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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 990,206 board is the
TM 990201 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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1.1

SECTION 1

INTRODUCTION

GENERAL

Sections 1 to 4 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 from 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 990/100M microcomputer. Its features include:

® Up to 8K words of TMS 4045 static RAM (1024 X 4 bits each)

® Up to 16K words of TMS 2716 EPROM (2048 X 8 bits each)

® TTL compatible interface

® 4 MHz operating capability
The TM 990/201 is available in three versions as shownin Table 1-1. Access to the board is through the
edge connector which mates to the backplane of the TM 990/510 OEM chassis. 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 and -43
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

RAM
SOCKETS PROVIDED PULATED
MODEL 0 SOCKETS POPU ACCESS
RAM EPROM RAM EPROM
TIME
4K X 16 8K X 16 2K X 16 4K X 16
TM 990/201-41 450 ns
(RBLKO-RBLK1) (EBLK4-EBLK7) (RBLKO) (EBLKG6, EBLK7)
8K X 16 16K X 16 4K X 1 8K X 1
TM 990/201-42 6 6 450 ns
(RBLKO-RBLK3) (EBLKO-EBLK?7) (RBLKO-RBLK1) (EBLK4-EBLK?7)
KX 16 16K X 1 KX 16 16K X 16
TM 990/201-43 8 6 8 6 450 ns
(RBLKO-RBLK3) (EBLKO-EBLK?7) (RBLKO-RBLK3) {EBLKO-EBLK?7)

NOTE: Block nomenclature explained in Section 3.
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1.2 MANUAL ORGANIZATION

Section 2 of this manual describes the correct procedure for installation, power up, and operation of 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 990/201.

1.3 SPECIFICATIONS

Board dimensions: See Figure 1-2.

Temperature range: Operating 0°C to 70°C

Storage -40°C to 70°C

Clock rate: The TM 990/201 memory expansion board is compatible with the
TM 990/100M CPU at 3 MHz and can be operated at 4 MHz.
Devices utilized: TM 4045-45 static RAM, 1K X 4
TM 2716 EPROM, 2K X 8, 450 nsec access time
Power: See Table 1-2.

1.4 APPLICABLE DOCUMENTS

® TM 990/100 Microcomputer User’s Guide

® TMS 9900 Microprocessor Data Manual

TABLE 1-2. TM 980/201 POWER CONSUMPTION VS. SIZES

+5V +12 V -12vV
MODEL MEMORY SIZE
MAX TYP MAX TYP MAX TYP
TM 990/201-41 2K RAM, 4K EPROM 2.5A 1.0 .18A 16 5A .05
TM 990/201-42 4K RAM, 8K EPROM 3.0A 1.4 .38A 225 .55A 125
T™ 990/201-43 8K RAM, 16K EPROM 5.5A 2.15 J75A 475 TA 225

NOTE: Voitage tolerance =5% for all supphes.




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/ 10X microcomputer.*

2.2 REQUIRED EQUIPMENT

® TM 990/510 OEM chassis

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

o Terminal
® TM 990/ 10X microcomputer.

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 occurred 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 10XM
microcomputer, a TM 990/510 chassis, and a suitable terminal. (See the TM 990/ 7100M Microcomputer
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 the TM 980/510 chassis is recommended because it offers protection from the abuse thata
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

® Proper selection of memory map

[ Proper hookup
If the TM 990/510 chassisis used, the hookup is simple. Place the microcomputer in siot 1 of the chassis
and place the memory board in any of theremaining slots. This positions the memory board between the
CPU and the termination resistors on the backplane.

CAUTION

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.

*TM 990/10X refers to the TM 990/100M, TM 990/101M, and other CPU boards in the TM 990/10X series.
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2.5

2.6

2.7

2.8

MEMORY MAPPING

Care in selection of the memory map is important before powerup. Refer to Section 3 for details in
memory placement and selection of address configuration using switch array S1.

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. The following table lists access time and J1/J2 settings.

Section 4.8.1 explains these timing constraints in detail.

J1 (RAM) AND J2 (EPROM)
AC“gEE“Sng$lY|V|E SETTING AT CLOCK RATE
3 MHz 4 MHz
450 ns SLOW SLOW
300 ns FAST SLOW
200 ns FAST FAST -
150 ns Ff‘?‘[_ﬁ - FAST
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 990/510 chassis is not
used, refer to Section 4.10 for interface information.

EXAMPLE

This example assumes the following configurations:

(1) TM 990/10X microcomputer

® 4K X 16 EPROM in memory address (M.A.) 00006 to 1FFF;s.

® 512 X 16 RAM in M.A. FCOO+g to FFFFe.

(2) TM 990/201 expansion board

® 4K X 16 EPROM

® 2K X 16 RAM

Figure 2-1 depicts the desired memory map. Note that expansion EPROM resides at address 200016 to
3FFF+6 while expansion RAM on the TM 990/201-41 is to reside in locations EQ0Q,s to EFFF4¢ of the

TM 990/ 10X address map.
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2.8.1

2.8.2

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 10X memory map using switch S1 and
memory placement on the board.

(2} Configure the expansion EPROM into the TM 990 10X 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.
CONFIGURE MEMORY MAP
Populate the EPROM and RAM as explained in paragraph 3 2.2 and Figure 3-4.

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 3-3 (switches 5 to 8).

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

SELECT WAIT STATE

The TM 990 10X operates at 3 MHz. The TM 990./201-41 is shipped with TMS 4045-45 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 i1s numbered and each switch position is designated as either "ON"" (a zero) or "OFF " (a one). The
FAST. SLOW jumper positions are also marked “"FAST" or “"SLOW"".

24



3.1

3.2

3.2.1

SECTION 3

MEMORY PLACEMENT AND SELECTION

GENERAL

This section describes the procedures used to map memory located on the TM 990,201 memory board
into the available address space. Switch S1 and address decode PROM’'s U42 and U44 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 inthe 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

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.

MEMORY PLACEMENT

Settings of the memory configuration switch array (S1, center of the board, see Figure 1-1)determine
the address configuration that will be decoded by the address decoding circuitry — two SN745287
PROM’s programmed at U42 for decode EPROM and U44 for decode RAM. Switch array S1 selects the
memory starting address and the quantity of memory starting at that address.

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 0" is encoded at that switch. if the switch
is set in an OFF position, abinary "'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 810 5), the switches form the binary code 015 to F1s as used at
the top of Figures 3-2 and 3-3 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 and 3-3, switch array S1
selects the starting address and the quantity of memory decoded. For example, if switches 1104 are set
to all ON’'s, the memory decoder will select all 16 EPROM sockets (16K words) using addresses
beginning at 0000+s (000016 to 7FFFy6). If switches 1 to 4 are set to OFF-ON-ON-ON respectively, the
memory decoder will decode all EPROM sockets populated using a starting address of 200016 (200046 to
9FFF46).
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WHEN IN THE DOWN POSITION, A ONE OR OFF DESIGNATED

WHEN IN THE UP POSITION, A ZERO OR ON DESIGNATED

ON \ ON
OFF r/ OFF

. J J
V v
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

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

Switch decoding for RAM selectionis shownin Figure 3-3. For example, if switches 5 to 8 are setto OFF-
OFF-OFF-ON, the memory decoder will select 6K of RAM using addresses 000046 to 2FFFqe.

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.

CAUTION

The user must exercise care in configuring the TM 990,201 memory into a
system. The memory map of the TM 930/201 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 3-3 contain blocks to show the memory configuration on the
microcomputer board. Consider this memory when selecting expansion
memory configurations.

Figures 3-2 and 3-3 show that setting switches 1to4 or 510 8 to all OFF (OFF-OFF-OFF-OFF) will disable
all EPROM or RAM.

3-2
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SWITCH _ SWITCH CODES*

NO. [ o 1 2 3 a4 5 6 7 8

9

HEX
AO-A3 | MEMORY
(HEX) | ApDRESS

MICROCOMPUTER
MEMORY MAP

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

/100

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

W N -

OFF
ON
ON
OFF

ON
OFF
ON

OFF

OFF
OFF

ON

OFF

ON
ON

OFF
OFF

OFF
ON

OFF
OFF

ON
OFF
OFF
OFF

OFF
OFF
OFF
OFF

0000-
OFFF

EPROM

1000-
1FFF

EPROM
(EXPAN.)

2000-
2FFF

[EBLK?

4K WORDS
(4 2716°s)

EBLK7

3000-
3FFF

EBLK6!

4000-
4FFF

8K WORDS (8 2716’s)

5000-
5FFF

16K WORDS (16 2716's)

EBLK4

6000-
6FFF

]

7000-
TFFF

8000-
8FFF

9000-
9FFF

EBLKO

EPROM DISABLED
|

A000-
AFFF

BOOO-
BFFF

€000-
CFFF

D00O-
DFFF

E000-
EFFF

MAPPED
1/0

F000-
FFFF

RAM

*OFF = binary “1"'
ON = binary 0"’

FIGURE 3-2. TM 990/201 EPROM MEMORY CONFIGURATIONS

HEX



vE

SWITCH SWITCH CODES*

NO. [ o 1 2 3 4 5 6 7 8 9

A

[

HEX
ACG-A3 | MEMORY
(HEX) | ApDRESS

MICROCOMPUTER
MEMORY MAP

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

/100

WO N O

ON ON ON ON ON ON ON ON OFF OFF

ON
OFF
ON
OFF

OFF
OFF
ON

OFF

ON
ON

OFF
OFF

OFF
ON

OFF
OFF

ON

OFF
OFF
OFF

OFF
OFF
OFF
OFF

0000-
OFFF

EPROM

RBLKO

1000-
1FFF

EPROM
(EXPAN.)

2000-
2FFF

RBLK2

3000-
3FFF

4000
4FFF

5000-
5FFF

6000-
6FFF

7000-
7FFF

]

8000-
8FFF

|

RAM DISABLED

9000-
9FFF

A000-
AFFF

6K WORDS
(24 4045°s)

RBLKO

RBLKO

BOOO-
BFFF

C000-
CFFF

RBLKO

DO00O-
DFFF

RBLK3 RBLK1

E000-
EFFF

MAPPED
1/0

8K WORDS (32 4045's)

4K WORDS
(16 4045's)

2K
RDS|

F000-
FFFF

RAM

*OFF=1,0N=0

FIGURE 3-3. TM 990/201 RAM MEMORY CONFIGURATIONS
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3.2.2 MEMORY PLACEMENT BY BLOCKS

EPROM is organized 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 3-4.

Encoded as the beginning of on-board memory is EPROM block EBLK7 and RAM block RBLKO. In 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

EBLKb5 RBLK2

EBLK4 RBLK3 (highest address)
EBLK3

EBLK2

EBLK1

EBLKO (highest address)
As shown in Figure 3-4, each block of RAM consists of two 4-chip rows of TMS 4045'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, indicating 8K words of
EPROM, the following will be mapped by the memory decode logic:

BLOCK MEMORY ADDRESS

EBLK? 1000+6 to 1FFFq6

EBLK6 200046 to 2FFF4e

EBLKS 3000+6 to 3FFF1s

EBLK4 400046 to 4FFF16
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 setto a code of OFF-OFF-ON-OFF, indicating 4K of
EPROM, the following will be mapped by the memory decode logic:

BLOCK MEMORY ADDRESS
EBLK7 800046 to 8FFF1s
EBLK®6 900016 to 9FFF16
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3.2.2.2 RAM Examples

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

BLOCK MEMORY ADDRESS
RBLKO 000016 to OFFF16
RBLK1 10006 to 1FFF4g
RBLK2 200016 to 2FFF15
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4.1

4.2

SECTION 4

THEORY OF OPERATION

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.

STATIC RAM SECTION

The static RAM section of the TM 990/201 expansion memory board utilizes TMS 4045, 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 onthe
T™M 990/201.

16K X 16 8K X 16

EPROM - S RAM
MEMORY MEMORY

ADDRESS
DECODE & TIMING
LOGIC

i
[ TTL BUFFER‘S ]

y
[ TM990 BUS CONNECTOR ]

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

4.4

4.5

EPROM SECTION

The EPROM section of the TM 990/201 memory board utilize 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 EBLK7.

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.

ADDRESS MAP OPTIONS

The TM 990/201 can be configured in a variety of ways into the address map of a TM 990/100 series
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 and 3-3. 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 soon. Block Ois the last block mapped. This is true of all EPROM mapping options. For code 5,
EBLK7 is mapped into 1000,6—1FFF1¢; EBLK6 into 2000,6—2FFF46; EBLK5 into 300016—3FFF46 and
EBLK4 into 4000,6—4FFF,6. 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 O (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.

EPROM DECODE LOGIC

Figure 4-3 depicts the EPROM decode logic. Switch positions 1 through 4 selecta 16-""nibble’* block of
memory in the 74S287. Each block corresponds to 1 of 16 possible EPROM address maps. Each nibble in
the block determines:

(1) If ablock of EPROM is to be seiected during the current memory cycle given the current state
of address bits AO-A3.

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

The three least significant data bits from the 745287 PROM (D0O1-D03) select the block of EPROM. A
state of O corresponds to EPROM block O while a state of 7 corresponds to EPROM block 7. The most
significant bit (D04) enables the 1-of-8 selector along with the memory enable signal (MEMEN.M) from
the microcomputer. The 1-of-8 selector (74LS138) develops the EPROM select signals.

*Nibble — refers to 4 bits (half a byte).
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4.6

4.7

4.8

4.8.1

RAM DECODE LOGIC

Figure 4-4 is the logic diagram of the RAM decode logic. S1 switch positions 5 through 8 selecta 16 by 4
block of memory in the 745287 PROM. Each of the 16 blocks in the PROM corresponds to one of the 16
RAM address maps. Each nibble in the block determines:

(1) If ablock of RAM is to be selected during the current memory cycle given the state of address
lines AD-A3.

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

The two least significant bits of the nibble (D01 and D02) coupled with address bit 4 (EA4) from the
microcomputer drive the 1-of-8 decoder in selecting one of the eight 1K X 16-bitbanks 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 tothe RAM banks.

The G2B input to the 74LS5138 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 NORing the write strobe
(WE.M) and data bus in (DBIN) from the microcomputer (detail is shown in Figure 4-8).

ADDRESSING SUMMARY

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

® 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.

MEMORY SPEED AND TIMING

This section describes memory speed and outlines timing for the TM 990201 memory board.

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, itindicates to the microprocessor that memaory 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 EPROMs that have an access time of 450 ns and
TMS 4045 static RAMs that have an access time in accordance with Table 1-1. At 3 MHz, the EPROMs
and RAMs 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. 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.
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4.8.2

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

ACCESS CPU OPERATION
TIME 3 MHz 4 MHz
450 ns SLOW SLOW
300 ns FAST SLOW
200 ns FAST FAST
150 ns FAST © FAST

Figures 1-1 and 4-5 shows the jumper positions onthe board for RAM (J1) and EPROM (J2). The jumpers
are in the SLOW position; this is how the board is shipped.

The speed setting for RAM and EPROM are for a/f RAM or a/l 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. Referto Table 4-1 for the proper settings. If
the RAM supplied with the board operatesin the ""fast” mode andthe jumperisinthe "SLOW" position,
system performance will be less than optimal.

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 TMS 4045 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

NOTE: Only RAM jumper J1 provided on the TM 990/206 board.

FIGURE 4-5. SLOW/FAST MEMORY JUMPER PLACEMENT
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4.8.3

4.9

4.10

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 1/0 pins are used.

READY LOGIC

Figure 4-7 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 ¢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.

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 utilize the data bus.

INTERFACE DESCRIPTION

Ali 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 990/510 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 A5.B
2 GND 63 A6.B
3 +5 64 A7B
4 +5 65 A8B
21 GND 66 A9B
22 $1.8B 67 A10.B
23 GND 68 A11.B
25 GND 69 A12.B
27 GND 70 A13.B
31 GND 71 A14.B
33 DO.B 73 -12v
34 D1.B 74 -12v
35 D28 75 +12v
36 D3.B 76 +12v
37 D4.8 77 GND
38 D5.B 78 WEB
39 D6.B 79 GND
40 D7.8 80 MEMEN.B
41 D8.B 81 GND
42 D9.B 82 DBIN.B
43 D10.8 83 GND
44 D11.B 85 GND
45 D128 89 GND
46 D13B 90 READY.B
47 D14.B 91 GND
48 D158 97 +5
57 A0.B 98 +5
58 A1B 99 GND
59 A2.B 100 GND
60 A3B
61 A4.B

4-12




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 990/10X M microcomputer. Its features include:

[ Up to 8K words of TMS 4045 static RAM (1024 X 4 bits each)
® TTL compatible interface

® 4 MHz operating capability

® Single power supply (+5 V)

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

® The TM 990/206 has no EPROM memory

® The memory (RAM) configurations differ (the program in the RAM address decode PROM,
U44, 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
MODEL SOCKETS PROVIDED SOCKETS POPULATED ACCESS
TIME
8K X 16 X
T™M 990,206-41 K x16 450 ns
(RBLKO-RBLK3) (RBLKO-RBLK1)
8K X 16
TM 990/206-42 8K X 16 450 ns
(RBLKO-RBLK3) (RBLKO-RBLK3)

NOTE: Biock nomenclature is shown in Figure 3-4

5.2 SPECIFICATIONS
Board dimensions: See Figure 1-2.

Temperature range: Operating: 0°C to 70°C
Storage: —40°C to 70°C
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5.3

5.4

5.5

Clock rate: The TM 990,206 memory expansion board is compatible
: with the TM 990/ 10XM CPU at 3 MHz and can be operated

at 4 MHz.
Devices utilized: TM 4045-45 static RAM, 1K X 4
Power: See Table 5-2.

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

EL MEMORY SIZE T8V (=5%)
MoD MAX TYP
TM 990/206-41 4K X 16 RAM 2.5A 13A
TM 990, 206-42 8K X 16 RAM 5.5A 2.15A

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 paragraph 2.8. An example using the TM 990/206 memory and memory mapping is
provided in paragraph 5.6.

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 isessentially the same as described in paragraph 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 paragraph 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 paragraph 2.6.

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 990/510 chassis is not
used, refer to Section 4.10 for interface information.
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SWITCH SWITCH CODES*
NO. | o 1 2 3 4 5 ) 7 8 9 A B c D E F
AGA3 HEX MICROCOMPUTER ON OFF ON OFF ON OFF ON OFF ON OFF ON OFF ON OFF ON OFF
(HéX) MEMORY MEMORY MAP ON ON OFF OFF ON ON OFF OFF ON ON OFF OFF ON ON OFF OFF
ADDRESS ON ON ON ON OFF OFF OFF OFF ON ON ON ON OFF OFF OFF OFF
/100 ON ON ON ON ON ON ON ON OFF OFF OFF OFF OFF OFF OFF OFF
0000-
(] OFFE EPROM
. 1000- EPROM
1FFF {EXPAN.)
) 2000-
2FFF
3 3000-
3FFF
“ 4000-
 4FFF
5 5000-
5FFF
6 6000-
8FFE
; 7000-
7FFF
8 8000-
8FFF
0 9000-
9FFF
A000-
A AFFF
B B00O-
BFFF
C000-
¢ CFFF
D000-
o DFFF
£ E000- MAPPED
EFFF 1/0
F F000-
FFFF RAM

*OFF = LOGIC “1”
ON = LOGIC “0"

HEX

S133HS WVHOOHd WOHd

J XIAN3ddv
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SWITCH SWITCH CODES*
NO. 0 1 2 3 a 5 6 7 8 9 A ) C D E F
HEX MICROCOMPUTER ON OFF ON OFF ON OFF ON OFF ON OFF ON OFF ON OFF ON OFF
AO0-A3 | MEMORY MEMORY MAP ON ON OFF OFF ON ON OFF OFF ON ON OFF OFF ON ON OFF OFF
(HEX) | ADDRESS ON ON ON ON OFF OFF OFF OFF ON ON ON ON OFF OFF OFF OFF
/100 ON ON ON ON ON ON ON ON OFF OFF OFF OFF OFF OFF OFF OFF
‘ 0000-
0 OFFE EPROM
] 1000- EPROM
1FFE | (EXPAN.) ‘
R 2000
2FFF
s 3000
3FFF
. 4000-
4FFF
. 5000-
5FFF
6 6000.
6FFF
, 7000
7FFF
8 8000
8FFF
o 9000-
9FFF
A000-
A AFFF
B00O-
B BFFF
C000-
c CFFF
DOCO-
° DFFF
e E000- | MAPPED
EFFF 1/0
F00O-
F FFFF RAM

*OFF = LOGIC “1”
ON = LOGIC “0”

HEX



SWITCH SWITCH CODES*®
NO. | o 1 2 3 4 6 7 8 9 A B cC D E F
HEX MICROCOMPUTER ON OFF ON OFF ON ON OFF ON OFF ON OFF ON OFF ON OFF
AO0-A3 | MEMORY MEMORY MAP ON ON OFF OFF ON OFF OFF ON ON OFF OFF ON ON OFF OFF
(HEX) | ADDRESS ON ON ON ON OFF OFF OFF ON ON ON ON OFF OFF OFF OFF
/100 ON ON ON ON ON ON ON OFF OFF OFF OFF OFF OFF OFF OFF
‘ 0000-
0 OFFE EPROM |
; 1000- EPROM
1FFF | (EXPAN.)
S 1 N
R 2000-
2FFF
R 3000- | .
3FFF
. 4000-
4FFF
. 5000-
5FFF
. 6000
6FFF
; 7000.
TEFF
R 8000-
8FFF
. 9000-
9FFF
A000-
A AFFF
5 B800O-
BFFF
C000-
¢ CFFF
D000
0 DFFF
e E000- | MAPPED
EFFF 1/0
. F000-
FFFF RAM

*OFF = LOGIC "1
ON = LOGIC “0”

HEX
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SWITCH SWITCH CODES*
NO. [ o 1 2 3 4 5 6 7 8 9 A B cC D E F
AGA3 HEX MICROCOMPUTER ON OFF ON OFF ON OFF ON OFF ON OFF ON OFF ON OFF ON OFF
(Héx) MEMORY MEMORY MAP ON ON OFF OFF ON ON OFF OFF ON ON OFF OFF ON ON OFF OFF
ADDRESS ON ON ON ON OFF OFF OFF OFF ON ON ON ON OFF OFF OFF OFF
/100 ON ON ON ON ON ON ON ON OFF OFF OFF OFF OFF OFF OFF OFF
0000-
0 OFFE EPROM
1 1000- EPROM
1FFF (EXPAN.)
. 2000-
2FFF
3 3000-
3FFF
‘ 4000-
AFFF
. 5000-
SFFF
6 6000
6FFE
. 7000-
7FFF
8 8000-
8FFF
0 9000-
9FFF
A000-
A AFFF
B00O-
8 BFFF
€000-
¢ CFFF
DO0O-
o DFFF
£ E000- MAPPED
EFFF /0
¢ F000-
FFFF RAM

*OFF = LOGIC “1”
ON = LOGIC “0”

HEX
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D.2

D.2.1

APPENDIX D

TM 990/422 DEMONSTRATION SOFTWARE

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 onthe TM 990/10X M 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 onthatboard. 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 FF9046 to FFFF4s will be protected from data written to
these addresses. This is to ensure protection of the monitor and demonstration
software workspaces.

INSTALLATION

The EPROM’s can be installed on either the TM 990/10X M microcomputer board or onthe TM 990,201
memory board.

INSTALLATION ON MICROCOMPUTER BOARD
a. Turn off power to the system. Remove TM 990/10X'M board.

b. Remove any EPROM’s installed in sockets U43 or U45. Leave the TIBUG EPROM’s installed in
sockets U42 and U44.

c. Set jumper J2 to 2716.

d. Setjumper J4 to 16 (indicating 2716). Jumper J3 should remain set at 08 (setting for TIBUG
EPROM’s).

e. Install the EPROM marked U43 in socket U43. Install the EPROM marked U45 in socket U45.
f. Install the board into the system. Reapply power.

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

h. Using the R command, set the Program Counter {(P=) to 1000 (hexadecimal).
i. Using the E command, execute the software demonstration program:

TR
W=FFC&

FP=20a00  toon
FE

D-1



D.2.2 INSTALLATION ON TM 990/201 MEMORY BOARD

D.3

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 U45-marked chip inU64).

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

d. Set switches 1 to 4 at S1 to a configuration corresponding to placement of the chips in the
memory map. For example, if sockets U56 and U64 are used (this is EBLK7), then any one of
the settings can be used as shown in Figure 3-2 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 4 set to OFF-
ON-ON-ON, EBLK?7 starts at address 2000+6. This being the case, the demonstration software
can be executed with the following interaction with TIBUG:

TR

W=FFLC&
P=01R4 Z044a0
TE

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 eutput asking for one
of the six commands explained in the following paragraphs.

The opening message is shown below:

TE
TH320-201—--205 DEMO =0FTWRRE REV.A B/02/78

IMFUT HEX ZTRET RADDREZZs DEFAULT = z000=>
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 20006 is

desired, enter only a carriage return. Next a prompt will ask for the address at which demonstration
software will end its check routine:

IMPUT HEX END ADDRE=Zs DEFAULT = FOO0=>

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

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

soERROR e
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D.3.1

3% H
CarMmM

D.3.2

D.3.3

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., FEO14¢ will be interpreted as FEQOye).

HELP COMMAND (H)

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

HMIE:

HELFs FRIMTZ THIZ HELP LIZT

BUITs BACE TO TIEUG

ZERKCH FORE EAM EOUMDE

TEARCHE: FOR THE FIEEST COMTIGUOUE BLOCK OF RAM

IMITIALIZE MEMORY EBOUMDE

FARATTEREM MEMORY

WEITE FATTERM TO ALL LOCHTION: UMDER TEET

VERIFY EARM OFERATION '

ALDDREZZIMG AMD DATH TE=TS THE DATH TEZT CHECK:E EVERY EIT.

THE HADDREZZ TEET CHECKEE TO ZEE THRT ALL THE ADDREZZEZ ARE UMHIGUE

INITIALIZE MEMORY BOUNDS COMMAND (i)

This command sets the memory address bounds. The demonstration software will check memory as
defined by start and end memory address bounds. These addresses are first defined in the opening
message (paragraph D.3); the | 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 (200046 start address and FOOO,s 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 agdresses to B800:s and CO004¢ respectively.

77 1
IMFUT HEX ZTRRT ADDREZE, DEFAULT = ood=: E300

IMFUT HEX EMD ADDREZZs DEFALLT = FOOO=:> 000

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 | command. Even though
several different RAM blocks may be present in the search area, only the first block (lowest address) will
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D.3.4

be located by this command. After one RAM block is found and a message output, control reverts back to
the demonstration software command scanner and the double question mark is printed. If a RAM area is
not found, the message:

MO MEMORY FOUMD
will be printed out. If the RAM area exceeds the bounds of memory to be searched, the search will stop at
the search-end location and a message will write out the beginning RAM address and the end address of

the search as weil as a ****TEST COMPLETE**** message. In the following example, a RAM block was
found from addresses B8001s to COOOs.

MEMORY UMDER TEST =:
++59TELT

E=00
COMFLETE#»++

Ta

Note that the search routine is also part of the verify command (paragraph D.3.5).
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 | command (paragraphs D.3 and D.3.2) or RAM address area found during the search
routine (paragraphs 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 focations will remain changed to the
pattern written.

Following an opening message, the user can choose to use the default pattern value of 000046 by
entering a carriage return or can designate a four-digit hexadecimal pattern to be used followed by a
carriage return. A non-hexadecimal 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:

soERFEOReLOCATION 2000 ,

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

FAC =

IHFUT HEX FPARATTERHM, DEFRULT = 0o0f=: AAAA
++o+TEET COMFLETE#®+++

3 o

M EZSa0

E2O0=AAAA

ES02=AAAA.

ES04=RARRR

EBSOe=HARAR
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D.3.5 VERIFY MEMORY COMMAND (V)
There are three parts to the verify subroutine:

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

b. 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 02EQ+¢ was read back
from location 200046 when the value read was expected to be 7FFF;s.

ODRTH EUZ IM ERRORs YFFF WAZ WRITTEM. EUT 0OZEQ WAT FERD ERCE
LOCATIOW 2000

c. 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 200846 was read back from memory location
200046 (200046 should have been read).

ADDRE=Z PROELEM FOUMD. LOCATION 2000 WAT IM ERFOF WITH ARDDRETT 2008

The verify command will conduct its initial RAM block search within the bounds set by the |
command or by initial demonstration software bounds prompts. The following example shows
that a RAM block was found from AOQO:¢ to CO0O+e, the entire memory under the bounds in
the | command. A second block was found at FCOO46 to FFOOQ,¢ after the bounds were reset to
conduct a search from DO0O+¢ to FFOO+6. Both tests were completed without finding errors.

w7 1 | -

INFUT HE: ZTART ADDRESZs DEFAULT = AOOD=> S000
IHFUT HEX EMD AODFESSs DEFAULT = COO0=: CO00
MEMORY UMIER TESZT =:A000 TO CO00

OHE MOMEMT FLERSE
*+o2¢TELT COMFLETE®»+e

71
INFUT HEX ZTART ADDREZE
IMFUT HEX EMD ARDDREZE.

« DEFRIILT = AO0QO=> DOO0
DEFRULT = Ccano=: FFOO

MEMORY UMDER TEZT =:FrCo0 TO FFOO
OHE MOMEMT FLERZE
+++4TEZT COMFLETE#e++

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 software follows.
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DEMO

201-206 DEMO

0002
Q003
0004
QO0%
OO0A
0007
0008
Q00
Q010
0011
0012
Q013
0014
Q015
Q016
0017
0012
Q017
Q020
00Z1
Q22
Q2%
0024
QOZ5
Q024
00z7
Q022
0029
0030
003231
OO
0033
0034
Q035
0036
0037
0032
QOZ%
Q040
0041
0042
0043
0044
0045
Q044
0047

0042

0049
Q050

QOo1
0052

Q000
Qoo02
Q004
Q006
Q002
000A
QO0C
QO0E

TXMIRA 9326227 #x PAGE 0001
P91737-9903-A

QOO0
0001
aleleded
0003
0004
0005
Q004
Q007
[alslal]
0009
Q0O0A
QOOO0R
DOOC
Q00N
QOOE
QOOF

QZEOQ
FF20
Q201
045EB
0621
022B
FFFé&
CZGE

IDT  “DEMO”

*

* TITLE: TM?90/201-/20& DEMC TEST SOFTWARE

3* NN

* DATE: . 11/16/77

+#*

#* FUNCTION: TO DEMONSTRATE/TEST RAM MEMORY ON THE
* TM220/201 AND TM?P20/2046 EXPANSION

* MEMORY BOARDS

*

* DEZCRIFPTION: THIZS PROGRAM FROMPTS THE USER FOR RAM
#* BOJNDS. THESE BOUNDS SET THE ADDRESS
#* LIMITS FOR TESTING.

3 .
# #uaanntandtTHIS FROGRAM IS RELOCATABLE #4834 % 3% 3% 3%
3*

#* THE WORKSPACE FOR THIS MODULE STARTS AT FF90

¥*

e T R R N S T R R N N I I RN T T R N S S IS T R A S R I T I S IR S IR ST SN SR IR TR LT
#mum=m==zREGISTER EQUATES====m==

RO Ec O

R1 Eci) 1

RZ2 gaiy 2

R3 gcil 3

R4 EQU 4

R= el S

Ré& Ecld &

R7 Eol ¥

3= EQll =

R% EQt @

R10O ECt 10

R11 Ecd 11

R1Z ECL 12

R13z Eiy 132

rR14 EQl 14

R1S EQll 15
R PRI FHH AR EREERRE
OXOP HEXI.®
DXOP HEXO, 10
DXOF READS 11
OXOP FRNT, 14
33 I 3 H 36 3 36 3 3 30 38 36 3 36 3 3 36 3R 3 3 3
#£XXXX THIS SECTION ALLOWS RELOCATION XXXX

START
LWFI >FF%®0 LOAD W.F.
LI R1.>045R R1 = RT INSTRUCTION
EL R1 LOAD R11 WITH ADD. 0OF NEXT
Al R11.,-10 ADJUST TO START ADD.
MOV R11,RI10 R10 = BASE ADDRESS

HXAAXAXXXXXAXAXAXXXXXEXXXXXXXXXXXXXXXXXAXXXK

D-7
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DEMG

201-2046 DEMD

0053

0054

0055

0058
Q0%
QO&0

00461
00462
Q0463

O0L4
Q0AS

QO&&
QO&7

Q0
00

w

o~ 0
4

Q070
0071

0072
00732

0074
Q075

QO7 &
0077

o7z
Q079
0080
001

00g2
0033
00s4
o085

00zé
0037
008

0029

0010
0012
Q014
Q016
001E
O01A

. 001

QO1E
Q0zZ0
Q0ZZ2

oo

<
[N
o~ b

Qozg
QOZA
QOzC
00ZE
QOZ0
QQz2
00z4
0036
oz
QOZA
QOQZC
Q0OZE
Q040
0042
0044
0044
0042
Q044
0040
004E
0050
Q052
Q054
0Q56

Q0%
00%A
QOSC

005E
Q060

Q062
0064
QO&&

TXMIRA 232

0z0a
2000
0209
FOOO

(12}

L2227 ## FAGE 0002
DYLIT7ET7-920Z2-A

LI R, 22000 LOAD DEFALLT START ADD.

LI R% . ZFOQO0 LOAD DEFALLT END ADRD.

LI R7 > 0000 LOAD DEFAULT FPATTERN

0207
QOO0
ZFAA
O1F3~
2FAA
OzZA4”

O&AA
0497~

2FAA
Qzne-
2ECS
0235
SE00
1317
0225
4300
12FS
0235
100
130F
Q225
4200
1309
Q25
F000
1=1R
Q285
53200
1211
2FAA
(WIT. A o
10ES

“

ZFAA
OZFE~
10ES

Q44L0
0030

2FAA
01F3~
0&AA

FPRNT @CRLF(10)
FRNT @BANNER(10Q) GUTFUT BANNER/DATE

R R D a2k BT S N S S S A T AT AT R S U GE B P M ST S S S VAR TPy
INIT

BL @ROUNINE(10) SET MEMORY BOLUNDS

D e D o e T i s S a ik S S T ST S A S o R SV S A S SR A G R S R SR IS
INSTR

PRNT @FROMPT(10) GUTPUT PROMFT

READ RS READ THE COMMAND CHARACTER
C1 RS, 25600 IF IT I3 A "V '=3VERIFY

JEQ VERIFY

C1 RS, 4900 IF IT IS5 A "17=FINITIALIZE
JEG INIT

Cl RS, >5100 IF IT IS A " =20UIT

JER QUIT

Cl RS, 4300 IF IT IS A "H '=xHELF

JER HELF

CI RS, 5000 : IF IT IS A “P'=xPATTERN
JER S FPAT

I RS, 5300 IF IT IS A "% =3SEARCH

JEG SEARCH

PRNT @INVIZMD(10) OTHERWISE PRINT ERROR
JMFINSTR GET NEW COMMANL

R D itk o Rt 2 20 s a0 & T S S S S AT S SV S R A SR S T S U W SR SR R AR RS
HELF
FRNT @HLIST(10) QUTFUT HELF LIST

JMP INSTR GET MNEW COMMANLD
a2t o L T S S o s 2 2 o ST 0 S S S A SOV S SV S S SF S PP A I WO S B UV I S
QUIT

E @>Q0=0 EXIT, TO TIBUG !

L S e b o o o T S o T S A O RS S S B SR S SR AT AT A TR D AP AP S S
VERIFY
PRNT @CZRLF{(10)

BL @SCAN(10) FIND THE RAM
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TXMIRA S
P17 E7-7I0Z-A

DEMO
201 -206 DEMO
QOLS OtlaC
DOY0 00&HA OLAA
OO&D OOFO-
0071 O0LE ZFAA
0070 QIFRBR-
0072 10DA
D093
Q074
0095 0074 ZFAA
QO74H OLFZS
QO2E OO732 OLAA
O070/ O13C7
OO27 0070 ZFAA
OQ7E OL1FR7
L OO0Z0 100z
0101 - ZFAA
O1Fs”
Q102 OAA0
0020

Q103

0104
010%
0106
0107

0103
0109

0110
0111

011z
011z
0114

0115
0116

0117
0113
01192
D120
o1z

012z

012z
0124
0125
01264
0127

o1es

OO7H
[RINXN
QOOYE
D0OAD

O0RZ
O0A4S
DOAL
DOAS
OOAN
OOAC
OOAE
QOROQ
QOB

Q0OR4
DOORA
QOHZ

OOBA
QOORC
OORE
QOCO

ZFAA

s O1FEBS

1000

OzZ00

* Q440

COZ0

. D70
= O0R4

A04A
0zZ0%
oone -
AOCA

ZFAA
OZEO-
ZEZ7
ZFAA
0504
ZEA4L
FFEZO
FF74
[ Fg

ZFAA

O1Fa~

CoE=

oe7
C11z
0547
c4s7

BL

FPRNT

M

GTEZT(1Q)

EMZGE(10)

INZTR

FAGE QOO03

RUN FUNCTIONAL TEST

FRINT TEST COMFLETE

GET NEXT INSTRUCTION

B e o b oL e e e a2 S o e e A A A T T s

SEARCH
FRNT

BL

FRNT

iy

CCRLF (1)

GECANCLO)

MG (10)

INETR

ENTER =ZEARCH
FRINT TEST COMFLETE

GET NEXT INSTRUCTION

a2 e B a1 o o o I ok o S S R S S A S

FAT
FRNT

BEL

FRNT

AME

@CRLF(10)

@FATERN(10)

EMIGTIO)

INETR

WRITE FATTERN T MEMORY

FRINT TEST COMPLETE

GET NEXT INSTRUCTICN

i 2 R e e o L a0 s b B e T S B S e s

FATERN
LI

Moy
LI

A
LI

A
]
FRNT

HEXO
FRNT

HEXI

ODATA

DATA

MoV
ZIF

FRNT

MY
FATZ

MY

MY

INY

MY

RO, 20440

RO, RZ
R1.ZIF

R10,R1
K2, ERRORZ

R1O,R=

GFROMT (10)

r7
@TICC(10)

R4

SFFP0
FF94
R4,R7

@IRLF(10)
R, R2

R7, #RZ+
#R2, R4

R7
R7 ., #RZ

D9

RO = BRANCH

RZ = BRANCH
SCCRDSFPACEDRC- GO T ZIF
ADD BASE ADDRESS

IF ERR BRAMCH T ERRORZ

ADD BASE ADDRESS

ASE FOR PATTERN

CUITPUT DEFAULT

FICE UF FATTERN

FOINTS TO RO

NON-NUMERIC R OINVALID CHAR
R7 = FPATTERN

Rz = START ADDREZS

MOV FATTERN TO LOCATION
ZAVE NEXT LIOICATION
INVERT DATA

DIZTURE DATA LINES



TEMO

201-20A

O1a%
01320
01321
0132
0133
0124
0135
0134
01327
0135
0129
0140
0141

0142
0143
0144

0145

O144
0147

0142
014%
0150
0151
0152
0152
0154
0155
0154
0157
ol15E
0159

0140

O1é1
0162

o147
0144
Q1465
01&k

0147
0148
Ol&w
0170
0171
0172
017z
0174
01735

OEMO

[wln]mgrd
Qo4
QOCEA
QOC3
O0OCA
QO
OOLE
[alalals]
oonz
Oong
QOLIEA

QOODE
QOODA
OOnC

QOOLE
QOEO
QOEZ
O0OE4
OO0E4
O0DER
OOEA

QOEC
OOEE

QOFO
QOFZ
QOF 4
QOF 4
QOF3R

QOF A

OOFC
GOFE

0100
0102
Q104
O10&
0102
DI0OA
Q10C
0O10E

TXMIRA

TILTET #A

PRYTET-IR03-0

0647
173
C484
0547
0647
(SR )
1607
QS
Sz4z
1AFZ
100A

ZFAA

OSES

O45R

ZFAA

0SS5

ZFAA

05747

ZEEZ

ZFAA

O1FE-

O45ER
1000

ZFAA

O14E~

O41 4

OZO=
FFFE
Coss
O204
Q010

OLO4
=104
1401
101%

0m4z
COlz

DECT
MoV
MOV
INV
DECT
[
ANE
INCT
o

L
MF

ERRORZ

FRNT

RT

ERR

PRNT

FRNT

HE X
PRNT

RET

3*
+*
#*
¥*

#
+*

Sz

RT
NIIF

CHECES

THIS

RLI=

TEST

FRENT

CLR
LI

TEST WRITEZ
MEMORY LNDER TEST
- FLUNCTIONMAL.

b I A ST Il TR LTl

11:24: 44

Rz
#RZ+, RS
R4, #RZ
R7

Rz
RZ.R7
ERR

Rz

Rz, R%
FATZ
RET

CERRMSG(10)

CERRMSG(1O)

LIz (10)

Rz
@CRLF (10)

DATA BIT FAILURES

TWICE,

EWATIT(10)

Ré
R, *FFFE

TR/ T FAGE 0004

FOINT TO FREWV.
SAVE DATA
RESTORE LOCATION

RESTORE FATTERN

RESTORE FUOINTER

COMPARE DATA

IF NOT INDICATE
INCREMENT ADDRE=SS
DONE?~-R¥ = END ALDR.

IF NOT CONTINUE
OTHERWISE GET NEXT INSTR.

LICATION

FRINT ERROR MZG.

FRINT ERROR

FRINT ALODRESE
CLEAR LINE

i
i

TOBEVERY INDIVIDUGAL BIT IN THE
T VERIFY THAYT THE DATA

GUTRUT WAIT MESTZAGE

CLROLOOF FLAG
LOAD DATA MASE

TOF

MOV RE.RZ Loall ZTART ADDREZE

TR
LI R4, =10 SET COUNT TO

14

LOoF1

CONT

DEC
MY
ANE
JME
SRC
MoV
INV
MY

R4
R4,R4
CIONT
EOTCE
RZ.R1
RZ, #R2+
RZ

#RZ, RO

D-10

DECREMENT COUNT

CHECE FOR END OF LOOF
IF NOT [NME CONTINUE !
###CHECKE T3 SEE [F DOME
SHIFT Mask To NEXT BIT
WRITE MASE TO MEMOIRY
INVERT LDATAH

SAVE FOR RESTORE



LDEMO TXMIRA V3227 #% PAGE 000%
201-206 DEMO PP1737-703-A
0176 0110 C423 MOV  R3,#RZ2 WRITE DISTURE DATA
0177 0112 0343 INV R3Z RESET DATA
Q172 0114 C480 MOV RO, #*RZ RESTORE DATA
0177 0114 0642 DECT R2 RESET ADDRESS
0180 0118 C1952 MOV #RZ,RS READ IT BACK
0121 0114 20CS [ RZ,R3 COMPARE
0122 011C 132F1 JEG LoorPl IF CORRECT Div NEXT BIT
0132 0O11E ZFAA FRNT @M3G4(10) IF NOT, OUTPUT FAIL M35,
0120 02147
0124 0122 ZE=Z HEXO RZ *
0185 0124 ZFAA FRNT eM3G7(10) 3*
Q1246 02287
0136 0128 ZEES HEXO RS *
0187 0124 2FAA PRNT @MI5GZ2(10) #*
012C O1EA”
0122 01ZE ZFAA FRNT @LOC(10) *
0130 05747
0189 0122 2E&R7 HEXO RZ *
0170 0134 ZFAA FRNT @CRLF(10) *
0136 OIF&-
0191 01=2 10zs AMPEOT AND EXIT TEST
0132 EQTCK
0192 0124 0SCZ INCT R2 INCREMENT ADDRESS
0124 013C =247 = RZ,R? IF IT I3 LESS THAN END ALDD.
0195 QO12E 1ADE N TOFZ JUMP BACK AND FINIZH
0194 0140 21356 MOV R&R& GOOON 7
0197 0142 1301 JEG BYPAS4 YES IF NO FAIL CQOCCURRED
0173 0144 100E JMP TESTZ OTHERWISE GO To TEST =
0199 BYFAZ4
Q200 0144 Q20%= LI RZ, 0001 LOAD NEW MASE
0143 0001
0201 014A 07064 SETD Ré& SET FLAG WHEN 15T FAT DONE
0202 014C 1004 JMP TOP
0z02 014E 4F WAILIT TEXT “"ONE MOMENT FLEAZES
Q204 015F on BYTE >0 A, 0
01460 0OA
0141 00
QZ05 EVEN
Q206 R e e e e e e e e e e e e e e e e e e e
0zZ07 ¥*
Qz0g # CHECKES ADDRESSING FAILURES
QzZ0Ow 3+
OZ10 # THIS TEST WRITEZ THE ADDREZ OF THE LOCATION
0211 # T THE LOCATION TO VERIFY THAT EACH ADDRESS
OzZ1z # IN THE AREA UNDER TEST I3 UNIGUE.
02132 e e e e e e e e e e e e e e
0zZ14 ) TESTZ
0215 0162 CO28 MOV RS,RZ LOAD STARTING ADDRE=SS
0214 WRITE
0217 O1&4 CCa2 MOV R2Z., #R2+ WRITE TO LOCATION
01646 23242 [ RZ:R% [NINE 7+
01432 1AFD N WRITE IF NOT JUMF BACH
016/ CO32 MOV RS, R2 OTHERWISE READ IT RACK

0721 READA
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DEMO

201-206 DEMOD

Q222
Q223
0224
0225
OZ24
Q227
QozzE
02279
Q230

Felele
RFI R R
ARNEARN

-

13

]
RAROIRNE R

0240
0241
0z4z
0243
0244
0245
Q244
0247
0245
0249
Q250
0251
Q22
0Zo3
QZ54
Q255
02356
027
0253
Q209
0260
0261
0262
0243
0264
Q2465
02646
Q267
Q268
0269
Q270
0271

Q014C
016E
0170
o172
0174
0174

0173
O174A
017¢C
C17E

2 0180

0132

L 0124

01846
0188

018A

o1zc
012E
0170
0192
0194

Q194
0193
0174
019C
017E
O1A0
O1AZ
01A4
01A&L
01A%
Q1AA

Q1AC
0O1AE

01BO
01B2
0O1R4
01B6
O1B=2

TXMIRA 9324227
IV1727-9203-A

C1s2
8C32
1403
8242
1AFE
1009

0642z
Z2FAA
apric)- 0
ZESZ
ZFAA
OZaC”
Z2EaS
Z2F AR
O1Fg~

045SER

0704
Q4=
Cose
064%
04CE

[ Iw B N R 1

H O OO N
WA D= RD

b RO RRY WM

<
o
+

C1s2
21432
1314

1846
1310

Cz42
Cos0
4381
2FAA
QzZzR-

MOV
[

ERRZ

HEXD
PRNT

EOT
RT

3

#RZ, RS
R2, #RZ2+
ERRZ
RZ.RY
REALA
EQT

Rz

@MSGY(10)

RZ

EMEG10(10)

R

@CRLF(10)

FAGE 000A

STORE

AND COMFARE

IF NOT =, INDICATE ERROR
DONE 7

IF NOT CONTINUE
OTHERWIZE END THE TEST

ERROR MESSAGE

*
#*

#*
¥*

GET NEXT COMMAND

HHERHHE RS R RSB REHRER SRS R R R R R R R RS RS RN B

DEFINES

THIS ROU

# % %k ok %k ok ok

START AND

STOF ADDRESSES

TINE SEARCHES BETWEEN START AND END

FOR THE FIRST CONTIGUOUS

BLOCK OF RAM MEMORY.

THIZ ROUTINE DOES A NON-DESTRUCTIVE SEARCH

HHEHEHE R SRR R R R R R R R R RS R R H

SCAN
SETO
CLR
MOV
DECT
CLR
FIND
C
JER
INCT
MOy
MOV
MOy
mMay
DECT
MOV
c
JEG
FIND2
MOV
JER
SUPER
MOV
MOV
MOy

R4
R3
RZ,RZ
Rz
Ré&

RzZ,R%
TOOFAR
Rz
#RZ, RO
K2, #R2+
#R2,R1
R4, #R2
R2
#R2, RS
2, RS
MOVE

R&S RE
GO

Rz.R%
RO, #R2+
R1,#RZ

PRNT @MBOUND(1Q)

D-12

OISTURE DATA = >FFFF
DATA = O

GET START ADDRESS
ADMNIST FOR TEST

CLR FIRST FLAG

LAST ADDL. 7
IF 50 G0 TO ERR. ROUTINE

SAVE FOR RESTORE

WRITE TC MEMORY

SAVE FOR RESTORE

WRITE DISTURE DATA

MOV FPOINTER BACK

STORE WRITTEN DATA

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

IF FLAG = O,STRT ADD NOT FOUND
S0 TRY To FIND IT

OTHERWISE THIS IS THE ENDALD
RESTORE DATA
RESTORE DATA



DEMO

201-2046 DEMO

0272
0273

0z74
0275

0274
0277
o278
Q279
0z20
0281
Qza2
QzZa3
0zR4

0285

Q293
0294

Q295

Q294
Q297
0ZP3E
Q29
Q200
0301

Q302 o

Q0D

Q3204
030%

O304
032307
Q20
Q302
0310
0211
0212
021z
0z14
Q213

QO1BA
01BC
O1BE
O1C0
o102
01c4
01C6

01C8
O1CA
o1ce
O1CE

Q100
ol1nz
0104
0104

o1nz
O10A
Q10c
O1DE

O1EO
O1E2
01E4
OlEA&

QO1ES

OZ2A

TXMIRA 934227 ##

FAGE 0007

91737-?903-A
ZEZ8% HEX( R& QUTPUT MEMORY BOUNDS
2FAA PRNT @Tio(10)
Q29F 7
2E3? HEXO R?
2FAA PRNT @CRLF(10)
O1F3-
1010 JMF ECSRCH AND JUMP TO END OF TEST
STRTAD
s1g246 MOV R&:Ré& CHECEKE FIRST FLAG
1402 JME GO IF R4 IS SET START ALREADY FO
C202 MOV RZ,R& OTHERWISE -THIS IS START ALD.
Q70646 SETO Ré& SET FLAG
(xu]
CCeo MOV RO, #RZ+ REZTORE DATA
421 MOV R1,#RZ RESTORE DATA
Q&L42 DECT R2 RESET FOR LOOF
10O0F JME FIND CONTINUE
MOVE
424 MOV R4, %*R2 CHECK TO SEE IF ITS EFROM
2112 L #RZ. R4
12FS JEG STRTALD IF Ef, CHECE FOR ZTART ALDLD.
10EA JMP FINDZ NOW TO FIND END ADD,
TOOFAR
Cisés MOV R&.RA IF ZET >FO0O0O MAY BE THE ENDO AD
14E4 JANE SUPER IF S0, THAT 'S SUPER
ZFAA FRNT eMSG1&a(10) QUTPUT “NQ RAM MEMORY FOUNDS
Q2737
EQSRCH :
045R RT RETLIRN
3#*
FHREEHBFHERFE R RSB EF R IR A B R SRR R R R B R R A IR H R R R SR B EEHS
#SAGES  ##3# MESTAGES  #x# MESSAGES  ### MESSAGES ##x ME
AR E R R F R H U R R R SR E R R LB SRR FH RS HF SRS R ST RS
20 M3GZ TEXT WAS REALD BAICE-
o0 CRLF BYTE =D, A, =0
(8741
00
20 MEGS TEXT #¥##TEST COMPLETE##%#3% "
on BYTE >0, =A,=0
0O/
(31]
44 MEGA TEXT “DATA BUS IN ERROK,
Q0 BYTE >0
20 MIZG7 TEXT © WATS WRITTEN. ERUT
Q0 BYTE >0
41 MEGY TEXT “ADIDRE=Z FROBLEM FOUND. LOCATION
Qo BYTE >0
20 MZG10 TEXT “ WAS IN ERRCOR WITH ADDRESS
00 BYTE >0
4E MsGLa TEXT “NO MEMORY FOUINDC
on BYTE =D, A, =0
OA
00
AD MBOUND TEXT “MEMORY UNOER TEST =3~
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DEMO

201-2064 DEMO

0317
0ziz
0319
Q220
0321
Q22

0326
0327

0Oz28
0329
0330

03321
0332

o
W W
W oW

<
E R

g

oo
YR
o~ on

e RoRe)
XYY

0 OJ W

Q00 N

0342
03432

0344
0345

Q3464
0347

03248
0349
02350

0351
0352
0353

Q29E
QZ29F
0ZA3
QZA4
Q225
QzZDA
Q207
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FINTBT7-705-A
(s1y] BYTE
20 TO TEXT
00 BYTE
54 BANNER TEXT
52 TEXT
on BYTE

0A
00
OO PROMFT BYTE
(874}
2F TEXT
07 BYTE
Q0
49 PROMT TEXT
00 EBYTE
oo HLIST EBYTE
(874]
47z TEXT
oD BYTE
OA
0A
4z TEXT
(a}1] BYTE
OA
o1 TEXT
on BYTE
(874
] TEXT
oD BYTE
874}
20 TEXT
20 TEXT
on BYTE
O/
4% TEXT
on BYTE
OA
=0 TEXT
on BYTE
(0741
20 TEXT
0D BYTE
OA
T4 TEXT
oD BYTE
0oA
20 TEXT
20 TEXT
on BYTE
0OA
20 TEXT
20 TEXT
on BYTE
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0L A
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=7, 30

“INPUT HEX FPATTERN. DEFALLT =

=0

8 )

“COMMANDEZ: 7
:}D ? :\A 3 :"A

“H - HELF. FPRINTS THIS HELF LISTY
=0, A

L - QUIT. BACK TO TIBUGK
>0, A

"5 - SEARCH FOR RAM BOUNDSS
>0 A

SEARCHES FOR THE FIRST CONTIGUOUS BLOCK”
© OF RAM
8 U

“I - INITIALIZE MEMORY ROUNDES
>0, A

‘P — FATTERN MEMORY
=0y A

7 WRITE FATTERN TG ALL LOGCATIONS UNDER TEST
>0, >A

‘¥ - VERIFY RAM OPERATIONS

ADDRESSING AND DATA TESTS
THE DATA TEST CHECKS EVERY BIT.”
=0, A

THE ADDRESZ TEST CHECKS TO SEE THAT ALLS
THE ADDRESSES ARE UNIQUES
> A, 0 -
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201-206 DEMO 991737-9903~A

0496 QO
0354 ¥EozsrrIEIIIIIEEIEIIRIOIIIIOIOIRSIISIISIERSRLIEOSIOISSILELISSIGIaLn:
0355 # THIS SUBROUTINE ACCEPTS HEX CHARACTERS FROM THE
03546 # TERMINAL. R8 IS USED FOR THE BEGINNING ADDRESS AND
0357 # R% IS USED FOR THE END ADDRESS
03583 * o
0359 * XOP HEXI REGUIRES TWO ARGUEMENTS (ADDRESSES) TO
0360 #* FOLLOW IT. THE FIRST IS THE ADDRESS IT WILL
0361 # BRANCH TO IF A CARRIAGE RETURN. A SPACE BAR.OR
0362 * A MINUS SIGN IS ENTERED.
0363 * THE SECOND IS THE ADDRESS IT WILL EBRANCH TO
0364 * IF AN INVALID HEX DIGIT IS5 ENTERED.
QRES #IssrNEsIIIIISIIOCICDIORSETGSOICILOGTOOIOGISYIGOOGEGTSGCGTIGIIGTCIEDGSECIGEISGSIIGLIORGS
0366 BOUNDS
03467 0498 0200 LI RO, 04460 RO = BRANCH
04%A 04460
Q3468 049C 0201 LI R1,Z1IF1 IF <CR> BRANCH TO 0OKL
Q49E 04D0O7
0369 04A0 AO4A A R10,R1 ALl BASE ADDRESS
0370 04A/2 0202 LI R2, 04860 R2 = BRANMCH
O4A4 Q440
0371 0444 Q2032 LI R3,ERROR1 IF ERR BRANCH TO ERROR1
Q4A2 0509~
0372 04AA AQCA A R10,.RZ ADD BASE ADDRESES
0373 04AC ZFAA PRNT @CRLF(1O)
Q4AE OL1F2-
Q374 04RO ZFAA FRNT @ENTRY1(10) FRINT PROMFPT 1
04B2 0S107
Q275 04R4 ZEGZ HEXZ R& QUTFUT DEFAULT
0374 04B& 2FAA FRNT @TIC(10)
Q4B 05047
0377 O4RBA ZE44 HEXI R4 WAIT FOR START ADDRESS
0372 0O4BC FF?0 DATA >FF20 POINTS TO RO
0279 O4BE FF94 DATA >FF?4 NON-NLUMERIC DR OINVALID CHAR
0330 04C0O 0234 oI R4: >FF70 INFRINGE ON WP 7
Q42 FF90 .
0321 04C4 1202 JLE  BYFAS IF NOT GO OnN
0382 0406 Q204 LI R4, >FF?0 IF SO ENTER >FF?0
Q4Ccg FF90
0333 BYFAZ
Q384 04CA C204 MOV R4,RS8 RZ = START ALRDRESS
0385 04CC 0243 ANDI RZ,>FFFE MAKE IT EVEN
O4CE FFFE
Q286 ZIF1
0387 0400 0201 LI R1,ZIFPZ IF <CR>» BRANCH TO QkKZ
04D2 O4FA7
Q388 0404 AO4A A R1iG.R1 ADD BASE ADDRESS
0339 QK2
0390 04046 ZFAA FPRNT @CRLF(10)
04n3 OiFS”
0391 040A 2FAA PRNT @ENTRYZ(1O) . FRINT PROMPT Y2
04DC 0534~
0292 04LE ZEZY . HEX( R% OUTPUT LDEFAULT
0393 0O4E0Q0 ZFAA FPRNT @TIC(10) :
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Q294
0395
Q226
Q397

Q39
0399

*"i D]

0400
401
0402

0403
0404

Q405
0406
Q407
0402
0409
0410

0411
0412

Q41
0414
0415
0414
0417
041e
04172
0420
0421

0422
0423
0424
0425
Q426
0427
0428
0429
0430
0431

0000 E

DEMO

Q4E2
O4E4
Q4EAL
O4EQ
Q4EA
O4EC
O4EE
O4F O
O4F2

Q4F 4
Q4F &
QO4F&

Q4FA
04FC
O4FE
0300

Q502

0504
0507
Q508

0509
OS0OR
OZ0E

0310
0523

0534
0554

0555
OS54
Q57
0562

wlu

056
057

0574
0570

RRORS

TXMIRA 936227 #+# FPAGE 0010 .
YRL727-903-A
Q504 -
2E44 HEXI R4 WAIT FOR END ADDRESS
FFo0 DATA ZFF20 POINTZ TO RO
FF>4 DATA >FF94 NON-NLUIMERIC R INVALID CHAR
0284 (I 4 R4, >FF20 INVADE WF 7
FF®0
1202 JLE  BYPASES IF NOT GO 0N
0z04 LI R4, FF20 OTHERWISE ENTER »FF?0
FF¥0
BYPASS
cz4a4 MOV R4,.R% R = END ADDRESS
0249 ANDI R, *FFFE MAKE IT EVEN
FFFE
1Pz
2FAA PRNT @CRLF(10)
O1F38~
o24= C 2. RY ARE ENTRIES IN ORDER 7
1BOZ JH ERROR1 IF ERR PRINT ERR M35,
Q45K RT RETLIRN
TIC
30 TEXT "=
o7 BYTE 7,20
00
ERRIR1
2FAR FRNT @ERRMZG(10) FRINT ERROR MSG,
0555 s
10C2 JMP BOLUNDS ANL LIMF BACK (
: ENTRY1
4% TEXT “INFUT HEX START ADDREZS,. DEFALLT =
QO BYTE >0
ENTRYZ
4% TEXT “INFUY HEX END.ADNDRES, DEFALLT =
Q0 BYTE >0
ERRMZG
on BYTE >0, A
OA
2A TEXT “##xERROR##% 7
Q0 BYTE >0
INVCMD '
20 TEXT “ INVALID COMMANDS
Q0 BYTE >0
Lo
4 TEXT “LOCATION -
00 BYTE >0
ENDN START
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