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PREFACE

This document describes two Texas Instruments memory expansion boards: the TM
990/201 EPROM/RAM expansion board‘and the TM 990/206 RAM-only expansion board.
Essentially, the TM 950/206 board is the TM 990/201 board with only the latter
board's RAM circuitry and without its EPROM circuitry. The RAM circuitry is
the same for both boards. The TM 990/201 is presented in detail in Sections 1
to 4, and the differences between the TM 990/201 and TM 990/206 are described

in Section 5.
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TMEM 2008 MEMORY EXPANSION MODULE
FEATURES
The TMEM 2008 memory expansion module has the following features:
e operates on the TM 990/103 microcomputer.

e provides an additional 16K of SRAM (through eight 20-pin sockets) to
allow Main Memory expansion.

® connects to the host board via two 28-pin sockets and one 14-position
header (J1).

SPECIFICATIONS

The TMEM 2008 has a temperature range of 0 to 700 C with forced air cooling
of at least 100 linear feet per minute. The module requires a supply voltage
of 5.0 Vde + 5%. The TMEM 2008-1 module has a 55 ns RAM access time.

The 20-pin sockets are populated with'lK x U4 high performance static RAMs.

The pinouts of the 14-pin header J1 are:

Pins Signal Pins Signal
1-4 no connection 11 A3

5 CSC (selects U2, U4 data) 12 Al

6 CSD (selects U6, U8 data) 13 WE-
7-10 no connection 14 no connection
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FIGURE 1. TMEM 2008 MEMORY EXPANSION MODULE

INSTALLATION PROCEDURE FOR THE TMEM 2008 MODULE

1. Turn off the power supply connected to the TM 990/103 microcomputer.

2. To expand Main Memory, remove the chips installed in sockets U43 and U51
and also remove the PAL in U19 and store them for future use; they will
need to be reinserted in the TM 990/103 board if the TMEM 2008 is removed.
A separate PAL (labelled U19 2008/2204) which contains the memory map for
the TMEM 2008 is provided. Insert the 2008/2004 PAL in U19. Set switch
S2 to all ON. RAM memory will be contiguous from A0004¢ to FFFE4¢.
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SECTION 1
INTRODUCTION

1.1 GENERAL

Sections 1 to U4 present detailed information on the TM 990/201 EPROM/RAM
memory expansion board. Section 5 covers the TM 990/206 RAM-only memory
expansion board and how it differs form the TM 990/201 board. Information
applicable to the RAM configurations in Sections 1 to 4 is applicable to the
TM 990/206.

The Texas Instruments TM 990/201 is an expansion memory board (shown in Figure
1-1) for use with the TM 990/100MA or TM 990/101MA microcomputers. The TM
990/201-4Y4 expansion memory board is designed for use with the TM 990/1481
microcomputer. Features for the TM 990/201 boards include:

e Up to 8K words of 2114 static RAM (1024 x U4 bits each)
e Up to 16K words of TMS 2716 EPROM (2048 x 8 bits each)
e TTL compatible interface

e 3 MHz operating capability (5 MHz for TM 990/201-44)

The TM 990/201 is available in four versions as shown in Table 1-1. Access to
the board is through the edge connector which mates to the backplane of the TM
990/510A OEM chassis (or the equivalent). The TM 990/201 board is not
compatible with the TM 990/180M board which operates with an 8-bit data bus.

On Model TM 990/201-41, sockets are provided for 4K words of static RAM and 8K
words of EPROM; however, only 2K words of RAM and 4K words of EPROM are
populated. The TM 990/201-42, ~43, =44 boards are totally socketed for up to
8K words of RAM and 16K words of EPROM and are populated in accordance with
Table 1-1. Information in parentheses in Table 1-1 refers to the name of the
memory block populated at the factory. Figure 1-2 shows memory board
dimensions (for the TM 990/201 and /206). The TM 990/206 product matrix is
shown in section 5.1, Table 5-1.

TABLE 1-1. TM 990/201 PRODUCT MATRIX

Model Sockets Provided Sockets Populated RAM
RAM EPROM RAM EPROM Access
Time
T™ 990/201-41 4K x 16 8K x 16 2K x 16 UK x 16
(RBLKO-RBLK1) | (EBLK4~-EBLK7) (RBLKO) (EBLK6,EBLK7)| 450 ns
TM 990/201-42 8K x 16 16K x 16 UK x 16 8K x 16
(RBLKO-RBLK3) [(EBLKO-EBLK7) |(RBLKO-RBLK1) |(EBLK4-EBLKT7)]| 450 ns
T™ 990/201-43 8K x 16 16K x 16 8K x 16 16K x 16
(RBLKO-RBLK3) | (EBLKO-EBLKT) | (RBLKO-RBLK3) | (EBLKO-EBLK7)| 450 ns
T™M 990/201-44 8K x 16 16K x 16 8K x 16 -0-
(RBLKO-RBLK3) { (EBLKO-EBLK7) | (RBLKO-RBLK3) 200 ns

Note: Block nomenclature explained in Section 3.

1=1
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1.2 MANUAL ORGANIZATION

Section 2 of this manual describes the correct procedure for installation,

power-up, and operation o

f the TM 990/201 memory expansion board. Section 3

discusses memory mapping and operation of switch array S1 as well as jumpers
J1 and J2. Section 4 discusses the theory of operation, including timing
considerations and addressing. Section 5 outlines the differences between the

TM 990/206 and the TM 990
1.3 SPECIFICATIONS
Board Dimensions:

Temperature Range:

Clock rate:

Devices Used:

Power:

1.4 APPLICABLE DOCUMENTS

TABLE 1-2. TM

/201.

See Figure 1-2.

Operating 00C to T70°C
Storage -400C to 100°C

The TM 990/201 memory expansion board is compatible
with the TM 990/100MA or TM 990/101MA CPU at 3 MHz.
The TM 990/201-44 is compatible with the TM 990/1481
CPU at 5 MHz.

2114 statiec RAM, 1K x 4
TMS 2716 EPROM, 2K x 8, U450 ns access time

See Table 1-2.

™ 990/100MA Microcomputer User's Guide
TM 990/101MA Microcomputer User's Guide
T™ 990/1481 High-Performance CPU Module
TMS 9900 Microprocessor Data Manual
745481 Bit Slice Manual

990/201 POWER CONSUMPTION VS. SIZES

Model Memory Size +5V +12V =12V

Max Typ | Max Typ | Max Typ

TM 990/201-41 2K RAM, 4K EPROM 2.5 A 1.0 .18 A | .16 .5 A .05

T™ 990/201-42 4K RAM,
™™ 990/201-43 8K RAM,

TM 990/201-44 | 8K RAM,

8K EPROM 3.0 A 1.4 .38 A |.225]| .55 A .125

16K EPROM | 5.5 A |2.15] .75 A | 475 | .T A .225

16K EPROM | 5.5 A | 2.2 75 A }.475 ) .7 A .225

Note: Voltage tolerance + 5% for all supplies.



SECTION 2

INSTALLATION AND OPERATION
2.1 GENERAL

This section explains the procedure for unpacking and setting up the TM
990/201 board for operation with a TM 990/100MA or TM 990/101MA microcomputer.

The TM 990/201-44 can also be used with the TM 990/148 '
. 1 mi
section 2.9.2 for set-up example). erocomputer (see

2.2 REQUIRED EQUIPMENT

e TM 990/510A OEM chassis (or equivalent)

e Power supply that is capable of supplying the power requirements of
the memory board (see Table 1-2), CPU, and other installed user
equipment.

® Terminal

e TM 990/100MA or TM 990/101MA microcomputer (or TM 990/1481 micro-
computer with fan cooled chassis)

2.3 UNPACKING

Take the TM 990/201 board from its carton and remove the protective wrapping.
Check the board for any abnormalities that could have occured in shipping, and
report any discrepancies to your supplier.

2.4 POWER AND TERMINAL HOOKUP

This procedure for hooking up a terminal and system power assumes a system of
a TM 990/100MA, TM 990/101MA, or TM 990/1481 microcomputer, a TM 990/5104A
chassis, and a suitable terminal. (See the appropriate CPU User's Guide for
description of proper terminals.) The power supply must provide all the
necessary power requirements for the CPU board, the memory board, and any
other boards the user may be using.

The use of a chassis is recommended because it offers protection from the
abuse that a loose board would receive. It also provides termination resistors
for the open collector signals used on the bus and allows system flexibility
and hookup convenience.

There are two requirements that have to be met for proper operation of the TM
990/201: 1) proper selection of memory map and 2) proper hookup.

If the TM 990/510A chassis is used, the hookup is simple. Place the
microcomputer in the first slot(s) of the chassis and place the memory board
in the last slot. This positions the memory board between the CPU and the
termination resistors on the backplane.

Ry

} CAUTION

PO DO

Always remove and insert boards with the power off. Do not insert or
remove any board when the power is on as significant damage may
result. If power is being supplied from separate power supplies, the
system requires that -12 V be turned on first and be turned off last.
There is no required sequence in turning on the remaining voltages.
This does not apply if the system uses only one power supply.

2-1



2.5 MEMORY MAPPING

Care in selection of the memory map is important before pqwerup. Refer to
Section 3 for details in memory placement and selection of address

configuration using switch array S1.

2.6 MEMORY ACCESS SPEED

Jumpers J1 and J2 (Figure 1-1) must be set to FAST or SLOW to indicate
respectively the access time of the RAM or EPROM memories used. Table 2-1
lists access time and J1/J2 settings. Section 4.8.1 explains these timing
constraints in detail.

TABLE 2-1. MEMORY ACCESS TIME AND J1/J2 SETTINGS

Memory J1 (RAM) and J2 (EPROM)|Setting at Clock Rate
Access Time 3 MHz 5 MHz

450 ns SLOW SLOW

300 ns FAST SLOW

200 ns FAST FAST

150 ns FAST FAST

2.7 BOARD ACCESS TIME

The maximum board access time for TM 990/201 is U486 ns. The only exception is
the RAM access time for the TM 990/201-44 which is 236 ns.

2.8 OPERATION

Essentially the user needs only to choose the correct memory configuration
(Section 3), insert the board into the chassis, and apply power to set-up the
system for operation.

The operation of the TM 990/201 memory board should be transparent to the user
in that no special signals are required other than those supplied through the
backplane. If the TM 990/510A chassis (or equivalent) is not used, refer to
section 4.10 for interface information.

2.9 [EXAMPLES
2.9.1 Set-up with TM 990/100MA or TM 990/101MA Microcomputer
This example assumes the following configurations:

1) TM 990/100MA or TM 990/101MA microcomputer

e UK x 16 EPROM in memory address (M.A.) 00001 to 1FFF16
® 512 x 16 RAM in M.A. FCO04g to FFFFqg

2) TM 990/201 expansion board
e 4K x 16 EPROM
e 2K x 16 RAM

Figure 2-1 depicts the desired memory map. Note that expansion EPROM resides
at address 2000¢¢ to 3FFF41g while expansion RAM on the TM 990/201-41 is to

reside in locations E00016 to EFFF4g of the TM 990/100MA or TM 990/101MA
address map.

2-2
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The user must do four things to the TM 990/201-41 prior to interfacing the
unit to the microcomputer:

1) Configure the expansion RAM into the TM 990/100MA or TM 990/101MA
memory map using switch 31 and memory placement on the board.

2) Configure the expansion EPROM into the TM 990/100MA or TM 990/101MA
memory map using switch S1 and memory placement on the board.

3) Select the wait state for RAM using jumper J1.

4) Select the wait state for EPROM using jumper J2.

2.9.1.1 Configure Memory Map
Populate the EPROM and RAM as explained in section 3.2.2 and Figure 3-6.

To map EPROM into the desired address bounds, set the memory configuration
switch array (S1) to ON-ON-OFF-OFF as shown in Figure 3-2 (switches 1 to 4).

To map RAM into the desired address bounds, set switch array S1 to OFF-ON-OFF-

OFF as shown in Figure 3-U4 (switches 5 to 8).

Section 3 explains memory placement, mapping, and selection of S1 switches.

2.9.1.2 Select Wait State

The TM 990/100MA or TM 990/101MA operates at 3 MHz. The TM 990/201-41 is
shipped with 2114 RAM's, 450 nsec access time. Thus, place the RAM FAST/SLOW
jumper (J1) in the "SLOW" position. The TM 990/201-41 is shipped with TMS
2716 EPROM's which have a 450 nsec access time. Place the EPROM FAST/SLOW
jumper (J2) in the "SLOW" position.

The switch array and the FAST/SLOW jumpers are shown in Figure 1-1. Note that
each switch of the array is numbered and each switch is designated as either
"ON" (a zero) or "OFF" (a one). The FAST/SLOW jumper positions are also marked
"FAST" or "SLOW".
2.9.2 Set-up with TM 990/1481 Microcomputer
This example assumes the following configurations:
1) TM 990/1481 microcomputer with no on-board memory
2) TM 990/201-U44 expansion memory board
e 16K x 16 EPROM
e 8K x 16 RAM

Figure 2-2 shows a sample memory map achieved with the TM 990/201-44.

2-4
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FIGURE 2-2. TM 990/201-44 MEMORY MAP EXAMPLE

The user must do four things to the TM 990/201-44 prior to interfacing the
unit to the microcomputer.

Configure the expansion RAM using switch S1
Configure the expansion EPROM using switch St
Select the wait state for RAM using jumper J1
Select the wait state for EPROM using jumper J2

2.9.2.1 Configure Memory Map
Populate EPROM and RAM as explained in section 3.2.2 and Figure 3-6.

To map EPROM into the desired address bounds as shown in Figure 2-2, set the
memory switch array (S1) to ON-ON-ON-ON as shown in Figure 3-3 (switches 1 to
L.,

To map RAM into the desired address bounds as shown in Figure 2-2, set the
memory switch array (S1) to ON-OFF-QFF-OFF as shown in Figure 3-5 (switches 5
to 8).

Section 3 explains memory placement, mapping, and selection of S1 switches.
2.9.2.2 Select Wait State

TM 990/1481 operates at 5 MHz. The TM 990/201-44 is shipped with 2114 RAM's
which have a 200 ns access time. Place the FAST/SLOW jumper (J1) in the "FAST"
position. If TMS 2716 EPROMS with 450 ns access time are used, J2 should be
in the "SLOW" position.

The switech array and the FAST/SLOW jumpers are shown in Figure 1-1. Note that
each switch of the array is numbered and each switch position is designated as
either "ON" (a zero) or "OFF" (a one). The FAST/SLOW jumper positions are
marked "FAST" or "SLOW".
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SECTION 3
MEMORY PLACEMENT AND SELECTION
3.1 GENERAL

This section describes the procedures used to map memory located on the TM
990/201 memory board into the available address space. JSwitch S1 and address
decode PROM's UU42 and U4l determine the address space occupied by both EPROM
and RAM on the TM 990/201 board. To select a memory address configuration

which is compatible with the system memory map, the user must first do the
following:

1) Determine the quantity of EPROM and RAM to be populated on the board.

2) Place the EPROM and RAM devices in their correct physical locations
on the board.

3) Set the memory configuration switch array (S1) so that the memory on
the TM 990/201 board is mapped into an available address space
unoccupied on another board in the system. This address space must
be large enough to contain the amount of memory on the TM 990/201
board, and it must not conflict with the same addresses populated on

another board.
} CAUTION g

If there are overlaying duplicate addresses on different boards in the
configured system, the resulting data bus conflict may cause damage to
the data bus drivers on these boards.

3.2 MEMORY PLACEMENT

Settings of memory configuration switech array (S1, center of the board, see
Figure 1-1) determine the address configuration that will be decoded by the
address decoding circuitry - two SNT4S287 PROM's programmed at Ud42 for decode
EPROM and U4l for decode RAM. Switch array S1 selects the memory starting
address and the quantity of memory starting at that address.

3.2.1 Memory Configuration Switch Array (S1)

The memory configuration switch array is divided into two parts. The left four
slide switches (1 to 4) designate the EPROM configuration. The right four
slide switches (5 to 8) designate the RAM configuration. If the switch is set
to the ON position, a binary "O" is encoded at the switch. If the switech is
set in an OFF position, a binary "1" is encoded. These switch settings
designate the four-bit codes that select the EPROM and RAM address
configuration. Figure 3-1 shows the memory configuration switch array.

Note that when read right to left (4 to 1 and 8 to 5), the switches form the
binary code 0414 to Fq1g as used at the top of Figures 3-2 to 3-5 to explain
switch settings and memory addresses. Note again that OFF refers to a binary
"1" and ON refers to a binary "0", As shown in Figures 3-2 to 3-5, switch
array S1 selects the starting address and the quantity of memory decoded. For
example, if switches 1 to 4 are set to all ON's, the memory decoder will
select all 16 EPROM sockets (16K words) using addresses beginning at 00001¢
(000046 to 7FFF1g). If switches 1 to 4 are set to OFF-ON-ON-ON respectively,
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the memory decoder will decode all EPROM sockets populated using a starting
address of 20004 (20004¢ to 9FFF g ) *

Also shown in Figures 3-2 and 3-3 are EPROM memory address configurations
for 8K words and 4K words, all switch selectable.

Switeh decoding for RAM selection is shown in Figures 3-4 and 3-5. For
example, if switches 5 to 8 are set to OFF-OFF-OFF-ON (Figure 3-4), the memory
decoder will select 6K of RAM using addresses 000044 to 2FFF4g.

Not all EPROM's or RAM's populated on the board need be selected by switch S1.
Memory not selected by the S1 setting will not be enabled although populated
on the board. Conversely, if less memory is populated on the board than
designated by switch array S1, the decode logic will address memory as if it
was populated as shown by S1.

Rl o g

CAUTION

PO PO

The user must exercise care in configuring the TM 990/201 memory into
a system. The memory map of the TM 990/201 must not overlay memory
on other boards in the system. The resulting data bus conflict may
cause damage to data bus drivers on the TM 990/201 or other boards in
the system. Note that Figures 3-2 and 3-4 contain blocks to show the
memory configuration on the microcomputer board. Consider this
memory when selecting expansion memory configurations.

Figures 3-2 to 3-5 show that setting switches 1 to 4 or 5 to 8 to all OFF
(OFF-QFF-OFF-OFF) will disable all EPROM or RAM.

WHEN iIN THE DOWN POSITION, A ONE OR OFF DESIGNATED

WHEN IN THE UP POSITION, A ZERO OR ON DESIGNATED

ON \ ON

OFF / OFF

_ J ~ J
EPROM SELECT RAM SELECT
CODE CODE

NOTE: SWITCH SETTINGS FURTHER EXPLAINED IN FIGURES 3-2 (EPROM) AND 3-3 (RAM)

FIGURE 3-1. MEMORY CONFIGURATION SWITCH

Note: Switch settings are further explained in Figures 3-2, 3-3 (EPROM) and
in Figures 3-4, 3-5 (RAM).
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3.2.2 Memory Placement by Blocks

EPROM.is o?ganized into eight 2K-word blocks designated EBLKO to EBLK7; RAM is
organized into four 2K-word blocks designated RBLKO to RBLK3 as shown in
Figure 3-6.

Encoded as the beginning of onboard memory are EPROM block 7 (EBLK7) and RAM
block 0 (RBLKO). 1In other words, memory decode logic will map memory from low
to high in the following order of blocks.

EPROM RAM

EBLK7 (lowest address) RBLKO (lowest address)
EBLK6 RBLK1

EBLK5 RBLK2

EBLKY4 RBLK3 (highest address)
EBLK3

EBLK?2

EBLK1

EBLKO (highest address)

As shown in Figure 3-6, each block of RAM consists of two UY-chip rows of
2114's. Each row consists of 1K by 16-bits, with the bottom row at the lower
addresses and the upper row at the higher addresses.

3.2.2.1 EPROM Examples

If the memory configuration switch is set to a code of OFF-ON-OFF-ON (Figure
3-2), indicating 8K words of EPROM, the following will be mapped by the memory
decode logic:

BLOCK MEMORY ADDRESS

EBLK7 10004 to 1FFF1g

EBLK6 200044 to 2FFFqg

EBLK5 30001¢ to 3FFF1g

EBLKY 400046 to UFFFqg
NOTE

Even though other EPROM blocks may be populated, only those denoted
in Figure 3-2 will be selected for a given setting of switch S1.

If the memory configuration switch is set to a code of OFF-ON-OFF-OFF (Figure
3-2), indicating 4K of EPROM, the following will be mapped by the memory
decode logic:

BLOCK MEMORY ADDRESS
EBLK7 . 800016 to 8FFF16
EBLK6 90001¢ to 9FFFqg



3.2.2.2 RAM Example

If the memory configuration switch is set to a code of OFF-OFF-OFF-ON (Figure
3-4), the following will be mapped by the memory decode logic:

BLOCK MEMORY ADDRESS

RBLKO 000016 to OFFF16
RBLK1 100016 to 1FFF16
RBLK2 20001g to 2FFF16

3-8
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SECTION 4
THEORY OF OPERATION
4.1 GENERAL

This section covers the theory of operation of the TM 990/201. Information in
the TMS 9900 Microprocessor Data Manual can supplement the material in this
section. Figure 4-1 is a block diagram of the TM 990/201 memory board. Figure
1-1 is a picture of the TM 990/201 detailing the position of its primary
components.

4.2 STATIC RAM SECTION

The static RAM section of the TM 990/201 expansion memory board uses 2114, 1K
x 4-bit static RAM. Table 1-1 defines the product matrix and the amount of
RAM on each board. A fully populated TM 990/201 consists of four 2K x 16
blocks of RAM. These blocks are designated RBLKO, RBLK1, RBLK2, and RBLK3.

For the TM 990/201, RBLKO always appears first in the RAM address space
followed by RBLK1. RBLK3 is always the last 2K word block of RAM decoded. The
block numbers are designated in silkscreen on the TM 990/201.

16K X 16 8K X 16

EPROM > S RAM
MEMORY MEMORY

ADDRESS
DECODE & TIMING
LOGIC

Y
[ TTL BUFFERS |

[ TM990 BUS CONNECTOR ]

FIGURE 4-1. TM 990/201 BLOCK DIAGRAM
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4.3 EPROM SECTION

The EPROM section of the TM 990/201 memory board uses TMS 2716, 2K x 8-bit
EPROM. Table 1-1 defines the product matrix and the amount of EPROM on each
board. A fully populated TM 990/201 consists of eight 2K x 16 blocks of
EPROM. These are designated EBLKO through EBLKT.

EBLK7 is always decoded first in the EPROM address space followed by EBLK6.
EBLKO always appears as the last 2K word block of memory on the TM 990/201.
The block numbers are designated in the board's silkscreen.

4.4 ADDRESS MAP OPTIONS

The TM 990/201 can be configured in a variety of way into the address map of a
TM 990/100MA or TM 990/101MA microcomputer system., The switch states of
switch array S1, an 8-position DIP switch array, uniquely determine the
mapping of the TM 990/201 EPROM and RAM memory arrays. Switches 1 through 4
select the mapping of the EPROM memory array. Switches 5 through 8 select the
RAM mapping. Figure 4-2 summarizes in block diagram form the address decode
logic. Selection of memory mapping using S1 is explained in Section 3.

The possible maps for the EPROM and RAM arrays are shown in Figures 3-2 to
3-5. As explained in Section 3, each switch code corresponds to a unique
location of the EPROM or RAM in the memory address space. The switch code
implies the starting address of the entire block of EPROM or RAM on the TM
990/201 and the amount of EPROM or RAM selected on the TM 990/201.

The EPROM decode logic maps the EPROM into a contiguous memory space. EPROM
block 7 (designated EBLK7 in silkscreen) is mapped into the first 2K word
block of this address space followed by block 6 and so on. Block 0 is the
last block mapped. This is true of all EPROM mapping options. For code 5 (in
Figure 3-2), EBLK7 is mapped into 100044 to 1FFFqg; EBLK6 into 200046 to
2FFF1g; EBLK5 into 30004¢ to 3FFFqg; and EBLKA into 40004¢ to 4FFFqg. All
other EPROM blocks are disabled for code 5 even if they are populated.

The RAM decode logic also maps the RAM array into a contiguous address space.
RAM block 0 (RBLKO designated in silkscreen) is always mapped into the first
2K words of the space. This is always followed by block 1 and so on. Block 3
is mapped into the last 2K word block.

The decode logic permits RAM precedence over EPROM if both RAM and EPROM are
configured in the same address space. This feature is very convenient in
debugging programs which will be ROM resident. They may be debugged in RAM on
the TM 990/201. Once they are "clean," they may be programmed directly into
EPROM without relocation and the attendant relinking.

4.5 EPROM DECODE LOGIC

Figure 4-3 depicts the EPROM decode logic. Switch positions 1 through Y4 select
a 16-"nibble" (4 bits, half a byte) block of memory in the 74S287. Each block

corresponds to 1 of 12 possible EPROM address maps. Each nibble in the block
determines:

1) If a block of EPROM is to be selected during the current memory cycle
given the current state of address bits A0 to A3.

2) Which block of EPROM (EBLK7 through EBLKO) is selected.

4-2



The three least significant data bits from the 743287 PROM (DO1 to D0O3) select
the block of EPROM. A state of 0 corresponds to EPROM block 0 while a state
The most significant bit (DO4) enables the
1-of-8 selector along with the memory enable signal (MEMEN.M) from the micro-
computer. The 1-of-8 selector (74LS138) develops the EPROM select signals.

of 7 corresponds to EPROM block 7.

ADDRESS 0-3
RAM SWITCH ARRAY
SWITCH NO. OFF ON
-
5| O RAM >
ADDRESS
6| M DECODE > RAM SELECT LINES
® > TO RAM ARRAY
[ 4
71 °
8 4 -
(Ua4)
[}
OFF ON ]
<
1 EPROM S
D ADDRESS
2l M DECODE > EPROM SELECT LINES
° * TO EPROM ARRAY
[ ]
sl m - )
(Ua2)
EPROM SWITCH
ARRAY

T™ 990 MICROCOMPUTER MEMORY
CONTROL SIGNALS

FIGURE 4-2. TM 990/201 ADDRESS DECODE LOGIC
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4.6 RAM DECODE LOGIC

Figure 4-4 is the logic diagram of the RAM decode logic. S1 switch positions
5 through 8 select a 16 by 4 block of memory in the TUS287 PROM. Each of the

16 blocks in the PROM corresponds to one of the 16 RAM address maps. Each
nibble in the block diagram determines:

1) If a block of RAM is to be selected during the current memory cycle
given the state of address lines AQO to A3.

2) Which block of RAM (RBLKO to RBLK3) is selected.

The two least significant bits of the nibble (D01 and D02) coupled with
address bit U4(EA4) from the microcomputer drive the 1-of-8 decoder in
selecting one of the eight 1K x 16-bit banks of RAM. The most significant
data bit of the nibble, DO4, enables the decoder along with the memory enable
signal (MEMEN.M) from the microcomputer. The outputs of the decoder are the
select lines to the RAM banks.

The G2B input to the 74LS138 gates the RAM select lines so that no bus
conflicts occur between the EPROM and RAM data buffers on the TM 990/201.
This is accomplished with NORjng the write strobe (WE.M) and data bus in
(DBIN) from the microcomputer (detail is shown in Figure 4-8).

4.7 ADDRESSING SUMMARY

e The user has an option of 16 configurations each for RAM and EPROM,
and a code OFF-0OFF-OFF-OFF at S1 allows the user to disable the
memories. These options are explained in detail in Section 3.

e The user has the option of programming his own decode configuration,
placing memory on any 2K-word boundary. See Appendix A for details.

® An overlap of RAM and EPROM on board results in RAM dominance. See
caution on page 3-2 for overlap from board to board.

4,8 MEMORY SPEED AND TIMING

This section describes memory speed and outlines timing for the TM 990/201
memory board.

4.8.1 Memory Speed

The TMS 9900 interfaces easily with slow memories. This is accomplished
through the use of the "wait state" concept. During each memory cycle, the
microprocessor samples the READY signal. When READY is active high, it
indicates to the microprocessor that memory will be ready to read or write
during the next clock cycle. When not-ready is indicated during a memory
operation, the TMS 9900 enters a wait state and suspends internal operation
until the memory system indicates it is ready to proceed.

The READY signal is generated on the TM 990/201 expansion memory board
separately for RAM and EPROM. The board will be populated with TMS 2716
EPROM's that have an access time of 450 ns and 2114 static RAM's that have an
access time in accordance with Table 1-1. At 3 MHz, the EPROM's and RAM's
with access times in excess of 300 ns require one wait state. There are
jumper provisions on the board to disable READY for RAM, EPROM, or both.
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Jumper J1 designates the memory speed for RAM used, and Jumper J2 designates

the EPROM speed. Table 4-1 shows the necessary jumper setting according to
clock used and memory access time.

TABLE 4-1. FAST/SLOW JUMPER (J1/J2) POSITIONS VERSUS MEMORY ACCESS TIME

Access CPU Operation

Time 3 MHz 17 5 MHz
450 ns SLOW SLOW
300 ns FAST SLOwW
200 ns FAST FAST
150 ns FAST FAST

Figures 1-1 and 4-5 show the jumper positions on the board for RAM (J1) and
EPROM (J2). The jumpers are in the SLOW position; this is how the board is
shipped. The TM 990/201-44 is shipped with J1 in the "FAST" position.

The speed setting for RAM and EPROM are for all RAM or all EPROM; therefore,
if the addition or replacement of memories becomes necessary, the user must
take into account the speed of the devices used. If the access time of the
slowest RAM being added is more than 300 ns, the RAM jumper must be placed in
the SLOW position. This assumes 3 MHz operation. Refer to Table 4-1 for the
proper settings. If the RAM suplied with the board operates in the "FAST"
mode and the jumper in the "SLOW" position, system performance will be less
than optimal.

4.8.2 Memory Timing

The memory timing for the TM 990/201 board is shown in Figure 4-6. Memory
write timing is shown with one wait state and read cycle timing is shown with
none.

Care must be taken when interfacing the 2114 static RAM to the TMS 9900.
During a write cycle, the chip select (S-) to the RAM's must be held high
(inactive) until after WE- goes low. Otherwise the RAM's enter a read mode and
enable their output buffers. The output buffers in the RAM's would fight
against the data bus drivers and data would be lost. This condition would
persist for approximately 1 clock cycle until WE- is output by the TMS 9900
microprocessor.

RAM EPROM
SLOW SLOW

J1 J2

JUMPER PLUGS PLACED IN
“SLOW’* MEMORY POSITION

FIGURE 4~5. SLOW/FAST MEMORY JUMPER PLACEMENT

Note: Only RAM jumper J1 provided on the TM 990/206 board.
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The hardware on the TM 990/201 memory board resolves this problem. In essence
the S- signal to the RAM's is an "OR"ed function of WE and DBIN. This method
is recommended whenever devices with common I/0 pins are used.

4.,8.3 READY Logic

Figure U4-7 depicts the circuitry for the RAM READY logic. The EPROM READY
logic is identical. The READY logic forces one wait state during each memory
cycle the RAM is accessed.

If jumper J1 is in the FAST position, READY is never asserted low since the
left flip-flop's CLR input is always low. Thus READY is never forced low. If
J1 is in the SLOW position, READY is forced low for the first g 1 clock period
of every RAM memory cycle. The two flip-flops force READY high for the second
and third clock cycles as shown in the timing diagram in Figure 4-6.

4.9 RAM PRECEDENCE LOGIC
Figure 4-8 details the RAM precedence logic. During any memory cycle that
both RAM and EPROM are selected on the TM 990/201, the EPROM data buffers are

placed in the high impedance state. Thus the RAM data buffers are the only
buffers allowed to use the data bus.

4,10 INTERFACE DESCRIPTION

All of the interface functions for the TM 990/201 memory board are through the
chassis backplane. A pin assignment chart is shown in Table 4-2. The signals
used are shown with their corresponding pin number on the P1 connector tab.

Figure 4-9 shows the TM 990/510A chassis backplane.
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TABLE 4-2, BACKPLANE/P1 PIN ASSIGNMENTS USED BY TM 990/201 BOARD

PIN SIGNAL PIN SIGNAL

1 GND 62 A5B

2 GND 63 A6.B

3 +5 64 A7B

4 +5 65 A8B
21 GND 66 A9.B
22 318 67 A10.B
23 GND 68 A11.B
25 GND 69 A12.8
27 GND 70 A13.B
31 GND 71 A148
33 DO.B 73 -12v
34 D18 74 -12v
35 D2.B 75 +12v
36 D3.B 76 +12v
37 D4B 77 GND
38 D5.B 78 WE B
39 D6.B 79 GND
40 D7.B 80 MEMEN B
41 D8.B 81 GND
42 D9B 82 DBIN.B
43 D108 83 GND
44 D11.B 85 GND
45 D128 89 GND
46 D13.B 90 READY.B
47 D14.8 91 GND
48 D15.B 97 +5

57 AO.B 98 +5

58 A1B 99 GND
59 A2B 100 GND
60 A3B

61 A4 B




SECTION 5

TM 990/206 RAM-ONLY MEMORY EXPANSION BOARD

5.1 GENERAL

The Texas Instruments TM 990/206 is a RAM-only expansion memory board (shown
in Figure 5-1) for use with the TM 990/100MA or TM 990/101MA microcomputers.

Its features include:

o Up to 8K words of 2114 static RAM (1024 x 4 bits each)

e TTL compatible interface

e 3 MHz operating capability

e Single power supply (+5V)

The operation of the TM 990/206 is essentially the same as the TM 990/201.
The differences between the two include:

e The TM 990/206 has no EPROM memory.

e The memory (RAM) configurations differ (the program in the RAM address
decode PROM, UHY4, is also different for the two boards).

¢ The power requirements differ.

These differences are explained in more detail in sections 5.2 and 5.3.

Table 5-1 defines the product matrix for the TM 990/206 RAM memory board.

TABLE 5-1. TM 990/206 PRODUCT MATRIX

RAM Access
Model Sockets Provided Sockets Populated Time
T™M 990/206-41 8K x 16 4K x 16
(RBLKO-RBLK3) (RBLKO-RBLK1) 450 ns
T™M 990/206-42 8K x 16 8K x 16
(RBLKO~RBLK3) (RBLKO-RBLK3) 450 ns

Note: Block nomenclature is shown in Figure 3-4.

5.2 SPECIFICATIONS
Board Dimensions:

Temperature Range:

Clock rate:

See Figure 1-2.

Operating 00C to 70°C
Storage -400¢ to 100°C

The TM 990/206 memory expansion board is compatible
with the TM 990/100MA or TM 990/101MA CPU at 3 MHz.

5-1
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Devices Used: 2114 static RAM, 1K x U

Power: See Table 5-2.

TABLE 5-2. TM 990/206 POWER CONSUMPTION VS. SIZES

+5V  (+ 5%)
Model Memory Size Max Typ
TM 990/206-41 4K x 16 RAM 2.5 A 1.3 A
TM 990/206-42 8K x 16 RAM 5.5 A 2.15 A

5.3 INSTALLATION AND OPERATION

Installation and operation of the TM 990/206 board is the same as explained in
Section 2 except for the example in section 2.9. An example using the TM
990/206 memory and memory mapping is provided in section 5.6.

5.4 MEMORY PLACEMENT AND SELECTION

The TM 990/206 RAM memory board is decoded in a similar manner as for the TM
990/201 EPROM/RAM board as explained in Section 3 except that the TM 990/206
does not contain EPROM and its RAM configuration differs.

S1 is essentially the same as described in section 3.2.1 except that only
switches 5 to 8 are used since this is a RAM-only board. The TM 990/206 memory
map is shown in Figure 5-2. RAM block placement is the same as in section
3.2.2:

RBLKO (lowest address)
RBLK1

RBLK2

RBLK3 (highest address)

Only jumper J1 to select RAM speed is provided on the TM 990/206 board. J1
operates the same for either board as explained in section 2.6.

5.5 OPERATION

Essentially the user needs only to choose the correct memory configuration
(Section 3), insert the board into the chassis, and apply power to set up the
system for operation.

The operation of the TM 990/206 memory board should be transparent to the user
in that no special signals are required other than those supplied through the
backplane. If the TM 990/510A (or equivalent) is not used, refer to section
4.10 for interface information.
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5.6 EXAMPLE
This example assumes the following configurations:
1) TM 990/100MA or TM 990/101MA microcomputer
e 4K x 16 EPROM in memory address (M.A.) 000044 to 1FFF4¢
e 512 x 16 RAM in M.A. FC004¢ to FFFFqg
2) TM 990/206 expansion board
e UK x 16 RAM
Figure 5-2 depicts the desired memory map. Note that expansion RAM on the TM
990/206-41 is to reside in locations D0001g to EFFF1g of the TM 990/100MA or
TM 990/101MA address map.

The user must do two things to the TM 990/206-41 prior to interfacing the unit
to the microcomputer:

1) Configure the expansion RAM into the TM 990/100MA or TM 990/101MA
memcry map.

2) Configure the wait state for RAM..
5.6.1 Configure Memory Map

To map RAM into the desired address bounds, set switch array S1 to code
ON-OFF-0FF-0FF. This provides memory mapping as shown in Figure 5-3.

Section 3 explains memory placement, mapping, and selection of S1 switches.
5.6.2 Select Wait State
The TM 990/100MA or TM 990/101MA operates at 3 MHz. The TM 990/206-41 is

shipped with 2114 RAMs, 450 nsec access time. Thus, place the RAM FAST/SLOW
Jjumper (J1) in the "SLOW" position.
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APPENDIX A

PROGRAMMING ADDRESS DECODE
PROMs FOR ALTERNATE ADDRESS MAPS

Figures 3-2 to 3-5 illustrate the mapping options available with the TM
990/201 memory. The purpose of this section is to detail how a user might
program the two 743287 PROMs (256 x 4) to obtain an alternate memory map.

Refer to Section 3 and sections 4.4, 4,5, 4.6 for a description of the address
decode logic.

Figure A-1 (a) is a simplified illustration of the PROM decode logic for the
RAM. The EPROM logic in Figure A-1 (b) is similar except that three data bits
(D03, D02, DO1) instead of two, are used to select the block number. DIP
switch S1 inputs to the PROM select one of sixteen possible memory maps.

The AO-A3 inputs select one of the sixteen U-bit nibbles (half byte) from the
block.

The most significant data bit (DO4 from the TUS287) is the memory select or
enable bit. If this is a one, the RAM (or EPROM) on the TM 990/201 is being
addressed. If a zero, no TM 990/201 memory is addressed during the memory
cycle. The two least significant bits (D02 and D01) identify which of the
blocks of RAM is addressed. For the EPROM decode PROM, the three least
significant bits (D03-D01) identify which of the eight blocks of EPROM is
addressed.

For a particular nibble in the PROM, it is a straightforward matter to
identify how the bits are programmed. If memory is accessed, the most
significant bit is a one. The least significant three bits identify the block
number of the memory which is to be accessed.

It is necessary to understand the structure of data in the PROM. The PROM is
assumed to consist of a 16 by 16 array of U4-bit nibbles of data for a total of
256 nibbles. For any particular switch setting and state of the address bits
A0-A3, the nibble is located by the formula:

PROM Address = 1044 x (A0-A3)1g + (Switch Setting)qg

As an example, assume that for switch setting 2 (switches 5 to 8 = ON-OFF-ON-
ON or 0-1-0-0 as shown in Figure 5-3) in the RAM switch, the 8K x 16 RAM is to
be located from 0 to 3FFE(g instead of 700014 to AFFFqg, as shown in Figure
3-3. RBLKO is addressed from 0-OFFE4g, RBLK1 from 10001¢-1FFEqg, RBLK2 from
200044-2FFEqg, and RBLK3 from 30004¢ to 3FFEqg. RAM is not acgesFed from
400044 to FFFEK?. Table A-1 details the binary state of each bit in the 16
"nibbles” defined by switch setting 2.

Using the PROM address formula, the PROM address of the first pattern in Table
A-1 is

PROM Address = 1046 x (0) + 296 = 216
The PROM address of the tenth pattern is

PROM Address = 1046 x (9)16 + 2 = 9214



Further study of the above procedure in conjunction with Figures 3-2 to 3-5
leads to a very simple procedure for programming the PROM. Figures 3-2 to 3-5
can be thought of as 16 x 16 matrices. The first row represents the first 16
consecutive nibbles of the PROM, the second row the second 16 nibbles, etc.
Thus, filling out such a chart and including the data to be programmed in each
nibble in each block of the chart provides a very simple means of documenting
the PROM program. Data can easily be entered into a PROM programmer directly
from the chart.

TABLE A-1. RAM PROM DECODE PROGRAMMING EXAMPLE

ADDRESS STATE | SWITCH SETTING DATA PATTERN IN NIBBLE HEX ADDRESS OF FUNCTION
{AO-A3)y¢ IN EXAMPLE DO4 l DO3 [ DO2 | DO1 NIBBLE IN PROM DESCRIPTION

<
o
o

2 Select RBLKO
12 Select RBLK
22 Select RBLK2
32 Select RBLK3
42 h
52
62
72
82
92 No RAM
A2 Selected
B2
Cc2
D2
E2

= )

N NN RNRNBNMNMRNMDNMNDODNMNRODDNNODNONNODN
OO0 00000000000 OO
OO0 0000000000 - =0
OO0 0000000000 =0 —

TMOO®P» O 0N B WN—=O
C OO0 00000 OO0 O = = = —

Figure A-2 is a chart filled out for the PROM in the RAM decode logic for the
TM 990/201. Figure A-3 is the program for the EPROM decode PROM for the TM
990/201. All blocks in the matrix not filled in have O's in them.

NOTE
For both EPROM and RAM on the TM 990/201, the memory block numbers

are designated in silkscreen. EPROM block 2 is designated EBLK2. RAM
block 3 is designated RBLK3.

Appendix C contains four spare PROM program sheets which may be removed and
used for detailing alternate memory maps.
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™ 990/201 & TM 990/206 SCHEMATICS

B-1



6 A0 1 LAFHS

90Z/102/066 WL ‘RVOVIA DI19071

D NOISIAHY 79.%66 YHTWAN ONIMVIQ

902/066W) - 102/066 WL

30 | e TINGN~o 1 33 mﬁ.w...oxu oS NO iVYDlidow
’ o wo e 108 NO 035N ASSY _iX3IN
c9Lpoe  1vi296|d s ey 20 B 58 1118 |65iv66
FouvaE0L TN LIE 19466

Tfsif«

NO1L¥DI4ISSYID

SvRoLgaY

250 St e Lo N
3V130°1907 ‘AVHOVIQ R q 1 vl
o+ TR dovie ¢ t I FaxT Su.omu.ﬁ
L7 S3TONY  EINVEII0L o W] 19D
SANIWNHISK| SvXaL asoses Semameas sermn oo * : ey
LY
cwon|  NGurRasc | NIOADN DNIANLINDO) WO Ltiva B
v
]
SiZZSWL! 21 | 1N NgH1 9sn
Nvv2SIvZ] Ol i 9vnozn” N |
NivZSIvL| Ol Tosn™yNiyn’een = 14
NS5 IvZ] 8 1S Gon x ISR 4
__ NZ825v.] 8 veN2v0 X L LELL
INCFZSive] 1 BN Tenin 2n ¥ Y e
e NPISTIve gen vsn . Y et L
AS?t oy e —— NZ2Svl Z6n | T kU
iy : NOZ55Z LR L o — . —
MR S — AL &vn X w..w.ﬂ = e ——]
TT Tk s N NeoS 1w L ovh k3 SOETN; LY [
i X THOE SW L S~ wint
NOOSIvL L vi arn % X ¥ b Y SPU¥ TWL wIr-S
3oiA30 ¢ Ne N Nid HOLVNDISIO || (2000- 12 76681 S000- T %0k /[ LHAT0- L bb) [LTO0C - 1 ¥ww) (00T - 1914667 | | 1000~ 1Iivesc 3 BOIVNOT
__ | OND (AGHDDA 435 A rr-i0z/Cseni) 35-9027 Qb Wi | i4-907/0b WL | &+ 102/ Qb WL | 29~ 102/ 0kl | 1+-102/QbbW 1 A3 JINIYIITY
AT W3SV
B3 T pR—— p—— ! 96'/6'V'E-1d
Lv0"
€7 ndre 953 * S5 MHL L€D * (196D NuH €Ld g9+ gglt
xﬂ T nanL b2 (1823 mamy §23° 523 MKL bid TS T o_wln
[C3]:ib) L m.u 410 ARl 10D [Fred Ml L3 9D nea D * 00I'66'16°6e'sT'ca g
aNs . D 6LLLL2'§2'82Z'T -1
LyO" Ln?o LPO" <t LPO" H 0ze.L
oL _ 890 093] ¥93T 9vd G
_ |
T * H aL'cL-id
] L l_ & Gl L
PO TR IPO IR IVO S 27 —
o Ges| Sen T &
e vi'EL-ld

1 3M\YL 3 2000~ lbldo NINL 1000~ 1L telo
SATINISSY N QITIVISN) 33y SLNINGEWOD ML B

%S 1 ‘MY/i 3UY Sy0LSISY NIV e
ey | 19/Sfor | (e & TV 109687 N> | >
SWHO NI 38V S3NTvA :
Lo | &}\N; e B IGTDEYND| & N S3INTIVA IINVISISIY 2
i T S GLLLLY NO [V SOVHYHONDIN NI 34V SINTVA 3DNVLIIWEYD 1
Tanowser | sive . | NoimeSI0 i 031403dS ISIMIIHIO SSTINN ‘SAUON

SNOISIAIN




6 40 ¢ IJIEHS
907/R107/066 WL ‘WVIOVIQ DIH0T g NOISIATA

SHS TR e
voswL | wzsiv
e . W=y 12 2 wzbw
WD TNTWNRT| on—Has  avefe-w
s Gy W lniz, vl o
= yosvL €] osn ]
02 o1 _H 1
<tewm v E o
wn e
ria 22 vvit=
AS+
W IGWIR
~EiS
\ryZzsvl
CTE w2 2wl Wit A wil=—an T
Ik w2 e Mgt ewpr— d ”
2N ﬂ@tn“m.ﬂ.— ET el Ll ) M 14 o <uh S S S =1y
wws { —gRe——g 1t 10 ) - £ B _mm-m_m#mu v i ,j.nuu:..i Mmoot oy
&v3 L GBI b Lqzs sv0 wo 4 §47 5l
LXH L b i E ] N 8 v >
[LF] AL L4 > |» 3.8
i 7210 i =
bopoprePP h\ r -
AS¢ <4L‘ v v bh R b Ay e Ea b T
seraggas ~ toe " bR sl gy A
== %% == e ¢ %
hJ & o b4 v S &




Y

6 40 V¢ I1ddHS

)

]
XINO %%-107/066 WL “WVIOVIQ DID0T d NOISIAAY
k] ¢ = 3
T e
PR - - _mw;cu] MOS “ E
B R ASY L= T Aer
A n ~ 1 VAN AGe
x(o)2) 3 k3 H i
Ll S vy = (%
|2 | [if 0 2 — s T O
ik P | x NI MrE S INTIR WU
e of % nswi|ssn 822 wiswifsso
d b s
o BASTH PO 2 T T o
v 4
€ HE — 0257 <sn
W OADWIW AS+ AS* .
2SN T
3 _}&
2esecfe Tewoaal <"
vOSIbL A
1S TNag = bl ¢
vOSIvL [z =
evh pu— Xl
£ns - < - IN—— a2 = W2 N L » T
W ad 2 N wNiaa L e N:Jﬁ_»% L—Ltdar N |
cns €A evifg W om_. oA H%e
. Va2 vve
WM COM.::, Q Ay osn M_ " M”nmm%_ v
VO Z
Y RETTEYYY M”_ 5 —j 1SN g €
] 1A
Vil D2 vyl M M__ ) v/ 1
o
AS
W NN
_._w:..Nm.Gr kL
viva Tre Py 9
v T e swifer— - - ozswe[ |foN
L _Tivy [ el 2refey T 170
"ws 4 TV s 24 s w2 _
i ) . W NIRQ 7
Ilrn,:_ L3y , 251)
—gvi—ar | 22540 1wy ens
[~ ariia ©
L] 1
$0515L AQ!
2]
.ﬂu _.~w_v~m:..-
(1241 /3 M.. Al 2 _,IA_..r 19
o3 glte 22wy 3% Lo 5
BT [ e e gle| | r—a e T
a2 o Cvrte I8! ole —— 9 VIHp—S e
s N_"“w m w2 Myve ».. 4 8|z ||.|hniwm_3!,u il e °?
. w0 g uz iy ——2, sen T S i
YHS O3 & T .4 (79 b . T > 65
&Vl ot U - €2 £ v b 3 v o5/
Vi L iy 142 ¢ W00 ol 5 O vk w : 9P
V3 y7) LR g MEREE 9__ b i (B = I :
rd] H.ﬂ%ﬂn?.xv on Ut |0 ?3“73.,! -
ASY o [cn [ [ro Jo0 |00 (2 12 ns P ] Lﬁu.n,.huﬁ% T
. IR w e N ©w
' A ) 174 v x
25EaRLe ) m z H u
)

B-4



6 40 € LIFHS
907/3102/066 KL ‘WVOVIA JI907T V NOISIATM

__ 25w
Rl i3 e 2wy T
1 il A 1Y) e NW”
T} ke u.w. L) 1
% o R )™
gl’ © N
3 1ad] uﬁ—. MW Hs
R TN
f] a4l 3 N
4 Lan
__3.:4!
P v 2w
k] i ol £
(oI [ N«w ® 2
SYHS vy wl v ozn o6
611va3 (] bl Wore
LINCIE] 14 L 18 _
€I 1va3 i 2 13 —
P Titv 22 el _
3 1
»
_ _._ 5L
owa _._hm«m 2 =
TivG3 A b
ZIval nee m M
e'yms (_£IV03 11 Mk e [T
Tfivay (2 v s 1Y
K CE] 5 e
S Iv03 3 were
SIS T{ivt 22 va2
3] 5
| v
£
Ll N —=1
1
3 1
m r e ﬁ ﬁ
i 1‘(4%1(%1 ,ﬁ ‘ﬁ,ﬁ,fﬁ N lﬁ,v +0SIvL o¥n
¢ £y DIPITIDY IryY 3IDY
~ ~ 1 v SR vty
PowilReses dael S838




)

6 40 V¢ IJIHHS

\

AINO #%-102/066 WL ‘WV4OVIA DIHOT
[7ad
x < 2 4 ¢
~ ~ N ~ ~
»
5 B g 2 B
o s 2 2 < =
r X I3] = z T
3 B e
d evaswe
v IR 2 N e
[
v b Tin
e N_Ww.l ong
- W aye (PN =
9 reaiad! Yz m__ T
L AEAN
= m i a2 238 LHs
TV 23 wAzfE 238
o Las
o
vr m<¢|. e
7 [ S11v¥0s
lJ SIvE n k1 o
\owzs e Sz a2 S [ eoms
[CTil o Y I 1Y I 2 aou
Cival L N o
IR (3]
&'rHS a:—mmu ( e
G11ve3 vl [
Piival 3-. 217 T _[ \_r
% 1vQ3 VY whz o 22 a4l
Zi1iva3 TLY 22 vz ‘_ il S [ 111907
O SIVE n [T O L9
vz M agf L, ]
v i Mp“.Mu
v TSIOL [CLE]
T]__wue T W
Q)
)
[17]
e i i) L 1vay
v ug
| wwase v e e s
Oiva3 opve Lo Yevaswe [ ] $1vag
i iva3 olve ¢ Wz ™
21903 (T Tr m._ -
S P HS € 1va3d i]'v? _H“._ VAR | R
NG e nee
iva3 a AL u o
SIva7 v g vy oos¥L
Y Ivad 7 _<_M.m YT N“.q “«. 8 €1vad
il 219Qy <
[ 4«. @ TCTE I i
- 14 3 = o1vaa
< z 7 N
I3 2
2 4
%
P AARARR L |
m @ Mﬁ.m.wdﬂu.aa.u R Th3
: LI TSI T T TS
”p_vﬂo,q.....nﬁm L .ﬂ%nm




6 40 % 1IdHS

902/%102/066 WL ‘WVIOVIA DIH0T

V NOISIAJdE

A+

2

o6

o

AS~-

—f e ] 4] S]r

LTI

9v3

i | s

BT

11va3

Va3 ) Ssm

Tivas

+1vQ3

[FCTeF]

Alval |s'sme

yiv3

o

Y

....¢vn:r~~09l

T

ns

Al
L]

Q
r

—jefn] 2]

B-7




)

6 40 § LIIHS

90Z/8%102/066 WL ‘WVIOVIQ 21901

Y

B-8

2333

us

V NOISIATY
T
€
014 'vus
T
v
14 b 4 2] MY (Y ° o[y Tl ¢
ntid oy 20157 "o 0 ) 0 s
o 10 0 =1 __ 10 0 v w
Tk 3 3
5 @ A3 M e (2 s Lo [Hovig
T 950 s LSO, JL Ll @50, fL esn, |t
i $3 2 3 v 52 v A |
AU M” Q0 iz JTR (1] N UM__ 0%y wvle wm— v M
uﬁoi wis m.gl w Y [ﬂ.‘o.‘ w .
AS- =™ [ AS- Jﬂ’r Sv I_J.l’» SY
-5 i“ ~y v b A L -~ 3
< i — d (¥} M EX [
ISR ATLISNL ATLISAL
oI | ¢
1 T fid
ﬂmwl
e
VG Jows
NG
¥ivQl
€ ) [t T €
1 i v €0
sy ot Sdse  of5— T wof 2o o
0 o " o L—ia0 0 a3
1] [ 5 v
rWEt __.m E(_cn J.rmmﬂql -
oy § " L P— v “Q: v F— LA ; v ‘l
| —z b 7] b2 4 v - '] m m
oy o2 AU L1 mm. v e — wm. ovis ! .
o s =ov £ ow V3 )oms
[ [ [ v R bl £3
A cv H W sv ov3
e ol ov ™ oV i ev¥
lov wh v ' o Jov ik CTF]
LA LA )
FTINL L ITEATTY ANLTTAL v




6 40 9 IHAIHS
90Z/3102/066 WL ‘WVIOVIA DIHOT

sHS —Tam o4 ) n!wull m
or] 32 3 = M sury
% Po/l 321y A - mras Sy
LT He { PTIOY .4; b (1474 ¥ i dudd Eidrs — o Lid v
[ZGy1 "ry JNQN 1y rvi s e r
7|/, ovrx r ik oviE —p7|/0/ OviF T
Hﬂn« g =Tkv srig P B s o5
o #67 oyfE LU Jad % 2en LT LI A
s vial4 v 7 o oV
w9V —oNMA__svhy TN
SPOvENL CPOPSIWI CPOPCAL
3% 5w 3N S5 w3 sabp o7|34 SSArg
L o =1 L i T By ™ 2ty
LENS P/d iidh Lidr car a7 —y7fsorr v —7|ea
~Tson vy .'Ilﬁ%x\ ”my —z7v! 4 TRV 14
—riionr_ orlz g 10U _. OV}m w|1on  ort sl or
—7jov 3] ovi7 ) zier (2] vty < & =
™ san T 3% van 1T 7% c2n 1T s zan [ IE
v sy e =riev £¢f gy ey svly
———p7M Wiy P719M ¥ (-7 Lodp) ..Ql\.o! ki
CPOFSIL CPOPSHL SPOPSML Soovsnl
M st M seA 2 seAly m Sy
Mmoo sS4y T Ry ity By M Oty
4EHS (IR o [r] vy (AR 7 kI 44 i m&w o
Ivod y T oin T e en ! 7' o 'I5
oz [-4 10/1 ot II!LQ\ or a2, /4 ov
2 1 vp =riev ot iy o
T n“ i sriey ”iE LU N“ "
T criy i s 7 ov
174 n__ vy STEo ovt; Ry
SroPEAL SPOPS WL SPOPERL
s._.mulwg—d\ 271 2 sea T Mmoo r P2 soh r
7 27 TN v T RIF 72 el
u.n:uﬁ 21v0Y %ﬂWMEN.MN me\.\.E: 7 i A ..Q“ 2
719G (14 on ‘"I < en VI g1 vn U9 s/ §n |9
oy —==pr|ron ovly ¥71/0/7 oy i1 orvk= g ov
o cv e Sl R A 1 ] p AL ey M3
cons (—577 —r Rz —x|% "z B —w 7T —
vy Ly SV YN v (14 re Iid (14 via 4 vy
TF TN ___ vy PA ) C L4 ) S 7] Co Ny
SPOP 34 CPOPCHL “ ¢ SPOP AL STOPSIL
LX) M - m ”
NG




) ) )

6 40 [ IIIHS

B-10

[4
OON\zHON\Omm WL ‘WVYOVIA DIDOT V NOISIATE
- oz = 3 s—— TR
1Ll wid v Ll b / ol o~ i
*FHe 1) e LS 1] A o & 7 sjeon a7 —_—
RN 1ty ewr v ot by o1 ity
J:!E .n: T 7 \SE ov Fl!.:g o' E i\E o=
or M L3 E‘w bdd L 71 g 1 14 v
wen 7 Y son VT — | een T wsen’y
ey P L ol b L4 12 I £ 4 Eww. pid
u.ﬁ.ll\ tday) b 9] — iy uq_
CPOPSHL SPOPSHL SPOPESIL SPOPSRI 7]
s L = =
i ik T v LA~ oot
o¥we | TIRE 2 o car Iy oo vt —grjson v
!\3@ w ? B\N "w M wu\\“ v JRE pd
— or ov 5 or] 57 ov
13_"“ ”q 2 ~M“ -lv J"ﬂ P4 lllm_"“ Vi
Hiq&b v 2 920 AT o1y 42n IT 1" 9en [T
[ hid L4 17 o Z ¥ ¥ 7Y sY
—TIeM___)7 Al g oriam___oviy TN ___vT
SPOPSAL (2 SPovEHL SPOvSH]
27 & = W ssA s a8 5oA
IV mol Sy TP R 71 bl Vi bl 2ty
oEHE 77 t}\ v “ V7 K71 il 2v rlmxlg g
[ﬂw& iy A i “ "y S ity
ol ugacqn ES« !R!Bc- !5\@5
1 4 11412 (1424 14 3 —76Y v
v wn 2T P un 't 71? oin T[T
Irer srir 73 4 L 4¥ Y104 oV
S._m o 7 (7] L Ll
TrOPCAl SPOVERL
W ssity 2 se4 2 ey -
¥y [7 e 7 My
S0/t T rlﬁﬂax 2 z ¥
&/ N\“ v L4 7} \uw Ty =7 ll\ v ﬁ.&
ov > or 107 ov oG
Juu@ﬂv 1Y — IF IIIMI« ® o 2 i
] W% en [T il 19" on T ™ in”
e miy - v Q i 7 .uwl v TV |
“o L] 1 [ k4d 1] 0 e/
I g H - SPoPSML oo SroPSWL
~ - T
~» -




APPENDIX C

PROM PROGRAM SHEETS
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APPENDIX D
TM 990/422 DEMONSTRATION SOFTWARE

D.1 GENERAL

Optional TM 990/422 demonstration software is available for verifying RAM
memory on the TM 990/201 and TM 990/206 memory boards. The software is
provided on two TMS 2716 EPROM chips which can be plugged into the EPROM
memory areas on the TM 990/100MA or TM 990/101MA microcomputer board or the TM
990/201 memory board. When plugged into the TM 990/201 memory board, it can
verify operation of the EPROM array on that board. This software is executed
under the TIBUG monitor and uses the utilities provided by the monitor. A
source listing of this software is provided as part of this appendix.

The software is completely relocatable in that it can be plugged into any
location on the address map (except those locations which are reserved such as
TIBUG workspace, interrupt vectors, or load vectors). The entry point is the
first address occupied by the EPROM module.

NOTE

During testing, locations PF901¢ to FFFF.g will be protected from
data written to these addresses. This is to ensure protection of the
monitor and demonstration software workspaces.

D.2 INSTALLATION

The EPROMs can be installed on either the TM 990/100MA or TM 990/101MA micro-
computer board or on the TM 990/201 memory board.

D.2.1 Installation on Microcomputer Board
a. Turn off power to the system. Remove the microcomputer board.

b. Remove any EPROMs installed in sockets U43 or UL45. Leave the TIBUG
EPROMs installed in sockets U42 and Uld4.

c. Set jumper J2 to 2716. Set jumper J4 to 16 (indicating 2716). Jumper
J3 should remain set at 08 (setting for TIBUG EPROMs).

d. Install the EPROM marked U43 in socket U43. 1Install the EPROM marked
U45 in socket U45.

e. Install the board into the system. Reapply power.

f. Call up the TIBUG monitor (toggle the microcomputer board RESET
switch, press the character A on the keyboard).

g. Using the R command, set the Program Counter (P=z) to 10004¢.

h. Using the E command, execute the software demonstration program:
?R
W=FFC6

P=2000 1000
2E



D.2.2 Installation on TM 990/201 Memory Board
a. Turn off power to the system. Remove the memory board.

b. On the memory board, place the two TMS 2716 demonstration software

' chips on adjacent horizontal EPROM sockets (e.g., U56 and U64) with
the lowest numbered chip going to the lowest numbered socket (e.g.,
the U43-marked chip in U56 and the Ud5-marked chip in UbH).

¢. Install jumper J2 on the memory board to the SLOW position.

d. Set switches 1 to 4 at S1 to a configuration corresponding to place-
ment of the chips in the memory map. For example, if sockets U56 and
UbY4 are used (this is EBLKT7), then any one of the settings can be
used as shown in Figure 3-2 or 3-3 of the memory board user's guide.
As shown in the figure, EBLK7 is mapped into every memory map
configuration selected by switches 1 to 4. The only difference is
the beginning address. For example, with switches 1 to U4 set to
OFF-ON-ON-ON, EBLK7 starts at address 200016‘ This being the case,
the demonstration software can be executed with the following
interaction with TIBUG:

?R

W=FFCb6
P=01A4 2000
?E

D.3 DEMONSTRATION SOFTWARE COMMANDS

When the demonstration software is executed, it outputs an opening message
that asks for which addresses to check. After these initial inputs, a double

question mark prompt (??) is output asking for one of the six commands
explained in the following paragraphs.

The opening message is shown below:

?E
TM990/201-/206 DEMO SOFTWARE REV.A 8/02/78

INPUT HEX START ADDRESS, DEFAULT = 2000=>

The input hex start address is the starting memory location at which the
demonstration software will begin checking. Enter the desired start address
(in hexadecimal); if the default address of 200016 is desired, enter only a
carriage return. Next a prompt will ask for the address at which demonstration
software will end its check routine:

INPUT HEX END ADDRESS, DEFAULT = F000=>

Enter the desired end address; if the default address of F0004g is desired,
enter only a carriage return. These start and end address prompts are the same
as if the I command was issued (section D.3.2).

If the start address is greater than the end address, the following message is
output:

#XERROR*#



To correct, re-enter the values in the proper order. After these interactive
messages, a double question mark (??) prompt asks for one of the six commands
explained below.

NOTE

Address inputs to the demonstration software prompts should be even
-hexadecimal values. If an odd value is input, the resulting address

will be the odd value minus one (e.g., FEO1qg will be interpreted as
FE0O4¢) .

D.3.1 HELP Command (H)

To obtain a list of the six one-character commands observed by the demonstra-
tion software, enter the H command. The following list will be output:

72?7 H
COMMANDS:

H - HELP, PRINTS THIS HELP LIST
Q - QUIT, BACK TO TIBUG
S - SEARCH FOR RAM BOUNDS
SEARCHES FOR THE FIRST CONTIGUOUS BLOCK OF RAM
I - INITIALIZE MEMORY BOUNDS
P -~ PATTERN MEMORY
WRITE PATTERN TO ALL LOCATIONS UNDER TEST
V - VERIFY RAM OPERATION
ADDRESSING AND DATA TEST; THE DATA TEST CHECKS EVERY BIT.
THE ADDRESS TEST CHECKS TO SEE THAT ALL THE ADDRESSES ARE UNIQUE.

D.3.2 Initialize Memory Bounds Command (I)

This command sets the memory address bounds. The demonstration software will
check memory as defined by the start and end memory address bounds. These
addresses are first defined in the opening message (paragraph D.3); the I
command provides the same function so that these bounds can be modified as
desired. Two interactive messages ask for the starting and end address with
default values noted. The start address must be less than the end address; if
not, the error message **ERROR** will be output as described in paragraph D.3.
To accept the default value (20004¢ start address and F0001g end address),
enter a carriage return. To change the address, enter the new address followed
by a carriage return.

The following example changes the start and end addresses to B80016 and C0004¢
respectively.

2?1
INPUT HEX START ADDRESS, DEFAULT = 2000=> B800
INPUT HEX END ADDRESS, DEFAULT = F000=> C000

D.3.3 Search for RAM Bounds Command (S)

The software checks memory for a contiguous block of RAM, When the block is
found, the beginning and ending addresses of the block are printed out. The
data in the RAM area is not disturbed. The area of memory searched will be
the bounds set at program initialization or by the I command. Even though
several different RAM blocks may be present in the search area, only the first

D-3



block (lowest address) will be located by this command. After one RAM block
is found and a message output, control reverts back to the demonstration soft-
ware command scanner and the double question mark is printed. If a RAM area
is not found, the message:

NO MEMORY FOUND

will be printed out. If the RAM area exceeds the bounds of the memory to be
searched, the search will stop at the search-end location and a message will
write out the begining RAM address and the end address of the search as well
as a ¥ERETEST COMPLETE*#*# message. In the following example, a RAM block was
found from addresses B80044 to C0004¢.

2?7 S
MEMORY UNDER TEST =>B800 TO C000
#%%XTEST COMPLETE®*##

Note that the search routine is also part of the verify command (section
D.3.5).

D.3.4 Write/Read Hexadecimal Pattern to RAM Command (P)

The command writes and reads a hexadecimal value (pattern) to and from each
location found during the opening message or I command (sections D.3 and
D.3.2) or RAM address area found during the search routine (sections D.3.3 and
D.3.5). The data read from the memory address is compared to the data pattern
sent to verify RAM operation. The data in the memory locations will remain
changed to the pattern written.

Following an opening message, the user can choose to use the default pattern
value of 00004 by entering a carriage return or can designate a four-digit
hexadecimal pattern to be used followed by a carriage return. A nonhexadecimal
input will result in issuing the message **ERROR¥* and the beginning pattern
prompt reissued. If the pattern read from a memory location is different than
the pattern written, an error message is output showing the location in error,
this pattern subroutine is terminated, and program control is returned to the
demonstration program command scanner. Error message is as follows:

#*ERROR**LOCATION 2000

The following example sends a pattern of AAAA16 to RAM without an error
occuring. Then the user checked three memory addresses, using TIBUG, showing
that AAAA;g was written to each.

2T P

INPUT HEX PATTERN, DEFAULT = 0000=> AAAA
ERRRTEST COMPLETE®###

27 Q

7?M B800
B800=AAAA
B802=AAAA
B804=AAAA

B806=AAAA
?



—

D.3.5 Verify Memory Command (V)

There are three parts to the verify subroutine:

a.

b.

Search routine. This is the same as the search command explained in
section D.3.3.

A data check. This is a bit-by-bit check of each RAM memory address.
Both a zero and also a one are written to each bit, then read back
and checked. If the check showed an error, a message is output. The
following example is a message indicating that 02E0¢¢ was read back
from location 20004 when the value read was expected to be TFFF46.

DATA BUS IN ERROR, TFFF WAS WRITTEN, BUT 02E0 WAS READ BACK
LOCATION 2000

A memory address check. The address value of each memory address
location is written to each corresponding memory address. The value
is read back and compared with the actual address. When the
comparison shows an error (not equal), a message is written. The
following example is a message indicating that the value 200816 was
readback from memory location 2000 (200044 should have been read).

ADDRESS PROBLEM FOUND. LOCATION 2000 WAS IN ERROR WITH ADDRESS 2008

The verify command will conduct its initial RAM block search within
the bounds set by the I command or by initial demonstration software
bounds prompts. The following example shows that a RAM block was
found from A0004g5 to C0001g, the entire memory under the bounds in

the I command. A second block was found at FC001g to FF001g after the
bounds were reset to conduct a search from D00°16 to FF0046. Both
test were completed without finding errors.

72?1
INPUT HEX START ADDRESS, DEFAULT = A000=> 8000
INPUT HEX END ADDRESS, DEFAULT = C000=> C000

2?2V
MEMORY UNDER TEST =>A000 TO COO0O
ONE MOMENT PLEASE

¥R#XTEST COMPLETE##¥##

271
INPUT HEX START ADDRESS, DEFAULT = A000=> DOOO
INPUT HEX END ADDRESS, DEFAULT = C000=> FFOO

22V
MEMORY UNDER TEST =>FCO0 TO FF00
ONE MOMENT PLEASE

#2##TEST COMPLETE##%#

2?

D.3.6 Quit, Return to Monitor Command (Q)

To return to the monitor, enter the character Q. The monitor will respond
with its single question mark prompt.
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D.4 DEMONSTRATION SOFTWARE LISTING

A listing of the demonstration follows.

D-6



DEMO

\ 201-206 DEMO

0002
0003
0004
0003
0006
0007
0008
0009
0010
0011
0012
0013z
0014
0015
0016
0017
onis
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
\_, 0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0044
0047

0048

0049
0050

0051
0052

0000
0002
0004
0006
0008
000A
000C
000E

TXMIRA 936227 ##

Q000
0001
Q002
0003
0004
Q005
000&
0007
Q008
0009
000A
O00B
000C
000D
OONE
O00F

02E0
FF90
0201
045B
06&1
022B
FFF&
C28B

RO
R1
R2
Rz
R4
RS
Ré&
rR7
R&
R?
R10O
R11
R1Z
R13
R14
R15

991737-9903-A

o7

FUNCTION:

DESCRIPTION:

“DEMO”

PAGE 0001

TM990/208-/206 DEMO TEST SOFTWARE
117186777

TO DEMONSTRATE/TEST RAM MEMORY ON THE
TM990/201 AND TM?90/204& EXPANSION

MEMORY EROARDS

THIS PROGRAM PROMPTS THE USER FOR RAM
BOUNDS. THESE BOLINDS SET THE ADDRESS
LIMITS FOR TESTING.

##tninadudyTHIS FROGRAM IS RELOCATABLE## %%k #4445

THE WORKSPACE FOR THIS MODULE STARTS AT FF90

EGL
EQL
EQU
EQU
EGU
EQ
E
EQu!
EGU
EQu
et
EQU
EQU
EQ
EGu!
EQu

15

36 3636 36 3 36 3% 30 3 38 3¢ 36 36 36 3 3 36 3 I 36 36 30 3 3 3

START

DXOP HEXI,®

DXOP HEXO, 10

DXOF READ»11

DXOP PRNT, 14
46 34 9 35 35 36 9636 36 36 36 96 36 3630 3 36 36 3596 6
#XXXX THIS SECTION ALLOWS RELOCATION XXXX

LWPI >FF90

LI

BL
Al

av

LOAD W.P.
R1,2>045B R1 = RT INSTRUCTION
R1 LOAD R11 WITH ADD. OF NEXT INS
R11,~-10 ADJUST TO START ADD.
R11,R10 R10 = BASE ALDRESS

EXXLAAXXXXXXXXXXXXXXXAXXKXAXXXXXXXXXXXXX XX
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DEMO

201-206 DEMO

0053
0054
0055
0054
0057

0SE
0059
Q0&0

0061
0062
Q063

Q064
0065

0046
0067

00468
0067

0070
0071

0072
0073

0074
0075

0076
0077

0078
0079
0080
00e1

0082
0083
0084
0085

0086
0087
0088

0089

0010
0012
0014
0016
001
001A
001C
001E
Q020
0022

0024
0026

002g
002A
00z2C
002E
Q030
0032
0034
0036
Q028
003A
Q0zC
003E
0040
0042
Q044
Q044
0048
004A
004AC
004E
0050
0052
0054
0056

0058
005A
00SC

005E
0060

0062
00464
0066

TXMIRA 936227 ##* PAGE 0002
P91737-9203-A

0z0g LI R8, >2000 LOAD DEFALLT START ADIL.

2000

0209 LI R, >F000 LOAD DEFAULT END ADD.

FO0O0

0207 LI R7, 0000 LOAD DEFAULT FPATTERN

0000

2FAA PRNT @CRLF(10)

O1F3~”

2FAA FRNT @BANNER(10) OUTPUT BANNER/DATE

02A4~ '
I R S E P e L e L LI S S LR L S L L Sl L
INIT

06AA BL @BOUNDS (10) SET MEMORY BOUNDS

0497~
e e e S DL L L L
INSTR

2FAA PRNT €PROMFPT(10) OUTPUT PROMPT

oz2n9”

2ECS READ' RS READ THE COMMAND CHARACTER

0235 CI RS, >5600 IF IT IS A “V/=>VERIFY

5400

1317 JE@ VERIFY

0285 CI RS, >4900 IF IT 1S A “1°=>INITIALIZE

4900

13F5 JEG INIT

0285 CI RS, >5100 IF IT IS A “Q"=>QUIT

5100

130F JEG QUIT

02385 (9 § RS,>4800 IF IT IS A “"H"=>HELP

4300

1309 JE@ HELP

0285 (09 § RS, 232000 IF IT IS A “P’=>PATTERN

S000

121B JE@ PAT

0285 CI RS, >5300 IF IT I8 A “S’=>SEARCH

5300

1311 JEQ SEARCH

2FAA PRNT @INVCMD(10) OTHERWISE PRINT ERROR

05437

10E8 JMP  INSTR GET NEW COMMAND
L A R R R R s B s T T S A S SR S A AP A G A R O S AT SR S
HELFP

2FAA PRNT @HLIST(10) OUTPUT HELP LIST

0ZFE~

10ES JMP INSTR GET NEW COMMAND
L R R s 2 T T R e L S W S S A AT AT SF S AP Sy
QUIT

0440 B @>0080 EXIT, TO TIBUG !

0080
R e B s o T T e T R L S s e R e E R T werararary
VERIFY

2FAA PRNT @CRLF(10)

O1Fg~

04AA BL @SCAN(10) FIND THE RAM
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DEMO

201-206 DEMG

OO0
0071

009z
0093
00v4
0095

QOS24
0097

00O
009
Q100
0101

0102
0103

0104
0105
0104
0107

0108
0109

0110
0111

0112
0113
0114

0115
0114

0117
011z
0119
0120
0121
0122

0122
0124
0125
0124
0127
0128

00L3
QOLA
0O061C
Q0LE
0070
0072

0074
QO7¢&
0073
O07A
O0O7C
0O07E
QO30

0Oz
00z4
0026
OO
QOSA
QO2C
0O2E

0070
0092
00%4
0096
Q098
0094
Q09
QQ%E
00A0

O0AZ
00A4
QO0A&
Q0OA3
O0AN
QOAQC
00AE
QOBO
Q0B2

00B4
O0ORé
ooReg

OOBA
00BC
O0OBE
00CO

PAGE 0003

RUN FUNCTIONAL TEST
FRINT TEST COMPLETE

GET NEXT INSTRUCTION

LAR AR R R L R S DD L N B o P S R A S S PRSP R ARG VPRI

ENTER SEARCH
FRINT TEST COMFLETE

GET NEXT INSTRUCTICN

D e b 0 X R T R A A P TR S O U AP R L GF AT SN SRR G R Ry

WRITE PATTERN TG MEMORY
FPRINT TEST COMPLETE
GET NEXT INSTRUCTICON

B b T B e b ah 0 ik ot 2 o 25 o T T O S S S S S A W P S S o S S S SO AR SR AP er Y

TXMIRA 934227 ##
991787 -9902-A

o1ace

QLAA BL @TEST(10)

QOOFQ~

Z2FAA PRNT @eMSGS(10)

O1FB~

10DA JMFP INSTR
SEARCH

ZFRA FRNT eCRLF(10)

O1Fz~

Q&AA BL @5CAN(10)

0o12c”

2FNA PRNT eM=G5(10)

Ol1FB~

1002 JIMP INSTR
FAT

ZFAA PRNT @CRLF(10)

O1FS”

Q&AA BL. @FATERN(10)

00207

ZFAn FRNT eMSGS(10)

O1FBR~

10CC JMFP INSTR
FATERN

0200 LI RO>, 0440

04460

Co=z0 MOV RO, R2

0201 LI R1. ZIP

OOR4 -

AO4A A R10.R1

0203 LI R32, ERRORZ

oong~

AOCA A R10,R3
Ok

2FAA PRNT @PROMT(10)

OZEO”

2EE7 HEXO R7

2FAA PRNT @TIC(10)

0504~

2E44 HEXI R4

FF20 DATA >FF90

FF94 DATA »FF94

CiCc4 MOV  R4,R7
Z1P

2FAA PRNT @CRLF(10)

OLF&~

cocs MOV  Rg.R2
PATZ

cce7 MOV R7.,#R2Z+

c112 MOV #R2,R4

0547 INV R7

c487 MOV R7.,#R2

D-9

RO BRANCH

R2 = BRANCH
CCROCSPACEZORC-2 GO T ZIP

ADD BASE ADDRESS
IF ERR BRANCH TO ERRORZ

ADD BASE ADDRESS
ASK FOR PATTERN

OUTPUT DEFAWLT

FICK UP PATTERN

POINTS TO RO

NON-NUMERIC OR INVALILD CHAR
R7 = PATTERN

R2 = START ADDRESS

MOV PATTERN TO LOCATION
SAVE NEXT LOCATION
INVERT DATA

DISTURB DATA LINES



NEMO TXMIRA 936227 #A 11:24: 464 A2/ TR FAGE 0004
201-206 DEMOD  991787-9703-A

0129 Q02 OL4Z DECT R2 POINT TO FPREV. LOCATION
0120 00C4 C172 MOV  #RZ+,R5 SAVE LDATA
01321 QO0Cé& 424 MV R4, #RZ RESTORE LOCATICN
0132 00C2 0547 INV R7 RESTORE PATTERN
01323 00CA 0442 DECT RZ RESTORE FOINTER
01324 O0CIZ 21CS o R3.R7 COMPARE DATA
01325 OOCE 1407 JNE  ERR IF NOT INDICATE
01346 00DO OECZ2 INCT RZ INCREMENT ADDRESS
Q137 o002 2242 [ Rz,R9? DONE?~~-R? = END ADDR.
0138 00OD4 1AFZ L PATZ2 IF NOT CONTINUE
0139 0006 100A JAMP RET OTHERWISE GET NEXT INSTR.
0140 ERRORZ
0141 QOD& 2FAA FRNT €ERRMSG(10) FRINT ERROR MZG.
Q0DA 05557
0142 00DC 0O45H RT
0143 ERR
0144 OQODE ZFAA FRNT QERRMSG(10) FRINT ERROR
O0EQ 09557
0145 O0EZ Z2FAAR FRNT @LOC(10) #*
QO0E4 05747
Q144 QQEA ZESZ HEX RZ FRINT ADDREZSE
0147 QOEZ ZFAA PRNT @QCRLF(10) ZLEAR LINE
O0EA QLIFE”
01432 RET
0149 OOEC O45SE RT
0150 Q0OEE 1000 NOF
(:)1,‘:.1 A N D L N T L L A A S N L L S S L I L N N N L N L LS. T R T IR u il s
0152 #*
01532 # CHECKS DATA BIT FAILURES
0154 *
0155 #  THIS TEST WRITES TO EVERY WNDIVIDUAL EBIT IN THE
0154 # MEMORY UMDER TEST TWICE. 710 VERIFY THA1T THE DATA
0157 # BUS IS FUNCTIONAL.
(:)158 *:::‘.:;:.::::::.;r.;;:.".::::':.:.;;;;.:::::'_, PANS AN oA N . N R S - EP g~ P S L ol e S SRR P M S 4155 S
0159 TEST
01460 O0OFO ZFAA FRNT @WAIT(10) QUTPUT WAIT MESSAGE
QOF2 O14E~
0141 O0F4 0404 CLR  Ré& CLR LOOF FLAG
0142 O0F4L OZO2 L.I R2, >FFFE LOAD DATA MASE
00F8 FFFE
014672 TOF
0144 O0OFA COZEG MOV R&,RZ LAl START ADDRESS
0165 TOP2
01446 OOFC 0204 LI R4,10 SET COUNT TO 14
OOFE 0010
01467 LOOF1
01468 0100 0404 DEC R4 DECREMENT COUNT
0169 0102 104 MOV  R4,R4 CHECK FOR END OF LOOF
Q170 0104 1401 JNE - CONT IF NOT DONE CONTINUE !
0171 0106 1019 JMP EOQTCK ###CHECK TO SEE IF DONE
0172 0108 OBR1Z CONT SRC RZ.R1 SHIFT MASK TO NEXT BIT
0173 010A CC33 MOV R3, #R2+ WRITE MASK TO MEMORY
0174 Q10C 0543 INV Rz INVERT [ATA
0173 O10OE CO12 MOV #R2,RO SAVE FOR RESTORE
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DEMO

201-2046 DEMO

0176
0177
0178
0179
0180
01381
ol1gz2
0183

0184
0185

0186
0187

o188

0189
0190

0191
0192
01932
0174
0195
0194
0197
0193
0199
0200

0201
0202
0203
0204

0205
0206
0207
0z0g
0209
0210
0211
0212
0213
0214
0215
0214
0217
0218
0z19
0220
0221

0110
0112
0114
0116
0118
011A
ot1cC
O11E
0120
0122
0124
0126
0128
012A
o1zc
O12E
0130
0132

0134

0136
0138

013A
013C
013E
0140
0142
0144

0144
0143
014A
014cC
014E
015F
0160
0161

0162

01464
0166
0148
016A

PAGE 0005

WRITE DISTUREB DATA
RESET DATA

RESTORE DATA

RESET ADDRESS

REAQD IT BACK

COMPARE

IF CORRECT DO NEXT BIT
IF NOT., OUTPUT FAIL MSi5.

*
#*

*
*

#*

*
#*

AND EXIT TEST

INCREMENT ADDRESS

IF IT IS LESS THAN END ADD.
JUMP BACEK. AND' FINISH

GO ON 7?

YES IF NO FAIL COCCURRED
OTHERWISE GO TO TEST 2

LOAD NEW MASK

SET FLAG WHEN 1ST PAT DONE

LOAD STARTING ADDRESS

WRITE TO LOCATION

DONE

IF NOT JUMP BACK
OTHERWISE READ IT BACK

TXMIRA 934227 ##
991787-9903-A
C483 MOV  R3, #R2
03543 INV R3
€480 MOV RO, #R2
0642 DECT R2
c152 MOV ®#RZ,RS
80C3 c R3,R3
13F1 JEG  LOOPI
2FAA PRNT @M3G46(10)
0214~
2ES3 HEXO RZ
2FAA PRNT @MSG7(10)
0228~
2E8S HEXO RS
2FAA PRNT @M3G2(10)
O1EA”
2FAA PRNT @LOC(10)
0374~
2E&2 HEXG R2
2FAA FRNT @CRLF (10)
O1Fg~
10z2& JMP EQT
EQTCK
05C2 INCT R2
8242 C R2,R?
1ADE JL TOPZ
cigée MOV Ré,Ré
1201 JEG BYPAZ4
100E JMP TEST2
BYFAS4
0202 LI R3,2>0001
0001
0706 SETO Ré&
10D4 JMP TOP
4F  WAIT TEXT “ONE MOMENT PLEASE~”
oD BYTE >D,>A,>0
OA
00
EVEN
3* ——
#*
# CHECKS ADDRESSING FAILURES
3*
# THIS TEST WRITES THE ADDRES OF THE LOCATION
#+ TO THE LOCATION TO VERIFY THAT EACH ADDRESS
* IN THE AREA UNDER TEST IS UNIGUE.
TESTZ
cogsg MOV  R3,R2
WRITE
ccez MOV  R2, #R2+
8242 c R2,R9
1AFD JL WRITE
coss MOV  RE&,R2
REALA



DEMO

201-20& DEMD

022

0z24
0225
0224
0z27
0z22a
0229
Q2320

0z22
2

0237
0233
Q239
O240
0z41
0242
Q247
Qz44
0z4%
0244
0z47
0Oz4=
0249
0250
0z51
Q52
Q253
0254
0z55
Q26
02n7
0253
Qz5%
02h0
(Al |
02~
Oz
0LA64
Q265
QzhbG
Q267
QO2LE
Q267
Q0z70
0271

O14&C
O14E
0170
0172
0174
0174

0173
017A
0171
017E
0130
a13z

S 01c4
4 0184

0188

01&A

orac
013
0190
012z
014

01A0
O1AZ
O1A4
O1A:

O1A3

O1AA

O1AC
O1AE

01RO
1Bz
O1ER4
01B6
O1RE

#* %

#RZ, RD
RZ, #RZ+
ERRZ=
RZ,R?
READA
EQT

Rz
eMSGY(10)

RZ
@MEG10(10)

RS
@CRLF (10)

FAGE 0004

STORE

AND COMFARE

IF NOT =, INDICATE ERROR
DONE 7

IF NOT CONTINUE
OTHERWISE ENDO THE TEST

ERROR MESZAGE

*
#

+*
i#

GET NEXT COMMAND

HEHRHARBHEHRRB R R RR R RS RH AR BB HER RN R R RS HER R R R R

START ANLD STOF ADDRESSES

THI= ROUTINE SEARCHES BETWEEN START ANLD END

FOR THE FIRST CONTIGUOLUS BLOCK OF RAM MEMORY.

THIS ROUTINE DOES A NON-DESTRUCTIVE SEARCH

FHUHARRBHABREHHRHBHRRRAREREREREHRLEE BRI RB BB HRERERRRR BB RN RS

TXMIRA 9346227
IVI727-9203%-A

0152 MOV
BC32 C
1402 INE
32472 [
1AFE M
1009 JIMF

ERRZ
0642 DECT
ZFAA PRNT
QZ3R7
ZESZ HEXG
2FAA PRNT
Oz’
2E2S HEXD
ZFAN FRNT
O1Fs-

EOQT
045K RT

3

# DEFINEZ

3#

+*

3%

3+

3*

SCAN
Q704 SETO
04102 CLKR
CORS MV
0H~42 DECT
O4C A CLR

FIND
cz42 C
13223 JEG
QsC INCT
co1z Moy
CrEs MOy
OS2 MOV
C4z4 MOV
0642 DECT
1Sz MoV
=143 C
121 JEQ

FINDZ2
184 MV
1310 JER

SUFER
cz4z MOV
CILRO MV
C421 MOy
2FAA PRNT
QOZZA7

R2,RY
TOOFAR
K2
#RZ, RO
R3. #R2+
#R2,R1
R4, #RZ
R2
#R2.RS
R2,RS3
MOVE

Ré&s Ré&
GO

RZ,R%

RO, #R2+
R1,#R2
@MBOUND(10)

D-12

OISTURB DATA = >FFFF
DATA = O

GET START ADDRESS
ADJIST FOR TEST

CLR FIRST FLAG

LAST ADO. 7
IF S0 GO TO ERR. ROUTINE

SAVE FOR RESTORE

WRITE TGO MEMORY

SAVE FOR RESTORE

WRITE DISTURE DATA

MOV POINTER BACK

STORE WRITTEN DATA

IS DATA = WHAT WAS WRITTEN 7
IF S0 CHECK IF FIRST TIME

IF FLAG = 0O,.STRT ADD NCOT FOUND
S0 TRY TO FIND IT

OTHERWISE THIS 1S THE ENDALD
RESTORE DATA
RESTORE DATA



| -

DEMO

201-2046 DEMO

0272
0273

0274
0275

02746
0277
0278
0279
0zg0
0281
0282
0z283
0284
0285
0286
ozg7
0zgs8
0289
0290
0291
0292
0293
0294
0295

02946
0297
0293
0299
0300
0301
0302
0303

0304
0303

0304
0307
030¢
0309
0310
0311
0312
0313
0314
0315

0316

O1BA
01BC
01BE
01Co
oicz
01C4
01Cé

o1ce
01CA
o1CcC
01CE

o100
01Db2
0104
01Dé6

oi1pg
01DA
o1pc
01DE

01E0Q
01E2
O1lE4
OlE4

OlES

01EA
O1Fg
0O1F?
O1FA
O1FB
0211
oz1z
0213
0214
0227
azze
0Z23A
023B
025R
025C
0277
0278
0287
o288
0289
028A

TXMIRA 936227 ##
991787-9903-A

2E8S8
2FAA
Q29F
2E89
2FAA
01F83~
1010

c184
1602
cz202
0704

ccso
c481
0642
10DF

c4s4
2112
13FS
10E6

C18é
16E4
2FAA
02737

045B

HEXOD
PRNT

HEXO
PRNT

JMP
STRTAD

MOV

JNE

Moy

SETO
GQ

MQV

MOV

DECT

JMP
MOVE

MOV

C

JEQ

JMP
TOOFAR

MoV

JNE

PRNT eMSG14&(10)

EQSRCH
RT
+*

R&
eTO(10)

RrR®
@CRLF (10)

EOSRCH

Ré&-Ré6
GO
R2,RE&
Ré&

RQ, #R2+
R1,#R2
R2

FIND

R4, #R2
#R2,R4
sSTRTAO

FINDZ

Ré&»Ré
SUPER

FAGE 0007

QUTPUT MEMORY BOUNDS

AND JUMP TO END OF TEST

CHECK FIRST FLAG

IF R6 1S SET START ALREADY FOLU
OTHERWISE THIS IS START ADD.
SET FLAG

RESTORE DATA
RESTORE DATA
RESET FOR LOOP
CONTINUE

CHECK TO SEE IF ITS EPROM

IF E@, CHECK FOR START ADL.
NOW Ta FIND END ADD.

IF SET >F000 MAY BE THE ENL AD
IF S0, THAT’S SLPER

QUTPUT “NO RAM MEMORY FOUND-
RETURN

36 36 36 38 36 36 35 38 3 36 36 38 3 38 3£ 30 36 36 36 36 36 36 36 3 I 36 3 3 3 36 36 3F 36 36 36 36 36 I6 36 36 3¢ H I 3E 3 I I6 5 6 I 3 I I 363 K 6 3¢

#SAGES ##* MESSAGES *##%# MESSAGES ##% MESSAGES ##% ME
I I I I I I I IR I I IE 3 T4 3636 3036 36 36 3 56 5636 6 30 96 3636 36 96 35 38 3036 36 96 9638 46 96 3

M3G2 TEXT ~ WAS READ BACK~”

CRLF BYTE 2D, 2>A,2>0

MSGS TEXT “ ####TEST COMPLETE#3###
BYTE >D,>A, >0

MSGé TEXT “DATA BUS IN ERROR, -
BYTE >0

MSG7 TEXT “ WAS WRITTEN. BUT -
BYTE >0

MSGY TEXT “ADDRESS PROBLEM FOUND. LOCATION -
BYTE >0

MSG10 TEXT “ WAS IN ERROR WITH ADDRESS -
BYTE >0

MSGlé TEXT “NO MEMORY FOUND-
BYTE >D.>A,>0

MBOLIND TEXT “MEMORY UNDER TEST =2~
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DEMO TXMIRAR 36227 ## PAGE 0003
201-204 DEMO PII727-2903-A
03217 029kt Q0 BYTE >0
Qz12 0Z29F 20 TQ TEXT <~ TO -
0317 02A3 Q0 BYTE >0
Q320 0ZA4 54 BANNER TEXT “TM970/201-/204 DEMO SOFTWARE
0321 0205 o2 TEXT “REV.A 23/02/737
0222 0206 op BYTE =D, A, 0
0207 0A
ozhg 00
0323 oz ol FROMPT BYTE D, 2>A
02DA 0A
0324 QOZDE 3F TEXT 27 -
0325 0ZDE 07 BYTE 7,20
Q2DF Q0
0326 QOZEOQ 49 PROMT TEXT “INPUT HEX PATTERN, DEFAULT = -
0327 QZFD 00 BYTE >0
0328 QZFE oo HLIST BYTE =D, A
OZFF 0A
Q329 0300 4= TEXT “COMMANDS: -
0330 0307 oD BYTE >D', >A.>A
030A 0A
0308 OA
Q331 030C 4%z TEXT "H - HELF, FRINTS THIZ HELF LIZT”
0332 03ZB oD BYTE >0, >A
0z2C 0OA
Q332 0z2D o1 TEXT “& — QUIT,. BACK TGO TIBUG”
033234 0344 oD BYTE >It, A
0245 oA
Q335 0344 o3 TEXT "% - SEARCH FOR RAM BOUNDS S
0334 0O35F oD BYTE >, A
Q360 0OA
Q337 0361 20 TEXT -~ SEARCHES FOR THE FIRST CONTIGLWMIS BLOCH S
0333 038C 20 TEXT 7 0OF RAM ~
0339 0294 on BYTE =D, A
0395 0OA
0240 0394 49 TEXT “1 - INITIALIZE MEMORY EBOUNDE-
0341 O3BZ oD BYTE =D, >A
QZR3 0OA
0342 O3R4 =0 TEXT P - PATTERN MEMORY”
03432 023CAH on BYTE =D,2>A
0zC7 0OA
0344 Q3C8 20 TEXT ~ WRITE PATTERN TO ALL LOCATIONS UUNDER TESTS
0345 O3FS oD BYTE >D,>A
03F& OA
03446 0O3F7 Sé TEXT “V - VERIFY RAM OPERATION-
0347 040F oD BYTE >D,>A
0410 0A
0348 0411 20 TEXT ~ ADDRESSING AND DATA TEST:
0349 042E 20 TEXT * THE DATA TEST CHECKS EVERY BIT.~”
0250 (O44E on BYTE >D,>A
0O44F 0A
0351 0450 20 TEXT -~ THE ADDRESZ TEST CHECKS TO SEE THAT ALL”
0352 047B 20 TEXT °~ THE ADDRESSES ARE LINIQUE-S
0353 0494 on BYTE =0, >A, >0
0495 0OA
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DEMO TAMIRER

DEMO ZOFTWARRE TH33G-201--206

nEon
D40
nzal

0430
042z
N34
0435 ZFARA
42z Nlez”
nN43/ ZFAA
[ A=
a5 N43E ZE=E
e O4A0 ZFAR
D4Rz O4EES
N4R4 ZE44
4R FF30
0472 FFS4
H4RR 0229
N4RC FF20

"1 O4RE 1202
D2TE NIED Z
4Bz FF3O

EYFAT
U4E4 C20
375 04Ee 04
04ES FF

ZIF1
N4EBA 0201
3R
D4EE AO4F

ok

n=s0 04Co 2FRA
n4ce
n4C4 2FARA
N4CE
n4cs 2ESD
13 04CHR Z2FBA
a4z N4EE S
N4CE ZE44
#1400 FF20
s 4Dhe FF94
0404 0z2sd
gahe FF20
n4ns 1202
a4nF D203
04Dz FF=0
9 EVvFAZE
I4DE C2&94

el

]
o
-

FRHT

FREMT

HE <O
FREHT
HE=1
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JLE
LI
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ARHDI

FENT
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HEXDO
FENT

HE»1
DRTH

oRTHR >
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ALE
LI
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FiDe 040
F1.ZIF1
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ey 0450

Rz ERFORL

F10sR3=
PCRLF 210

FEHTRY1 <100

s

==
FTICCL0

FE4

*FF30
»FFa4
Fds=FF30

EVFAS
R2y>FF30

Fdpa
RS« >FFFE

R1:ZIFE
R10sF1

FCRLF 10

FEMTRYE 103

R
FTIC (10
R4
>FF30

FFa4
Rds>FF20
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FR5E

Oons

Eal
s m

EHTERELD.

FQd = ERAMCH
IF <CR> ERAMCH TO Ok1

ALD EARZE ADDREZZ
F& = ERAMCH

IF ERFE EFAMCH TO ERROR1

RO BERAZE RLDDREZE

FEINT FROMFT 1

OUTFUT DEFAULT

WARIT FOR ZTART ADDREZE
FOIMTZ 7O FO

HON-HUMERIC OF IMNVALID CHAR
IMFRIMGE OM WF ¥

IF HOT >0 OH

IF =0 EWMTEFR >FF90

Rz = ZTART RLDDRELZE
MAKE IT EVEN

IF <CE: EBRAHCH TO OkKZ

AROD EAZE ADDREZZ

FPRIMT PROMFT &

OQUTFUT DEFAULT

WRIT FOR EMLD ADDREZE

FOINWT= TO RO

HON~-MNUMERIC OF INWRLID CHAR
INVADE WP ¥

IF HOT =0 OH

OTHERWIZE EMTER :»FF20

R2 = END ARDDRESE
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04E2 05047
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0394 04E4 ZEA44 HEXI R4 WAIT FOR END ALDDRESS
03?5 04EL FF9O DATA >FF90 POINTS TO RO
0396 04ES FF94 DATA >FF94 NON-NUMERIC COR INVALID CHAR
0397 04EA 0224 CI R4, >FF?0 INVADE WP 7
O4EC FF20
0398 O4EE 1202 JLE  BYPAZSS IF NOT GO ON
0329 04F0 0204 LI R4, >FF90 OTHERWISE ENTER >FF?0
Q4F2 FF90
0400 BYPASS
0401 O4F4 C244 MOV R4,R? RY = END ADDRESS
0402 Q4F4& 0249 ANDI R?,>FFFE MAKE IT EVEN
Q4F8 FFFE
04032 Z1IFZ
0404 04FA 2FAA PRNT @CRLF(10)
04FC O1F8~
0405 Q4FE G242 C RZ, R? ARE ENTRIES IN ORDER 7
0406 0500 1BO3 JH ERROR1 IF ERR PRINT ERR MSG.
0407 0OS02 045ER RT RETURN
0403 TIC
0407 0504 30 TEXT =2 -
0410 0507 07 BYTE >7,>0
0508 00
0411 ERROR1
0412 0509 2Z2FAAR PRNT @ERRMSG(10) PRINT ERROR MSG,
OS0OR 05557
Q412 OS0E 10C32 JAMP BOUNDS AND JUMP BACK
0414 ENTRY1
041% 0510 4% TEXT “INPUT HEX START ADDRESS,. DEFAULT =
04146 0533 00 BYTE >0
0417 ENTRYZ
041 0534 49 TEXT “INPUY HEX END.ADDRES. DEFAULT = ~
0417 0554 00 BYTE >0
Q420 ERRMSG
0421 0OS5% oD BYTE >D.,>A
OS5é 0OA
0422 0557 2A TEXT “###ERROR##%
0423 0562 00 BYTE >0
0424 INVCMD
Q423 0563 20 TEXT 7 INVALID COMMAND~-
0426 0573 00 BYTE >0
0427 LocC
0428 0%74 4C TEXT “LOCATION ~
0429 057D 00 BYTE >0
0430 I R R A R R R R R R R R R R $sses2zezseazssssrnesas:
0431 END START

0000 ERRORS

D-16



Symbol

C1-C6, C11-C14, C19-C2Y4
C29-C32, C37-CU5, C48-C55
C56-C59, C64, C66, C67

C1-C9, C11-Cl5
Cc48-C6u4, C66-CT71

C10, CAT7

Ch46

C65

R1, R2

S1

U1, U20, U46

U2, U11, U21, U30

U3, U4, Ut2, U13,
uz2z, U23, U31, U32

U3-U6, U12-U15,
U22-U25, U31-U34

U3-u10, U12-U19,
U22-29, U31-U38

U39, U41, U4T7, U50
ko

ul2

43

ULy

U45, US1

48

U449

U52

U53

APPENDIX E

PARTS LIST

Description

Capacitor, 0.047 uF

Capacitor, 0.047 uF

Capacitor, 68 mFd, 10 %
Capacitor, 22 mFd, 10 %
Capacitor, 2.2 uF

Resistor, 4.7 K ohm, 2 W
Switceh

IC, SNTULS2U4N, Line Driver
IC, SNTULS243N

T™MS 2114

T™S 2114

TMS 2114

IC, SNTULS241N, Line Driver
Network, SN74LS02N

EPROM Memory Decode PROM
Resistor, Fixed Array, 4.7 K
RAM Memory Decode PROM
Network, SNT4LS138N

Network, SNTULSOON

Network, SNT4LSOUN

Network, SN74S22N

Network, SN74LS20N

E-1

=41

TM 990/201
42 -43
X X
X X
X X
X X
X X
X X
X X
X X
X

X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X

-4y



Symbo1l
Us4, U55
U56-U57
U58-U59
U60-U63
U64-U65
U66-U67
U68-UT1

VR1

PARTS LIST, Continued

Description =41
Network, SNTULSTUN X
TMS 2716 X
T™MS 2716
TMS 2716
TMS 2716 X
TMS 2716
TMS 2716

Voltage Regulator, neg, 3 terminal x

E-2

™ 990/201
-42 43
X X
X X
X X

X

"

-uy

X



PARTS LIST, Concluded

™ 990/206

Symbol Description -1 42
C1-C9, C11-Cius5 Capacitor, 0.047 uF X X
cU8-C55 Capacitor, 0.047 uF X X
C10, cu7 Capacitor, 68 mFd, 10 % X X
R1 Resistor, 4.7 K ohm, 2 W x X
R3 Resistor, 68 ohm, & W, 5 % X X
S1 Switch X X
Uz, U1t, U021, U30 IC, SN7U4LS243N, X X
U3-U6, U12-U15, ™S 2114 X
U22-U25, U31-U34

U3-U10, U12-U19, TMS 2114 X
U22-29, U31-U38

U39, U41, USO IC, SNTULS241N, Line Driver x X
U40 Network, SN74LSO02N X X
U443 Resistor, Fixed Array, 4.7 K X X
u4d RAM Memory Decode PROM X X
Ul4s5 Network, SN74LS138N X X
Ul6 IC, SNTH4LS244N, Line Driver X X
U48 Network, SN74LSCON X X
UL49 Network, SNT4LSO4N bls X
us2 Network, SN74S22N X X
U53 Network, SN7U4LS20N X X
Us4 Network, SN74LS7TUN X X
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TM 990/201 AND TM 990/206 MEMORY BOARDS
USER RESPONSE SHEET

It is our desire to provide you with the best documentation possible. After
using this manual, please complete this sheet and mail it postpaid to us. Your
comments will be appreciated; however, do not use this form as a questionnaire
for additional information. Any questions or problems should be directed to
your TI distributor,

1. Is the manual well organized? Yes No Comments:
2. Is text clearly presented and adequately illustrated? Yes No
Comments:

3. What subject matter could be expanded or clarified?

4., Are the S1 switch settings adequately covered? Yes No
Comments:

5. 1Is the PROM decoder adequately covered? Yes No Comments:
6. Do you wish more data to clarify an application? Yes No
Commetns:

7. Please explain the application intended for your board:
School Course Home Evaluation OEM Application Other

If OEM Application, please describe:

8. Other comments

Name:

Address:

City: State: Zip:

School (if applicable): Ma jor Year
Revision E
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