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Preface

This manual provides depot-level main-
tenance information for memory boards used
with the Model 990/10 or Model 990/12
Minicomputer Systems. The -manual is
organized into the following four sections.

Section

1 General Description — Provides an in-
troduction, overview, and specifications

3 Maintenance — Describes the depot

maintenance philosophy and provides
the checkout and fault isolation pro-
cedures for the memory boards.

Drawings — Provides the assembly
drawings and logic diagrams for the
memory boards.

for the memory boards described in the
manual.

Functional Description — Provides de-

Additional information related to the use of
the memory boards in the Model 990/10 and
the Model 990/12 Minicomputer Systems
may be found in the following documents.

tailed theory of operation for the
memory boards.

Title

Part Number

Model 990 Computer 733 ASR/KSR Terminal Installation

and Operation 945259-9701

Model 990/10 Computer System Hardware Reference

Manual 945417-9701

Model 990/10 Computer System Field Maintenance

Manual 945402-9701

Model 990/10 Computer System Depot Maintenance

Manual 945404-9701

Model 990/12 Computer Hardware User’s Manual 2264446-9701

Model 990/12 Computer System Field Maintenance

Manual 2264447-9701
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General Description

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. .

2250690-9701

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 controlier board (standard version)
with O bytes RAM (controller
only) 2261980-1

with 32K bytes RAM 2261980-2
with 64K bytes RAM 2261980-3
with 96K bytes RAM 2261980-4

96KB memory controller board (fine line
version) 0 bytes RAM (controlier
only) 2261980-5

with 32K bytes RAM 2261980-6
with 64K bytes RAM 2261980-7
with 96K bytes RAM 2261980-8
Cache memory controller board
(64K bytes RAM) 2261990-1
256KB add-on memory array
board
with 64K bytes RAM 948955-1
with 128K bytes RAM 948955-2
with 192K bytes RAM 948955-3
with 256K bytes RAM 948955-4

Change 1 1-1



General Description

Table 1-2. TILINE Memory Boards Environmental Specifications

Item Specification
Operating
Temperature’ 0° to 65° C (32° t0 149° F)
Humidity 0 to 95%, noncondensing
Storage
Temperature —40° to 70° C (- 40° to 158° F)
Humidity 0 to 95%, noncondensing
Shock Will sustain 2-foot vertical drop when
installed in the chassis
Vibration Will withstand 1G at 5 Hz to 80 Hz and
0.3G at 80 Hz to 500 Hz
Altitude 0 to 3.05 km (0 to 10,000 ft)
Note:

' 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

General Description

Current, Maximum Cycle Current, Idle Current, Standby
Voltage Rate! Operation Operation

96KB Memory Controiier

+ 5V Main 2 2 0

+ 5V Stby 0.550 0.550 0.170

+ 12V Stby 0.550 0.120 0.120

-5V Stby 0.0025 0.002 0.0025
256KB Add-On Memory Array

+5V Main 0.200 0.200 0

+ 5V Stby 0.400 0.350 0.080

+ 12V Stby 1.10 0.350 0.350

— 5V Stby 0.001 0.000020 0.000020
Cache Controller

+5V Main 4] <] 0

+ 5V Stby 0.600 0.600 0.200

+ 12V Stby 0.550 0.120 0.120

— 5V Stby 0.002 0.002 0.002

Note:

' 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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2

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-
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 (ECC) 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
multilayered 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

2250690-9701

logic for up to 1M 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
TILINE 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 TILINE 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

Change 1 2-1



Functional Description

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

MBOO- P4-1 22-bit bidirectional data bus that transfers read and write data between

MBO1- P4-3 the two boards (includes six check bits: MB16- through MB21-).

MB02- P4-5

MBO03- P4-7

MB04- P4-9

MBO05- P4-11

MBO06- P4-13

MBO7- P4-15

MBO08- P4-17

MB09- P4-19

MB10- P4-21

MB11- P4-23

MB12- P4-25

MB13- P4-27

MB14- P4-29

MBi5- P4-31

MB16- P4-33

MB17- P4-35

MB18- P4-37

MB19- P4-39

MB20- P4-41

MB21- P4-43

IBSEL- P3-19 Board selected signal. The board selected signal is sent to the memory
board controlier 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.

IR/W- P3-21 Read/write control. The read/write control line to the 256KB add-on
memory. array.board specifies either a read or write memory operation.

ADODD P3-29 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.

IRAS- P3-13 Row address strobe. The row address strobe clocks seven row address
bits into memory chips.

ICADSEL P3-7 Column address select. The column address select line causes the sec-
ond seven address bits to be applied to the memory chips.

ICAS- P3-15 Column address strobe. Column address strobe clocks the seven col-

2-2

umn address bits into the memory chips.
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Functional Description

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

Signature Pin Number Definition

RFADO- P3-27 Refresh address lines. Refresh address lines provide the row address
RFAD1- P3-33 to the memory chips during a refresh operation.

RFAD2- P3-17

RFAD3- P3-35

RFAD4- P3-25

RFAD5- P3-23

RFAD6- P3-31

REFRESH- P3-5 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 SWEN- P3-1 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.

POWERON- P3-11 Power on. Power on is true after 5 volts is stable. When false, this
signal inhibits extraneous strobes to the memory chips.

IORES- P3-37 11O 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.

IMERR- P3-3 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.

ICERR- P3-9 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.

2250690-9701 2-3



Functional Description

Table 2-2. TILINE Signal Definitions

Signature Pin Number Definition
TLGO- P1-25 TILINE Go: Initiates all data transfers when transition from high (3 V) to
low (1 V) occurs.
TLREAD P1-11 TILINE Read: When high (3 V), designates a read from SLAVE opera-
tion; when low (1 V), designates a write to SLAVE operation.
TLADROO- P2-55 TILINE address: To define the location of data during a fetch or store
01- P2-44 operation. When high (=2 V), the corresponding address bit is a zero;
02- P2-51 when low (<0.8 V), the corresponding address bit is a one.
03- P2-53
04- P2-57
05- P2-59
06- P2-47
07- P2-49
08- P2-17
0g- p2-19
10- P2-10
11- P2-12
12- P2-11
13- P2-15
14- P2-8
15- P29
16- P2-29
17~ pP2-27
18- P2-25
TLADR19- P2-31
TLDATO00- P2-67 TILINE Data: Bidirectional data lines that, when high (>2 V), represent
01- P2-69 zero data bits and, when low (<0.8 V), represent one data bits.
02~ P2-35
03- F2-37
04- P2-61
05- P2-63
06- P2-43
07~ P2-45
08- P2-21
09- P2-33
10- P2-23
11- P2-20
12- P1-27
13- P1-28
14~ P1-30
TLDAT15- P1-31
TLTM- P1-20 TILINE Terminate: When low (1 V), indicates that the SLAVE device has
completed the requested operation.
TLMER-~ P1-55 TILINE Memory Error: When low (<0.8 V), indicates that a

2-4

nonrecoverable error has occurred during a memory read operation.
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Functional Description

Table 2-2. TILINE Signal Definitions (Continued)

Signature

Pin Number

Definition

TLAG (in)

TLAG (out)

TLAK-

TLAV

TLWAIT-

TLIORES-

TLPRES-

TLPFWP-

TLHOLD-

TLCACHEN

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

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 Availabie: 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 TILINE
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 /O Reset. A normally high (>2 V) signal that, when low {<0.8V),
halts and resets all TILINE /O 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 us
before dc voltages begin to fail during power-down and until dc
voltages are stable during power-up.

TILINE Power Failure Warning Puise: 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.

2250690-9701
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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 inpuits 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).

2250690-9701

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 /O 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 8K-byte in-
crements. Switch 1 is the most significant bit

Change 1 2-7



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 fall between F800,s and
FBFE,, inclusive, in the 15-bit address form
and between FFC00,s and FFDFF,s 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 Description Display Convention
Bit in Error Hexadecimal
Code LED On: Bit = 1
00 = Bit0
OF = Bit 15
15 = Bit 21
Row In Error Hexadecimal
Code LED On: Bit = 1
00 = Row 0
01 = Row 1
02 = Row 2
22 = Row 34

Memory Error

Multibit error on

this board

Correctable Error

Single-bit error on

this board

LED On: Error

LED On: Error

2-8
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address lines while executing a write opera-
tion. When in the diagnostic mode, testing of
all on-board memory banks and add-on ex-
pansion memory banks may be performed.

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

Functional Description

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 16384, (16K). Bank B addresses
start at the end of Bank A and continue for
another 16K. Bank C addresses fall similarly,

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

Beginning Word Number of
Address on Switch Setiing Memory Words

Board Below Board
C e SWi SW2 SW3 SWA SW5 SW6 SW7 SWS
00000 OFF OFF OFF OFF OFF OFF OFF OFF 0
01000 OFF OFF OFF OFF OFF OFF OFF ON 4,096
02000 OFF OFF OFF OFF OFF OFF ON OFF 8,192
03000 OFF OFF OFF OFF OFF OFF ON  ON 12.288
04000 OFF OFF OFF OFF OFF ON OFF OFF 16,384
05000 OFF OFF OFF OFF OFF ON OFF ON 20,480
0F000 OFF OFF OFF OFF ON ON ON ON 61,440
10000 OFF OFF OFF ON OFF OFF OFF OFF 65,536
40000 OFF ON OFF OFF OFF OFF OFF OFF 262,144
F4000 ON ON ON ON OFF ON OFF OFF 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

2250690-9701
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Functional Description

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

CPU TPCS Switch Setting
Address Address SW1 SW2 SW3 SW4 SW5 SW6 SW7  SWS8
F800-02 FFC0001 OFF OFF OFF OFF OFF OFF OFF OFF
F804-06 FFC0203 OFF OFF OFF OFF OFF OFF OFF ON
F81C-1E FECOEOF OFF OFF OFF OFF OFF ON ON  ON
F820-22 FFC1011 OFF OFF OFF OFF ON OFF OFF OFF
FOFC-FE FFCFEEEF OFF ON ON ON ON ON ON ON
FA00-02 FFDO001 ON OFF OFF OFF OFF OFF OFF OFF
FBFGC-FE FFDFEEEF ON ON ON ON ON ON ON ON

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

Typical Assignments for

Memory Devices Device
FBOO First 96KB memory controller (Switches 1 and 2 On)
FBO04 Second 96KB memory controller (Switches 1,2, and 8 On)

BANK B EXPANSION

(o] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
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 B and 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 I/O reset to
clear the controller error latches from the
controller, restoring the memory controlier
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

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

WORD 0
(0] 1 2 314 5 © 8 9 Tt piz2p3 pajro
\ 7\ / \ /
\'4 \'4
BASE ADDRESS OF BIT IN ERROR ID CODE
CONTROLLER (BIT 0 MSB) (BIT 8 MSB) t00)
(INVERTED DATA)
CORRECTABLE

ERROR OCCURRED

WORD 1
O 1 213 4 5 6 8 9 tojrr 1213 fr4ag315
J\ /
\4 V
SI1ZE OF ROW IN ERROR SAME AS WORD ¢
MEMORY (BIT 2 MSB)

NO MEMORY

1 BANK (16K
2 BANKS (32
3 BANKS (48

—_.—_DT
-0 =D
[

)
K
K)

(A) 1403768B

Figure 2-4.

Word 0 and Word 1 Placed on the TILINE Data Bus by the 96KB

Memory Controller When in the Diagnostic Mode During a Read

Operation

2250690-9701
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Functional Description

banks. Data bits 0 through 3 select one or all
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 multipiexer 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.

2.21 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 (D)
lines are latched on the chip to simplify
system design. The data out (DO) line is
unlatched to aliow 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 lines. The CAS- sirobe latchés 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 CAS- is applied, the “RAS- only”
refresh sequence avoids any output during
refresh. CAS- 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

2-12

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 TLGC- from the MASTER
device provides a high BTLGO to trigger the
two RC timers. In turn, these generate the
GO120 and GO170 pulses at approximately
120 and 170 nanoseconds after the asserted
TLGO-. GO120 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 GO170.
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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Figure 2-5. 96KB Memory Controller Block Diagram
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Functional Description

delayed by 100 nanoseconds from GO170 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, TLADR0OO- through TLADRO7-, 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
ADROQ- through ADRO7- are generated, With
the board not busy (CADSEL- is high), ad-
dress bits ADROO- through ADRO5- 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
GO170 output from the board timer clocks
. BUSY high and the memory read or write cy-
cle operation is continued. If the address is
not valid for the board or for any add-on
memory board, BUSY remains low, and a
high BSEL- signal ANDed with GO170 pro-
duces a low ENDCYC- to abort the cycle as
previously described. Output bits of the ad-
dress subtractor ADR0O6- and ADR07-, along
with TILINE address bits TLADRO08- 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
GO120 output from the memory timer. The
GO170 output from the memory timer clocks

2-16

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 valid 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 GO120 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 GO170,
is used to interrogate the results of address
decoding on the 96KB memory controller and
on the add-on expansion boards. With a valid
address decoded, the low BSEL- clocked by
GO170 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 compietion 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
TLTM- 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 TLTM-
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
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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, TLTM-,
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 TLTM- 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-
gquest. 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 compietion 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
ANDed 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 RFCLK pulse is issued, the
column address strobe, CAS, 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
RFCYC- signals. RFCYC 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 RFCYC is applied at the input to the
board/bank address decoder to enable all
banks of memory during a refresh cycle. In
the absence of normal memory cycies, CAS
and RAS- are not available to clock the flip-
fiops in the method just described, and an
alternate method of forcing refresh cycles is
used. As before, the first RFCLK pulse
clocks a high RFREQ to the inputs of two
separate flip-flops. The flip-flop normally
clocked by CAS remains static in the
absence of a memory cycle, and the next
RFCLK pulse generated clocks RFREQ
through the forced refresh flip-flop as a high
input to a NAND gate. With a memory cycle
not in progress, the other two inputs to the
NAND gate (RTLGO- and BUSY-) are high.
The low SRFR- output of the NAND gate sets
refresh flip-flop 3 to generate the RFCYC and
RFCYC- signals. Since refresh flip-flop 1 is

Functional Description

not reset by the ANDed outputs of refresh
flip-flops 2 and 3, REFREQ at the input to the
forced refresh flip-flop stays high, and all en-
suing RFCLK 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 1s 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, CB10 through CB15, 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 CB00- through CBO05- along with

DATA

CHECKT~—L' | 0 1 2 3 a 7 8 9 10 1112 13 14 15
CcBO X X X X X X X X
cB1 X X X X X X
cB2 X X X X X X X
cB3 X X X X X X | X
cB4 X X X X X X
CBS X X X X 11X X X X

(A)142866
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
1s 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 uncorrectable 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-cn 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 I/O 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 8K-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 TLADRO7-, 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, ADROQO-
through ADRO7-, are generated as the sum of
this subtraction. With the board not busy,
CADSEL- is high and address bits ADR00O-
through ADRO4- 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 controller. Output bits of the ad-
dress subtractor ADR05- through ADROQ7-
and TILINE address bits TLADRO8- 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 controlier,
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

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 asserted TLGO- triggers 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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Figure 2-10. 256KB Add-On Memory Array Board Block Diagram
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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

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

e 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 TLTM- 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

2250690-9701
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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 TLTM- 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 TLTM-.

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 cycie, the memory controller pro-
vides the refresh address (RFADO through
RFAD®), 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
1M bytes of additional memory on
associated add-on memory expansion
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Functional Description

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
selection.

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:

¢ Toindicate that a single-bit, correctable
primary memory error has been
detected and corrected (CERR).

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

¢ 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 that contains the failing chip. Additionai
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 8K-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 F800,s and FBFE;, 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
controllers 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 oddieven 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 Function

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

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

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

CAER An uncorrectable cache error has
occurred.

CERR A correctable primary memory data
error has occurred.

MERR An uncorrectable primary memory data

error has occurred.

2250690-9701
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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 valid 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 oddleven 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. |f
the memory operation is a write opera-
tion, both the cache memory and the
primary memory are updated.

* A nonvalid memory address is found on
the TILINE address bus. The cache con-
troller takes no action and the TILINE 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 low, enables the cache.
Similarly, setting this bit high disables the
cache option and the board functions as a
primary controiier only.

The cache controller is equipped with error

Table 2-10. 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 Controller*
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 line 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 GO110 pulse at approximately
110 nanoseconds after the asserted TLGO-.
GO110 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 GO150 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 GO150
to send the BUSY signal high. If neither local
memory nor add-on memory is addressed,
GO150 and the high BSEL- and BUSY-
signals produce the low ENDCYC- 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 puise 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

BANK A BANK B
DATA OUT
CACHE DATA MEMORY CACHE DATA MEMORY
1KB DATA 2 PARITY 1 ERROR 1 ERROR 2 PARITY 1KB DATA
(512 BITS PER BIT PER BIT PER BIT PER (512
ODD/EVEN 16—BIT 16-BIT 16-BIT 16-BIT ODD/EVEN
PAIRS) DATA WORD | DATA WORD DATA WORD | DATA WORD " PAIRS)
DATA IN
CACHE ADDRESS MEMORY CACHE ADDRESS MEMORY
256 2 PARITY | 1 VALIDITY 1 VALIDITY | 2 PARITY 256
11-BIT BITS PER BIT PER BIT PER BITS PER 11-BIT
,._‘ MSBs OF 11—-BIT 11-BIT 11-BIT 11—-BIT MSBs OF
TILINE ADDRESS ADDRESS ADDRESS ADDRESS TILINE
ADDRESS SEGMENT SEGMENT SEGMENT SEGMENT ADDRESS
ADDRESS SEGMENT
ouT
11=BIT TILINE
ADDRESS SEGMENT
IN
9 LSBs OF TILINE
ADDRESS
(A)141703
Figure 2-13. Organization of Cache Data
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Functional Description
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Functional Description

An alternate 110-nanosecond timer is used to
guarantee that the GO110 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 GO110A pulse is synchronized with the
GO110 output of the other RC timer by
applying the two signais to an AND gate. The
output of the AND gate, delayed by 20
nanoseconds, provides the GO130 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 TILINE master device. As
shown in figure 2-15, the eight most signifi-
cant bits of the address, ADR0OO- through
ADROQ7-, 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 ADDRO7-. 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 D-input to a flip-flop (see figure 2-15).
At approximately 150 nanoseconds after
TLGO- is asserted, the GO150 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 GO150 and BUSY-,
produce a low ENDCYC- to abort the cycle.

Buffered TILINE address bits ADR12-
through ADR18- are applied as the row ad-
dress inputs to the row/column address
select circuit. Qutput bits of the address sub-
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tracter, ADDR0Q5- through ADDRO7- along
with buffered TILINE address bits ADRO8-
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
GO110 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, CAS, 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 logic also
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
ENDCYC- 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 TILINE 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
110 nanoseconds after the asserted TLGO-,
GO110 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-
through 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 coiumn 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.

Functional Description

The time from the receipt of TLGO- to the
transmission of TLTM- 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
typicaily 450 nanoseconds. When the TIiLINE
master device receives the asserted TLTM-
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 TLTM-. The
positive transition of the cycle complete
signal, C/ICMP, 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.

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.

2250690-9701

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 valid 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 valid 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,
TLTM-, 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 TLTM- 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 TILINE ad-
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dress bus. The asserted TLGO- causes the
board address to be decoded. It also causes
the cache circuits to compare the TILINE 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 requestied
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 TLTM- to go low to indicate
that valid data is on the data bus. The
asserted TLTM- signals the end of the
memory read cycle. The row address strobe
logic is inhibited during a read from cache
memory. Early comptetion of the cache
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 TLTM-
signal). At time T500, output signals from the
memory timer generate a 50-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 control 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 T625, output signals from the
memory timer generate a 50-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 GO110,
the ADOK signal inhibits generation of the
RAS signal and enables the drive signals to
put data on the TILINE. At GO130 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

EXPANSION

Functional Description

RAS to be generated to begin the start of a
regular primary cycle. Twenty nanoseconds
after RAS is generated, GO150 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 true. 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 FFC00Q,; and FFEQO,s (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-

« troller TPCS write word. Refer to table 2-11

MEMORY TEST INITIALIZE
UNASSIGNED CACHE
0 1 2 3 4 5 6 8 s 10 11 12 13 14 15
\ MODE { CLEAR SEGMENT
UNASSIGNED LRU INPUT UNASSIGNED CACHE UNASSIGNED
CONTROLLER '
MEMORY TEST LRU CACHE FORCE
TEST ENABLE READ
(A) 141704A ENABLE

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 Description

0] 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.

1 Unassigned

2 Unassigned

3 When high, access to all expansion memory boards is modified as

described for bit 0.

4 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.

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

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

7 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.

8 Unassigned

9 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.

10 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.

11 When high, the controliler 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).

2-44 2250690-9701



Functional Description

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

Bit Description

12 When high, this bit causes the cache tc answer 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 controlier 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.

e 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.

2-45



Functional Description

1 2 3 4 5 6 7 8 9 10 11 12 i3 14 15
\ / \__v__/
Vo
BASE ADDRESS OF CONTROLLER CACHE LRU IDENTIFICATION
ENABLED TEST CODE FOR CACHE
ENABLED CONTROLLER
MODE CACHE
BIT ERROR HAS
OCCURRED
CACHE CORRECTABLE
SEGMENTED ERROR HAS
OCCURRED
WORD O
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
\ A
-V Vv
ROW IN ERROR CODE BIT IN ERROR CODE
BANK B
ADDRESS HIT A%Aﬁ%'ésss
(HIGH TRUE) PARITY
UNASSIGNED oK
EVEN WORD
SELECTED
BANK A
WORD 1 ADDRESS
PARITY
OK

(A)141705A

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 Description
WORD O:

0-7 These eight bits indicate the setting found on the cache
primary memory starting address pencil switches.

811 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 = LRU enabled.

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

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

14-15 These bits are permanently set to form the cache controller
identify code, 01.

WORD 1:

0 Unassigned; always set low.

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

2-7 The sense of these bits corresponds to the row-in-error infor-
mation found on the error LEDs.

8-12 The sense of these bits corresponds to the bit-in-error infor-
mation found on the error LEDs.

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

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

15 When high, an even word from cache memory has been

selected. When low, an odd word has been selected.

2250690-9701
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Maintenance

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 890/10 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 MOCKUP

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
oscilloscopel/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

2250690-9701

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 aiso available in cassette form
(verb package) for easy loading into memory.
See the Mode! 9906 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 consecutive 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 TILINE
memory boards. The operating controls and
indicators and normal operating procedures
for the 990/10 hot mockup system are pro-
vided in the Model 990/10 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 MOCKUP 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

e 990/10 AU1 and AU2 boards with ioader
and diagnostic ROM

¢ 990/10 ECC memory set of (2) boards
with 64K bytes

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

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

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

* 990 I/O expansion chassis with optional
peripheral interface boards or
associated peripherals, depending on
subsystems serviced by the depot
maintenance facility

¢ 16 1/O 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,
refer to the Model 990 Computer, Model 733
ASR/KSR Data Terminal Installation and
Operation. Procedures for loading a
diagnostic into the 990/10 hot mockup com-
puter are contained in the Model 990/10 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 990/10 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. In order to set the 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 HALT/SIE switch halts the com-
puter and activates the controls on the pro-
grammer 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
tabuiar 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

N

7
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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.

. Set the key switch on the programmer

panel to the UNLOCK position.

. If the RUN LED is lighted, press the

HALT/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.

. Press the CLR switch to clear the

panel’s display register.

. Press the ENTER ST (enter status)

switch to clear the status register.

. Set up 0900, 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”.

. Press ENTER MA switch to load the

EXAMPLE 1
MEM Location Machine Code Comments

0900 02E0 LWPI, >100

0902 0100

0904 0208 LI R8, (location)

0906 2000 Desired memory location upon which test will
loop.

0908 0209 LI R9, (Data)

090A OFOF (Or any desired pattern)

090C C609 Mov R9, *R8

090E 10FE JMP $-1

2250690-9701
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10.

11.

12.

13.

14.

15.

memory address value 0900 into the
memory address register.

. Press CLR to clear the displays for the

next entry.

. Set up the instruction code (02E0,¢) on

the data LED displays using the data
entry switches.

Press MDE switch, which causes 02E0
to be loaded into memory location
0900.

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

e 0208

* Address that the test will loop on
(greater than 2000, for memory ex-
pansion)

e 0209

¢ Data to be written into the iooped
memory location

» C609

* 10FE

Press CLR to clear the displays.

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

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

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 *R8,
R9 instruction. This change to the basic pro-
gram causes data to be read from a selected

address and stored 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 Pro-
cedure

Cn 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-
stall the extender into slot 5 of the 980/10 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 8000
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 pro-
gram.) Perform the checkout procedures
described in table 3-1. If abnormal indica-

Maintenance

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

3.6.5 The 96KB Memory Controlier 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
960/16KR 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 siot 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

EXAMPLE 2

MEM Location

0900 02E0
0902 0100
0904 020A

0906 ENDLOC
0908 0209
090A DATA
090C 0208
090E LOC
0910 CE09
0912 820A
0914 14FB
0916 10FC

2250690-9701

Machine Code

Comments

LWPI>100

LI R10, ENDLOC
Ending address +2
LI R9, DATA

LI RS, LOC
MOV R9, *R8 +
C R10, R8

JHE
JMP

3-5
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Table 3-1. 96KB Memory Controller and 256KB Add-On Memory Checkout Procedures

Step Procedure Normal Indication If Abnormal

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

2 To verify correct operation of refresh timing See below. See table 3-2, step 4.
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:

. Halt the CPU

. Enter a 0100, on the front panel
. Depress the PC button

. Depress the MA button

. Enter a 0340,, on the front panel
. Depress the MDE button

. Depress RUN

. IDLE light should illuminate

OOt AE WN =

—> 30 NS MAX
5.0V MAX ----'----------_- . .
‘ [ D) ) \
3.0V MIN (

RAS-
. 4V MAX
-.6V MIN ------&f.—.‘.{ w

tw(RAS)

—» 325 25 NS |[E¢—
S 30 NS MAX
t (RFR)
13 TO 16 US »

(A)142840
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Table 3-1. 96KB Memory Controller and 256KB Add-On Memory Checkout Procedures (Continued)

Step Procedure Normal Indication If Abnormal

3 Repeat step 2 for memory rows 1 and 2 by Same as for step 2. Same as for step 2.
moving oscilloscope probe to pin 4 of any
TMS 4116 memory chip in each of rows 1
and 2. Repeat step 2 for remaining memory
rows if 256KB add-on memory is board under

test.

4 Connect oscilloscope channel 1 probe to pin See table 3-2, step 1,
4 of any TMS 4116 memory chip in row 0 and and check address
connect channel 2 probe in turn to each of path through B6, C86,
the address lines, ADDROA- through E1, E2.

ADDRBA- (pins 5, 6, 7, 10, 11, 12, 13). Syn-
chronize osciiloscope to channel 1 and note
that each address line toggles.

N /-

RAS-

.4V MAX,

0 NS MIN <

4— 35 ns MIN

(A)142839

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)

Step Procedure

Normal Indication

If Abnormal

3-8

6 Connect oscilloscope channel 1 probe to pin
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
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

.......

Same as for step 4.

See below.

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,
£2), and address
drive.

J 3.0V MIN,

.4V MAX.

Oggies
CAS~-
1
' 75 ns
onsS MIN, :4— MIN
ADDRESS
VALID //
£
(A)142841

8 Connect oscilloscope channel 1 probe to pin
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
ADDRG6B-. Synchronize oscilloscope to chan-
nel 1.

Same as for step 7.

Same as for step 7.
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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
ADDRS6C-. 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 RAMTST! (part number 2250586) into the
733 ASR cassette transport (see paragraph
3.4.1).

11 Set 733 POWER switch to ON position. Set 733 POWER in
733 ON LINE switch to ON LINE position. dicator lights.

Set 733 CONT START/STOP switch to STOP PLAYBACK CON-
position. TROL indicator ex-
tinguishes.

12 Press REWIND switch for applicable cas- END indicator on
sette transport and wait for END indicator to 733 lights.
light.

13 Press LOAD/FF and wait for READY indicator READY indicator
to light. lights when tape is

properly positioned.
Playback light
comes on.

14 Set key switch on programmer panel to Cassette begins
UNLOCK position, then press LOAD switch moving under soft-
on panel. ware control. When

load is complete,
the verb-package
initialization se-
quence begins.

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

Note:

' 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 Normal Indication If Abnormal
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 Printout indicates Take corrective action
by using the “EA” verb. satisfactory com- as indicated by print-
pletion of test. 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.
ﬁ
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Table 3-2. The 96KB Memory Controller and 256KB Add-On Memory Board Fault Isolation Procedure

Step Symptom Probable Cause Troubleshooting Normal If Abnormal
Procedure Indication
Memory Timing Problems
1 Excessive number of Improper timing of Use verb E4 to execute Replace resistor R11 or
data errors indicate GO120 pulse. subtest 4 of RAM10 e ] [T capacitor C96, first, to
board timing may be (or verb ET7 to execute correct timing. If timing
faulty. subtest 7 of RAMTST) so120 | ] not brought into
so that memory testing tolerance, replace the
is not interrupted for —+I I-— T = 12041008 74L.S132 network, J05.
header printing. Connect
oscilloscope channel 1
probe to pin 7 of BO7 and
connect channel 2 probe
to pin 10 of HO3. Trigger
the oscilloscope on
negative transition of
channel 1.
2 Same as step 1. Improper timing of Connect oscilloscope “571 — Replace resistor R12 or
GO170 pulse. channel 1 probe to pin capacitor C86, first, to
7 of BO7 and connect correct timing. If timing
channel 2 probe to pin o170 I not brought into
12 of HO3. Trigger the __l L_ 17041008 tolerance, replace the
oscilloscope on 74LS132 network, JO5.
negative transition of
channel 1.
3 Same as step 1. Time to clear CYCCMP Connect oscilloscope If T2 abnormal, replace

signal is excessive.

channel 1 probe to pin 8
of HO2 and connect
channel 2 probe to pin 6
of HO2. Trigger the
oscilloscope on positive
transition of channel 1.

susy | L
cvccmpr— ) .——’_ -
= =

Ti= 540 ¢ 2005
T2< 1508

HO02. If T1 abnormal,
delay line and
associated networks.
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Table 3-2. The 96KB Memory Controller and 256KB Add-On Memory Board Fault Isolation Procedure (Continued)

Step

Symptom Probable Cause

Troubleshooting
Procedure

¥ Abnormal

Improper timing of
column address strobe,
CAS.

Same as step 1.

Improper write access
time (T1) or improper
read access time (T2).

Same as step 1.

Improper data access
time (T1).

Same as step 1.

Coanect oscilloscope

channel 1 probe to pin
8 of HO2 and connect

channel 2 probe to pin
9 of J02. Trigger the

oscilloscope on positive

transition of channel 1.

Connect oscilloscope

channel 1 probe to pin
8 of HO2 and connect

channel 2 probe to pin
2 of BO7. Trigger the

oscilloscope on positive

transition of channel 1.

Connect oscilloscope

channel 1 probe to pin
8 of HO2 and connect

channel 2 probe to pin
14 of any TMS 4116

memory chip. Trigger the
oscilloscope on positive

transition of channel 1.

BUSY

Normal
Indication
BUSY l l
cAs l | |
T j—

e

Ti- 60 & 1015

T2= 235 ¢ 2515
ausy |

TLTM

L] ]
- |

T1- 185 £ 2505
T2e 320 + 2508

L

DATA L

]

Tie 225 nS, MAXIMUM

Adjust timing by
replacing delay line,
and/or associated net-
works.

Adjust timing by
replacing delay line
and/or associated net-
works.

Adjust timing by
replacing delay line
and/or associated net-
works.

soueUBIUIBN



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 Checkcut
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 siot 3 of the 990/10 hot mockup
chassis. Mount the cache memory controller
to be tested on a 990 extender board, and in-
stall 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 8000,
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

2250690-9701
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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 3.8.1 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 foliowing program wili
cause the cache to have a MiSS 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 FB10,.

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

3. At address FB10,6 enter 60, 50, 10 at the
programmer panel as follows:

Enter FB10, press MA
Enter 60, press MDE
Enter 50, press MDE

Enter 10, press MDE
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Table 3-3. Cache Memory Controller Checkout Procedures

Step

Procedure

Normal Indication If Abnormal

5.0V MAX
3.0V MIN

RAS—-

.4V MAX
-, 6V MIN

(AY142833

3-14

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:

Halt the CPU

Enter a 0100, on the front panel
Denress the PC hutton

Depress the MA button

Enter a 0340,s on the front panel
Depress the MDE button
Depress RUN

IDLE light should illuminate

I A

30 nS MAX

See below. See table 3-2, step 4.

7 f \ [—

—P 30 nS MAX

t (RFR)
< 15 TO 16usS

——

tw (RAS)
—— 325 i 25ns [4—
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Table 3-3. Cache Memory Controller Checkout Procedures (Continued)

Step Procedure Normal Indication If abnormal

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

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

5 Verify operation of the refresh ad- See below.
dress counter as foliows. 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-.
\ 3.0V MIN,
RAS—
. 4V MIN,
ons MIN. 4
35nS MIN.,
ADDRESS
V4
(A)142831
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Table 3-3. Cache Memory Controller Checkout Procedures (Continued)

3-16

Step Procedure Normal Indication If Abnormal
6 Verify proper timing of the delayed See paragraph See paragraph
timing signals GO110 and GO130. 3.2.7.3 and figure 3.2.7.3 and figure
Use figure 3-9 to determine test 3-9. 3-9.
points for oscilloscope.
7 Insert the cassette containing the
diagnostic test RAMTST! (part number
2250586) into the 733 ASR cassette
transport (see paragraph 3.4.1).
8 Set 733 POWER switch to ON posi- 733 POWER
tion. Set 733 ON LINE switch to ON indicator lights.
LINE position. Set 733 CONT START/ PLAYBACK
STOP switch to STOP position. CONTROL
indicator
extinguishes.
9 Press REWIND switch for applicable END indicator on
cassette transport and wait for END 733 lights.
indicator to light.
10 Press LOAD/FF and wait for READY READY indicator
indicator to light. lights when tape is
properly positioned.
Playback light
comes on.
11 Set key switch on programmer panel Cassette begins
to UNLOCK position, then press moving under
LOAD switch on panel. software control.
When load is com-
piete, the verb-
package initiali-
zation sequence
begins.
12 In response to test query for ending
address for memory board under test,
enter 17FFE for 64K byte memory
size.
Note:

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 Mode/ 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

Procedure

Normal Indication

If Abnormal

13 Initialize the diagnostic and start the

test by using the “EA” verb.

Printout indicates
satisfactory
completion of test.

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.

NOTE

This process initializes the cache
and causes it to segment (that is,
only cache locations above ad-

dress 8000e).

Pressing RESET

clears this function.

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

EXAMPLE 3
0100 C820
0102 8000
0104 0300
0106 0820
0108 9000
010A 0300
010C C820
010E A000
0110 0300
0112 10F6
8000 AAAA
8002 5555

2250690-9701

STRT MOV
@TST2,@TST1

MOV
@TST3,@TSTH

MOV
@TST4,@TST1

JMP STRT

9000 1111
9002 2222
A000 4444
A002 8888
PC=100
HALT

RESET

RUN

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- Enter FB10, press MA
ation. The following program will cause the
cache to perform HIT operations. Figure 3-3 Enter 0060, press MDE
shows the waveforms that should be ob-
served. Enter 0040, press MDE
1. Perform steps 1, 2, and 3 of paragraph
3.6.8.1. NOTE
2. At the programmer panel enter the pro- The above procedure initializes
gram shown in example program 5. cache, then turns it off.

3. Observe the waveforms of figure 3-3.

3.6.8.4 Troubleshooting Primary Memory. To 3. From the programmer panel, enter the
troubleshoot primary memory, enter the program shown in example program 6.
following program and observe the
waveforms of figure 3-4. 4. Verify that the CBUSY signal does not
come true.
1. Perform sieps 1 and 2 oOf paragraph
3.6.8.1. 5. Observe the waveforms of figure 3-4.

2. At address FB10,s enter 60 and 40 at the
programmer panel as follows:

EXAMPLE 4
100 C280 STRT 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 STRT
10E 0000
10F  AAAA
PC =100
RUN
EXAMPLE 5
100 C280 STRT MOV @TST1,@TST1
102 8000
104 8000
106 10FC JMP STRT
PC = 100
RUN
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EXAMPLE 6
100 C280 MOV @TST1,@TST1
102 8000
104 8000
106 10F9 JMP STRT
PC = 100
RUN

Maintenance

WRITE TO MEMORY

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 troubieshooting procedures are pro-
vided along with waveform representations
of the boards in various modes of operation.

[§] 100ns

A29-15 ‘

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.

200ns 300ns 400ns

r

—

[

TLGO—
TLTM— E6-3 \
RAS N6—-6
ADOK J12-3 ____m
GO110 Ni2-8 —_—_j——.l
T a2 A
GO130 J1—-3 J \
CTRM- H23=-11 \ j
DRIVA- N29-6
OR DRIVB- N29-8 ___——\___—_f
(AY142857

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 XMIT 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

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 0” and pressing the XMIT 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,
“d+ TO CONT OR J- TO END” is displayed
allowing the operator to power down or to
continue the test by using the joystick toggile
switch at the memory test control panel. If
the operator moves the joystick to “+7, a
march pattern with nominal supplies is exe-

e

I [

ons 100ns 200ns 300ns 400nsS 300ns 600NnsS
TLGO— A29-15 \
TLTM- E6—-3
RAS N6-6 __—J 1
CAS L1=5 ]

CADSEL N6-9 I

RENAB Ki=-9

BUSY P4-6 I

TERMEN K1=-5 4'

TERM L1-8

(AY142859

Figure 3-4. Memory Read, No Cache Operation
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cuted on the error correction code storage
RAMs. “d+ 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 for primary 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
paragraph 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, T8 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.

. 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).

. The next two rows of the BEM represent

the data channels at the expansion in-
terface, MB00O- through MB21- (odd
numbered pins 1 through 43 of connec-
tor P4). As failures occur, MB00- is
represented by B00, MB01- as BO1, etc.

. 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 TILINE data
channels TLDATOO- through TLDAT15-.
As failures occur, the asterisks are
replaced by B00O (TLDATO00-) through
B15 (TLDAT15-).

3.7.1.3 Primary 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
Memory Tester Interface, Cache Memory Controlier
Oscilloscope, Tektronix Model 475 (or equivalent)
Multimeter

10X Probes with Grounding Clips

Coaxial Cable with BNC to BNC Connectors

Program Tape CACHET (TESTTS, ARRYTA)

2264826-0001

2264815-0005

2250690-9701
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Existence Test. The existence test is run
automatically after the joystick is toggled to
“4" 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, TLDATO0O-
through TLDATO5-.

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

Table 3-5.

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 RAMSs, 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

Cache Board to Tester Connections

Board Under Test

to

Memory Tester Interface

P1

P2

P3

P4

Note:

' J3 and J4 are ribbon cabie connections.

J1
J2
J3

J4

Arrows on mating connec-

tors shouid be aligned with each other.

FXE RER XER O KAX XAX EEX XXX EEX

HHE  HXE XXX XXX KK XN HEX XXX

HRE  KER XXX XXX XXX FEX XXX XX¥

* % ¥ FEE KRR ANF KK AXE KW

Figure 3-5.
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** %

* % %

* %%

* %%

XX KKK KAEF XK XX KEF

XK FEH KUK KEE AXE XXN

¥R EXE XXX XXX XEN

KX XXX XXX XXX XX

EEE RXE XAX XXX FEX EX%

XEE XXX XX XXX KXW

XEE  KEXR HEX KX XXX XX¥

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

Expansion Interface Test. Data is supplied to
add-on module memories via the expansion
interface at MB00O- 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 foilows: TILINE = XXXX (where
XXXX is hexadecimal representation, MSB to
LSB, 16 binary bits); and EXPANSION I/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
OFFF = OAA FFF 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 TILINE expected data for the
failing cycle. A run continuous command is
provided for troubieshooting 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 TLMERR- level is
displayed. A run continuous command is pro-
vided for troubleshooting the failure.

2250690-9701

Maintenance

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 executed automatically,
provided the previous test passes. If any test
fails, the BEM, type of test, and power supply
values are displayed followed by “Jd+ TO
CONT; J- TO END”. Joystick “+” will exe-
cute the next test; joystick “-”" will resultin 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 é&xécutéd 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. |f 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 tests. 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 GALPAT Performance Test. A
GALPAT pattern is executed twice on the full
cache, once with low Vcc and once with high
Vcc (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 1s 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 0s Performance Test. This test is
the same as the static hold 1s performance
test except that the data pattern stored is
logic Os.

3.7.2 Troubleshooting Primary Memory

The final diagnostic test for the primary sec-
tion of the board under test, the debug
routine, provides a run continuous command
for 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 DATA WORD ADDRESS
READ  DATA WORD ADDRESS

WRITE DATA
READ DATA

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

2250690-9701

Maintenance

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 waveforms 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 cycie 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, GO110 and GO130,
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
GO110 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. In-
creasing 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 GO130.

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 TLTM- should have the
relationships shown in figure 3-11 for read
cycles, read cycles with errors, and write
cycles. After the memory tester has released
TLGO-, the cache memory controller should
release TLTM- within 60 nanoseconds as
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shown in the expanded waveform of figure
312

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.

3.7.3 Troubleshooting Cache Memory
Troubleshooting procedures and waveforms
provided in paragraph 3.7.2 were for the
memory controlier 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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e6-3

Tp

|
I
I |
i |
I i
I I
I I
.00 .0t .02 .0
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Figure 3-12. TLTM- 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 WDW/ 015 55 Write DW/ to primary memory 01 555.

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

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

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

5 RDW/ 015 55 Read Cache DW/ from index shown.
Fast access cache read.

6 RDW 015 AA Read cache DW from index shown.
Fast access cache read.

7 wDw 02A 55 Write primary DW to address shown.

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

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

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

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

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

13 WDwW/ 02A 55 Cache write-through.

14 WDW 02A AA Cache write-through.

2250690-9701
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Table 3-6. Algorithm Explanation for Cache Memory Debug Routine (Continued)

Cycle OoP Stored Index Explanation of cycle
Address Address

NOTES:
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 5555 (HEX)
WDW—WRITE DATAWORD AAAA
RDW/—READ INVERTED DATA WORD 5555

RDW —READ DATA WORD AAAA

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

4) STORED ADDRESS IS TLADR0O- (MSB) THRU TLADR10- (LSB)

3.7.3.1 Cache Read Cycle with Cache Read stored in cache memory along with the ad-
Miss. The waveforms in figure 3-14 are for a dress and the word pair associated with the
cache read cycle with the accessed address address. Waveforms shown in figure 3-14 are
not stored in the cache section (cache read for bank A, even, only.

miss). Data retrieved from primary memory is

3-34 2250690-9701
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Figure 3-14. Cache Read Cycle with Cache Miss, Waveforms
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3.7.3.2 Cache Read Cycle with Cache Read data RAMs, and the primary memory read
Hit. The waveforms in figure 3-15 are for a cycle is not initiated. This applies to cycles 5,
cache read cycle with the accessed address 6, 11, and 12 in the debug routine (see table
stored in the cache section (cache read hit). 3-6). Waveforms shown in figure 3-15 are for
Data is retrieved from the fast access cache bank A, even, only.
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Figure 3-15. Cache Read Cycle with Cache Hit, Waveforms
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3.7.3.3 Cache Write-Through cycle. Wave- section (cache write-through). Data is stored
forms in figure 3-16 are for a write cycle with in both cache and primary data RAMs.
the accessed address stored in the cache
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Figure 3-16. Cache Write-Through Cycle Waveforms
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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, usefu! 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 cuirently 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
number 2264815-0001). Press the
RSI/RDS and REM power switches, in
that order, (red switch lights should be
on).

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.

w

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 Ji0
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
Memory Tester Interface, 96KB Memory Controller

Oscilloscope, Tektronix Model 475 (or equivalent)

Multimeter
10X Probes with Grounding Clips
Coaxial Cable with BNC to BNC Connectors

Program Tape 48CONT (TESTTS, ARRYTA)

2264826-0001

2264815-0001

2250690-9701 Change 1
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3.8.1.1 Memory Test Execution. The memory
test is started by entering “*R 00" and press-
ing the XMIT key at the Adar memory tester
data terminal. The memory tester will res-
pond with “Jd+ TO START”. After toggling
the switch to the right (J +), the memory
tester responds with “Jd + 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 Vcc, 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

Board Under Test to Memory Tester Interface
P1 J1
P2 J2
P3 J3
P4 J4
Note:

'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 Ji0
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

3-40 Change 1
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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 L19 (third row). The asterisks
are replaced by the corresponding
reterence 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, MB00O- through MB21- (odd-
numbered pins 1 through 43 of connec-
tor P4). As failures occur, MBOO- is
represented by B00, 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
(TLDATOQ0-) through B15 (TLDAT15-).

¥EE FXFE EEE XEXFE XXX XAF HXE KE¥

XX¥E XX KHX ¥XX XHX KE¥X Xk XX¥

HkF XXX FEHE XEFE XX KK XE¥ XX

¥EE KEX KEE O EEX AXH KEE KXX XX

FXE XX XXX EXE XEE FEE XXX XX¥

Figure 3-17.

2250690-9701
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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 TLDATO5-.

Address Faults Test. |f a functional data
channel is found, the address faults piot 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
specificaily 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

FEE XHKE XK XXF XX¥ X¥X

HXE FEE XXX KXE XX¥ ¥X¥

XXE KEE XXX FEX XX KE¥

*EF  XEF XA XAEF XXX

FEX RER XX XHE XX¥

XXX XX ¥EX XF¥¥ X%¥

HEE EXE XXX XXX XXX HE®

XX XX REX XXE XX¥

XX XXX HEX XXX XXX KEX¥

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. Refresh 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,
GO120 and GO170, 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



Maintenance

—_— e e e e e e e e e e e e e e e — e —— o

_—_—f—_—_— — e _ —_ e, e —_—_— e, e e e e ———_ e e — —e——— e — ) e ———_—— —

—_——) e e ] — —_— e —— e - — —— e — s e e e e e — e — —_—— —

Z 2

~ - o
fa) [ I | o 0 - ™
x ~ ~ N~ - < - n
< ] m o T o 0 < - < o
[e) - a - - o T < - . - - -
m | 0 < - L o o™ - - N - n - 8]
Ww O o W o~ Z N N Z « - ! | < - < o > ©
v Q| @ | FrZ2 aw . Az ) ) - © - - O
Q J = e d o= L w2 o= QS < < Qo - - - L o<
w +~ o F oo o @0 WO o X (13 0 < 0 < ™~ € o

3-43

CYCLE COUNT BNC (ADAR OPERATOR’S PANEL)

« 5 USEC/DIV
2 VOLTS/DIV

TRIGGER INPUT EXTERNAL:
TRIGGER MODE NORMAL.
TRIGGER COUPLING AC

TIME IN USEC —p

VOLTS/DIV

TIME/DI1V

SCOPE SETTINGS
Figure 3-18. 96KB Memory Controller Debug Routine Waveforms

(A)142842
2250690-9701
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pected time delays. If GO120 delay is less
than the limits, R46 can be removed from the
circuit to increase the delay. Similarly, if
GO170 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 ! ! |
TLGO- | | | | [ | | | | ! !
B7-7 | | ! ' | | I [ I |
| | | [ | | | [ ! |
| ] i [ | ] 1 1 | |
f i i i ! I ! I |
CAOSEL ! i I ! ! ! i !
I | | i l i i | ' i 4
-5 | | | | | | I { |
| I | | |
I I | | | I | | | | |
i
RAS—,4 ! I | I l l | ! | | |
' ' ' l | [ | I | |
! I l | | | | '
| | | | | | |
i I | | I
CAS-,15 I | | | I | | I l '
' ' [ [ | | | | | | '
: | | | | | [ ] | | :
y RS R QP I R Y R S| |
*RIW.3 | I | | ! | | l [ | |
: | I I [ ! ! | I | |
I ! | | I ! i | | | |
DI, EVEN 3 - - "
2 (WRITE) i | | | i ] | | i i
D1,0DD
2 {WRITE) I ! | | I | | | I I ]
DO,EVEN ! ] ! 1 ] | 1 ] ] ] 1
14 (READ) 1 ] ! 1 i | i | | I
T
DO,0DD ! ' | ! : ' ! I | I |
14 (READ) ) | | | | |
| | | I | | ] I | |
I | I I I | I | [ | [
| I I I I [ I I I [ I
0 50 100 150 200 250 300 350 400 450 500
TIME IN NSEC ——
SCOPE SETTINGS
TIME/DIV; ,05 USEC/DIV
VOLTS/DIV: 2 VOLTS/DIV ,
TRIGGER INPUT EXTERNAL: CYCLE COUNT BNC (ADAR OPERATOR’S PANEL)
TRIGGER MODE NORMAL
TRIGGER COUPLING AC
*NOTE: — WRITE (SOLID)
(A)142849 -—- READ (BROKEN)

Figure 3-19. 96KB Memory Controller RAM Input/Output Timing Waveforms
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TEST POINT 1

T f

|
| |
1 1
| |
i i
[0} 4 6 8
TIME IN USEC ——¥

14.0 USEC <Tp > 15.5 USEC (AS A RESULT OF THIS SIGNAL
RFCYC. A01-23, SHOULD OCCUR EVERY 15 USEC)

SCOPE SETTINGS

TIME/DIV? 2 USEC/DIV

VOLTS/DIV: 2 VOLTS/DIV

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

TRIGGER COUPLING AC

(A)142846
Figure 3-20. 96KB Memory Controller Refresh Timing Waveform
| | | | | | I | ! | !
B7-7 ! 1
AN S Y S N L
| | t T 1 1
so120 et —kzonsl——f
H3-10 u | - 5 : T ' | I [
R N
[ I | |
] | 1
GO170 - T 1 |170NS| | | | : '
H3-12 | I | | |
I I i [ [ 1 T ] t | I
I | ! [ [ I | ! | | |
.00 .02 .04 .06 .08 .10 .12 .14 ,16 .18 .20
TIME IN USEC —P
110NS < TEGOIZO; > 130NS
160NS < T(GO170) > 18QNS
45NS < T(GO120—-GO170) > 55NS
SCOPE SETTINGS
TIME/DIV: . .02 USEC/DIV
VOLTS/DIV: 2 VOLTS/DIV
TRIGGER INPUT EXTERNAL: CYCLE COUNT BNC (ADAR OPERATOR'S PANEL)
TRIGGER MODE NORMAL
TRIGGER COUPLING AC
(AY142847

Figure 3-21. 96KB Memory Controller Delayed Timing Signals
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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 TLTM- 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 TLTM- 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 B7 for
the 96KB memory controller.

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-
ditionally, 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

RS | ! [ [ [ | I I I | l
| [ : [ { ! ! | [ i a
- - 1
P3-13,K1-11 + | T I » [ | I I |
| i [ L . { a 4
’ H i ! I | ! 1 1 )
' ! ! i | I i | ! I !
L | | H . !
ICAS— ' j ] T T T I I N | l
1 i 1 .
P3-15,K1-6 | I ! : ‘ :‘ | | | '
| i
' ' | [ ! ' | | | ' I
| | i ] : '
ICADSEL | | ] : | | i I 1 {
| ,4
P3-7,K1-8 L ' l | | ] | ; '
¥ L L} ) T | l '
| 1 1 | | | | | |
1 ! I I 1 i I I | ! |
.00 .01 .02 03 ,04 .05 .06 .07 .08 .09 10
TIME IN USEC ——p
45NS < TE[RAS—TO ICADSEL)_ > 75NS
45NS < T(ICADSEL TO ICAS=)> 60NS
SCOPE SETTINGS
TIME/DIV: ,01 USEC/DIV
VOLTS/DIV; 2 VOLTS/DIV
TRIGGER INPUT EXTERNAL: CYCLE COUNT BNC (ADAR OPERATOR’S PANEL)
TRIGGER MODE NORMAL
TRIGGER COUPLING AC
(A)142848

Figure 3-22. 96KB Memory Controller Expansion Memory Signals
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e

- — —_— - = -

T220

K2—4
T270
H3-5

T345

K2-9

T370
K4-3

TRAS
J3-13

J3-3

J3-9

TIME IN USEC —p

SCOPE SETTINGS

.05 USEC DIV

1 VOLTS/DIV
TRIGGER INPUT EXTERNAL: CYCLE COUNT BNC (ADAR OPERATOR'S PANEL)

TRIGGER MODE NORMAL

TRIGGER COUPLING AC

TIME, DIV
VOL. TS/DIV

(A)142845

250-Nanosecond Delay Devices Output Signals Waveforms

Figure 3-23.
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|
TLGO- \\
B7-7 I

TLTM- l
I
l
.00

B7-2

— — b — — ] —

O e - e — e}

.10 .20 [¢] (o] 1.0
TIME IN USEC —P
READ CYCLE 490NS < Tp > S40NS*
READ CYCLE WITH ERROR 390NS < Tp > 640NS#*
WRITE CYCLES 365NS < Tp > 400NS *

SCOPE SETTINGS

TIME/DIV: .10 USEC DIV

VOLTS/DIV: 2 VOLTS/DIV

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

TRIGGER COUPLING AC

#NOTE: MINIMUIM AND MAXIMUM VALUES RASE

[}

ON 170NS TLGO= TO GO170

(A)142852
Figure 3-24. Read/Write Cycle Timing
| | | | | | | | | | |
TLGO- | | | | I ; I | | 1
B7-7 | | ] | | I | | |
TLTM- | le } +—Tp ] L 7/ | | | |
B7-2 —t : ; } | | | | I |
| ! | | l | | I I I l
.00 .01 .02 .03 .04 .05 .06 .07 .08 .09 .10
TIME IN USEC ~—p
30NS < Tp > 60NS (50NS NOMINAL)
SCOPE SETTINGS
TIME/DIV; .01 USEC/DIV
VOLTS/DIV: 2 VOLTS/DIV
TRIGGER INPUT EXTERNAL: CYCLE COUNT BNC (ADAR OPERATOR'S PANEL)
TRIGGER MODE NORMAL
TRIGGER COUPLING AC
(A)142850

Figure 3-25. TLTM- Release Time
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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).

. 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.

.Load the program tape, 128EXP
(TESTTS, ARRYTA). Enter “*RF| 128EXP
CAS” and press the XMIT key at the
Adar memory tester data terminal. Then
load the calibration tape, CALRST.
Enter “*RFlI CALRST CAS” and press
the XMIT key. The CRT will display
“REQUEST COMPLETE” to indicate
that calibration is complete.

. Install 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.

Tester

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 0 0” 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 3-10. Test Equipment Required for 256KB Add-On Memory Array Checkout Using Memory

item

Texas Instruments Part Number

Adar Model DR12/25 Memory Test System Tester

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

Oscilloscope, Tektronix Model 475 (or equivalent)
Multimeter

10X Probes with Grounding Clips

Coaxial Cable with BNC to BNC Connectors

Program Tape 128EXP (TESTTS, ARRYTA)

2264826-0001

2264815-0002

2250690-9701
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“4” 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
Board Under Test to Memory Tester Interface
P1 J1
P2 J2
P3 3
P4 J4
Note:

1J3 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

3-50
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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.

. As faiiures occur in the first row of
memory, the asterisks in the first row of
the BEM are replaced by 100 (bit O, 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.

N

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

XX HXX KXE FXE O FEX XXE HEX XX®

EXE FRE XXX XXX K¥KX ¥ XXX XX¥

XXX KEF XXX KEE KEX XXX XXX XXE

400 401 402 403 404 405 406 407

XXX XXX XX REF XX¥ XEX KX XXX

HHE EEX XN XXX KEE EXHE XXX XX

KXE KE¥E KEN FHE XXX XEXE KEXE KE*

XXX KX XXX XHFE XEX XXX KN XFE

Maintenance

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
muitiplexed. The address faults display
shows chip row addresses RO through R6
and column addresses C0 through C6. These
chip addresses correspond to the edgeboard
addresses as follows:

RO TLADR11 P2-12
R1 TLADR10 P2-10
R2 TLADRO09 P2-19
R3 TLADROS P2-17
R4 TLADRO7 P2-49
R5 TLADRO6 P2-47
R6 TLADRO5 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

XXX FEE EXE XXX XXX XX XX¥
FEF EX¥ ¥XF XH¥ XA* XH¥
X% XXX XKk KHXX HEX XAF FER
¥RE K KX XX KX XXX
¥HE KX KEE XX KEXF XHFE XXX

*HE XXX XXX HX¥ XXX XN¥®

408 409 410 411 412 413 414 415

416 417 418 419 420 421

FEE KXX FEFX XXF FEX XX XE¥
XX¥ XEFE XXX XXX XXX XF¥¥
FEX XXF XXHE XXX KX XXX XX¥
FRE XXX KX XX FEE XX¥
XXE HEX XXX XXX KEX XXX KX¥
EEXE FEE XXX XXX XRFX XE¥
FRE KXX EEX XXX XXX KEFE XX®

XXX XK XXX XXX XXE XX®

Figure 3-26. Board Error Map Representation for 256KB Add-On Memory Array Tests

2250690-9701
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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
Vcce, 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- its complement. These six memory
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.
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CYCLE COUNT BNC (ADAR OPERATOR'S PANEL)

.5 USEC/DIV
2 VOLTS/DIV

TRIGGER INPUT EXTERNAL
TRIGGER MODE NORMAL
TRIGGER COUPLING AC

°
.

TIME IN USEC
TIME/DIV
VOLTS/DIV

SCOPE SETTINGS
Figure 3-27. 256KB Add-On Memory Array Debug Routine Waveforms

(A)142832
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Figure 3-28. 256KB Add-On Array RAM Input/Output Timing Waveforms
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TIME/DIV?: . 5 USEC/DIV
VOLTS/DIV. 2 VOLTS/DIV

18 T CUTE) (RN USSR NN N U — P —

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
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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.

3.9.2.4
for Standby Power.

Troubieshooting 256KB Add-On Array
A Run Continuous com-

Maintenance

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.

IBSEL—

I
1
u4-13 |
|

| |
I |
I\ |/ ]
|
0 .5 1 1.5
TIME IN USEC —¥®

SCOPE SETTINGS

TIME/DIV?
VOLTS/DIV .

N — — = —

.05 USEC/DIV
2 VOLTS/DIV

W e e ——]e—
B o e o —
G o= o =

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

TRIGGER COUPLING AC
(A)142835

Figure 3-30.

+5 MAIN
P2-4,P1-4

Board Select Waveform

.

REFRESH
P3-5

+t SSWEN-—

P3-1

POWERON~
P3-11

r5SwW
COLLECTOR Qt

R

{

3

| U IUUPN [ PRI NI P,

I

TIME ——»
WAVEFORMS NOT TO SCALE

SECTION 1 == +5 MAIN POWER LOSS

SECTION 2 == DURATION OF POWER LOSS

— iF__ e e e e e —

REFRESH 1S PERFORMED CONTINUOUSLY FOR THE DURATION
OF POWER LOSS. THE FALLING EDGE OF +SSWEN— SWITCHES
THE +5SW SUPPLY ON, A REFRESH PULSE (CYCLL) IS
GENERATED, AND FINALLY THE RISING EDGE OF +3SWEN—
SWITCHES THE +5SW SUPPLY OFF.

SECTION 3 -- +5 MAIN POWER RESTORED

(A)142834
Figure 3-31.

2250690-9701

Waveforms for Power Loss and Restored Main Power

3-55/3-56






4

Drawings

This section contains the following

assembly drawings and logic diagrams for

TILINE memory.

Item Part Number Page

96KB Memory Controller Assembly Drawing 2261980 4-3
96KB Memory Controlier Logic Diagram 2261982 4-53
256KB Add-On Memory Array Assembly Drawing 948955 4-73
256KB Add-On Memory Array Logic Diagram 948957 4-87
Cache Memory Controller Assembly Drawing 2261990 4-98
Cache Memory Controller Logic Diagram 2261992 4-107
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Change 1

NOTES: UNLESS OTHERWISE SPECIFIED:

L ITEM 36 IS INSTALLED AT TEST
2 Rl R(Z RAESAND B 46 MAY BE SHLELLIED OR
DELETED AT TEST
BYNSTALL 1o PIN SOCKET (ITEM 325) FIN | AT PIN /
OF FWB, INSTALL £ PIN SCCRET (ITEM T9) FIN 1 AT
PIN S CF FWB. UK2 AND UK3 OMLY
WNCTES CoNT ZD8 SKH2

MAIK PER PROLESS ¢
TAR.E FOR RELUIRED SYMBOLIZATION
(SHEET | ZONE Bl) (-0004 SH04N)
[Siae] =

VIEW B
(FOR -CCOS THRY
~Q00® PWBS ONLY)
’ E'-?S__,-:?""ﬁu ]

[/ 1 ;Qk} Ocm:

LﬂrG ST

MARK APFROPRIATE PASH NO

7 AND REV LEVEL PER PROCESS 3

oK AP £ MARK PER PROCESS +
MARK SERIAL NUMBER ON FARSIDE
—{ [7 W3w]

OF BOARD PER PROCESS 3

VIEW A
(F3R 0005 THRU
-0208 PWES ONLY)

SEE VIEW B

a9 PL

REVISIONS

REV DESCRIPTION DATE APPROVED
INGGZ2 79 1 B b Fnr.
1l ACOED NITES S€6,AND 22002 |5t

A |ewnrer TAELE 2ioh My iTEM | F z s

53 WAS -0377,/TEM 59 175 -0397,
ITEM 62 WAS -00/3,AND DELETED
ITEM 77/% . P0t EL REV LEVEL ELK

CN437756 (B) & oDer (N SHZ,
NOTE @ WAS "PwWE REV A (2) 25 P
VEFCATED KREV LEVEL BLK |/- 147 JK"

for)

CNA37767 (B) £ it (1)SH 2,
C |ADDED NOTE 0D 4E (2)UPDATED 2
REV LEVEL BLOCK nea-18 | 2/

R CN437771(B)£ Zkera (1)5H 2 :ADDED -
TO NOTE 6D ¢E (2) UPDATED REV 7B | J 0T
LEVEL BLOCK H-1# HK

INART772(E)R 2 (1)8n | ZND7
NOTE WAS MARK... 4" (2)5HI ZM B
ASDED AYMBOL COLUMM TO -& : o
E [TARLEGOM ALL L MS PN TEMLS! L 0s 7l

W26 ST25452, TT.e4 WAS 572553 -2,I, | 344~

(5 WS 5395442, T 70 Witd EXEE44 b , 1739 WAS 53954411 AL
SSED [T36 TS ALL LMS (4) LPDATED XEV WL BLk

J 2-56x 4 (REVIHIOND CONT SH 2 )

FOR 2261980-0003
SR 2061980007
ST FOR 228i%70-0 50

= y 22
—*MNall . i o 1 [oo ¢ [ 1 [ ] Ua
e | a1 [: D [UUUE ﬁ] [u—: jﬂ E 0] S0 3 0 : |
(%"QQ—}O:OOS?‘JF{R)U E g2 £53 ¢, cse 47 txg [ A1 :\E £ _=_ €35 G106 2 ‘]; Ces  tio { £2) |
- \ \g * ¥ y 22 PL -0002
.uN[ U [uuD Bﬂ ) [D[ w{] 1]} [uu[ ﬁf uu[ [’J[ m ]:ﬂ- &8 %
: 6b -
SEE VIEW C —~——_| ) e WL g WL e bW Hp WY U Lo, : It H gy
& uur' mun [ .n o *'— wO .0
Aidin: el el Dot Dl sl 0] L
T 2 ~73. ___E”"‘_;Ejg‘" 15T 15 OO 1 g 2 DS 2 BF 2 B
1 T== Ten D[RO E] T o [E— I p T3 X
— uz—r—:‘f" [ ] _ 3 3 [ 1
(FOR -000 & THRY l g ] 8 ¢ e —! §“ [ ; sl " I
-000& QNLY) . !
I o 8l Br——

D PARTS LIST FOR 22 61330-0005)

226/280-0004,8|J3 € Ji0 KB KB
Z261980-000%7| J9 CIKE A KB
2261980~ 9002,6( 410 32 KB R KB
2261280-0001,5]  — OKE —

PRRT NUMEER | JUMPER | MEMORY SI2€ |SY\MBCLRZATICN

3 = E 2 O - ‘_‘“ au .
F g3 | na—1 Sp—3 O ] g1 gppE—38 =0 F 2261 280-0008] MEMORY CONTRNLLER ,96KB W/ECD
0 R [ M— | mﬂ[m [IU ul] uﬂ[l gl 20 Sys I—1 30 | e1350-0u0d] HChoRY g_*owr;rrun."if& égK% g«%cccég?a%//ﬂas% Yo
Tt I 1 8, E 1 )L ] gl ] b ] —a ] a A+ £ rz€1580- ~000S; MEMCRY CON\TRn LERW =f~w~3/s%oc|§90/;’i“ iy
133 ON-0005 THRU 0 2 sl PO, 04, 0 g ' |2 ZC1980 5004 | AUT0-INSFFTEL PRRIS LTSI FOR 224 \°40 ~000%
s -0002 0004, CH S i3
-0008 ONLY » b — i1 b OOOOD ) ) ] [ ] " 0 -000e, 0008 onLY : 2261930~ 5005 AJTO .4<FP 'ED PRRIS ST FOR 161980—0003
08 - [ Qg s ~90 ' |Z261980-5002 | AYT0- INSTRIED PARIS LIST FOR /4:,\390 -0002
¢t E ] = [3 [G112261982-5701 (AUTA-INSERTEQ PAKTS LIST FOR 2261930- 000}
2201380-GiC 4 {MEMORY CONTROLLER ,S6KB- W/ECC, 990716 KR
2201980- 603 MEMIRY CONTROLLER,6L4AKB W/ECC, 990716 KR
|U 2261980-0002 {MEMORY (ONTROLLER,32KB W/ECC, 990716 KR
AN+ o O 0 2261580-0001 | MEMORY CONTROLLER , W/ECC , 990716 KR
s / PART NO DESCRIPTION
o= 3 J ﬂ
A i . \_ b, @
@ L- 075 MAX
(89 xuai -000%-0004./ é)«tn 3,2-56x 5 (%)
-0007,-0008 ¢-|- 50 MAX
% .
RSO ON -0005
THRU -0008 ONLY REV snrusl REV lAep_ag’
5. OF SHEETS | SHEEY [t 2
FE Q—W{ 'TEMl PART OR IDENTIFYING NUMBER NOMENCLATURE OR DESCRIFTION I BROCUREMENT INOTES
s = PARTS LIST
PWB 2262031-022\ (FL) BRI IEIE ZETETETE] = oTHERW T E
@ ralsv Pkocc'e?el/ga;s\—eso; A 2 B g REBABRER S o DMENSIONS ARE 1 B ”\\g—hm 5.4 7=2 - TEXAS INSTRUMENTS
S oac aze222-=200 HERAHEEHEEREE o TomERAncEs: g?&?ﬂ%ﬁ;‘gmxzﬂ geim  S.y7-7 e, Texm
. ’ > PWR 2261287 ~005( Slpjciclelpleglo oo 1siD . v ™ 3 e S .
‘; m::":( I‘gg_g; 12\% 3{} BI'EK &:‘ﬁ’(&‘ EAsSy 2261550 NP [RIT[U IV o LV iF Lot Aol P SIS SO U e, T -,; MEMORY CONTROLLER,
. Y . NSIONAL LIMI * BEF s
H Sng oren 5 E’ TEST PROC 2261963-5501 |4 [*# ¥ % ¥ x » | #|%[AAA]A b PR o T G 7= WECC, 990//6’KR
1 |sL 127-01 00 — e =1 - ; HOLE ToLERARCE -
SEQ|IDENT F.SPEC NO ADDITIONAL. l:'l I:A:l[ 2(?1952.9).0/ Ll LJ& B ’:ﬁ;> DIDICICDID 7047 “f'z':“I..;'S: ﬁ:j&'&f Y'E“:.ggf i3 G =
PROCESS CLASSIFICATION i e PUB 2261551-0001 SEICIC CiLiLiCiCit DDID [ Rext assv USED ON s01 751 D 96214 2261980
PROCESSES — FOR CORRELATION TO GOVI/IND SPECIFICATIONS. SEE 71 DRAWING 725467 | ASSY 2241950 %417 1C D ETIGIH v LM APPLICATION TS TS Tt [ P bl Jseer soOF 2
2250690-9701
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Change 1

Drawings

NOTES (con'T)

4 REWORK FOR FAB 226i38! EEyp’ ( aPPUES T

(A) CRill 2 HOLES AS SHOWN TG 055 (DRILL #54,

TC CLEAR SHOPT BETWELN +5v AN

DRI L=~

ﬂ

243

—Qr2

(B) FILL DRILLED HOLES WITH THZRMOPLASTIC ADHESIVE

) MOUNT COMPONENTS QI2 AND R44 AS SHOWN . SOLDER LEADS TO PAD OF

MODIFIED HOLES.

Q2

v

{D) SOLDER 24 AWG SOLID CONDUCTOR JUMPER WIRE ON COMFPONENT
SIDE AS SHOWN,

(E) SECURE Q/2, R44,AND JUMPER WIRE WITH THERMOPLASTIC ADMESIVE

5. HEWM’K PROCEDURE FOR PWB REV A (APPLIES TO PWB 2261981 CNLY )

JEMOVE MARKING 49 AND U10' ON PIWB

Y9 NEAR TEST

8. MAEK PER FROCESS POINTS EIl AND EIZ
MARK PER PROICESS POINTS £ AND E10

YI0°NEAR TEST

6. REWORK PROCEDVRE FOR PNB REV A THRL REV D (APPLIES TO PWB 226/98( ONLY')

A DRILL 007 FEED THROUGH HOLES
B. ON COMPONENT SIDE ADD 29 AWG S0LID
CONDYCTOR W/IRE AS SHOWN BELOW

ADD WIRE BETWEEN AJ3 FINIZ TO A#3 PIN /3

AJ3 PINT TO (! PIN 2
Al PIN/OTO FPZ PIN 12

F@2 FIN /3 70 FEED THROVGH
NEAR £

ORILL 00 T~\
1

ORILL 0uT

FRB ZZE1981 ONLY)

S MEM (COLLECTOR OF QI2 AND TOP HOLE OF K44)

REVISIONS

REVISIONS

zone]cTw] DESTRWTION DATE u—-cwmlzco«slun OESCRIFTION DATE | APPROVED
C. ON COMEONENT SIDE 24 A#G SO0LID ! ((NATZ8 33\5)9«.&—&() WAS e £ AN I MR
CONLICTOR WIRE AS SHOWN BELOW LE i‘B AND VIEW B WAS A \Z)L’FDATF“ - 23'30‘ iog - TEM 26 WAS &
AOL WikE FROIA UPOZ PINI3 TO BEV LEVEL BLCCK ok M a7 P ZIadcR T2E8
FEED THROVGH NEAR P 4
Uto3 £ ot balols
ADD WIRE DKL ) ' o
Roi \ _Roz 21 N = O | G000 3f 00049 LIS,
. ACDEL TTEEm a3 m M55 WA
- 385, -452 4t 5
©0/ FET UEVEL Bl s Ao NS s2a9 | FaFD
R IN448A%ZE (2) 2 e (1) ON S
4| ADDED NATE g (TUPDATED “Ey 5
S LEVEL BLGCK 3-24-79 | Syl
u N CNLA24T761C) phe o L) NCTE € 5. = f
- J["rd-c  was k4 -8@)USOATE REV 5:25752 |juo
- i LEVEL @&Locr s 2
I { CN436829(C) 3. ®ow (1) SH 1 2N D5
N UNDER "MARK APPROPRIATE ...
A PROCESS 3’ ADDED MARK SENAL
- NO ... PROCESS 3'(2 3 o
B K |-34-4 ITEM §3 wAS B/R L5038 1201 |E i
~ £ 'ADDED JTEMS 99¢100{3) ZND-8 . "“’b
8 S NOTE 2 READ'R4S € R4G VALUES
| ARE SELETED AT TEST(@)UPDATEQ

D. CUT PINS J7-12 H4-9,JI-1,AND Ji-3 j
E. ON COMPONENT SIDE ADD THE FOLLOWING WIRES:

A

8.

&l

0.

FROM TO

J5-4 J7-12 (DEVICE)
HT-8 Qo6-5

K4-6 G6-10

G6-8 H4 -9 (DEVICE)
H2-8 JI-3 (DEVICE)
H2-10 Ji-1 (DEVICE)

REWORK PROCEDURE. FOR PWB REV A THRU D (APPLIES TO PWB 2261981 ONLY)
AREPLACE DEVICE IN LICATIONS UE]D AND UE2
WITH ITEM97(745258)

REWORK PROCEDURE FOR PWB REV A THRU D (APPLIES TO PWB 224/981 ONLY}

A. CUT PiN FO2-14

B. ADD JUMPER FROM F02-14 70 GO2-14
1TEM 98 IN -0001,-0002, -00GC 3, -0004,- 005, -D006,-0007, AND-0008 LM 5 CONSISTS
OF TOMPONENTS WHICH ARE AUTO-INSERTED AND

CONTAINED IN THE -5004-5002,- 5003~ 5004,~ 500 5,~5006,~5007,AND-5008 LM (APPLIES TO PWB 2261981 ONLYY

REWDRK NDTE FDR PWB REVA THRU D ¢ (N’PUESTD PNE 22G1S@! ONLY)
A.CUT PIN GD4-13
B.ADD JUMPER FROM GO3-8 70 &Go4-13 (DEVICE)

REV LEVEL BLOCK

L& 1TEM 100 WAS 537370-430(2)

CNa35041 (T Rowr (1) ON ~1,-2;3,¢
ON ITEM 99 P/N WAS 539370-4i¢

UPDATED REV LEVEL BLOCK

7-27-73|¢

LNAS5544 (L .'.f-n/ (11 ADDED RIIAND
RIZ TONOTE 2 (22
LEVEL BLOCK.

UPDATED REV  |9.27.99| S

N E /O URCATED ROV LEVE

BLOLK

CN449782 (571/.Zzg411)ADDED .

CN472706 (C?f%—""‘ (MONSHZ

A € B (2NOTE 748 WAS"... REV A—-C”
(31 UPDATE REN LEVEL BLOCK

NOTE. & FIRST LINE WAS ... PWR REV| = 5.0

b

CN445221 toaj%-—umooeo
ITEM 101 TC - Iy 273 e -4 LMS
(QIUPDATED REV LEVEL BLOCK

5-8/%

T

CN4TZTH (B (1 ON SH2
IN REV TABLE. ECN $497182 CLASS
OF CHANGE WAS (C) [2)UPDATED REV
LEVEL BLOGK.

5-2+8>

<

CN453424 (0] 85— (IREVISED
PER EXTENSIVE ENGINEERING CHANGES

\5~2r-85

<

CN 473713 D) /™ (1 )DELETED NOTE

| (Z)UPDATED REV LEVEL BLOCK |2 2732

CN 46122 Lmz’w—moa_mo TEM
aanmu 54,56 55, a5, Q y

90’ FROM THE ~I - o h Zi
AND ADDED %qm% ETEM/S 70 - 500!
2,3 AND 4 LM (2

a LMb QTY OF ITEM 59 WA< 9y
QATYOF ITEM 63 WAS A

ADDED ITEMS {s? 594 ruRusen
géﬁ AND 63A (4JUPDATE REV LEV

ON-00C2,3 AND| 8-2480

Y

(NA59005 (D& k) REVISED

PER EXTENSIVE ENGR CHANGES|821-87
(4] UPDATED REV_LEV BLOCK

z)&.‘a

A

7

CN 453322 (DWF ik (!)DELETEE
ITEM 38 FROM -\ THRU -8 LM
(z\movso iTEM 37 FRDM-0002,
THRU ~0008 TO =-5007 THRU=S
(3) UPDATED REY LEY BLOGK

g-27-80

f,.w,;a

A

=]

(N ASAZ52 (DX kAN ITEM 37‘5
(z) UPDATED REV LEV BLOCK

PN WAS 0972742~1 ON ALL LM'S |8-27-50)

B 4/7'

0O

A

CNAb5204 (DT Zide1\\ ADDED
(2) UPDATED REV _LEV BLOCK

ITEM 38 T0-0001 THRU -0008 IM |B-22-85)

L

Al

<2

N 4740755(01"/0;“’(1)"5[.6‘1’&‘0
467, 8 LMS (‘Z\ADDE" ITEM‘

P T urateD i i i

FROM-0Co 253 B-2780

s@fﬁ

(REVISONS CONT IN ZONE D3)

me‘» 6/2/78 95214 226/980

ST AT

JaE

scaLe Tsweer 2
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(“—é}\ TEXAS INSTRUMENTS LIST oF MATERIAL f ol | an
oATe 08701780 PAGE 1 of ||_Mzzquo-ooo| 1{ 22 JI
N o o e PART NUMBER DESCRIPTION VENDOR PART NUMBER )
0002 REF €A 22619829901 LOGIC,MENORY CONTROLLER(W/ECC,990/12 |
0003 REF EA 2261983~9901 | TEST PROCEDURE,MEMORY CONTROLLER,990/12
0004 REF EA 2261984-9901 (SPECIFICATION,MER CONT W/ECC, | 6KR
0028 20082.000 €A 09960890002 |IC,SNTALS241N,LINE ORETVERS 01295S~NTALS 241N
00234 UA2 UAS
0027 00001, 000 €A 09960290001 | IC,SNTALS273IN OCTAL D-YYPE FLIP/FLOP Tt ~SNTALS2T3N
00274 yo3
0030 00001.000 EA 2261985-0001 |FPLALADDRESS DECODE,16KR NEMORY CONT
0030A UAl
0032 00003.000 [ 1} 0996307-0001 | IC,SNT4S3T73,0CTAL D, FLIPFLOP T -SNT4$373
00324 ur3 UPs uPs
0033 00001.000 EA 0996420-0001 (1Cs SNTALSITIN 001293-SNT4LS3TIN
00334 ucl
0039 0000, 000 €A 0972583-0001 | NETWORK,SNT9363 TI- -SNT75365
003%A ULL UNL UNL ULZ UM2 uN2
0036 00002.000 EA 0996462~0001 |DELAY LINE, TAPPED 097722-FP-T111
00384 K2 uxs
oo03s 00082,000 EA 2210188-0012 | SOCKET,0IPo16~PINS,L 0¥ PROFILE SEE T ~1 DRAWING
0o03ss XUK02 XUXO03
‘_;Njﬂmu:l oom.oo:ﬁ cw.fu‘nm»g ”72”::%&?!!.‘55 Z:ﬂ me 2% 16PIN BELEMENT 073138-898-3-022
"L‘W - = %ﬁ_' - ;m i . mn‘t:nv CDTT!G.LE!'UIE({C.*’QO:I;;;U:&O ;;'
C 7047 | [LMezer3eiSon | g5

! oy TEXAS oIESTORRUMENTS ST L
4 INC P ATED
1 DATE 98701780 ST oF MATERIA

FART NUMBER

PAGE 2 of LMe241980-0001 |
(= o S PART NUMBER DESCRIPTION VENDOR PART NUMBER
00424 UL3 UN3 UN3
0058 00002, 000 €A 0S72793-0012 (CAP,FIRED 220°F 23 WVOC 2.0% uc ~CS002216
005%4A C36 C%
00s7T 00001. 000 EA 08T2757-0016 CAP,FIXED CER | 000PF SO0WRODC +10% 0O0T11%-CACO2XTR391k10
005T7A cii0
0059 00004.000 €A 09727630021 CAP.oFIXEDLANIAL LEAD,, 08T UF,#80%,-20%
005%A cs8 Cill Ci12 C113
0063 00001.000 €A 0972924~0006 CAP FIX TANT SOLID 3% WFD 10 S 10 VOLY QP ~N39003/1-22%9
00634 clie
0064 00006.000 £A 0000523-0001 [ TRANSISTOR AST2907 PNP STLICON 1= ~AST290T7
U ooesn @3 Q4 05 06 Q7 08
0065 00001.000 EA 0972937-0001 |TRANSISTOR, 2N930A NPN LOW CUR AMP,TO~18 | MOT -~ 2N930A
00654 Q2
0066 00001.000 EA 0972949-0001 | TRANSISTOR 2N2605 LOW-LEVEL,LOW-NOISE T -2N260% |
00664 ato i
0067 00002.000 €A 0972955-0001 | XSTR 2N2349ANPN,MIGH SPEED SW.TD-18 nor - 2M234694A
006TA Q1 ottt l
0048 {‘ 00002.000 EA 0972057-0001 | TRANSISTOR-AST2222 NPN SILICON {‘ "n- ~-AST2222 %
ooses | o oz 1
0070 l 00002.000 €4 0972537-0001 |[DIODELLED $350-0103 SO MA 3 V oIA —$50-0103 :
TR oR7E X5 DA SarE | GEGN ENGINEER Sare 1
RENORY CONTROLLER, R/ ECC, 990/ 16KR
APPD MFG DATE | APPD. PROECT ENGINEER DATE | RELEASED DATE | PROJECT NO PART NUMBER L REV
‘ iupnnno—ml :f i
2250690-9701 Change 1
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Drawings

oxe 08701780 LIST oF MATERIAL

(_—"-WT
PAGE 3 of il.Mzzolno-oool m

(_'v%?u o S| o PART NUMBER DESCRIPTION VENDOR PART NUMBéR AE \‘
0070A CRL CR2 j
0071 00011.000 | €A 0226609-0001 |[DIODE,VISISLE LIGHT EMIVTING ‘
ooria CR3 THRU CR13 :
0072 00002.000 | €A 0972547-0008 |SWITCH, SLIDE-SPST,DIP 8 SWIVCHES |
00724 ucY use ‘
0073 00002.000 | EA 0972137-0005 |CONNECTOR,PC 30 PIN BEL - 65483-005 |
00734 r3 re ‘
oote 00001.000 | €A 0945239-0001 |BRACKET-STIFFENER, PW8, 141N ‘
oors 00001.000 | EA 09449540001 |TNSULATOR, PWB, L&IN ;
0076 00006.000 | EA 09726040002 |SCREW, THD FRMGHEX MSMR HO,2-56X17% LG

I cors 00002.000 | €A 0533844-0001 |EJECTOR, NYLON, NON-LOCKING, PWB f
oors 00002.. 000 2210188-0010 |OTP SOCKET,8-PIN,LIW PROF ILE SEE TI- DRAWING |
0080 00001.000 | EA 0996 089-0004 | 1C,SNTALS 244N LINE DRIVER ~SNTALS 244N
00804 UA3
0083 00001.000 | EA 0996089-0001 | 1C,SNTALS260N,LINE ORIVERS 001295~SNTALS 2408
00834 w3
ooss 00001.000 | EA 09456930067 |RON #1,16K ECC DECODE,990/10
00844 uny
0087 00004.000 | EA 0996864-0001 | CONNECTOR ,SOCKET PCB 022526-75060~007
008TA €9 THRU E12

SRR L3 pro ST T G0N e S|

NEMORY CONTROLLER, WECC, 990/ 16KR

RPPD -MFG. DATE | APPD PROJECT ENGINEER DATE | RELEASED. DATE | PROKECT NO [ |LM?2°|’:"’6‘::;°°] ! ':'g

{@ Texas INSTRUMENTS LIST or MATERIAL v
oaE 08761780 PAGE 4 of LM2241980-0001 5

E‘ ‘:‘;’Eﬂ: :‘:’3: m PART NUMBER DESCRIPTION VENDOR PART NUMBER
0089 00001.000 | €A 2210100-0017 |SOCKET, D19, 26-PIN,LOM PROFILE SEE T -1 ORAWING
0089 xval
ooel 00001.000 | Ea 0411226-0002 | TERMINAL ,STUD
0e9tA ™
0092 00001.000 | €A 0946707-0001 |STIFFENER,PWB, 11 TNCH
0093 00001.000 | EA 0946 700-0001 |INSULATOR(STIFFENER,PUBSL1 INCH
009 00001.000 | €A 05394680002 |DIODE, ING002 1AMP  100PTV RECTIFIER T - INe0O2
0095A cr1s
00% 00001.000 | EA 2210188-0014 |SOCKET,DEP,20-PIN,LOVW PROFILE SEE T -1 ORAMING
00%6A xumr

| oo%e 00001.000 | EA 2261980-5001 |AUTO-INSERTED PARTS L1ST FOR 2261980-1
0099 00001.000 | EA 0539370-0310 |RES FIX FILM 20.0K OHN IX .29 WATY COR  ~NASSD-100PPR/(
00994 res
o100 00001.000 | EA 05393700525 |RES FIX FILN 28.7K OMM LT .25 NATY COR - NASS
0L00A ras

! o101 00002.800 | FT 2210083-0003 |MIRE,ELEC,COND U/L STYLE 1213,24 AWG 090484~uTE244

SRR e Lo S S T B TG ST

| MEMORY CONTROLLER,M/ECC,990/16XR
APPD MEG DATE | APPD. PROJECT ENGINEER DATE | FELEASED DATE | PROJECT NO 1 E PART NUMBER TR
| [LM22619ee-0001 | s

4-6 Change 1 2250690-9701



¥ TExas INSTRUMENTS
\’\;/ INCORPORATED ot 08781780 LIST or MATERIAL PAGE 1 of LM!!GI::DNigEOIOZ i ;;_
A S S PART NUMBER DESCRIPTION VENDOR PART NUMBERAE
0002 REE T Ea 2261983-9901 |LOGIC, NENORY CONTROULER oW/ £CC, 990712
| 0003 REF €A 2261903-9901 |TEST PROCFDURE,NENORY CONTROLLER ,990/12
. 0004 REF Y 2261984-9901 isnctnculu.nu CONT W/ECC,16KR ,
i 002s 00002.000 | EA 0996.089-0007 | 1C,SNTALS 241N, L INE DRIVERS © 012955-NTALS241N
| 00254 ‘ UAZ UAS
0027 00001.000 | EA | 0996029-0001 |1C, SNTALS273N OCVAL D~TYPE FLIP/FLOP TI -SNTALS27IN
00274 ‘ uos
0030 00001.000 | EA 2261905-0001 |FPLA, ADDRESS DECODE,16KR NENORY CONT
00304 ual ‘
0832 | 00003.000 | €A 0996307-0001 | 1C,SNTAS373,0CTAL 0, FLIPFLOP YT -SNT45373
I oo32a ! uP3 UPe UPS
0033 00002.600 | EA 0996420-6001 | 1C, SNTMS3TMN 001295-SNTeLS3TIN
00334 uct
003s 00002.000 | EA 0996452-0081 |DELAY LINE,TAPPED 097722-£P-7111
00364 K2 k3
oe3s 00062,000 | E4 2210188-0012 | SOCKET ,DEP, 16-PINS,LOW PROFILE SEE T -1 DRAWING
oo3sa K02 AWKO3
0038 00002.000 | EA 0972753-0012 |CAP,FIXED 220PF 25 wWyDC 2.0% v -cson2216
003sA Co6 Co%
0057 00001.600 | EA 0972737-0016 |CAP,FIXED CER LSOOPF SOWRDC +i0% l 007115~CACO2XTRINK L]
DRAFTSMAN DATE [ CKD DRAFTSMAN DATE { DESIGN ENGINEER DATE | TITLE
MENORY CONTROLLER,32K8 W/ECC,16KR
APPD -MEG. DATE | APPD PROJECT ENGINEER DATE | RELEASED DATE | PROJECT NO { | PART NUMBER } REV
| |LM22¢1380-0002 | %0
7 TEXAS INSIRUMENTS LIST oF MATERIAL e
4 oATE 08701780 PAGE 2 of LLMzzuno-oooz i
(o R B T earrrume | DESCRIPTION VENDOR PART NUMBER |
FTo‘su ! ‘c1o
: 9039 00004000 | EA 0972763-0021 i‘cn..nno.nxm. LEAD,.047 UF,¢80%,-20%
00%%A i i€ss C111 Ci12 Cu13
0063 00001.000 | EA 0972924- 0008 fcu FIX TANT SOLID 38 MFD 10 % 10 YOLT QPL  -M39003/1-2259
00634 icuc
006e 00006.000 | €A 0800323~0081 |TRANSISTOR AST290T PN SILICON Ti-  -AST2907
00644 Q3 Q¢ Q5 Q6 Q7 Q8
| 0065 00001.000 | EA 0972957-0001 |TRANSTSTOR, 249304 NPN LOW CUR ANP,TO-18 | MOT - 2N930A
| 00esA ’ }nz
| 0066 00001.000 | €A 0972949-0001 | TRANSISTOR 2M2605 LOW~LEVEL,LOW-NGISE | FI  -2N260% :
00664 o10
0067 00002.000 | EA 09729550001 | XSTR 2N23694.NPN HIGH SPEED 3N, TO-18 | MOT - 2M23494 :
| ooeTa o1 @il } f
 ooee | oeoa2.000 | Ea 0972057-0001  TRANSTSTOR-AST2222 NPM SILICON - -ASY2222 15
| oossa | Qv a12 j
0070 00002.000 | EA | 1 0972337-0001 OIBDE,LED 530-0103 50 NA 3 V | b1a —330-0103
00704 ! | i jcre cr2 ‘
| oem 00011.000 | EA 022686090001 |BIOOE,VISIBLE LIGHT ERITTING ;
00TA | CR3 TIMU CR13 !
| _oer2 | 00002.000 | €a l 0972547-0008 | SWITCM, SLIDE-SPST,DIP 8 SNITCHES
o owe 665 baarraan e | DGR GaeEe 5ot e
i WENORY CONTROLLER,32K8 w/ECC,l6KR
APPSR DATE | APPD PROJECT ENGINEER DATE | RELEASED DATE | PROJECT NO T T PART NUMBER T EY
‘ | lLMzzuno-oooz ! =
2250690-9701 Change 1
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Drawings

1 P TEXAS(!NSTRUM ENTS S -
C RPORATED
N ot osso1sg0  LIST OF MATERIAL bace 3 o LMz261900-0002 | 40
K S KA PART NUMBER DESCRIPTION VENDOR PART NUMBER
00724 ucT vee
oors 00002. 000 €A 0972137~-0003 CONNECTYOR,PC 30 PIN BET - 63483-00%
00734 3 re
007s 80001.000 EA 09452390001 |SRACKET-STIFFENER, PuE, 141N
00Ts 0000t .000 €A 09449540001  INSULATOR, PWO, L4IN
00 0000¢.000 EA 0972684~0002 SCREW,THD FRNG,MHEX WSMR N0,2-36X1/4 LG
oo1e 00002.000 €A 03533844-0001 |EJECTOR, NYLON, NON-LOCKING, PW8
oore 00002.000 2210180~0010 |OIP SOCKET,8-PIN,LOW PROFILE SEF Ti- DRAMING
0080 00001.000 €A 0994009-0004 | [C,SNTALS244N LINE DRIVER ~SNTALS244N
0080A uAl
0083 00001.000 €A 09%96009-0001 (TC,SNTALS240N,LENE DRIVERS 001295-SNTALS 240N
00834 uny
0084 00001.000 €A 0946693-0067 |RON #1l,16K ECC DECODE,990/10
00844 T
0087 00004.000 £A 0996864-0001 | COMMECTYOR,SOCKEY #CB 022526~ 73060-007
Q08TA €9 THRU E12
0088 00001.000 €A 0972713-0001 |PLUG, JUMPER, 1.C.. 0.300 INCH
: 0080A Jio
| oosY 00001.000 (1] 2210100001 T | SOCKET 9O Py ZB-FPiNeLOW PROFILE SEE T -1 ORaWiwnG
| ooeea xuAL
T DRAFTSMAN DATE [ CKD DRAFTSMAN DATE | DESIGN ENGINEER DATE | THLE
i REMORY CONTROLLER, 328 WECC,16KR
APPD MFG DATE | APPD. PROIECT ENGINEER DATE | RELEASED DATE | PROJECT NO PART NUMBER REYV
mtunu—mz] -8
— AL )
o
TEXAS INSTRUMENTS usT A S— -
INCORPORATED PAS JMBER v
oA 8/01780 ST of MATERIAL PAGE &  of LM2241980-0002 | 35 J
L s il PART NUMBER DESCRIPTION VENDOR PART NUMBER
033 00801.00¢C EA 0811226-0002 TERRINAL,ITUD
oovia wi
[ 74 00001,000 [} 0966 707-0001 [ STIFFENER,PUB, 11 INCH
0093 00001, 000 €A 0944 700-0001L tmnm.sn”m,no.u INCH
[ ] 00001 . 880 €A ; 05994460-0002 DIODE, INGO02 LANP  100PIV RECTIFIER Tt - 1N4002
09%A CR1S
[, 0000t . 000 €A 2210180-0014 SOCKEY,01P,20~PIN,LOW PROFILF SEE ¥ -1 DRAWING
00% A RUMT
"% 0800 . 080 €A 2261980-3002 [AUTO-INSERTED PARYS LIST FOR 22619802
009 00001 .000 [} 0539370-0310 [RES FIX FILM 20.0K OHN 1% .25 WATT cor ~NASSD-100PPM/C
0099 LT
o100 00004 . 000 EA 0339370-052% RES FIX FILM 2B.7K OHM 1T .25 WATT com - NASS
01004 R4S
o0t 00002, 800 (2] 2210083-0003 |WIRELELEC,COND U/L SYYLE 1213,24 AWG 090484~NTE2&A
DRAFTSMAN OATE | CKD ORAFTSMAN DATE | DESIGN ENGINEER DATE | TIMIE
MENORY CONTROLLER, 32KB W/FCC,16KR
APPD-MFG. DATE | APPD. PROJECT ENGINEER OATE |, RELEASED DATE | PROJECT NG i T PART NUMBER P REY
‘ | ILM2261980-0002 | ”

Change 1
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LIST oF MATERIAL

oAt 08491 708 PAGE | of

e i S PART NUMBER DESCRIPTION | VENDOR PART NUMBER |
0002 nee [ T261937-9901 |LOGIC,RENDRY CONTROLLER,W/ECC, 990712 | :
o003 ree A 2261983-9901 |VEST PROCEDURE ,MEMDRY CONTROLLER,990/12
0004 ner €A 2261984~9961 | SPECIFICATIONGREN CONT W/ECC,16KR |
0028 00002,000 | €A 09900090002 |1C,SNTALS241N,L INE ORTVERS | 01295S-NTeLS24IN
ootsa A2 UAS
027 00001,000 | €A 0996029-0001 |1C,SNTMLS2TIN OCTAL O-TYPE FLIP/FLOP T -SNTMLS2TIN
0027 uo’
() 00001.000 | ©a 2201985-0001 |RPLALADORESS DECODE,16KR NENORY CONT
[ T} val
032 00003,000 | EA 09963070001 | 1C,SNTASITI,OCTAL O, FLIPFLOP T -SNTeSITY
0324 Urs PG VPR
.33 00001.000 | EA 0996420-0001 |1Cs SNTALSITIN 001295-SNTALSITIN
09334 uey i
0 | seen2.0e | 0 0996662-0001 |DELAY LINE,TAPPED serr22-gr-T1112 1
0030 K2 W3 1
930 00002,800 | e 22101000012 |SOCHET DIP,16—PINS,LON PROFILE SEE T -1 ORAWING |
wrea RS2 XURO3 '
o098 00002.680 | EA 09727330012 |CAPLFIXED 220PF 25 WVOC 2,08 U -CS0D2216G f
0ssA coe C% ‘;
0es? 00081.000 OFT2757-0016 |CAP,FINED CER 1000PF SOMROC #10% 007113-CACO2NTR3I9IX1]

oRmTSRAN DATE | CFD. DRAFTSAN DATE | DESIGN ENGINEER DATE | THE 1

‘ NENORY CONVROLLER, 8448 WECCoi6NR !

A AT | AP ROIECT EGHREET SALTED BaTE [ FRGICT O T T T A

. | [LM228 19603003 | %9 |

L TeraedisTRNENTS st or maTERIAL

OATE 08701780 PAGE 2 of [LMazer980-0003 | 33 |

KA S e PART NUMBER DESCRIPTION VENDOR PART NUMBER i
00574 c1to :
0059 00004.000 | EA 0972763-0021 |CAP.oFIXED,AXIAL LEAD, . 047 UF,+80%,~20% | “
0039 €38 Cill C112 €113 E
0063 00001.000 | €A 097292¢-0006 |CA® FIX TANT SOLID 39 WFD 10 % 10 vmﬁ orL -nsooo;n-nsei
00634 c1e |
0064 00006.000 | EA 08005230001 |TRANSISTOR AST2907 PNP STLICON Y- -A572907 :
0064 Q3 04 Q5 Q6 Q7 Qs !
0065 00001.000 | EA | 0972957-0001 |TRANSISTOR, 249304 NPN LOM CUR AMP,TO-18 | MOT - 249304 “
00654 Q2 ;
0066 00001.000 | EA 0972949-0001 | TRANSISTOR 2N2605 LOW-LEVEL,LOW-NOISE | T1  -2N260S
00684 010
0067 00002,000 | EA 09T2955-0001 |XSTR 2N2369A,NPN,HIGH SPEED SW.TO-18 | MOT - 2N236%
0067A jo1 ati :

“. doss | 00002.000 | Ea 0972057-0001 | TRANSISTOR-AST2222 NPN SILICON DT~ -asT2222

| 00e8A o o2
0070 00002.000 © EA | 0972537-0001 |DIODELLED 550-0103 30 WA 3 V DA --550-0103

| ooToa | || R CR2 }

L 00011.000 © €A ‘ 0226609-0001 |DIODE,YISIBLE LIGHT EMITTING

| 00T1A . cR3 THRY CR13 1

EA 0072 . 00002.000 | EA ‘ 097254 7~0008 | SWITCH, SLIDE-SPST,DIP 8 SWITCHES

Er oRTE T CR DTN SHTE | DGR BGINEER SRiE [ E

j ' | MEMORY CONTROLLER,64KB W/ECC,16KR

TR S AT PO FROTECT ENGINEER e RS BATE | RO NG T T AR RO =)

L : | LM2261980-0003 49

2250690-9701 Change 1
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Drawings

{ - TEXAS INSTRUMENTS
\ INCORPORATED
X
oy

PART NUMBER eV
owe g8sorsep  LIST OF MATERIAL PAGE 3 of LMz2261960~0003 |40

e o | e PART NUMBER DESCRIPTION VENDOR PART NUMBER |
00724 UCT Use
oom 00002.000 EA 0972137-0005 |COMNECTOR,PC 30 PIN BETL - 65483003
00734 3 re
i 0074 00001.000 | €A 0945239-0001 |BRACKET-STIFFENER, PuS, 141N
| oors 00001.000 | EA 0944954-0001 [INSULATOR, PWB, L4IN
007 00006,000 | €A 0972684~0002 |SCREW,THD FANGoMEX WSHR ND,2-56X1/4 LG
. oors 00002.000 £A 0533844-0001 |EJECTOR, NYLON, NON-LOCKING, PW8
] oore 60002, 000 22101880010 [DIP SOCKET(8-PIN,LON PROFILE SEE TI- DRAWING
‘ 0080 00001.000 EA 0996069-0004 | 1C,SNT4LS244N LINE DRIVER ~SNTALS 244N
: 0080A UA3 '
I oos3 00001.000 | EA 0996089-0001 |1C,SNT4LS260N, LINE DRIVERS 001295-SH T4LS 240N
00834 Ry
0084 00001.000 | EA 0966693-0067 |ROM $1,16K ELC DECODE,990/10
0084 w7
0087 00004.000 | EA 0996864-0001 | CONNECTOR,SOCKET PCB 022526-T75060~007
0087A €9 THRU €12
0088 00001.000 | Ea 0972713-0001 |PLUG, JUMPER, [.C.. 0.300 INCH
o08sA )
sost 20001.88C | £a 2210188-0017 | SOTRET,DiPe26-PiR,LON FROFILT $EE T -1 ORAWING
0089A XuAL
Sr— e | o5 B | BRSO SGE e
MEMDRY CONTROLLER,SAKE W/ECC,16KR
T S RO B e | e S [ FOHETRG T &
ILMnnno-ooosl v
< TEXAS INSTRUMENTS
%;, INCORPORATED ¢ ossorseo  LIST OF MATERIAL PAGE & of LMz2s1980-0003 | é |
™ e LB e T eART NUMBER DESCRIPTION VENDOR PART NUMBER
209l | 00001,000 €k | 0411226-0002 | TERNTMAL - STUD
00914 | v] ' ™ |
0092 1 00001.000 | EA | 0946707-0001 |STIFFENER,PWB, 11 THCH
} 0093 ] 00001.000 | EA 0946708-0001 |INSULATOR,STIFFENER, P¥B,11 INCH
| 0095 . 00001.000 & €A | 0539468-0002 |DIODE, INGOO2 LAMP  10OPIV RECTIFIER Tt - IN002
0095A | cris
0096 % 00001.000 { €A 2210186-0014 |SOCKET,DIPy20-PIN,LOW PROFILE SEF T -1 DRAWING
oover s : XUMT
0098 00001.000 ‘ €A | 2261980-3003 |AUTO-INSERTED PARTS LIST FOR 2261980-3
0099 00001.000 “ €A 0539370-0510 (RES FIX FILM 20.0K OHM 1T .25 WATT COR  ~NASSD-100PPNH/C
. 00994 ; L)
0100 00001 . 000 ! £A 0539370-0325 [RES FIX FILM 28,7K OHN 1S .25 WATTY cor - NASS
01004 | reS
i otol 00002, 800 €7 2210083-0003 |WIRE,ELEC,COND UL STYLE 1213524 AWG 090484-WTF24A
i
i :
‘ i
|
DRAFTSMAN L DATE | CKD DRAFTSMAN DATE | DESIGN ENGINEER DATE ' TINE
: MENORY COMTROLLER, 84KS W/ECC,186KR
T S TR RO TG S | SR TG T T o
i ; ; ||_Mzu|no—oooa; s

4-10 Change 1 2250690-9701



oate 09701780

LIST or MATERIAL

PAGE L of

FAE NUMBER

1 REY
980-0004 | %5 J
L AL

g
LM2261

- S [ & Ty eaernumee DESCRIPTION VENDOR PART NUMBER
0002 REF T €A 2261982-9901 LOGIC,MEMORY CONTROLLER,W/€CC,990/12
! 0063 l REF EA 2261983-9901 |TEST PROCEDURE,MENORY CONTROLLER,990/12 |
| i !
| 0004 REF €A 2261984-9901 SPECIFICATION,MEM CONT W/ECC,16KR |
‘5 0023 00002, 000 €A 0996089-0002 IC,SNTALS 241NsL INE DRIVERS ' 012955-NT4LS241IN
| o02sa UA2 UAs
| o027 00001 .000 €A 0996029-0001 |1CoSNT4LS2TIN OCTAL D~TYPE FLIP/FLOP T ~SNTALS2TIN
|
| 6027A uel
|
} 0030 00001 .000 €A 2261999-0001 |FPLA.ADDRESS DECODE,16KR MENORY CONT
| 0030A uaL
i
I 032 00003.000 EA 0996307-0001 | 1C+SNTASIT3,0CTAL Dy FLIPFLOP " ~SNTAS3T3
|
i go32a uP3 UPs UPS
|
| 0033 00001.000 EA 0996420-0001 (1€, SNTALS3TI 001295-SNT4LS3TIN
i
i 00334 uct
0036 00002.000 €A 0996462-0001 | DELAY LINE,TAPPED 097722-€P-T111
i
[ 0036A UK2 U3
0038 00002, 000 EA 2210188~0012 |SOCKET (DI P, 16-PINS,LOW PROFILE SEE T -1 DRAWING
oosea XUKO2 XUK 03
0035 00002. 000 EA 0972753-0012 | CAP,FIXED 220PF 25 WVDC 2.0% uc -Cs002216
00554 €% €9 "
0057 60001.000 EA 0972757-0016 [CAPL.FIXED CER 1B00PF SOWRDC «10% | 007115-CACO2XTR3I91K1]
DRAFTSMAN DATE | CKD DRAFTSMAN DATE | DESIGN ENGINEER DATE | TITLE
MEMORY CONTROLLER,96KB W/ECC,16KR
APPD -MFG DATE [ APPD PROJECT ENGINEER DATE | RELEASED DATE | PROJECT NO PART NUMIER REV
| }}LMzznno-oooﬁ a0
1 1oz
. o
TexAs INSTRUMENTS LIST oF MATERIAL — -
INCORPORATED PART NUw
oA @8/08780 oF PAGE 2 of LMzze1980-000¢ | 30
T e ERES PART NUMBER DESCRIPTION VENDOR PART NUMBER
o8sTA c110
.0 9000¢.800 €A 09727630021 [CAPLFINED, AXIAL LEAD,.047 UF,+80%,~20%
00%%4 C38 Ciit C112 C113
0043 90001 .000 €A 09728240006 ICAP FIX TANT SOLID 3¢ WFD 10 % 10 VOLY QPL ~%39003/1-225%9
00034 cite
0004 00008, 000 €A 0800323-000t |TAMISYSTOR A3T2007 PNP SILICON Ti-  -ASY2907
20064 Q3 Q4 Q5 Q8 Q7 Q8
[ 00001.000 EA 09T2937-000L TRANSISTOR, 2NU3OA NPN LOW CUR ANP,TO-18 MOY - 2N930A
00634 Q2
066 00001.080 [ 1) OST2949-00L | TRANSISTOR 2M260% LOwW-LEVEL,LOW-NOISE T -2M2605
0040 (31 ]
(214 00002,000 €A 097293550001 | XSTR 2N2Z349ANPN,NIGH SPEED SW,TO-18 ROT -~ 2M2369%A
[ 2373 1 Qi
otes 00002,000 €A 0972057-0001 TRANSISTOR-AST2222 NPN STLICON Ti-  ~AST2222
0068A [ -1%4
soTe 00002.000 €A 0972937-0001 O10DE,LED 330-0103 SO MA 3 ¥ o1A  —-5%0-0103
oster cu cr2 |
osn 00011,000 EA 0226409-0001 DIODE,VISIBLE LIGCHT ENITTING :
[ 2} 1) CRI THRU CR1D ‘ 1
. | i
072 00802, 000 EA 09725470008 | SWITCH, SLIDE-SPST,O1P 8 SwiTCMES i i
DEAFTSMAN DATE | CKD. DRAFTSMAN DATE | DESIGN ENGINEER DATE | TME 1
MERORY CONTROLLEN,96K8 W/ECC,16KR
APPD MG DATE | APPD. PROJECT ENGINEER DATE | RELEASED DATE | PROJECT NO ‘ PART NUMBER o REV
| LM2261980-0004 | 2T !
— L _AE
2250690-9701 Change 1
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Drawings

} N
LD TR INSIRNENTS s or maTeAL S 1T oy

Ei o o e PART NUMBER DESCRIPTION ‘ VENDOR PART NUMBER - ]
[ 37T uc? use 1
[ 14 ] 00002, 000 €A 0972137-0003 |CONNECTOR,PC 50 PiN (131 - 65483-005% ;
GOTIA 3 rs ‘
00T 00001 .000 (2 0945239-0001 |SRACKET-STIFFENER, PWB, 141N
oors 00001.000 €A 0944934-0001 | INSULATOR, PNB, 141N
som 00006.000 | EA 0972484-0002 |SCREMsTHD FRNG,HEX WSHR HD,2-56X1/4 LG
oors 00002, 000 EA 0333844-0001 |EJECTOR, NYLON, NON-LOCKING, PW8
oeve 00002, 000 2210L08-0010 |DIP SOCRET,8-PIN,LOW PROFILE SEF Ti- DRAWING i
80900 00001.000 €A 0996089-0004 |1C,SNTALS244N LINE DRIVER —SNTALS244N
00804 UA3
008) 00001.000 €A 0996089-0001 |1C,SNTALS240N,LINE DRIVERS 001295-SNT4LS240N
0034 uny
o0 00001.000 €A 09466930067 |ROW #1,16K ECC DECDDE,990/10
00844 UNT
oos? 00004, 000 EA 09968640001 | CONNECTOR,SOCKEY PCS 022526~ 75060-007
088TA €9 TRy E12

| o0es 00002.000 EA 0972713-0001 |PLUG, JUMPER, [.C., 0-300 INCH

" oosas 39 J10
L] o000l . 000 €A 22101880017 | SOCKET NIS . 2A-PIN.L O PRONFILFE SEF T —1 NRAWING
00094 LY

DRAFTSMAN DATE | CKD. DRAFTSMAN DATE | DESUIGN ENGINEER DATE | TITLE

WENORY CONTROLLER,96KB W/ECC,16KR

APPO.-MFG. DATE | APPD. PROJECT ENGINEER DATE | RELEASED DATE { PROJECT NO ELMZ”":;&'{.’WY :;QV_/

f{?\ TEXAS INSTRUMENTS
\’\J‘ tmeempoRaTE® DATE 08701780 LIST or MATERIAL PAGE & of ILMQI“”MWWMl I /év

r N'.'w'z_; | i:gm": I ;6‘5': o T PART NUMBER DESCRIPTION VENDOR PART NUMBER

[To091 | o00001.000 €A | 0411274-0002 |VERWINAL,STUD

| oouta ™

| 0092 | 00001.000 | EA | | 0946TOT-0001 |STIFFENER,PWS,11 INCM
0093 00001.000 €A ! 09467000001 |INSULATOR,STIFFENER, P8, 11 INCH
0095 00001 . 000 €A 0539468-0002 |DIODE, 1NA002 1ANP 100PIV RECTIFIER Tt - Ino02 |
00954 | cr1S
0096 ! 00001.000 EA 2210188-0014 |SDCKET DI P, 20-PIN,LOW PROFILE SEE T -1 DRAWING
00964 Xm?
0098 | 00001, 000 EA 2261900~5004 |AUTO-INSFRTED PARTS LISY FOR 2261980-4&
0099 ‘ 00001.000 €A 0539370-0510 [RES FIX FILM 20,0K OHM 1T .25 WATY COR  -NA3SD-1000P%/(
00994 r4s
0100 = 00001.000 | €A 05393700525 |RES FIX FILM 28.7K OWN 1T .25 WATT COR - NASS
0100A , R4S
o101 00002, 800 (34 2210083-0003 |WIRE,ELEC,COND U/L STYLE 1213,24 AWG 0904 84-NTE204

ORAFTSMAN DATE | CKO DPAFTSMAN DATE ' DESIGN ENGINEER DATE f TITLE
: ! | | MEMORY CONTROLLER,9KS W/ECC, 16KR
WFPD MG DATE  APRT PPOIELT ENGIMEER DATE | TEEASED OATE | PROJECT NO T PART NUMBER T wev
i : _ | LM2261900~0004 ; »

4-12 Change 1 2250690-9701



Drawings

e oasorsso  LIST OF MATERIAL ot 1 o LM2z61980-0005 . %5 |
o o A PART NUMBER | DESCRIPTION F‘ VENDOR PART NUMBER
0002 REF EA 2261982-9901 il“lCcRE“\' CONTROLLER ,W/ECC,990/12
0003 REF EA i 22619839901 ;'ES‘ PROCEDURE ; MEMORY CONTROLLER,990712 |
0004 REF (1} 22619064-9901 SPECIFICATION,NEN CONT W/ECC,16KR :
002% 00002, 000 EA 09960890002 ll(vSN7“$lbl”cl|l€ DRIVERS 01295S-NT4LS241IN
002354 UA2 UA4
8027 00001.000 €A 0996029-0001 |IC,SNT&LS273N OCTAL O-TYPE FLIP/FLOP TI ~SNT&LS2T3N
0027A o3 |
0030 00001.000 EA 22619650001 |FPLALADDRESS DECODE, 16KR NEMORY CONY
0030A Ukl
0032 00003.000 EA 0996307~0001 | I1C,SNT4S3T3,0CTAL Do FLIPFLOP . Tt -SNT4S3TY ‘
00324 UP3 yPé UPS ‘
0033 00001,000 EA 0996420-0001 1C, SNTALSITIN 001295-SHT4LSITIN {
00332 uct :
003 00006.000 EA 0972583~0001 |NETWORK,SNT7536S Ti- -SNT7%38S ,
00354 ULl UMD UMD UL2 UM2 UN2
i 00% 00002.9000 EA 0996462-0001 |DELAY LINE,TAPPED 09TT722-EP-T111
| oo3ea ux2 UK3
? 0038 00002.000 EA 2210188-0012 | SOCKET,DIP, 16-PINS,LOW PROFILE SEE T —1 DRANING
© 0038A XUKO02 XUKO3
; 0042 $0003.000 EA 0972037-1220 |NETWORK,RES 22 OHMM 2% 16PIN SELEMENT 073138-898-3~-R22
GRS SATE | G GRAFToMA TATE | DEIGN ENGINEEE T
MENORY CONTROLLER W/ ECC 9907/ 186KRFL f
" | m— - i g ELMzzu;"ﬁou-“sm} /n:gj’

' ¥ TEXA§J§§£RUM ENTS usT .
N RATED ART NUMBER (33
AT 98/01/80 ST OF MATERIAL PAGE 2 of LMz2¢1980-000s | 30 |

A

_:rrg" S S PART NUMBER DESCRIPTION VENDOR PART NUMBER
soara w3 o o
(99 00001.000 | EA Q9T2946~0049 |RES FIX 220 OMM 5 T .29 w CARBON FILM | ROH - R-25
o0er "o
0957 | 08001.000 | € 09T2757-0016 |CAP.FIKED CER 1800PF SOMRDC +10% 00T119-CACO2XTR391K10
oes2a cito
0059 | 00084.000 | EA OIT2763-0021 |CAP.oFIXED,AXIAL LEAD,. 047 UF,+80%,~20%
oo cse C111 C112 €113
0063 | 00001.000 | €A 0972924-0008 [CAP EIX TANT SOLID 39 WFD 10 T 10 VOLT OPL  -M39003/1-2259
80034 ciye |
[TV 080806.880 | €A 0800823-0001 | TRANSISTOR ASTZ907 PNP 3i( ICOM L Ti- -AST2907 2
LYo a3 o4 035 s a7 Q8 '
00es 00008 . 000 EA 0972997-0001 [ TRANSISTOR,2NO30A NPN LOW CUR AMP,TD-18  NOY - 2M930A ’
ecesa Q2 ‘
[, ) 00008 . 000 €A 0729490001 | TRANSISTOR 2M2605 LOW-LEVEL,LOW-NOLSE T -2N2605 i
00ssA ote
0067 00003.000 | £A | 0972955-0001 | XSTR INZ369A(NPN,HIGH SPEED SW,TO-18 mOT - 2N236%A
s0eTA | o1 011 09
[ _1] 00001.500 ‘ EA 09720570081 | TRANSISTOR-AST 2222 NPN SILICON Ti- ~AST2222
o0sss ‘ w2
wmo M.ngm - wnsim m?!";?e:m :OL.““QI.‘O 5”‘:“](! v’mz SO mA 3V DiA -=580~010%
— i T T
[LM22s1980-000s 20
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Drawings

4-14

{3 TEXAS INSTRUMENTS
\ N INCORPORATED

LIST or MATERIAL

X oae 08701780 PAGE 3 of ILMzzu:::-“:i;os i;_
i S A PART NUMBER DESCRIPTION VENDOR PART NUMBER |
0Q70A CRS8 CRIY
oomn 00011.000 €A 02268609-0001 DIDOESVISIBLE LIGHT EMITTING
00714 CRL THRU CR7,CR9,CRIO0
ooris CR12 CR1D
0072 00002. 000 EA 0972547-0008 |SMITCH, SLIDE-SPST,DIP 8 SWITCHES
0072a ucr use
aor3 00002,000 €A 2210154~0015 |HEADER,POLARIZED AND LATCHING, SO PINS D00TT9-864T6~T
oo73A P3 e
o074 00001.000 EA 0945239-0001 |BRACKET-STEFFENER, PWB, 14IN
007s 20001.000 EA 0944954-0001 [ INSULATOR, PuB, L4IN
‘ Q0% 00006, 000 €A 0972684-0002 |SCREN,THD FRNG,HEX WSHR HDy2-56X174 LG
ooTe 00002.000 €A 0533844-0001 |EJECTOR, NYLON, NON-LOCKING, PWB
oory 00002.,000 2210188-0010 [DIP SOCKET,8-PIN,LOW PROFILE SEE T1— DRAWIMNG
| 0080 00001.000 EA 09960890004 | 1C,SNTALS244N LINE DRIVFR =-SNT4L S244N
00804 UA3
0083 0000t .000 (1] 0996089—-0001 |(C, SNTALS240N,L INE DRIVERS 001295~ SNTALS 240N
0Ce3A uR3
0084 00001.000 €A 096693-0067 (ROM #1,16K ECC DECODE,990/10
0G8ea URT
0087 00004. 000 EA 0996844-0001 |CONNECTOR,SOCKET PCB 022526~ 75060-007
SRAFTIAN TRTE | R DRAFTGA DATE | DESGN ENGINEER oaTE | e
MENORY CONTROLLER (W/ECC o 99071 6KR,FL
APPD MG DATE | APPD PROJECT ENGINEER DATE | RELEASED DATE | PROJECT NO llez‘ir;'vnvg:sgo”] tf%)
— TEXAS INSTRUMENTS
e tNeeRrPoRaTED oATE 08701780 LIST or MATERIAL PAGE & of (Lm?
T S EES PART NUMBER DESCRIPTION VENDOR PART NUMBER
o0eTA | €9 THRU E12
088®  00001.000 EA 2210188~001T7 (SOCKRET,BIP,20—-PIN,LON PRGFILE SEE U -1 DRAWING
oosea | | XyAL
0091 | 00001.000 | EA 0411226-0002 |TERMINAL,STUD
00914 | ‘ ™ :
0092 00001 . 000 EA 0948707-0001 |STIFFENER,PHB,11 INCH ,
0093 00001. 000 €A 09¢46T08-0001 |TNSULATOR,ST IFFENER,PUB, L1 TNCH !
0093 00001.000 €A 0539468~0002 [DIODE,ING002 1AMP 100P1V RECTIFIER Tt - IN&DO?
009%5a cris
1 00% 00901.000 EA 2210180-0014 [SOCKET,01P, 20~PIN,LOM PROFILE SEE ¥ ~1 DRANING
1 oovea nuM7
; 0090 ‘ 00001 000 EA 2261980-5005 |AUTO-INSERTED PARTS LISY FOR 2241980-%
: 00%9 | 00001.000 €A 0539370-0510 RES FIX FILM 20.0K OMM 1% .23 WATY con ~NASSD~100PPN/C
' ooeea | Res
, 01060 , 00001.000 . €EA 0539370-052% (RES FIX FILM 28,7 ONM 1S .25 WATT cor ~ NASS
01004 | res
o101 00002, 800 FT 2210083~0003 |WIRELELEC,COND U/L STYLE 1213,2¢ AWG 090484-NTE26A
o107 00001. 000 | EA 0972929~0373 (CAP FIX CERANIC 47.0 PF 1O % 200 V orL - "M39014/1C-137
| otoma c1s3
E i
Znnmn waTE TR BTN Sre [T

DATE | GESIGN ENGINGER
t

NENORY CONTROLLER (W/ECC 990/ 18KRFL

RPPD MFG

APRD ROJECT ENGINEER

DATE | RELEASEC

DATE | PRGIECT NO

|

iLMzal'::x':m |

zEV

e
AE J

Change 1
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Drawings

TEXAS INSTRUMENTS
INCORPORATED

PART NUMBER REV
ot Oasorseo  LIST OF MATERIAL Prce 1 of LMz2¢1900~000 | 30
Com e e PART NUMBER DESCRIPTION VENDOR PART NUMBER
Lo sty
o002 ' REF €A 22619829901  (OGIC, NENDRY CONTROLLER, W/ ECC, 990712
| ooo3 | mer | EA 2261983-9901 | YEST PROCEDURE,NENORY CONTROLLER,990/12
! ¥
0006 | REF €A 2261984-9901 |SPECIFICATION,MEN CONT W/ECC,16KR
0025 | 00002.000 | €A 0996009-0002 |1C, SNTLS261NLINE DRIVERS 012955-NT4LS26IN
00254 ! UA2 UA&
0027 00001.000 | EA 0996029-000L |1C,SNTALS2TIN OCTAL D-TYPE FLIP/FLOP 1 -SNTALS2T3N
002TA uo3
| o030 00001.000 | €A 2261985-0001 |FPLA,ADORESS DECODE,L16KR NERORY CONT
00304 ual
0032 00003.000 | EA 0996307-0001 | [CoSNT4SITI,OCTAL D, FLIPFLOP TI -SNTe$3TY
' oo32a uPI WPe UPS
| 0033 00001.00C | EA 0996420-0008 | [Ce SNTMLSITIN 001295-SNTALS3TIN
1
' 0033 uct
. 0036 00002.000 | EA 0996462-0001 |DELAY LINE,TAPPED 097722-€P=T111
! oozea UKz 3
0038 00002.000 | EA 22101880012 | SOCKET ,O1P,16~PINS,LOW PROFILE SEE T -1 DRAWING
00364 XUKO2 XUKO3I
0044 00001.000 | EA 0972946~0049 [RES FIX 220 OHM $ X .25 W CARBON FILM | RO = R=25
00444 Re9
0057 00001.000 | EA 0972757-0016 |CAP FIXED CER 1800PF SOWRDC +10% 007115-CACO2XTRI91K1Y
DRAFTSMAN DATE | CKD DRAFTSMAN DATE | DESIGN ENGINEER DATE | TITE
NENORY COMTROLLER, 32KBW/ECC 1990/16KR (FL
APPD -MFG DATE | APFD. PROJECT ENGINEER DATE | RELEASED DATE | PROJECT NO * ‘ ,“‘Y:‘l‘.ﬁ&u:!l g -‘E
| \I'M | £ )
:  Texas OII:?‘E%L‘JMEEE‘TS LIS MATERIAL PART NOMSER *
- INC T LI EGER
- oATE 08/01/80 T o R PAGE 2 of ]LMzzmlo-ooos | % |
[ o R PART NUMBER DESCRIPTION VENDOR PART NUMBER
005TA I ciio
l 0089 00004.000 | EA 0972763-0021 |CAP.,FIXED,AXIAL LEAD,.047 UF,s80%,-20%
| o0s9a css Cill €112 C113
! 00e3 00001.000 | €A 0972924-0006 |CAP FIX TANT SOLID 39 WFD 10 T 10 VOLT QeL  -M39003/1-2259
00634 c119 ;
9064 00006.000 | EA 0800523-0001 |TRANSISTOR AST2907 PNP STLICON - -AST2907 f
00644 Q3 04 Q5 a5 Q7 Q8
0088 00001.000 | EA 0972957-0001 |TRANSISTOR, 2M930A NPN LOW CUR AMP,TO-18 | MOT - 2N930A
00654 ‘} ] ;QZ ;
i
0066 | 00001.000 | EA 0972949-0001 ivuusmmz 2N2605 LOW-LEVEL,LOW-NOISE | TI  —2M268%
I ooesa | ‘910
. 0087 | 00003.000 | EA 09729550001 [XSTR 2N2369ANPN,HIGH SPEED SW,T0-18 | MOT  — 2N23694
! { !
00674 | j a1 ati 99 |
| o0es | 00001.000 | €A 0972057-0001 | TRANSTSYOR-AST2222 NPN SILICON [ TI- -aAST2222
‘ ! ‘ :
| ocoesa | 012
| 0070 | 00002.000 | EA 0972537-0001 DIODE,LFD 550-0103 50 WA 3 V : OIA  ——550-0103
' ! I ! 1
| 00704 | i .CRS CRLL |
! |
j 0071 | 00011.000 | EA 0226609-0001 |DTODE,VISIBLE LIGHT EMITTING i
) | | !
i 0OTIA | | {CRY THRY CRT,CR9,CR10 i
i ’ ! 1 :
{_oomis | ! cRL2 cr13
TORAFISMAN DATE | CKD DRAFTSMAN DATE | DESIGN ENGINEER DATE | TITLE
L ! ‘ MEMORY CONTROLLER,32KB,W/ECC,990/16KR,FL
§ APPD MEG DATE | APD. PROJECT ENGINEER DATE | REEASED DATE | FRO/ECT NO ‘ ] PART NUMPER <
\ i . 1 .LM2261980-0006 | 43

2250690-9701 Change 1 4-15



Drawings
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{oc. TEXAS INSTRUMENTS
\_\(Q’ INCORPORATED

oate Q8708 /80

LIST oF MATERIAL

PAGE 3 of

PART NUMBER LY
[LM22¢1900-000¢ | 23 |

-k o B Towe ] part numeer DESCRIPTION - VENDOR PART NUMBER |
oor2 00002.000 | EA 0972547-0008 |SWITCH, SLIDE-SPST,DIP A SWITCHES
00724 ucT ume
0073 00002.000 | EA 2210154-001S |MEADER ,POLARTZED AND LATCHING, SO PINS | 000779-86476-7 i
00734 3 Pa
o074 00001.000 | EA 0945239-0001 | BRACKET-STIFFENER, PWB, 14IN
oo7s 00001.000 | €A 0944954-0001 |INSULATOR, PNB, L4IN
cote 00006.000 | €A 0972684-0002 |SCREW, TH) FRMG,HEX WSHR HD,2-56X1/4 LG
0078 00002.000 | €A 0533844-0001 |EJECTOR, NYLON, NON-LOCKING, PWS ;
0079 00002.000 2210168-0010 |OUP SOCKET,8~PIN.,LOW PROFILE SEE T1- DRAWING ‘
0080 00001.000 | EA 09960090004 | 1CoSNTALS 244N LINE ORIVER ~SNT4LS 264N
00804 uas
0083 00001.000 | €A 0996089-0001 | (C, SNTSLS260N,LINE ORTVERS 001293-SNT4L 240N
00834 UR3
0084 00001.000 | EA 0944693-0067 |ROM #1,16K ECC DECODE,999/10
0084 unt
0087 00004, 000 EA 09968640001 | CONNECTOR,SOCKET #CB 022526~ 715660~-907
00874 £9 THRU F12
o088 00001.000 | EA 0972713-0001 |PLUG, JUNPER, 1.C., 0.300 INCH
0088A a0
0089 00001.000 | €A 22101880017 | SOCKEToDIPy28-PIN,LOW PROFILE SEE T -1 DRANING

e AT | T DR R | DEBGN FRGEER S|

MENORY CONTROLLFR ¢ 32KBoN/ECC990/16MRFL

ARG

APPD. PROJECT ENGINEER

WELEASED

DATE | PROJECT N

llmzul’a&% ! ﬁ

D e
%@ e oesersen  LIST OF MATERIAL PrcE & of LM22e19e0-0008 | %0
L 2’%"5'2 S PART NUMBER DESCRIPTION VENDOR PART NUMBER
09% XUAL T
sonr 00001.900 | EA [ 0411226-0002 |TERNINAL,STUD
T ™
ooz 00001000 | EA 09407070001 |STIFFENER,PUS, 11 INCH |
0083 | 08001.000 | €A | 0946708-0001 |INSULATOR, STIFFENER, PUB L TnCH
oo 00001.000 | €A E 0539440-0002 |D10DE, ING002 1AMP  100PLY RECTIFIER ™ - 1Nmo02 }‘
00934 s
0% 90001.000 | €A 2210100-0014 |SOCKET ,01P, 20-PIN,LON PROF ILE SEE T -1 DRAWING
00%ea xum?
oeve €0001.000 | EA 2261980-3006 |AUTO-INSERTED PARTS LIST FOR 2261980~6
009 80001.000 EA 0339370~-0510 |RES FIX FILN 20,0K OMM 1T .25 WAYY com -Msso—loo»nlq
00veA Ret
00 00001.000 EA 0539370-052% |RES FIX FILR 28.7TK OHR 13 .25 WATY CcoR - NASS
01004 | res |
otes 00002.000 | FT 2210083-0003 |WIRE,ELEC,COND UW/L STYLE 1213,24 AWG 090404-NTE264
o107 90001 .000 eA 0972929-0373 [CAP FIX CERAMIC 47,0 PF 10 T 200 V ‘ [ {8 - Ni’ollllC°l3f
s167A 133
DRAFTSMAN DATE | CKD. DRAFTSMAN DATE | DESIGN ENG/NEER BA'E;VWIE
| MEWMORY CONTROLLER, 32K8,W/ECC s 990/16KR, FL
APPD MEG. DATE | APPD. PROJECT ENGINEER TATE | RELEASED DATE | PROJECT NO T T PAFT NUMBER Trev
; ‘LM2261980~0096 | i)

Change 1
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{3 TEXAS INSTRUMENTS P
\/ (NCORFORATED i ossorses  LIST OF MATERIAL PAGE N of ;LM::»:::&%‘:«:: g;
f_ﬁi S S e PART NUMBER DESCRIPTION VENDOR PART NUMBER

0002 REF T 7761982-9901 'LOGIC,NENORY CONTROLLER,W/ECC,990712
| oeos ree ( EA 2261903-9901 | TEST PROCEDURE,MEMORY COMTROLLER,990/12 |
000s ReF | ea ] 2261904-9901 | SPECIFICATION,NEN CONT W/ECC,B6KR %
6028 00082.000 | €A | 0996089-0002 |1C,SNTCLS24IN,LINE DRIVERS ‘ 012955-NT4LS241N
00234 5 UA2 UAs .
oe2? 50001.000 | £a 0996929-0001 |1C,SNTALSZTIN OCTAL D~TYPE FLIP/FLOP I -SNTALS2TN
00274 uos
00%0 00061.000 | €& 22619850001 |FPLA, ADORESS DECODE,16KR MENORY CONT
00304 val ‘
(5] 08003.000 | €A 0994307-000L |1C,SNT4SIT3,0CTAL Oy FLIPFLOP CTL -SNTas3ITY
[ urs ure urs
2038 00001.000 | EA 0996420-0001 1C, SNTALSITIN 001295~SNTALS3T3N ‘
00332 ucl |
0036 00002,000 | EA 0996482-0001 |DELAY LINE,TAPPED 097722-€5-7111 ‘
003ea w2 K3 ‘
o838 00082.000 | Ea 2210188-0012 | SOCKET, DIPe 16-PINS,LOW PROFILE SEE T -1 ORAWING
00384 AWKO2 XUKO3 g
! 0004 00001.000 | EA 09729460049 |RES FIX 220 OMN S X .25 ¥ CARBON FILM | ROH - R=25
j’ 004sA reo ,
| o987 90001.000 | €A 0972757-0016 |CAP,FIXED CER 1800PF SOWADC ¢10% 007115-CACO2XTRI91K1]
VDRAFTSMAN DATE | CXD DRAFTSMAN DATE | DESIGN ENGINEER DAIE | TITLE 1
L ) MENORY CONTROLLER ,6408,M/ECC,9907/16KR,FL
&muv-we SATE AT FROIECT RS s e | roserne “ 1[M!26!’:‘l’bu:ngoﬂ7? T
' - TEXAS INSTRUMENTS
{%\Fﬁ NCORPORATED L« osrorseo VST OF MATERIAL PAGE 2 of LM2261980-0007 ;; )
A i AR PART NUMBER DESCRIPTION VENDOR PART NUMBER a2 |
0057A c11o i
o0se 00004.000 | EA 0972763-0021 [CAP.oFIXED,AXIAL LEAD,. 047 UF,¢80%,~20% ‘
00594 €ss C111 €112 C113 !
0063 00001.000 EA 0972924~0006 |(CAP FIX TANY SOLID 39 wFD 10 £ 10 VOLT QFL -M39003/1-2259
00634 clte |
0064 00006.000 | EA 0800523~0001 |[TRANSISTOR AST2907 PNP STLICON Ti-  -AST2907
00644 Q3 04 Q% Q6 Q7 g8
0065 00001.000 | EA 0972957-0001 |TRANSISTOR, 2N930A NPN LOW CUR ANP,TO~18 | MOT - 2N930A
00854 02
0066 00001,000 | €A 09729490001 |TRANSISTOR 2N2605 LOW-LEVEL,LOW=NGISE | TI  =24260%
00664 Q10 |
oost 00003.000 | EA 0972955-0001 |XSTR 2N2369A,NPN,HIGH SPEED SW,T0-18 ®OT - 2N236W
0067A | | a1 011 Q% ‘
0068 | 00001.000 [ e 0972057-0001 |TRANSISTOR-AST2222 NPN SILICON CTI-  -AST2222
0068A | o012 '
} 0070 00002.000 | €A ‘ 0972537-0001 |DINDE,LED 350-0103 50 MA 3 V DIA  —$50-0103
i 00704 , ; cra CRil
} 0071 | 00011.000 | €A ! 0226609-0001 |DIODE,VISTBLE LIGHT EMITTING
| 00TIA CR1 THRU CRT,CR9,CRLO
_oons | cr12 CR13
T DRAFTSMAN DATE ‘ CKD DRAFTSMAN DATE | DESIGN ENGINEER DATE © TIMLE
_ ‘ ‘ REMORY CONTROLLER2SAKB,N/ECC o990/ 16K FL
IAPFD-MFG DaTE ’ APPD PROJECT ENGINEER DATE ‘ RELEASED DATE  PROMCT NO ‘ : TART NUMBER REV
] ! LM226¢1900-00067 Eg;
2250690-9701 Change 1
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Drawings

@ TEXAS INSTRUMENTS
J INCORPORATED

pare 08701780 LIST or MATERIAL PAGE ¥ of LMZ!CI:;;?::NY o
(= o RS PART NUMBER DESCRIPTION VENDOR PART NUMBER |
oT2 . 000 €A O972547-0008 |SUITCH, SLIDE-SPST,DIP 8 SWITCHES
00T2A UcT yee
(71,1 00002.000 | €A 2210154-0015 |HEADER,POLARIZED AND LATCHING, 30 PINS | 000T79-856476-7
(V1Y) »3 e
[ 00001,000 | €A 09435239-0001 |GRACKET-STIFFENER, PUS, L4IN
o 00001.,000 EA 0944994~0001 | INSULATOR, PuB, 161N
oe%e 00004.000 €A 09726840002 |SCREW, THD FREG,MEX WSHR HD,2-36X1/4 LG
oore 00002, 090 EA 0533004~0001 |EJECYOR, NYLON, NON~-LOCKING, Pu8
oare 00002.000 2210180~0010 DIP SOCRET,8-PIN,LOW PROFILE SEE TI- DRANING
(1] 00001.000 | €A 09940090004 | [C, SNTALS244N LINE DRIVER ~SNTALS 264N
00804 UAl
0003 00001.000 €A 099 009-0001 |1C,SNT4LS240N,LINE OREVERS 001295-SNTGLS240N
0083A uRy
000s 00001.000 EA 09444 93-000T7 |ROM #l,l6K E£CC DECODE,990/10
[ 1] unr
087 00004, 000 [} 0996 064-0001 'CONNECTOR,SOCKEY PCB 022526-75060-00T
' S00TA 9 TMRU E12
; [} 00001 .080 €A OT2TE3-0081 PLUG: JUNPER, [.Coy 0.380 INCH
. oswea )
‘i [ sl 90801 . 000 €A 2210168001 T | SOCRET (DI Py 26-PIN,LON PROFILE SEE T -1 ORAMING
| DRAFTSMAN DATE [ CKD DRAFTSMAN DATE | DESIGN ENGINEER DATE [ TIME
NENORY CONTROLLER ;04 KBoN/ECC 990 /716KR, FL
S | o PRI GG e | R T | ORCTG R R &
; ]ummno-mr ] -
— TEXAS INSTRUMENTS
{ INEORPORATED ok sesorsmp  UIST OF MATERIAL PAGE & of LMz261980-0007 Q ’;E
KA S EAES PART NUMBER DESCRIPTION VENDOR PART NUMBER
00994 XuAi
0091 00001.000 | EA | 0411226-0002 | TERNINAL,STUD
00914 i i
e092 00001.000 | €A i 0946707-0001 | STIFFENER,PWB, L1 INCH
¢ 0093 00001.000 | . EA 1 0946 708=0001 . INSULATOR : STIFFENERPHB .11 INCH
i 009s 00001.000 | EA 1 0339449-0002 | DIQDE, 1N4002 1ANP  [00PIV RECTIFIER T - IN4DO2
. oowsa ‘ cr1s
00%s 00001.000 €A 22101080014 SOCKET,DIiP,20~PIN,LOM PROFILE SEE T ~1 DRANING
| o0%eA ‘ XuHT
00ve 00001.000 : EA 2261980-5007 |AUTO-INSERTED PARTS LIST FOR 2261980-7
" ooee 00001.000 EA 0539370-0510 (RES FIX FILM 20.0% OHM 1S .25 WATT COR  ~NASSD~100PPM/(
00994 Re6
o100 00001.000 ; £A 0539370-0525 RES FIX FILM 28.7K OHM LT .25 WATT COR - NASS
01804 n4s
o101 00002. 800 : FT 2210083-0003 |WIRE,ELEC,COND U/L STYLE 1213,24 AWG 090484-UTE26A
0107 00001000 | €A 09729290373 |CAP FIX CERANIC 47.0 PF 10 S 200 V OPL - M39014/1C~137
" oto7a c1as
: AN DATE | DESIGN ENGINEER DATE | TITLE

ToRAFTSMAN

DATE | CKD DRAFTSM

APPD MG

DATE | APPD PROIECT ENGINEER

T DATE | RELEASED

CATE | FRGJECT NO

i

MEMORY CONTROLLER, 64KB W /ECC,990/16KRFL

f FARY NUMBER REV

|LM2261980-0007 | 31

4-18
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i\‘('? o oe 0ssorsgo  LIST OF MATERIAL pace 1 of LM2261980- 000 l Aiiz_
(w1 o W e ] eart NUMBER DESCRIPTION | VENDOR PART NUMBER
I 0002 REF EA 2261982-9901 LOGIC.NEMORY CONTROLLER,W/ECC,990/12
é 0003 REF EA 2261983~-9901 |TEST PROCEDURE o NENORY CONTROLLER,990712
| 0004 I REF EA 2261984~9901 | SPECIFICATION,MEM CONT W/ECC,16KR

0025 00002.000 EaA 09960890002 | 1C,SNTALS241N,LINE DRIVERS 01295S~-NT4LS24IN
00254 UAZ UAe
0027 00001.000 (13 0996029-0001 | IC,SNTALS27IN OCVAL D=TYPE FLIP/FLOP Tt ~SNTMLS2TN
00274 uo3
0030 00001. 000 €A 2261985-0001 |FPLA, ADDRESS DECODE, 16XKR MENORY CONT
0030A uAl
0032 00003.000 EA 09963070001 | 1C,SNTAS373,0CTAL Dy FLIPFLOP T ~SNT4S3T)
| 00324 UPs UPs Uss
i 0933 00001.000 EA 0996420-0001 |1C, SNTALSITIN 001295-SNT4LSITIN
00334 ucl
0936 00002.000 EA 09984562-0001 | DELAY LINE,TAPPED 097722-€P-T7111
00364 UK2 Ux3
0038 00002.000 EA 22101880012 | SOCKET,DIP, 16~PINS,LOW PROFILE SEE T ~1 DRANING
00384 XUKOZ XUXO3
0044 00001.000 | EA 0972946-0049 |RES FIX 220 OHM 5 T .25 W CARBON FILM | ROH - R-25
00444 ®49
00s? 00001.000 EA 09T2757-0016 | CAPFIXED CER 1800PF SOWRDC +10% 007115~CACO2XTRIS1IK1(
DRAFTSMAN DATE [ CKD DRAFTSMAN DATE | DESIGN ENGINEER DATE [ TITLE

MEMORY CONTROLLER ;96 KB oW/ ECC,990/16KR,FL

DATE

APPD. PROSECT ENGINEER

RELEASED

DATE | PROJECT NO |

Y
B
AE

1|.Mz 261%60- 6008

' {'@; TEXAs INSTRUMENTS
INCORPORATED

OATE 98701780

LIST oF MATERIAL

PAGE 2 of

PART NUMBER =]

LMz2261980-0008 bod

__N"'ﬁ:'m o S PART NUMBER DESCRIPTION VENDOR PART NUMBER
o0sSTA c110
0059 00004. 000 €A 09727630021 [CAP.FINED,AXTIAL LEAD,.04T UF,+80%,-20%
o0%ea CS8 Citi C112 C11)
0063 00001.000 EA 0972924-0006 [CAP FIX TANT SOLIO 39 WFD 10 % 10 VOLY QPL  -M39003/1-2259
00634 cl1e
0860 00006, 000 €A 0800523-0001 (TRANSESTOR ASTZ907 PNP SILICOM Yi- -AST2907
00MeA 03 @& QS Q6 QT Q8
0ses 00001.000 [ 0972997-0001 |TRANSISTOR,2N930A NPN LOM CUR ANP,TO-18 | MOT - 2N930A
0e%A Q2
[ 0000 .000 | EBaA G9T2949-00061 |TRANSISTOR 2N2603 iOW-LEVEL,LOW-ROTSE 1] ~2n260%
0066A Q10
9087 00003,.000 EA 09729350001 [XSTR 2M2349A,NPN,HIGH SPEED SW,T0-18 oY - 2N2369A 1
TN at a1l ov i
[ 90001, 000 €A 0972057-0001 |TRANSTSTOR-AST2222 NPN SILICON Ti-  -AST2222 }
60884 a12
oeve 00062.000 | EA 9972337-0001 |DTODE,LED 350-0103 S0 MA 3 ¥ DIA  --530-0103 j
o804 cre cail ;
s 00011.000 (1] 0226609-0001 [OI0DF,VISIBLE LIGHT ENITTING |
[ 3,7 CRI THRU CRT,CR9,CR10
ooT18 CRLI2 CR13
DRAFTSMAN DATE | CKD. DRAFTSMAN DATE | DESIGN ENGINEER DATE | TITLE }
HENORY CONTROLLER,96KB¢ W ECC,990716KR FL
APPD -MIG. DATE | APPD. PROJECT ENGINEER DATE | RELEASED DATE | PROJECT NO l PART NUMBER T rev
! {LMz261980-0008 | A8
2250690-9701 Change 1
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Drawings

'r‘iﬁ TeEXAS INSTRUMENTS i
N eemrORATES ok ossorse0  LIST OF MATERIAL PacE 3 ot (LM22¢1930-0000 | 3B
Nﬁs’»’;‘ﬂ R o | e PART NUMBER DESCRIPTION VENDOR PART NUMBER \J
0072 00002.000 | €A 0972947-0008 |SWITCH, SLIDE-SPST.DIP & SWITCHES i
00724 ucT use
| o073 00002.000 | EA 2210154-0015 (HEADER, POLARTZED AND LATCHING, SO PINS | 000TT9-86476-7
| oor3a ’3 0
%0te 00001.000 @ EA 0945239-0001 |SRACKET-STIFFENER, PUB, L4IN |
oors 00001.000 | EA 0944954-0001 | TNSULATOR, PWB, 161N |
oeTe 00006.090 | €A 0972684-0002 | SCREW, THD FRNG,HEX WSHR HD,2-56X1/4 LG
o078 00002.000 | €A 0533844-0001 |EJECTOR, NYLON, NON-LOCKING, PWS
oore 00002, 000 2210188-0010 |DTP SOCKET,8-PIN,LOV PROF ILE SEE TI- DRAWING
0080 00001.000 | €A 0996009-0008 | 1C,SNTALS284N LINE ORIVER ~SNTALS204N
| cosoa ua3
0083 00001.000 | EA 0996089-0001 | IC.SN74LS240M,LINE DRIVERS 001295-SNT4LS 2408
00834 ury
| oose 00001.000 | €A 0946693-0067 |ROM $1,16K ECC DECODE, 990710
} 00844 vHY '
| o087 00004.000 | EA 0996864-0001 | COMNECTOR, SOCKET PC8 022%26~T73060-007
" oosta € Ty F12
0008 00002.000 | EA 0972T13-0001 |PLUGe JUMPER, 1.C., D.300 INCH
Gos8a FERTTY
0089 00001.000 | EA 2210188-0017 | SOCKET,D1P,28-PINJLON PROFILE SEE T -1 DRAWENG
SN S 55 DA o7e T it SRCREEE ST
WENORY COMTROLLER,96KB,N/ECC,990/16XR,FL
APSD MFG DATE | APPO. PROJECT ENGINEER DAVE | RELEASED DATE | PROJECT NG T !LM!!.‘%’&MM‘ §
; TE)S':? J§§EE(£MEEETS LIST or MATERIAL PP L
N - e 08701780 PAGE & of [LM22¢61980-0008 | 3D
J&. A;g’:." ‘&( STt PART NUMBER DESCRIPTION VENDOR PART NUMBER
Tooees | XUAT !
sowL 00001.000 = EA 0411226-0002 TERWINAL,STUD ;
ooviA oL
0092 00001.000 €A 0946707-0001 | STIFFENER,ANS.11 INCH
| 0093 | 00001000 | €A 0944708-0001 | INSULATOR,STIFFENER, PWB, L1 INCH
[ 009s | 80001.000 €A | 0539448-0002 DIDOE, IN4002 IAMP 100PIV RECTIFIER T - 1Ne002 ;
' oowsa ‘ cms !
00%e 00001.000 | €A 22101850014  SOCKET,DIP,20-PIN,LON PROFILE SEE T -1 ORAWING
00964 xoM?
0098 | 00001.000 €A 2261980-5008 |AUTO-INSERTED PARTS LIST FOR 2261980-8
0099 00001.000 | €A 0539370-0510 RES FIX FILN 20.0K OWN 1T .25 WATT COR  ~NASSD-100PPM/Q
00994 " res
0100 00001, 000 ‘ EA 0539370-052%5 RES FIX FILM 28,.7K OHM 1% .25 WATY COR - NASS
01004 | ‘ R4S
oiol . 00602,800 FT 2210083-0003  WIRE,ELEC,COND U/L STYLE 1213,26 AWG 090484-WTE24A
o107 00001.000 | EA 0972929-0373 |CAP FIX CERAMIC 47.0 PF 10 X 200 v 0PL - m39014/1C~137
| 010TA ! ! c133 !
I
‘ | |
S S o S S G ST 1

MENMDRY CONTROLLER,96KBoM/ECCo990/16KRFL

RIS G

BATE

APRD FROIECT ENGINEER

DATE | RFLEASED

SATE | PROIECT NO

Il

FART NUMBER ]

'LM2261980-0008 | *2 |

4-20

Change 1

2250690-9701



|

|

5\ TEXAS INSTRUMENTS ] TERIAL (TR
e " o ossorsee  LISTOFMA PAGE L of [LMz2e1980-5001 |40 |
o ot o | e PART NUMBER DESCRIPTION VENDOR PART NUMBER
000t 00001.000 | EA 2261981-0001 | PWS,NEMORY CONTROLLER /ECC 4990712
0003 00001.000 | EA 0219402-7400 ‘unou SHT4SO0N
[ 1} “lﬂl
2008 00002.000 | €A 0972900-7400 |NETWORK SNTALSOON T1 -SNTeLSOON
0008A uc2 Urs
eeot? 00081.000 | €4 0972900-7402 | NETWORK,SNT4LSO2N i
000TA ves l
e 00001.000 | EA 0219402-7403 |NETMORK SHT4SON
000sA ums
0009 00801.000 | €A 0219402-7404 |NETWORK  SNTASOAN
0009 [T}
oo10 00002.000 | EA 0972900-7404 | NETWORK SN74LSOAN
00104 uss UF2
001t 00001.000 | EA 0972749-0001 | NETWORK, SNT4LSOSN
oollA uce
%012 00001.000 | €A 0972900-7410 |NETWORK SNT4LS1ON
00124 uos
i o013 #9001.000 | EA 0219402-7430 |NETWORK SNT4S3ON
00134 us? i
._oets 00002,000 | EA 0996136-0001 | 1C,SNT4LS25TN,DATA SELECTORS/MULTIPLEXER T1  —SNT4LS25TN |
 DRAFTSMAN DATE | CXD DRAFTSMAN DATE | DESIGN ENGINEER DATE | TIME
AUTO-INSERTED PARTS LIST FOR 2261980-1
APPD.-MFG. DATE | APPD. PROJECT ENGINEER DATE | RELEASED DATE | PROJECT NO ] { 226 lvA’nONou:g;loo‘ g :
“ ‘ M Lar )

{chEXASlNST
I tNCORPO

24

DATE 08£01/80

LIST or MATERIAL

PAGE 2

of

FART NUMBER REV

LM2261900~3001 a

F o o B [ e | parTNUMBER DESCRIPTION VENDOR PART NUMBER
| oo14a P9 UES
ools 00002.000 €A 0972900-7432 |NETWORK SNTALS32N T ~SNT4LS32M
00154 | UGs UN&
0016 00001 .000 (13 09729007431 [NETWORK SNT4LSSIN Tt ~SNT4LSSIN
00164 uG3
o017 00002.000 EA 0972900~ T454 [NETUMDORK SNTHLSS&N T1 ~SNTOLSSeN
00174 UKt uol
o018 00005. 0600 EA 0219402-T4T6 NETWORK SNTSSTON
00184 US1 UI2 UKE UM2 UJs
0019 | 00005.000 €A 0972900-T4T4 |NETWORK SNTOLST4N
i 00194 UG4 UFL UF4 UGS UE3
0020 00004000 EA 0Z19402-T486 |NETWORK  SHTASOGN
00204 UFY UFT UFS UFS i
0021 0000t . 000 €A 0972782-0001 |NETWORK SNTALSL3I2N 1t ~SHTALS132N
00214 us
‘ 0022 00002.000 | EA 0219402-T138 |NETHORK SNT4SL38N |
| oo2za “ ues UGT !
0023 | 00002.000 | OEA | 0996305~-0001 | 1C, SNTAS169 UP/DOWN COUNTER,4 BIT 001295-SN73169
0023 | ‘ ‘ uoe ucs
| oo02e 00001000 €A | | _0972900~T17S [NETWORK SNP4LSL TSN i
[ R | €GB GeArra ST | DRIGN ENGINEER SaTE e
: AUTO~INSERTED PARTS LIST FOR 22¢1%00-1
APPD MFG DATE | AFPD PROIECT ENGINEER DATE | RELEASED DATE | PROJECT NC -’7 { PART NUMBER ; REV
L | lLM!l‘l”ﬁml ! A‘j"
2250690-9701 Change 1
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»J‘i;—‘ TEXAS INSTRUMENTS
\\{,v INCO PORATED

LIST oF MATERIAL

oae 08701780 PAGE 3 of ﬁmi
fﬁ . o EES PART NUMBER DESCRIPTION VENDOR PART NUMBER i
. 0024A Ues
i 0026 00002.000 €A 0996136~0002 |[1C,SNT4LI258N,DATA SELECTORS/MULTIPLEXER T1 ~SNT&LS 298N
:‘ 00264 UHS UJ9
( 0028 00006, 000 €A 0219402-7280 METWORK SNT4S280N T ~SNTAS280N
. 0028A UKS UKT UKS UK9 UJe UJS
0029 ‘ 00002.000 EA 09726520001 |[NETWORK SNTALS28W
; 00294 E uss Ucé
; 0031 00018,000 EA 0972767-0004 [NETWORK SNT&LS36BNMN
g 00314 URL UR2 UP2 UR6 URT UHe UPT
| 00318 URS URS UC2 UB4 UAT UR4 URS
| eonc UET UPS US3 UB2
i 00% 00001.000 EA 09T746T4-0001 |NETWORK SNTSLISN
00MA ver
00319 00002, 000 €A 0996138-0001 |TC, SNTOLS266M 2-INPUT EXCLUSIVE-NOR GATE TI ~SNTALS 268N
003% ups uns
0040 00081.000 EA 09720372680 |NETWORK,RES 680 OM% 22 16PIN BELEMENT 073138-898-3-R680
00404 uor
0041 00001. 000 EA 08001180004 [RESISTOR 220 OHNS DIL PULL UP 16 PINS BEC -89818220
0064LA uUne
wd?&’ Moﬂﬂxw “D%LW M"lm;:!»m:.m:cisﬂftl 100 ﬂ:: :m' +25 W CARBON FULM ROH - R=-2%
AUYO~TNSERTED PARTS LISY FOR 2261980-1
e e | A oo o I L ILMZI‘I’::SJ:;IOOI jﬁ
7\ TEXAS INSTRUMENTS
@ NEORFPORATES o osserse  LIST OF MATERIAL PAGE & of LMz2¢1980-3001 | a0 |
E f:@': o | o PART NUMBER DESCRIPTION VENDOR PART NUMBER
i 00434 ne
‘/ 004 00005, 000 (1} 0972944~0049 RES FIX 220 OHM 5 T .25 W CARBON FI‘I.H ROH - R-25
| eseea /1 A2 RZS 30 R3)
9048 00001 .000 €A OIT2946~00%3 [RES FIX 330 OHM 5 T .25 w CARBON FILM ROH - R=2S
! L] 22
’! [ 2 00001 . 000 (1} OUT2946~0001 [RES FIX 680 OHWR S X .25 W CARBON FILM ROH - R=2%
00ssA [ £4)
0067 09008, 000 €A Q9T2946~0065 (RES FIX 1.0K ONR ST .25 W CARBON FILM ROH - R=-2%
[YRN R10 R19 R26 R23 R24 R25 RITV
TS "3
[ 1] 00004, 000 €A 097294460009 (RES FIX 10K OMM 3T .25 W CARBON FiLN ROH = R=-2%
00084 R32 RI3 R34 R3S
0049 90008 . 000 €A 09T729446~0095 [RES FIX IOK OMM ST .25 W CARBON FILN ROM -~ R-2S
98494 a3
oeso 00001.000 | EA 0972946~010% |[RES FIX 47 XK OMWM S T ,25 W CARBON FILM | ROM - R-25
00304 R26
[ 1} 00001.000 EA 0972946~0121 [MES FIX 220K OHR S S .25 W CARBON FILM ROH - =25
00314 rye
0032 00002.000 EA 0972946-0093 |RES FIX 15K OMR 5% .25 W CARBON FILM ROH = R=25
owsas . L
| AUTO-INSERTED PARTS LIST FOR 22819601
e AR FRGIECT BNGNERY R7E T VRERED TR T PRBIECT D T AT OMREE T
! ! i ! [LM22¢1900-3001 A2

Change 1
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Drawings

R T
N owe 0ssopsmo  LIST OF MATERIAL PAGE S of LM2261980-5001 30 |
RN T CUARTITY N T LAE ¢
| NJE&:{, ! sy e \ D;;? I PART NUMBER DESCRIPTION VENDOR PART NUMBER
0083 | 00001.000 | €A | | 0539370-0385 RES FIX FILW 1.00K OWN IT .25 WATT CoR = NASS
00534 | m
005 00001.000 | EA 0539370-0404 |RES FIX FILN 1.58K OHM 1T .25 WATT COR - NASS
00564 ri2
0056 00001.000 | €A 0972757-0025 |[CAP FIX CER LOIMF 10% 50V
j
50584 | ces
00ss 00012.000 | EA 0972763-0009 |CAP,FIXED .004TMF 50 YOLTS 004222-MC 10SE4T27
00584 C76 CT5 C80 C31 C82 €83 C8S
00388 C9¢ €97 C108 C109 C121
0059 00087.000 | EA 0972763-0021 |CAP.oFIXED, AXIAL LEAD,. 047 UF,+80%,-20% '
I oosea €1 THRU €19 €21 C23 €25 C27
00598 €29 €31 €33 €35 €37 €39 €4l
0059¢C C43 C45 C4T C49 CS1 C53 €55
00590 €36 C87 C59 THRU CT3 CT6
00S9E THRU C79 €84 CB7 THRU C90
0059F €92 €93 C98 THRU C103 C106
| 00596 €107 C11s THRU CI17 €120
t
| oose €122 THRY C125 C127 €128
oose1 €129 €130 c13t
0060 00020.000 | EA 0972924~0014 |CAP FIX TANT SOLID 1S MFD 10 2 20 YO QPL  -M39003/1-2289
DRAFTSMAN DATE | CKD DRAFTSMAN DATE | DESIGN ENGINEER DATE | TITLE
AUTO-INSERTED PARTS LIST FOR 2261980-1
APPD MG DATE | APPD. PROJECT ENGINEER DATE | RELEASED DATE | PROJECT NC T T PANT NUMBER REV
1 ||_Mgzsnao-sool, L%
! £

DATE 08701780

LIST o MATERIAL

PAGE § of

AR NUMBER RV

LMz2¢1980-5001 | 90

b e [ & T PART NUMBER DESCRIPTION VENDOR PART NUMBER |
00604 C20 €22 €24 C26 C28 C30 C32
00608 C34 C36 C38 CA0 C42 T4t CH6
0060C C48 CS0 CS2 CS4 C91 C104
ooe1 00001.000 | €A 0222222-T470 |NETMORK SNT4TOM -SNT4TON
00614 uF3
0062 00001.000 | EA 0800118-000% |RESISTOR 1.0KOHAS DIL PULL UP 16 PINS | BEC  -8981R1,0K
00624 ucs
0063 00003.000 | EA 0972924-0006 [CAP FIX TANT SOLID 33 MFD 10 T 10 VOLY QL -N39003/1-2259
00634 €105 C118 C132 V |
0069 00001.000 | EA 0972932-0001 (DIDDE 1M9148 SEE TI- DRAWING
00694 cr1s
0081 00001.000 | EA 0996508-0001 |1C,T4LSIOIN DUAL BINARY COUNTER 001295-T4L 53938
! oosta uel
| o082 00001000 | EA 0222222-7408 |METWORK—SNT408N
00824 usl
| 008s 00011.000 | EA 09729460081 |RES FIX 4.TK ONR 5 T .25 W CARBON FILM | ROM  ~ R=2% ;
| ooesa R13 THRU RLS R40 R41 R42 |
| oosss R43 Rae
0086 00006.000 | €A 0972946-002% [RES F1X 22.0 OWM 5 T .25 W.CARBON FILM | ROH - R-Z5
00864 R3 Ré RS R6 RT RS
SRAPTSAN SRTE XD DRI S7E | DRI ENGINEER Sate [T —
AUTO-INSERTED PARTS LIST FOR 2261980-1
APPD MFG. DATE | APPD. PROJECT ENGINEER DATE | RELEASED DATE | PROJCT NO ‘ PART NUMBER REV
| LM22s1900-5001 7;?
2250690-9701 Change 1
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Drawings

\J;@v TEXAS INSTRUMENTS
) INCORPORATED

LIST or MATERIAL

PART NOMBER

5]

(‘“ FANT
TTEM

n
0090

[ ueee |

0090A

CHAFTSMAN

UFL UE2

owe 08701780 PAGE T of [LM2261980-3001 | #5- |
o AR PART NUMBER DESCRIPTION VENDOR PART NUMBER )
00001.000 €A 0972757-0021 [CAP, FIX, CERARIC, 4TO0SF, 30V 10% ]
c12e |
00001.000 €A 0996 780-0001 [1C,SNT4LS33N QUAD POSETIVE—NOR BUFFER 001295-SNT4LSI3N
UAs
00002.000 | EA 0219402-7258 |NETWORK SNT4S258N

DATE | CXD DRAFTSMAN

DATE | DESIGN ENGINEER

DATE | TTLE

AUTO-INSERTED PARTS LIST FOR 2261980-1

TG G

DATE  AFD FROJECT ENGINEEE

|
I

DATE | RELEASED

OATE | RO

ECT NG T
'

T NUMBER

I

ILM2261980-3001 | »

v
3

4-24
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[o5 TEXAS INSTRUMENTS LIST or MATERIAL i
\‘\J - oaTe 08/01/80 PAGE 1 of {LMzze1980-5002 ' -35:
- & PART NUMBER DESCRIPTION ] i " VENDOR PART NUMBER
0001 | 00001.000 | EA 2261981-0001 | PWB, RENORY CONTNOLL ER,M/€CC,990/12 {
0005 | 00001.000 | €a 0219402-7400 |NETWORK SNT4SOON |
00054 uK1
0006 00002.000 | EA 0972900-7400 |NETWORK SNT4LSOON TI -SNTALSOOM
00064 U2 P4 i
327 soocot.eae | ea 0972900-7402 |NETWORK,SNT4LSO2M |
00074 Ues
0008 00001.000 | EA 0219402-7403 |NETWORK SNT4SO3N |
00084 uws |
0009 00001.000 | EA 0219402-T404 |NETWORK SNTASOAN ‘:
I} oooea uH3 ‘
0010 00002.000 | EA 0972900~T404 |NETHORK SNTALSO4N ! ’
00104 us3 UF2 | r
oo11 00001.000 | €4 0972749-0001 |NETWORK, SNTALSOBN }
00114 uce i
0012 00001.000 | EA 0972900-7410 |NETWORK SNT4LS10N !
00124 uoa l
o013 ©000L.000 | €A 0219402-7430 |NETWORK  SNT4S30M ‘ ‘
00134 usT |
_ools 00002000 | €A | | 0996136-0001 |1C, SNTALS25TN,DATA SELECTORS/MULTIPLE XER TY  -SNTMLS2STN
AUTO-TNSERTED PARTS LIST FOR 2261980-2
FioE e | RO e Gare | ReiEAsD TATE | PRORET NG T T PR e | R
[ | {LM2261980-5002 | %8
I3p Texas IugTRuMEnTs LIST or MATERIAL e
oat 08701780 PAGE 2 of LM22s1980-5002 | 28
kR i PART NUMBER DESCRIPTION VENDOR PART NUMBER
00144 UPS UE6
oo1s [ 00002.000 | EA 0972900-7432 [NETWORK SNT4LS3I2N T -SNTeLS32N
00154 Uss U
o016 00001.000 | EA 0972900-7451 |NETWORK SNT4LSSIN YL -SNTALSSIN
00164 ues
oo17 00002.000 | EA 0972900-7454 |NETHORK  SNTOLSS4N T -SNTOLSSeN
00174 unL UDL
o018 00005.000 | E& 0219402-T474 [NETHORK SNTAST4N
00184 UJL U2 UR& UH2 U
0019 00005.000 | EA 0972900-7474 |NETWORK SNTALSP4N
Il oor9a UGA UFL UFe UGS UE3
0020 00004.000 | EA 0219402~T485 |NETWORK SNT4SB6N
| 00204 UF9 UFT UF8 UF6 ‘
. o021 00001.000 | EA 0972782-0001 |NETWORK SNT4LS132ZM T -SNTMLSIIN |
00214 uss '
. 0022 00002. 000 } €A 0219402-7138 |NETWORK SNTAS138N
00224 \ ues us? :
0023 00002.000 | EA 0996305-0001 | [Co SNT4S169 UP/OONN COUNTER,4 BIT 001295-SN745169 :
00234 ' uos uc3 ‘,
0024 00001.000 | EA 0972900-T17S | NETMORK SNT4LSL7SN j
DRAFTSMAN DATE [ CKD ORAFTSMAN DATE | DESIGN ENGINEER DATE | TTLE H
| | AUTO-INSERTED PARTS LIST FOR 2261980-2 |
RPFD MG DATE | APPD_ PROJECT ENGINEER DATE | RELEASED W’ PROJECT NO ‘r ! PART NUMEER S
| ; ; LM2261980-3002 | 30 |
2250890-9701 Change 1
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Drawings

‘ {‘@(; TEx;:

s INSTRUMENTS
CORPORATED

DATE 08/01700

LIST ofF MATERIAL

PAGE 3 of

PART NUMBER 3

LM224190e-5002 | a0

}

s S RS PART NUMBER DESCRIPTION VENDOR PART NUMBER - \
00344 UES
[ 1] 00003.000 Ea 0996136~0002 |T1CoSMTALS258N,0ATA SELECTORS/MULTIPLEXER TI ~SNTALS238N
00264 uMs yJe
os2e 00006.000 | EA 02194027200 |NETWORK SNT4SZE0N TT  -SNTAS280N
[ 217} UKe UKT UKS UKY UJS UJe
oy 00002, 000 (1} 0972652~0001 (NETWORK SNTALS203N
0029 uUssé UCe
[ 1} 20018,000 €A 09T2787-0004 |NETWORK SNT7ALSION
0031A URL UR2 UP2 URS URT UMG UPT
[ 111} URS UR9 UC2 UBS& UAT URS URS
[ 3114 UET UPS US3 UB2
[ Y 00001, 000 £A 09764 74-0001 |NETWORK SNTS136N
00304 ve?
8033 00006, 000 €A 0972583-0001 METWORK,SNTSI6S - -SNT5365
0034 ULL W2 UML URZ UNL UN2
0037 00022.000 [ 1} 0994600-0001 [1C. 16K RAM, {SEL) 001295-TMSAL18/2A0T727
0037A UNS THRU UN2S
oo 00002.000 | EA 0996138-0001 |1CoSNTALSZ66N 2-INPUT EXCLUSIVE-NOR GATE TI  —SNTALS268N
[ 1) une uss
0040 00001.000 | EA 0972037-2680 |NEVTNORK,RES 680  OHM 2T 16PIN BELEMENT 073138-898-3-R680
DRAFTSMAN DATE [ CKD. DRAFTSMAN DATE | DESIGN ENGINEER DATE | TIME
AUTO-INSERVED PARTS LIST FOR 2261980-2
o SATE AP ROTECT NGRS e | o SR | RORCTNG PR NGREE W
ILMzzuoao—noz l }g—
7 TEXAS INSTRUMENTS
Q@ INCORPORATED  x osrorsee  LIST OF MATERIAL ot & of LMzz61980-3002 |4
i o IEERE PART NUMBER DESCRIPTION VENDOR PART NUMBER
00404 i voT
] 00001, 000 o 0800118-0004 [RESISYOR 220 OWMS DIL PLLL UP 16 PINS | BEC  -8981R220
o%ela e
0042 00003, 000 EA 0972037-1220 |NETHORKLRES 22  OHM 2% 16PIN BELEMENY 073138-898-3-R22
00424 ' UL3 UNS UNS
0043 00001000 1 €A 0972946-0041 (RES FIX 100 (MM 5 X .25 4 CARBON FILM | ROH - R-2% )
00434 (1]
004 00003.080 EA 09T72946-0049 'RES FIX 220 OHM 5 X .25 W CARBON FILM | ROH - R-25
00seA RL %2 R29 R30 R3L
004s 80001.000 EA 0972944~0053 |[RES FIX 330 OWM S X .25 W CARBON FILM | ROM - R-25
0063 r22
[ 00001.000 | EA 0972946-0081 |RES FIXK 680 DMM 5 T .25 W CARBON FILM | ROH - R-25
" ooeeA w21
i 00e? 00008.000 | EA 0972946-0065 |RES FIX 1.0K OMM ST .25 W CARBON FILM | ROW - R=25
' 008TA R10 R19 R20 R23 R24 R2S R37
0478 "3s
0048 00004.000 | EA 0972946-0089 |RES FIX 10K OMM ST .25 W CARBON FILA ROM - R=2%
00484 R32 R33 R34 R3S
00%9 00001.000 EA 0972946-0095 |RES FIX 18K OWM ST .25 W CARBON FILM ROH -~ R=2%
[ r36
EoLET S T T RN AT | GRS e ST
AUTO-INSERTED PARTS LIST FOR 2261980-2
e S| e mesTinens S S eree | ‘LM2261980-3002 o
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TEXAS INSTRUMENTS
INCORPORATED

LIST oF MATERIAL (L T

oate 0801780 PAGE § of | 261980-5002 “2&_ i
| s
S o o PART NUMBER | DESCRIPTION VENDOR PART NUMBER
00001.000 EA | 0972946-0105 RES FIX 47 K OMM S T .25 W CARBON FTLNM ROH - R=2%
R26
00001.000 EA 0972946=-0121 RES FIX 220K OHM 5 X .25 W CARBON FILM ROH - R=2§
;R39
00002.000 EA 0972946~0093 I[RES FIX 15K OHM S% .25 W CARBON FILM i ROH - R=2%
| 60SzA i RZT R28
:’ 0053 00001. 000 EA 0539370-0385 |[RES FIX FILM 1,00K OHM 1T .25 WATT COR - NASS
00534 r11
0054 00001 .000 €A 05393700404 (RES FIX FILM 1,58K OMM 1% .25 WATTY CDR - NASS
00544 R12
Il o0%e 00001.000 €A 0972757-0025 |(CAP FIX CEFR .O1MF 10X SOV
00864 c9s
0058 00012.000 | EA 0972763-0009 |CAP,FIXED .004TMF 50 VOLTS 004222-MC105€4727
00584 CT4 CT5 €80 C81 C82 CA3 CaS
00388 €94 C97 €108 C109 €121
0059 00087.000 | €A 0972763-0021 |CAP.oFIXED,AXTAL LEAD, o047 UF, ¢80%,~20%
00594 C1 THRU €19 C21 €23 €25 C27
00598 €29 C31 C33 C35 C37 €39 Cél
0059C C43 C45 CAT C49 CS1 C53 CSS :
20590 €56 C57 €59 THRU CT3 C76 :
DRAFTSMAN DATE | CKD. DRAFTSMAN DATE | DESIGN ENGINEER DATE | TIMLE
AUTO-TNSERTED PARTS LIST FOR 2261980-2
APPD -MFG DATE | APPD. PROJECT ENGINEER DATE | RELEASED DATE | PROJECT NO I PART NUMBER ' REV
[ |LM2261980-5002 | 8-
AE
v o
T|-:xA§ INSTRUMENTS — -
tN ORPORATED
o ossorsse  LIST OF MATERIAL PAGE & of LM2261980-5002 | a2
v ST W Lag J
Mnj%. Ass?l x gus 2t PART NUMBER DESCRIPTION VENDOR PART NUMBER
0059 TMRU CT9 C84 CaT THRU C90
oos e €92 C93 C98 TwRu C103 C106
[ C107 C114 THRU C117 C120
03 €122 TWRU C125 C127 C128
oesel c12% c130 CI31
e 00026.000 | EA 0972924-0014 [CAP FEX TANT SOLID 1S WFD 10 % 20 VOLY QPL  —N39003/1-2289
0e0a €20 €22 C24 €26 C28 C30 €32
00s08 €3¢ C36 C38 C40 Co2 Coé Cao
00e0C Ce8 €50 €32 C9¢ C91 C104
oesi 00001.000 | EA 0222222-7470 |METWORK SNT4TON ~SNT&TON
00814 ur3
' ooe2 00801.000 | EA 08001180008 |RESISTOR 1.0KOHMS DIL PULL UP 16 PINS | BEC  -S98IR1.OK
" oeepa ue ‘
LYy 00003.000 €A 0972924-0006 |CAP EIX TANT SOLID 39 WFO 10 ¥ 10 voLT QPL  -N39003/1-2259
00634 C10% C118 C132 :
0089 00001.000 | EA 0972932-0001 |DIODE IN9148 ' SEE TI- DRAWING
0069 crie ; |
o0} 00001.080 | EA 0996508-0001 |1C,P4L5393N DUAL BINARY COUNTER | 001295-T4LS3OMW
ooelA uet X
() 00001,000 | €A 0222222-7408 | NETHORK-SNT408N ‘ |
DRAFTSMAN DATE | CKD DRAFTSMAN DATE | DESIGN ENGINEER DATE I TITLE H
AUTO-INSERTED PARTS LIST KOR 2261980-2
roET BATE | AP, PROTECT ENGIEER BATE | WLEAND DATE | PROJECT NG T FAFT NUMIER TR
! | |LM22e2980-3002 | 20
2250690-9701 Change 1
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Drawings

# TEXQS INSTRUMENTS . . — -
! INCORPORATED v
- o ossotsen  LIST OF MATERIAL PAGE T of iLMzzuno-sooz | % |
iR ot B [ | eart NumBer DESCRIPTION [ venpOR paRT NUMBER |
00824 [ ! i
008 00011.000 EA 0972946-0081 [RES FIX 4.TK OMM S T .29 W CARBON FILN | ROW =~ R-2S 1
0083A R13 THRU RIS R40 Rel RA2 !
0cess R43 Res
i
[ 113 00006.000 EA 0972946-0025 |RES FIX 22.0 OHM S R .25 W.CARBON FILM | ROM - R-2S |
0086A R3 Ré RS R6 R7 RS |
0090 00001.000 EA 0972757-0021 |CAPe FIXe CERAMIC, 4TOOPF, SOV 10%
0090A . c126 3
|
00% 00001.000 EA 0996780-0001 |1C,SNTALSIIN QUAD POSITIVE-NOR BUFFER 001295-SNT4LS3IIN |
00%4A uAs !
il oowr 00002.000 EA 0219402-7258 |NETWORK SN74S256N
i
0097A UEL uE2
SIAFRAN AT CXD DRAFTMAN ATE | DR ENGIEEY S e
| AUTO-INSERTED PARTS LIST FOR 2261980-2
RO MG, DATE Emo FROJECT ENGINEEE DATE | WELEASED DATE | PROJECT NO T T PART NUMBER RV
! | |LM2261980-5002 ki |
i

\ I i

4-28 Change 1 2250690-9701



r@'ﬂ TEXAS INSTRUMENTS
\’\() INCORPORATED

oate 08401780

LIST oF MATERIAL

PAGE § of

PART NUMBER REV

|
LM22¢1900-5003 | 48

T v RS PART NUMBER DESCRIPTION ! VENDOR PART NUMBER
NUMBER_ ASSEMBLY ISSUE
0001 00001.000 | €A 2261981-0001  PWB,NEMORY CONTROLLER,Ww/ECC,9907/12
0005 00001.000 | EA 0219402-7480 | NETWORK SN74SOON \
00054 ux1
0006 00002.0060 | EA 09729007400 |NETWORK SNTALSOON " ~SNT74LSOON
00064 U2 ure
9067 G050i.000 | €A 0972900-7402 METUORK CMT4LSO2N !
00074 vEs i
0008 00001.000 | EA 0219402-7403 |NETWORK SNT4SO3N
|
00084 uHS |
i
0009 00008.000 | EA 0219402-7404 |NETWORK SNT4SO&N
00094 (1)
o010 00002.000 | EA 0972900~ 7404 |NETWORK SNTALSOAN
00104 uJ3 UF2
i
‘i 0011 00001.000 | EA 0972749~-0001 |NETWORK, SNT4LSOSN
, 00i1A ucs
0012 00001.000 | EA 0972900~7410 |NETWORK SNT4LS1ON
00124 uDs
9013 00001,000 | €4 0219402-7610 |NETWORK SNT4S3ON
00134 ug?
0014 00002.000 | EA 0996136-0001 | 1C,SNT4LS25TN,DATA SELECTORS/MULTIPLEXER T1 -SNTALS?STN
DRAFTSMAN DATE | CKD. DRAFTSMAN DATE | DESIGN ENGINEER DATE | TMLE
AUTO-INSERTED PARTS LIST FOR 2261980-3
APPD MG DATE | APPD PROIECT ENGINEEE TATE | PELEASED DATE | PROJECT NG T 'v PART NUMBER T rev
| |[LM2261980-3003 | 40-
! ! { AE
. TEXAS INSTRUMENTS MATER S -
; INCORPORATED v
ot osrorseo  LIST OF MATERIAL PAGE 2 of LM2261980-3003 | 4o
RN g T £E
NN v o | e PART NUMBER DESCRIPTION VENDOR PART NUMBER
00144 UP9 UES
0015 00092.000 EA 0972900-7432 |NETWORK SNT4LS3IZN TT -SNTALS3I2N
00154 UGs UHe
0016 00001.000 = EA | 0972900-7451 NETWORK SNT4LSSIN ¥I —SNTALSSIN
00164 ue3
0017 00002.000 | €4 | 0972900-7454 |METWORK SNTALSS4N T -~SNT&LSSeN
0017A ML UL
0018 00005.000 | €A 0219402-7474 |[NETWORK SMT4ST4N
00184 UJl U2 U4 UHZ Uds
0019 00005.000 | EA 0972900-7474 |NETHORK SNTALSTON
0019 UGA UFL UF4 UGS UE3 ‘
6020 00004,000 | €A | 0219402-7486 |NETWORK SNT4SS6N ‘
i
00204 : |UFe UFT UFS UF6
I i ! |
0021 | 00001.000 | EA | 0972782-0001 NETWORK SNTALSLI2N o ~SNTOLS132N
aoz1a | E uJs
0022 00002.000 | EA 0219402-T138 |[NETWORK SNT4S138N
| o0o022a | } o ues ueT ‘
; ; i | .
‘l 0023 | 00002.000 | EA | | 099630%-0001 |1C,SNT&S169 UP/DOWN COUNTER,& 8IT ' 001295-SNT4s169
! oo23a | ; | ubs uc3
| i i
0026 00001, 000 AL 09T2900-T1TS5 iunmx SHTAS1TSN
SeRrra SR G CATTaAN oA | SRS EomeEa kT
AUTO-INSERTED PARTS LIST FOR 2261980-3
AP0 -MIG DATE  APPD PROJECT ENGINEER DATE | RELEASED DATE | PROJECT NO. ‘I i PART NUMBER Y
; : LM22¢1990-5003 | 45
— L | AE )
2250690-9701 Change 1
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Drawings

- o one osso17e0  LIST OF MATERIAL PAGE 3 of LMR“::;:::” *5
‘ K R S PART NUMBER DESCRIPTION VENDOR PART NUMBER .
00244 UES
% 002e 00002.000 | EA 0996136-0002 |1C,SNTGLS258N,DATA SELECTORS/NULTIPLEXER TI  ~SNT4LS238N
| oozea i uns vye
: 0028 00006.000 | EA 0219402-7280 |NETWORK SNT4S280N TI -SNTas280M
00264 UK6 UKT UKB K9 UJ6 UJS
0029 i 00002.000 | E£A 0972652-0001 |[NETWORK SNT4LS283N
00294 | uss UC
003t 00018.000 : €A 0972787-000¢ |NETMORK SNT4LS368N
| oo3na URL URZ UP2 URG URT U6 UPT
| ooms : URS URS UCZ UBE UAT UR4 URS
’ 0031C ! UET uPS UB3 UB2
| oo03e 00001.000 | €A 0974574-0001 |NETMORK SNT5138M
| oo3ea usy
003 00006.000 | €A 0972583-0001 |NETMORK, SNT$365 Ti-  -SNTS36S
00334 ULL UL2 UMI UM2 UNL UN2
0037 00044.000 | EA 0996680-0001 |1C, 16K RAM, (SEL) 00129%-THS4116/240721
0037A UMA THRU UN2S UNe THRU LM25
0039 00002.000 | EA 0996138-0001 |1C,SNTALS266N 2~INPUT EXCLUSIVE-NOR GATE TI  —SNT4LS266N
00394 uoe ues
0040 00001.000 | EA 0972037-2680 | NETWORK,RES 680  OHM 2T 16PIN SELEMENT 073138-898-3-R680
DRAFTSMAN DATE | CKD DRAFTSMAN DATE | DESIGN ENGINEER DATE | TITLE
AUTO-TNSERTED PARTS LIST FOR 2261980-3
S e e R PG S TR e [ TG ey =
[Lmzzuno-soosi e

[ TEXAS INSTRUMENTS
f, INCORPORATED o« osrorseo  UIST OF MATERIAL PAGE & of LM22¢1980-3003
e e S PART NUMBER  DESCRIPTION: VENDOR PART NUMBERA
0040A (13
s0el 00001.000 = €A 0800118-0004 [RESISTOR 220 OWMS DIL PAL UP 16 PINS | BEC  -8981R220
0041A | i uHe
0062 | 00003.000 €A 0972037-1220 |NETWORK,RES 22  DHM 2T 16PIN BELEMENY 073138-898-3-R22
00424 | ‘ i wy oMy oy
0043 ! 00001.000 | EA 0972946-0061 |RES FIX 100 DOHM 3 £ .25 W CARBON FILM | ROW - R-25
| ooa3a | re
0044 00005.000 = EA 0972946-0049 |RES FIX 220 OMM S T .25 W CARSON FILM | ROW - R-2%
| oonea ‘ 1 RL R2 R29 R30 R3L
| 00as | 00001.000 | Ea | 0972946-0053 |RES FIX 330 OWN S T .25 W CARBON FIL® | ROH - R=25
0043 A j r22
0046 00001.000 | EA 0972946~0061 |RES FIX 680 OWM 5 X .25 W CARBON FILM | ROH - R-2%
| oossa r21
i 0047 00008.000 = EA 0972946-0065 |RES FIX 1.0K OMM ST .25 W CARBON FILN | ROH - R-2%
| ooaTa 3 R10 R19 R20 R23 R24 %25 R37
| ooere ‘ x3e
\ 0048 00004.000 | EA 0972946-0089 |[RES FIX 10K OMN ST .25 W CARBON FILM | ROW - R-2%
" ooasA R32 R33 R34 RIS
0049 00001.000 | EA 0972946-0095 |RES FIX 18K OHW ST .25 W CARBON FILN | RON = R=25
00494 ; r3e
seara Sare e SRR T T SRR BGNEER ST
: AUTO-INSERTED PARTS LIST EOR 2261980-3
o BRTE T KPFD. FRGTECT ENGINEER DT | WEEASED GaTE | PROTECT NG T AR NOMRER T
' ILM2241980-3003 .
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ot 08sorsso  LIST OF MATERIAL PAGE § o |(I.—N-\_zzn::o-w;t;n) '[ 1:;
;:ﬁT S & e PART NUMBER | DESCRIPTION I VENDOR PART NUMBER =
0050 00001 . 000 EA 0972946-0105 |[RES FIX 47 K OHM S % .25 W CAPBON FILM | POH - R-75
0050A R26
0051 | 00001.000 EA 0972946~0121 [RES FIX 220K OHM S T .2% W CARBON FILM ROH - R=-2%
00514 "39
0052 00002. 000 EA 09729460093 [RES FIX 15K OHM ST .25 W CARBON FILM ROH - R=2S
00524 R2T R28
0053 00001.000 FA 0539370-038% |RES FIX FILM 1.00K OHM 1T .25 WATT COR - NASS
00%3A Ri1
0054 00001.000 EA 0539370-0404 |RES FIX FILM 1.58K OH® 1% .25 WATY cor - NASS
00544 ®12
0056 00001.000 £A 09T2757-0025 |CAP FIX CER .O1MF 10% 50V
00564 cos
00s8 00012.000 €A 0972763-0009 |CAP,FIXED .00&4THF S50 VOLTYS 004222-MC 10SE4T22
| 00s8A CT6 C75 C80 C81 CB2 CB3 CBS
| oosss €94 €97 CLOS €109 c121
| 00s9 00087. 500 €A 09T2763-0021 | CAP. FIXED,AXIAL LEAD,.067 UF,+80%,-20%
1 00594 C1 YTHRU C19 C21 €23 C25 C27
00598 €29 C31 C33 C38 C37 C¥9 C&1
GasS9C C43 (45 C4T C49 CS1 CS53 CS55
00990 €56 C37 CS9 THRU C73 CT6
AT SRTE 05 DA e | BESG NGINEER Bare | E

AUTO-INSERTED PARTS LIST FOR 2261980-3

APFD MG

DATE

“APPO. PROIECT ENGINEER

GELEASED

DATE | PROIECT NO I

|

I PART NUMBER | REV
|LM2261980-5003 | %o

!
|

ot ossoasso  UIST OF MATERIAL PAGE & of LMz261980-3003 i;:'
A S RS PART NUMBER DESCRIPTION VENDOR PART NUMBER 1
THRY CT9 C84 C8T THRU C90
0oF C92 €93 C98 TMRU C103 C106 ‘
0039C €107 C114 THRU CL17 C120 1‘
00sM C122 THRU C125 C127 C128 i
o9sel Ct29 C130 C131 ‘1
0080 00020.000 | €A 0972924~0014 |CAP FIX TANT SOLID 15 MFO 10 T 20 VYOLY QPL -NSQDO‘!II-Z?RQ}
0060A €20 €22 C24 C26 C28 C30 C32
00808 €34 C36 C38 C40 C42 Coe C46 i
0060C Ce8 €SO €S2 CS4 C91 C104
0061 00001.,000 | EA 0222222-7470 |NETWORK SNT4 70N ~SH T4 TON i
oesta uF3 }
00e2 00091.000 | EA 0800118-0008 |RESISTOR 1.0KOHMS OTL PULL UP 18 PINS SEC  -8981R1.0K i
00624 | ucs ‘
0043 00003.000 | €A 0972924-0006 CAP FIX TANT SOLID 39 WFO 10 T 10 VOLY OPL -nwoo;n-zzwll
00634 €105 Cl18 C132 ‘
0069 00001.000 EA 0972932-0001 OIODE 1N9148 1 SEE TI- DRAWING “
00694 cr1s ‘
[ 1} 99001.000 EA 0996508-0001 1C,TOLSIIN DUAL BINARY COUNTER | 001295~T4LS393N ‘
00914 uey ‘ ‘
| i
0082 00001.000 0222222-7408 | NETWORK-SNT4HOBN |
ST OATE | T AT SATE | DESGN ENGINEER ST T
MITO-INSERTED PARTS LIST FOR 2261980-3
APRD MFG DATE | APPO_ PROJECT ENGINEER DATE | RELEASED DATE | PROJECT NO ] i PART NUMBER ; REV
- | [LM2261980-5003 ' #2
2250690-9701 Change 1
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Drawings

4-32

%@ TEXAS INSTRUMENTS
INCORPORATED

LIST or MATERIAL

REv

oAt 09401 /80 PAGE T of JLMnu::;u-M;;og ;-:g- |
ﬂ e RS PART NUMBER DESCRIPTION j VENDOR PART NUMBER Jw
000zA 3} T ;
000s 00011.000 €A 0972946—0001 (RES FIX 4.7K ONM S T .23 W CARBON FILM ROM - R=2% ;
0003A RS THRU RLA R4O R4l M2
seess Re3 RO ?
[ ] 00008, 000 EA 0972946~-002% |[REL FIX 22,0 OMM S S .29 W.CARBON FILN ROH - R=25% ;
ooses RS M RS R RT B8
[ ] 00001,000 €A 09T2757-0021 CAP, FIX, CERANIC, &4TO00PF, SOV 10%
oe9ea c12e i
00% 00001.000 EA 0996 780~0001 |IC,SNTALSIIN QUAD POSITIVE-NOR BUFFER 001295-SNT4LS33N ‘
0094 uAs %
00? 00002, 000 EA 0219402-72%38 |NETWORK SNT4S29%8N
o0eTA UEL VB2
i
- i
| 5 BN

DATE | GESIGN ENGINEER DATE | THEE

TATE

APFG. PROIECT ENGINEER

TATE | FEVEASED

| AUTO~INSERTED PARTS LISTY FOR 2241980-)

BATE " PROICY NO T
H

i

FarT oW
ILM2261980-5003 | A0
: i AE._J

v

Change 1
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Drawings

LIST or MATERIAL

oATE 08£01/788 PAGE § of ‘
ﬂ o S PART NUMBER DESCRIPTION ! VENDOR PART NUMBER
L 00001.000 | EA 2261981-0001 |PWB,MENORY CONTROLLER,W/ECC,990712
0008 00081 ,000 €A 02194027400 NETWORK SNTASOON
0085A 3}
0000 00002.000 | EA 0972800~ 7400 |NETWORK SNT4LSOON A1 ~SNTSLS 00N
0004 UG2 urs
ooar 00001 . 000 €A 0972900-7402 |NETWORK,SNT4LSO2N
0007A Ut
ooos €0001,000 | €4 0219402-7403 |NETWORK SNT4SOMW i
9084 uus
[ ] 00001,000 | EA 0219402-7408 |NETWORK SNT4SOMN
00094 UK3 ;
[ 1] o602, 000 €A 0972600~ 7404 |NETWORK SNTALSOMN |
00104 UJ3 UF2
oo1t 00001.000 EA 0972749-0001 |NETWORK, SHTSLSOBN
0011a ucs
oorz 00634 . 080 E& 0372933~T410 |NETWORK SNTSLSION
00124 uoe
o013 00001. 080 EA 0219402-7630 |NETHORK SN74S30N
oo13A w7
0014 08002.000 | €A 0996136-0001 | 1C, SNT4LS25TN,DATA SELECTORS/RULTIPLEXEN T1 —SNTALS25TN
DRAFTSMAN DATE [ CKD. DRAFTSMAN DATE | DESIGN ENGINEER DATE [ TITLE
AUTO-INSERTED PARTS LIST FOR 22619804
APPD -G DATE | APPD. PROJECT ENGINEER DATE | RELEASEQ DATE | PROJECT NO ‘ PART NUMBER | wev
ELMzzuoco-sou , :EJ

. TEXAS |NS1°'1§UMENTS
INCORP ATED
oxe O8s01s80  LIST OF MATERIAL

PAGE 2 of LMz261 ;:,;:?5“ 1%
(__;@NZ. S RS PART NUMBER | DESCRIPTION VENDOR PART NUMBERA
T o0l4a [P ute
o01ts 00002, 000 EA 0972900~-7432 NETWORK SNTALSI2N Tl =SNTGLS3I2N
00154 UGé UH&
0016 00001. 000 EA 097290076451 |NETWORK SNT4LSSIN Tt -=SNT&LSSIN
0016A el
0017 00002.000 €A 0972900-T654 |NETWORK SNT4LSSAN TI —SNT4LSS4N
t 00L7A UMl ubl
! 0018 00005. 000 [} 0219402-T4T4 [NETHORK SNTLST4N
1 0018A UJL UI2 UKe UH2 UJe
0019 00003. 300 EA 0972900-T4T4 |NETHORK SNT4LST4N |
00194 UG UF1 UFe UGS UE3 3
4; 0020 00004.000 EA 0219402-T7486 NETWORK SNT4SSEN |
{ 00204 UF9 UFT UF8 UFS }
| 0021 00001.000 €A 09727820001 |NETWORK SNTSLS13I2N vy —~SNT&LS132N
0021A ! uss i
0022 00002.000 “ EA } 0219402~-7138 | NETWORK SN74S138M \
00224 ‘ UGS UGT r‘
0023 00002.000 EA 0994305-0001 | 1C,SNT4S169 UP/DOWN COUNTER,4 BIT ‘ 001295~SNT4S5169
00234 uses ucC3 }
. 0024 00001.000 €A 1 0972900-T178 ‘NEYIJIK SNT4LST TSN
Ere oA TG CRATTRAN SATE T RGN ENGINEER 5iE | e
| AUTO=INSERTED PARYS LEIST FOR 2241980—4
APPD -MFG DATE | APPD PROIECT ENGINEER DATE | RELEASED DATE ‘ PROJECT NG } 2 P:‘.N‘:';:o“ i .&
| 1 ! [Lm2zet AE
2250690-9701 Change 1
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Drawings

l_%r TEXAS INSTRUMENTS
v, INCORPORATED

\’\t oAt 0801760 LIST or MATERIAL PAGE 3 of ILMZNI:I"DN:’;;(K 7:';
KN e S PART NUMBER DESCRIPTION VENDOR PART NUMBER
0024A veEs
: 0026 00002.000 EA 0996136-0002 [IC,SNTALS258N,DATA SELEC'D‘S"UIJI'I.EIE1 T ~SNT4LS 290N
00264 UNs uJe
0028 00008, 000 EA Q219402-T7280 NETHORK SNT4S280NM A4 -SNTAS280M
00204 UKé UKT UKB UK9 UJ6 UJSS
0029 00002. 000 EA 09726520001 NETWORK SNTALS28IN
00294 uBss uce
0031 0001 8. 000 EA 09T2767~-0004 |NETHORK SNTALS3IGSN
0031A URL UR2 UPZ URS URT UWG UPT
003318 URS URS UCZ UBS VAT URE URS
0031C UET UPS US) Us2
i 0034 00001,000 EA Q974674-0001 NETWORK SNTSLION
; 0034A us?
% 0033 00006. 000 €A 0972583-0001 |NETWORK,SNT7536S Tt~ -SNT5363
1 00334 ULl W2 UML UM2 UNL UN2
i 0037 00066 .000 EA 09966080-0001 [IC, LOK RAR, ¢(SEL) 001299-TNSA116/77A0T727
E 0037A UNL THRU UN2% UMe THRY UN2S
i o378 e THRY UL2S
‘ 0039 00002.000 EA 0996138-0001 [1C,SNTALS266N 2-INPUT EXCLUSIVE-NOR GAYE TY ~SNT4LS 265N
AUTO=INSERVED PARTS LIST FOR 2261980-4
G | AP RO G e | e R FORCTS TR v
]LM:nluo-maTz )
7\ TEXAS INSTRUMENTS
4"@) 'NeoRPORATED oae 08401 £00 LIST or MATERIAL PAGE & of iLMlhl::r:s“ ‘;gv
‘ ;:":". “:"::'i:':.“ "5‘;“‘ owe ”PART NUMBE:.o o “nzscnlrncm" - T VENDOR F;_RT NUMBER |
00404 uor ‘
[ 1) 20001, 000 EA 0800116-0004 [RESISTOR 220 OMNS OIL PULL UP L& PINS E BEC -0981R 220
041 A uHe i
0042 00083000 EA 0972037-1220 [ NETHORK,RES 22 aouN 2% 16PN ﬂELEHEl‘ 073138-898-3-R22
[ 1] W3 v v
0043 00001 .000 €A 09729446-0041 [RES FIX 100 0OHM 3 T .25 W CARBON FILN ROH - R=25
37 re ‘
004 00005.000 EA 0972946~0049 (RES FIX 220 OWHM S % .25 W CARBON FILN ROH - R=25
00 A R1 R2 R2% R3O R3]
0043 00001.000 (13 09729460053 |RES FIX 330 ONR S T .25 W CARBON FILM ROH - R=2S
00454 "22
004 00001, 000 EA 0972946-0001 [RES FIX 680 OHM 5 % .25 ¥ CARBON FILM ROM - R=-25
0046A r21
9047 00008. 000 €A 0972946-0065 |RES FIX 1,0K OHM 3% ,25 W CARBON FILH ROH - R=25
| OPTA RI0 R19 R20 R23 R24 R2S R3IT
1 00478 a3s
0060 60004, 000 €A 0972946-0089 [RES FIX 10K OHN 5T .25 W CARBON FILM ROH - k=25
0s0A R32 R3I3 R34 RIS
[ 00001, 000 EA ) 0972946~ 0095 [RES FIX 18K DHM ST ,25 W CARBON FILM ROW - R=25
DRAFTSHAN DATE | CAD DRAFTSMAN DATE [DEHM ENGINEER DATE | TITLE
| AUTO=INSERYED PARTS LISY FOR 22619804
APPD NI DATE | APPD. PROJECT ENGINEER DATE E RELEASED DATE | PROJECT NO ilezb":h’?&.;.om I éj
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Drawings

{5 TEXAs INSTRUMENTS
SE INCORPORATED
\.‘

owe osgorsss  LIST OF MATERIAL PAGE §  of lenl;:'ot:l;u |
o S RS PART NUMBER DESCRIPTION VENDOR PART NUMBER
00494 "3
0050 00001.000 | EA 09729460105 [RES FIX 67 K OMM S X .25 W CARBON FILM | ROH - R-25
00304 In2e
| 00S1 00001.000 | EA 0972946-0121 [RES FIX 220K OWH S T .25 W CARBON FILW | ROM - R=25
| sos1a *39
6052 56002.00¢ | €A 5972546-0053 [RES FIX 1SR OMR ST .25 ¥ CARSCN FIUN | ROM - R-2%
00524 R27 28
0053 00001.000 | EA 05393700385 |RES FIX FILM 1.00K OHM 1T .25 WATT COR - NASS
00534 r11
0054 00001.000 | EA 0539370~0404 |RES FIX FILM 1.58K OMR 1T .25 WATY COR - NASS
0054A a2
0056 00001.000 | EA 0972757-0025 |CAP FIX CER .OLMF 10% SOV
00S6A cos
00s8 00012.000 | EA 0972763-0009 |CAP.FIXED .004TNE 50 VOLTS 004222-HC 105E4T22
00584 CT4 CT5 C80 C31 C82 C83 C8S
60588 €9 C97 C108 C109 C121
0059 00087.000 | EA 0972763-0021 |CAP.,FIXED,AXIAL LEAD,.047 UF,+80%,-20%
00%9a €L TMmU €19 C21 €23 €25 C27
00598 €29 C31 €33 €35 C37 €39 Cél
| oos9c €43 C45 CAT C49 CS1 C53 €55
SRR P e SoTE T SER v Sa [ e
AUTO=INSERTED PARTS LIST FOR 22619004
S S| e e e EReRae | ILM2261990-5004 | a8
N | | | az
J’%‘\ TEXAs INSTRUMENTS :
N INEOTTORATER ok oaserrsn  LIST OF MATERIAL PAGE & of LMz22¢1980-300¢ | %5 |
(I’—;_Er%o o S PART NUMBER S 1"0‘;55:; PcT1!60N \ VENDOR PART NUMBERA
0059€ THRU CT9 €84 C8T THRU C90 :
0039 €92 C93 €98 THRU C103 C106
00596 €107 Cl14 THRU CILT C120
0059M €122 THRU C125 C127 C128 ‘
00591 €129 €130 C131
0060 00020.000 | EA 0972924-0014 |CAP FIX TANT SOLID 15 WED 10 T 20 VOLT GPL  -N39003/1-2289
00604 ‘ ‘€20 €22 C24 C26 €28 C30 C32
00608 { } %cu €36 C38 €40 C42 Co4 Co6
0060C ‘5 ! ;us €50 C52 CS4 C91 C104
0061 00001.000 : EA | 0222222-7470 [METWORK  SNT4TON ~SNTGTON
0061 j ‘ :un
0062 00001.000 | EA | 0800118-0008 ;RESISTOR 1.OKOWNS DIL PULL UP 16 PINS  BEC  —B9AIR1.OK
00824 | ; ;ucs
0063 | 00003.000 | EA 09729240006 |CAP FIX TANT SOLID 33 MFD 10 % (0 VvOLT QPL -nwooul-zmi
00634 | 1 | i €105 C118 €132
0069 00001.000 | €A r | 0972932-0001 |DIODE tN9L48 SEF TI- DRAWING i
00694 | } CcR1s
0081 00001.000 | EA | 0996508-0001 |IC,74LS393N DUAL BINARY COUNTER 001295-74LS39IN
00814 | ‘ ‘ urL
DRAFTSMAN DATE ;CKD DRAFTSMAN. uAlEi DESIGN ENGINEER oaTE | TITLE
! AUTO-INSERTED PARTS LIST FOR 2261980~4
APPD MFG DATE | APPG PROJECT ENGINEER DATE ‘ RELEASED DATE | PROJECT NO { E PART NUMBER | REV.
| | | ILM2261980-5004 | 42
; L Loz
Change 1
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Drawings

4-36

DATE 08/01/00

LIST or MATERIAL

PAGE T of

PART NUMBER REY Y
[LMz2261980-5004 e |

. sy e e PART NUMBER DESCRIPTION { VENDOR PART NUMBER
0062 00061 . 000 EA 0222222-7408 | NETHORK-SNT4OOM ‘
|
00024 UGt |
[ 1] 00011.000 EA 09729460081 [RES FIX 4.7K OHM S S .25 W CARSON FILN | ROH -~ R-2S
osesa 13 THRU RS R4O RaL R42
00838 [ 7YY
[ 1 00006, 000 €A 0972946~0025 [RES FIX 22,0 OMM S T .25 W.CARBON FILM | ROW -~ R-2S
00864 R3 R4 RS RS RT R8
oove 00001.000 €A 0972757-0021 [CAP. FIX, CFRAMIC, 4TOOPF, 30V 10%
°090A 126 |
00% 00001.000 €A 09967600001 |1C,SNTALSIIN QUAD POSITIVE-NOR BUFFER 001295~ SNT4LSIIN
00942 UAs ]
|
0097 00002, 000 €A 0219402~-7258 |NETWORK SNTAS258N
003TA UEL UE2
BRAFTSMAN DATE | CKD_ DRAFTSMAN GATE | DESIGN ENGINEER TaYE | T i
| AUVO~INSERYVED PARTS LIST FOR 2261980-4 i
APFD MG, DATE | APPD. PROJECT ENGINEER DATE | RELEASED CATE | PROJECT NO T T LT S T
i | ILM2261980-5004 WJ
- i M

Change 1

2250690-9701



Drawings

. TEXAS INSTRUMENTS — =
. INCORPORATED oAt 08701780 LIST oF MATERIAL PAGE 1 of ‘LMzzuno-socs ‘ 2&)'
Oom [ & o] eanNumeeR | DESCRIPTION VENDOR PART NUMBER |
0001 | 00001.000 | EA | Z762031-0001 ' PWA,NEMORY CONTROLLER W/FCC,990712
0005 00001.000 | EA | 0219402~T400 |NETWORK SNT74S00M ‘
0005A uxi i
0006 00002.000 | EA 0972900-7400 |NETMORK SNT4LSOON [ TI -SNTaLSOOM
00064 UGz uPs : |
0007 00001660 @ &€A 39729007402 |METHOMK,SMTLLSOIN \‘
0007A uEs | }
0aos 00001.000 | EA 0219402-7405 |NETWORK SNT4SOSN | i
ooosA uns !
0009 00001.000 | EA 0219402-7404 |NETWORK SNT4SDAN i
00094 un3 i
0010 00001.000 | EA 0972900-7406 |NETMORK SNT4LSOAN
00104 uss
oo1t 00001.000 | EA 0972749-0001 |NETWMORK, SNT&LSOBN
00114 uce
0012 00001.000 | EA 0972900-7610 |NETWORK SNT4LSLON
00124 ws
0013 0006i.0600 | Ea 0219402-7430 |NETHORK SNT4S3ION
00134 uJr
__oots 00002.000 | €A 0996136-0001 |1C, SNT4LS 25™NeDATA SELECTORS/NULTIPLEXER TI  -SNT4LS23TN
SRR OATE O GO Sa7e T GESGR ENGIEER e | e
‘ AUTO-INSERTED PARTS LIST FOR 2261980~3
RS G GATE | APPD. PROIECT ENGINEER SATE | RS DATE | PROJECT NG T T PART NUMBER T %
% LLMzutno-soos Atgt
%@““v TExas INSTRYMENTS LIST of MATERIAL
' DATE 09701 /80 PAGE 2 of m
A S & e PART NUMBER DESCRIPTION VENDOR PART Numséa
00144 uro UES
oo1s 00002.000 | EA 0972900-7432 |NETWORK SNTALS3I2N TI -SNTALS32N
00134 UG6 UHA
0016 00001.000 | €A 0972900-7451 |NETWORK SNT4LSSLN I ~SNTALSSIN
00164 uG3
o017 00002.000 | EA 0972900-7454 |NETWORK SNTGLSSN TI ~SNT4LSSeN
00t 7A uwl UD1
0018 00005.000 | €A 0219402-T4T4 [NETWORK SNT4ST4N
00184 UL UI2 UKe M2 UJse
0019 00005.000 | EA 0972900-747¢ |NETWORK SNT4LSTeN
00194 UGs UFL UF& UGS UE3
0020 E 00004.000 | EA 0219402~ 7486 |NETWORK SN74386N
00204 | U9 UFT UFS UFs
| o821 00001.000 | EA 0972782-0001  NETWORK SNTALS132M 1 -sNTaLSIIN |
. 00214 uss ‘ ‘
‘\ 0022 | 00002.000 | €A 0219402-T138 |NETHORK SNT&S138N
| oo22a 1 UG8 UG?
| 0023 | 00002.000 | EA 0996305-0001 |1C,SNT4S169 UP/DOWN COUNTER,4 BIT . 001295-SNT45169
. oozm ;\ i ups UC3 |
}mm0 ! ooool.oog“im EA | 0972900-7LTS INETWORK SNTALSLTSN
i _ | AUTO-TNSERTED PARTS LIST FOR 2261980-5
REETS ATE TRPIG PROJECT ENGINEER BaTe | RELEASED BATE | FRORCT NG T T FART NGRBER v
i l |LMz2261980-5005  #8-
2250690-5701 Change 1
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4-38

-\ TEXAS INSTRUMENTS
N TRRIEUINENTS i 15T or AT T
il o T | PART NUMBER DESCRIPTION VENDOR PART NUMBER
(1]
oaze 00062.000 | €A 0996136-0002 |1C, NTALS25ON,0ATA SELECTORS/MULTIPLEXER T1  -SNTOLS256N
o02er une Uae
oe2e 00008.000 | €A 02U9482-7200 |NETHORK SNTAS200M TL -SNT4SZBON
08284 WRe UKT UKS UKY U6 UJS
0029 00082.000 | EA 0972652-0001 |NETWORK SNTALS283N
(T3 1Y use uce
s031 00010.000 | €A O9T2707-0004 |NETWORK SNTALS368N
01a URL UR2 U2 URG URT Uwe UP?
00318 URS UR® UC2 US4 UAT UR4 URS
0031C UET UPS UBS U2
[ 00001.000 | EA 09746740001 |NETHORK SATSIIBN
08344 uer
oo 00002.000 | €A 0994138-0001 |T1C,SNTALSZ66N 2-INPUT EXCLUSIVE-MOR GATE TI  —SNTSLS268N
se3sa uoe uss
2040 00001.000 | €A 0972037-2648 |NETWORK.RES 680  OHN 2% L6PIN SELEMENT O0T3138-898-3-R680
0000A vor
oost 00001.000 | EA OV72037-2220 |NETHORK,RES 220  OWM 28 L6PIN BELEMENT
[ 1Y) e
0983 00001000 | EA 0972904-0001 [AES F1K $00 DWM S £ .25 W CARBON FILM | ROH - R-2%
DRAFTSMAN DATE | CKD DRAFTSMAN DATE | DESIGN ENGINEER DATE | TiTLE
: AUTO-INSERTED PARTS LIST FOR 2261980-%
" ST S RS TG o TeEE S T RoRCTE T =
N [lezuno-”os! =
L TreeliEIRuNENTS LIST or MATERIAL
¢ oaE 08/01/80 PAGE & of LM2261900-5005 | 4>
[, o B e eart NUMeER DESCRIPTION VENDOR PART NUMBER
; "9
| ooss 00007.000 | €A 09729460049 (RES FIX 220 OMM S X .25 W CARBON FILM | ROW - R=2%
| oosas ‘ Rl R2 R29 R30 R31 RAT R48
| ooas 00001.000 | €A | 0972946-0053 [WES FIX 330 OHN 5 % .25 ¥ CARBON FILW | ROW - R-25
ooswa ; %22
oose 00002.000 | EA | 0972946-0061 [RES FIX 680 OMM § X .25 W CARBON FILX | RON - R-25
| oosea i ®21 ’19
0047 00007.000 | EA | 0972946-0065 |[RES FIX 1.0K OHM S .25 W CARBON FILM | ROM - R-25
00e7a | R10 R20 R23 R2& R25 R3T
ooars | r3s
o0es 00004.000 | EA 0972946-0089 |[RES FIX 10K OMM SX .25 W CARBON FILM | ROH - R-25
00e8A R33 R34 R3S RSO
0049 00001.000 | EA 0972946~0115 |RES FIX 120K OMM 5 T .25 W CARSON FILM | ROMW - R=2$
00494 "3
0050 00001.000 | €A 0972946-0105 |RES FIX 47 K OHM 5 ¥ .25 W CARBON FILN | RON - R=?S
00504 R26
00st 00001.000 | EA | 0972946-0121 |RES FIX 220K OMM 5 T .25 W CARBON FILM | RON - R=25
00514 “ R39 ,
0052 | “00001.000 | €A 0972946-0093 |RES FIX 15K OMM 5T .25 W CARBON FILM | ROM - R-25 E
00524 w27 |
SR SHTE e DA 57 TSGR TG ST
: AUTO-INSERTED PARTS LIST FOR 22519805 ‘
e BATE | AFFD PRGIECT ENGINEER BATE | FELEASED BaTE | PROIECT NG T T FRRT HUMBER W]
‘ E ‘ ‘ !LMzzuno—sno& | ?yl
Change 1 2250690-9701



~~ TEXAS INSTRUMENTS
K INCORPORATED

DATE 08/01/80

LIST o MATERIAL

PAGE $ of

h*m-_“rﬁ
|
LM2261900-300% | %0

e e B [ [ earTNUMBER DESCRIPTION VENDOR PART NUMBER
0033 00001.600 | € 05393700385 |RES FIX FILM 1.00K OWAM 1T .25 WATT oK = NASS
00934 1 (3]
0056 | 00000.000 | EA 0539370-0357 [RES FIX FILN 511  DMN 1T .25 WATY COR - NASS
0084A | r12
0055 00002.000 | €A 09727530012 |CAP(FIXED 2200F 25 WVDC 2.0% uc  -C%002216
003SA c2s o
0056 00001.000 | EA 0972757-0025 |CAP FIX CFR .O1WF 10T SOV
00564 cos
ooss 00012,000 | EA 0972763-0009 |CAP,FIXED .0OSTHF 50 VOLTS 004222-RC 10SE4T2L
00s8A C74 CT73 €8O C81 C32 C83 C3%
00388 C94 C97 C108 C109 C121
: 00%9 00087.000 | EA 0972763-0021 |CAP.,FIKEDs AXTAL LEAD,.04T UF,+80%,-20%
| oosea €1 THRU C19 C21 C23 C2% C27
00398 €29 C31 €33 C3% C37 C3I9 Cal
0059C €63 CAS CAT C49 C51 CS3 CS3S
00590 €56 CST C59 THRU CT3 CT6
. oeseE THRY CT9 CB84 COT THRU C30
 ooser €92 €93 C98 THRU €103 C106
00596 C107 C114 THRU CI17 C120
0059 €122 THRU C125 C127 C128
T e | G DR e | GO NG S e
AUTO-INSERTED PARTS LIST FOR 2261980-3
“APPD -MFG. DATE | APPD. PROJECT ENGINEER DATE | RELEASED OATE | PROJECT NO T T PART NUMBEZ REV
N i Iﬂvmuno-smTl * |
4@ TEXA INgTRUMENTS LIST of MATERIAL
KT 08761700 PAGE & of LMz22¢1900-3005 | 2%
pﬁ_ S ES PART NUMBER DESCRIPTION VENDOR PART NUMBER j
0esei €128 C130 C131
0060 00020.000 | €a 0972924-0014 |CAP FIX TANT SOLID 13 WFD 10 % 20 VOLY OPt  -M39003/1-2289
(Y €20 €22 C24 C26 C28 €30 C32
00608 €34 C36 C38 Co0 CAZ Cos Co6
0069C €48 CSO C52 €54 C91 C104
ool 00001,000 | EA 0222222-7670 |NETMORK SNTATON ~SNT4TON
00814 L3)
oes2 00001,000 | EA 0800118-0008 |RESISTOR 1.0KOWNS DIL PRL UP 16 PINS | BEC  -8981R1.0K
ose2s ucs
0063 00003.000 | EA 0972924-0006 [CA® FIX TANT SOLID 39 MFO 10 % 10 VOLY QPL  -M39003/1-2239
00634 €105 Cll8 C132
sy 00001,000 | €A 0972932-0001 [DIODE 1N9148 SEE TI- DRAWING
00694 cR14
oest 00001.000 | EA 0996508-0001 |1CoT4LSIOIN DUAL BINARY COUNTER 001295-74L5393N
ooe1A ) urt
s0e2 00001.000 | €A | 0222222-7408 | NETWORK-SNT408N
ooeh UGt
oo 00011.000 | €A 09T2944-0081 (RES FIX 4.TK OMM 5 T .23 W CARBON FILM  ROW - R-25
008sA | R13 THRU R18 R40 R&l R42
l R4 R44
DRAFTSMAN. DATE | CKD ORAFTSMAN DATE | DESIGN ENGINEER DATE ‘[W
| MITO-INSERTED PARTS LIST FOR 22619805
S WS TATE T APFD PROJECT ENGINEER Bate | REVEASED BATE | FROJECT NO T T FARY NOMER 7
i | f ‘l.Mzzuno-soos b
2250690-9701 Change 1
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Drawings

J"ip-\ TEXAS INSTRUMENTS
\‘\J", INCORPORATED owe 08701780 LIST oF MATERIAL PAGE T of ‘LM!NI:::;:U’ é t
KA o S PART NUMBER DESCRIPTION VEDOR AR R ;
0086 00006.000 | EA 0972946-0025 |RES FIK 22,0 OWM 3 § .23 W.CARBON FILN | ROW - R-23 i
0086A R3 R4 RS RG RT RS i
0090 00001.000 | EA 0972757-0021 |CAP, FIX, CERAMIC, 4700%F, SOV 10% | ‘
00904 ci2e
0094 00001.000 | €A 0996780-0001 |1C,SNTALSIIN QUAD POSTTIVE-NOR BUFFER | 001295-SNTALSIIN |
00944 (I77Y
0097 00002.000 | EA 0219402-7258 |NETWORK SNT4S258N
00974 UEL UE2
0102 00001.000 | EA 0972946-0088 |RES FIX 9.1K OHM 5 T .25 W CARAON FILM | ROW = R=25
01024 r28
0103 00001.000 | EA 0996424-0001 |TC,SNTALSITSN & BIT BISTABLE LATCHES 00129%-SNT4LS3TSN |
| 01034 uAs
0104 00002.000 | EA 02317846002 |DIODE- & PELLET, STLICON,MATT GE  -wPD40O
01044 cri6 Cr17
o103 00001.000 | EA 0972946-0075 |RES FIX 2.7K OHM 5 T .25 W CARAON FILM | ROW - R-25
01054 r32
0106 00001.000 | EA 0972784-0002 |NETMORK SNT4LS14N
01064 uF2 f
SR 57E e BuAFGaN 57  BFaGH PGER SR W
AUTO-TNSERTED PARTS LIST FOR 2261980-5
RO IS TATE | AFPD PROECT ENGRVEER ORTE | FEESED GATE | FRGIECT NG T T AT NURBER ey
; ELMzuulHoosi E

4-40 Change 1 2250690-9701



Drawings

{ 3. TEXAS INSTRUMENTS
f: ORPORATED

PART NUMBER T mev

[ LIST oF MATERIAL f ‘
\'\» oae 08/01 /80 PAGE L of _ LM2261980-5006 | B
e e oo PART NUMBER DESCRIPTION | VENDOR PART NUMBER
notae ot e |
0001 00001.000 | EA 2262031-0001 | PWB,MENDRY CONTAOLLER W/ECC,990/12 =
000s 00001.000 | EA 0219402-T400 |METWORK SNT4SOON :
00054 lukt ‘
0006 00002.000 | EA 0972900-7400 |NETWORK SNT4LSOON LT ~SNTALSOON i
00064 G2 UPs
soer oceot.000 | e 0972900~T402 |NETWORK .SNT4LSO2N ;
000TA uEe ;j
0008 00001.000 | E4& 0219402-7405 |NETWORK SNT4SOSN “
00084 uHs i
0009 00001,000 | EA 0219402-7404 (NETMORK SNTASO4N '
00094 uw3
0010 00001.000 | EA 0972900-7404 |NETMORK SNT4LSON
0010A uss :
0011 00001.000 | €A 0972749-0001 |NETWORK, SNTALSOSN ;
00114 uce !
0012 00001.000 | EA 0972900-T410 |[NETWORK SM74LS1ON i
00124 uDs
2213 00001.000 | EA 0219402-7430 |METWORK SN74S3ON
00134 w7
00002, 000 0996136-0001 |1C,SNT4LS2STN,DATA SELECTORS/MULTIPLEXER TI  —SNTALS2STN
DRAFTSMAN TATE | CKD DRAFTSMAN BATE [WGN ENGINEER DATE | TTLE
AUTO-INSERTED PARTS LIST FOR 2261980-6 |
R TRTE | APFD FROIECT ENGINEER Sae | RELEASED ATE | PROICT NG T T PART NUMBER e
| |LM2261980-3006 | ®8 |
N\ i I | &E
.
TeEXAS INSTRUMENTS N -
INCORPORATED J
ot sesotsen  LIST OF MATERIAL PAGE 2 of LM2261980-3006 "ﬁ)\
T e B Jowe ] parT NUMBER DESCRIPTION VENDOR PART NUMBER
00164 UPe UEe
oo1s 00002.000 | EA 0972000-7632 |NETWORK SWTALSIZN TI -SNT&LS3I2N
00154 Uss Me
o0s 00001.000 | EA 0972900-T7451 |NETWORK SNTMLSSIN TI ~SNTALSSIN
00164 ue3
0017 00082.000 | EA 09729007456 |NETWORK SHT4LSS4N TI  -SNTGLSSeN
001 7A uwt uo t
oste 00003.000 | EA 02194027474 |NETHORK SNTASTeN | |
00184 Ul BI2 UKS UHZ USe |
oole 00005.000 | EA 0972900-T474 |NETHORK SNTALST4N
oo1ea UGA UF1 UF6 UGS UF3 i
|
0820 00004.000 | EA 0219402-7686 |NETWORK SNT4S8SN | [
]
00204 | UF9 UFT UFB UF6 :
! oe21 00001.000 | €A 0972782-0001 |NETWORK SNTALS132N TTr -sNTaLS1I2N
© o021 uss
0022 00002.000 | EA 0219402-7138 | NETWORK SNT4S138M
00224 ues UGt
o023 00002.000 | FaA 0996305~0001 |1C,SNT4S149 UP/DOWN COUNTER,& BIT 001295-SN745169
00238 uoe uC3 i
2024 00001.000 | EA 0972900-7175 |NETWORK SHTeLS1TSN 1
DRAFTSMAN DATE | CKD DRAFTSMAN DATE | DESIGN ENGINEER Date ! THE
‘ | AUTO-TNSERTED PARTS LIST FOR 2261960-6
APPO-MFG DATE | APPD PROJECT ENGINEER DATE | RELEASED DATE | PROJECT NO i T PaART NUMBER EY
! i 'LM2261980-35008 4D
L i L ar
2250690-9701 Change 1
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Drawings

Jp: TExAs INSTRUMENTS
\{'- MEORTORATES o oarorsee  UIST OF MATERIAL PAGE 3 o |LM2251;:0N:M;200 }-a:r |
i N S PART NUMBER DESCRIPTION VENDOR PART NUVBER
00244 uEe
0026 00002.000 | €A 0996136-0002 (1C,SNTALS258N,DATA SELECTORS/MULTIPLEXER TI  -SNTALS258N
00264 uHs U9
0028 00006.000 | EA 0219402~7280 |NETHORK SNT4S280N TI  -SNT4S280N
00284 UKS UKT UKS UK9 UJ6 UJ8
0029 00002.000 | EA 0972632-0001 |NETWORK SNT4LS283N ‘
00294 uRs UCE ;
0031 00018.000 | €A 0972787-0004 |NETWORK SNT4LS368N !
00314 URL UR2 UP2 URG URT UM UPT
00318 URS URG UC2 UB4 UAT URe URS
oo3lc UET ues UB3 UB2
003 00001.000 €A 09746T74-~0001 |NETMORK SNTS5138N
00344 us?
0035 00006.000 | EA 0972583-0001 |NETWORK,SNT5365 TI-  -SNT5365
00354 ULL UL2 UML UM2 UNL UN2
0037 00022.000 EA 0996680-0001 [1C, 16K RAM, (SEL) 001295-THS&116/7A0727
00374 UNG THRU UN2S
0039 00002.000 | EA 0996138-0001 |1C,SNT4LS266N 2-TNPUT EXCLUSIVE-NOR GATE TT  —SNT4LS266N
0039 uos Uss
0040 00001.000 | €A 0972037-2680 |NETWORK,RES 680  OWM 2% 16PIN AFLEMENT 073133-898-3-R680
DRAFTSMAN. DATE | CKD DRAFTSMAN DATE | DESIGN ENGINEER DATE } TITLE
‘ AUTO-INSERTED PARTS LIST FOR 2261980-6
WS T P FRGTECT ENGRER o | TGRS PO S o
| XLMzzuooo-sooo h;g
g Tenelysraenn RP—
- oate 08701780 PAGE & of
T ot A PART NUMBER DESCRIPTION | VENDOR PART NUMBER
00404 w7 ;
0041 00001.000 €A 0972037-2220 |NETWORK,RES 220  OMM 2T L6PIN SELENENT
00414 ‘ !um i
0042 00003.000 | EA 0972037-1220 |NETWORK,RES 22 DHN 2% 16PIN BELENENY 073138-898-3-R22
onazs ! " ! LY UM3 UNY i
o083 00001.000 | EA | 0972946-0D41 |RES FIX 100 OMM 5 T .25 ¥ CARBON FILM | ROH - R=2%
00434 ~9
. 0044 00007.000 = €A 0972946-0049 |RES FIX 220 OHM S T .25 ¥ CARARON FELM | ROH = R=2%
‘ 0044A RL K2 R29 R3O R3L R47 RS
| 0043 00001.000 | EA 0972946-0053 (RES FIX 330 OMN 5 £ .25 W CARBON FILK | ROH - R-2S
| ocoesa n22
E 0046 00002.000 | EA 0972946-0061 |[RES FIX 680 OHN S T .25 W CARBON FELM | ROH - R-2§
00464 R21 *19
0047 | 00007.000 | EA 0972946-0065 |RES FIX 1.0K OMM 5% .25 W CARBON FILM | ROH - R-2S
0047A ; R10 R20 R23 R24 R25 RI7
00478 ‘ ‘ i r38
0048 | 00006.000 = €A ; 0972946-0089 RES FIX 10K OHM ST .25 ¥ CARBON FILM  ROH - R-25
00484 ‘ 33 R34 R3S RSO
0049 | 00001.000 | €A 0972946~0115 |RES FIX 120K OHM 3 % .25 W CARBON FILM | ROM - R-2%
00494 r36
AR SO S ST T BER GRERE ST
: AUTO-INSERTED PARTS LIST FOR 2261980-¢

RPRD WG

OXTE | AF7D FROIEET ENGINEEY

RECEAGED

DATE | PROJECT NO

FART NUMBER T

ILM2261980-3008 .

- |
E
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Drawings

o TEXAS!NSTRUM ENTS
¥ INC RPORATED PART NUMBER
one gesorses  LIST OF MATERIAL PAGE 8 of LM2261980-3006 ' %% |
PRNT CUANTITY URIT oW, —
Nm. ASS’EE!:.Y IS%E W PART NUMBER DESCRIPTION VENDOR PART NUMBER
s 90001.000 | €A 09727946-0105 |RES FIX 7 K ONM 5 T .25 W CARBON FILN | ROW - R-2%
[ n2e
008t 00001.000 | EA 0972946~0121 |RES FIX 220K ONM S % .25 W CARBOM FILM | ROM - R-2%
(1217 r3e
2082 00001.000 | EA 0972944-0093 |RES FIX 15K OMM 5T .25 W CARBON FILN | ROW - R-25
ees2s &z7
(71 00001.000 | €A 0339370-0385 |RES FIX FILN 1.00K OHN 1T .25 WATT COR -~ NASS
00834 (1§}
00%¢ 00001.000 | EA 0539370-03S7 (RES FIX FILN S11  OM® 1T .25 WATT COR - NASS
00Sea "2
ooss 00002.000 EA 0972733-0012 [CAP,FIXED 220PF 2$ WVDC 2.0T uc  -Cs002216
003sA cse 9%
[ 00001.080 | EA 0972757-0025 |CA® FIX CER .OiMF 10T SOV
00364 coy
eoss 00012,000 | EA 09T2763-0009 |CAP,FIXED .004THF 5O VOLTS 004222-MC 1086 4722
0038A CTe €T3 COO CB1 C82 C83 C8S
oesés €94 C97 C108 C109 C121
2039 00087.000 | €A 03T2765-0021 |CAP.oFINED,AXTAL LEAD, 047 UF,+80%,-20%
0099 C1 THRU C19 C21 C23 €25 C27
00398 €29 C31 C33 C38 €37 €39 Cél
DDRAFTSMAN DATE | CKD. DRAFTSMAN DATE | DESIGN ENGINEER DATE | TITLE
AUTO-INSERTED PARTS LIST FOR 2261980-8
LD MG, DATE | APPD. PROJECT ENGINEER DATE | RELEASED DATE | PROJECT NO. [ PART NUMBER ]
|LMzzsnw-sou | =
7y TEXAS INSTRUMENTS T
I N AT
ot oasorsao  LIST OF MATERIAL PAGE & of LM22¢1980-5008 |22 |
T e S PART NUMBER DESCRIPTION | VENDOR PART NUMBER
0059C C43 C45 C47 C49 C51 C53 C55 T
00390 €56 CS7 C59 THRU €73 CT6
00%9¢ THRU C79 CA¢ C87 THRY C90
0059F €92 €93 C98 THRU C103 C106
0039 €107 Clle THRU CI17 C120
0039M €122 THRU C125 €127 C128
80591 €129 €130 C13t
0060 00020.000 €A 0972924-0014 |CAP FIX TANT SOLID 15 MED 10 % 20 VOLT QPL  —-M39003/1-2289
00604 | €20 C22 C24 C26 €28 C30 €32
00608 €34 C36 C38 C40 CA2 Céé Co6
0060C Ce8 C30 C52 CS4 €91 Cl04
0061 00001.000 | EA 0222222-74T0 |NETWORK SNT4 70N i ~SNT&TON
00614 uF3
0062 | 00001.000 €A 0800118~0008 |RESISTOR 1.0KOHMS DIL PULL UP 16 PINS | BEC  -898IR1,0K
00624 | ‘uce "
0043 |  00003.000 EA 0972924-0006 ;cv FIX TANT SOLTID 39 MFD 10 T 10 vm.t‘ QPL  -M39003/1-22%9
00634 | €105 C118 C132 w
006% | 00001.000 EA 0972932-0001 |DIODE 1IN9148 ! SEE TI- DRAWING
00694 { crie
0081 | 00001.000 EA 0996508-0001 | 1C,74L 393N DUAL BINARY COUNTER 001295-74LS393N
DRAFTSMAN DATE | CKD DRAFTSMAN qu DESIGN ENGINEER OATE
i AUTO-INSERTED PARTS LIST FOR 2261980-6
APFD MG DATE [ APFD FROJECT ENGINEER BaTe | IR DATE | PROJECT NO T FART NUMBER TR
i | LM2261980-5008 | %
2250690-9701 Change i
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Drawings

I%F TEXAS INSTRUMENTS LIST or MATERIAL S _
i INCORPORATED Al IMBER v
\’\(/ 0ATE 08701780 oF PAGE 7 of ;LMzzuno—sm i WAE

C_ﬁ»‘i- o S PART NUMBER DESCRIPTION VENDOR PART NUMBER |
i O0B1A urt

0082 00001, 000 €A 0222222-7408 |NETWORK-SNT4OBN

o082A UGl

ooes 00011.000 EA 0972946-0081 RES FIX A, 7K OMR S S .25 w CARBON FILM ROM - R=2%

0085A RLS THRU RLES R40 R4l R42

008358 R4T RES

0086 00006.000 EA 0972946~002% |RES FIX 22.0 OHM 5 £ .25 W.CARBON FILM | ROH - R=25

00864 R3 R4 RS Ré R7 RS

0090 00001.000 €A 0972757-0021 [CAP, FiIX, CERAMIC, 4TOOPF, S0V 10%

0090A c126

0094 00001.000 EA 0996 780-0001 |IC,SNTALS3IN QUAD POSITIVE-NOR BUFFER 001295—SNT&LSIN

009 A VAs

0097 00002.000 €A 0219402-7258 |NETWORK SNT4S2358N

0097TA UEL UE2

o102 00001.000 EA 0972946~0088 (RES FIX 9.IK OHM S £ .25 W CARBON FILM ROH - R-2%

0102A /28

Q103 00001.000 €A 0996424~ 0001 [IC.SNTALSITSN & BIT BISTABLE LATCHES 001295~SNT4LS3ITSN

01034 UAS

0104 00002.000 EA 0231784~6002 [DIODE~ & PELLEY, SILICON,MRLTY GF ~RP D400
|_on04A CRL6 CRIT
e o T CRo DArTaa e | RSN e SR RE
! AUTO-INSERTED PARTS LIST FOR 2261980-6
L APRD MAEG DATE | APPD. PROJECT ENGINEER DATE | RELEASED DATE | PROJECT NO PART NUMBER REV
‘ il.Muﬂno-soos iﬁ |

7 TEXAS INSTRUMENTS
INCORPORATED PANT NUMBER REV
owe gasorseg  LIST OF MATERIAL PACE B of LMz2e1960-5008 | w5 |
D

L o T Jowe | ear :
; . . | . |l J e 'ART NUMBER DESCRIPTION VENDOR PART NUMBER
i 0109 00001.000 EA ! 0972946-0079 |KRES FIX Z.7H OHM S § .29 W CARBON FILN : ROH = 8=2%
| otosa | i 232 ; ;
i | N
olos | 00001.000 | Ea 09727840002 | NETHORK SHT4LS 14N 1
otoes | i w2 ’
‘
| !
i | | |
: :’ | | ’
| | ;
I 1
: |
: \
H |
| |
! |
| ‘
i !
1 i
|
|
|
! ‘
! !
I )
|
1
i ‘
| i
| i
] i | I
|
H i :
i | !
' | 1
| i |
z |
i ]
I
AUTO-INSERTED PARTS LIST FOR 2261980-6
55 MG AT TAFFD FROIECT ENGIERR Dave | weiEAsen SATE [ PROIECT NO [’ PadT NUMBER T v
| ‘ LM2261980-3004 | #%
_ . i 4E

4-44 Change 1 2250690-9701



Drawings

I PART NUMBER S

\‘\l 3 ot ossorsso ST OF MATERIAL PAGE 1 of LM2261980-5007 42

fm'“ e oo PART NUMBER DESCRIPTION VENDOR PART NUMBER

0001 00001.000 | €A 2263031-0001 |PMB,NERORY CONTROLLER W/ECC,990712 ‘

0e0s 00001.000 | €A 0219402-7400 |NETWORK  SNT4SOON ! i

00054 uxi i

0006 00002.000 | EA 0972900-7400 |NETHORK SNT4LSOON L TE -SNTaLSOON

00064 U2 uPs

ooo7 00001.000 | €£a 00729007402 |NETWORK ,SNTALSO2N ‘

0007A UEs

6008 00001.000 | EA 0219402-7405 |NETWORK SN74SOSN 5

0008A uHs i

0009 00001.000 | EA 0219402-7404 |NETWORK SNT4SO&N

0009A um3

8010 00001.000 | EA 0972900~ 7404 |NETWORK SNT4LSO4N

00104 uss

oolt 00001.000 | EA 0972749-0001 |NETWORK, SNT4LSOSN

00114 uce

0012 00001.000 | EA 0972900-7410 |[NETWORK SNT4LS1ON

00124 UDs

0013 00001.000 | €A 02194027630 [NETMORK SM74S30M

00134 us7
o014 00002.000 | €A | | 099s13e-0001 al‘g;msnul.szsm.mtemseucrmil_guuanxEd TE -SNTMLS25TN

AUTO-INSERTED PARTS LIST FOR 2261980-7 |

i | m—— - T } LM2261980- 5007 :%—J

oATE 08401280

LIST or MATERIAL

PAGE 2 of

PART NOWBER e

LMa2261980-3007 e

(= ot S PART NUMBER DESCRIPTION VENDOR PART NUMBER
[ 1YY [ Y
ools 00802,000 €A 0972900~ 1432 [NETWORK SNT4LS3I2N T -SNT4LS 32N
001354 UEs UNMe
[ 1] 00001 .000 €A O972900~-T4S1 (NETWORK SNT4LSSIN " ~SMTM SSIN
ostea uG3
[, [} 00002, 000 E” 0972900~-T634 |NETWORK SN76LSSN 141 ~SNT4LSS4N
[ 18/] UMl uol
oots 96005.000 €A 0219402~-7474 NETWORK SNT4STN
0184 UL U2 URS UHZ USe ‘
oote 0000%.000 €A Q972900~T4T74 |NETWORK SNT4LSTAN i
08194 UGA UFL UFs UGS E3 ‘
0020 00804, 000 €A 0219402-7486 |NETWORK SN7&S86N
80204 UF® UFT UF8 UFe
oozl 60001.000 | €A 0972782-0001 |NETMORK SN74LS132N 1‘ TT  -SN74LSI32N
| ocora uss ‘
o822 00002.000 | €A 0219432-7138 |NETWORK SNT4S138N
0224 ues uG? ;
0023 80002.000 EA 0996305-0001 | 1C,SNT4S169 UP/DOWN COUNTER,4 BIT 1 001295-5SNMT45169
00234 uDs UC3
ate | oostovos e | | ovemomis nerioe swvasyra |
! | AUTO-INSERTED PARTS LIST FOR 2261980-7
TS SRTE [ 4995 RGIECT TGS ATE | FEEASED BRTE | RO T T PART NGMBER 3
\ | | LM2261%80-5007 33
2250690-9701 Change 1 4-45



Drawings

4-46

S INSTRUMENTS
CORPORATE

g T

LIST or MATERIAL

PATT NUMBER

oATE 08401780 PAGE '3 of Mzuno—nov
‘( il e | o PART NUMBER DESCRIPTION VENDOR PART NUMBER
[ os2ea ves
ooze 00002.000 | €A 0996138~0002 |1C,SNTALS250N,0ATA SELECTORS/MULTIPLEXER V1 —SNT4LS258N
00264 UMs UJe
oa2s 00006, 080 EA 0219402-7280 |NETHORK SNT745280M T ~SNT45280N
00284 UKS UXT UKS UXS UJ6 UJS
| o029 00002.000 | Ea 0972652-0001 |NETMORK SNTALS283N
| oozea uss ucs
eon 00018.000 €A 09T72787-000¢ |NETHORK SNT4LS348N
[} 7Y URL UR2 UP2 URE URT UHG UPT
0318 URS URS® UC2 US4 UAT UR4 URS
0031C VET UPS US3 US2
003 08001.000 €A 0974674-0001 |NETWORK SNT3138M
083ea us?
0838 00008 . 000 EA 0972583-0001 |NETWORK,SNTS36S TI-  -SN7536%
00354 ULL UL2 UML UM2 UNL UN2
0037 00044.000 | EA 09964600001 |TCe 16K RAM, (SEL) 001295 TMS4116/2A0727
0037A UNG THRU UN2S UG THRU UN2S
| oose 00002,000 | EA 0996138-0001 |1C,SNT4LS266N 2-INPUT EXCLUSIVE-NOR sudi 14 —SNTALS265N
| oy UDs uss |
;’ 00001.000 | EA 0972037-2600 |NETHORK,RES 680  OMN 2T 16PIN “lE!ENJ 073138-898-3-R680
o ORTE | CR5 AN TATE | DESIGN FGRERY oaE | E
B AUTO-INSERTED PARTS LIST FOR 2261980-7
T AT AP PRGIEET TG e | v ST FRGRET NG FRET R &
L ‘ {LMzzbloao-inor L nJ

ﬂf TEXAS INSTRUMENTS N
INCORPORATED "
- ot osrorssg ST OF MATERIAL *aGE & of LMzze19es-s007 | 48
O UL [ pakt NumeER DESCRIPTION VENDOR PART NUMBER |
00404 ; w7y
0061 00001.000 | €A 0972037-2220 |[NETWORK,RES 220  DMM 2% 16PIN SELEMENT i
00414 | 2 ue 1 |
i ; |
0042 00003.000 | EA | 0972037-1220 [NETMORK,RES 22 OMM 2T 16PIN BELEMENT 073138-898-3-R22
H |
00424 b ULY Uy UNY i
0043 00001.000 | €A | 09720460041 |RES FIX 100 OMM 5 % .25 W CARBON FILM | ROW - R-25%
| 0043A | e
cose 00007.000 | EA 0972946-0049 RES FIX 220 OMM 3 T .25 W CARBON FILM | ROM - R-25
| 006sA AL R2 R29 N30 R31 R4AT R48
' 004s 00001.000 | EA | 0972946-0053 (RES FIX 330 OMM S T .25 W CARBON FILM | RON - R-2S
i O0ASA “ 22
0068 00002.000 | EA 0972946-0061 |RES FIX 680 OMM S % .25 W CARBON FILM | ROH - R-28
00464 )[ 2t R19
I |
0047 00007.000 | EA 0972946-0065 |RES FIX 1.0K OHM ST .25 ¥ CARBON FILM | ”OH - R-2%
00874 R10 R20 R23 R24 R25 R37
00478 ®38
0048 00006.000 | EA 0972946-0089 |RES FIX 10K OHM ST .25 W CARBON FILM | ROM - R-25
00esa R33 R34 R33 RSO
0049 00001.000 | EA 0972946-0115 (RES F1X 120K OMM 5 X .29 W CARSOM FILN | ROM - R-25
00494 r3e
DRAFTSMAN DATE | CYD DRAFTSMAN DATE | DESIGN ENGINEER DATE | TITLE
AUTO-INSERTED PARTS LIST FOR 2261980-7 !
APPD WP DATE | APPD PROJECT ENGINEER DATE | RECEASED DATE | PROJECT NO H T PANT NUMBER G
| LM2261900-3007 | 40 |
\ L i AE

Change 1

2250690-9701



TEXAS INSTRUMENTS
i:ﬁ:: :gﬂ o;;ﬂ PART NUMBER T DESCRIPTION ‘ VENDOR PART NUMBER : \
00001, 000 EA T 0972946-0105 RES FIX 47 K OHM 5 ¥ .25 W CARBON FILM | ROW - R-25 :
®26 1‘
00001.000 EA 0972946~0121 (RES FIX 220K OHM S X .25 W CARBON FILM | ROM - R-2S \‘
r39 “
00001.000 EA 0972946~0093 |RES FIX 15K OHN 5% .25 W CARBON FILW ROM - R-2S
=27
00001, 000 EA 0539370-0385 |RES FIX FILM 1.00K OHM 1% .25 WATT COR - NASS
r11
| oose 00001.000 €A 0539370-0357 |RES FIX FILN S11  OHM 1T .25 WATY COR - NASS
0056A ri2
005S 00002.000 EA 0972753-0012 [CAP,FIXED 220PF 25 WYDC 2.0% uc -C5002216G
00554 €86 €96
00%6 00001.000 EA 0972757-0025 (CAP FIX CER OLNF 10% SOV
00564 c9s
0058 00012.000 EA 0972763-0009 (CAP,FIXED .0CATMF 50 VOLTS 004222-MC 10SE4T22
00584 C?6 CTS C80 C81 C82 C83 C85
00588 €94 C97 C108 C109 C121
08059 00087.000 €A 09727630021 |CAP,,FIXED,AXTAL LEAD,.067 UF;+B80%,~20% ’
0059A Cl VHRU C19 C21 C23 C25 €27
00598 €29 €31 €33 €3% C3T C39 C4l
SERFTOAN SATE T €D DRAFTEMGN TATE | DGR ENGIREER SRTE | e
AUTO-INSERTED PARYS LIST FOR 2261980-7
APPD -MFG. DATE | APPD PROJECT ENGINEER DATE | RELEASED TATE | PROIECT NC. i T PART NUMBER | REV
L l ;LMzzuom-sootr! Ao

LIST or MATERIAL

PART NUMBER REV

AT 08/01/80 PAGE & of LM2261980-5007 *
N o o | e PART NUMBER DESCRIPTION VENDOR PART NUMBER |
€43 C45 CaT C49 C51 C5) C55 ]
00590 €36 CS7 C59 THRU CT3 CT76
[ 1 THRU CT79 C84 (ST THRU C90
005% €92 C93 €99 THRU C103 C106
9039 Cto7 Ct14 THRU C117 C120
205 €122 TRy C125 C127 Cl2s
90991 €129 €130 C1M
0040 00020.000 | EA 0972924-0014 [CAP FIX TANT SOLID IS MFD 10 T 20 VOLT OPL  -M39003/1-2289
00804 €20 €22 C24 C26 C28 C30 C32
00008 €34 C36 C38 C40 C&2 Co4 Cob
0060C €48 C30 C52 C34 C91 Cloe
oeet 00001.000 EA 0222222-14T70 |NETWORK SNT4TON ~SNT4TON
0081 A UF3
0062 00001.000 | €A 0600118-0008 |RESISTOR 1.0KOHMS DIL PULL UP 16 PINS | BEC  -B98)R1.OK 1
00624 uce !
0063 00083.000 | €A 0972924-0006 [CAP FIX TANT SOLID 39 WD 10 T 10 VOLT QFL  ~M39003/1-22%9 |
00634 €10s c1i8 C132 |
0069 00001.0600 | EA 0972932-0001 |DIO0E 1Wv148 SEE TI- ORAWING |
00494 CRls
0081 00001.000 EA 099465080001 | TC, T4LSI93N DUAL BINARY COUNTER 001295 THLSI9IN
SRS R | D SRR S | OB EGEER BT
| AUTO-INSERTED PARTS LIST FOR 2261980-7 i
— i e e ’f LM2261980-5007 | %5
! L AE
2250690-9701 Change 1
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Drawings

‘P\ TEXA%OINSTRUMENTS LIST oF MATERIAL v .
i 1N RPORATED | v
\ oA 08/01/80 oF PAGE 7 of [LMz2¢1900-3007 40 |
Vamn T CUARTY R owe
N as e e e PART NUMBER DESCRIPTION VENDOR PART NUMBER
Y
Y TTITY url
0082 00001.000 | EA 0222222-7408 |NETWORK~-SHT408N
00824 ue1
0oes 00011.000 | EA 0972946-008L [RES FIX 4.7K OMM 5 T .25 W CARBON FILM | ROH - R=25
00834 RI3 THRU R18 R4O Rel R42
00838 ' RA3 Res
0086 00006.000 | €A 0972946-0025 |RES FIX 22.0 OMM S X .25 W.CARBON FILN | ROM - R-25 3
0086A R3 R4 RS R6 R7 RS ;
0090 00001.000 | EA 0972757-0021 |CAP, FIX, CERANIC, 4700PF, 30V 10%
00904 c126
0094 00001.000 | €A 0996780-0001 |T1C,SNTALS3IIN QUAD POSITIVE-NOR SUFFFR 001295~ SNTALSIIN
00944 uae
0097 00002.000 | EA 0219402-7258 |NETNORK SNT4S238N
0097A UEL UE2
0102 00001.000 | €A 0972946-0088 |RES FIX 9.1K OHM 5 T .25 W CARBON FILM | ROM - R-25
01024 r28
0103 00001.000 | EA 0996424-0001 |1C,SNTALSITSN & BIT BISTABLE LATCHES 001295-SNT4LS ITSH
01034 UAs
o104 00002.000 | EA 0231764-6002 |DIGDE- & PEALLET, SILICON,MULTI GE  -mPDNasO
01044 cr16 CRLT7
ORAFTSMAN DATE | CKO DRAFTSMAN DATE | DESIGN ENGHNEER OATE | TITLE
AUTO-INSERTED PARTS LIST FOR 2261980-7
APFO MFG. OATE | APPD. PROJECT ENGINEER DATE | RELEASED DATE | PROJECT NO FART NUMBER T wev
thuno—soov[ ¥

) TEXAS INSTRUMENTS G
N © o osrorsee  LIST OF MATERIAL PAGE § of LMz2e1980-3007 | 38

(& R B [T paRT NUMBER DESCRIPTION VENDOR PART NUMBER
0105 0000i.000 EA T0972946-0075 |RES FIX 2.7K OH® 5 S .29 ¥ CARBOM FILM | AOM - R-2%
0103A | j | "32
0106 00001.006 €A | 09T2T84-0002 |NETMORK SNTALSIAN
o106a ;, ]
i
!
i
DRAFTSMAN - DATE © CXD DRAFTSMAN OATE | DESIGN ENGINEER DATE | TITLE
MTO-INSERTED PARTS LIST FOR 22619807
AFFD MG BATE | APFD. PROIECY ENGINEEF DATE | RELEASED DATE | PROJECT NO. T T FART NUMBER T wy
I iLeruno-mr | zj

4-48 Change 1 2250690-9701



fgr Texas

!
oRP

NSTRUMENTS
ORATED

oAt 08/01780

LIST o MATERIAL

PAGE

of

( FAZT NUMBER v

LM2z2619¢0-5008 | 39-

N

il e RS PART NUMBER DESCRIPTION T VENDOR PART NUMBEJR A:
ool 00001.000 | EA 2262031-0001 |PuB,NERORY CONTAOLLER M/E€CC,990712 \’ !
8005 00001.000 | EA 02194027400 |NETMORK SNT4SOON !
0005A UKL
0006 00002.000 | EA 0972900-7400 |NETWORK SNT4LSOON TI -SNTALSOON
00064 u6? ure
0007 00001.000 | EA 09729007402 |[NETWORK ;SMT4LSO2N
0007A ves
0008 00001.000 | EA 0219402-T7405 |NETWORK SNTSOSN
0008 T ‘
0009 00001.000 | €A 0219402-7404 |[NETWORK SNT4SO4N
00094 uns
0010 0000t.000 | EA 0972900~ 7406 [NETWORK SNT4LSOAN
00104 uJ3
o011 00001.000 | EA 0972749-0001 |NETHORK, SNT7eLSOBN
00114 uca
00i2 00008.000 | €A 0972900-T7410 |NETWORK SNT4LSION
00124 uDe
0013 00001.000 | EA 0219402~ 7430 [NETWORK SNT&S 30N
00134 usr
0016 00002.000 | €A 0996136-0001 | 1C,SNT4LS257M,DATA SELECTORS/MULTIPLEXEN T1  —SHTMLS2STN
SRR o X5 IR e | DESGR ENGREER oatt T THE
L AUTO-1NSERTED PARTS LIST FOR 2261980-8
I T m—— i T [LM2261 s o-3008 | 20-
L | | | AEJ
. TEXAS INSTRUMENTS
%‘@((’ INCORPORATED v ossorssp  UIST OF MATERIAL PAGE 2 of lLMzun;:f;i';;os 3:% )
A ‘:‘:g‘ﬂ: & [ ows PART NUMBER DESCRIPTION VENDOR PART NUMBER i
D014A UP9 UEG ‘
0015 00002.000 | EA 0972900-7432 [NETWORK SNT4LS3I2N TI -SNTALSIN j
0015 UB6 UM4 |
0oLs 00001.000 | E& 0972900-76451 |NETNORK SNTOLSSIN TI ~SNTALSSIN i
00164 uG3
0017 00002.000 | EA 0972900~ 7434 |NETWORK  SNTALSSAN AL ~SNTALSSON |
00174 uHL UnL \
0018 00005.000 | EA 0219402-747% [NETWORK SNT4STeN ’ !
00184 UJL UJ2 UK UH2 UJe ‘t
0019 00005.G00 | EA 0972900~T47¢ |NETHOAK SNTSLSTAN 1 |
00194 | UGA UFL UF& UGS UE3 1 1
0020 | 00004.000 | EA 0219402-7486 |NETWORK SNT4S86N |
| 0020A l UE9 UFT UFS UFs |
0021 | 00001.000 | EA 0972782-0001 |NETWORK SNT74LSL32N [ TU SNTALSII2N
00214 l r ! uss :
0022 i 00002.000 | EA 1 : 0219402-T138 |NETWORK SN745138M
00224 ‘ ‘ i uss UGT
0023 | 00002.000 | EA | | 0996305-0001 | 1C,SNTASI69 UP/OOWN COUNTER,4 BIT 001295-SNT45169
00234 w 1 juve ves
0024 | 00001000 | EA | 09729007175 |METMORK SNTALS1 TSN
DRAFTSMAN DATE | CKD DRAFTSMAN DaTE ] DESIGN ENGINEER DATE T TITLE
| AUTO-INSERTED PARTS LIST FOR 2261980-8
APPD MFG. DATE - ASPD PROJECT ENGINEER DaTE ( RELEASED DATE | PROJECT NO i i FART NUMBER REV
i | [LM2261980-3008 | 40
2250690-9701 Change 1

Drawings
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Drawings

\\L‘, ' ot ossorsee ST OF MATERIAL pace 3 of m > |
o o S PART NUMBER DESCRIPTION VENDOR PART NUMBER
00244 ves
0026 00002.000 €A 0998136~0002 [1C,SMT4LS250N,DATA SELECTORS/MULTIPLEXER Tt ~SNT4LS 258N
0026A ums uJe
1 o028 0000e , 000 EA 0219402-7280 |NETWORK SNT74S280N T ~SNT4S280N
I 00204 UXé UXT UKS UK9 UJb UJSe
0029 00002, 000 €A 0972652-0001 [NETWORK SNTALS283N
00294 uyss uce
0031 00018.000 €A O9T2787~0004 |NETWORK SNT4LSI66N
00314 URL URZ UP2 UR6 URT UHS UPT
00318 URS URY UC2 UB& UAT URA URS
oe3ic VET urS UB3 UB2
0034 00001 .000 EA 0974674~0001 |[NETWORK SNT7S138N
00344 ust
0033 00006, 000 €A 0972583-0001 |NETWORK,SNTS36S ¥i- ~-SNT5365
00354 ULL UL2 UMI UM2Z UNL UN2
0037 00066.000 EA 0996680-0001 [1C, 16K RAM, (SEL) 001295-TMS4116/2A0727
003TA UN4 THRU UN2S UMG THRU UM2S
00378 W4 TeRU L2S
003 00002.000 | €A 0996138-0001 |1C, SNTALS266N 2-INPUT EXCLUSIVE~NOR GATE TI ~SNTALS 266N
00394 ubs usa
SR SR | TR DA T | GRS NG SRETTRE
AUTO~INSERTED PARTS LIST FOR 22461980~8
o o AP RO TG S i e TG W
L T LMzzuno-sooa] rs

%@ TEXAS INSTRUMEYTS LIST or MATERIAL a0 |
oae 0801780 PAGE & of LM2261980-5008 | | %= )\

/—m-,Tgu:T o - PART NUMBER DESCRIPTION VENDOR PART NUMBER i

0048 00001.000 _ EA 9977057-7680 | NETWORK,RFS 680  OWN 2T 16PIN SELENENY 0T3138-898-3-RES0 |
0404 vor l
00s1 00001.000 = EA 0972037-2220 |NETWORK,RES 220  OHM 2% 16PIN SELENE ;
0014 | uHe '"l !

| osa2 00003.000 @ EA | 0972037-1220 |[NETWORK,RES 22  OHM 2T 16PIN asusnsuﬂ; 073138-898-3-R22

| ooez2a | % w3 uny UNd |
0843 | 00001.000 | EA 09729460041 |RES FIX 100 OHM S5 X .25 W CARBON FILM | ROM - R-25
00434 re |

| o0ee 00007.000 | EA 0972945-0049 |RES FIX 220 OWM 5 T .25 W CARBON FILM | ROM - R-25

| ooses RL RZ R29 R30 R31 R4T RAS

! 0048 00001.000 €A 0972946-0053 |RES FIX 330 OMM 5 T .25 W CARBOM FILM | ROH - R=2S

| ooesa | r22 \
006s 00002.000 | EA 0972946~0061 |RES FIX 680 OHM S T .25 W CARSBON FILM | ROM - R-2% \

00484 a2t R19 3

" aoer 00007.000 | EA 0972946-0065 |[RES FIX 1.0k OHM ST .25 W CARBON FILM | ROH - R=2S ‘
004TA | R10 R20 R23 R24 R25 R3T ‘
(" Y | R38 |
0048 00004.000  EA 0972946-0089 |RES FIX 10K OMM ST .25 W CARBON FILM | ROM - R-2%
00484 R33 R34 R3S RSO ‘
0049 00001.000 | EA 0972946~011% [RES FIX 120K OHM 5 T .25 W CARBON FILM | ROH - R=25

- I - i T AUTO-INSERTED BARTS LIST FOR 2261980-8 ‘

e S| 2 roneTanS | r—— e } q_Mzzu«o-sooa\' ﬁ% |

i
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{o= TEXAS INSTRUMENTS
‘\: . (MeoRFORATER oAt 08/01/80 LIST oF MATERIAL PAGE § of jMle’;w;;ﬂ i.?:‘
Kl e RS PART NUMBER | DESCRIPTION VENDOR PART NUMBER
T 0o0e94 "3
‘ 0050 00001.000 | EA 0972946-0105 [RES FIX 47 K OWM S X .25 W CARBON FILM | RON - R=28
00504 "26
00s1 00001.000 | €A 0972946-0121 [RES FIX 220K OHM $ T .25 W CARBON FILM | ROH - R-2S
00s1A | (3]
| 00s2 00001.000 | E& 09729460093 |RES FIX 15K OHM ST .23 w CARBON FILM | ROH - R-23
E 00524 ! R27
1‘ 0083 00001.000 | €A 0539370-0385 |RES FIX FILM 1,00k OHN 1T .25 WATT COR - NASS
| oosaa | r1t
0054 00001.000 | €A 0539370-0357 RES FIX FILN S11  OMNW 1T .23 WATY con - nass
00544 r12
0055 00002.000 €A 0972753~0012 CAP,FINED 220PF 25 wWOC 2.0% uc ~Cs$002216
00854 C86 C9%
0056 00001.000 | EA 0972757-0025 [CAP FIX CER .OINF 10T SOV
00364 cos
0358 00CL2.000 €4 09727563-0009 CAP FIXED ,00470F 50 VOLYS 004222-RCL1OSEAT2?
00584 CT64 C75 €80 (81 C82 C83 C8S
00588 €% C9T C108 CLO9 C121
00%9 00087.000 EA 0972763-0021 [CAP. FINED,AXIAL LEAD,.047 UF,+80%,-20%
| 00394 CL TRy C19 C2t C23 C25 C2v
ORAFTSMAN DATE [ CKD DRAFTSMAN OATE | DESIGN ENGINEER DATE | T
| AUTO-INSERTED PARTS LIST FOR 22619804
AP MFG.  DATE | APPO. PROJECT ENGINEER DATE | RELEASED mrt{nomano } :lmn{,‘;t:‘.u{ ;)
: i | v
[ ¥ TEXAS INSTRUMENTS
\'@/ tNeoRPoRATE®D oaTe 08701/80 LIST of MATERIAL PAGE &  of ILMzz.l ::;:::o‘ Ili':-
A e S PART NUMBER DESCRIPTION VENDOR PART NUMBER
00598 C29 C31 C33 C3% C37 C39 Ca!
| 0059C C43 C4S CAT C49 CS1 C53 C55
; 09590 €56 CST CS9 THRU CT3 CT6
| oos9t THRU CT9 C84 C8T THRY €90
0059F €92 £93 C98 THRU C103 C106
00596 C107 C114 THRU C11T C120
005 C122 THRU C12%5 C127 c128
00591 €129 €130 C131 »
0080 | 00020.000 @ €A 0972924-0014 CAP FIX TANT SOLID 15 WED 10 ¥ 20 VOLT QPL  -M39003/1-2289 .
00604 ‘ €20 C22 C24 C26 €28 C30 €32 :
| 00608 i €34 C36 C38 C40 C42 Cos Céb
! 0060C ' €48 €50 C52 CS4 €91 C104
2061 0000t.000 | €& 0222222-TATC  NETWORK SNT4TON ~SNT4TON
0061 A uF3
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0023¢C €206
0024 00001.000 | EA €972763-0021 |CAP+sFIXED,AXIAL LEAD,+047 UF,+803,~202
00244 c197
0025 00002.000 | EA 0972958-0002 |TRANSISTOR, 2N2907A PNP GEN PURP S TO-1§ TI =~ 2N290TA
00254 Q1 Q2
0027 00001.000 | EA 0972547-0008 |SWITCH, SLIDE=SPSI,DIP 8 SWITCHES
00274 u6o1
0028 00002.000 | €A 0972537-0001 |OIODE,LED 550-0103 50 MA 3 V OIA  ~-550-0103
00284 CR1 CR2
0025 00000.100 | FT 04114000022 |WIRE 22AMG ELETRO=TIN=-PLATED,COPPER
0030 00002.000 | EA 0972137-0005 |CONNECTOR,PC 50 PIN BEl - 65483=-005
00304 P3 P4
0031 00002.000 | EA 0945239-0001 |BRACKET~STIFFENER, PWB, 14IN
0032 00002000 | EA 0944954-0001 |INSULATOR, PuB, 141A
0033 00006.000 | EA 0972684-0002 |SCREWsTHD FRNG,HEX WSHR HD,2-56X1/4 LG
0034 00002000 | EA 05330440001 |EJECTOR, NYLON, NON-LOCKING, PuB
0036 00001.000 | EA 2210188~0005 |SOCKET, LOW PROFILE, DIP, 20 PINS 003612~D1LB20P~108
P SR D DR e a2 SaiE T
MENORY ADD=ON MODULEs64KB4 990/ 16KR
PO G, DATE | APPD. PROJECT ENGINEER DATE | RELEASED DATE | PROJECT NO. T T PART NUMBER T v
| lLNh%wss—oool ‘lgr
P
2250690-9701 Change 1
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Drawings
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@TEXAS INSTRUMENTS
INCORPORATED

OATE 10/18/79

LIST or MATERIAL PAGE 3 of

QUANTTTY

o o IS PART NUMBER DESCRIPTION
0037 00001.000 | EA 0972057-0001 |TRANSISTOR-A572222 NPN SILICON
0037a o3
0038 00002.000 | EA 0972946-0081 |RES FIX 4.7K OHM 5 % .25 W CARBON FILM | ROW = R=25
0038A R7 R8
0039 00001,000 | EA 0539468-0002 |DIODE,LN4002 1ANP 100PIV RECTIFIER TI - IN4002
00394 cr3
0040 00001.000 | EA 0948955~5001 |AUTO-INSERTED PARTS LIST FOR 948955-0001
IRAFTSMAN DATE | CKD. DRAFTSMAN DATE | DESION ENGINEER OATE | TITLE
MEMORY ADD=ON NODULE,64K By 990716XR
APPD. G DATE | APPO. PROJICT ENGINEER DATE | BELEASED DATE | PROJCT NO. PART NUMIER .V
!LMocsnss—ooox R+
J/

T*ime

Change 1
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LIST or MATERIAL

PART NUMBER 3
oATE 30/18/79 PAGE ] o [LMag«¢s9ss=s001 R¥
PRINT QU uNIT DWG. <
K i A PART NUMBER DESCRIPTION VENDOR PART NUMBER
o001 00001.000 EA 0948956-0001 |PWB,MENORY ADO~ON MODULE,990/10
0005 00001.000 EA 0219402~7404 |NETWORK SN24S04N
00054 u3
0006 80001.000 EA 02222227430 |NETHORK SNT430N ~SNT430N
00064 u3ol
0007 00001.000 EA 0972900-7474 |NETWORK SN74LST4N
0007A u2
0008 00002.000 EA 0996136=0002 |IC,SNT4LS258N.DATA SELECTORS/MULTIPLEXER TI  =SN74LS258N
0008A uso2 uso3
0009 30002.000 EA 0972652-0001 |NETMORK SNT4LS263N
00094 uro1 yrTo2
o011 00012, 000 EA 0972787=0004 |NETMORK SNT4LS368N
00114 U4 US U7 48 V1L UL2Z U15 Ule
00118 U19 U20 U24 U2S
0013 00004.000 EA 0972503-0001 |NETWORK ,SNT5365 TI-  -SN75365
00134 U6 ULO3 URD4 U204
ool6 00001.000 EA 0972037-3470 |RES. NETHORK,4.TK OHM 23
00164 U402
0017 00001.000 EA 0972037-2680 [NETWORK RESISTOR 680 OHNS 2% 073136~898-3-R680
%7‘ TATE m DATE | DESIGN SNGINEER DaTE | THE
AUTO-INSERTED PARTS LIST FOR 948955~-0001
APFO.MFG. DATE { APPD, PROJECT ENGINEER DATE | RELEASED DATE ;| PRONCT NO. T PART NUMBER "
[mmuoss—soox [R-r |
e
7 TEXA§ J'ﬁﬂ'ﬁ'ﬂ'ﬁ’f“s LIST or MATERIAL PART ROMBER &
IN D
ot 10/18/79 o Pace 2 o LMo948935-5001 [R+
M, > WS, PART NUMBER DESCRIPTION VE! b
e " . e | Se NDOR PART NUMBER
0018 00003.000 €A 0972037-1220 |NETWORK,RES 16 PIN,8 ELERENT 22 OWNS 2% 073138-698-3-R22
oolsA U105 U205 U203
0019 00006000 EA 09729460049 |RES FIX 220 OHN 5 3 .25 W CARBON FILM | ROH = R=25
00194 R1 R2 R R6
0020 00002.000 EA 0972946~0065 |RES FIX 1o0K OHM 58 .25 W CARBON FILM | ROH - R=25
00204 R4 RS
0021 00011.000 EA 0972924=0014 |CAP FIX TANT SOLIO 15 MFO 10 £ 20 VOLY QPL  ~M39003/1-2289
00214 €121 €125 €129 C133 C137
00218 Cl41 C145 C149 C153 C157
s021C Clés
0024 00042,000 | EA 09727630021 |CAPosFIXED,AXIAL LEAD,.047 UF,+803,~208
0026A €1 €2 €3 €13 Cl4 C15 25
00248 €26 C27 C37 C32 C39 C49 C50
0024C CS1 Cé6l C62 C&3 C73 CT4 CT5
00240 C85 CB86 C87 C9T C98 C99
8024E €109 C110 C111 €161 Cl62
0024F C163 C181 THRU Clo4
00246 Cles THRU C189 C198
SRAPTIMA "DATE | CXD, DRAFTIMAN O ] DATE "n'nf
AUTO=INSERTED PARTS LIST FOR 948955-0001
o OAR | AU MONCT GRS DATE | NRMAGED OATE | PRONCT NO. T T PAXT NUMBEK L3
|LMp9se9ss—s001 R+

141300

2250690-9701
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Drawings

L TExasIugTRUVETS LIST or MATERIAL s
OATE 10718779 rAGE | of LMogss9ss-0002 [R#
Tew :“;ﬁ;: S PART NUMBER DESCRIPTION VENDOR PART NUMBER |
0002 REF EA 09489579901 |LOGIC,NENORY ADD-ON NODULE,990/10
0003 REF €A 0948958-9901 |TEST PROCEDURE,NEN AOD—ON MODULE.990/10
0004 REF EA 0948959-9901 |SPECIFICATION, MEM ADD-ON MODULE,990/10
0010 00001.000 | EA 2261987-0001 |ROM,ADDRESS DECODEsL6KR MEMORY sxnnslmﬁ
00104 ueo2
0011 00001.000 | EA 0972787-0004 |NETWHORK SNT4LS368N
00114 u23
0012 00001.000 | EA 0996620~0001 [ICs SNT4LS3T3N 001295=SNT4LS3T3N
00124 usol
2014 00088.000 | EA 0996680-0001 [IC, 16K RAM, (SEL) 001295-TNS 4116/ ZA0727
0014A UAO THRU UA2L
00148 UBO THRU UB2L
0014C UCO THRU C21
00140 U0 THRU uC21
0015 00176.000 | EA 2210100-0003 |SOCKET,LON PROFILE,OIP;16 CONT 003612-01L816P-108
00154 XUAO THRU XUA21
soi5s xuse THAL wum3l
0015¢C XUCO THRU Xuc21
00130 XUDO THRU xuD21
cAise e e A D e
MENORY ADD=ON NODULE,L26K8,990/16KR
P0G, DATE | APPD. PROUECT ENOINEER DATE | AREASED DATE | PRQUECT NO.. PART NUMES -
’Wz Igr)
prgn
Texas INSTRUMENTS ST or MATERIAL T
DA L0/18/79 PAGE 2 of LM0948935-0002 [R#
T m@, S PART NUMBER DESCRIPTION VENDOR PART NUMBER
0015F XUFQ THRU XUF21
00156 XUGO THRU XuG21
QO15H XUHO THRU XUH21
0021 00003.000 | EA 0972924-0014 [CAP FIX TANT SOLID 15 WMFD 10 § 20 vOLY QPL  -M39003/1-2209
00214 €191 €193 c201
0022 00005.000 | EA 0972924~0006 |CAP FIX TANT SOLID 39 MFD 10 $ 10 VOLY QPL  =M39003/1-225%
00224 €190 C192 C194 C195 C196
0023 00011.000 | EA 09727630009 |CAP,FIXED «004THF 50 VOLTS 004222=-NC10SE4T21
0023A CL77 C178 C179 C180 C185
00238 €199 €202 €203 C204 C205
0023¢C €206
0024 00001.000 | EA 0972763-0021 |[CAPwoFIXED,AXIAL LEADo047 UF,+80%,-208
00244 c197
0025 00002.000 | EA 0972956~0002 | TRANSISTOR,2M290TA PNP GEN PURP 5K To-18 TI = 2N290TA
00254 Q1 Q2
0027 00001.000 | EA 097254 7-0008 |SWITCHe SLIDE-SPST,DIP 8 SWITCHES
00274 uso1
0028 00002.000 | EA 0972537-0001 |DIODE<LED 550-0003 ' SO MA 3 V DIA  ~—550-0103
00284 CR1L CR2
w2029 | 00000.100 | T | | 0411400-0022 |MIRE 224G ELETRO-TIN-PLATED,COPPER
NEMORY ADD-ON MODULE,128K8,990/16KR
O BT | APPD. PRGIECT ENGREER o | OATE | FRORCT NG, T ! VAT e T w
! | |LMp948955-0002 R+
pryeey
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o 10710s79 ST OF MATERIAL PGt 3 o Wu;:mozjg:’ J
T o & (e eanrnuweee DESCRIPTION VENDOR PART NUMBER
0030 00002.000 | EA 09721370005 |CONNECTOR,PC 50 PIN BEI = 65483005 -
00304 P3 Pe
0031 00002.000 | EA 0945239-0001 |BRACKET~STIFFENER, PuB, 14IN
0032 | 00002.000 | €A 0944954-0001 |INSULATORe PuB, 14IN
0033 00006.000 | €A 0972684~0002 |SCREMSTHD FRAG,HEX WSHR HD,2-56X1/4 LG
0034 00002,000 | €A 0533844-0001 |EJECTOR, NYLON, NON-LOCKING, PWS
0036 90001.000 | EA 2210188~0005 |SOCKET, LOW PROFILEs DIP. 20 PINS 003612-01L820P-108
00364 xue02
0037 00001.000 | EA 0972057-0001 |TRANSISTOR-AST2222 NPN SILICON TI-  ~aAST2222
00374 Q
0038 00002.000 | EA 0972966=0081 [RES FIX 4.7K OHM 5 X .25 W CARBON FILM | ROW = R=25
00384 a2 as
0039 30001.000 | €A 0539468-0002 |DIODE,1N4002 1ANP 100PIV RECTIFIER I - INe002
20394 ca3 }
08¢0 00001.000 | €A 0948955-5002 |AUTO-INSERTED PARTS LIST FOR 948955-0002
SRRFTIAR TATE | ChD. GRAFTIMAN DATE | DERON SUOREEE DATE | YmE
NEMORY ADD=OM ROOULE.120K8,990/16KR
PDG. DATE | APFD. ENONER DATE DATE | PRONCY NO. T PART NUMBEE -
1 Il.m’oas-«m lR" J
e
2250690-9701 Change 1
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Drawings

| g5, TEXAS INSTRUMENTS u - -
R P R A ED M"a NUMBER
DATE 10418779 ST or 1AL PAGE 1 of LMossg9ss~so02 R+
A

o T I earrnumem DESCRIPTION VENDOR PART NUMBER |
0001 00001.000 | EA 0948954~0001 |PWB,NERORY ADD-ON MODULE, 990710
o000s 00001.000 | EA 0219402-7404 |NETHORK  SNT4SOAN
0005A u3
0006 00001.000 | EA 0222222-7430 |NETWORK SN7430N ~SNT430N
00064 uso1
oe07 00001.000 | EA 0972900-T4T4 |NETHORK SNT4LSTAN
00074 w2
0008 00062.000 | EA 0996136-0002 |1CeSNTALS258N,DATA SELECTORS/MULTIPLEXER TI  =SNT4LS258N
ce0sA U802 vsa
0009 00002.000 | EA 0972652-0001 |NETMORK SNT4LS283N
00094 |uror ur02
oot 00012.000 | EA 0972787-000¢ |NETHORK SNT4LS368N
0011A U4 US UT ¥8 ULL UlZ V15 Ule
oo11e Ul9 U20 u2e U2S
0013 000213.000 | EA 09725830001 |NETMORKSN75365 ’ TI- -SN75385
00134 ULO4 U204 U304 U404 USOe )
se13e usOs UTE4 uAps ue U103 U202
0013¢ us03 ur03 ’
oale 00001.000 | €A 0972037=3470 |RES. NETHORK,4.7K QWM 28
%}M T CEB GRATWAN DATE maug-g B DaTE | TN
— I i - __|_auto-tuserteo pants List For ::::is-ooozr
II.Mos«sss-sooz lk-r J
Py

— TEXAS INSTRUMENTS
oOR R TED

INC PO A us' or mm PART NUIER 5]
DA 10718779 PAGE 2 of Il.lhmoss-sm R+

T Geawny

—‘& A&' :‘.?'! ‘:g PART NUMBER DESCRIPTION VENDOR PART NUMBER
0017 00001.000 EA 09720372688 |NETWORK RESISTOR 688 UHMS 28 073138~898-3~R680
0017A usol
0018 03010.,000 EA 0972037-1220 |NETHORKJRES 16 PIN¢8 ELEMENT 22 OMMS ¢23 073138-898-3=R22
00184 U103 U205 U3IQS UAQS UsSCS 1
20188 U605 UTOS USG5 U203 U603
oo19 00004.000 EA 09729460049 [RES FIX 220 OHM S 3 .25 W CARBON FILM ROH = R=25
0019A K1 R2 RI RS
0020 00002. 000 EA 0972946~0065 RES FIX 1.0K OHM 5% .25 W CARBON FILM ROH = R=25
00204 R4 RS
o021 03043.000 EA 0972924~001% [CAP FIX TANT SOLID 15 MFD 10 & 20 VOLT QPL =N39003/1-2289
20214 C121 THRY C137
oozls c139 'm Cle0
0021C Clé4 C168 C172 C1%

0024 00141.000 EA 0972763=0021 [CAP.FIXEDsAXIAL LEAD;<047 UF,+803,~20%
00264 ’ C1 THRU C120 C161 THRU Cle3

290248 C165 THRU C167

002¢C €169 THRU C1IT1

80240 C173 THRU C175

0024E C181 THRU Clee

=RAZSE - A THRY €109 198

— S S— . e ﬁ:)—lnsslt&n PARTS LIST FOR :::::.""“zn

| LMp9+8935-3002 R+

1 12048
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o gos10/7e  UIST OF MATERIAL Pz L of LMosassss-oca3 g #
= i &[] eam o DESCRIPTION VENDOR PART NUMBER
2002 REF EA 09489579901 |LOGIC,NENORY ADD—ON MODULE,990710
0003 REF EA 0948958~9901 |TEST PROCEDURE,MEW ADD—ON MODULE,990/10
0004 /EF A 0940959-9901 | SPECIFICATIONs NEN ADD-ON MODULE,990/10
0010 00001.000 | EA 2261987-0001 |RON,AODRESS DECODE,16KR MENORY EXPANSION
98104 veo2
oo11 00001.000 | EA 0972787-0004 |NETWORK SN74LS368N
00114 va3
0012 00001.000 | EA 0996420-0001 |ICe SNT4LS3TIN - 001295-SNT4LS373N
20124 uso1
o0te 00132.000 | EA 0996680-0001 (1Co 16K RAN, (SELD 001295-THS 41167240721
00144 UAG THRU §AZ1
00148 UBO TIRU US21
0014C UCo THRY WC21
00140 uso THRU wO21
2014€ UEO THRU VE21
2014F UFo THRY &F21
0015 | 00176.000 | EA 22101880003 |SOCKEToLOM PROFILE,01P:16 CONT 003612-01L516P-108
00134 IYAQ THRU Xua2l
o158 XUSO THRY XuB21
E&x TATE | 35, DRAFTAMAR TATE | GESON DNGRNEER X Dave | e
— I I o el CTORY ADO-ON WODULE,19268,990/16KR |
L ||.Mn«u9-uu ]&r )
v
Jgp Texas BTRUNENTS LIST or MATERIAL s
DA 10418779 PAGE 2 of LMos4s9ss-0003 R+
o, e oh [ el parT NUMBER DESCRIPTION VENDOR PART NUMBER
00150 XUDO THRU XUD21
001SE XUEQ THRU XUE21
0015F XUFD THRU XUF2L
00156 XUGO THRU Xu621
0015H XUHO THRU XUH21
0021 00003.000 | EA 0972924=0016 |CAP FIX TANT SOLID 15 WFD 10 % 26 VOLY QPL  —M39003/1-2289
00214 c191 c193 czo1
0022 00005.000 | EA 0972924-0006 |CAP FIX TANT SOLID 39 MFD 10 % 10 VvOLT QPL  ~H39003/1-2259
00224 €190 €192 C194 C195 C196
0023 00011.000 | EA 0972763-0009 |CAP,FIXED .Q0G7NF 50 VOLTS 004222-MC105E4722
00234 €177 €178 €179 €180 C185
00238 €199 €202 €203 €204 €205
0023¢ c206
0024 00001.000 | EA 0972763-0021 |CAPa, FIXEDsAXTAL LEAD,+047 UF,+803,~20%
90244 c197
0025 00002.000 | EA 0972958-0002 |TRANSISTOR,2N2907A PNP GEN PURP Sw TO-18 TI = 2N29074
00254 Q1 Q2
0027 00001.000 | EA 0972547=0008 |SWITCHe SLICE=SPST,0IP 8 SWITCHES
00274 u6o1
=2928 | 00002.000 | e | | 0972537-0001 DIOCE,LED 550-0103 50 WA 3 ¥ DIA _ —550-0103
MEMORY ADD—ON MODULE192K81930/16KR
e i T i ' llmoaa:?’.;u:;‘oos ‘RE-;'
pryem
2250690-9701 Change 1
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Drawings

p) TEXAS INSTRUMENTS o B I
o 1os1as79 ST OF MATERIAL e 3 of LMoss8935-0003 |R#
TEA

B = B (e eaxrtnumem DESCRIPTION VENDOR PART NUMBER
00284 CR1 CR2
0029 00000.100 FT 04116000022 |WIRE 22AWE ELETRO-TIN-PLATED,COPPER
0030 00002.000 EA 0572137~0005 [CONNECTOR.PC 50 PIN BEI - 65483-003
00304 ' P3 P
0031 00002.000 EA 09452390001 |BRACKET=STIFFENER, PWB, 14IN
0032 00002.000 EA 0944954-0001 |[INSULATOR, PHB, 14IN
0033 00006.000 EA 0972684~0002 |SCREMeTHD FRMGoHEX WSHR HO,2~56XL/% LG
0034 00002.000 EA 0533844~0001 |EJECTOR, NYLON: NON-LOCKING, PUB
0036 00001.000 EA 2210188~0005 |SOCKET, LOW PROFILE, DIP, 20 PINS 003612-01LB20P=108
0036A Xue02
0037 00001.000 EA 09720570001 | TRANSEISTOR=AS5T2222 NPN SILICON Ti= =AST2222
0037a Q3
0038 00002.000 EA 0972946=0001 |RES FIX 47K OHM 5 3 225 W CARBON FILM | ROH = R=25
00384 R7 RS
0039 00001.000 EA 0539468-0002 |DIODE, IN4002 LANP 100PLV RECTIFIER T1 = INe0O2
0039A CcR3
a0%0 08005 « 000 EA TPABTST=53C3 | AUTC~EINSERTED PARTS LIST FOR 9480%5-0003
AR TATE | G, GRAFIaAN Car— O
MEMDRY ADO=ON MOOULE,192K8,990/16KR
PRDMG. DATE [ APPD. PROMCT ENGINEER DATE | RELEASED DATE | PROJCT NO. PAXT NUMSER 3
T LM0948955-0003 ]Rﬂ

1 1308
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(‘A@ TE¥£§L!]:§.£RQHNTAEE§TS LIST or MATERIAL PART NuMIER -
OATE 10/18/79 PAGE ] o LMo9«asss~5003 R+~
__M"n'z'n!"_ e ES PART NUMBER DESCRIPTION VENDOR PART NUMBER |
0001 00001.000 | EA 0948956~0001 |PWB,MEMORY ADO-ON MODULE,990/10
0005 00001.000 | EA 0219402-740% |NETMORK SN14S04N
00054 u3
-0006 00001.000 | EA 0222222-7430 [NETWORK  SN7430N —SNT430N
00064 u3ol
0007 00001.000 | EA 0972900-7474 |NETWORK SNT4LST4N
00074 u2
0008 00002.000 | EA 09961360002 |IC+SNT4LS258NoDATA SELECTORS/NULTIPLEXER TI  ~SNT4LS258N
0008A U802 U803
0009 00002.000 | EA 0972652~0001 |NETWORK SNT4LS283N
00094 urol uT02
0011 00012.000 | EA 0972787-0004 |NETWORK SNT4LS368N
00114 Ué US U7 U8 U1l U2 VL5 Ul6
00218 Ul9 U20 U2 U25
0013 00013.000 | EA 0972583-0001 |NETWORK ,SN75365 Ti- ~=SN75365
00134 U104 U204 U304 UA04 USO4
oo138 U604 UTO4 US04 U6 U103 U303
0013¢C uso3 uT03
o016 00001.000 | €A 0972037-3470 |RES. NETHORK,4.7K OkN 23
=Ages o e o S T
e I o _ w:au:oo-wsatso PARTS LIST FOR :::Ks-oocam
lLMossuss-sooa R+
prpr
Jip T lnsTigvEnTS ST or MATERIAL S
v . _ OATE 10/18/79 PAGE 2 of LMo948955-5003 R+
,.ﬁl @y e SIZE PART NUMBER DESCRIPTION YENDOR PART NUMBER
0017 00001.000 | EA 0972037-2680 |NETWORK RESISTOR 680 OHAS 2% 073136~896-3-Re80
00174 usol
0018 00010.000 | EA 0972037-1220 [NETWORKJRES 16 PIN,8 ELENENT 22 OHNS 2% 073138-898-3-R22
00184 ULOS U205 U305 U40S US0S
00188 U605 UTOS UBAS U203 U603
o019 00004,000 | EA 0972946~0049 |RES FIX 220 OHM 5 % .25 W CARSON FILM | ROH = R=25
00194 R1 R2 R3 R6
0020 00002.000 | EA 0972946-0065 |RES FIX 1.0K OHN 53 <25 W CARBON FILN | ROH =~ R=25
0020A R4 RS
0021 00043.000 | EA 09729240014 [CAP FIX TANT SOLID 15 MFO 10 £ 20 VOLY QPL  =H39003/1-2289
00214 €121 THRU €137
00218 €139 THRU C160
0021¢ Cle4 C168 C172 C176
0024 00141.000 | EA 09727630021 |CAP..FIXEQ,AXTAL LEAD,.047 UF,#803,~208
00244 €l THRU €120 Cl61 THRU C163
00248 C165 THRU C167
0024C C169 THRU C17)
00240 C173 THRU C17S
0024E C181 THRU C184
B024F B o G186 THRU Cle9 C198
I B i _ m:'uln-lussnreo PARTS LIST FOR 948955-00d3
[ s g% |
e
2250690-9701 Change 1
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Drawings

4-84

LIST or MATERIAL

PART NuMER [33
LMo948935-0004

DATE 10/18/79 PAGE 1 of v d
T e IES PART NUMBER DESCRIPTION VENDOR PART NUMBER |
0002 REF EA 0948957-9901 |LOGIC,NEMORY ADD=-ON MODULE,990/10
0003 REF EA 09489568-9901 |TEST PROCEDUREMEM ADD-ON MODULE,990/10
0804 REF EA 0948959-9901 |SPECIFICATION, MEN ADD-ON MODULE.990/10
0010 90001.000 | EA 22619870001 |ROM,ADORESS DECODE+L6KR MEMORY EXPANSION
09104 U602
ooll 00001.000 | EA 0972787-0004 |NETHORK SNT4LS366N
00114 u23
0012 00001.000 | EA 0996420-0001 [IC, SNTALS3IT3N 001295~SNT4LS3T3N
00124 usol
ools Q0176.000 | EA 0996680-0801 |1C, 16K RANM, (SEL) 001295~TRS4116/2A0727
00144 UAQ THRU WA21
00148 UBO THRU uB21
0014C UCO THRU UC21
00140 UDO THRU UD2L
0014€ UEQ THRU VE21
0014F UFO THRU WF21
00146 UGO THRU ¥G21
0014H UHO THRU UN21
0015 00176.000 | EA 2210188-0003 |SOCKET.LOW PROFILE,OIP,16 CONT 003612-DILB16P=108
AL o s ooy AL MAZL
I I I I - m:;nn ADD~ON mun.e.zsul.w::mu _
T II.MW«qis-on« lR-r ]
e
Texas INsTRUMENTS LIST o MATERIAL e e
oAt 20718779 PAGE 2 of LM0948955-0004 |R#
T - o T A v DESCRIPTION VENDOR PART NUMBER
0158 XUBG THRU XUS2l
0015¢C XUCO THAU Xuc2l
00130 XUDO THRU XuD2L
CO15E XUEQ- THRU- XUE2L
0015F XUFO THRU XUF21
00156 XUGO THAU XuG2l
0015H XUHO THRU XUH21
oez21 00003. 000 EA 0972924-0014 [CAP FIX TANT SOLID 15 MFO 10 3 20 VOLT QPL  =M39003/1-2289
00214 €191 €193 c201
0022 00005.000 | EA 09729240006 |CAP FIX TANT SOLID 39 WFD 10 £ 10 VOLY QPL  =-N39003/1-2259
00224 C19p C192 C194 C195 C196
0023 00011.000 | EA 0972743-0009 |CAPFIXED <004THF SO VOLTS 004222-MCLOSE4T21
20234 C177 C178 C179 C180 C185
00238 €199 C202 €203 C204 C205
0023C €206
oo2e 00001.000 | EA 09727630021 |CAP.oFIXEDeAKIAL LEAD,+047 UF,+80%,-20%
00244 ci?
0025 00002.000 | €A 09729580002 |TRANSISTGR,2N290TA PNP GEN PURP Sw TO=18 TI = 2N2907A
Q0254 Q1 Q2
SR021 | 00001.000 . €A | mtuu;goemcm | SwpveH sunt—z;s}m OIP 8 SWIVCHES
WEMORY ADD=ON MODULE »256K8,990/16KR
oS KTE | APPD. FROHCT ENGREE TR | WEEAED TATE | PRORET NG, T VAR O -
i LMO9489355~0004 | R ¥
Py

Change 1
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S Txae RIRUvENTS LIST or MATERIAL e
_ AT 10/18/79 PAGE 3 of LMo0948955-000% | #
J"&l . A m PART NUMBER DESCRIPTION VENDOR PART NUMBER
0027A 17239
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v067 00044.000 | EA 2210188-0003 | SOCKEVoLON PRUFILESDEP, 16 CUNT 003612-0iLB16P-108
00674 XUZTS ¢ XUZUILA 1 XUZUID , XW1U29
006718 XUZTO 2 XULTOXUZ T XULTLO,
0067C XUZTLLoXUZT134XULTLS
00670 XUZTL6¢XUST L2, XU1T19,XU2T2L
|_0061E N o MUL1 22 US43 XULT24, XULT25
LCACHE MEMORY CONTROLLER
APPD.MFG. DATE | APPD. PROJECT ENGINEER DATE | WELEASED DATE | PROXCT NO. PART NUMSER T Y
| iLMeauow—oool{ HJ

Drawings

4-100

Jgp TeeedTTaELTS LIST or MATERIAL e
DA 02/21/80 PAGE 2 of LM 2261990-0001|
B = B o] earrNumaee DESCRIPTION VENDOR PART NUMBER
00298 UE2T,UGe
0032 00001.000 | EA 0219402-7400 | NETWORK  SN74S00N
00324 UFos
0048 00003000 | EA 0996063-0001 | 1Co SNT452ALNsLINE DRIVERS 001295-3NT4524LN
00434 UA©,UAGoUAS
00s1 00004.000 | EA 0996307-0004 | 1C+ SN245373,0CTAL D, FLIPFLOP TL -SN745373
00514 UAZ0, UNLZ vUN2Z4UN26
0052 00044000 | EA 0996680-0001 | IC. 16K RAM, (SEL) 001295-THS 4116/ 2A072] "
00524 UT10,UT114UT13,UTLesUT16s
00528 UTL75 UT 1920821, UT22,UT23,
0052¢ UT240 UT 25001260 UT 2700128,
00520 UT29,UT30,UT31A,UT55UT6s
0052€ UT8,UT9, U1 Co LI UUL3,
0052F VUL UUL6 UL T UUL9s0U2L
00526 UU22,U823 500244 UU25sUU260
0052H UU2TUB28,,ULLL95 UU30sUL3 1AL
00524 UUS, UU6 S8 ,UUS
0053 00001.000 | EA 09466930067 | ROM #1, 16K ECC DECODE,990/10
00534 unz3
00se | 00002,000 | £4 | gguggg;!%g 0L | DELAY L InG KAPPED 097722-EP-T1 11
GACME MEAURY CONTHOLLER
APPOD.NEC. DATE | APPD. PROJECT ENGINERR DATE | REEASED OATE | PROJCT NO. PART NUMSER 3]
] ]mzzouw—ooox H
—_— . _
g Texee InsTgnayTs LIST o MATERIAL T
i oA 02/21/80 PAGE & of LM.201990-0001| H
T :‘;ﬁ:‘: RS PART NUMBER DESCRIPTION VENDOR PART NUMBER |
006TF XUZTZ60 XUV 274 XULT28, XUIT29
i 00676 XUZT30, XUZT3LAe XUZUS, XUZU6
i ooern XUZUBoXUZUS ¢ XUZULOeXUZULL
. 00674 XUZUL 34 XUZU 140 XUZUL 60 XUZULT
i w06tk ‘ XUZULY» XUZUZL 5 XULUZ2 , X202
00670 XUZUZ&y XUZU25 , XUZUZ &y KUZUZT
0067H xuzuze
0068 000014000 | &4 22101890005 | SOCKET. LQW PROFILEs DIP, 20 PINS 003612-DILB20P~108
0068A XUZN23
0069 V028,000 |  EA 2210188-0006 | SOCKET o4UW PROFILE,DIRe 22 PINS, LO CONJ G03012-0IL822P~108
| 0069 XUZALbe XU4B 169 XUZCL 6y XUZDL6
| acevs XULE L6, XUZGAOSXUZHLE, XUZI16
! ooesc XULB20 s XUZC 200 XULO205 KULF 20
00690 XUZ6204 XUAH20 4 XUZKZ0y MZN2O
0069E XUZN20e XUZA25+XUZB25 XW2C25
0069F XUZD25¢ XAZE 255 KULG2S ¢ MITH25
00696 XUZI25 5 XUUZK2 54 XULN2 5 XUZS20
| @077 000024000 | EA 0972946-0081 | RES FIX 4a7K OHN 5 % .25 w CAKBUN FILN | RUH = R-25
. o077a R9,RL0
00g 02,000 | EA L nwzug_;g_]% | CAP L FIXED 2209F 25 wyDL 203 UC_ -L5002216
; CACHE MEMORY CONTAGLLER
RS R GATE | AP FROJECT ENGINEER BATE | RELERSED BT | FRGIECT NG, I TR RO w7
i i LM <2261990-0001; H

2250690-9701



' Jgp) Texas INsTRUMENTS ust -
{@ OATE 02/21/80 OF MATERIAL PAGE 5 aof LM 226i990-va01! H
= S o e PART NUMBER DESCRIPTION VENDOR PART NUMBER
0081A C3:C4
9083 00001.000 | £&A 0972753-0008 | CAPACITOR, LOOPF 25V 2% FX CERAMIC DIELEC
00834 cl
0085 00001.000 | Ea 0972757-0006 | CAPFIXED CER L80UPF 5UMRDC +1u% UOZLL5~LACO2XTRIFLKLY
00854 3
0088 00010.000 | EA 0972763-0021 | CAPapFIXED, AXIAL LEAU»<Q47 UFs+30%s—20%
00884 €334C3500384C405Co20C400
00888 CO7,C694C514C5%
0090 00002.000 | EA 0972924-0006 | CAP FiX TANT SULID 39 MFD 10 £ 10 ¥GLT GPL  —M39003/1-2259
00304 Cid,cl12
., 0091 00001.000 | EA 0972057-0001 | IRANS[STUR-AST2222 NPN SILICON Ti-  -asr2222 !
| o091a e
0092 00004.000 | €A 0972958-0002 | TRANS I3 EOReIN2907A PNP GEN PUNP Sk TU=-1B TI - 2N29074
0092A G2503,040G5
0093 00001.000 | EA 0972955-0004 | XSTR 2N2369A,NPNoHIGH SPEED SksTU-18 MUT - 2N2369A
00934 Qi
009¢ 00001.000 | EA 0539464-0002 | DIODE ,IN%0G2 LANP LUORIV RECTIFIER TL - IN4uG2
00944 CRls
0095 00002.000 | &£A 0972537-0001 | DAODE ,LED 550~0103 50 MA 3 ¥ DIA  —-550~0103
303 S SR T S
GACHE NENORY CONTROLLER
RPPOMEG, DATE | APFD. PROFECT ENGREER DATE | WELESED DATE | PRGIECT NG, FART NUMBER ]T
i TLMzzéuno-ouol' H
71 TEXAS INSTRUMENTS
4—@) TMEORTORATED e gzs21ss0 ST OF MATERIAL PAGE & of LM 2261990-0001| #
__M:N"‘&: T;‘ﬁ:: :?‘LE ";ﬁ PART NUMBER DESCRIPTION VENDOR PART NUMBER
0096 00013.000 | EA 0226609-0001 | DIODE,¥ISIBLE LIGHT ERITTING
00964 CR34CRe sCRS oCR6 ¢ CRT+CRE 1CARY
00968 CR10.CRLLSCRL2,CR13,CR14
0096C CRIS
0097 00002.00¢ | €A 0972137-0005 | CONNECTOR,PG 50 PIN BEL - 55433-0U5
00974 P3,04
0098 00001000 | EA 0945239-0001 | BRACKET-STIEFENER, Pwis lald
0099 00001.000 | E&A 0944954-0001 | INSULATORe PiB, L4IN
0100 00002.000 | EA 0533944-0001 | EJECTORe NYLOKe NON-LOCKING, Pwb
o101 00003.000 | EA 0972684-0002 | SCREW, THD FRMGoHEX WSHR HDs2-56X1/4¢ LG
0102 00028.000 | EA 2210338-0001 | EC.RANDGM ACCESS MEM,ITL 007263-93422PC
01024 UALG UA25 U816 UB20 UB2S
01028 UCl6 UC20 UG25 WDLe UD20
o102¢ UD25 UFl6 UE20 UF25 UGlé
01020 UG20 UG25 UKLS UH20 UH25
01026 Udl6 UJJQ U425 UK20 UK2S5
0102F UM20 UM25 UN20
0103 00001.000 | EA 0539371~0557 | RES FIX FILK 61.9K OHN 1% .13 wATl we - NC4 |
01034 ]2 i
2h0e 00001000 | €4 | 0972751-0001 | CAP,FIXED CERANIC 100 PF 0% 50V UG -CSICLUIK J
! CACHE NEMURY CGNTRGLLER
ey DATE ~ APPO. PROJECT ENGINEER DATE | FELEASED TATE | PROJECT NG, T T FART NUMBER TR
| lLMubNW—OML nj
2250690-9701 Change 1
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Drawings
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- Jop, TEXAS INSTRUMENTS ST oF MATERIAL —
INCORPORATED
OATE 02/214480 l PAGE 7 of LM 2261990-0001| n
S e S PART NUMBER DESCRIPTION VENDOR PART NUMBER
01044 caz2
oloe U0001.u00 |  EA 0972946-0045 | RES FIX 150 OHN 5 3 .25 W CARBON FILN | ROH - R-25
01064 R19
oLo1 00001.400 | kA 2261990-5001 | AUTU INSERTED PARIS LIST FUR 2261990-1
DRAFTSMAN DATE | CKD DRAFTSMAN DATE | DESIGN ENGINEER DATE ;ml
GACHE MEMORY CONTRGLLER
APPO MFG DATE | APPD. PROJECT ENGINEER DATE | RELEASED DATE | PROJECT NO. PANT NUMBER eV
ILMauwo—ooox H
J

Change 1
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| gz Texas INSTRYUMENTS LIST or MATERIAL o I
\—\( N Q2721480 PAGE 1 of LM 2261990-5001| ©
Lﬁ- e RS PART NUMBER DESCRIPTION VENDOR PART NUMBER
0001 J0001.000 | €A 2261991-0001 | PWB.CACHE MENGRY CONTRGLLER
0005 00003.000 | €A 0912900-7400 | NELWURK SAZ4LSOON TI  —3NT4LSQON
00054 UN43UK65U629
0806 00032.000 | €A 2972900-7402 | NELNURK » SNT4LSON
0U0sA US20,u429
voor 00004.000 | EA 0972900-7604 | NETWORK SNT4LSO04N
00074 UM6 2 UES sUH3 19US4
0008 000042000 | EA 0972749-0001 | NEFMGRK» SNZ4LSOBN
00084 UNLoURLsURL2y UN29
0009 00002.000 | EA 0972900-7440 | NETWORK SNT4LS1ON
00094 USLeuLe
0010 00002.000 | EA 0972788—0001 | NETWORK $SNT4LSL1,POSITIVE AND GATE
00l0A UC6,UI4
aoiL 00004000 | EA 0972900-7432 | NETNURK SNT4LS32N TI  -SNT4LS32N
00L1A ' UNL,UM2 44 18,UK29
0012 00301.000 | EA 0996780-0001 | {Ce SNT4AS33N QUAD PUSITIVE-NUR BUFFER | 001295->NT4LS33N
00124 ual2
Q013 J0004.000 | EA 09729007451 | NETMORK SNT4LS5LN TL  —SNTeLSSIN
00134 UPL2 UF L oliS 69 UK27
0ls __qg_gg_h_q%;ﬁj m%m - 0912902:‘51«%1 m}:{E 'er.umn SNIuDi?mE Tl ~SNTeLS54N
AUTU INSERTED PARTS LIST FOGR 2261990~1
S e P RO ERORER o | RoRTTRG PRV =
iLM mwso-smuT H
Jgp TexaedvsTayvaNTS UST or MATERIAL e
oA 02/21/80 PAGE 2 of |LM2261990-5001| ®
T | Ey T E Tue] eanumes DESCRIPTION VENDOR PART NUMBER
00144 ure
0045 000064000 | EA 0972900~7474 | NETHORK SNT4L574N
00154 UGLaUG31+UNIL UL s NG 4URZO
oole 00001.000 | €A 0996116~0004 | ICoSNT4LST5N, 4—BIT BISTABLE LAICH 001295~SNT4LST5N
00164 w29
@017 000012000 | EA 0922782-0001 | NETWORK SKB4LS132N TL  —SNT4LS132N
00174 uLi2
0018 00002.000 | EA G972900-7175 | NETWORK SNE4LSLTSN
00184 UM23,uP29
0023 000064000 | EA 0996136-0002 | 1Ce SNT4LS25aN,0AFA SELECTORS/MULTIPLEXER TI  —SNTGLS2%53N
00234 UBésliCé sl So U9 s UK23 JUNST
0024 00001.000 | EA 0996138-000L | iCoSNT4kS266N 2-INPUT EXCLUSIVE-NUR GATE TI  -SNT4L3266M
00264 ucl
0026 00002.000 | EA 0972652-0001 | NETWORK SNTeLS283N
00264 UBb6,UB9
0027 0000L.000 | EA 09726530001 | NETMORK o SNT4LS293N [
00274 uF3l i
0028 00002.000 | EA 0872787-0004 | NETWORK SN74LS368N ‘
00284 UH29, Us24
22930 | 00001.000 | €A | 09964240001 | 1CoSNI4LSATSN 4 BIT BISTABLE LATCHES !‘ 001295~ SNTeLS375N 1
AUTG INSERTED PARTS LIST FOR 2261990-1 |
T TATE | APFD. FROIECT ENGREET AT | WS AT | OGN T T i R L
i ‘ELMzzoneo-sao;L "
v
2250690-9701 Change 1
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Drawings

4-104

FART NUMSER

7 TEXAS INSTRUMENTS -
{@ 'NCORPORATED ¢ ezs21/g0 LSTOF MATERIAL PAGE 3 of LM 22619%-5001 #
T o B (e part numeee DESCRIPTION VENDOR PART NUMBER
90304 UG
0031 00001.000 | EA 0996508-0001 | ICe74L5393N DUAL BLNARY COUNTER 001295~74L5393N
00314 uve
0032 000024000 | EA 0219402-7400 | NELMORK SN 74500N
00324 UN23,Ud12
0033 | 00002.000 | €A 02194027604 | NETHOAK SNT4SO4N
00334 UN124US9
003« 00001.000 | £A 0219402-7405 | NETMORK SNT4S0SN
00344 uM12
0035 00002.000 | EA 02194027408 | NEFWIRK SN34SOBN Ti-  -5NT4508N
00354 UD4eULS
0036 00003.000 | EA 0219402-7410 | NELWGRK SNT4S10N
0a3eA Ud6,UK12,uL23
0037 00002.000 | EA 0219402-7411 | NETWORK SNZ€SLIN
0037A UF4eUPL
0038 00001.000 | EA 02194027420 | NETHORK SNI4S20N
00384 UN29
0039 00001.000 | EA 0219402-7430 | NETMORK  SN74530N
00394 ue2s
0040 | 00002.000 | EA| | 0219402-7432 | NETNORK SNT4S32N Ti—  -SNI#532N
DRAFTSMAN DATE | CKD. DRAFTSMAN DATE | DESIGN ENGINERR DATE | TMLE
AUTG IMSERTGD PARTS LIST FOR 2261990~1
e i i i i ]mzz«i‘é'o"&fs'ou[ “
T3 Texas InsTRuMENTS 5t or MATEIAL T
DA 02/21/80 PAGE 4 of LM2261990-5000|
[, o ElES PART NUMBER DESCRIPTION VENDOR PART NUMBER
00404 UDG.UN
cosl 00001000 | EA 0996851-0001 | ICoQUAD PASATIVE-NAND, SN74538N ~5NT4538N
Q0414 uEe
0042 00001.000 | £A 02194027464 | NETHORK SN74564N
00424 uHe
0043 00010.000 | €A 0219402-747¢ | NETWORK  SN74574MN
00434 UdhoUKLoUM4 ol 1o UR23s UNGs
00438 UP4,USL sUlté 4 UP23
0044 00001.000 | €A 02094027486 | NETHURK SN74S86N
00444 us23
0045 00002000 | EA 0219402-7133 | NETWORK SN745133N
00454 UF9,UK9
00k 00018.000 |  EA 2210136-0001 | EC-EXCLUSIVE~UR/NOR GAKE 001295 SNT45135N
00464 UB29, UC29044G 00294 U0 9e
00468 UE29, UEFe UGTe UHTp UIS
0047 000024000 | EA 0219402~7138 | NEFMORK  SN745138N
| 00474 UE3L,UF29
0049 00001.000 | EA 02194027260 | NETMORK SNT45260N
00494 use
__00s 42000 | £a | | 0219602-7280 | NETuORK SNTes280M Th_ -5NI45280N
AUTU INSERTED PARTS LIST FOR 22619901
TG DATE | RPP0 PROTECT ENGINEER AT T VEERSED e | FROTRCT G FART NUMREL (3
l ] LMzzu«no—soot} ﬂ
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% TEXAS INSTRUMENTS
: &{F/ TNCORPORATER o gasz1se0 ST OF MATERIAL PAGE 5 of LM 2261590-5001 "
il SR ES PART NUMBER DESCRIPTION VENDOR PART NUMBER
00504 UDLZ,UEL2,UF23,UF2T4UG12s
00508 UG23,UG27 Ui 25 UR25,UR2T .
0050¢ UR29,U3259U827,U529
0058 000010060 EA 0802023-0004 | NEFSORK SNI5138N
00584 uaz2s
0059 00001.000 EA 0972810-0001 | NEFWURK~SNT4LS221N
00594 us1s
0060 Q00014000 EA 0972037-2680 | NETWORKRES 680  GHN 23 16PIN SBELEMENT O073138-898-3-R630
00604 uo3lL
o061 00001.000 | EA 08001180004 | RESISTUR 220 OHMS DIL PULL UP 16 PINS | BEC —38981R220
00614 us23
0063 00002.600 EA 080U118-0013 | RESISTUR, FIXED—ARRAY, 47K
00634 UP2T,UEL
0070 00004.000 | EA 09729460025 | RES FIX 2240 OHM 5 3 .25 WeLARBUN FILM | KOH — R-25
00704 R25¢R26sR27,R28
9071 00003,000 | EA 0972946~004l |RES FIX 400 OHM 5 % .25 W CARBUN FILN | RUH =~ R-25
00714 R11,R15,R20
0072 200042000 EA 09729460049 | RES FIX 220 UHM 5 § .25 & CARBUN FILM | RUH ~ R-25
0072A R37 4R35 4R39 eR40
_or3 00001,000 | EA | 09729460053 | RES FIX 330 OHN 5 3 -25 W CARBUN FILN | &0H - &-25
AUTU INSERTED PARTS LIST FOR 2201990~1
KPS WG, DATE | APFD. PROJECT ENGRIEER DATE | FEUEASED DATE | PROXCT NO, T PAKT NUMBEE w1
| ‘LM&OIS%—SWI} n)

! =1 TEXAS INSTRUMENTS
{%\IB TNEORFORATED o gzs21ss0 ST OF MATERIAL PAGE & of LMzzonI;;U—w;ox\ " )
N S o | e PART NUMBER DESCRIPTION VENDOR PART NUMBER
00734 R31
‘ 0074 00001.000 | EA 0972946-0038 |RES FIX 75.0 OHM 5 % .25 W.CARBUN FILM | RUH - R-25
E 0074A R14 ]
| oors 00001.000 | EA 0972946-0061 |RES FIX 680 UHM 5 3 .25 W CARBUN FILM | RUH = R=25
: 00754 /30
. o7 00007+000 EA 0972946-0065 |RES FIX leOK OHN 53 .25 W CARBUN FILM | ROH - &-25
| ootea R6sR29¢R32R339R34,835,R36
0077 00007-000 | EA 0972946-0081 |RES FIX ¢a7K OHM 5 3 .25 4 CARBUN FILN | ROH - #-25
| 0077A R5sRTeR8,R219R220R234R24
‘ 0078 000014000 EA 0539370-0377 |RES FIX FILM 825 OHM 1% .25 WATI CUR - NASS
00784 R1T '
0079 J0001<400 €A 053937i-0478 | RES FIX FILA 9.31K Gr# 1T .13 WATT coR - NC4
00794 /18 |
0080 00001.000 EA 0539371—0453 | RES FEX FILM S.11K GHMS L% <i3wATT CUR - NC4
00804 37
0082 00001.000 | EA 0972757-0025 | CAP FIX CER <OLNF 10% 50V ‘
00824 cs |
| 0084 90001.000 EA 0972753~0UL6 | CAP.s 420 PFy2%425V0C
00844 [¥] !
E""“@‘“‘"‘“ U000L.000 | EA | 0972751-0021 | CAP, FlXo CERAMIC, 4700PF, 50V 10%
i AUTO INSERTED PARTS LIST FOR 2261990-1
A WG DATE | AP, FROJECT ENGNEER TATE | A DATE | PRORCT NG, T FART NUMBER T
L i lLMubl‘l?O-SuOl n);
2250690-9701 Change 1
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Drawings
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LIST oF MATERIAL

OATE 02/21780 PAGE 7 of

(e o KD PART NUMBER DESCRIPTION VENDOR PART NUMBER

VUB6A c9

o087 00007.000 | EA 0972763-0009 | CAPoFIXED -0047NF 50 VOLTS 004222-MC105E4T24

00874 C184C19402000214C23,C34,CL5

ovss 00055.000 | EA 0972763-0021 | CAP+o FIXED AXIAL LEADe-047 UF¢+802,-20%

0064 | CLOsC155CR&0C1750260C275028

00888 | C292C305C30,032,(34,( 38,

0085C (375039441 9C43¢C444C450

00830 C#B4C50,L524C534C55:C860

0088E C6TaCo840a9¢CT00CTLOCT2e

0088F CI34CT45CT55CT64CTTaC TS5

00366 C794CB80,C81eCB824C834CB4s

0088H C854C 86 0CBT 4C83 ¢ C89CI00

00884 €91,C92,L93,C942C95,L96

0089 00011.000 | EA 0972924-0014 | CAP FIX TANT SULED 15 NFD 10 % 20 VGLF QPL  —M39003/1-228v

00894 CL%9C56,C574C584L594C604L61

00898 C62,C63,C66,C65

Bu90 FERTEN €A SSTLPL4A-CO8S | CAP FIX TANI SOLID 39 MFD 10 ¥ IO VOLY QPL  —M300DAs1-2289

00904 C74C8,C13eCS7

0105 00002.000 | EA 0996136-0001 | §L o SNTSLS25TN,DATA SELECIURSIHULIIPLEXEI( TL  —SNT4LSZ5TN
,_D;F_'Qsé‘gi.l S S—— - WQ&J'ULZJ S

AUTU INSERTED PARTS LIST FOR 2261990-1
APPDMEG. DATE | APPD. PROJECT ENGINEER DATE | RELEASED DATE | PROSECT NO. PANT NUMBER 3%
. ‘ iLMzeowm—smxi H
T4 1
Change 1 2250690-9701



Drawings

b REVISIONS
NOTES: UNLESS OTHERWISE SPECIFIED: nev CESCRIPTION OATE "APPROVED
1. ALL DEVICE TYPES ARE PREFIXED WITH SN74. A TSI I oo TR
2. vee Ii ggPLIEDJgIZINI: GFHALL G-QI;NAIC's, B |CN 450056(D) #¥-7ami— 120 G0 | B Borr
PIN | ALL M4 s, PIN 16 LL 2 2 z
16-PIN IC's, PIN 20 @F ALL 20-PIN IC's, ET€. C ICN 43 2420(8) Myt 2-8 - g0 | Xy
3. GROUND IS APPLIED T® PIN 4 @F ALL.8-PIN :
IC's, PIN 7 ©OF ALL I4-PIN IC’S, PIN 8 OF auL
16-PIN IC's, PIN i0 ®F ALL 20-PIN IC's, ETC.
4. DEVICE TYPE, PIN NUMBERS, AND REFERENCE . ©0-19)
DESIGNATOR' OF IC IS SHOWN AS FOLLOWS: DLTROND) ey
\ ,
3 | N2
z]s ) D YY)
u2 ue : INIT
LS00 AND LS04 = DEVICE TYPE e ——>—¢
1,2 AND 3 = PIN NUMBERS . ADE (0-10) AAPOE.
W2 AND UI4 = REFERENCE DESIGNATER o P
5. RESISTANCE VALUES ARE IN OHMS. .
6. RESISTORS ARE V4 WATT, 5% . e(0-18)
7. CAPACITANCE VALUES ARE IN MICRGFARADS. R 502 ]
8. %= DEVICE POWERED 8Y +5V SW. > - -
9. wn= DEVICE POWERED BY +Sv STNBY, : q —> PARITY
4@. FOR TUMPER SCHEDULE SEE ASS'Y. PRINT 2261990.
et |,
AR (11:18) mw':: .
(o= em N le— vauorTY
: DATA
é : LATeH [HAPROO-B, " le—— eerse. conreoL
: ! . pra N
7 e
DE ~ ‘
>0
PATA LW PP (0-15)
BAdCK DIAGEAM
A
LATZH (ATCH [¢2C200-15
DT @D g LATCH  b—— Fegh1 gTHER. cace BANK
Rev status | REVIC [alB[BlBiB|B B B Bip|B|(B|B{B|{C|B|B|B|B
OF SHEETS | sH. |1 [ 2(3]4 (56|77 (8]9[0lni12{i3]14]i5]16{17]18]19 |20]|21|22]23}24|25
PARTS LIST
e ARE o IS “RicenNe Vis /1349 2 TEXAS INSTRUMENTS
T e EetwALs = 010 A recetn 9479 oot Teeam
2 PLACE DECIMALS 2 .02 Lx — —
o R e A o es i T LOGIC DIAGRAM
kG Ck - L N AN CACHE MEMORY '
s AEEEA +/ CONTROLLER
T T oo T 2261990| 704 e Aem R . B i
L T o= it =S EE RS M, Bl 7wnaDl96214] 2261992
| PROCESSES —— FOR CORRELATION TO GOVI/IND SPECIFICATIONS, SEE T1 DRAWING 725467 . APPLICATION TR Taytel eyt e N D, _p [aegOnE] Tower | oF 25

Change 1 2250690-9701 4-107



Change 1

Drawings

FREMSH 5§ —B83_ T2
FROM SK.IS ’Ré Msn s o2
* ] T ‘3.
4'\“_52“ Acc TP sH. 3,20 ce fa |
v .
'liP 19 FREM sn2o—ERRER 210 P a5 LTCHI vy cp 2y
17/ 3 T425 | 574
J “;L524| R23
Fe 2 3ok b
! 2 T 450~ 3 .
Ts28 TP sH.3 Ls&“ . 6 Sl42 i
' e 6
* TS5 115y ousa
1S5RS T500 v su. 4 ! "
FRAM SH.20 —ERBER 12fy P a2 LYCH2 _ 1p 54 4,22
vee 574 .
vGe . s
T690 14 su3,4 Rp37 TLERE. Uex  a}2 LTCH2" 14 oy 20
isaa # ‘ » L5241 T"" .
* Pe R |
AN Ty50- TS50~ T550-
* ’ VLsos TISH, +
82 T6z5 L3504 N 16, 13
TP SH. 4 S
—ELSQAI ———w--——.4El
pe TR
. 10
FROM sH s —READQ 1Y pur ey ) FLUP= 1y shio
S 6 Té50- et
H.
oz 59 e s
100 425 ek Gls FLIP T4 sH.19
i FROM SH, § —20BUSY ?u
' - P3
FRGM SH. 15 —RADAILD N s avgon ©
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