache memory board is not busy 
with a previous memory operation or a 
refresh operation, the asserted TLGO- from 
the master device provides a high BTLGO to 
trigger one of the RC timers, which, in turn, 
generates a G0110 pulse at approximately 
110 nanoseconds after the asserted TLGO-. 
G0110 clocks a flip-flop to generate the row 
address strobe for both on-board use and 
add-on memory expansion board use. The on­
board row address strobe (RAS) is also ap­
plied to a 30-nanoseconds delay circuit that 
provides a G0150 signal at its output. With 
either the cache controller or an add-on 
memory board addressed, the low board 
selected signal, BSEL-, is clocked by G0150 
to send the BUSY signal high. If neither local 
memory nor add-on memory is addressed, 
G0150 and the high BSEL- and BUSY­
signals produce the low EN DCYC- to abort 
the cycle. Assuming a valid address is 
presented to the local memory or to an add­
on memory expansion board, as BUSY goes 
high (at time T150 after TLGO- is asserted) a 
high pulse is clocked into the input of the 
first of two delay lines. At the time T250 out­
put of the first delay line, the delayed-by-100-
nanoseconds pulse is used to reset the flip­
flop at the input to the delay line. This sets 
the width of the input pulse to the delay line 
at 100 nanoseconds. The 100-nanosecond 
puise propagates down the delay lines, pro­
viding the various delayed pulses at outputs 
of the delay lines, as shown in figure 2-16. 
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Functional Description 

An alternate 110-nanosecond timer is used to 
guarantee that the G0110 signal does not 
occur until 110 nanoseconds after TLGO- is 
asserted or 110 nanoseconds have elapsed 
since the board was busy with either a 
refresh cycle, an initialization cycle, or a 
cache storage operation. 

The G0110A pulse is synchronized with the 
G0110 output of the other RC timer by 
applying the two signals to an AND gate. The 
output of the AND gate, delayed by 20 
nanoseconds, provides the G0130 signal 
that is used in the timing of cache opera­
tions. 

2.4.2.2 Primary Memory Address Examina· 
.. -·•· The TILINE address, consisting of ad­
dress bits TLADROO- through TLADR19-, is 
presented to the cache memory controller 
board at the time TILINE GO (TLGO-) is 
asserted by the Tl LINE master device. As 
shown in figure 2-15, the eight most signifi­
cant bits of the address, ADROO- through 
ADR07-, are applied to address comparison 
logic. In the address comparison logic, the 
board start address, as set by the start ad­
dress switches, is subtracted from the eight 
most significant bits of the TILINE address 
to generate resultant output address bits 
ADDROO- through ADDR07-. When the 
cache controller is addressed, address bits 
ADDR-(00-04) provide an SEL signal that is 
latched at the output of a bistable latch as 
signals LSEL and LSEL-. The LSEL signal 
generates a low BSEL- signal that is applied 
as the 0-input to a flip-flop (see figure 2-15). 
At approximately 150 nanoseconds after 
TLGO- is asserted, the G0150 output from 
the board memory timer clocks BUSY high 
and the memory read or write operation is 
continued. If the address is not valid for the 
board or for any add-on memory board, BUSY 
remains low and the high BSEL- signal, 
ANDed with high signals G0150 and BUSY-, 
produce a low ENDCYC- to abort the cycle. 

Buffered TILIN E address bits ADR12-
through ADR18- are applied as the row ad­
dress inputs to the row/column address 
select circuit. Output bits of the address sub-
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tracter, ADDR05- through ADDR07- along 
with buffered TILINE address bits ADR08-
through ADR11- are applied as the column 
address inputs to the row/column adress 
select circuit. With no refresh operation in 
progress, the row address inputs are latched 
onto the primary memory chips as the row 
address strobe, RAS, is clocked high by the 
G0110 output from the memory timer. The 
time T150 output from the memory timer 
clocks CADSEL high and the column address 
inputs to the row/column address select cir­
cuit are selected for output to the memory 
chips address lines. The time T200 output 
from the memory timer clocks the column ad­
dress strobe, GAS, high to latch the column 
address bits onto the memory chips. 

2.4.2.3 Memory Write Cycle. To execute a 
write to memory cycle, the TILINE master 
device asserts TLGO- low and at the same 
time asserts the write command by setting 
TLREAD low. TLREAD causes the read/write 
input to the primary memory devices to go 
low, thereby placing the memory board in the 
write mode. The master also generates valid 
write data on the data bus (TLDAT-) along 
with a 20-bit TILINE address on the address 
lines. The memory board interface logic 
receives the TLGO- transmitted from the 
master device and decodes the address to 
determine if the cache memory controller 
board is addressed. The cache fogic atso 
begins to determine if the addressed word 
resides in the cache memory. A valid 20-bit 
address (TLADR-) on the address lines pro­
vides a high latched board selected signal 
(LSEL). If a valid address is not decoded, an 
EN DCYC- signal is generated that aborts the 
cycle. If a valid address is decoded and the 
address is also found to reside in cache, a 
cache present signal is generated at the out­
put of the address comparator of the cache 
bank addressed. The cache address present 
signal generates a high cache busy signal 
that causes the TILIN E data bits, 2 data parity 
bits, 1 data error bit, the 11 most significant 
address bits, a validity bit, and 2 address pari­
ty bits to be stored in cache memory. Cache 
memory storage occurs at time T250 of the 
memory cycle. 
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The TILINE data bits are also written into 
primary memory as follows. At approximately 
11 O nanoseconds after the asserted TLGO-, 
G0110 clocks the row address strobe (RAS) 
high and also provides the row address 
strobe (IRAS-) for add-on memory expansion 
boards. RAS is ANDed with the iatched board 
selected signal (LSEL) to provide a low row 
address strobe that latches the seven row ad­
dress bits onto the primary memory devices 
address lines. With signal CADSEL low at 
this time, the A-input to the row/column ad­
dress select logic, address bits ADR12-
th rough ADR18-, is selected to provide the 
seven row address bits for application to the 
memory device address lines. 

At time T150, column address select signal 
CADSEL is clocked high and the column ad­
dress bits are selected for application to the 
address lines of the memory devices. The 
column address strobe, CAS, is clocked high 
by T200 to strobe the column address bits, 
the 16 data bits, and the 6 check bits that are 
generated by check logic on the board into 
the memory devices. Also generated at this 
time is the column address strobe for add-on 
memory, ICAS-. For a memory write cycle, 
the T325 output from the memory timer, 
ANDed with a high READ- signal, generates 
the TILINE terminal signal TLTM- for trans­
mission to the TILINE interface. 

EXAMPLE 1 

Condition 

The cache is not enabled. 

The cache is enabled and the re­
quested word resides in cache. 

The cache is enabled and the re­
quested word does not reside in 
cache. 
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Functional Description 

The time from the receipt of TLGO- to the 
transmission of TL TM- to the memory inter­
face circuits is typically 350 nanoseconds. 
The write cycle time of the memory, which is 
the time from the beginning of a write cycle 
until the next memory cycle can begin, is 
typicaiiy 450 nanoseconds. When the TiLiNE 
master device receives the asserted TL TM­
from the memory controller, it must release 
TLGO-, TLREAD, and the address and write 
data. When the memory receives the release 
of TLGO-, it must release TL TM-. The 
positive transition of the cycle complete 
signal, C/CMP, clocked high at T450, signals 
the completion of the memory write cycle by 
changing the state of the flip-flop that 
generates the BUSY signal. 

If a valid address is decoded for the memory 
controller but that address does not also 
reside in cache, the memory write cycle to 
the primary memory devices occurs as just 
described, but no action occurs in the cache 
memory. 

2.4.2.4 Memory Read Cycle. A memory read 
cycle occurs in the cache memory controller 
under different conditions. These conditions 
and the actions taken by the cache memory 
controller under the various conditions are 
summarized in example 1 that follows. 

Action Taken 

The requested word is provided to the 
master device from primary memory, 
whether or not the requested word resides 
in cache, and no cache action occurs. 

The requested word is provided to the 
master device from the cache. 

The requested word is provided to the 
master device from primary memory and a 
copy of the requested word is written into 
cache. 
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Functional Description 

A memory read cycle with the cache not 
enabled is made from primary memory as 
follows. The TILINE master device asserts 
TLGO- low and TLREAD high. TLREAD 
generates a high at the read/write input to the 
primary memory devices, thereby placing the 
memory board in the read mode. The master 
device also generates a val id address on the 
address lines. The address is decoded and 
interrogated, and the row address strobe 
(RAS), column address select (CADSEL), and 
column address strobe (CAS) are generated 
in the manner that was described for the 
memory write cycle. With the memory board 
addressed and in the read mode, the low 
RSELEV- or RSELOD- signal enables the 16 
output data bits from bank A (or row 0) or 
bank B (or row 1) through three-state buffers 
and latches. Each data bit is applied as one 
input to an exclusive-OR gate. Similarly, 
RSELEV- or RSELOD- enables six check bits 
to the error detect logic. RENAB-, clocked 
low by the time T350 pulse output from the 
memory timer, enables the 16 data bits onto 
the TILINE data bus. However, data is not 
valid to the master device until TLTM- is 
asserted by the memory board. With no error 
detected, at time T475 the TACC output from 
the memory timer, ANDed with the high 
ERROR- signal, asserts TLTM- low. The 
master device accepts data as val id and 
releases TLGO-. A detected and correctable 
error generates an output from the error 
detect logic. The output is applied to the 
other input of the exclusive-OR gate for the 
data bit in error, to change the sense of that 
data bit, thereby correcting the error. At the 
same time, the ERROR- signal driven low in­
hibits the assertion of the valid data signal, 
TL TM-, to the master device. After an ap­
propriate delay to permit data correction, the 
time T600 pulse output from the memory 
timer clocks TERM high, and TL TM- is 
asserted to the master device. 

A memory read cycle with the cache enabled 
and with the requested word residing in 
cache memory, occurs as follows. The 
master device asserts TLGO- and at the 
same time asserts TILINE READ high. A valid 
20-bit address is presented on the Tl LINE ad-
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dress bus. The asserted TLGO- causes the 
board address to be decoded. It also causes 
the cache circl!itS to compare the Tl LINE ad­
dress to the cached data addresses to deter­
mine if the requested word resides in cache. 
A delayed-by-110-nanoseconds strobe inter­
rogates both the cache address search logic 
and the TILINE address decode logic. If the 
requested word is present in the cache, that 
is, if an address match occurs in one of the 
cache banks, an ADDRESS OK (AADOK- or 
BADOK-) signal is generated. These signals, 
AADOK- and BADOK-, are ORed together to 
stop the primary memory timing cycle (by not 
allowing RAS) and to enable data onto the 
TILINE via the drive signals, DRIVA- or 
DRIVB-. 

If the cache address parity and the cache 
data parity are both good and the requested 
word in cache was stored without error, a low 
AHIT- signal is generated. At time T130, 
AHIT - is clocked through a flip-flop to 
generate a high CTERM signal. CTERM is 
used to continue to generate either a low 
DRIVA- (A bank addressed) or a low DRIVB­
(B bank addressed) signal. At the same time, 
CTERM causes TL TM- to go low to indicate 
that valid data is on the data bus. The 
asserted TL TM- signals the end of the 
memory read cycle. The row address strobe 
logic is inhibited during a read from cache 
memory. Earty compteHon of the eacM 
memory cycle prevents the generation of the 
other signals that are applicable to a memory 
read from primary memory. 

A memory read cycle with the cache enabled 
and with the requested word not residing in 
cache, occurs as follows. The read from the 
primary memory devices occurs in the same 
manner as was described for a memory read 
cycle with the cache not enabled. In addition 
to the read from the primary memory devices, 
the least recently used bank of cache is up­
dated with the requested word and its 
odd/even pair. The cache storage of the 
primary memory words occurs in two phases. 
The first word of the odd/even pair is stored 
after the check bit comparison has been 
made on the requested primary word 
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(approximately coincident with the TL TM­
signal). At time TSOO, output signals from the 
memory ti mer generate a SO-nanosecond 
pulse to enable cache storage of this first 
word of the odd/even pair. While the master 
device is retrieving the data presented to the 
TILINE data bus, the cache contiOI logic 
causes the second word of the odd/even pair 
to enter the check bit and cache parity logic. 

After the check bit comparison has been 
made on that word, it is also stored in cache. 
At time T62S, output signals from the 
memory timer generate a SO-nanosecond 
pulse to enable cache storage of the second 
word of the odd/even pair. If on either of the 
cache write operations the cache logic 
detects an error from the check bit com­
parison, the cache operation is aborted and 
the error bit associated with the selected 
cache cell is enabled. 

A cache cycle in which an error is detected in 
the cache proceeds as follows. At the asser­
tion of TLGO-, both the primary memory and 
the cache address compare circuitry begin to 
look at the incoming address. At time G0110, 
the ADOK signal inhibits generation of the 
RAS signal and enables the drive signals to 
put data on the TILINE. At G0130 the results 
of the parity checks will reveal an error, thus 
inhibiting the generation of CTERM and 
causing the generation of an abort signal. 
The generation of the ABORT signal causes 

0 

EXPANSION 
MEMORY TEST 

UNASSIGNED 

2 3 4 5 6 7 

MODE CLEAR 

Functional Description 

RAS to be generated to begin the start of a 
regular primary cycle. Twenty nanoseconds 
after RAS is generated, G01 SO causes BUSY 
to go true to inhibit ENDR1 and disable the 
cache drive signals. The occurrence of 
ABORT also causes the cache error latch to 
go tiUe. The CAER LED is lit and further 
cache memory cycles are prevented by in­
hibiting the enable cache terminate signal, 
ENCTRM. All subsequent read requests will 
be provided from primary memory. 

2.4.3 TPCS Mode Operation 
A master device uses the TPCS to gain ac­
cess to the control logic of the cache con­
troller for purposes of monitoring the opera­
tion or controlling the performance of the 
cache controller. The TPCS can be used to 
enable the cache option, to control error 
latches, and to operate the cache controller 
in the diagnostic mode. 

The cache controller is placed in the 
diagnostic mode by placing the correct TPCS 
address on the TILINE address lines while 
executing a write operation. This address 
must fall between FFC001s and FFE001s (see 
table 2-10) and must match the address set in 
the TPCS pencil switches on the cache con­
troller board. The operation of the cache con­
troller while in the diagnostic mode is con­
trolled by the data present on the TILINE data 
bus. Figure 2-17 illustrates the cache con-

, trol ler TPCS write word. Refer to table 2-11 
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Figure 2-17. TPCS Write Word to Cache Controller 
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Functional Description 

Table 2·11. Description of Bit Assignments for TPCS Write Word to Cache Controller 

Bit 

0 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 
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Description 

When high, all read and write operations to the first 64K bytes of the 
primary memory on the cache board are modified as determined by bit 
4. 

Unassigned 

Unassigned 

When high, access to all expansion memory boards is modified as 
described for bit 0. 

Mode bit. When low, error correction is disabled on banks in the areas 
of primary memory as specified by setting bits 0 and 3. When high, the 
six most significant data bits are swapped with the ECC field. 

When enabled by bit 6, this bit controls the sense of the least-recently­
used (LAU) bank flip-flop. When high, the LAU is forced high and the 
next word added to the cache memory is stored in bank B. When low, 
the LAU is forced low and the next word added to the cache memory is 
stored in bank A. 

When high, the LAU bank flip-flop is forced to the sense of bit 5. This 
test allows a diagnostic check to control the bank of the cac·he 
memory to which new words are added. 

When high, primary and cache memory error logic and the associated 
error indicator LEDs are cleared. This bit must be reset to reenable the 
primary memory error logic. 

Unassigned 

When set low, the cache logic is enabled (i.e., the cache controller 
begins processing primary memory references through the cache 
memory). When set high, the cache logic is completely disabled, and 
all primary memory references are made directly to primary memory. 

When toggled (set to 1, then 0), the cache memory is initialized (i.e., all 
validity bits are set to false). All cache HITS will be disregarded unless 
the data was stored in the cache memory following the initialization. 

When high, the controller stores data in the cache memory only from 
references made to the upper 32K bytes of primary memory. No data is 
stored in the cache memory if a MISS occurs with a primary memory 
address located in the lower 32K bytes of the on-board primary memory 
or located on any expansion board). 
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Functional Description 

Tabel 2-11. Description of Bit Assignments for TPCS Write Word to Cache Controller (Continued) 

Bit Description 

12 When high, this bit causes the cache to ans1,,•.:er if an address match oc­
curs. This bit is used to read cache addresses with parity errors. 

13 Unassigned 

14 Unassigned 

15 Unassigned 

for an explanation of the function of each 
write data bit while the cache controller is in 
the TPCS mode. 

When the cache controller is placed in the 
diagnostic mode, tests may be performed 
either on primary memory or on the cache 
memory of the controller. The following 
diagnostic functions can be performed on 
primary memory: 

• The 6 check bits generated on a write 
cycle and normally stored in the primary 
memory can be swapped with the 6 
most significant data bits, 0 to 5. 

• The 6 check bits returned from primary 
memory on a read cycle can be 
manipulated to replace data bits 0 to 5. 
Under this mode of operation, the error 
circuits detect and indicate any errors 
by using the appropriate indicator lamp, 
but error correction is inhibited and the 
data is not modified. 

• The controller may be instructed to in­
hibit the data error detection and correc­
tion circuits so that uncorrected data 
may be read from memory. 

• The error indication circuits can be 
reset by setting the primary memory 
reset bit (bit 7) in the TPCS write word. 
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The following diagnostic functions can be 
performed on the cache memory: 

• The cache operation can be inhibited so 
that no cache operation will occur. 
Primary memory words residing in the 
cache will not be read during read 
cycles, and cache data will not be up­
dated during write cycles. 

• The cache operation can be restricted 
to the upper 32K bytes of the controller 
primary memory. This provides the 
capability to enter a diagnostic routine 
in the lower 32K bytes of the controller 
memory and prevent its execution from 
filling up the cache. 

• The cache can be totally initialized by 
resetting all validity bits. 

• The bank used by the cache to store 
new data can be preselected. 

When reading the TPCS word, the cache con­
troller places data words on the TILINE data 
bus. The data words read are even and odd 
forms of the TPCS address, as set in the 
TPCS pencil switches. Figure 2-18 shows the 
format of the two data words read from the 
cache controller. Table 2-12 explains the 
function of each read data word while the 
cache controller is in the TPCS mode. 
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0 2 3 4 5 6 

BASE ADDRESS OF CONTROLLER 

0 1 2 3 4 5 6 

~ 

ROW IN ERROR CODE 

BANK B 
ADDRESS HIT 
(HIGH TRUE) 

UN ASSIGNED 

1A)141705A 

7 8 9 10 11 1 2 1 3 1 4 1 5 

CACHE LRU 
ENABLED TEST 

IDENTI Fl CATION 
CODE FOR CACHE 

CONTROLLER 

MODE 
BIT 

WORD 0 

7 8 

A 

WORD 1 

ENABLED 

CACHE 
ERROR HAS 
OCCURRED 

CACHE 
SEGMENTED 

CORRECTABLE. 
ERROR HAS 
OCCURRED 

9 10 11 1 2. 1 3 1 4 

BIT IN ERROR CODE 

BANK B 

1 5 

ADDRESS 
PARITY 

OK 

EVEN W ORD 
TED 

BANK A 
ADDRESS 
PARITY 

OK 

SELEG 

Figure 2-18. Data Words Output to TILINE During a Read Operation in TPCS Diagnostic Mode 
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Functional Description 

Table 2-12. Bit Assignments for Read Words from Cache TPCS Diagnostic Mode 

Bit 

WORD 0: 

0-7 

8-11 

12 

13 

14-15 

WORD 1: 

0 

1 

2-7 

8-12 

13 

14 

15 

2250690-9701 

Description 

These eight bits indicate the setting found on the cache 
primary memory starting address pencil switches. 

These bits echo the diagnostic state of the controller as 
follows; bit 8 = mode, bit 9 = cache enabled, bit 10 = 
cache segmented, and bit 11 = LAU enabled. 

When high, a parity, validity, or error bit fault has occurred 
during a cache operation. An ECG error will also set this bit 
high. 

When high, a single-bit ECC error has been detected and cor­
rected in a fetch from primary memory. 

These bits are permanently set to form the cache controller 
identify code, 01. 

Unassigned; always set low. 

When low, an address match has occurred in cache memory 
bank A. 

The sense of these bits corresponds to the row-in-error infor­
mation found on the error LEDs. 

The sense of these bits corresponds to the bit-in-error infor­
mation found on the error LEDs. 

When high, the parity bits associated with the address fetch 
from cache memory bank A were good. 

When high, the parity bits associated with the address fetch 
from cache memory bank B were good. 

When high, an even word from cache memory has been 
selected. When low, an odd word has been selected. 
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3.1 GENERAL 

This section describes the depot main­
tenance philosophy for the TILINE mem­
ories, provides operating procedures for the 
special test equipment required to perform 
depot maintenance, and provides checkout 
and fault isolation procedures for the TILINE 
memories. Depot maintenance for the 
memories may be performed in either one of 
two methods. In one method, a 990/10 hot 
mockup chassis is used to perform testing; 
in the other method, an Adar memory tester 
is used to perform testing. Procedures for 
both methods are provided in this section. 
Paragraphs 3.2 through 3.6 provide pro­
cedures and methods for use of the hot 
mockup; paragraphs 3.7 through 3.9 provide 
the procedures and methods for using the 
Adar memory tester. 

3.2 MAINTENANCE PHILOSOPHY USING 
990/10 HOT MOCK UP 

Depot maintenance for the memory boards is 
based on the use of a 990/10 hot mockup, a 
logic analyzer, and a combination dual-trace 
oscilloscope/digital multimeter. Boards 
received from field maintenance repair 
facilities that are suspected to be faulty are 
serviced, one at a time, by placing the board 
on an extender board in the 990/10 hot 
mockup chassis. Initially, the board is tested 
under control of a diagnostic tape read into 
the 990/10 hot mockup memory from a 
cassette transport located in the 733 
ASR/KSR Teleprinter. Any resulting error 
messages are then printed out on the 733 
teleprinter. 

Fault isolation down to the replaceable com­
ponent level is performed using scoping 
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loops (type determined by previous error 
message printout) entered from the pro­
grammers panel on the 990/10 hot mockup. 
Scoping loops are used in conjunction with 
the dual-trace scope/digital multimeter, the 
logic analyzer, the troubleshooting pro­
cedures provided in this section, and the 
diagrams provided in section 4. Scoping 
loops are also available in cassette form 
(verb package) for easy loading into memory. 
See the Model 990 Computer Diagnostics 
Handbook, part number 945400-9701, for 
details. 

Once the faulty component has been iden­
tified, the board should be properly tagged 
(describing the corrective maintenance to be 
performed) and sent to the corrective 
maintenance workstation for repair. The 
repaired board is then returned to the 
troubleshooting workstation and tested for 
any further problems. If the diagnostic test 
runs to completion five consecutiye times 
without an error message printout, the board 
is returned to normal use. 

3.3 SPECIAL TEST EQUIPMENT 

The 990/10 hot mockup system is used to 
perform depot maintenance on the Tl LINE 
memory boards. The operating controls and 
indicators and normal operating procedures 
for the 990/10 hot mockup system are pro­
vided in the Model 990110 Computer System 
Depot Maintenance Manual, part number 
945404-9701. An oscilloscope/digital 
voltmeter and logic analyzer are a part of the 
990/10 hot mockup system. Refer to the 
manufacturer-supplied user manuals for 
operating procedures for these units. 
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3.4 990/10 HOT MOCK UP SYSTEM 

The 990/10 hot mockup system consists of 
the following hardware units: 

• 990/10 6-slot chassis with programmer 
panel and standby power supply 
options 

• 990/10 AU1 and AU2 boards with loader 
and diagnostic ROM 

• 990/1 O ECC memory set of (2) boards 
with 64K bytes 

• Extender ribbon cables for inter­
connection of boards on extender 
boards. Cable for memory addresses 
(AU1 to AU2) should have damping 
resistors in the iines. 

• 733 ASR kit including TTY/EIA module, 
interface cable, and 733 ASR Data 
Terminal 

• 990 CRU Expansion kit including 990 
CRU expansion board, interface cable, 
and CRU buffer board 

• 990 1/0 expansion chassis with optional 
peripheral interface boards or 
associated peripherals, depending on 
su-esystems serviced by the depot 
maintenance facility 

• 16 110 TTL Data Module. 

3.4.1 733 ASR Data Terminal 
The 733 ASR data terminal is used to load 
diagnostics from tape cassettes into the 
computer memory and to provide hardcopy 
printout of test results. The keyboard permits 
the operator to communicate with the 
diagnostic software when system para­
meters are required to execute the 
diagnostic or when calling up one of the loop 
programs available with some diagnostic 
systems (see Model 990 Computer Diag­
nostics Handbook for details). 

3-2 

For additional information on the 733 ASR, 
re·fer to the Model 990 Computer, Model 733 
ASRIKSR Data Terminal Installation and 
Operation. Procedures for loading a 
diagnostic into the 990110 hot mockup com­
puter are contained in the Model 990110 Com­
puter System Depot Maintenance Manual, 
part number 945404-9701. 

3.4.2 Programmer Panel 
The use of the programmer panel with its 
controls and indicators are described in 
detail in the Model 990110 Computer System 
Hardware Reference Manual, part number 
945417-9701. Basically, the panel functions 
in one of the modes: 

• Run mode 

• Halt mode 

Run Mode. When power is initially applied to 
the computer, the system comes up in the 
run mode, which locks out the programmer 
controls. 

In this mode of operation, the RUN LED and 
all DATA DISPLAY LEDs on the panel are 
lighted and remain lit. 

Halt Mode, ln order to set tne programmer 
panel to the halt mode, the key must be in­
serted in the key switch and the switch 
rotated to the UNLOCK position. At this time, 
pressing the HAL T/SIE switch halts the com­
puter and activates the controls on the pro­
gram mer panel. The panel may be returned to 
the run mode by pressing the RUN switch. 

3.5 DIAGNOSTIC TEST 

The diagnostic test used to support depot 
maintenance of the 990/12 memory boards is 
RAMTST, Texas Instruments part number 
2250586-9901. 
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3.6 MEMORY BOARD CHECKOUT AND FAULT 
ISOLATION PROCEDURES USING HOT 
MOCKUP SYSTEM 

Memory board checkout procedures and 
fault isolation procedures are provided in 
tabular form in the paragraphs that foiiow. 
Once a malfunction has been discovered 
through the use of the tabular checkout pro­
cedures, a scoping loop may be entered into 
the computer via the programmer panel on 
the 990/10 hot mockup system. The scoping 
loop permits data to be continuously written 
into or read from a desired memory location 
or block of memory locations where a 
malfunction has been identified through use 
of the memory diagnostic test. Dynamic 
troubleshooting may then be performed on 
the board under test, using the tabular fault 
isolation procedures provided. The various 
types of scoping loops used in performing 
fault isolation are described in the sub­
paragraphs that follow. 

3.6.1 Repeated Write at Same Memory Lo­
cation 
Use the format shown in example program 1 
to loop on a single specified address on the 
board under test. 

The scoping loop program is entered into the 
computer from the programmer panel using 
the following procedure: 

1. If the 990 Maintenance Unit is being 

EXAMPLE 1 

MEM location Machine Code 

LWPI, >100 

Maintenance 

used, set its POWER switch to the ON 
position and set the MODE switch to 
the PANEL position. If the programmer 
panel is part of the computer chassis, 
skip step 1 and proceed to step 2. 

2. Set the key switch on the programmer 
panel to the UNLOCK position. 

3. If the RUN LED is lighted, press the 
HAL T/SIE switch to halt the processor 
and begin execution of the program­
mer panel code. When the panel is ac­
tive, the RUN LED is extinguished. 

4. Press the CLR switch to clear the 
panel's display register. 

5. Press the ENTER ST (enter status) 
switch to clear the status register. 

6. Set up 09001e on the data display LEDs 
using the data entry switches. This is 
the address in memory where the first 
instruction of the scoping loop is to be 
stored. 

NOTE 

When a data display LED is lighted, 
it indicates a "1". 

7. Press ENTER MA switch to load the 

Comments 

0900 
0902 
0904 
0906 

02EO 
0100 
0208 
2000 

LI R8, (location) 

0908 
090A 
090C 
090E 
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0209 
OFOF 
C609 
10FE 

Desired memory location upon which test will 
loop. 

LI R9, (Data) 
(Or any desired pattern) 
Mov R9, *RB 
JMP $-1 
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3-4 

memory address value 0900 into the 
memory address register. 

8. Press CLR to clear the displays for the 
next entry. 

9. Set up the instruction code (02E01s) on 
the data LED displays using the data 
entry switches. 

10. Press MDE switch, which causes 02EO 
to be loaded into memory location 
0900. 

11. Press MAI, which increments the 
memory address value stored in the 
memory address register, and repeat 
steps 8-11 to enter the following pro­
gram values into successive memory 
locations: 

• 0100 

• 0208 

• Address that the test will loop on 
(greater than 20001s for memory ex­
pansion) 

• 0209 

• Data to be written into the iooped 
memory location 

• C609 

• 10FE 

12. Press CLR to clear the displays. 

13. Enter 0900 into the displays (address 
of first instruction in the scoping loop). 

14. Press ENTER PC to load the value into 
the program counter. 

15. Press RUN to begin execution of the 
program. The RUN LED should light to 
indicate proper operation. 

NOTE 

If the RUN LED fails to light, return 
to step 1 and repeat the program 
setup procedure. 

3.6.2 Continuous Read from Selected Memory 
Location 
The basic scoping loop program described in 
3.6.1 may be modified to perform a con­
tinuous read_ at a selected memory address. 
This is done by changing the instruction at 
memory location 090C in the previous pro­
gram from C609 to C258, which is a MOV *RS, 
R9 instruction. This change to the basic pro­
gram causes data to be read from a selected 
addiess and stoied in memory location 0112 
(workspace register 9). For maintenance pur­
poses, the scoping loop may be interrupted 
at any time and the value stored in the 
workspace register may be examined using 
the following procedure: 

1. Halt the processor by pressing HALT/ 
SIE. The RUN LED should extinguish. 

2. Press CLR to clear the displays . 

3. Enter 0112 into the displays using the 
data entry switches. 

4. Press ENTER MA to load 0112 into the 
memory address register. 

5. Press MDD. The resulting value dis­
played on the panel LEDs should be the 
same value stored in memory location 
090A of the scoping loop program. 

3.6.3 Scoping Loop for Reading a Band of 
Memory Addresses 
The basic scoping loop program may also be 
modified as shown in example program 2 to 
permit looping over a band of memory ad­
dresses in which the beginning and ending 
addresses are specified in the program. 
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NOTE 

The procedures for entering this 
program are essentially the same 
as those described in paragraph 
3.6.1. 

3.6.4 96KB Memory Controller Checkout Pr~ 
cedure 
On the 990/10 hot mockup chassis, set pro­
grammer panel key switch and battery switch 
to OFF. Install a known-to-be-good 96KB 
memory controller with at least 32K bytes of 
memory into slot 3 of the 990/10 hot mockup 
chassis. Mount the 96KB memory controller 
to be tested on a 990 extender board and in­
stal I the extender into slot 5 of the 990/1 O hot 
mockup chassis with the component side of 
the board facing up. Ensure that memory size 
jumpers E9 and E10 are installed to match 
the memory size of the board in accordance 
with the schedule of table 2-5. 

Set starting address switches on board to be 
tested to select starting address of 800016 
bytes by setting switch number 6 to ON and 
all others to OFF. (This assumes that a 32K 
byte memory with start address set to 000016 
is used for storage of the diagnostic pro­
gram.) Perform the checkout procedures 
described in table 3-1. If abnormal indica-

EXAMPLE 2 

Maintenance 

tions are obtained, refer to the fault isolation 
procedures of table 3-2. 

3.6.5 The 96KB Memory Controller and 256KB 
Add-On Array Fault Isolation Procedure 
Once a malfunction has been discovered 
through the use of the checkout procedure of 
table 3-1, a scoping loop may be set up to 
facilitate dynamic troubleshooting of the 
board under test. The scoping loop permits 
data to be written into or read from a desired 
memory location or block of memory loca­
tions where a malfunction was identified by 
the diagnostic procedures of table 3-1. Use 
the procedures in paragraphs 3.6.1 through 
3.6.3 to establish the required scoping loop. 

3.6.6 The 256K Memory Add-On Module with 
960/1 SKR ECC Checkout Procedures 
On the 990/10 hot mockup chassis, set pro­
grammer panel key switch and battery switch 
on OFF. Ensure that a known-to-be-good 
96KB memory controller with at least 32K 
bytes of memory is installed into slot 3 of the 
990/10 hot mockup chassis. Mount the 
256KB add-on memory board to be tested on 
a 990 extender board and install the extender 
into slot 4 of the 990/10 hot mockup chassis 
with the component side of the board facing 
up. At the top edge of the two memory 
boards, use two 50-pin connector ribbon 
cables to connect P3 of the control memory 

MEM Location Machine Code Comments 

0900 02EO LWPl>100 
0902 0100 
0904 020A LI R10, EN DLOC 
0906 ENDLOC Ending address + 2 
0908 0209 LI R9, DATA 
090A DATA 
090C 0208 LI R8, LOC 
090E LOC 
0910 CE09 MOV R9, *R8+ 
0912 820A C R10, R8 
0914 14FB JHE 
0916 10FC JMP 
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Table 3-1. 96KB Memory Controller and 256KB Add-On Memory Checkout Procedures 

Step Procedure 

On 990/10 hot mockup chassis, set program­
mer panel key switch and battery switch to 
ON. 

Normal Indication 

2 To verify correct operation of refresh timing See below. 
circuits, connect oscilloscope probe to pin 4 
of any TMS 4116 memory chip in row 0. The 
host CPU should be IDLE during this test so 
that the image on the scope will be unclut-
tered by front panel memory accesses. To 
enter IDLE mode, perform the following 
steps: 

1. Halt the CPU 
2. Enter a 01001s on the front panel 
3. Depress the PC button 
4. Depress the MA button 
5. Enter a 03401s on the front panel 
6. Depress the MOE button 
7. Depress RUN 
8. IDLE light should illuminate 

30 ns MAX 

5. OV MAX 

3. OV MIN 

RAS-

• 4V MAX 

-. 6V MIN 

(A)142840 

3-6 

------- ---i l- 30 ns MM 

t (RFR) 
1 3 TO 16 µs 

If Abnormal 

See table 3-2, step 4. 

tw(RAS) I 
325 ± 25 ns J..--
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Table 3-1. 96KB Memory Controller and 256KB Add-On Memory Checkout Procedures (Continued) 

Step Procedure Normal Indication 

3 Repeat step 2 for memory rows 1 and 2 by 
moving osci!!oscope probe to pin 4 of any 
TMS 4116 memory chip in each of rows 1 

Same as for step 2. 

4 

and 2. Repeat step 2 for remaining memory 
rows if 256KB add-on memory is board under 
test. 

Connect oscilloscope channel 1 probe to pin 
4 of any TMS 4116 memory chip in row O and 
connect channel 2 probe in turn to each of 
the address lines, ADDROA- through 
ADDR6A- (pins 5, 6, 7, 10, 11, 12, 13). Syn­
chronize oscilloscope to channel 1 and note 
that each address line toggles. 

RAS-

0 ns MIN 1 
------

ADDRESS 
STABLE 

(A)142839 

35 ns MIN 

If Abnormal 

Same as for step 2. 

See table 3-2, step 1, 
and check address 
path through 86, C6, 
E1, E2. 

3. OV MIN. 

5 Connect oscilloscope channel 1 probe to pin Same as for step 4. Same as for step 4. 
4 of any TMS 4116 memory chip in row 1 and 
connect channel 2 probe in turn to each of 
the address lines, ADDROB- through 
ADDR6B-. Synchronize oscilloscope to chan-
nel 1. 
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Table 3-1. 96KB Memory Controller and 256KB Add-On Memory Checkout Procedures (Continued) 

3-8 

Step Procedure Normal Indication 

6 Connect oscilloscope channel 1 probe to pin Same as for step 4. 
4 of any TMS 4116 memory chip in row 2 and 
connect channel 2 probe in turn to each of 
the address lines, ADDROC- through 
ADDR6C-. Synchronize oscilloscope to chan-
nel 1. Repeat step 4 for remaining memory 
rows if 256KB add-on memory is board under 
test. 

7 Repeat step 4, connecting channel 1 probe See below. 
to pin 15 of any TMS 4116 chip in row 0 in-
stead of to pin 4. Connect channel 2 probe in 
turn to each of the address lines, ADDROA-
through ADDR6A-. Synchronize oscilloscope 
to channel 1 and note that each address line 
toggles. 

CAS-

(A)t 42841 

I 
I ....._ 
I 

ADDRESS 
VALID 

If Abnormal 

Same as for step 4. 

See table 3-2, step 4. 
If no abnormal result 
indication results 
from this step, check 
CADSEL- (J1-5), ad 
dress multiplexer (E1, 
E2), and address 
drive. 

3. OV MIN. 

• 4V MAX. 

8 Connect oscilloscope channel 1 probe to pin Same as for step 7. Same as for step 7. 
15 of any TMS 4116 memory chip in row 1, 
and connect channel 2 probe in turn to each 
of the address lines ADDROB- through 
ADDR6B-. Synchronize oscilloscope to chan-
nel 1. 
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Table 3-1. 96KB Memory Controller and 256KB Add-On Memory Checkout Procedures (Continued) 

Step Procedure Normal Indication If Abnormal 

9 Connect oscilloscope channel 1 probe to pin Same as for step 7. Same as for step 7. 
15 of any TMS 4116 memory chip in row 2, 
and connect channel 2 probe in turn to each 
of the address lines ADDROC- through 
ADDR6C-. Synchronize oscilloscope to chan-
nel 1. Repeat step 7 for remaining memory 
rows if 256KB add-on memory is board under 
test. 

10 Insert the cassette containing the diagnostic 
test RAMTST1 (part number 2250586) into the 
733 ASA cassette transport (see paragraph 
3.4.1). 

11 

12 

13 

14 

Set 733 POWER switch to ON position. Set 
733 ON LINE switch to ON LINE position. 
Set 733 CONT START/STOP switch to STOP 
position. 

Press REWIND switch for applicable cas­
sette transport and wait for END indicator to 
light. 

Press LOAD/FF and wait for READY indicator 
to light. 

Set key switch on programmer panel to 
UNLOCK position, then press LOAD switch 
on panel. 

15 In response to test query for beginning ad­
dress, enter 8000. 

Note: 

733 POWER in 
dicator lights. 
PLAYBACK CON­
TROL indicator ex­
tinguishes. 

END indicator on 
733 lights. 

READY indicator 
iights when tape is 
properly positioned. 
Playback light 
comes on. 

Cassette begins 
moving under soft­
ware control. When 
load is complete, 
the verb-package 
initialization se­
quence begins. 

1 RAMTST is a verb-package test and, as such, runs under control of a 990 verb package. The 
verb package executes the complete test or allows the operator to execute selected portions 
of the test by entering two-letter mnemonics called verbs. Refer to the Model 990 Computer 
Diagnostics Handbook, part number 945400, volumes 1 and 2, for instructions in the use of 
the verb package and for a description of RAMTST. 
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Table 3-1. 96KB Memory Controller and 256KB Add-On Memory Checkout Procedures (Continued) 

Step Procedure 

3-10 

16 In response to test query for ending address 
for memory board under test, enter 17FFE 
for 64K byte memory size 

17 Initialize the diagnostic and start the test 
by using the "EA" verb. 

Normal Indication 

Printout indicates 
satisfactory com­
pletion of test. 

If Abnormal 

Take corrective action 
as indicated by print­
out. Gross data errors 
indicate timing pro­
blems. Data errors on 
one or a few bits in­
dicate data path pro­
blems. See table 3-2. 
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!\) Table 3-2. The 96KB Memory Controller and 256KB Add-On Memory Board Fault Isolation Procedure 
!\) 
U1 
0 
O> 
<O Step Symptom Probable Cause Troubleshooting Normal If Abnormal 0 
<l:> Procedure Indication -...J 

:? 

Memory Timing Problems 

Excessive number of Improper timing of Use verb E4 to execute Replace resistor R11 or 
data errors indicate G0120 pulse. subtest 4 of RAM10 TL.GO- I r- capacitor C96, first, to 
board timing may be (or verb ET? to execute correct timing. If timing 
faulty. subtest 7 of RAMTST) G0120 n not brought into 

so that memory testing 
~ 1.- T. 120± ions 

tolerance, replace the 
is not interrupted for 74LS132 network, JOS. 
header printing. Connect 
oscilloscope channel 1 
probe to pin 7 of 807 and 
connect channel 2 probe 
to pin 10 of H03. Trigger 
the oscilloscope on 
negative transition of 
channel 1. 

2 Same as step 1. Improper timing of Connect oscilloscope 9 ,- Replace resistor R12 or 
G0170 pulse. channel 1 probe to pin capacitor C86, first, to 

7 of 807 and connect 
GOl 70 I n correct timing. If timing 

channel 2 probe to pin not brought into 
12 of H03. Trigger the ~ i.- T • I 70 ± I 0 nS tolerance, replace the 
oscilloscope on 74LS132 network, JOS. 
negative transition of 
channel ·1. 

3 Same as step 1. Time to clear CYCCMP Connect oscilloscope L_ If T2 abnormal, replace 
~~ signal is excessive. channel ·1 probe to pin 8 

IT' 

H02. If T1 abnormal, 
of H02 and connect 

CYCCMP I J- delay line and 
channel 2 probe to pin 6 associated networks. 
of H02. Trigger the I I ~- T2 

oscilloscope on positive 
Tl e 540 ± 2ons 

transition of channel 1. T2 < 1 5115 
~ 
Q) 

:3" 
Cb" 
:::i 

~ Q) 
:::i ..... 
(') ..... <b 



w 
I ..... 

N 

I\) 
I\) 
01 
0 en 
<O 
0 
<b 
"-.! 

~ 

Table 3-2. 

Step Symptom 

4 Same as step 1. 

5 Same as step 1. 

6 Same as step 1. 

The 96KB Memory Controller and 256KB Add-On Memory Board Fault Isolation Procedure (Continued) 
~ 
ll> 
:;· 

Probable Cause Troubles hooting Normal If Abnormal 
<D 
:::::> 
ll> 

Procedure Indication :::::> 
0 
(I) 

Improper timing of Connect oscilloscope Adjust timing by 
column address strobe, channel 1 probe to pin ~ replacing delay line, 
GAS. 8 of H02 and connect and/or associated net-

channel 2 probe to pin works. 
9 of J02. Trigger the 

t~"_j oscilloscope on positive 
transition of channel 1. 

Tl-b0i'10H5 

T2• 235 ± 25H5 

Improper write access Connect oscilloscope Adjust timing by 
time (T1) or improper channel 1 probe to pin replacing delay line 
read access time (T2). 8 of H02 and connect TL.TM~ and/or associated net-

channel 2 probe to pin 

~---t 
works. 

2 of 807. Trigger the 
oscilloscope on positive 
transition of channel 1. 

Tt - 1 as ± 2 5 r1s 

T2• 320 ± 2Sn5 

Improper data access Connect oscilloscope Adjust timing by 
time (T1). channel 1 probe to pin replacing delay line 

8 of H02 and connect I and/or associated net-
channel 2 probe to pin ~ works. 
14 of any TMS 4116 1-- _-.J 
memory chip. Trigger the Tl 

oscilloscope on positive Tl"' 225 115, MAXIMUM 

transition of channel 1. 



to P3 of the memory under test and to con­
nect P4 of the control memory to P4 of the 
memory under test. Perform the checkout 
procedures described in table 3-1. If abnor­
mal indications are obtained during a 
checkout procedure, refer to the fault isola­
tion procedures of tabie 3-2. 

3.6. 7 Cache Memory Controller Checkout 
Procedure 
On the 990/10 hot mockup chasis, set pro­
grammer panel key switch and battery switch 
to OFF. Install a known-to-be-good 96KB 
memory controller with at least 32K bytes of 
memory into slot 3 of the 990/10 hot mockup 
chassis. Mount the cache memory controller 
to be tested on a 990 extender board, and in­
stal I the extender into slot 5 of the 990/10 hot 
mockup chassis with the component side of 
the board facing up. 

Set starting address switch on the board to 
be tested to select starting address of 80001s 
bytes by setting switch number 6 to ON and 
all others to OFF. (This assumes that a 32K 
byte memory with start address set to 0000 is 
used for storage of the diagnostic program.) 
Verify that the TPCS base address is set to 
FB10 (see table 2-6 and 2-10). Perform the 
checkout procedures described in table 3-3. 
If abnormal indications are noted during a 
checkout procedure, refer to the fault iso­
lation procedures of paragraph 3.6.8. 

3.6.8 Cache Memory Controller Fault Isolation 
and Troubleshooting Procedures 
Once a malfunction has been discovered 
through the use of the checkout procedure of 
table 3-3, a scoping loop may be set up to 
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facilitate dynamic troubleshooting of the 
board under test. The scoping loop permits 
data to be written into or read from a desired 
memory location or block of memory loca­
tions where a malfunction was identified by 
the diagnostic procedures of table 3-3. Use 
the procedures in paragraph 3.6.1 through 
3.6.3 to establish the required scoping loop. 
Useful procedures and waveforms for 
isolating troubles in the cache memory con­
troller are provided in the following sub­
paragraphs. 

3.6.8.1 Troubleshooting Cache for MISS 
Operation. The following program will 
cause the cache to have a M iSS on each ac­
cess. The waveforms shown in figure 3-1 are 
for a MISS operation. 

1. Set starting address for cache con­
troller to be tested to 0000 and set the 
TPCS address to FB101s. 

2. Apply power to the 990/10 hot mockup 
chassis. 

3. At address FB101s enter 60, 50, 10 at the 
programmer panel as follows: 

Enter FB10, press MA 

Enter 60, press M DE 

Enter 50, press MDE 

Enter 10, press M DE 

3-13 
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Table 3-3. Cache Memory Controller Checkout Procedures 

Step 

2 

Procedure 

On 990/10 hot mockup chassis, set 
programmer panel key switch and bat­
tery switch to ON. 

To verify correct operation of refresh 
timing circuits, connect oscilloscope 
probe to pin 4 of bank 0 TMS 4116 at 
location U5. The host CPU should be 
IDLE during this test so that the im­
age on the scope will be uncluttered 
by front panel memory accesses. To 
enter IDLE mode, perform the fol­
lowing steps: 

1. Halt the CPU 
2. Enter a 01001a on the front panel 
3. Depress the PC button 
4. Depress the MA button 
5. Enter a 034010 on the front panel 
6. Depress the MOE button 
7. Depress RUN 
8. IDLE light should illuminate 

30 ns MAX 

5.0V MAX - - -

3. OV MIN 

RAS-

• 4V MAX 

-. 6V MIN 

(A) 14283 3 

3-14 

-[- --1 
30 ns MAX 

Normal Indication 

See below. 

If Abnormal 

See table 3-2, step 4. 

tw(RAS) 
325 J 25 ns 
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Step 

3 

4 

5 
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Table 3-3. Cache Memory Controller Checkout Procedures (Continued) 

Procedure 

Repeat step 2 for memory bank 1 by 
moving oscilloscope probe to pin 4 of 
bank 1 TMS4116 at location T5. 

Remove ac power by setting key 
switch on programmer panel to OFF 
but leave battery power on. Repeat 
steps 2 and 3. 

Verify operation of the refresh ad­
dress counter as follows. Connect 
channel 1 of oscilloscope to pin 4 of 
bank 0 TMS4116 at location U5. Syn­
chronize oscilloscope channel 1 
negative edge. Observe dynamic RAM 
address inputs by connecting, in turn, 
the channel 2 probe of the 
oscilloscope to pins 5, 6, 7, 10, 11, 12, 
and 13 of U5. Each address line 
should show both high and low states 
during RAS-. 

RAS-

0115 MIN._, 

I 

(A) 1 42831 

ADDRESS 
STABLE 

Normal Indication If abnormal 

Same as for step 2. Same as for step 2. 

Same as for step 2. Same as for step 2. 

See below. 

3.0VMIN. 

• 4V MIN. 

35nS MIN. 
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Table 3-3. Cache Memory Controller Checkout Procedures (Continued) 

Step 

6 

Procedure 

Verify proper timing of the delayed 
timing signals G0110 and G0130. 
Use figure 3-9 to determine test 
points for oscinoscope. 

7 Insert the cassette containing the 
diagnostic test RAMTST1 (part number 
2250586) into the 733 ASR cassette 
transport (see paragraph 3.4.1). 

8 

9 

10 

11 

Set 733 POWER switch to ON posi­
tion. Set 733 ON LINE switch to ON 
LINE position. Set 733 CONT START/ 
STOP switch to STOP position. 

Press REWIND switch for applicable 
cassette transport and wait tor END 
indicator to light. 

Press LOAD/FF and wait for READY 
indicator to light. 

Set key switch on programmer panel 
to UNLOCK position, then press 
LOAD switch on panel. 

12 In response to test query for ending 
address for memory board under test, 
enter 17FFE for 64K byte memory 
size. 

Note: 

Normal Indication 

See paragraph 
3.2.7.3 and figure 
3-9. 

733 POWER 
indicator lights. 
PLAYBACK 
CONTROL 
indicator 
extinguishes. 

END indicator on 
733 lights. 

READY indicator 
lights when tape is 
properly positioned. 
Playback light 
comes on. 

Cassette begins 
moving under 
software control. 
When load is com­
piete, the verb­
package initiali­
zation sequence 
begins. 

If Abnormal 

See paragraph 
3.2.7.3 and figure 
3-9. 

1 RAMTST is a verb-package test and as such runs under control of a 990 verb package. The 
verb package executes the complete test or allows the operator to execute selected portions 
of the test by entering two-letter mnemonics called verbs. Refer to the Model 990 Computer 
Diagnostics Handbook, part number 945400, volumes 1 and 2 for instructions in the use of 
the verb package and for a description of RAMTST. 
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Table 3-3. Cache Memory Controller Checkout Procedures (Continued) 

Step 

13 

Procedure 

Initialize the diagnostic and start the 
test by using the "EA" verb. 

NOTE 

This process initializes the cache 
and causes it to segment (that is, 
only cache locations above ad­
dress 800016). Pressing RESET 
clears this function. 

4. From the programmer panel, enter the 
test loop shown in example program 3. 

EXAMPLE 3 

0100 C820 STAT MOV 
@TST2,@TST1 

0102 8000 
0104 0300 
0106 0820 MOV 

@TST3,@TST1 
0108 9000 
010A 0300 
010C C820 MOV 

@TST4,@TST1 
010E AOOO 
0110 0300 
0112 10F6 JMP STAT 

8000 AAAA 
8002 5555 

2250690-9701 

Normal Indication 

Printout indicates 
satisfactory 
completion of test. 

9000 
9002 

AOOO 
A002 

PC= 100 
HALT 
RESET 
RUN 

1111 
2222 

4444 
8888 

If Abnormal 

Take corrective 
action as indicated 
by printout. Gross 
data errors indicate 
timing problems. 
Data errors on one 
or a few bits in­
dicate data path 
problems. 

Observe waveforms of figure 3-1. 

3.6.8.2 Troubleshooting Cache in Write­
Through Operation. The following program 
will cause the cache to perform write­
through operations. Figure 3-2 shows the 
waveforms that should be observed. 

1. Perform steps 1, 2, and 3 of paragraph 
3.6.8.1. 

2. At the programmer panel, enter the pro­
gram shown in example program 4. 

3. Observe the waveforms of figure 3-2. 
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3.6.8.3 Troubleshooting Cache in HIT Oper­
ation. The following program will cause the 
cache to perform HIT operations. Figure 3-3 
shows the waveforms that should be ob­
served. 

1. Perform steps 1, 2, and 3 of paragraph 
3.6.8.1. 

2. At the programmer panel enter the pro­
gram shown in example program 5. 

3. Observe the waveforms of figure 3-3. 

3.6.8.4 Troubleshooting Primary Memory. To 
troubleshoot primary memory, enter the 
following program and observe the 
waveforms of figure 3-4. 

1. Peifoim steps 1 and 2 of paragraph 
3.6.8.1. 

2. At address FB101e enter 60 and 40 at the 
programmer panel as follows: 

EXAMPLE 4 

Enter FB10, press MA 

Enter 0060, press MOE 

Enter 0040, press MOE 

NOTE 

The above procedure initializes 
cache, then turns it off. 

3. From the programmer panel, enter the 
program shown in example program 6. 

4. Verify that the CBUSY signal does not 
come true. 

5. Observe the waveforms of figure 3-4. 

100 C280 STAT MOV @TST1,@ST2 READ FROM MEMORY 
102 8000 
104 010E 
106 C280 MOV @TST3,@TST1 WRITE TO MEMORY 
108 0110 
10A 8000 
10C 10FC JMP STAT 
10E 0000 
10F AAAA 

PC =100 
RUN 

EXAMPLE 5 

100 C280 STAT MOV @TST1 ,@TST1 
102 8000 
104 8000 
106 10FC JMP STAT 

PC = 100 
RUN 
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EXAMPLE 6 

100 
102 
104 
106 

C280 
8000 
8000 
10F9 

PC = 100 
RUN 

MOV @TST1 ,@TST1 

JMP STAT 

3.7 CACHE MEMORY BOARD CHECKOUT 
AND TROUBLESHOOTING PROCEDURES 
USING MEMORY TESTER 

Instructions are provided in this paragraph 
for performing a checkout of the memory 
board using a memory tester. Additionally, 
useful troubleshooting procedures are pro­
vided along with waveform representations 
of the boards in various modes of operation. 

0 100115 

TLGO- A29-15 

TLTM- E6-3 

RAS N6-6 

ADOK J12-3 Dill 

G0110 Nt2-8 
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WRITE TO MEMORY 

Test equipment required to perform the 
memory board checkout procedures is listed 
in table 3-4. 

3.7.1 Memory Test of Cache Memory Con­
troller 
Verify that the test equipment as listed in 
tabie 3-4 is currently certified and perform 
the test of the cache memory controller 
using the Adar memory tester as follows. 

2001lS 300n5 40011S 

\ 

AHIT- J 1-2 \\\\\\\\\ u;n 111101oomm1111111u 

GOl 30 J 1-3 n 
CTRM- H23-11 

DRIVA- N29-6 

OR DRIVB- N29-B 

(A)142857 

Figure 3-3. Cache HIT Operation 
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1. On the Adar memory tester, press the 
REM and RSI/RDS power switches, in 
that order (red switch lights should be 
off). Install the memory tester interface 
for the cache memory controller (part 
number 2264815-0005). Press the 
RSI/RDS and REM power switches, in 
that order (red switch lights should be 
on). 

2. On the Adar memory tester, set RSI 
switches 1, 3, and 8 to the ON position 
and switches 4 through 7 to the OFF 
position. 

3. Load the program tape, CACHET 
(TESTTS, ARRYTA). Enter "*RFI 
CACHET CAS" and press the XM IT key 
at the Adar memory tester data terminal. 

4. Install the cache memory controller 
board to be tested into the memory 
tester interface with component side of 
the board facing the operator of the 

ans 1oons 2oons 

\ 
TLGO- A2 9- 1 5 

TLTM- E6-3 

RAS N6-6 

CAS L1-5 

CADSEL N6-9 

RE NAB Kl-9 

BUSY P4-6 

TERMEN K1-S 

TERM L 1-8 

(A)142859 

memory tester. Make connections as 
shown in table 3-5. 

5. Peform visual check, ensuring that all 
DIP switches on the board under test 
are in the off position. Scan the board 
under test for solder shorts. 

3.7.1.1 Primary Memory Test Execution. The 
primary memory test is started by entering 
"* R 0 O" and pressing the XM IT key at the 
Adar memory tester data terminal. The first 
test, a march pattern with nominal supplies, 
executed with error correction off, is per­
formed, and results are displayed on a board 
error map (BEM) at the data terminal of the 
memory tester. See figure 3-5 for an inter­
pretation of the BEM. Following the BEM, 
"J + TO CONT OR J- TO END" is displayed 
allowing the operator to power down or to 
continue the test by using the joystick toggle 
switch at the memory test control panel. If 
the operator moves the joystick to "+ ", a 
march pattern with nominal supplies is exe-

3oons 40ons soons 600n5 

Figure 3-4. Memory Read, No Cache Operation 
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cuted on the error correction code storage 
RAMs. "J + FOR DIAG OR TIMING; J- TO 
CONT" is displayed following the BEM, 
allowing the operator to branch to the 
diagnostic tests, to set timing, or to 
troubleshoot a problem; or to continue the 
test foi piimaiy memory if both march pat­
tern tests are successfully completed. The 
diagnostic tests are described in paragraph 
3.7.1.3, and those tests that are made when 
moving the joystick to "-" are described in 
pa rag rap h 3. 7 .1.4. 

3.7.1.2 Board Error Maps (BEM). The BEM is 
provided as a CRT display at the data ter­
minal of the memory tester. As shown in 
figure 3-5, the BEM represents the memory 
array. Memory read errors are logged at 
speed during any given test, and at the end of 
each test the BEM displays any chip failures. 
The good chips are represented with 
asterisks, whereas failing memory chips are 
indicated by the reference designator of the 
failing chip. The BEM is interpreted as 
follows: 

1. The first two rows of the BEM represent 
the · 16K RAMs at reference desig­
nations, U5, U6, U8 through U11, U13, 
U14, U16, U17, U19, and U21 through 

Maintenance 

U25 (first row); T5, T6, TB through T11, 
T13, T14, T16, T17, T19, and T21 through 
T25 (second row). The asterisks are 
replaced by the corresponding 
reference designator as a failure occurs. 

2. The second two rows of the BEM repre­
sent the 16K RAMs in the error correc­
tion code memory at reference desig­
nations U26 through U31 (first row) and 
T26 through T31 (second row). 

3. The next two rows of the BEM represent 
the data channels at the expansion in­
terface, MBOO- through MB21- (odd 
numbered pins 1 through 43 of connec­
tor P4). As failures occur, MBOO- is 
represented by BOO, M B01- as B01, etc. 

4. The last row of the BEM is enabled 
during the test for error correction (see 
paragraph 3. 7.1.4). Each position 
represents one of the Tl LINE data 
channels TLDATOO- through TLDAT15-. 
As failures occur, the asterisks are 
replaced by BOO (TLDATOO-) through 
B15 (TLDAT15-). 

3.7.1.3 Prijmary Memory Diagnostic Tests. 
The following is a description of primary 
memory diagnostic tests. 

Table 3-4. Test Equipment Required for Memory Board Checkout Using Memory Tester 

Item Texas Instruments Part Number 

Adar Model DR12/25 Memory Test System Tester 2264826-0001 

Memory Tester Interface, Cache Memory Controller 2264815-0005 

Oscilloscope, Tektronix Model 475 (or equivalent) 

Multimeter 

10X Probes with Grounding Clips 

Coaxial Cable with BNC to BNC Connectors 

Program Tape CACHET (TESTTS, ARRYTA) 
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Existence Test. The existence test is run 
automatically after the joystick is toggled to 
"+" for the diagnostic tests. A BEM is 
displayed to indicate functioning memory 
chips. This test is run twice. During the first 
pass, the controller is set in a diagnostic 
mode such that error correction and detec­
tion is suspended and the 16 data bits are 
written and read without manipulation. Dur­
ing the second pass, the six ECC bits are 
written and read through the six most signifi­
cant TILINE data channels, TLDATOO­
through TLDAT05-. 

Address Faults Test. If a functional data 
channel is found, the address faults plot will 

indicate faulty address lines in each row. 
Good addresses are denoted with periods, 
".",failing addresses with "F". 

Debug Routine. After the address faults 
plot, the operator is provided with three run 
commands for troubleshooting. The first is 
for the first or top row of 16K RAMs, the 
second for the second row of 16K RAMs, and 
the third for + 5 Standby or Battery condi­
tions. When transmitted, these commands 
result in a repetitive series of test cycles 
specifically for troubleshooting with an 
oscilloscope. At the top of the display, a 
write command is displayed for selecting the 
unit under test mode (data RAMs only with 

Table 3-5= Cache Board to Tester Connections 

*** 
*** 

*** 

*** 

3-24 

*** 
*** 

*** 

*** 

Board Under Test to Memory Tester Interface 

*** 
*** 

*** 

*** 

P1 J1 

P2 J2 

P3 1J3 

P4 1J4 

Note: 

i j3 and J4 are ribbon cable connections. Arrows on mating connec­
tors should be aligned with each other. 

*** *** *** *** *** *** *** *** *** *** *** *** 
*** *** *** *** *** *** *** *** *** *** *** *** 

*** *** *** *** *** 
*** *** *** *** *** 

*** *** *** *** *** *** *** *** *** *** *** *** 

*** *** *** *** *** 

*** *** *** *** *** *** *** *** *** *** *** *** 

**} *** 

***}2 *** 

***}3 
*** 

*** 4 

Figure 3-5. Board Error Map Representation for Cache Memory Controller Tests 
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ECC off, or ECC RAMs only in the bit swap 
mode). 

3.7.1.4 Board Function Tests. Five board 
function tests are performed after the com­
pletion of the nominal march tests if the 
joystick is toggled 11

-" for performance. A 
description of the tests follows. 

Expansion Interface Test. Data is supplied to 
add-on module memories via the expansion 
interface at MBOO- through MB21-. A series 
of write data words are supplied to the 
TILINE interface while data at the expansion 
interface is tested. If a failure occurs, the 
BEM, TILINE data, and expected expansion 
interface data are displayed. A run con­
tinuous command is displayed for 
troubleshooting the failing condition. TILINE 
and expansion data displays should be inter­
preted as fol lows: Tl LINE = XXXX (where 
XXXX is hexadecimal representation, MSB to 
LSB, 16 binary bits); and EXPANSION l/F EXP 
DATA = OXXX OXXX (ignore zero positions 
and the two MSBs in leftmost X and interpret 
remaining Xs in hexadecimal, MSB to LSB, to 
provide 22 binary bits). For example, OCAA 
0 FF F = OAA FF F or 00 1010 1010 1111 1111 
1111. 

Error Correction Test. A series of data words 
is supplied to the expansion interface with 
one bit (in varying position) in error. Data is 
measured at the TILINE interface and error 
correction must occur for each data and ECC 
bit for the test to pass. If a failure occurs, the 
BEM is displayed along with the expansion 
data word and Tl LINE expected data for the 
failing cycle. A run continuous command is 
provided for troubleshooting the failure. 

Double Bit Error Detection. Two data words 
are supplied to the expansion interface, one 
with no error and one with two bits in error 
while TLMERR- at the TILINE interface is 
tested for false and true signal levels, respec­
tively. If an error occurs, expansion interface 
data and the expected TLM ERR- level is 
displayed. A run continuous command is pro­
vided for troubleshooting the failure. 
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Primary Memory Error LED Test. Errors are 
latched to light all primary memory error 
lamps (CR3 through CR13). The operator 
must verify that all LEDs are lighted and con­
tinue the test, power down, or use the 
oscilloscope if necessary. The test is looping 
continuousiy and may be observed with an 
osciloscope without a run command. 
Transmit the run command to continue the 
test or the command to power down after the 
operation of the LEDs has been verified. 

+ 5 Standby Test. A checkerboard pattern is 
written to primary memory with error cor­
rection and cache on. A TLPRES- signal is 
issued and the + 5 main supply is switched 
off. After several seconds, the + 5 supply is 
switched back on, TLPRES- is set high, and 
the pattern is verified. To pass this test, the 
refresh circuit and the + 5 switching circuit 
must function. This test can be observed 
with an oscilloscope using the run command 
on the debug display (see paragraph 3.7.1.3). 
Waveforms are provided in paragraph 3.7.2.6. 

3. 7 .1.5 Primary Memory Performance 
Tests. Primary memory performance tests 
consists of march, checkerboard, refresh, 
GALROWCO-ROW, and GALROWCO-COL 
patterns. This series of tests is executed 
twice. Error correction is disabled during the 
first pass via the TILINE peripheral control 
space. The six correction bits are tested 
during the second pass (in the swap-bit 
mode). Each test is e·xecuted automatically, 
provided the previous test passes. If any test 
fails, the BEM, type of test, and power supply 
values are displayed followed by "J + TO 
CONT; J- TO END". Joystick "+" will exe­
cute the next test; joystick"-" will result in a 
power-down. 

CAUTION 

Always power-down before attempt­
ing to remove memory chips from a 
board or when removing the board 
under test from the test interface 
fixture. 
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Each time a performance test passes, the 
type of test, "PASS", and the power supply 
values are displayed, and the next test is 
then executed. 

Refresh Test. A checkerboard pattern is 
written to primary memory (with error correc­
tion and cache off). A wait period is then exe­
cuted before the checkerboard pattern is 
verified. If the refresh circuits are not func­
tioning, a failure will occur and the BEM will 
be displayed. The operator can continue or 
end the test with the joystick. The first half of 
the wait period has "no test" read cycles exe­
cuted continuously, requiring the refresh 
controller to steal cycles at refresh intervals 
to perform refresh. For the second half of the 
wait period, no cycles (TLGO- is not acti­
vated) are issued and the refresh controller 
must latch refresh cycles without any cycles 
occurring simultaneously. The + 5 main 
supply voltage is on during this test and the 
+ 5 switching circuit is not used. 

3.7.1.6 Cache Memory Test Execution. Tests 
previously described are tests of the primary 
memory. Tests described in this paragraph 
are tests of the cache memory. 

Cache Diagnostic. The cache diagnostic is a 
test to determine whether cache memory will 
hold data separate and different from primary 
memory. The diagnostic is executed six 
times, once on each of the four cache sec­
tions (bank A even, bank A odd, bank B even, 
and bank B odd) and twice on the full cache 
(1024 words). A pattern is written to memory 
with the cache on and then read to fill the 
cache. The cache is then turned off and 
primary memory is rewritten with a different 
(inverted) data pattern. The cache is then 
turned on again and the first pattern is 
verified. The pattern read should be the first 
one written, since all addresses should be 
stored in the cache (all cache HITs). Any ad­
dress misses or parity errors and/or data par­
ity errors will result in the inverted pattern 
being fetched from primary memory instead 
of the cache. The BEM and the results of the 
cache error latches will be displayed after 
each test is run. 
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Cache Error Information. If a failure occurs 
during any test of the cache, the operator is 
supplied with two types of error information:. 
a BEM, as previously described, and a sum­
mary of cache error latch status. At this time, 
all primary memory tests should have 
passed. This means that any failures on the 
BEM do not refer to primary memory but to 
cache locations. In some cases, the BEM 
may show a failure while the error latches do 
not and vice versa. Careful interpretation of 
error information is important. If the caching 
sections determine an error, data will be 
returned from primary memory and the data 
may then be correct. The cache error latches 
then would be the only error indicator. 

Cache Scoping Routine. After each of the six 
diagnostic tests have been executed, the 
operator has a choice of branching to the 
cache scoping routine or continuing the 
cache tests. If any errors were reported for 
any of the diagnostic tests, the operator may 
branch to the scoping routine to determine 
the nature of the failure. If no failures were 
reported, then the operator should use the 
joystick to continue the test. Waveforms for 
the scoping routines are provided in 
paragraph 3.7.2. Options are displayed for 
troubleshooting the cache data RAMs or the 
cache address storage RAMs. Options are 
also provided to restart the test, end the test, 
or restart the cache fests. Always end the 
test (power-down) before removing any 
memory chips from the board or before 
removing the board under test from the test 
interface fixture. 

Cache March Performance Test. In the march 
performance test, a march pattern is ex­
ecuted on bank A and on bank B. Error infor­
mation is provided on failures after each test. 

Cache GALPA T Performance Test. A 
GALPAT pattern is executed twice on the full 
cache, once with low Vee and once with high 
Vee (that is, 4.75 and 5.25 volts, respectively). 

Cache Address RAM March Performance 
Test. The cache address RAM march perfor­
mance test results in a march pattern for the 
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cache address storage RAMs. The expansion 
interface is used repeatedly to store higher 
order addresses in the cache address 
storage RAMs. The test is executed first on 
bank A and then on bank B. The BEM and 
TPCS error latch status are displayed after 
each test. 

Static Hold 1s Performance Test. In this test, 
a pattern is executed that stores logic 1 s in 
cache bipolar static RAMs. A wait state is 
then executed (approximately 12 seconds) 
and the pattern is read to verify that the data 
has remained valid. The opposite data pat­
tern is stored in primary memory so that if 
any MISS occurs because of address or data 
parity error or address inequality, an error will 
be logged on the BEM. 

Static Hold Os Performance Test. This test is 
the same as the static hold 1 s performance 
test except that the data pattern stored is 
logic Os. 

3.7.2 Troubleshooting Primary Memory 
The final diagnostic test tor the primary sec­
tion of the board under test, the debug 
routine, provides a run continuous command 
tor each row. Each command results in a 
repetitive series of test cycles specifically 
designed for troubleshooting with an 
oscilloscope. Alternate 1s and Os are applied 
to address and data for a write and a read 
cycle. The data and address words are then 
complemented, and a write is executed 
followed by a read as shown in the following 
example. 

EXAMPLE 7 

WRITE 
READ 

DATA 
DATA 

WRITE DATA 
READ DATA 

WORD 
WORD 

ADDRESS 
ADDRESS 

WORD- ADDRESS­
WORD- ADDRESS-

These four memory cycles are repeated con­
tinuously. A synchronizing signal occurring 
at the beginning of each series of four cycles 
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is available at the memory tester control 
panel (CYCLE COUNT BNC). Refer to figure 
3-6 for some specific waveforms and 
oscilloscope settings. 

3.7.2.1 RAM Input/Output Timing. Refer to 
figure 3-7 for expanded timing wavefOims at 
RAM inputs and outputs. 

3.7.2.2 Refresh Timing. Refresh is per­
formed asynchronously by the refresh 
oscillator and associated logic. See figure 
3-8 for the expected waveform at the output 
of the oscillator (pin 6 of R12). External 
resistor R2, at pin 7 of S12, controls cycle 
time. To decrease cycle time, decrease the 
resistance of R2; to increase cycle time, in­
crease the resistance of R2. 

3. 7.2.3 Delayed Timing Signals. The 
delayed timing signals, G0110 and G0130, 
should have the relationship to signal TLGO­
as shown in figure 3-9. The RC delay network 
of R17, C3, and R12 (if installed) can be ad­
justed to obtain the expected time delay. If 
G0110 is less than the limits shown in figure 
3-9, R12 can be removed from the circuit to 
increase the delay. If further adjustment is re­
quired, the value of R17 can be changed. ln­
creasi ng resistance increases delay, 
decreasing resistance decreases delay. The 
RC delay network of R18, C4, and R13 (if in­
stalled) can be adjusted similarly to obtain 
the expected time delay for signal G0130. 

3.7.2.4 Expansion Memory Signals. Signals 
IRAS-, ICAS-, and ICADSEL from the cache 
memory controller to the add-on expansion 
memory array board should have the relation­
ship shown in figure 3-10. Proper adjustment 
of signals described in paragraph 3.7.2.3 will 
result in the required delay between signals 
IRAS- and ICADSEL. 

3.7.2.5 Read Cycle, Write Cycle, Timing. 
Signals TLGO- and TL TM- should have the 
relationships shown in figure 3-11 tor read 
cycles, read cycles with errors, and write 
cycles. After the memory tester has released 
TLGO-, the cache memory controller should 
release TL TM- within 60 nanoseconds as 
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shown in the expanded waveform of figure 
3-12. 

3. 7 .2.6 Main Power, Standby Power 
Signals. The waveforms of figure 3-13 show 
the relationships of signals to the main 
+ 5-volt supply, + 5-volt standby or battery 
conditions. The relationships shown are for 
the initial loss of + 5 main, duration of stand­
by operation, and for reestablishment of + 5 
main. 

TLGO­

A29- 1 5 

TLTM-

I 

% 
14 
I 
I 
I 

.oo • 01 .02 .03 

TIME IN USEC ____,. 

Tp 

30NS < Tp > 60NS (SONS NOMINAL) 

SCOPE SETTINGS 

TIME/DIV: • 01 USEC/DIV 
VOLTS/DIV: 2 VOLTS/DIV 

.04 

3. 7 .3 Troubleshooting Cache Memory 
Troubleshooting procedures and waveforms 
provided in paragraph 3.7.2 were for the 
memory controller with cache not enabled. 
This paragraph provides procedures for 
troubleshooting the board with the cache 
memory enabled. The debug routine for 
cache memory consists of a series of write 
and read cycles as shown in table 3-6. 
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Figure 3-12. TL TM- Release, Expanded Waveform 
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Table 3-6. Algorithm Explanation for Cache Memory Debug Routine 

1) CACHE MODE IS SET FROM TPCS FOR BANK A OR BANK B 

2) TLADR19- IS SET 
A) HIGH-EVEN SECTION 
B) LOW-ODD SECTION 

NOTE: THIS ADDRESS WILL NOT CHANGE THROUGHOUT THE DEBUG ROUTINE. 

3) ALGORITHM FOLLOWS 

Cycle OP Stored Index Explanation of Cycle 
Address Address 

1 WOW/ 015 55 Write DW/ to primary memory 01 555. 

2 ROW/ 015 55 Read Primary DW/. This will store DWI 
at cache index shown. 

3 wow 015 AA Write DW to primary memory 01 5AA. 

4 ROW 015 AA Read primary DW. This will store OW 
at cache index shown. 

5 ROW/ 015 55 Read Cache OW/ from index shown. 
Fast access cache read. 

6 ROW 015 AA Read cache OW from index shown. 
Fast access cache read. 

7 wow 02A 55 Write primary OW to address shown. 

8 ROW 02A 55 Read Primary OW. This will store DW 
at cache index shown, and change 
stored address at that index. 

9 WOW/ 02A AA Write primary DW/ to address shown. 

10 ROW/ 02A AA Read Primary DW/. This will store OW/ 
at cache index shown, and change 
stored address at that index. 

11 ROW 02A 55 Read cache DW from index shown. 
Fast access cache read. 

12 ROW/ 02A AA Read cache DW/ from index shown. 
Fast access cache read. 

13 WOW/ 02A 55 Cache write-through. 

14 wow 02A AA Cache write-through. 
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Table 3-6. Algorithm Explanation for Cache Memory Debug Routine (Continued) 

Cycle OP 

NOTES: 

Stored 
Address 

Index 
Address 

Explanation of cycle 

1) ALL ADDRESS WORDS GIVEN ARE POSITIVE TRUE VALUES (I.E. THE VALUE 
AT THE TILINE BUS IS THE INVERSE OF GIVEN ADDRESS.) 

2) OP CODE EXPLANATION 

WDW/-WRITE INVERTED DATA WORD 
WOW-WRITE DATA WORD 
RDW/-READ INVERTED DATA WORD 
ROW -READ DATA WORD 

5555 (HEX) 
AAAA 
5555 
AAAA 

3) INDEX ADDRESS IS TLADR11- (MSB) THAU TLADR18- (LSB) 

4) STORED ADDRESS IS TLADROO- (MSB) THAU TLADR10- (LSB) 

3. 7 .3.1 Cache Read Cycle with Cache Read 
Miss. The waveforms in figure 3-14 are for a 
cache read cycle with the accessed address 
not stored in the cache section (cache read 
miss). Data retrieved from primary memory is 

stored in cache memory along with the ad­
dress and the word pair associated with the 
address. Waveforms shown in figure 3-14 are 
for bank A, even, only. 
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3.7.3.2 Cache Read Cycle with Cache Read 
Hit. The waveforms in figure 3-15 are for a 
cache read cycle with the accessed address 
stored in the cache section (cache read hit). 
Data is retrieved from the fast access cache 

data RAMs, and the primary memory read 
cycle is not initiated. This applies to cycles 5, 
6, 11, and 12 in the debug routine (see table 
3-6). Waveforms shown in figure 3-15 are for 
bank A, even, only. 
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3.7 .3.3 Cache Write-Through cycle. Wave­
forms in figure 3-16 are for a write cycle with 
the accessed address stored in the cache 
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3.8 96KB MEMORY CONTROLLER CHECK­
OUT AND TROUBLESHOOTING PROCEDURES 
USING MEMORY TESTOR 

Instructions are provided in this paragraph 
for performing a checkout of the 96KB 
memory controller in standard and fine line 
versions, using a memory testor. Addi­
tionally, useful troublehsooting procedures 
are provided along with waveform represen­
tation of the board in various modes of 
operation. Test equipment required to per­
form the memory board checkout procedures 
is listed in table 3-7. 

3.8.1 Memory Test of 96KB Memory Con­
troller. 
Verify that the test equipment as listed in 
table 3-7 is currently certified, and perform 
the test of the 96KB memory controller using 
the Adar memory tester as follows. 

1. On the Adar memory tester, press the 
REM and RSI/RDS power switches in 
that order (red switch lights should be 
off). Install the memory tester interface 
for the 96KB memory controller (part 
nurn ber 2264815-0001 ). Press the 
RSI/RDS and REM power switches, in 
that order, (red switch lights should be 
on). 

I 

Maintenance 

2. On the Adar memory tester, set RSI 
switches 1, 4, and 8 to the ON position 
and switches 2, 3, 5, 6, and 7 to the OFF 
position. 

3. Load the program tape; 48CONT 
(TESTTS, ARRYTA). Enter "* RFI 
48CONT CAS" and press the XMIT key 
at the Adar memory tester data terminal. 

4. Install the 96KB memory controller 
board to be tested into the memory 
tester interface with component side of 
the board facing the operator of the 
memory tester. Make connections as 
shown in table 3-8. 

5. Perform visual check. Ensure that all 
DIP switches on the board under test 
are in the off position. Scan the board 
under test for solder shorts. 

6. Note the dash number of the board 
under test and ensure that the jumper 
configuration for jumpers J9 and J10 
and the number of rows of memory 
chips agree with that shown in table 3-9. 

Table 3-7. Test Equipment Required for 96KB Memory Controller Checkout Using Memory Tester 

Item Texas Instruments Part Number 

Adar Model DR12/25 Memory Test System Tester 2264826-0001 

Memory Tester Interface, 96KB Memory Controller 2264815-0001 

Oscilloscope, Tektronix Model 475 (or equivalent) 

Multimeter 

10X Probes with Grounding Clips 

Coaxial Cable with BNC to BNC Connectors 

Program Tape 48CONT (TESTIS, ARRYTA) 
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3.8.1.1 Memory Test Execution. The memory 
test is started by entering "* R 0 O" and press­
ing the XMIT key at the Adar memory tester 
data terminal. The memory tester will res­
pond with "J + TO START". After toggling 
the switch to the right (J + ), the memory 
tester responds with "J + FOR DIAG; J- FOR 
PERF" on the data terminal CRT. On the first 
pass, toggle the joystick to J- to start the 
performance tests. If the board under test 
fails the first test (a march test), the BEM will 
be displayed, followed by "J + TO CONT; J­
TO END". The operator should then end the 
test with J-, restart with J +, and run the 
diagnostic tests with J + as directed by the 
CRT messages. If the board under test 
passes the first test, a pass condition will be 
indicated along with the type of test and the 
values of Vee, Vbb, and Vdd. The remaining 

tests will be run automatically provided the 
preceding test passes. If any test fails, the 
BEM, type of test, and power supply values 
will be displayed, followed by "J + TO CONT, 
J- TO EXIT". Setting the joystick to "J +" 
continues the next test; setting the joystick 
to "J-" will end the test. Always end the test 
before removing the board under test or 
before replacing memory chips. 

3.8.1.2 96KB Memory Controller Board Error 
Maps (BEM). The BEM is provided as a CRT 
display at the data terminal of the memory 
tester. As shown in figure 3-17, the BEM 
represents the memory array. Memory read 
errors are logged at speed during any given 
test, and at the end of each test the BEM 
displays any chip failures. The good chips 
are represented with asterisks, whereas 

Table 3-8. 96KB Board to Tester Connections 

3-40 

Board Under Test to Memory Tester Interface 

P1 J1 

P2 J2 

P3 1J3 

P4 1J4 

Note: 
1 J3 and J4 are ribbon cable connections. Arrows on mating connectors 
should be aligned with each other. 

Table 3-9. 96KB Memory Size Jumper Schedule 

Part Number Memory Size J9 J10 

2261980-0002 32KB OFF ON 
2261980-0006 32KB OFF ON 
2261980-0003 64KB ON OFF 
2261980-0007 64KB ON OFF 
2261980-0004 96KB ON ON 
2261980-0008 96KB ON ON 
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failing memory chips are indicated by the 
reference designator of the failing chip. The 
BEM is interpreted as follows: 

1. The first three rows of the BEM repre­
sent the 16K RAMs at reference 
designations N4 through N19 (first row), 
M4 through M19 (second row), and L4 
through L 19 (third row). The asterisks 
are replaced by the corresponding 
reference designator as a failure occurs. 

2. The next three rows of the BEM repre­
sent the 16K RAMS in the error correc­
tion code memory at reference desig­
nations N20 through N25 (first row), M20 
through M25 (second row), and L20 
through L25 (third row). 

3. The next two rows of the BEM represent 
the data channels at the expansion in­
terface, MBOO- through MB21- (odd­
numbered pins 1 through 43 of connec­
tor P4). As failures occur, MBOO- is 
represented by BOO, MB01- as B01, etc. 

4. The last row of the BEM is enabled 
during the test for error correction. Each 
position represents one of the TILINE 
data channels TLDATOO- through 
TLDAT15-. As failures occur, the 
asterisks are replaced by BOO 
(TLDATOO-) through B15 (TLDAT15-). 

*** *** *** *** *** *** *** *** 
*** *** *** *** *** *** *** *** 
*** *** *** *** *** *** *** *** 

*** *** *** *** *** *** *** *** 

*** *** *** *** *** *** *** *** 

*** 
*** 
*** 

*** 

*** 
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3.8.1.3 96KB Memory Controller Diagnostic 
Tests. The following is a description of 
memory controller diagnostic tests. 

Existence Test. The existence test is run 
automatically after the joystick is toggled to 
"J + ". A BEM will indicate any functioning 
memory chips. This test is run twice. During 
the first pass, the controller is set in a 
diagnostic mode such that error correction 
and detection is suspended and the sixteen 
data bits are written and read without 
manipulation. During the second pass, the 
six correction bits are written through the six 
most significant TILINE data channels, 
TLDATOO- through TLDATOS-. 

Address Faults Test. If a functional data 
channel is found, the address faults plot will 
indicate faulty address lines in each row. 

Debug Routine. After the address faults 
plot, the operator is provided with three com­
mands for troubleshooting. The first is for 
the memory with error correction disabled; 
the second, for the error correction banks 
only. When transmitted, these commands 
result in a repetitive series of test cycles 
specifically for troubleshooting with an 
oscilloscope. Near the bottom of the display, 
a modification can be made to choose a 
given row in memory. Follow the CRT com­
mands for setup. The last command provided 

*** *** *** *** *** *** ***} *** *** *** *** *** *** *** 1 

*** *** *** *** *** *** *** 

*** *** *** *** *** ***} *** *** *** *** *** *** 2 

*** *** *** *** *** *** 

*** *** *** *** *** *** ***} 3 *** *** *** *** *** *** 

*** *** *** *** *** *** *** 4 

Figure 3-17. Board Error Map Representation for 96KB Memory Controller Tests 
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allows the operator to troubleshoot with the 
memory controller under standby conditions. 

3.8.1.4 96KB Memory Performance Tests. 
Memory performance tests consist of march, 
checkerboard, rotate data word, increment 
data word, ping pong, GALROWCO-ROW, 
GALROWCO-COL, and diagonal patterns. 
This series of tests is executed twice. Error 
correction is disabled during the first pass 
via a diagnostic mode. The six correction bits 
are tested during the second pass. 

3.8.1.5 96KB Memory Board Function Tests. 
Four board function tests are performed after 
the completion of the performance tests. 
First, data is written to the controller and 
tested at the expansion interface. Second, a 
series of data words with one bit in error is 
read through the expansion interface, expec­
ting corrected data at the TILINE interface. 
Then the board under test is exercised in its 
normal operating mode (error correction 
enabled) with a march pattern. The last board 
function test, the + 5 standby test, simulates 
operation under battery power ( + 5 MAIN 
supply at 0 volts). 

3.8.2 Troubleshooting 96KB Memory 
Controller 
The final diagnostic test for the memory con­
troller, the debug routine, provides a run con­
tinuous command for each row. Each com­
mand results in a repetitive series of test 
cycles specifically designed for 
troubleshooting with an oscilloscope. Alter­
nate 1s and Os are applied to address and 
data for a write and a read cycle. The data 
word is then complemented and a write cycle 
is executed followed by a read cycle. The ad­
dress is then complemented and the four 
cycles are repeated with the data word and 
its complement as shown in the following ex­
ample. 

3-42 

EXAMPLE 7 

WRITE DATA WORD ADDRESS 
READ DATA WORD ADDRESS 
WRITE DATA WORD- ADDRESS 
READ DATA WORD- ADDRESS 
WRITE DATA WORD ADDRESS-
READ DATA WORD ADDRESS-
WRITE DATA WORD- ADDRESS-
READ DATA WORD- ADDRESS-

The eight memory cycles are repeated con­
tinuously. A synchronizing signal occurring 
at the beginning of each series of eight 
cycles is available at the memory tester con­
trol panel (CYCLE COUNT BNC). Refer to 
figure 3-18 for some specific waveforms and 
oscilloscope settings. 

3.8.2.1 96KB Memory Controller RAM 
Input/Output Timing. Refer to figure 3-19 for 
expanded timing waveforms at RAM inputs 
and outputs. 

3.8.2.2 96KB Memory Controller Refresh 
Timing. Ref re sh is performed asyn­
chronously by the refresh oscillator and 
associated logic. See figure 3-20 for the ex­
pected waveform at test point 1. Adjust the 
value of resistor R28 (15K ohms) or resistor 
R26 (47K ohms) if necessary. For a faster 
cycle time, subtract resistance from R28 or 
add resistance to R26. For a slower cycle 
time, add resistance to R28 or subtract 
resistance from R26. 

3.8.2.3 96KB Memory Controller Delayed 
Timing Signals. The delayed timing signals, 
G0120 and G0170, should have the relation­
ship to TLGO- as shown in figure 3-21. The 
RC delay networks of R11, R46, C96 and R12, 
R45, C86 can be adjusted to obtain the ex-

2250690-9701 



EDGE BOARD 

TLGO-

P1-25,B7-7 

TLRF.AD 

Pt-11,87-15 

TLTM-

P1-20,B7-2 

RAM 

DI ,2 

EVEN CHIPS 

DI ,2 

ODD CHIPS 

R/W,3 

RAS-,4 

CAS-, 15 

AO,A2,A4,A6 

5,6,11,13 

A 1, A3, A5 

7' 12' 10 

RFCYC 

C4-8 

(A) 142842 

2250690-9701 

I 
I I I u LJ 
I 
I 
I 
I n 
I u u 

I 
I 
I I 

Ul 
I I 
0 • 5 1. 5 

TIME IN USEC --+ 
SCOPE SETTINGS 

TIME/DIV: • 5 USEC/DIV 
VOL TS/DIV: 2 VOL TS/DIV 

Maintenance 

I 
! I 

LJ LJ 

I 
u u 

I 
I 

I I 
I I I I I 
I I I I I 

2 2.5 3 3,5 4 4.5 5 

TRIGGER INPUT EXTERNAL: CYCLE COUNT BNC (ADAR OPERATOR'S PANEL) 
TRIGGER MODE NORMAL 
TRIGGER COUPLING AC 

Figure 3-18. 96KB Memory Controller Debug Routine Waveforms 
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pected time delays. If G0120 delay is less 
than the limits, R46 can be removed from the 
circuit to increase the delay. Similarly, if 
G0170 delay is less than required, R45 can 
be removed from the circuit. If further adjust­
ment is required, the values of R11 or R12 
can be changed. Increasing resistance in­
creases delay; decreasing resistance 
decreases delay. 

3.8.2.4 96KB Memory Controller Expansion 
Memory Signals. Signals IRAS-, ICAS-, and 
ICADSEL from the 96KB memory controller 
to the add-on expansion memory array board 
should have the relationship shown in figure 
3-22. In order to obtain the minimum delay of 
45 nanoseconds between ICADSEL and 
ICAS-, selection of IC devices at locations 
J2, J4, or K2 may be required. 

I 
I TLG0-

87-7 __;.___-----....--~--------41--

3-44 
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Figure 3-19. 96KB Memory Controller RAM Input/Output Timing Waveforms 
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3.8.2.5 Pulse Waveforms for 250-Nanosecond 
Delay. Pulse waveforms at the output of the 
250-nanosecond delay devices are shown in 
figure 3-23. 

3.8.2.6 Timing for Read/Write Cycles. Figure 
3-24 shows the relationship between signals 
TLGO- and Tl TM- for a read cycle free of 
errors, a read cycle with errors, and a write 
cycle. 

3.8.2.7 TLGO- Release Time. After the 
memory tester has released TLGO-, the 
96KB memory controller should release the 
signal TL TM- within 60 nanoseconds, as 
shown in figure 3-25. 

3.8.2.8 96KB Main Power, Standby Power 
Signals. The relationship between main 
power and standby power for the 96KB 
memory controller is the same as that shown 
for the cache memory controller in figure 
3-13. Signal TLGO- is at pin 7 of device 87 for 
the 96KB memory controller. 

IRAS-
I 

~ P3- 13,K1 -1 1 

~ 
I 

ICAS- I 
I 

P3-15,K1-6 
I 
I 
I 

ICADSEL I 

P3-7,K1-8 I 

3.9 256KB ADD-ON MEMORY ARRAY 
CHECKOUT AND TROUBLESHOOTING PRO­
CEDURES USING MEMORY TESTER 

Instructions are provided in this paragraph 
for performing a checkout of the 256KB add­
on memory array using a memory tester. Ad­
ditional I y, useful troubleshooting pro­
cedures are provided along with waveform 
representation of the board in various modes 
of operation. Test equipment required to per­
form the checkout procedures is listed in 
table 3-10. 

3.9.1 Memory Test of 256KB Add-On Memory 
Array 
Verify that the test equipment as listed in 
table 3-10 is currently certified and perform 
the test of the 256KB add-on memory array 
using the Adar memory tester as follows. 

1. On the Adar memory tester, press the 
REM and RSI/RDS power switches, in 
that order (red switch lights should be 

I 
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Figure 3-22. 96KB Memory Controller Expansion Memory Signals 
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off). Install the memory tester interface 
for the 256KB add-on memory array (part 
number 2264815-0002). Press the 
RSI/RDS and REM power switches, in 
that order (red switch lights should be 
on). 

2. On the Adar memory tester, set RSI 
switches 1, 2, and 8 to the ON position 
and switches 3 through 7 to the OFF 
position. 

3. Load the program tape, 128EXP 
(TESTIS, ARRYTA). Enter "*RFI 128EXP 
CAS" and press the XMIT key at the 
Adar memory tester data terminal. Then 
load the calibration tape, CALRST. 
Enter "* RFI CALRST CAS" and press 
the XMIT key. The CRT will display 
"REQUEST COMPLETE" to indicate 
that calibration is complete. 

4. I nstal I the 256KB add-on memory array 
board to be tested into the memory 
tester interface with component side of 
the board facing the operator of the 
memory tester. Make connections as 
shown in table 3-11. 

Maintenance 

5. Perform visual check. Ensure that DIP 
switches on the board are all in the off 
position. Scan the board under test for 
solder shorts. 

6. Note the dash number of the board 
under test and ensure that the jumper 
configuration for jumpers J9 and J10 
and the number of rows of memory 
chips agree with that shown in table 
3-12. 

3.9.1.1 256KB Add-On Memory Array Memory 
Test Execution. The memory test is started 
by entering "*R O O" and pressing the XMIT 
key at the Adar memory tester data terminal. 
The operator should then follow the instruc­
tions on the data terminal CRT for program 
setup and use the toggle switch labeled 
JOYSTICK on the memory tester control 
panel to run the first board test. When the 
joystick is toggled, the nominal march test is 
run and the resulting board error map (BEM) 
is displayed. The operator then must use the 
joystick to choose between diagnostic or 
performance tests. The statement "J + FOR 
DIAG; J- FOR PERF" will appear on the CRT, 
and the operator must toggle the joystick to 

Table 3-1 O. Test Equipment Required for 256KB Add-On Memory Array Checkout Using Memory 
Tester 

Item Texas Instruments Part Number 

Adar Model DR12/25 Memory Test System Tester 2264826-0001 

Memory Tester Interface, 256KB Add-On Memory Array Board 2264815-0002 

Oscilloscope, Tektronix Model 475 (or equivalent) 

Multimeter 

10X Probes with Grounding Clips 

Coaxial Cable with BNC to BNC Connectors 

Program Tape 128EXP (TESTIS, ARRYTA) 
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"+" or "-" as applicable. If the memory 
under test fails the nominal march test, the 
diagnostic tests should be run. The perfor­
mance tests should be run if the board under 
test passes the nominal march test. 

3.9.1.2 256KB Add-On Memory Array Board 
Error Maps (BEM). The BEM is provided as a 
CRT display at the data terminal of the 
memory tester. As shown in figure 3-26, the 
BEM represents the memory array. Memory 
read errors are logged at speed during any 
given test, and at the end of each test the 
BEM displays any chip failures. The good 
chips are represented with asterisks whereas 
failing memory chips are indicated by the 

reference designator for the failing chip. The 
BEM is interpreted as follows: 

1. Each row of memory chips on the 256KB 
add-on memory array is represented by 
two rows in the BEM. Rows one through 
eight are ordered vertically, top to 
bottom, on the BEM just as they appear 
on the board under test. The first row of 
asterisks in figure 3-26 represents the 
16K MOS RAMs in the top row of the 
memory board (data bits positions 0 
through 15, left to right). The second 
row of the BEM represents the RAMs in 
data bit positions 16 through 21 (also in 
the top row of memory). This represen-

Table 3-11. 256KB Board to Tester Connections 

3-50 

Board Under Test to Memory Tester Interface 

P1 J1 

P2 J2 

P3 1J3 

P4 'J4 

Note: 

1 J3 and J4 are ribbon cable connections. Arrows on mating connectors 
should be aligned with each other. 

Table 3-12. 256KB Memory Size Jumper Schedule 

Part Number Memory Size (Bytes) J9 J10 

948955-0001 64K OFF ON 

948955-0002 128K ON OFF 

948955-0003 192K ON ON 

948955-0004 256K OFF OFF 
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tation is implemented for each of the 
eight rows. For board assemblies with 
less than eight rows of memory im­
plemented, the unused portion of the 
BEM can be ignored. 

2. As faiiures occur in the first row of 
memory, the asterisks in the first row of 
the BEM are replaced by 100 (bit 0, first 
row) through 121 (bit 21, first row). The 
BEM as shown in figure 3-26 indicates 
that all of the memory chips in the 
fourth row have failed. 

3.9.1.3 256KB Add-On Memory Array Diag­
nostic Tests. The following is a description 
of 256KB add-on memory array diagnostic 
tests. 

Existence Test. The existence test is run 
automatically after the joystick is toggled to 
"J +" for the diagnostic tests. A BEM will in­
dicate functioning memory chips. The 
operator should continue to toggle the 
joystick as directed by messages on the 
CRT. 

Address . Faults Test. If a functional data 

*** *** *** *** *** *** *** *** 

*** *** *** *** *** *** *** *** 

*** *** *** *** *** *** *** *** 

400 401 402 403 404 405 406 407 

*** *** *** *** *** *** *** *** 

*** *** *** *** *** *** *** *** 

*** *** *** *** *** *** *** *** 

*** *** *** *** *** *** *** *** 

*** 

*** 

*** 
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channel is found, the address faults plot will 
indicate faulty address lines in each row. As 
described in paragraph 2.2.1, the address in­
puts for the TMS4116 memory chip are 
multiplexed. The address faults display 
shows chip row addresses RO through R6 
and column addresses CO through C6. These 
chip addresses correspond to the edgeboard 
addresses as follows: 

RO TLADR11 P2-12 
R1 TLADR10 P2-10 
R2 TLADR09 P2-19 
R3 TLADR08 P2-17 
R4 TLADR07 P2-49 
R5 TLADR06 P2-47 
R6 TLADR05 P2-59 
CO TLADR18 P2-25 
C1 TLADR17 P2-27 
C2 TLADR16 P2-29 
C3 TLADR15 P2-9 
C4 TLADR14 P2-8 
C5 TLADR13 P2-15 
C6 TLADR12 P2-11 

Debug Routine. The debug routine provides 
a series of Run Continuous commands that 
may be executed, one for each of the eight 

*** *** *** *** *** *** *** 
*** *** *** *** *** *** 

*** *** *** *** *** *** *** 
*** *** *** *** *** *** 

*** *** *** *** *** *** *** 
*** *** *** *** *** *** 

408 409 410 411 412 413 414 415 
416 417 418 419 420 421 

*** *** *** *** *** *** *** *** 
*** *** *** *** *** *** 

*** *** *** *** *** *** *** *** 
*** *** *** *** *** *** 

*** *** *** *** *** *** *** *** 
*** *** *** *** *** *** 

*** *** *** *** *** *** *** *** 
*** *** *** *** *** *** 

Figure 3m26. Board Error Map Representation for 256KB Add-On Memory Array Tests 
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rows of memory on the 256KB add-on 
memory array board. When entered, the run 
command in the form of "*RC X X" (where 
row is substituted for X X) results in a 
repetitive series of test cycles on the 
designated row. The test is specifically 
designed for troubleshooting with an 
oscilloscope. 

3.9.1.4 256KB Add-On Memory Array Perfor­
mance Tests. If ·the nominal march test 
passes, joystick J- will branch to the re­
maining board/chip performance and board 
function tests. Each test is run automatically 
after the joystick is toggled (J-) for the per­
formance tests, provided the preceding test 
is successfully completed. If any test fails, 
the BEM, the type of test, and the values of 
Vee, Vdd, and Vbb are displayed followed by 
"J + TO CONT; J- TO END". Always end the 
test before removing the board under test 
from the memory tester interface. For the 
performance tests, the majority of failures 
will be due to marginal memory chips, pro­
vided the march test passes. 

3.9.1.5 256KB Add-On Memory Array Func­
tion Tests. Four board function tests are 
performed after the completion of the perfor­
mance tests. Each of these tests is de­
scribed as follows: 

Refresh Operation. A data pattern is written 
to the board under test, and during a given 
time period only refresh cycles are per­
formed. A read cycle is then performed to 
verify retention of data. The last two cycles 
of the debug routine (see paragraph 3.9.1.3) 
are refresh cycles for troubleshooting 
refresh circuit failures. 

Board De-Select. To ensure that addresses 
that are not within the given address space 
for the board under test do not select the 
board, a series of invalid addresses are 
written to and read from the board, expecting 
that the attempt will fail. If an invalid address 
causes a pass condition to occur, the 
memory tester will stop and loop on that 
condition. 

3-52 

Error LED Test. Visual verification of the 
error LEDs is indicated by CRT messages. A 
Run Continuous command is provided for 
troubleshooting. 

BSEL Test. The signal at edgeboard pin 
P3-19 is measured automatically for select 
and de-select levels. A Run Continuous com­
mand is provided for troubleshooting by CRT 
messages if the test fails. 

3.9.1.6 Test Completed. If no error 
messages or failing board maps appear 
during the execution of the test, "TEST 
COMPLETE" will be displayed on the 
memory tester CRT to indicate that the board 
under test has successfully completed the 
test. 

3.9.2 Troubieshooting the 256KB Add-On 
Memory Array 
The final diagnostic test for the 256KB add­
on memory array, the debug routine, provides 
a continuous command for each row. Each 
command results in a repetitive series of test 
cycles specifically designed for trouble­
shooting with an oscilloscope. Alternate 1s 
and Os are applied to address and data for a 
write and a read cycle. Address and data are 
then complemented and a write cycle is per­
formed followed by a read cycle. Two refresh 
cycles are performed with a refresh address 
and Hs complement. These stx memor1 
cycles are repeated continuously. A sync 
signal occurring at the beginning of each 
series of six cycles is available at the Adar 
memory tester control panel (CYCLE COUNT 
BNC). Refer to figure 3-27 for some specific 
waveforms and oscilloscope settings. 

3.9.2.1 256KB Add-On Array RAM Input/Out­
put Timing. Refer to figure 3-28 for ex­
panded timing waveforms at RAM inputs and 
outputs. 

3.9.2.2 256KB Add-On Array Error Circuit. A 
run continuous command is provided for 
troubleshooting the error LED circuits if the 
LEDs fail the visual test. See figure 3-29 for 
the expected waveforms. 



EDGEBOARO 

ICADSEL 

P3-7,U3-11 

REFRESH-

P3-5,U3-1 

IR/W 

P3-21,U4-t2 

IRAS-

P3-13,U3-9 

ICAS-

P3- t 5 ,U3-5 

RAM 

DI ,2 

R/W 

RAS-,4 

CAS-, 15 

AO,A2,A4,A6 

5,6,11,13 

At ,A3 ,AS 

7,12,10 

(A)142832 

I 
I 
I i 
I I 

I ~ ~ 

I 
I I 

I I 
I I I 

!l nu I I 

I I i 

~ I ' t 
I -I 
I 
I I 
I I I I 

nJ 
I I u u: 

I 
I I 
I I 

I 

0 • 5 1. 5 

TIME IN USEC 9' 

SCOPE SETTINGS: 

TIME iDIV! • 5 USEC/DIV 
VOL TS/DIV: 2 VOL TS/DIV 

I 
I 

2 

Maintenance 

I I 
I I 

' n I I 

I 
I 

I 
I w 
I 
I 
I 
I 

UJ 
I 

2.5 3.5 4.5 

TRIGGER INPUT EXTERNAL: CYCLE COUNT BNC (ADAR OPERATOR'S PANEL) 
TRIGGER MODE NORMAL 
TRIGGER COUPLING AC 

Figure 3·27. 256KB Add9 0n Memory Array Debug Routine Waveforms 

2250690-9701 3-53 



Maintenance 

RAS-,4 

CAS-,1 5 

R/W,3 

I CADS EL 
U3-11 

(A)t 42836 

I 
I 
I 

I 
I 

\ 
I 
I 

\ 

I 

/! 
I I 

I I 

I ;: I 

~~---4~.;--~~~~~~~-

0 • 5 1. 5 2 2.5 3 5 4.5 

TIME IN USEC ---+ 
SCOPE SETTINGS 

TIME/DIV: • 05 USEC/DIV 

¥~rJi~~·r~PJTV~}-ii'~~~'L: CYCLE COUNT BNC (ADAR OPERATOR'S PANEL) 
TRIGGER MODE NORMAL 
TRiGGER COUPLiNG AC 

Figure 3-28. 256KB Add-On Array RAM Input/Output Timing Waveforms 

IORESET­

P3-37 ,U2-10 

MERR-

P3-3, :J2·· 11 

SEL­
U2-2 

CERR­

U2-3 

0 

I 

J 
• 5 

TIME IN USEC 

I 
I 

/: 
I 
I 
I 

' I 
I 

1. 5 

• 

I 
I 
I 
I 
I I 
I I 

:\ I \: 
I 
I 

I 
I 

\ /i 
I 

2 2 5 3 3.5 4 4.5 5 

SCOPE SETTINGS 

(A) 142872 

TIME/DIV: • 5 USEC/DIV 
VOLTS/DIV: 2 VOL TS/DIV 
TRIGGER INPUT EXTERNAL: CYCLE COUNT BNC (ADAR OPERATOR'S PANEL) 
TRIGGER MODE NORMAL 
TRIGGER COUPLING AC 

Figure 3-29. 256KB Add-On Array Error Circuits Waveforms 

3-54 2250690·9701 



Maintenance 

3.9.2.3 256KB Add-On Array Board Select 
Signal. A Run Continuous command is pro­
vided for troubleshooting the board select 
signal, IBSEL-, if the board select test fails. 
See figure 3-30 for the expected waveform. 

mand is provided for troubleshooting the 
256KB add-on array during standby power 
conditions. Waveforms are shown in figure 
3-31 for the initial loss of + 5 MAIN, for the 
duration of power loss (battery power), and 
for the resumption of + 5 MAIN power. 

3.9.2.4 iroubleshooting 256KB Add-On Array 
for Standby Power. A Run Continuous com-
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This section contains the following 
assembly drawings and logic diagrams for 
TILINE memory. 

Item 

96KB Memory Controller Assembly Drawing 

96KB Memory Controller Logic Diagram 

256KB Add-On Memory Array Assembly Drawing 

256KB Add-On Memory Array Logic Diagram 

Cache Memory Controller Assembly Drawing 

Cache Memory Controller Logic Diagram 
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OMH ltZZ 

00.. ooooz.ooo EA 04112~6-0061 RES FIX 6110 OHM 5 t .25 W CAR80N FllPll ROH - R-2'1 

OMH ltZI IU9 

oou 00007.000 EA 091~6-0065 

lltES 
FU I.DK OHM 51 • 2'J w CARllON Fll"l ltOH - R-25 

•MYA ""' ltZO ltZJ lt21t 1125 1111 

19"19 Ina 

""' 00004.000 EA 091291t6-0089 lltES FU IOK OHN 51 .l"S II CAlt80N Flll4 ltOH - R-2'5 
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lREV STATUS!. RE'[F IFJF JFIF] 
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Change 1 

+1z. V 5T8Y 

ZO C."'P.-.C.1'T0&~ 

1~ui: i.ov 

• • • • 
<:.2.0, C.'<.2., C:ZA, C.'Z.o," c:.:i.e, .-:'!:.J' ::.~:i.. C3~. C31o, 
C3', c:.M:J. C..4~,C44,C:.%1 CAt.:C~.~~2.,~~C:'1,<:.10+ T 

\I! C.,..P,.Cl:TGIR~ 

,O-t'lo.11" 1..5V 

• • • • • 
C.1'1, t.J.IJ C.t'!l,CUJ C.ti, C:.2.9, C:.~1, C.~~, C:.~1 <:.~'!, C:.~9J 

C.'1>1 1 C:..'4::>, ~5~ C:..4'11 CA91 ~5'..I C5!) 

{
3,4,1~18"}-?2.--...... -~-s_v ___ _... __ __. _____ __. __________________________ ..... _______________ --:---------------..--------•-s_v~ T• sH. io 

SO CAPAC1TCU.S 
+5 HAXN .041'7 I.IF is Y 

~.c P\ ~~~ ~"!JF • • • • • e 
_,. ,,l,1&>---- IOV IOV C5.S - C7Z., C7'--C79, C841 C87-C90J C'}Z., C93,, 

C98- CloJ, CIO'-, CIC>71 CllS-Cll7,CIZ.O, Cll.2.-CIZ.5, CIZ.7- Cl3f 

" 
{ 

1'!>.14 >---..... _+.;.,.:.SV.;....;;S;..;T....;!l;.;Y_+---------+------------.... -----------~---------+---------------------------•..;;!5;;...'11;_;$_TB=:o'(_,__ T~ ~tt. 91 101 1~ 

cue (1l, c111-c1.1+ 
"?AUF e e e 

"7,& 10" 
0.04'7 IJF, 25 V 

+S MEM 

Pl 
·n;n>-~--e----~5V~M~E=M;.&,_,i--~~~~~ 

1,2,12, ''·"·'.!.ell 
"· "· 71, ..... ,.,, 

CR...15. 

t'-!400Z. 
+.7~ 

..... -.-----~..------..------------+---------+----------------------------.;::;5....;;'J....;;~;;.;;'1"6'f.=...-1'511.·10,11,1z. 
Cl -Cl& 

+ 
CIOS 
~l)Uf 
10'/ 

ca 
QS . 

• • • 
0.04"1 UF 2.5" 

2N2"°1 
C.10 
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Change 1 

.rii----------------------------------------------------------------------------~-----------------------------------------------------,..----------------~R~E~V-IS~l-O_N_S ________________ ..,. 
r!JNOTES: lH.ESS OTHERWISE SPEOAED: 

¥"' rs 4 FUCE.5 ON-IJ/}()I __ · ·_ -llPLAC.E.S CJN-IJ(}()2. TD-oDIU 

r 3 R.ACES ON -0001 
ID PLACES /JN -tJOOt. TD-OOOtf-

:s 41 PUC£S "IN -f)[J(}f 

(MOTES CDNT SH 2 Z 1)8) 

MARK APPROPRIATE lf'£V~SION 
LETTER PER. PROCESS 2. 
(FARSI DE) 

CN4"6200. l ~< REVISED LAI 
PER DT£N51VE CJ-1/IAIGE.(2).llOOEDi 
SH2·NOT£2· (l'JA' 5N I Ail){/)ITEJ/513,18, 

B 2.{f24$) SHI, ITE.u 15 W.+'S 17C.PL('/)RVBLdCk' 
DESc;'. FOR -COOi TH/(U-fJCIJ4 WA5_ 32K, 
99'V/~,r·. '3-(K, 9')((1Di;:.9'..t; 990/JO;!WD 44 PLACES ON -0001 '1:f:\ 

as Pl.AC£S ON -oooz.q 
l!l PLACES ON -0003 
17, PLACES ON -0004 

17'1 PLAC£S 0N-IJ{){J2 rD .mo4 
i.·Et~~ 'gi'!J/!/~!5P.(~ UPfflffED REV (l·t, ";-11 

..... 

~ TE.ST PROCEDURE 948958-9901 it-* 
~ LOGIC 94-8957- 9901 * A 
i:; PWB 94-BJIS6 -0001 8 C. 
ct ASSEMBLY 948955 _. A 

- } 2 PLACE.S 
3 RE.Q'O 

CLASSIFICATION 

~ESSES-=..F'OP CORAEL.AnON TO QCNT1tNO SPECIFICATIONS. SEE Tl DRAWING 729467 

PRO CE S SE.S: 
1. SOLDER PER F-IZ7, METHOD I 

AND/OR F-124, METHOD Z 
2. MARK PER F-100, METHOD II, CLASS I, 

2" 44 PUCE.S ON -lXJOI 
143 PUICE.S ON -(){)()Z TO 

-b/JD4 

2/ / 3 Pt.ACES lN -UJOI 
~5 PLACES /JN -aJ02 7D 

-()C()4 

R!V I 

S/.1££.T I 2 

ITEM 
NO PART OR IOENTIFVING NUMBER 

UNLESS OTl-tER'WISE SPECIFIED 

C t I . 
F i.cn:.. 4 OLJ 614 2. (.2) UPl:>Oo.TE 11.E.Vli.I \ - lb-1 '1 

0 
C.t.l 4418.SB ~).(_~(l)CREATEO 
-1!5001,-600'2.-5003 AAI0-5004. 

d LM'.S C21 DELETED ~re I (3) APOEO 4- -$· 1.9 
Non '5 (4) ADDED TABLE" I 'lN B-1 
CSl UPDATE.I) l<'EV LEVEL ~LOCI(. 

CONTINUe:D SM 2. 

[fil 94.89S5-5'004 
[fil Q4d955-5003 
~ 9¢8955-&X>Z 
~ i•.9955-5'001 

9-18 955-0004-
948955-0()()3 
9-18955-000Z 
94-8955-0001 

AUTO-IU5£flTFD PARTS LIST FO~ ~49Z-0004 
A011:i-llJS£2T£0 PJJIZ~ L.U:T FOR 04&955-0CO~ 
l.l)TO-IU~E.e rco PARTS LJS"r RJI! 9<J8 Sl55-Gl00~ 
ALJTO-IA.JU27EO ~2T3 LIS"T Fall 94895'5'·0001 

MEMORY ADD-ON MODtJLE,25'.l'B,990/~KR 
MEMORY ADD· ON MODULE, !92V81990/li>KR 
MEMORY ADD-ON MODULE1 !28K8199()/J6RR 
MEMORY ADD-ON MODULE, G:141.'81 990/ltOKR 

PART NU/VIBE.R DESCRIPTION 

TABLE I 
DA~ kJO SYM&JL/Z~TIDIV 
-DOOi ~4.KB 
-000·2 I :ZS KB 
-000.3 192 "'s 
-c:l004. ~5d>A:S 

JUMPER SCHEDULE 
DASl-l~O. INSTALL AT 
-0001 EIO 
-()002 E.9 
-0003 E.9 & £10 
-000.f. NONE 

NOM~TURE OR OESCAIPTlON PROCUREMENT 
SPECIFIC.A TION NOT1!S 

HEIGHT .12, COLOR BLACK -----+------1 • DIMENSIONS ARE IN INCHES 
• TOL£ftANC£S -'NGLES :e1• 

3 PL.AC£ CEOMALS :1: 010 
2 Pl.ACE DECIMALS 2: .02 

~TEXAslNSTRUMENTS 
l•CO•P'O•ATaD 

o.Hs. r ... 3. MARK PER F-100, ME.THODm, CLASS8,-----+------1 
COLOR BLACX, TYPE 6 

7506 

APPLICATION 

: ~AU~-=.:~ ~~~DGES 
• CONCENTRIOTY ¥AO-llNE0 °'-"METERS 010 fl ... 
• OIMENSIONAL LIMITS APR.. V BEF=ORE PAOCESSes 
• PAREPttll-IETICAL tf'ilFO FOR REF ONl,. Y 

~*'~ = ~~~-~ ~~ g: 
T~~ .. COii ~· 010 ~" 012 

'1'50 - OOl l 000 - 001 zooo - C'.01 

2250690-9701 

MODULE., 

'o!'Z. 
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Change 1 

NOTE.S CCNT. 

2. R!WDRI( FDR PWB 9-4895b ~EV BIND GREATER 
'? :=I I 40 t St T 1ll ff ZZ 11$ :X: 

c:c:: t:c :z wm:r 1111 ri ~· = 
A. BOID AND CUP LEAl5 ail IT~M 10 AS SHOWN BELOW 

~-0.~~CUT~ 
r • 1(L-~-

"" I 

I. WSTM.J. l~M : 10 JNJ.OCDllNUC02 AND ADD JUMl£R 
WIRE (3/JAWIJ INSULATED) BE.TWEEN ~ PfN/5 llWD U3 
PfN II AS SHJWN. 

C. SlClJR£. JUMFER Wlli!£. WITH TH£rn.GJUSTIC .AOH£51V£. 

.3. ltewlMK NtN:£0/M£ ~ PW4 9'M9SI. VP 7rl lfEY C 
II . .S"ilM.t LUK .S«.10 t:auo«TPK ./VMPEA If'/~£ QI/ 

C.OMPO.tl&flT" .S/0£ AS S'M?ml: 

JUMPER 

4. RE~ ~Et>UIU:. ~ AU. R.EVISll).l LE.VEL i:wg"~; 
.t\. C.UT PllJ _, A.T "fl.IE. Rl..l.DNtNaa UXATICW~: 

UI04,U204 
UJ04., U404-C.-Z,-3,-~ ~LY) 
U504, Uii04 (-2 7·.3,-+ ONLY) 
~,ueo4 (.-2,·31-40NL'(} 

S. Abb JUMPER. WI~ M ~: 
~ 132. 
U\04-9l~E.) u204..q{bE"/1C.E) 

-- lJlilD4-q<J)EVIC.E.) C.l2.I+ 
U~-'3(t£VIC.E) U~4-~ {bE.Ylc.E.) <.-2.,-3,-4A.IL.V) 

_ U-104-'Hl>EVICJO.) CJ22.+ <:-2.,-J,-4 CNL.Y) 
U5Z>4·'HDEYIC~) UE04-~<.t>EVICE.l (-2.,·J 1-4 ONLY) 
U6'4-CJ(DE.VIU} C.123+ l-2i·J I-. OtVLY) 
U704-'H.~VIC.E) Ul304-·q(be/\CL) (-2,-i -+ ONt..Y) 
U!!04·" c..bEVIW Q 2.4-"' (-2F ~ -4 DNl..Y') 

-e. VElttFY .r~ TO CA.UM~ A.bf>~ti& ll.T ~ 
t:iE\ltC.E. PRDPt..GATICI.& ,,~TD BE. \...E~ ~ 55w.t. 
RR. ~ fl.CNJ. '"'~ ...,..,._'( &.. Ac.c.OllPL\9Et> B'( 
RUJ&Jll..it:a ~T\Clt.l ~ ""TCST. 

@11TE'M 40 IU ·0001,-000'l, -0003 AU0-0004 LM'S 
CDIJ!ISTS OF COMPOIJ&llT! WlllC~ A2E 
WTO·ltJi,li!TED AND COtJTAltJEO IU Tl4e 
-!.001, -'!!.002' -soo~ A~O -5004. LM"f 

'• R£W{)RI( Pll/JC£Dl.Rf FlJR. RLL KEVKIOAI LEll£L PWB1J: 
A. ADD IT£/YI 23(.0(J'f.Ui.-' AYIAL C1PJ IN 11/E 

FOl./.~Ul/N(J UJ(!ll 71/JA/S; 
--l!i!fJM.._ _m_ 

Drawings 

u104-1 a1ao (£NDN£A~ iJ1tJ4.} <-1.-11-1.-+twLYJ 
U3Dtf.-I Cl1!J (ENDNEAR U30+) (·21·.31·f.1W1...y) 
U S04-/ (!11 ts (ENO N~All U!iH) C-ZJ-.J,-4- ONLY) 
U?D+-1 Cl~B (ENO N£1Vl Ult») (-z, -3.-4- IJN/. Y) 

S. USING ,l4-_AIK SOLJJ) ~IJNIJUCTdR. JIJM~ll =WIRE~ AW 
JUMl'CR.S AS ~IJllL)WS! • t 

.E!!t!!t! -2fL_ 
01~/- C 110 (£Nb MiM lJllJ~) {-11 ·Z.-~1-~1 
CJH- <:17' {FNDNEN/ 1.1.Jif.J (·2r.3,·4) 
cir•- Cl9S (DHJ NFNl U"/04) {-L-.l.-4} 
U802-B U702-7 {-J, -t, -.3. -+} 
U702 •8 Cl'lJ- (-11-2' -~1 -.i) 

C. INe.°D'IL.L l'TE.N\ t.I (15,,fo.P)"~ ~tU 

QCAI QO.'t. 

... ~TO TAP UlU. FDR.C.ZDI 

~ 5a..m. ID E.TC.~ 

' 

4-74 

CN43':18.W (fJ)C . .tJ:i.y(,a~WREWOFll( .N/JTE 
4.lt U$Of1U~ WAS {·.3r'f-ONi.flJ, U70#-1 
U81J4 W.45 (--# ONl.'t') tt.JREWN<K '*'TE 

J< 4-B, f.IStJf--:JlfND V/JIW-·, WEl?Er-3,....,_ 
tJNLYJ, l/70.,· !J AND U804 -9 We/?£ 
C•f.tJNLYJt3J AbQ£1) MW.IRK H(}l£1J 
l+J U~IJATED ~EV L.EVeL /Jt.LJC'K (5J 
•/LM ITEM 2-4GTYWASllwJ -2~ 
- , • ~ l.M ITEM 2.'1- t/TV JVA.J I 
C~ 4481Z.5c.6lB. ll\00 S~A.MJTE.. 
6A. WMI "Act> ITE~ ?4 ... • mDN Liil -
-1,·!,·'3 t-4- ITI.WI Z'!I QTYWl'!I 7,~ 
""6 C.111-C.ISll, C.I B:S,C-119 l C. 2ot 
(llOlll L~ ·?,-~~·'t QTY ITEMe4WM. 

L S, C.tD'J.-C.~DEl.EiEr> FtO"Jl~,Dt.J 
·I llTI 'HAS t., C.2.D~bE.ILTI:D ROillt:eL 
l.4)0\I UA ·Sla T~\l-SC04 ITE"M lf GJY -
'IJ~ 'f'7/.f2.l+ZJ-t2,RESP, l201 Dll£r£ll f7fJJM 
D£SC.lSJONJA-IT11RU-fQTY IHM ti 'WllS 
~ 1 ACIDED C.2.DI iO t>f.'!.C. (tl)A.a:EC> 
NDT!i.6C. TD ~"2 (.b)~EJ::) li!E.V 
LVL &U<. 

M CN-+35"04.3 CE) :b. (l)UM-~-2.-3E4 
/"I /TE:l"I 101¥NW'AS 2.?..6/~&b-000/fZ.l 

UPDATED R!.V L£V!L 8LOU:. 
CH47'5lo4(C.) "B~i)iPVAiw REV Li: 

N SLOCK(2)CN~Z.NOTt:2.,' DELETED 
2.110&-leUNE~ "l'i NOTE'5l.l\Llr, ITEN\ 
IOWilf.J 22.l.l'j&l-0001 11.;lf-?9 

CN451'°7(0)a6~1llD£LEITO FROM-5001, 
p ·:>OIJZ.,-'5003,&·:i>o4-LM'5 lltM 11 1UB i.­

ADOED TO -OC01;1x·oz,-cm3;-0004 LM'!i 
12HJ'M"Tt0 l£V L"EVEL fJl..DC/(. 

948955 ~ 
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Drawings 

UST Of MATERIAL 
PAGE 1 of 1LMoHl~;;;~Ol iR;. 

DWG. PART NUMBER DESCRIPTION VENDOR PART NUMBER 
~Zf 

0002 llEF EA 09U951-9901 LOGIC,HEMOU ADO-ON MOOULEo990/10 
I 

0003 ltEF EA 09•"51-9901 TEST PltOCEDUllE, "EM ADO-ON MODULE,990/10 I 
000.. llEF EA 09 .. 84J59-9901 SPECIFICATIQN, ME .. ADO-ON MOOULE,990/10 I 

0010 00001.000 EA 2261981-0001 llOM.ADOAESS DECOOEtl6Klt MEllOR'f' EXPANSI~ 
OOlOA U602 

0011 oeoo1.ooo EA 0912781-000• NETWOll.K SN7,.LS368N 

GOlU U23 

0012 00001.000 EA 0996 .. 20-0001 ICt SNHLSJlJN 001295-SN74LSJ13N 

0012A U•Ol 

oou 000. ... 000 EA 0996680-0001 ICt 16«. llAM. CSEU 001295-TllS.116/U072 

001.U UAO T .. U UA21 

001"8 UIO THRU Ul21 

0015 ooa.•.ooo EA 2210118-0003 SOC«ET 9 LOll PllOflLEtOIPtl6 CONT 003612-0IL816P-108 

OOUA .IUAO THltU XUA21 

00158 XUIO THttU XU821 

0021 00003.000 EA 097292 ..... 0U CAP FIX TANT SOLID 15 MFO 10 I 20 VOL QPL -fl39003/ l-2219 I 
002U Cl91 CltJ C201 

0022 00005.000 EA 09129l ... G006 CAP FIX TANT SOLID 39 MFD 10 I 10 VOL QPL -M39003/ 1-2259 

: OOUA C190 C192 C194 C195 Cl96 

097210-~ CAP FIXED .0047Mf 50 VOLTS 0~222-llC105E4 72 Z 

"""' 
/.f-z.t-79 HMOllY ADD-ON .-ODULEe64Klt 990/ l6Kll 

7SCf, l.MJ9•a9'5S:Ooo1 R;;. 

~TEXAS INSTRUMENTS 
INCORPORATED UST Of MATERIAL Jltt1o948~;5:::;01J~.:;. DATE 10/11/79 PAGE 2 of 

l'llNr QUANTITY z OWG PART NUMBER DESCRIPTION VENDOR PART NUMBER Nr::::.I m"'y ~ZE 

0023A Cl77 C178 C179 Cl80 C185 

00238 Cl99 C202 C203 C204 C205 

0023C C206 

0024 00001.000 EA C972763-00U CAP.,Fl.IEB•AXIAL LEAO,.O•l UFt+IOl,-201 

0024A C197 

0025 00002.000 EA 0972958-0002 TR.ANS I STOit, 2N2907 A PNP GEN PURP Sil ·l~ Tl - ZNZ907A 

OOZ5A Ql Q2 

0027 00001.000 EA 097251t 1-0008 Sil ITCH, SLIOE-SPST rDI P 8 SWITCHES 

0027A , .... 
0028 00002.000 EA 0972537-0001 DIODE,LEO 550-0103 50 "'' 3 v DIA -550-0103 

0028A till Clt2 

0029 00000.100 FT o"u•oo-ao22 I llIRE 22AllG ELETRO-TIN-PLATEO,COPPER 

0030 00002.000 u 0912131-0005 CON NEC TOfl ,PC 50 PIN BEi - 65•83-005 

0030A Pl Pit 

0031 00002.000 EA 091t5239-000l BRACKET-STIFF EN ER, Pi18 1 HIN 

0032 00002.000 EA 094495.-0001 INSULATOR, PllBt l•I~ 

0033 00006.000 EA 091268..-0002 SCREW 9 THO Fltl!GtHEX llS._ HD 1 Z-56Xl/'o LG 

003'o 00002.000 EA 05338.\..-0001 EJECTOR, NYLON, NON-LOCKING, P618 

0036 00001.000 EA 2210188-0005 SOCKET, LCJll PllOFILe • DIP, 20 PINS 003612-DIL820P-l08 

nn.,.1.& lllJltO' 
>IAFT>MAN """ cm. OIAfTSMAN 

o•"TOESIGNENGINEEI ""'T'"" lllEMOR\' ADO-ON llOOULE,6'tK81990/16KR I 
I 

1P'PO.--MFG """ Al'PD.!'IOJECTEHGINEEI DAttT- DAttT"""-"CTHO. I ! PUT NOMIEI T lfV 

2250690-9701 Change 1 4·75 



Drawings 

~TEXAS INSTRUMENTS 
INCORPORATED UST OI' MATBIAL 1 ·--- i--DI.ff 10/11/19 ~AGE J of l.Mlto\1955-0001 ,II 

..5. "°""""' UNIT DWG. PART NUMBER DESCRIPTION VENOOR PART NUMBER ....=...v • SIZE 

0031 00001.000 EA 0912051-0001 UANSISTC.-A5T2222 llPN SILICON TI- -UT2222 

OOJ1A QJ 

OOH 00002.000 EA 09129.....0011 RES FIX 4.711 OHM 5 i .25 111 CAHON FILM ROtt - R-25 

tOJIA 
lt1 '" 

OOJ9 00001.000 EA OSHU&-0002 DIODE.1"'4002 lAMP lOOPIV RECTIFIER Tl - IN400Z 

OOJ9A Clll 

0040 00001.000 EA 094"55-HOl AUTO-INSEftTEO PUTS LIST Fmt 9"\8955-000~ 

I I I I i 

_........ .... CID. OIAfTSMAN .... 1-- .... Tmu 
MEMOtlY ADO-ON lllOOULEe64ttle990/161C.R 

..... .....o. .... APPO.l'KJ..ct~ .... 1- .... 1l'llOJlCTN() . 1 l -- 1--L,MotOUt-oOOl R.,,. 

4·76 Change 1 2250690-9701 



~TEXAS INSTRUMENTS 
INCORPORATED UST OP MATERIAL ~ ·-- 1i .. o.m 10/ll/H PAGE 1 of l.lt\J""8955-soo1 R..,.. 

"""' QUJ.NmY UNIT OWG. PART NUMBER ""' ... ~ DESCRIPTION VENDOR PART NUMBER NUMlf:I ..,._, .,, 
0001 00001.000 EA 0948956-0001 Plif8,MEMORY ADO-ON MOOULE,990/10 

0005 00001.000 EA 0219402-7404 NETlllOU SNHS04N 

0005A U3 

0006 00001.000 EA 0222222-74.JO I NETlllORK SN1"30H I -SN700N 

0006A U301 

0007 00001.000 EA 0912900-H 14 HETllllHlK SNHLS74N 

0007A U2 

0008 00002.000 EA 0996136-0002 IC, SHHLS258N,DATA SELECTORS/ MUL T IPL EXE~ Tl -SN74LS258H 

oaou uao2 ueo3 

0009 00002.000 EA 09726SZ-0001 NETWRX SN14LS283N 

OOO'M UJOl U702 

0011 00012.000 EA 

I 

0912 781-000. NETMOttK SNJ4LS368N 

OOllA U4 U5 U7 "'8 Ull UU Ul5 Ul6 

00119 Ul9 UZO U2'41 UU 

0013 0000..000 I EA I I .... _, I NET..allK ,5'175365 n- -SN75365 I 
00l3A I I lu6 Ul03 Ul0-41 UZ44 I 
0016 00001.000 EA 

0016A 

0017 00001.000 EA 

11017& I I 
CATE I CIC. otAfTSMAN 

I 

u TEXAS INSTRUMENTS 

0018 

OOllA 

0019 

0019A 

0020 

OOZOA 

0021 

0021A 

00211 

.one 
9024 

OOHA 

H241 

002..C 

.. "'° 
•ME 

OOMF 

002-K 

2250690-9701 

INCORPORATED 

OOOOJ.000 

00004.000 

00002.000 

00011.000 

aoM2.ooo 

DWG. 
SIZf 

0972037-.HJO AES. NET•IOIUl, 4. JK OtlM 2l 

U402 

0912031-2610 NETlllOU. AES ISTOlt 610 OHMS 2' 073138-898-3-11680 

1UIOl 

~INSEATED PARTS LIST FOR 941955-0001 
PAITNUMIH lfY I 

Ltt\094895s-5001 R"" 

OAT!i 10/11/H 
UST Of MATERIAL 

PAGE 2 of 

PART NUMBER D E S C R I P T I 0 N VENDOR PART NUMBER 

091ZOJl-U20 HETlilOU.ellES 16 PUh8 ELEMENT 2Z OHMS •Z.1 07313&-198-J-tl22 

UlOS U205 UZOJ 

0972.....-00.9 RES FIA 220 OHM 5 .1 .25 ti CAR80N FILM ROH - R-25 

U R2 RJ tl6 

09729 ..... 0065 RES FU l.O.C ~ 51 .25 111 CAR80H FILM 

R4 "' 

ROH - R-25 

0972924-001" CAP FIX TANT SOLID 15 MFO 10 I 20 VOLl QPL -M39003/1-2289 

ClZl ClH C129 CU3 Cl37 

Cl4l C145 Cl49 Cl53 Cl57 

C164 

0972763-0021 
1

cAP. 9 FlxaltA.lllAL LEA0,.041 UF,•80&,-201

1 Cl C2 CJ ClJ Cl4 Cl5 C25 I 
C26 en CJ1 CH C39 "'' C50 I 

C§l C61 C62 CH en C74 C15 

U5 Cl6 UJ C9l C98 C99 

Cl09 CllO Clll C161 C162 

Cl63 CUl n•u ClM 

Cl16 T .. U C119 C198 

..... T-- .... TTITll 
AUTO-INSHTED PAllTS LIST FOR 941955-0001 

Change 1 

Drawings 
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Drawings 

4-78 

~TEXAS INSTRUMENTS 
INCORPORATED 

]!. QUANmY UNIT DWG. 
..,&, ,g,,_ "'' 

0002 REF EA 

D003 REF EA 

00~ REF EA 

0010 00001;.ooo EA 

OOlOA 

0011 00001.000 El 

OOlU 

0012 00001.000 EA 

OOlZA 

OOH 00011.000 EA 

OOl•H 

OOHB 

0014C 

90HO 

0015 00176.000 EA 

OOUA 

I I I I ;;••o ..... 
001K 

oouo 

ffllE - """ C&D--

llflO . .wG. """ -PIOllCT-

. 

0 

TEXAS INSTRUMENTS 

OOUF 

0015G 

GOUH 

0021 

0021A 

0022 

OOUA 

0023 

OOZ3A 

00238 

OOZJC 

0024 

0024A 

002S 

0025A 

0021 

0027' 

0028 

0028' 

0029 

INCORPORATED 

00001.000 J 
I 

00005.000 

00011.000 

00001.000 

00002.000 EA 

00001.000 EA 

00002.000 EA 

aonnn_ 1 oo FT 

DWO. 

"" 

DATE 10/11/lCJ 
UST OP MATERIAL 

PAGE 1 of _(1.M.94.;;;;~02 Jr~; 
PART NUMBER DESCRIPTION VENDOR PART NUMBER 

094H51-9901 LOGIC.MEltallY ADD-ON MODULE.990/10 

094H5e-'9CJ01 TEST PROCEIMIRE.MEJI ~N MOOULE.H0/10 

0941959-9901 SPECIFICATION• IEM AOO-OH NOOULEe990/10 

2261911-0001 ROMeAOOlllESS OECOOEeJ:6KR MEMOllY EXPANSUJtl 

U602 

0972111-0004 NETtalK Sfll7"lS361N 

UZJ 

0996420-0001 zc. SNHU313N 00129S-SN7~5313N 

U401 

0996610-0001 IC t 16'< AMle ISEU 00129S-TNS4116/ZA07Zl 

UAO THll.U UA21 

UIO THRU U821 

UCO THll.U wt21 

UOO THltU 4.ICZ1 

2210lll-0003 SOC:KET • L.Oai PROF I LE• 0 I Pt 16 CONT 003612-0ILi16'-101 

.XUAO THRU .XU.t21 

I ~U!!! !I'!!!.! .!!!.!!?! 

JIUCO lMaU .IUUl 

JUIOO THll.U .XU021 

JIUEO THllU .XUE21 

"""I-- """1mu .. ..,., ADO-ON ..ODULleUIUeft0/161tA 

"""1-

DA11! lQ/11/79 

PART NUMBER 

"""1'""'"""°' 

UST OP MATERIAL 

DESCRIPTION 

.XUFO T•U J1Uf'21 

XUGO THRU JCUGZl 

XUHO TtltU .lUff21 

1 

PAGE 2 of 

G9lZ924-GOl4 lcAP FIJI TANT SOLID 15 MFD 10 I 20 

lc191 C19J C201 

J~2lR'.;. 

VENDOR PART NUMllEll 

QPL -MJ9003/1-Z2H 

0912924-0006 CU fl.I TANT SOLID 39 lllFO 10 I 10 VOL~ QPL -llJ9003/l-22ff 

Cl90 CltZ Cl94 Cl95 C196 

09JU63-0009 CAPeFUEO .0047MF 50 VOLTS 

CllJ Cl71 C179 CllO Cl85 

Cl99 CZ02 C20J CZ04 C205 

C206 

0972763-0021 CAP .. FIJIEOtAXIAL LEA0,.047 Uf1•801,-201 

C191 

004222-MC105E472l 

09729SB-0002 TRANSISTCJa 12N2907A PNP GEN PUAP Sli TO-U Tl - 2N2901A 

ca a2 

0912S41-0008 s-.ncH. SLIDE-SP ST. DIP 8 SliJTCHES 

U60l 

0972531-0001 DIODE.LEO 550-0103 50 MA 3 V 

CRI CR2 

04_ll_400-00Z2 -.uE Z2AtiG ELETAO-TIN-PLATED,COPPEA 

DATETlfl!ASEO 

DU -550-0103 

I 

Change 1 2250690-970"! 



Drawings 

~TEXAS INSTRUMENTS 
INCORPORATED UST OP MATBIAL 1~·~=02 TR;. DATE 10/11/19 PAGE J of 

:!!. z - DWG. PART NUMBER DESCRIPTION VENDOR PAIT NUMBER _& SIZE 

OOJO 00002.000 EA 09121J......o5 COMECTm,Pc !10 PIN BEi - 6!141J-00t . 

OOJOA 
PJ '" 

0031 00002.000 EA 094!12J9-0001 IHUET-STIFFENElle P .. 1, 141N 

OOJZ I 00002.000 I EA I 09449~01 I INSUUTm. , ... , 14111 I 
oon 

I 00006.000 EA 091168+-0002 scaat.THD FRMG.HEX WSHR HD.2-56X1/4 LG 

00~ OOI02eGOO EA O!IJJl<H-0001 EJECTOll, lllYLONr NOM-LCCICING, Ptlll 

ooS• IOOOl.000 EA 221•1&1-000!I SOCKET, UI .. PllOFILEe DIP, ZO PINS 003612-0 ILIZOP-101 

OOMA XU602 

0031 00001.000 EA 0912057-0001 TRANSIST...-AtT2Z22 NPN SILICON Tl- -HTZZZZ 

OOJ7A Q! 

081 00002.000 EA 0972944-00U llE.S FIX 4e1« OHll !I l .Z!I .. CAlllON F ILlt ROH - ll-Z!I 

003IA aJ .. 

OOJ9 00001.000 EA 0!13'1461-0802 DIODEelN..ao.2 lAltP lOOflV RECTIFIER Tl - IN40G2 

OOHA cu 
OMO oeoo1.ooo EA H4HU-H02 ...... l.SIOTID ,.... LISf FllO .... ,,_0001 I 

I 

- ... ,. 0:0.DIAITIMAN -~_r-- """1""-'lllllMY ADD-ON ltOOULlelZ&U,990/HKll 
U'PO.-MIO. .. ,, 

-·~- OATBIARD OAlllPIQl!CTNO l jLM»..._9'.;:;Gu lR~ 

2250690-9701 Change 1 4-79 



Drawings 
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~TEXAS INSTRUMENTS 
INCORPORATED UST Of MATERIAL _(a.MoMe;':;:;"ooz IR; DAT!: 10/11/79 '"°' l 

of 

...... 
~.;; 

UNIT OWG. .=.. ~ ~" 
PART NUMBER DESCRIPTION VENDOR PART NUMBER 

0001 00001.000 EA 0948H6-0001 P~loMEN>ltY ADO-ON MCJDULE,990/10 

ooos 00001.000 EA 0219402-140.. lllETIOtK SN74Sai.N 

0005A Ul 

0006 00001.000 EA 0222222-7430 NETMOttK SNlOON -SN7UON 

000.A UJOl 

Mil 00001.000 El 0912900-J.\74 NETllOltK SNHLS74N 

0001A U2 

0001 OOOG2e000 EA 0996136-0002 IC• SNJUS251N1DATA SELECTOflS/llULTIPLEXE• Tl -SNHLS258N 

OtOIA uao2 ueo 

0009 00002.000 EA 0912652-CIGOl NETlllOllK 5'174LS213N 

OOftA U701 U702 

0011 00012.000 EA 09 lZ111-0004 NETl«HtK SN14LS368N 

OOllA U4 U5 U1 VI Ull UlZ Ul5 Ul6 

00118 U19 UJO UH U25 

OOH 
......... 1 

EA 09l251J-0001 lllETlllQllK9SN15365 Tl- -SNl!i36S 

OOUA 

I I 
Ul04 U204 UJ04 U404 U504 

::1:1 !.!6~ !.!?e-\ !.!~ t.16 !.!!C! !.!!C! 

OOlJC U50J UlOJ 

Oltl6 00001.000 EA 0912031-3470 RES. NETMmlK•4•7K OMN 2' 

INllA.I. IU402 ........... DATf =·- .... 1-- DATfTmll 
AUTO-INHRTlO PMTS LIST FUR 941955-000Z 

...... .-. DATf -·'"°'""'- DAllr- DAllTPOCJ«TNO . 1 ] -- 1 .. llt\09.a9ss-soo2 R-1" 

0 

TEXAS INSTRUMENTS 
INCORPORATED 

DAT!: 10/U/lt UST °' MATERIAL 

0011 

OOUA 

0011 

OOllA 

90111 

OOH 

0019A 

0020 

0020A 

0021 

HZlA 

oozu 
OOZIC 

0024 

DOHA 

eoi..a 
OOHC 

IOZ.U 

OOZ4E 

D024F 

00001.000 

01010.ooo 

0000...000 

00002.000 

OOl•U.000 

EA 

EA 

EA 

DWO. - PART NUMBER DESCRIPTION 

0912031-HM NETllOb AESISTOl 681 OHMS 2' 

UIOI 

VENDOR PART NUM8ER 

0912031-UZO NETllOU.91lES 16 PIN,I ELEMENT 22 OHNS •21 073U8-891-l-R22 

UlOJ U2a5.UJ05 Uo\05 U505 

U601 U70S UIO!i U203 U603 

091 ZMt-0049 RES FIX 220 OHM 5 I .25 i. CAil BON F ILN ROH - ll-25 

•1 llZ Ill R6 

097~5 llES FIX leOK OHN 51 .25 i. CAltlON FILN 

... R5 

ROH - ll-25 

Ot1Z92 .... U CAP FIX TANT SOLID 15 NFO 10 & ZO VOL1 QPL -MJ9003/l-2289 

CUI IHltU CU1 

cut TMaU Cl61 

Cl .. Cl61 CllZ Cl16 

091Zl6J-0021 CAP .. FUEl.AXIAl. LEAD .. 047 Uf1+IH1-20& 

Cl TttRU ClZO CHl TMRU C163 

Cl65 TMllU Cl67 

C 169 THllU CUI 

CUJ THRU C 115 

CHI THllU ClM 

~16 THll~ C119 C191 

Change 1 

LIST FOii 94HS5-fl002 

2250690-9701 



Drawings 

~TEXAS INSTRUMENTS 
INCORPORATED UST OP MATERIAL 11.Mo ... .;';;:;03 T11..; DATE 10/U/n PAGE 1 of 

:£. ~ 
UNIT OWQ. g,. MZI! PART NUMBER DESCRIPTION VENDOR PART NUMBER 

0002 llEF EA 014195.,....01 La;1c,NElllOllY AOO-ON MOOULE,990/10 

0003 R!F EA 094H5 .... 01 TEST NOCEO.-EtMM ADD-ON JIOOULE 1 990110 ... .,. REF EA 014M59-9901 S'ECIFICAllOtle tlEM ADD-ON NOOULE,990110 

OOH I 00001.000 EA 2261911-0001 llMtAODltESS DECODE, 16U MEMORY EX"NSI~ 

•lOA 11602 

0011 00001.000 EA 0912111-0004 fllETIOlK SN14LSJ6afll 

OOllA Ull 

OOlZ 00001.000 EA 0996421>-0001 ltt SN74LSJl31t 00129S-SN74l.S373N 

0012A U401 

DOH oouz.ooo EA 09M680-0001 1c. 16& llMe tSEU 00129.S-T"54l 16/ LA072 ~ 

0014A UAO T .. U WAH 

HHI UIO TlllU UUl 

OOHC UCO TlllU "'21 

OOHD UOO THRU W21 

aGl4E Ult THttU ~Ell 

ao1.w: UflO Tt«U WZl I 
MU 00176.0IO EA 2210111-00ID SOCKET.LOii PllOFILEtOIPel6 CONT 003612-0IL816P-108 

OOUA lUI IHIU XUAD 

00151 JIUH T•U XUl21 

M1!11C i JlUCG T .. 11 XUC.H - .. ,. =-- ...... 1-- DATE1nnf .... , 
Aoo-oN fllDULEel9Hle990/16&1l 

.... -::MIQ. oiii" Al'IO • ..:>JIC1'9Gllom9 DAT- 0Atl1PllOIKTNO. 1 l~,;; .. }R; 

~TEXAS INSTRUMENTS 
INCORPORATED UST OP MATERIAL jLM>Ma~-;'~003 JP)~ DATE 10/18111 PAGE 2 of 

...... QUANTITY 
....., 

DWG. PART NUMBER DESCRIPTION VENDOR PART NUMBER ..:.~ .... "!.,y .;:,. MZE 

00150 xuoo THRU XU021 

0015E llUEO THAU JlUE21 

0015F x~o THaU JlUF21 

IJOlSG XUGO THRU XUGZl 

00l5H XUHO THRU XllHll 

0021 00003.000 EA 097292..-00H C"' FIX TANT SOl.10 15 MFO 10 & 20 VOL~ QPL -M390031 l-2289 

002U Cl9l Cl'i13 C201 

0022 oooos.ooo EA 09 7 292+-0006 CAP FIX TANT SOLID 39 MFD 10 ' 10 VOL~ QPL -"39003/ l-22.i9 

0022A 1<190 Cl92 cm C195 Cl96 

0023 00011.000 EA 0972763-0009 CAP,FIXEO .004JMF 50 VOLTS OO't222-MC105Elt12l 

0123A IC117 Cl18 Cl79 Cl80 Cl85 

OOZJB IC199 C2QZ C203 C2<K C205 

0023C I" .. 002• 00001.000 EA 0972763-00Zl CAP.,FIXEDoAXIAL LEAO,.Olt7 uF,+aoa,-2o:i: I 

lc197 
I 

0024A I 
I 

0025 00002.000 EA 097295.-0002 I TRANSISTl»r ZN2907A PNP GEN PURP SW T~l1 Tl - 2N2907A 

0025A Ql Q2 

OOZ7 00001.000 EA 097251t 7-0008 SllllTCH, SlIDE-SPSToOIP 8 SlllITCHES 

0027A U601 

I DU 0028 ,..,,. ........ """' ao.~ 0972537-0001 DIOOE,LED 550-0103 50 MA 
3 " 

550-0103 
DW'T'IMN< °"" """TDESIGN""""'" """T'"" MEMORY ADO-ON MODULE, 192KB,990/l6KR ! 

.,.,......, 
"'" A"'9. PIOJfCT!NGNH D.6.T! lt!lf.AS!O QA'!"E 'NO I~ 

,...,_ lfV 

2250690-9701 Change 1 4-81 



Drawings 

~TEXAS INSTRUMENTS 
INCORPORATED UST Of MATERIAL 1l.Mo94t;;,:o;OJ}R; DATE 101181'19 PAGE J of 

1[. ~~y UNIT DWG. PART NUMBER DESCRIPTION VENDOR PAIT NUMBER .;:,. ~Zf 

OOZH u1 c•z 
0029 00000.100 FT 041140~00ZZ t!IRE ZZlllHi ELETRO-TIM-PLATEO,COPPER 

0030 00002.000 EA 0'9 lZU l-0005 CONNECTOll •PC 50 PIN au - 654aJ-005 

OOJOA P3 P4 

0031 00002.000 EA 0945239-0001 BltAcaET-SllfFENER• Ptll, 141N 

GOIZ 00002.000 EA 09449'4-000I INSULATOll• , .. ,, 141tl 

oou 00006.000 EA 091261 ..... 002 SCAEtle THO FRMG. HEX llSHR H0e2-56Xl/4 LG 

0034 00002.000 EA 05!J84+-0001 EJECTOlle NWLOlll, NON-LOClllNG• , ... 
0056 00001.000 EA 2210188-0005 SOCKET, LG! PROFILE, DIP, 20 PINS 003612-0ILIZOP-108 

OOJ6A XU602 

0031 00001.000 EA 091ZOS1-000l TIAlllSISTOll-A5TZZ22 NPN SILICON n- -A5T2U2 

OOJ1A Cl.3 

0038 00002.000 EA 0912MP0011 ltES FIX -..7K OHM 5 I e25 .. CARBON FILM ROH - R-25 

OOJH 11 •• 

ctOH 00001.000 EA 0539468-0002 DIODE.1N4002 IAMP lOOPIV RECTIFIElt TI - IN4002 

OH9A 

I u.owi.uou I I I ~'!F~Cl UJ l I 8CMoO i:A A~"?':;:..l~se!?fg PAR!S l!ST ~Oll '4to,,_aoo 

-· ..... ao . ...,....... .... 1-- ..1mu 
ME"°"Y ADD-Olt MDOULEel92 .. e990116tlR 

-:.-. """ Alf'O.fW:)Jl(TINGlflel DATEr!ARD DATEJPOQJICTNO. 1 jLMoMe9sHoco JR; 

4-82 Change 1 2250690-9701 



INCORPORATED 
~TEXAS INSTRUMENTS 

- OUANJITY UNIT owe. ,,.,. 
&<~y Of SIZE ..,_, ISSUE 

0001 00001.000 EA 

0005 00001.000 EA 

0005A 

·0006 00001.000 EA 

0006A I 

0001 00001.000 EA 

OOOJA 

0008 00002.000 EA 

0008A 

0409 00002.000 EA 

0009A 

0011 
......... 1 

EA 

OOUA 

00118 

oou ooou.ooo EA 

OOUA 

OOU8 

0013C 

0016 00001.000 EA 

0 

TEXAS INSTRUMENTS 

0011 

0017A 

0018 

OOlBA 

00188 

0019 

0019A 

OOlO 

0020A 

0021 

OOZlA 

D0218 

0021C 

002..C 

002.\E 

~4F 

2250690-9701 

INCORPORATED 

UNIT DWG. 
.::. SIZE 

00001.000 

00010.000 EA 

00004.000 

00002.000 

000'3.000 EA 

001•'1.000 

DATE 10/18/19 UST °' MATERIAL PAGE 1 of 
~ ,..,_ T"" 
lNo9.-HS-SOOJ iR..,.. 

PART NUMBER DESCRIPTION VENDOR PART NUMBER 

09 .. HS.--0001 PW8,llElllOA'I ADl>-ON MCJDULE, 990/ 10 

0219 .. 02-1't04 NETlllORK SN14SO.\N 

U3 

0222222-7430 INETWRK SN1't30N -SN7.\30N 

UJOl 

0912900-1.\14 NETWOH SN7U.S74N 

U2 

0996136-0002 IC, SN7.\LS258N.DATA SELECTOR S/lllUl. T lPLEXH Tl -SN7ltl.S258N 

U802 U803 

0972652-0001 NETIOlll. SN14LS283N 

U101 U702 

0972187-0004 NETWORK SN74LSJ68N 

U4 U5 U1 ua Ull Ul2 Ul5 Ul6 

U19 U20 U24 U25 

0972583-0001 NETliORK ,SN15365 Tl- -SN75365 

Ul04 U204 U304 Uo\04 USO.\ I 
U604 u104 U8M U6 Ul03 U303 

US03 U703 

0972037-3470 RES. NEltiCRK•°'• 711. OMlll 2i 

AUTO-INSEllTED PAATS LIST FOR 9.S955-0003 

DATE I0/11/19 
LIST Of MATERIAL 

PAGE 2 of 

PART NUMBER D E S C R I P T I 0 N 

0972031-261G NETWOAK RESISTOR 680 OHMS Z& 

UBOl 

VENDOR PART NUMBER 

01313&-898-3-RUO 

0912031-1220 NETWORKtRES 16 PIN,8 ELEMENT ZZ OHMS •2~ 013138-898-3-tl22 

UlOS U205 U305 U.\05 U505 

u•os u1os uao5 u203 U603 

0912946-0049 RES FIX 220 OHfl 5 i 025 If CARBON FILM ROH - R-25 

Rl R2 R3 a6 

0912946-0065 RES FIX 1.0• OHfl si ·25 II CARBON FILlt 

R4 R5 I 
0972924-0014 CAP FU TANT SOLID 15 lllFO 10 ~ 20 VOL, 

Cl21 TlltU Cl37 

Cl39 THaU Cl60 

Cl64 Cl68 Cl72 Cl76 

I 
09721•3-00Zl CAP.,FIXEG,AUAl LEA0,.047 UF,•80&,-201 I 

Cl THRU Cl20 Cl61 THRU Cl63 

Cl65 TlltU Cl61 

Cl69 THttU Cl11 

c1 n THlllu ens 

CUI THltU Clio\ 

itll6 THRU Cl89 Cl98 

. 

j 

ROH - R-25 

Qf'L -1113900311-2289 

"""T-- °""T'"" AUTO-INSERTED PARTS LIST FOR 941955-000 I 

Change 1 

Drawings 
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Drawings 

~TEXAS INSTRUMENTS 
INCORPORATED UST Of MATERIAL -~ ·-- ERV °"" lOIU/19 PAGE 1 of LM.9•195!5-0004 ,, - QUANTITY lNT DWG PART NUMBER DESCRIPTION =· ..=.._, ~ MZE VENDOR PART NUMllEt 

0002 REI' EA """!51-ffOl LOIHCeltSIGtn' A~N lllOOULE,990/10 

OOOJ REF EA O"J4M!58-9901 TEST .. OCEDtltl•lllElll ADO-ON l'ODULE,990/10 

Ge04 •Ef' EA "4195 ..... 0l S,ECIFICATION, lllElll ADO-ON MOOULE,990/10 

0010 00001.000 EA 2261911-0001 ROMt ADOllESS OECODE.161a lllElllOllY HPANSI~ 

OHOA U602 

0011 00001.000 EA 0912111-0004 NETl«Jalt SN74'LS361N 

OOlU un 

0012 00001.000 EA 0996420-0001 ICt SN7"LSJ13" 001295-SN74LSJ73N 

OOUA U40l 

OOH 00176.000 EA 099661D-0801 IC. l6tc aAlllt tSELI 00129S-T"54ll6/ZA0721 

OOHA UAO THllU iUA21 

OOHB UIO THRU U821 

001..C UCO THll~ UC21 

OOl•D UDO THRU W21 

OOl~E 

I 
UEO THltU UE21 

001.., 
I I IUFO THllU WU I 

0014G UGO THRU K2\ 

00l4H UHO T .. U UH21 

001!5 00116.000 EA 221011 ... 00J SOCKETtL.Oal PllOFILE,OIP,16 COHT 003612-DIL816P-108 

~u J lllu&o TMllu ll.ll.&.H j ... ,. ao . .........., """}""""'- ""T"' MEMORY ADD-ON ltOOULEtZ56«1e990/l6"'a 
-~ """ Alft).l'IOJKfa..-- """I-- """TPIOIOCI'"". T }l.Mt ... ;;;::-004t 1~; 

~TEXAS INSTRUMENTS 
INCORPORATEO UST Of MATElllAL jl.M>9•1;;'s':0004 jR:; Dlo.11 10/11/19 PAGE 2 of 

:£. z ~ DWG. PARTNUMBB DESCRIPTION VENOOI PART NUMBER .... 
IOUI XUM THRU XUH1 

I01'C XUCO THMI XUCH 

oouo XUDO T .. U XUDZl 

ootn t .IVff·· ·ltfllU. · MIUl 

OOUF XUFO Tt«U XUF21 I 
001!5G XUGO TtfflU XUlal 

001!5H XUHO THllU JIUHZl 

OHL 00003.000 EA 091292 .... 0014 CA, Fill TANT SOLID 15 lllFD 10 & 20 VOL~ QPL -11139003/1-2289 

0021A C191 C19J CZOl 

0022 oooos.ooo EA 091292+-0006 CAP Fl.a TANT SOLID 39 lllFD 10 & 10 VOL~ QPL -M39003/ 1-ZZ!59 

OOZZA C19D Cl9Z Cit• Cl9!5 Cl96 

OOZ:J 00011.000 EA 0972763-0009 CAP.FIXED .oo.nMF 50 VOLTS 001tZZZ-ltCl05E4!7ZZ 

GIZJA CUl CUI C179 C180 C185 

OOZJB I Cl-rl CZOZ C203 C20• C205 

oonc: CZ06 

DIH 00001.000 EA 0912763-00Zl CAP.,FIXEO.AXIAL LEAD,•°" 1 UF.+aos,-zo& 

0024A Cltl 

H2!5 00002.000 EA 0972951-0002 TUNSISTOfloZN2901A PNP GEN PURP Sit T0-1~ Tl - 2N2901A 

002SA Ql QZ 

0021 llftl\AI .ftftft _u 09U_j4l-OOOI SM_t_TCH. SLIOE-SPST,_OIP 8 s .. ncHES -- litJI cm.- ... ,.r-- ... "I""' l'll!NllY AOO-ON NJOULE,H61t8e990116U 
;;;;;o:-.- .. ,. AM>. IW>KT l!NOeel .. ,.IIBWIO DA11TPIOJICT NO T Il.M>MIHHOM lR~ 

4·84 Change 1 2250690-9701 



Drawings 

~TEXAS INSTRUMENTS 
INCORPORATED UST Of MATERIAL i ,__ Tim 

DATE 10/ ll/ 19 PAGE 3 of l.#A)94995s-ooo. k.., 

:!!. z UNT OWG. PART NUMBER DESCRIPTION ~ SIZE VENDOR PART NUMBER 

OOZ1A U60l 

0021 ooooz.ooo EA 0912531-0001 OIOOE.LED 550-0103 50 MA 3" OU -SS0-0103 

~·" 
CH CflZ 

OOZ9 00000.100 I FT 0Ul400-00ZZ .. IAE ZZA~ ELETAO-TIN-PLATEO,COPPEtl I 
0030 oeooz.ooo EA 09721Jl-0005 CONNECTOR 1 PC 50 PIN BEi - 65413-005 

0030A PJ P4 

OOJl ooooz.ooo EA 094S239-0otl IRACKET-STIFFENEA 1 , .. ,. l4IN 

0032 oooa.ooo EA 094 .. 5+-0001 USULATOA• Pde 14 UI 

OOJ3 0000..000 EA H726M-0002 scae ... THO FAflC,HEJI .. St« HO,Z-56Xl/4 LG 

0034 oa.ooz.ooo EA 0"3....-001 EJECTmt, NYLOlh NON-t.CIUING, PMI 

0036 00001.000 EA ZZ101U-Off5 SOC«Elt Uhl PAOF I LE, 01 P, 20 PINS 00361Z-Oll820P-101 

0036A XU60Z 

007 00001.000 EA 0972051-0001 TaANSISU.HT2222 NPN SILICON TI- -urzzzz 

C037A 

00002.000 I I 0972M6-0081 

QJ 

OOH l!A lau FIX 4e7K OHfl s •• zs .. CARBON FILM ltOH - a-zs 

GHIA I 
HJ9 00001.oao EA OSn.6.-000Z DIOOE11..._2 lAflP lOOPIV ltECTIFlBl Tl - IN..002 

OOnA ca3 

OMO 00001.000 EA 094099-5004 AUTO-INSEllTED PAATS LIST FOil M89SS-OO~ 

- °"" OD.- """]-- °"''j'"u 
MEMOllY ADD-ON llCIDUL!e256«8•990/l6"1t 

~ l>l11! AOOO.PIOJKI- °""1-- ..... I PI08:T NO. l 1~~1R..;. 

2250690-9701 Change 1 4-85 



Drawings 

4-86 

~TEXAS INSTRUMENTS 
INCORPORATED UST Of MATERIAL _(LM»9~;;;'004 TR;. D.\TE 10/11/79 PAGE 1 of 

::£. % UNIT DWG PART NUMBER DESCRIPTION VENDOR PART NUMBER Jt.. ~" 
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FROM UEfo P/NID TD UFfu PIN°"f' 
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FR.DM LJFl'1PIN8TDLJFt,,Pl'NIC. 
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Alphabetical Index 

Introduction 

HOW TO USE INDEX 

The index, table of contents, list of illustrations, and list of tables are used in conjunction to ob­
tain the location of the desired subject. Once the subject or topic has been located in the index, 
use the appropriate paragraph number, figure number, or table number to obtain the corre­
sponding page number from the table of contents, list of illustrations, or list of tables. 

INDEX ENTRIES 

The following index lists key words and concepts from the subject material of the manual together 
with the area(s) in the manual that supply major coverage of the listed concept. The numbers along 
the right side of the listing reference the following manual are~s: 

• Sections - Reference to Sections of the manual appear as "Sections x" with the sym­
boi x representing any numeric quantity. 

• Appendixes - Reference to Appendixes of the manual appear as "Appendix y" with the 
symbol y representing any capital letter. 

• Paragraphs - Reference to paragraphs of the manual appear as a series of 
alphanumeric or numeric characters punctuated with decimal points. Only the first 
character of the string may be a letter; all subsequent characters are numbers. The first 
character refers to the section or appendix of the manual in which the paragraph may be 
found. 

• Tables - References to tables in the manual are represented by the capital letter T 
followed immediately by another alphanumeric character (representing the section or 
appendix of the manual containing the table). The second character is followed by a 
dash (-) and a number. 

Tx-yy 

• Figures - References to figures in the manual are represented by the capital letter F 
followed immediately by another alphanumeric character (representing the section or 
appendix of the manual containing the figure). The second character is followed by a 
dash (-) and a number. 

Fx-yy 

• Other entries in the Index - References to other entries in the index preceded by the 
word "See" followed by the referenced entry. 
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