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PREFACE .

This manual comprises user information pertaining to the SC/MP Low Cost Development System (LCDS). The
following coverage is provided:

° A general description of the LCDS

° Installation and operational instructions

© Programming examples keyed to the routines associated with the operational procedures
° Functional descriptions that interrelate the resident firmware program, the keyboard and

display panel, and the logic and buffering circuits used for transferring control back and
forth between the resident firmware program and a user-entered application program

o Servicing guidelines

FFor purposes of user applications system development, the user should have a working knowledge of computer
programming, digital circuit logic, and integrated circuits.

The material in this manual is subject to change without notice. Circuit details and other data presented in the

engineering documentation supplied with the SC/MP LCDS take precedence over the information presented in this
manual,

Copies of the following publications that are relevant to the SC/MP LCDS may be obtained from the local National
Semiconductor sales office,

(] sc/mp Programming and Assembler Manual (NSC Order No. ISP-8S/994Y)

° SC/MP Technical Description (Publication No. 4200079) ‘
° Data Sheet — ISP-8A/500D Single-Chip 8-bit Microprocessor (SC/MP)
° Data Sheet — ISP-8C/100 CPU Application Card

®  Data Sheet — ISP-8C/004 P 4K-by-8 PROM Application Card & ISP-8C/004B 4K-by-8 ROM/PROM
Socket Application Card
° Data Sheet — ISP-8C /002 2K-by-8 Read/Write Memory Application Card

ii
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Chapter 1

GENERAL DESCRIPTION

'he SC/MP Low Cost Development System (hereinafter referred to as the LCDS) is a low-cost SC/MP controller
that provides all the features necessary for developing and debugging SC/MP hardware and software applications
designs. It includes an SC/MP CPU Application Card and an interface structure that permits the CPU Application
Card to function as part of the LCDS or as part of a user-fabricated applications system. Overall addressing
capability of the applications system is 65,536 locations. Common memory/peripheral address and data buses
permit the whole class of SC/MP memory-reference instructions to be used for peripheral control. Command
capability for entry and test of user-generated applications software is afforded via a resident lirmware program,
an Operators Control Panel, and a 20-milliampere interface that permits connection of an optional Teletype & .

1.1 MAJOR ITEMS AND OPERATIONAL CHARACTERISTICS
Following are salient operating characteristics of the major items comprising the LCDS.
L] SC/MP CPU APPLICATION CARD — provides CPU interface for execution of user-generated
applications programs and LCDS resident firmware program.

® PREWIRED APPLICATIONS SYSTEMS INTERFACE — four prewired sockets provide a plug-in
interface for SC/MP family application cards, and permit interconnection of additional SC/MP
applications hardware via user-fabricated cabling.

° INTERFACE LOGIC — provides control and monitor functions that permit transfer-of-control
between development-system resident firmware program and user-generated applications programs.

° DEVELOPMENT SYSTEM RESIDENT FIRMWARE PROGRAM — contains LCDS control-panel
and Teletype subroutines that permit entry of software debug commands via the Operators
Control Panel or via an optional Teletype.

° OPERATORS CONTROL PANEL — provides the following software debug capabilities.

o Display contents of SC/MP program counter, accumulator, and other registers in
hexadecimal format

° Display contents of any memory location in hexadecimal format

° Alter contents of SC/MP program counter, accumulator, and other registers

° Alter contents of any memory location

E3 Initiate execution of user-generated applications program at any memory address

° Select single-instruction or normal execution of user-generated applications program

° Interrupt execution of user-generated applications program at any point

° 20-MILLIAMPERE TELETYPE INTERFACE — provides standard interlace for interconnection of
optional Teletype. Expanded software debug capabilities associated with Teletype option include
the following.

e Print contents of SC/MP program counter, accumulator, and other registers

° Print contents of any single memory location or selected range of memory locations
° Alter contents of SC/MP program counter, accumulator, and other registers

° Alter contents of any memory location or selected range of memory locations

° Set breakpoint halts for user-generated applications program

®

Registered trademark of Teletype Corporation
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. 20-MILLIAMPERE TELETYPE INTERFACE — (continued)

° Initiate execution of user-generated applications program at any memory address
° Obtain applications program load module by punching selected memory range to paper tape
° Load LCDS-generated paper-tape load module into memory
° Load IMP-16 or FORTRAN Cross Assembler-generated paper-tape load module into
memory
1.2 LEADING PARTICULARS

LCDS electrical and physical characteristics are listed in table 1-1.

Table 1-1. Leading Particulars

Feature Description

Data Word Length 8 bits

Addressing 16 bits

Instruction Set 46 Instructions

Arithmetic Parallel, binary, fixed point, twos complement and
parallel 2-digit BCD

Memory 8-bit bytes of semiconductor memory expandable to
a maximum of 65,536 bytes

Addressing Modes PC-Relative
Immediate
Indexed

Auto-Indexed

Typical Operating Speed 2.0 microseconds/microcycle

Input/Output and Control 8-bit buffered data bus

16-bit buffered address bus

1 serial data-input port

1 serial data-output port

3 general-purpose control flag outputs

I general-purpose sense input

1 general-purpose sense/intcrrupt input

Bus-request output and bus-enable input (permit use of
allocation logic for Direct Memory Access and multi-
processor applications)

g (0]
Input Power (at 25°C) #5 VDC  (current specifications are provided
-12 VvDC in chapter 2)
Humidity Maximum of 90-percent relative humidity without
condensation
Dimensions of Chassis 4 inches (10.2 centimeters) high

12 inches (30.0 centimeters) wide
10 inches (25.4 centimeters) deep

1-2
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1.3 BASIC EQUIPMENT SUPPLIED
Equipment supplied as part of the basic LCDS configuration is listed in table 1-2.

Table 1-2. Basic Equipment Supplied

Item Description

cuit and DEBUG firmware, and

LCDS Chassis Contains LCDS cir
ired interface sockets for connection

provides four prew
of SC/MP family appl ication cards and/or custom
applications circuits.

SC/MP CPU Application provides a C PU interface used for execution of LCDS
Card DEBUG firmware program and user-generated

applications programs.

1.4 OPTIONS
Optional cquipment that may be used to expand the capabilities of the basic LCDS configuration is listed in
table 1-3.

Table 1-3. Options Available

Item Description

The LCDS is designed to operate with a standard
Teletype model ASR 2320/JC or TU without XON,
XOFF, and with the automatic answerback disabled.
If desired, this model Teletype may be ordered from
the National Semiconductor Corporation under order
number IMP-00/810.

Teletype

Teletype Tape Reader If an application requires that the LCDS control the
Relay TTY tape reader, a relay can be installed to permit
the LCDS to turn the tape reader on and off, and
thereby control the reading of one frame of data at a
time. A board containing the required circuit may be
ordered from the National Semiconductor Corporation
under order number IPC-16P/810R. Detailed instruc-
tions for installing the board or an equivalent user-
fabricated circuit.are provided in chapter 2.

Connector J5 A user-supplied 72-pin connector may be installed

at location J5 to permit plug-in interconnection of

an additional SC/MP family application card. Manu-
facturer part numbers for the connector are provided
in chapter 2 along with detailed installation instructions.

Connectors J6 and J7 User-supplied 50-pin ribbon connectors may be installed
at locations J6 and J7 to facilitate interconnection of
custom applications systems. A manufacturer part
number for the connectors is provided in chapter 2
along with detailed installation instructions.
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Chapter 2

INSTALLA TION

2.1 DC POWER REQUIREMENTS

The LCDS is designed to operate on user-supplied +5VDC and -12VDC input power. Since the LCDS provides a
plug-in interface for user-fabricated SC/MP application systems, overall current requirements are determined
by adding the current requirements of the L.CDS chassis to the current requirements of the applications hardware
with which it is interconnected. Current requirements for the LCDS chassis and for SC/MPpP applications cards
are listed in table 2-1; current requirements for other applications hardware should be specified in the manufac-

turer's literature.

2.2 PREPARATION FOR USE
To prepare the LCDS for initial operation, refer to figure 2-1 and proceed as follows.

CAUTION

To prevent damage to equipment, always turn off
power to LCDS before connecting or disconnecting
SC/MP Application Cards or other SC/MP applica-
tions hardware.

1, Insert the SC/MP CPU Application Card into one of the four prewired sockets (J1 through J4)
with the component side of the card facing the front of the LCDS chassis.

2. Verify that a jumper is installed between pins § and 12 on socket J8 and that the remaining
pins on the socket are unterminated. (The functions of the jumper options available at
socket J8 are described in table 3-2 of chapter 3, Operation, and instructions for using
the jumper options to effect various special-purpose configurations are provided in 3.5,
Application System Interfacing. )

3. Using 16-gauge or heavier wire, connect +5VDC and -12VDC power to LCDS. If separate
external power supplies are employed, both power supplies must be referenced to common
GND terminal.

Table 2-1. LCDS Power Requirements

Current Requirements
Item

+5VDC -12VDC
Low-Cost Development System Chassis (without SC/MP CPU Application 1. 5A 300mA
Card installed)
SC/MP CPU Application Card (with MM5204 in PROM socket) 600mA 150mA
SC/MP Read/Write Memory Application Card 1.45A NA
SC/MP ROM or ROM/PROM Application Card (with eight MM5204 550mA 320mA
PROMs installed)
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2.3 PANEL CHECKOUT

To verify the proper operation of the LCDS controls and indicators, perform the steps listed below. The purpose
of each step is listed in table 2-2, along with a reference to the appropriate description provided in chapter 3,
Operation.

1. Set HALT MODE switch to PNL. Then turn on +5VDC and -12VDC power to I

LDS, and
verify that digital readout displays 0001 PC.

Press READ P1 pushbutton, and verify that digital-readout display changes to 0000 P1.
Press READ P2 pushbutton, and verify that digital-readout display changes to 0000 P2,

- W N

Press READ P3 pushbutton, and verify that digital-readout display changes to 0000 P3.

D

Press READ AC pushbutton, and verify that digital-readout display changes to 00 A.
6.  Press READ EX pushbutton, and verify that digital-readout display changes to 00 E.

NOTE

The term "XX'" or "XXXX" is used to denote
uncertainty of hexadecimal value displayed.

7. Press READ ST pushbutton, and verify that digital-readout display changes to 10 S.
8. Press READ MEM pushbutton, and verify that digital-readout display changes to 0000 "XX'".

9. Press LOAD PC pushbutton, and verify that digital-readout display changes to ---- PC.
Then, key in any 2-digit value (XX--PC), press MEM ADDR/ABORT pushbutton, and
verify that digital-readout display changes to ooon on.

10.  Press READ PC pushbutton, and verify that digital-readout display changes to 0001 PC.

11.  Press MEM ADDR/ABORT pushbutton, and verify that digital-readout display changes to
--==. Then, key in value 7800, and verify that last two digits of digital-readout display
C8 (contents of memory location 7800).

NOTE

If a wrong digit is accidentally keyed in when a numeric
value is being entered for a LOAD Command, press the
MEM ADDR/ABORT pushbutton to terminate the command
(digital readout will display ooon oo). Then, press the

LOAD pushbutton again to reselect the command, and key
in the correct data value.

Address 7800 is a Read-Only memory location.

12, Press LOAD MEM pushbutton, and verify that digital-readout display changes to

7800 --. Then, key in any value except C8, and verify that digital readout display
changes to noop oo .

13.  Press MEM ADDR/ABORT pushbutton, and verify that digital-readout display changes to
~-===. 'Then, key in value 5555, and verify that last two digits of digital readout display
"XX" (contents of memory location 5555).

14.  Press LOAD MEM pushbutton, and verify that digital-readout display changes to
5555 =-.  Then key in value 55 and verify that digital-readout display changes to 5555 55.

15.

Press MEM ADDR/ABORT pushbutton, and verify that digital-readout display changes
to ==--.  Then, key in value AAAA, and verify that last two digits of digital readout
display "XX'" (contents of memory location AAAA).

16.  Press LOAD MEM pushbutton, and verify that digital-readout display changes to

AAAA --. Then, key in value AA, and verify that digital-readout display changes to
AAAA AA.
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17. Press LOAD PC pushbutton, and verify that digital-readout display changes to ---- PC.
Then, key in value 0123.

18. Press LOAD Pl pushbutton, and verify that digital-readout display changes to ---- P1.

Then, key in value 4567.
NOTE

The LCDS digital readout displays the hexadecimal
values B and D in lower case characters (b and d)
that are readily distinguished from the values 8 and 0.

19. Press LOAD P2 pushbutton, and verify that digital-readout display changes to ---- P2.
Then, key in value 89AB.
20. Press LOAD P3 pushbutton, and verify that digital-readout display changes to ---- P3.

Then, key in value CDEF.

21.  Press LOAD AC pushbutton, and verify that digital-readout display changes to -- A.
Then, key in value 01.

99,  press LOAD EX pushbutton, and verify that digital-readout display changes to —- E.
Then, key in value 02.

23.  Press LOAD ST pushbutton, and verify that digital-readout display changes to -- S.

Then, key in value 04.

READ PC pushbutton, and verify that digital-readout display changes to 0123 PC.

b
=

Press
25. Press READ P1 pushbutton, and verify that digital-readout display changes to 4567 PL.

26. Press READ P2 pushbutton, and verify that digital-readout display changes to 89Ab P2.

27.  Press READ P3 pushbutton, and verify that digital-readout display changes to CdEF P3.

28.  Press READ AC pushbutton, and verify that digital-readout display changes to 01 A.
29.  press READ EX pushbutton, and verify that digital-readout display changes to 02 E.

30. Press READ ST pushbutton, and verify that digital-readout display changes to 04 S.

31, pPress INIT pushbutton, and verify that digital-readout display changes to 0001 PC.
Then, repeat steps 2 through 8 before proceeding to step 32.

NOTE
After the LOAD MEM pushbutton is pressed, the
first two hexadecimal digits keyed in are automati-
cally entered into the memory Jocation whose
address is displayed on the first four digits of
the digital readout.

32. Press MEM ADDR/ABORT pushbutton, and key in value 7701 to initialize memory loading

at address 7701.  Then, enter program listed on next page into specified memory locations using
LOAD MEM pushbutton — that is, press LOAD MEM pushbutton, key in data value specified,
and, then, press LOAD MEM pushbutton to access next memory location.
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Memory Dak Instruction Comments
Location Value
7701 Cc4 LDI 020 Load AC with low-order digital-readout address.
7702 20
7703 31 XPAL Pl Exchange Pl-low with AC.
7704 Cc4 LDI 070 Load AC with high-order digital-readout address.
7705 70
7706 35 XPAH Pl Exchange Pl-high with AC.

# 7707 C4 LDI 077 Load AC with digital-readout display code for
7708 77 hexadecimal value A.
7709 CY ST 0(P1) Display hexadecimal value A on first digit of
TT0A 00 digital readout.
7708 C4 LDI 07 Load AC with loop-count value 07.
770C 07
770D C8 ST .+100 Store contents of AC at memory location "1,OO P"
T70E G4 (current PC address +100)).
7701 8K DLY OFF Delay Instruction.
7710 FF
7711 B8 DLD . +96 Decrement memory location "LOOP" (current
7712 60 PC address +96).
7713 9C JNZ -6 Repeat delay/decrement loop until contents of
7714 FA memory location "LOOP" are decremented to

Zero.
7715 00 HLT Halt Instruction,
7716 C4 LDI 07C Load AC with digital-readout display code for
7717 7C hexadecimal value b.
7718 c9 ST 0(P1) | Display hexadecimal value b on firstdigit of
7719 00 digital readout.
TT1A C4 LDI 07 Load AC with loop-count value of 07.
7718 07
771C c8 ST +85 Store contents of AC at memory location "1,LOO p"
771D 55 (current PC address +851¢)-
T71E 8F DLY OrF Delay Instruction,
T71F 'y
7720 B8 DLD . +87 Decrement memory location "1,OO P" (current PC
7721 51 address +81y).
7722 9C JNZ .6 Repeat delay/decrement loop until contents of
7723 FA memory location "LOOP" are decremented to
Zero.

7724 90 JMP .=31 Jump back to instruction that loads AC with digital-
7125 El readout display code for hexadecimal value A.

33.
34.

This digitised copy has been provided by Museum Victoria, free of charge. You may use this
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Press MEM ADDR/ABORT pushbutton, and key in value 7701.

Use READ MEM pushbutton to examine memory locations 7701 through 7725 sequentially, and

verify that the program was loaded properly. If an error is detected, press MEM ADDR/ABORT
pushbutton, and key in address of memory location containing erroncous data value. Then, press

LOAD MEM pushbutton, and key in correct data value.

(5]
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35.  Set the following switches to the positions listed:
HALT MODE — PNL
HALT INST — PULSE
RUN MODE — STEP
36. Press INIT pushbutton, and verify that 0001 PC is displayed on digital readout. Then, press
LOAD PC pushbutton, key in 7701, and verify that digital-readout indication changes to 7701 PC.
37.  Press RUN pushbutton, and verify that digital-readout indication changes to 7703 PC.
38.  Set RUN MODE switch to CONT. Then, press RUN pushbutton, and verify that first digit of
digital readout alternately displays hexadecimal values A and b.
39.  Set HALT INST switch to DEBUG, and verify that program halts with 7716 PC displayed on
digital readout.
40. Set HALT INST switch to PULSE, press RUN pushbutton, and observe that hexadecimal values
A and b are again displayed alternately on first digit of digital readout.
41. To complete the panel checkout procedure, press HALT pushbutton, and verify that program
halts with "XXXX' PC displayed on digital readout ("XXXX" will be a value between 7707 and
7724).
Table 2-2. Panel Checkout Description
Step Purpose Reference
1 This step verifies that the Power-Up Initialization Circuit on the 8.2::1
SC/MP CPU Application Card will initialize the SC/MP Micro-
processor and will place the LCDS in the DEBUG Mode when
power is turned on.
2-17 These steps verify that the LCDS saves the contents of the SC/MP 3.2 and 3.3.3.1
program counter, registers, and accumulator before entering the
DEBUG Mode, and that the saved contents can be examined via the
READ keyboard pushbuttons.
8 This step verifies that the contents of a memory location can be 3.3.3.3
examined via the READ MEM pushbutton.
9, 10 These steps verify that a Load Command can be aborted by 3.3.2
pressing the MEM ADDR/ABORT pushbutton.
11 This step verifies that the contents of 2 memory location can be 334343
examined via the MEM ADDR/ABORT pushbatton when a command
is not in progress.
12 This step verifies that the LCDS does a "read-after-write' check 8:3.3.4
when a LOAD MEM command is executed.
13-16 These steps verify that all segments of the digital readout are 3.1
operable.
17-30 These steps verify that the saved contents of the SC/MP program s Bl
counter, registers, and accumulator can be altered via the
LOAD keyboard pushbuttons.
31 This step verifies that pressing the INIT pushbutton will initialize 82,1

the SC/MP Microprocessor and cause the LCDS to enter the
DEBUG Mode after the initialized contents of the SC/MP program
counter, registers, and accumulator are saved.

o~
U
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Step

Purpose

Reference

32-34

35,36, 37

38

40

41

These steps verify that a memory-reference address can be stored
via the MEM ADDR/ABORT pushbutton and that a program can be
loaded via the LOAD MEM pushbutton.

These steps verify the LCDS program-execution STEP function;
that is, one instruction of the program is executed each time that
the RUN pushbutton is pressed; then the LCDS returns to the
DEBUG Mode.

This step verifies that an applications program can be executed
normally when the RUN pushbutton is pressed and the RUN MODE
switch is set to CONTIN. >

This step verifies that the LCDS will terminate the RUN Mode and
enter the DEBUG Mode when the HALT INST switch is set to
DEBUG and a Halt Instruction is executed.

This step verifies that RUN Mode operation will not be affected by
execution of a Halt Instruction when the HALT INST switch is set
to PULSE.

This step verifies that the LCDS will terminate the RUN Mode and
enter the DEBUG Mode when the HALT pushbutton is pressed.

3.3.3.4

2-1
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2.4 TELETYPE INTERCONNECTION AND CHECKOUT

@

> The LCDS is designed to operate with a standard 'l‘*letype® (TTY) model ASR 3320/JC or TU without XON,
XOFF, and with the automatic answerback option disabled. This model TTY is equipped with a paper tape
reader that is configured to be controlled manually by the operator. With this configuration, the tape reader
immediately begins reading data from the tape when it is turned on and transmits the data continually to the
LCDS. The LCDS, in turn, accepts data from the tape reader until the input requirements are met (as
determined by the resident LCDS firmware program in accordance with the format of the data on the tape).
The tape reader, however, continues to advance tape and read data from the tape until the reader is turned
off by the operator — regardless of whether the LCDS is still accepting the data.

Il an application requires that the LCDS control the tape reader, an optional reader relay can be installed.
The LCDS then will energize the reader relay to turn the tape reader on and, thereby, to control the reading
of one frame of data at a time.

2.4.1 Teletype Interconnection

The TTY must be set to operate in the full-duplex mode with a 20-milliampere current loop interface. Instruc-
tions for TTY setup and connection to the LCDS are provided below. Figure 2-2 is a view of the layout of the

top of the TTY showing the location of the assemblies that are referenced in these instructions. I'igures 2-3

and 2-4 show the details of the TTY terminal strip and the current source resistor. In these figures, the

dotted lines indicate the connections for half-duplex and 60-milliampere current-loop operation. This is the
configuration in which the TTY is shipped normally from the Teletype Corporation. The solid lines indicate

the desired connections lor full-duplex and 20-milliampere current-loop operation. Ensure that power is
removed from the TTY before performing the following steps. (If the TTY is obtained from National Semi-
conductor Corporation (order number IMP-00/810), the following steps 1-4 already will have been accomplished.)

ﬂ’ Lo To set TTY current source to 20 milliamperes, move blue wire from terminal 3 to terminal 4
ol current-source resistor (ligure 2-3).

To set receive current to 20 milliamperes, move purple wire from pin 8 to pin 9 on terminal
strip focated at rear of TTY (figure 2-4).

e

3. To configure TTY for full-duplex, (a) move white-blue wire from pin 4 to pin 5 on the terminal
strip, and (b) move brown-yellow wire from pin 3 to pin 5 (ligure 2-4).

4. To disable the auto-answerback option, lift the print-station paper cover and locate the cavity
behind the keyboard. Directly beneath the carriage is a set of nine codebars. At the [ront
of this assembly is a tie-bar (figure 2-5). The auto-answerback is disabled by placing a clip
over the tie-bar so that the third slot from t}w right is covered. On some models, one of
these copper-colored clips already may be placed over the second slot; il so, move it to the
third slot. If no clip is provided, it can be obtained [rom your local Teletype dealer.

(92

Connect FROM TTY XMIT - and + inputs of LCDS to pins 3 and 4, respectively, of TTY terminal
strip (figure 2-1).

G. Connect TO TTY RECV - and + outputs of LCDS to pins 6 and 7, respectively, of TTY terminal
strip (figure 2-4).

NOTE

Cable length from TTY to LCDS should not exceed
12 feet. Recommended cable type is standard
twisted-pair, 22 AWG.

Fhis completes the standard setup and interconnection of the TTY to the LCDS.

€
®

Registered trademark of Teletype Corporation
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Figure 2-2. TTY Layout
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2.4.2 Paper Tape Reader Relay Option
If the paper tape reader relay option is required, the following additional steps must be performed.

NOTE

A board containing the required reader relay and
associated circuits can be obtained from the National
Semiconductor Corporation. The order number is
IPC-16P/810R. Alternately, the user can provide
the relay and circuit. Details of the relay board are
shown in figure 2-6.

1. Install relay board, NS Number IPC-16P/810R or equivalent, in Paper Tape Reader drive
circuit. Mounting tab with holes for mounting board is located in lower corner next to
keyboard. Mount board with components facing away from keyboard (figure 2-2) utilizing
two number 6 screws and lockwashers.

|3~

On jack 4 (male) at rear of Teletype, remove brown wire and pin from pin 11 and install

at pin 7 (figure 2-7).

3. Connect wire from plug 4 (female), pin 7, at rear of Teletype to SOL terminal lug on relay
board, using Molex termination at pin 7 and clip-on termination at SOL terminal lug. Then,
connect second wire from SOL terminal lug to terminal 1.2 on Line/Local switch at front of
Teletype (figure 2-6).

4. Run wire from L1 on Line/Local Switch to RSW terminal lug on relay board using clip-on
termination.

5. Connect TO TTY RD RLY + output of LCDS to P5 terminal lug on relay board (figure 2-6).
6. Connect TO TTY RD RLY - output of LCDS to P6 terminal lug on relay board (figure 2-6).

7. Install two thyrectors (transient suppressors) on Line/Local Switch. Connect one between
terminals L2 and 2 and the other between terminals L1 and 2 (figure 2-6).

[0 o o e o T P e s s e e —————— - — ———
I Lcos ; I POTTER & BRUMFIELD RSW |
1 porTer | { Hm-1006 y—o— O
Ve : | 12vDC, 60002 . !
LTy @) ] : o 4
- i BR | T 1N4002 4 3 ehes '
: | spasa SoL !

| Ry -O— —E9—wW\

: : 6 = 1300 NS #9802163 il
e i i s . i I T i e O =5 T i M 2 2 W T B '

5V

29" L<&— Pa,PIN 11
I
A
b 4 & LocaL ¥ g:szo od
o
LINE o LOCAL|L1 L?"S L2 SPaga
OFF OFF
P4, PIN 7
< — 115V COMMON
DISTRIBUTOR ‘
TRIP MAGNET
NS10509

Figure 2-6. Reader Relay Schematic
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Figure 2-7. TTY Connector Panel

2.4.3 Teletype Checkout
the steps listed below. The purpose

To verify the proper operation of the TTY interface and firmware, perform
description provided in chapter 3,

ol cach step is listed in table 2-3, along with a reference to the appropriate
Operation.

Set TTY keyboard to LINE, TTY tape punch to OFF, and TTY tape reader to STOP.

1.
2. Set the following LCDS switches to the positions indicated:
HALT MODE — PNL
HALT INST — PULSE
RUN MODE — CONT
4. Turn on power to LCDS and key in program listed for step 32 of 2.3 (Panel Checkout).
¥, Load PC with 7701; then, press RUN pushbutton and verily that hexadecimal values A and b
are displayed alternately on first digit of digital readout. 1f these values are not displayed
properly, refer to steps 33 and 34 of 2.3, Panel Checkout, and correct any erroncous
program data values.
5. On LCDS, set HALT MODE switch to TTY and press INIT pushbutton. Verify that TTY prints
out the following:
CL 0001
NOTE
If a wrong digit is accidentally typed when a numeric
value is being entered in one of the steps that follow,
press the ESCAPE key and observe that the TTY
prints out a hyphen (=) to prompt for new input. Then,
repeat the step to enter the correct value.
G.  On TTY, type T 7701:7725 and press RETURN key. Verify that TTY prints out as follows:

7701 C4 20 31 C4 70 35 C4 77 C9 00 C4 07 C8 64 BF
7710 FF B8 60 9C FA 00 C4 7C CY 00 C4 07 €8 55 8F FI
7720 B8 51 9C FA 90 EIl
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it of digital readout alternately

ey e _ A o Y B 'r‘-tdir :
7. On TTY, type G7701 and press RETURN key. Verify that first dig after RETURN key is

displays hexadecimal values A and b, and that A is first value displayed
pressed.

. 2> . digital readout
8. On LCDS, set HALT INST switch to DEBUG. Verify that after a few seconds digital read
blanks and TTY prints out:

CL 7716
9. On TTY, type G and press RETURN key. Verify that the following indications are obtained in
the sequence listed:
a. Hexadecimal value b is displayed on first digit of digital readout for a few seconds, then
display changes to hexadecimal value A.
b.  After hexadecimal value A is displayed for a few seconds, digital readout blanks and
TTY prints out: .
CL 7716
10.  On TTY, type A 7715, 08 and press RETURN key. Then, type H7724, and press RETURN key
a second time.
L. On TTY, type G7701 and press RETURN key. Verify that the following indications are obtained
in the sequence listed:
a. Hexadecimal value A is displayed on first digit of digital readout for a few seconds, then
display changes to hexadecimal value b.
b. After hexadecimal value b is displayed for a few seconds, digital readout blanks and
TTY prints out:
CL 7724

12, On TTY, type H and press RETURN key. Then type G and press RETURN key sccond time.
Verify that first digit of digital readout alternately displays hexadecimal values A and b, and
that A is the first value displayed after the RETURN key is pressed.

13, On LCDS, set RUN MODE switch to STEP. Verify that digital readout blanks and that TTY
prints out:

CL "XXXX" (any 4-digit hexadecimal value between 7707 and 7724)

4. On LCDS, press INIT switch and verify that TTY prints out:
CL 0001

15, On TTY, type G7701 and press RETURN key. Verily that TTY prints out:
CL 7703

16.  On TTY, type G and press RETURN key. Verify that TTY prints out:
CL 7704

17. Turn off TTY and LCDS to erase stored program. Then turn TTY and LCDS back on, press
INIT pushbutton, and verify that TTY prints out:

CL 0001

I8. On TTY, type in program data value list as indicated below, then press RETURN key.

-A7701,C4,20,31,C4,70,35,C4, 77, C9, 00, C4,07,C8, 64, 8F, FF, BS, 60, 9C, FA, 00
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On LCDS, set RUN MODE switch to CONT.

On TTY, type G7701 and press RETURN key. Verify that first digit of digital readout displays

hexadecimal value A for a few seconds, then blanks. When digital readout blanks, verify

that TTY prints out:
CL 7716

On TTY, type P7701:7716 and press RETURN key. Then set TTY tape punch to ON, type any
character and verify that paper tape is punched. When tape halts, return TTY tape punch to
OFF.
Momentarily turn off TTY and LCDS to erase stored program. When TTY and LCDS are turned
back on, press INIT pushbutton; then tear off punched tape and insert tape into tape reader.
On T'TY, type L and press RETURN key. Then set TTY tape reader to START and verify that
tape advances through tape reader. When tape halts, return tape reader to STOP and remove
tape from tape reader.
On TTY, type G7701 and press RETURN key. Verily that first digit of digital readout displays
hexadecimal value A for a few seconds, then blanks. When digital readout blanks, verify that
TTY prints out:

CL 7716

On TTY, type in alter register value list as indicated below; then press RETURN key.
-A77F5, FF, FF,F¥,FF,FF,FF, FF, FF,FF, FF,FF

On LCDS, set HALT MODE switch to PNL, then press TTY RETURN key and verify that

digital readout displays FFFF PC.

Press the following pushbuttons and verify that the indications obtained on the digital readout

are as specified.

Switch Indication
READ PC FFIFF PC
READ P1 FFFF P1
READ P2 FFFF P2
READ P3 FFFF P3
READ AC FI' AC
READ EX FF E

READ ST FF S

Set HALT MODE switch to TTY. Then type TR on TTY, press RETURN key, and verify that
the tollowing printout is obtained:
PC P1 P2 3 AC EX SR

775 FF FF FF FF FF¥r FF FF Fr FFr FF FF
Reinsert punched tape into T'TY tape reader.
pPress INIT pushbutton, type L7731 on TTY, and press TTY RETURN key. Then set TTY Lape
reader to START and verify that tape advances through tape reader. When tape halts, return
tape reader to STOP, and remove tape from tape reader.
To complete the TTY checkout procedure, type G7731 and press RETURN key. Verify that
first digit of digital readout displays hexadecimal value A for a few seconds, then blanks.
When LCDS digital readout blanks, verify that TTY prints out:

CL 7746
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Table 2-3. TTY Checkout Description
Step Purpose Relerence
1-4 Not Applicable

(91}

13-16

17-20

21, 22

23, 24

25-28

29-31

These are preliminary steps that set up the LCDS for checkout
of TTY.

This step verifies that TTY prints out the saved PC address
following initialization of SC/MP Microprocessor.

This step verifies that Type Address Range Command causes
the contents of a selected range of memory addresses to be
printed out by TTY.

This step verifies that GO command can be used to select
RUN Mode operation.

These steps verily that GO (Continue) command initiates
RUN Mode operation at saved PC address.

These steps verify that the Breakpoint Halt command can be
used to enter a Halt Instruction at a desired memory address,
and that GO (Start Select) command can be used to initiate
RUN Mode operation at a specific starting address.

This step verifies that Halt Reset command can be used to
reset a breakpoint Halt Instruction.

These steps verily that TTY printout is proper when single-
instruction execution of a program is selected.

These steps verify that contents of a selected range of memory
locations can be altered via Alter Address Range command.

These steps verify that the Punch command can be used to
cause contents of a series of memory locations to be punched
into paper tape.

These steps verify that the Load command can be used to read
a punched tape into memory starting at address specified on
tape.

These steps verify that Alter Memory Address Range command
can be used to alter the values saved for SC/MP program
counter, registers, and accumulator and that Type Registers
command can be used to cause saved values to be printed out
on TTY keyboard.

These steps verify that Load at Specified Address command
can be used to read a punched tape into memory starting at
memory address specified in command.

2-15
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2.5 INSTAL.LATION OF OPTIONAL CONNECTORS

Il desired, an optional 72-pin connector may be installed at location J5 to permit plug-in interconnection of one
additional SC/MP application card, and 50-pin ribbon connectors may be installed at locations J6 and J7 to
lacilitate interconnection of custom application systems. Manufacturer's part numbers for these connectors

are listed below.

1. 72-Pin Connector
Source Part Number
C.D.C. VPB04B36A00A1E
Stanford Applied Eng. CDP7000-72

2. 50-Pin Connectors
Source Part Number
M 3433-2003

F'o minimize the possibility of damaging the LCDS printed-circuit connections, a 40-watt (maximum) soldering
iron and 60/10 resin-core solder should be used in installing the optional connectors. To install the connectors,
procecd as lollows.

1. If applicable, turn off power to the LCDS; then tag and remove all external connectors [rom TBI.

Remove SC/MP CPU Application Card from motherhoard connector.

e

3. Using a Number-2 Phillips-head screwdriver, loosen and remove the four outermost screws

that secure the motherboard to the LCDS chassis.

1. Remove the motherboard from the LCDS chassis to gain access to the hottom ol the board for

soldering purposes.
mounting hole at

Orient the connector to be installed such that pin 1 is aligned with the square
ed holes

the desired motherboard location; then insert the connector pins into the predrill
provided on the motherboard. (For connectors J6 and J7, the orientation specified will
result in the keyed slots facing the rear of the motherboard. )

9]

CAUTION
Use extreme care when soldering connector pins to
lands on motherboard. Excess heat or force could
cause lands to peel from motherboard.

Alter all

6. Solder the connector pins to the lands provided on the bottom of the motherboard.
or isopropyl

pins are soldered, clean excess flux using cleaning agent such as I'reon, acetone,
alchohol (1007 dry).

CAUTION

If a continuity checker is used to verily that the
connector pins were soldered properly, the output
of the continuity checker must not exceed 1.5 volts.
An output of greater than 1.5 volts could possibly
damage the LCDS circuitry even though power is
not applied to the LCDS.
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7.  Visually examine each solder connection for bridges, cold joints, and so forth; il a connection
is in doubt, use a continuity checker having an output of 1.5 volts (or less) to test for opens
and shorts.

8.  Replace motherboard on LCDS chassis and reinstall Phillips-head screws to secure motherboard
in place.

9. Il applicable, reinstall all tagged external connections to TB1.

10.  Replace SC/MP CPU Application Card in motherboard connector.
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Chapter 3

OPERATION

This chapter covers basic SC/MP LCDS operation in detail, and further describes how the LCDS may be used
with an SC/MP applications system for hardware and software development purposes. The information is
presented in the following sequence.

CONTROLS, CONNECTORS, AND INDICATORS (3.1). Ilustrates the physical location and

°
describes the purpose and function of each LCDS control, connector, and indicator — including
the jumper options available for applications system control.
° OPERATING MODE DESCRIPTION (3.2). Describes basic LCDS operation in the RUN and
DEBUG Modes, LCDS Power-Up and Initialization, and transfer of operating control between
the LCDS Panel and the optional 'I‘eletype® (TTY).
° PANEL OPERATING PROCEDURES (3.3). Provides detailed instructions for operating the
LCDS via the Panel controls.
™ TTY OPERATING PROCEDURES (3.4). Provides detailed instructions for operating the LCDS
via the optional Teletype (TTY).
° APPLICATIONS SYSTEM INTERFACING (3.5). Covers applications system interconnection and
address assignment.
° PROGRAM DEVELOPMENT ON LCDS (3.6). Describes the use of special features designed
into the LCDS to simplify development of application programs.
3.1 CONTROLS, CONNECTORS, AND INDICATORS

LCDS controls, connectors, and indicators are shown and described in figure 3-1 and table 3-1, respectively.
Under the "reference' column of table 3-1, the heading number(s) under which operational use of the subject

control, connector, or indicator is described. The functions of the jumper options a

vailable at connector J8

are covered in table 3-2.

Table 3-1. Description of Controls, Connectors, and Indicators

Control, Connector

) ? ipti Reference
or Indicator Description

INIT pushbutton Provides initialization output over SC/MP Application 3.2.1

Card bus to initialize SC/MP Microprocessor and any
application system circuitry utilizing INIT* signal.
Thus, when pressed during RUN Mode Operation,
terminates program execution and causes LC DS to
enter DEBUG Mode; when pressed during DEBUG
Mode Operation, terminates command in progress
and causes LCDS to return to DEBUG Mode entry
point.

® Registered trademark of the Teletype Corporation.
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Figure 3-1. LCDS Controls, Connectors, and Indicators
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Table 3-1. Description of Controls, Connectors, and Indicators (Continued)

Control, Connector,
or Indicator

Description

Reference

HA LT pushbutton

MEM ADDR/ABORT
pushbutton

RUN pushbutton

Digital Readout

READ PC/0
pushbutton

READ P1/1
pushbutton

Functional only during RUN Mode Operation of LCDS.
When pressed in RUN Mode, terminates program
execution (after instruction in progress is completed),
and causes LCDS to enter DEBUG Mode.

Functional only when LCDS is in DEBUG Mode and
Panel Operation is enabled. When pressed while
numeric input is in progress, terminates command
and causes digital readout to display small zeroes
(unoo oa).  When pressed while numeric input is
not in progress, causes digital readout to display
hyphens (==--) to prompt for memory-address
input.

Functional only when LCDS is in DEBUG Mode and
danel Operation is enabled. When pressed, termi-
nates DEBUG Mode, and causes execution of user-
entered program to be initiated at stored SC/MP
program-counter address.

NOTE
In addition to providing the functions listed
below, the digital readout and the keyboard
switches may also be employed by the user's
applications program to provide special-
purpose RUN Mode functions.  Instructions
for programming the digital readout and the
keybhoard switches are provided under 3. 6,
Program Development on LCDS.

Six-character, 7-segment display associated with
examining and altering the contents ol memory
locations and the values saved for the SC/MP
program counter, registers, and accumulator.

Functional only when LOCDS is in DEBUG Mode
and Panel Operation is selected, or when
addressed by the user's application program
while RUN Mode Operation is enabled.  When
pressed while keyboard is in Command Mode,
causes stored PC value to be displayed on digital
readout; when pressed while keyboard is in
Numeric Mode, outputs hexadecimal value 0.

FFunctional only when LCDS is in DEBUG Mode
and Panel Operation is selected, or when
addressed by the user's application program
while RUN Mode Operation is enabled. When
pressed while keyboard is in Command Mode,
auses stored P ovalue to be displayed on digital
readout; when pressed while keyboard is in
Numeric Mode, outputs hexadecimal value 1.

3.3.1and 3.4.2

3.3:2, 3.3.3.3,
and 2.3.3.4

3.3.1

Not Applicable

Jed2 and’'3:3:3.1

B ER]

3.3.2 and 3.3.3.1
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Table 3-1. Description of Controls, Connectors, and Indicators (Continued)

Control, Connector,
or Indicator

Description

Reference

READ P2/2
pushbutton

READ P3/3
pushbutton

READ AC/4
pushbutton

READ EX/5
pushbutton

READ ST/6
pushbutton

READ MEM/7
pushbutton

Functional only when LCDS is in DEBUG Mode and
Panel Operation is selected, or when addressed by
the user's application program while RUN Mode
Operation is enabled. When pressed while keyboard
is in Command Mode, causes stored P2 value to

be displayed on digital readout; when pressed while
keyboard is in Numeric Mode, outputs hexadecimal
value 2.

Functional only when LCDS is in DEBUG Mode and
Panel Operation is selected, or when addressed by
the user's application program while RUN Mode
Operation is enabled. When pressed while keyboard
is in Command Mode, causes stored P3 value to be
displayed on digital readout; when pressed while
keyboard is in Numeric Mode, outputs hexadecimal
value 3.

Functional only when LCDS is in DEBUG Mode and
Panel Operation is selected, or when addressed by
the user's application program while RUN Mode
Operation is enabled. When pressed while keyboard
is in Command Mode, causes stored AC value to be
displayed on digital readout; when pressed while
keyboard is in Numeric Mode, outputs hexadecimal
value 4.

Functional only when LCDS is in DEBUG Mode and
Panel Operation is selected, or when addressed by
the user's application program while RUN Mode
Operation is enabled. When pressed while keyboard
is in Command Mode, causes stored Extension (E)
Register value to be displayed on digital readout;
when pressed while keyboard is in Numeric Mode,
outputs hexadecimal value 5.

Functional only when LCDS is in DEBUG Mode and
Panel Operation is selected, or when addressed by
the user's application program while RUN Mode
Operation is enabled. When pressed while keyboard
is in Command Mode, causes stored Status (S)
Register value to be displayed on digital readout;
when pressed while keyboard is in Numeric Mode,
outputs hexadecimal value 6.

Functional only when LCDS is in DEBUG Mode and
Panel Operation is selected, or when addressed by
the user's application program while RUN Mode
Operation is enabled. When pressed while keyboard
is in Command Mode, causes address and contents
of stored memory reference address to be displayed
on digital readout; when pressed while keyboard is in
Numeric Mode, outputs hexadecimal value 7.

3.3.2and 3.3.3.1

3.3.2and 3.3.3. 1

3.3.2and 3.3.3.1

3.3.2and 3.3.3.1

3.3.2and 3.3.3.1

3.3.2and 3.3.3.3

3-4
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Table 3-1. Description of Controls, Connectors, and Indicators (Continued)
2 o : eLor, . . 3
Control, Connecto Description Reference

or Indicator

LOAD PC/8
pushbutton

LOAD P1/9
pushbutton

LOAD P2/A
pushbutton

LOAD P3/B
pushbutton

LOAD AC/C
pushbutton

LOAD EX/D
pushbutton

LOAD ST/E
pushbutton

Functional only when LCDS is in DEBUG Mode and
Panel Operation is selected, or when addressed by
the user's application program while RUN Mode
Operation is enabled. When pressed while keyboard
is in Command Mode, enables alteration of stored PC
value; when pressed while keyboard is in Numeric
Mode, outputs hexadecimal value 8.

Functional only when LCDS is in DEBUG Mode and
Panel Operation is selected, or when addressed by
the user's application program while RUN Mode
Operation is enabled. When pressed while keyboard
is in Command Mode, enables alteration of stored

PP1 value; when pressed while keyboard is in Numeric
Mode, outputs hexadecimal value 9.

I'unctional only when LCDS is in DEBUG Mode and
Panel Operation is selected, or when addressed by
the user's application program while RUN Mode
Operation is enabled. When pressed while keyboard
is in Command Mode, enables alteration of stored

P2 value; when pressed while keyboard is in Numeric
Mode, outputs hexadecimal value A.

Functional only when LCDS is in DEBUG Mode and
Panel Operation is selected, or when addressed by
the user's application program while RUN Mode
Operation is enabled. When pressed while keyboard
is in Command Mode, enables alteration ol stored

P3 value; when pressed while keyboard is in Numeric
Mode, outputs hexadecimal value B.

Functional only when LCDS is in DEBUG Mode and
Panel Operation is selected, or when addressed by
the user's application program while RUN Mode
Operation is enabled. When pressed while keyboard
is in Command Mode, enables alteration ol stored
AC value; when pressed while keyboard is in Numeric
Mode, outputs hexadecimal value C.

IFunctional only when LCDS is in DEBUG Mode and
Panel Operation is selected, or when addressed by
the user's application program while RUN Mode
Operation is enabled. When pressed while keyboard
is in Command Mode, enables alteration of stored
Extension (E) Register value; when pressed while
keyboard is in Numeric Mode, outputs hexadecimal
value D.

Functional only when LCDS is in DEBUG Mode and
Panel Operation is selected, or when addressed by
the user's application program while RUN Mode
Operation is enabled. When pressed while keyboard
is in Command Mode, enables alteration of stored
Status (S) Register value; when pressed while key-
board is in Numeric Mode, outputs hexadecimal
value E.

3.3.2and 3.3.3

3.3.2and 3.:

3.3.2 and-3.3.3.

)
RS

3:3.2 and 3.3:3:

3.3 2:and 30335

3.3.2 and 3.

"
arde

3:3.2and 3.3.3.

2

.-

92

2

2
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Table 3-1. Description of Controls, Connectors, and Indicators (Continued)

Control, Connector,
or Indicator

Description

Relerence

LOAD MEM/I
pushbutton

RUN MODE switch

HALT INST switch

HALT MODE switch

Connectors J1-J4

Connector J5
(optional, user-
supplied)

Connectors J6 and
J7 (optional, user-
supplied)

Connector J8

Terminal Strip TB1

Functional only when LCDS is in DEBUG Mode and
Panel Operation is selected, or when addressed by
the user's application program while RUN Mode
Operation is enabled. When pressed while keyboard
is in Command Mode, enables alteration of stored
memory-reference address contents; when pressed
while keyboard is in Numeric Mode, outputs hexa-
decimal value F.

Associated with RUN Mode operation of LCDS. When
set to STEP, enables single-instruction execution of
user-entered program; when set to CONTIN enables
normal execution of user-entered program.

Associated with RUN Mode operation of LCDS. When
set to DEBUG, LCDS terminates RUN Mode and enters
DEBUG Mode upon execution of Halt Instruction; when
set to PULSE, RUN Mode operation is not affected

by execution of Halt Instruction.

Associated with DEBUG operation of LCDS. When
set to PNL, enables DEBUG operational commands
to be entered via Panel keyboard; when set to TTY,
enables DEBUG operational commands to be entered
via TTY keyboard.

Prewired interface connectors that enable plug-in
interconnection of SC/MP family Application Cards
for hardware- and software-development purposes.

Expands plug-in interface capability for SC/MP
family Application Cards.

Allows use of flat cable to expand Applications Card
Bus for user's system.

Enables jumper interconnection for various control
applications.

Enables interconnection of primary de input power
and optional TTY.

3.3.2 and 3.3.3:4

3.3.1and 3.4.2

3.3.1and 3.4.2

3:.5.2.and 3.5:5

Chapter 2

3-6
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Table 3-2. Jumper Options Available at Connector J8

Pin Signal Description

1 BAOY Buifered address bit 09 — available for external address decoding.

2 BA11l Buffered address bit 11 — available for external address decoding.

3 BAL3 Buffered address bit 13 — available for external address decoding.

4 BA15 Buffered address bit 15 — available for external address decoding.

5 Iy Factory-installed jumper permits buffered TTY output data to be
transmitted to SC/MP Microprocessor via BSENSE input. See pin 12
description.

G BA12 Buffered address bit 12 — available for external address decoding.

7 BA10 Buffered address bit 10 — available for external address decoding.

5 DEBUGH LCDS control signal input; when low, causes LCDS to terminate RUN
Mode operation and enter DEBUG Mode.

9 INDBG* LCDS status signal output; held continuously low while LCDS is in
DEBUG Mode.

10 BA14 Buffered address bit 14 — available for external address decoding.

11 USER 4 provided for user implementation in special-purpose applications; not
presently used by LCDS or SC/MP [amily application cards.

12 BSENSE Sense B input to SC/MP Microprocessor; normally jumpered to pin 5
to permit reception of TTY data.

13 EN1 SC/MP CPU Application Card general-purpose driver enable input/

14 EN1* output (EN1 input is inverted on SC/MP CPU Application Card to
provide EN1¥ output); used typically for control of SC/MP CPU
Application Card memory.

15 ROMSE L SC/MP CPU Application Card Read-Only Memory Select Input.  When
high, enables Read-Only Memory on CPU card il MEMSE L* signal is
also high; when low, disables Read-Only Memory on CPU Card.

16G RAMSE L, SC/MP C PU Application Card Read/Write Memory Select Input.  When
high, enables CPU card Read/Write Memory il MEMSEL* signal is also
high; when low, disables CPU card Read/Write Memory.

3.2 OPERATING MODE DESCRIPTION

The LOCDS has two basic modes of operation, the RUN Mode and the DEBUG Mode. In the RUN Mode, the LODS
circuits provide a monitor function and the SC/MP CPU Application Card operates as part ol the users applica-
tion syvstem, so a user-entered program may be tested in an actual operating environment. In the DEBUG

Mode, the LCDS circuits provide control functions that enable the SC/MP CPU Application Card to execute the
resident DEBUG firmware without affecting the status of the user's applications hardware or software. Executior
ol the DEBUG firmware, in turn, permits the user to communicate with the LCDS either via the Operators
Control Panel (Panely or via an optional TTY. The DEBUG Mode capabilities include the following.

NOTE

The LCDS reserves addresses 7000 through 7FFIY for
DEBUG operations. All of the remaining addresses
(0000 through 6I'FF and 8000 through FFEFL) are
available for assignment by the user as desired.

3-7
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panel Capabilities

° Display contents of SC/MP program counter, registers, and accumulator in hexadecimal format

° Display contents of any memory location in hexadecimal format

° Alter contents of SC/MP program counter, registers, and accumulator

° Alter contents of any memory location

° Initiate execution ol user-entered program at any memory address

° Interrupt execution of user-entered program at any point without loss of hardware or patiumre
status

()|)ti(m:ll TTY

° Print contents of SC/MP program counter, registers, and accumulator

° Print contents of any single memory location, or any selected range of memory locations

® Alter contents ol SC/MP program counter, registers, and accumulator

° Alter contents ol any single memory location, or any selected range of memory locations

° Set breakpoint halts in Read/Write Memory that enable interruption of user-entered progrim
at any point without loss of hardware or software status

° Initiate execution ol user-entered program at any memory address

° Obtain paper tape Load Module by punching selected range of memory locations to paper tape

° Load LCDS generated paper-tape Load Module into memory

.

Load IMP-16 or FORTRAN Cross Assembler generated paper-tape Load Module into memory

When the DEBUG Mode is selected, it is entered via a Save Routine that is initiated when the current RUN Mode
instruction is completed. The purpose of the Save Routine is to store the contents of the SC/MP program counter,
registers, and accumulator in memory locations 77F5 through 77FF (refer to table 3-3) to permit a subsequent
return to the RUN Mode without loss of status. During the Save Routine, the contents of the program counter (PC)
are incremented by one prior to storage so that they point to the address of the first instruction that will be
[etehed when the RUN Mode is subsequently selected; the contents of the remaining SC/MP registers and accu-
mulator are not altered by the Save Routine. Upon completion of the Save Routine, the LCDS displays or prints
out the stored PC contents Lo indicate entry into the DEBUG Mode.

Table 3-3. DEBUG Save Addresses for SC/MP Program Counter, Registers, and Accumulator

Memory Address Stored Value
7715 Program Counter high-order byte
7716 Program Counter low-order byte
1TF7 Register P1 high-order byte
T7F8 Register P1 low-order byte
T7F9 Register P2 high-order byte
TTFA Register P2 low-order byte
7B Register P3 high-order byte
771rC Register P3 low-order byte
77D Contents of Accumulator
TTFE Contents of Extension Register
e Contents of Status Register

3-8
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All of the DEBUG capabilities associated with displaying and altering the contents of the SC/MP program‘cm!m.cr,

@ registers, and accumulator are with respect to the values stored in memory locations 77F5 through 77FF. Thus,
the user can check the status that was present when the last RUN Mode instruction was completed and czu? make
any necessary changes. When the RUN Mode is subsequently selected, the I)EBL.IG Mode is terminated via a
Return Routine that enters the contents of memory locations 77F5 through 77FF into the SC/MP program counter,
registers, and accumulator. RUN Mode operation then is initiated at the restored PC address. (Users familiar
with operation of the SC/MP CPU Applications Card should note that the DEBUG Retu r‘n Routine dec rcpwnts the
value contained in memory locations 7715 and 77F6 before restoring it to the PC. This compensates for the
automatic PC increment that occurs prior to the fetch of the first RUN Mode instruction.)

3.2.1 Power-up and Initialization

When power is turned on to the LCDS, a Power-up Initialization Circuit on the SC/MP CPU App?icution (":ll"(lipl'()-
vides a low-going INIT* output that initializes the SC/MP microprocessor and places the l.’(?l)ﬁ in the DE l'ilr(.
Mode. The LCDS then displays 0001 PC on the Panel or prints out CL 0001 on the TTY to indicate entry mL‘(» .thc
DEBUG Mode. After the power-up initialization cycle is completed, the SC/MP mic ropr.occssur n.my be .x'clm-
tialized at any time by pressing the INIT switch or by applying a low-going INIT* pulse of at least four nuvrg-
eyeles duration to the SC/MP CPU Application Card (refer to SC/MP CPU Application Card Data Sheet). If
I‘L'initiuli'/.ntion oceurs while the LCDS is in the RUN Mode, the RUN Mode will be terminated after the inst.ljuvtiun
in progress is completed; then, the DEBUG Save Routine will be executed to store the initialized (z({lltt-rlts ol the
SC/MP program counter, registers, and accumulator in memory locations 771°5 through 771"1".. After the
DEBUG Save Routine is completed, the LCDS will provide one of the indications described previously (0001 PC or
CL 0001) to indicate entry into the DEBUG Mode. If reinitialization occurs while the LCDS is in l.hc.I)EBU(}
Mode, the command in progress will be terminated, and the LCDS will repeat the DEBUG Save Routine to store
the initialized contents of the SC/MP program counter, registers and accumulator in memory locations 7715 through
77FF. Then, the LCDS will display 0001 PC or print out CL 0001 to indicate a return to DEBUG operation.

" o 3.2.2 Panel/TTY Selection

LCDS via the Panel or the optional TTY is selected by setting the HALT MODE switch to PNL

Operation of the y ; :
Control will then be transferred to the appropriate location as follows:

or TTY, respectively.
If the HALT MODE switch setting is changed while the LCDS is in the RUN Mode, control will
not be transferred to the selected location until the LCDS subsequently enters the DEBUG Mode.
Upon entering the DEBUG Mode, the LCDS then will display or print out the saved PC contents
at the appropriate location.

1

If the HALT MODE switch is changed from PNL to TTY while the LCDS is in the DEBUG Mode,
control will be transferred automatically to the T'TY unless the Panel is in the Numeric Mode
(refer to 3.3.2, DEBUG Commands). When the Panel is in the Numeric Mode, control will not
be transferred to the TTY until the command in progress is completed, or the MEM ADDR/
ABORT switch is pressed to terminate the command.

|3

3. If the HALT MODE switch setting is changed from TTY to PNL when the LCDS is in the DEBUG
Mode, control will be transferred to the Panel when the TTY RETURN key is pressed.

NOTE
The INIT and HALT pushbuttons and the T'I'Y HAL'T INST
switch remain functional regardless ol whether LCDS
operation is being controlled via the TTY or the Panel.

3.3 PANEL OPERATING PROCEDURES

m The paragraphs that follow provide detailed instructions for operating the LCDS via the Panel.
V]
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0 O | RUN/DEBUG Mode Selection

The RUN Mode is selected by pressing the RUN pushbutton and the DEBUG Mode is selected by default when the

RUN Mode is terminated.

Panel pushbuttons and switches associated with RUN Mode Operation are RUN, HALL,

RUN MODE, and HALT INST. All of the remaining Panel pushbuttons and switches, except the INIT pushbutton,
are associated with the DEBUG Mode Operation, Use of the INIT pushbutton is covered in 3.2, 1.

To select the RUN Mode of operation, proceed as follows.

e

NOTE
The following procedure assumes that the user's

application program has previously been loaded
into memory.

Set the RUN MODE switch to CONTIN to enable normal execution of the user's appliciations
program or to STEP to enable single-instruction execution of the user's applications program.
When the RUN MODE switch is set to STEP, one instruction will be excecuted cach time that the
RUN pushbutton is pressed, and the LCDS will return automatically to the DEBUG Mode.  When
the RUN MODE switch is set to CONTIN, the user's applications program will be executed
continuously while the RUN Mode is enabled.

Set the HALT INST switch to DEBUG or PULSE, respectively, to enable or disable DEBUG
halting of the user's applications program. When the HALT INST switch is set to DEBUG,
execution of an applications program Halt Instruction causes the RUN Mode to be terminated
and the DEBUG Mode to be entered. When the HALT INST switch is set to PULSE, RUN Mode
Operation is not affected by execution of an applications program Halt Instruction.

Press the READ PC pushbutton and observe the PC address displayed on the digital readout.
Il this is the desired starting address for the user's application program, press the RUN
pushbutton to initiate execution of the applications program at that address. I a different
starting address is desired, press the LOAD PC pushbutton and key in the desired address.
Then, press the RUN pushbutton to initiate program execution.

Alter the RUN pushbutton is pressed, the LCDS digital readout will remain blanked until the RUN Mode is ter-

P

minated and the DEBUG Mode is entered. (Upon entry to the DEBUG Mode, the LCDS will display the saved
C address on the digital readout.) Termination of the RUN Mode and entry into the DEBUG Mode will occur

under any of the following conditions.

The INIT pushbutton is pressed (refer to 3.2.1).

The HALT pushbutton is pressed. (When the HALT pushbutton is pressed, termination of the RUN
Mode will occur when the instruction in progress is completed.

The RUN/STEP switch is set to STEP, and one instruction is exccuted.
The HALT Mode switch is set to DEBUG, and a Halt Instruction is executed.

The DEBUG input to the LCDS is externally driven low (refer to 3.5.4).

3.3.2 DEBUG Commands

When the LCDS is in the DEBUG Mode, the keyboard pushbuttons on the Panel function under control of the
DEBUG firmware to provide either command or numeric outputs. The command outputs ol the pushbuttons
are indicated by the screened legends (READ PC, READ P1, etc.) and the numeric outputs are indicated by
the screened hexadecimal values (0, 1, 2, and so forth). Operation of the DEBUG firmware is such that the
command outputs of the pushbuttons are always enabled except when a numeric value must be entered to
complete a command (LOAD PC, LOAD P1, and so forth). When this occurs, the DEBUG lirmware cnables
the numeric outputs of the pushbuttons, and the LCDS prompts for input by displaying hyphens (---- or --) in
the appropriate digits of the digital readout. Pressing the keyboard switches then causes hexadecimal values
to be entered (left to right) and displayed on the appropriate digits of the digital readout. When the last value

is entered,

the DEBUG firmware automatically executes the command and reenables the command outputs

3-10
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of the switches. To abort a command while the numeric outputs of the switches are enabled (one or more
h.\(phcns are displayed on the digital readout), press the MEM ADDR/ABORT pushbutton. The LCDS then
Wfll display small zeroes (ooon og) on the digital readout to indicate that the command has been terminated
without execution, and the DEBUG firmware will reselect the command outputs of the pushbuttons.

NOTE

Whenever data are loaded into a memory location
via the LOAD MEM switch, the LCDS reads the
stored data back and compares them with the
original input to verify that the input was loaded
properly. If the two values differ, onoooo is
displayed on the digital readout to indicate the
discrepancy. Thus, if an attempt is made
inadvertantly to write data into a Read-Only
Memory location, the error will be indicated

via the digital readout.

3.3.3 DEBUG Operation

Procedures for operating the LCDS in the DEBUG Mode, are provided in the paragraphs that follow.

3.3.3.1 Examining SC/MP Program Counter, Registers, and Accumulator

To examine the values stored for the SC/MP program counter, registers or accumulator, simply press the
appropriate READ pushbutton. The contents of the selected register will then be displayed on th;s digital

readout (as indicated below) until another command is subsequently entered.
NOTE

The term "XX'" or "XXXX" is used to denote uncertainty
of hexadecimal value displayed.

Pushbutton Pressed Indication
READ PC "XXXX!'" PC
READ P1 "XXXX" P1
READ P2 XXXX" p2
READ P3 "XXXX" P3
READ AC "XX'" A
READ EX XX E
READ ST nxXx"s

3.9.3.2  Altering SC/MP Program Counter, Registers, and Accumulator

To alter the values stored for the SC/MP program counter, registers ace > . )

LLOAD pushbutton and observe that the LCDS prompts for input?ls indi;a(:dq:‘)z;l:\:/lfld?[(‘)}:;;nprfjs ,t,h(;hlp zl:(?'-)f‘tuw
hexadecimal digits via the keyboard pushbuttons and ovserve that corresponding values a ;'c d.:s rla 'LI L“;“'
digital readout. If a wrong digit is accidentally keyed in, press the MEM ADDR/ABORT )u-shlb'ul;t.wrt:m:;cL m. 2
the c.ommand in progress. Then, reselect the command via the appropriate LOAD [)ll'-'shbllltt;m an lo:: .() . r:undtc
required number of digits. When the last digit is keyed in, the new value will be stor;:d aut()m;xti(cultlt,' ::: ltnz:mory

to replace the previous value.
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Pushbutton Pressed Prompt Indication
LOAD pPC -—-- PC

LOAD P1 -—— P1

LOAD P2 cmee P2

LOAD P3 ———— P3

LOAD AC - A

LOAD EX -- E

LOAD ST -- S

3.38.3,3  Examining Contents of a Memory Location

The contents of a memory location may be examined either via the MEM ADDR/ABOR'T pushbutton or via the
READ MEM pushbutton. Operation of the pushbuttons is as follows.

1. When the MEM ADDR/ABORT pushbutton is pressed while no command is in progress, the
LCDS prompts for a 4-digit address input by displaying hyphens (----) on the digital readout.
Alter the desired 4-digit address is keyed in, the contents of that memory location are displayed
automatically on the last two digits of the digital readout.

2. When the READ MEM switch is pressed, the DEBUG firmware refers to a stored memory-
reference address to determine which memory location was selected for display. The address
of the selected memory location then is displayed on the first four digits of the digital
l‘c:l(.lout, and the contents of the memory location are displayed on the last two digits.

During DEBUG operation, the DEBUG firmware automatically sets the stored memory-
reference address to the last 4-digit hexadecimal value displayed on the digital rcadout.

In addition, each time that the contents of a memory location are examined via the MEM
AI)I)I?/AB()R'I‘ or READ MEM pushbuttons, the DEBUG firmware also enables a READ MEM
auto-increment loop. The auto-increment loop then remains enabled until some other
command is entered (READ PC, READ AC, LOAD MEM, or another). Thus, il the last
command processed was MEM ADDR or READ MEM, pressing the READ MEM pushbutton
will cause the stored memory-reference address to be incremented by one before the
currcr'lt READ MEM command is executed; if the READ MEM pushbutton is pressed
fO'IQVf"nH any other command, the memory location accessed will correspond to the last
4_fhglt hexadecimal value previously displayed on the digital readout, Examples of

using the READ MEM pushbutton are provided below.

Command Sequence Digital Readout Indication
INTT 0001 PC

READ p1 0000 P1

READ MEM 0000 "XX'

READ MEM 0001 "XX'"

READ MEM 0002 "XX'"

READ AC 00 A

READ MEM 0002 "XX"

READ p1 0000 P1

MEM ADDR (enter 7800) ---- / 7800 C8
READ MEM 7801 C4

READ MEM 7802 08

READ p2 0000 P2

READ MEM 0000 "XX"

LOAD P2 (enter 7810) -——= P2 /7810 P2
READ MEM 7810 31

3-12
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3.3.3.4  Altering Contents of a Memory Location

The contents of a memory location are altered, first, by pressing the LOAD MEM pushbutton and, then, by

keying in the desired two-digit hexadecimal value. When the LOAD MEM pushbutton is pressed, the DEBUG

firmware refers to a stored memory-reference address to determine the memory location to be accessed;

then, the DEBUG firmware causes the address of the selected memory location to be displayed on the first
When the desired 2-digit

four digits of the digital readout followed by two hyphens ("XXXX' --).
hexadecimal value is then keyed in, it is entered automatically into the selected memory location. If a

wrong digit is keyed in accidentally, press the MEM ADDR/ABORT pushbutton to terminate the command

in progress. Then, press the MEM ADDR/ABORT pushbutton a second time and key in the appropriate
’}‘digit memory address. After the memory address is keyed in, press the LOAD MEM pushbutton and key
in the correct data value.

Derivation of the stored memory-reference address is covered under 3.3.3.3, Examining Contents of a
Memory Location. Use of the LOAD MEM pushbutton does not affect the basic derivation of this address;
however, it does reset the READ MEM auto-increment loop (if it was in effect) and does enable a LOAD MEM
auto-increment loop. The LOAD MEM auto-increment loop then remains enabled until some other command
is entered (READ PC, LOAD AC, READ MEM, or another). Thus, if the last command processed was
LOAD MEM, pressing the LOAD MEM pushbutton again will cause the stored memory-reference address to
be incremented by one before the current LOAD MEM command is processed; if the LOAD MEM pushbutton
is pressed following any other command, the memory location accessed will correspond to the last 4-digit
hexadecimal value previously displayed on the digital readout. Examples of using the LOAD MEM switch

are provided below.

Command Sequence Indication

0001 PC
0000 P1

s=== P1.//'7700 P1
7700 --/ T700 AA
7700 AA

7700 --/ 7700 bb
7701 --/ 7701 CC
7702 -- / 7702 dd

INIT

READ P1

LOAD P1 (enter 7700)
LOAD MEM (enter AA)
READ MEM

LOAD MEM (enter BB)
LLOAD MEM (enter CC)
LOAD MEM (enter DD)

MEM/ADDR (enter 7700) ——==/ 7700 bb
READ MEM 7701 CC

LOAD MEM (enter 11) 7701 -- /7701 11
READ AC 00 A

LOAD MEM (enter 22) 7701 -- / 7701 22
READ MEM 7701 22

NOTE

The following TTY operating procedures require that
the Auto-Answerback Option on the TTY be disabled.
Instruction for disabling the Auto-Answerback
Option is provided in 2.4. 1.

3.4 TTY OPERATING PROCEDURES

d via the TTY keyboard when the LCDS is in the DEBUG Mode, the TTY LINE/
DS HALT MODE switch is set to TTY. Descriptions of the TTY
paragraphs that follow; notations and symbols

LCDS operation may be controlle
OFF/LOCAL switch is set to LINE and the LC
commands and examples showing their use are provided in the
used in the descriptions and examples are covered in table 3-4.
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TTY DEBUG Command Notations and Symbols

Notation/Symbol

Meaning

Underscored characters,
numbers, and symbols
(XXXX)

Non-underscored cha racters,
numbers, and symbols (XXXX)

hv

mia

hvr

mar

comm

» (comma)

numbers, and symbols indicate inputs

Underscored characters,
FFor example:

that are entered by the user at the TTY keyboard.
=T 100 (DEBUG firmware prompt/user input)
= T 200:204 (DEBUG firmware prompt/user input)

Non-underscored characters, numbers, and symbols indicate
outputs from the DEBUG firmware that are printed by the TTY.
For example:

- T 100 (9 (DEBUG firmware prompt/user input)

0100 XX (DEBUG firmware output, output undelined)

=T 200:203 (DEBUG firmware prompt/user input)

0200 hv hv hv hv (DEBUG firmware output and prompt
for next command)

Denotes a 2-digit hexadecimal value that is typed in or printed out
via the TTY keyboard. If more than the desired number of digits
are typed in, the DEBUG firmware only accepts the last two digits.
Leading zeroes may be omitted or included, as desired.

Denotes a 4-digit hexadecimal value that specifies a memory
address.  If more than four digits are typed in, the DEBUG
firmware only accepts the last four digits. Leading zeroes
may be omitted or included, as desired.

Denotes a value list comprised of 2-digit hexadecimal values
Separated by commas. Any digits omitted between commas
are interpreted as zeroes. Thus, A would be interpreted as
0A; 00.

NOTE
A memory-address range must be located on a single

"page" or "wraparound" will occur; refer to 3.4.1,
TTY DEBUG Commands.

Denotes a memory-address range consisting of & memory address
(ma), a colon (z), and a second memory address (ma); that is,
mar = ma:ma. All locations from the first entry through the last
are included in the range. For example, 001A:02F'F signifies

all memory locations from 001A through 02F I including 001A and
002F. The memory address to the left of the colon represents

the Tow limit of the range, and the address to the right represents
the high limit. 1f the upper limit of the range is smaller than the
lower limit, the DEBUG firmware accepts only the left number
and executes the specilied command at that address.

Denotes comment consisting of English-language text, including
letters and numbers. Associated with TTY utilities covered
under 3.6, Program Development on LCDS.

Used during entry of commands to separate hexadecimal values
(hv) from one another, or from another clement of the command
statement. When commas are used to separate hexadecimal
values, any digits omitted are treated as zeroes; thus, AA,, BB
would be treated ag AA, 00, BB.
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Table 3-4. TTY DEBUG Command Notations and Symbols (Continued)

Notation/Symbol Meaning

: (colon) Used during entry of commands to separate the first entry of a
memory address rapge from the second entry.

[ ] Indicates that the element(s) specified within the brackets are
optional and can be included in or left out of the command state-
ment, as desired.

= (hyphen) Prompt symbol printed out by DEBUG firmware on TTY
keyboard to indicate that it is ready to accept a command
input.

@ Indicates that RETURN key on TTY keyboard should be pressed
to complete command input.

@ Indicates that the LINE FEED key should be pressed to cause the
TTY keyboard to index to the next line.

3.4.1 TTY DEBUG Commands

When TTY operation is selected and the LCDS is in the DEBUG Mode, the TTY keyboard switches function
The command

under control of the DEBUG firmware to provide either command or numeric functions.
functions of the switches are described in table 3-5, and the numeric functions are indicated by the screened
Operation of the DEBUG firmware is such that the

legends on the appropriate switches (0 through I).
command functions of the switches are always enabled except when a numeric value must be entered to
curs, the DEBUG firmware will accept a numeric input from the switches

complete a command. When this oc
until the RETURN key is pressed to enable execution of the command. After the command is executed, the

DEBUG firmware then causes the TTY to print out a hyphen (-) to indicate that the command was executed
properly and that a new command can be entered. If the DEBUG firmware detects an error when a command
or numeric value is being entered, it automatically terminates the command and causes the TTY to print
out a question mark (?) to indicate detection of the error. The question mark then will be followed by a

hyphen to prompt for a new command input.
To abort a command, simply type one of the following illegal characters: ALTMODE, ESCAPE, or CTRL/X.
When any of these characters are typed, the DEBUG firmware automatically terminates the command in progress

and causes the TTY to print out a hyphen, thereby prompting for a new command input.

When a numeric value is being entered, typing more than the required number of digits causes the earlier
digits to be discarded. If, for example, 123400124 were typed in as a 4-digit address, 0124 would be the
vilue accepted by the DEBUG firmware. When less than the required number of digits is typed in before
pressing the RETURN key, the DEBUG firmware automatically treats the missing digits as leading zeroes.
Thus, for example, if 12 were typed in as a 4-digit address, the DEBUG firmware would accept the value
as 0012,

r the DEBUG firmware is printing out information via the TTY keyboard or outputting data to the tape

If input is detected, the output in progress will be

Wheneve
a new comma ll(l

punch, the TTY keyboard is also being scanned for input.
terminated, then the DEBUG firmware will print out a hyphen on the TTY keyboard to prompt lor

input. This leature is especially useful for terminating excessive or undesired output.
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NOTE
When an SC/MP Pointer Register (PC, P1, P2,
or P3) is incremented, only the 12 low-order bits
are affected; the 4 high-order bits remain at the
value to which they were previously set via initializa-
tion of the SC/MP microprocessor, or via an XPPC,
XPAH, or Transfer (JMP, JP, JZ, and JNZ)
Instruction. The term 'page’, therefore, is used in
the following paragraphs to indicate the group of
4,096 memory locations specified by the value of the
Pointer Register four high-order bits (that is, X000
through XFI'l). For reference purpose, sC/MP
page designations are listed in table 3-6.

The TTY Type Register Range and Punch DEBUG commands permit a range of memory Hddrcsscs.w . ::;pgcllu:(l
in the command. The only restriction on specifying a range is that the entire range must be con.u“md wlhin
single page to prevent "wraparound" from m-(:urring. During exccution of commands that specily l P t-hu
DEBUG firmware employs an SC/MP Pointer Register as a reference counter (1) by setting A

to the appropriate starting address and, then, (2) by automatically incrementing the Pointer Register .l;u permit
printout of the specified memory data. Wraparoun(.l will occur, therefore, if the Pointer Register is incremented
through a page boundary; that is, if the Pointer Register reaches the end of the page to which it has been previously
set, it will automatically loop back to the start of the same page and thereby cause an erroncous printout. For
example, if memory addresses, 3FFE through 4001 were specified, the printout would actually indicate the
contents of memory locations SFIFE, 3FFF, 3000, and 3001.

'l‘h(‘: Alter Address Range Command permits modification of data in a range of memory locations, S0, again, the
entire range must be on a single page to prevent wraparound from occurring during automatic incrementing of
the SC/MP Pointer Register used as a reference counter. In addition, since new instructions or data values
are entered via this command, the user must ensure that the existing Pointer Register page boundaries are
obscrved within the applications program to prevent wraparound from occurring during PC-Relative, Indexed,
or Auto-Indexed addressing. Detailed information on PC-Relative, Indexed, and Auto-Indexed addressing is
provided in the SC/MP Programming and Assembler Manual.

]l " 1.10:1(1 at Specified Address command causes a paper-tape Load Module to be read into contiguous memory

0es 5 Sta i . P 16 N . ili S A H ¥ »
ttions starting at the address specified in the command instead of the address specilied on the tape.  The

user 5 yhly : o :
er must take care, therefore, to ensure that the starting address does not cause wraparound to occur during

loading of the tape or g . :
ading of the tape or during future execution ol the applications program.

Table 3-5. TTY DEBUG Commands

Command Format Description

TYPE COMMANDS

AT

Lype Address T ma This command causes the address of the specilied memory location to
be printed out in 4-digit hexadecimal notation, and the contents of the
memory location to be printed out in a 2-digit hexadecimal notation.
For example:

- 1T 200 (§ (DEBUG firmware prompt/user input)
0200 hv (DEBUG firmware output and prompt for

= next command)

(contents of 0200)
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Table 3-5.
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TTY DEBUG Commands (Continued)

Command

IFormat

Desceription

TY PE COMMANDS (Continued)

Iyvpe Address
Range

Type Registers

T mar

TR

NOTE
The range specified by the Type Address Range command

must be located on a single "page’ or M"wraparound" will
oceur; refer to 3.4.1, TTY DEBUG Comminds.

This command causes the contents ol the specilicd memory locations
to be printed out in sequence.  The printout is formatted to 16 memory
locations (maximum) per line.
hexadecimal value that denotes the starting address ol the Tine, and the
remaining entries are Z-digit hexadecimal vitlues that indicate the

IF'or example:

The first entry on cach Hine is o d=digit

contents of the memory locations covered by the linc.

- T 200:215 (Ia (DEBUG lirmware prompt/user input)

0200 hv, hv, hv, «.o....hy
DEBUG Tirmware output

(contents ol (contents ol (contents ol )
) and prompt for next
0200) 0201) 02017
commind

0210 hv, hv, hv, hv, hv, hv

(contents ol 0210) (contents ol 0215)

This command automatically aceesses memory locations 771°5 through

TTEF to cause the values stored lor the SC/MP program counter,
Headings are included

registers, and accumulator to be printed out.
~digit hexadecimal notation

and the values of the registers are shown in 2

with the high-order hyte of a 1G=hit register preceding the low-order

byte.  For example:

(OEBUG lirmware prompt/user input)

7715 RC Pl P2 P AC EX SR DEDBUG Tirmware
hv hy hv hy hy hy hy hy hv by output and prompt

- / \ for next command
(low=order byte)

(high-order byte)

ALTER COMMANDS

Alter Address

Alter Address
Range

A ma, hv

A ma, hvr

This command ciauses a 2-digit hexadecimal vildue to he entered mto
the memory location specifieds the previows contents ol the memory

location arve lost.  For example, - A 200, 11 (@ would ciuse the

hexadecimal value 11 to be stored at memory location 0200,

NOTE
The memory locations referenced by the Alter Address
Range command must all be on the sime pige or wirp=

around will occur: refer to 3.4 1, TTY DEBUG Commands,

This command causes 2-digit hexadecimal vilues o be entered mto
a series of memory locitions starting at the memory address specilied,
For example, typing - A 100, 117, 2%, $1°, 419, 517, G 1) would
cause the value 117 to be entered into memory location 0100, the vilue

21° to be entered into memory location 0101, and so forth.
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Description

BREAKPOINT COMMANDS

Breakpoint Halt

Breakpoint Halt
Reset

H ma

This command enters a Halt Instruction into the specified memory
location after saving Lhe original contents of the memory location.
For example typing

- H 100 (»

would cause a Halt Instruction to be stored at memory location 0100,
Only one breakpoint halt may be in effect at one time; if a second
breakpoint halt command is entered, the DEBUG firmware resets
the first breakpoint halt by restoring the original contents to the
memory location used for the first breakpoint halt. ‘The Breakpoint
Halt command will work properly only when the HALT INS'I' switch
is set to DEBUG.

This command cancels a previous breakpoint halt command without
setting a new breakpoint halt. Cancellation of the previous break-
point halt command is effected by restoring the original contents to
the memory location used for the previous breakpoint halt.

GO COMMANDS

GO (Continue)

GO (Start Select)

G

G ma

This command causes RUN Mode operation to be initiated at the pPC
address stored in memory locations 77F5 and 7716,

This command specifies the address at which RUN Mode operation
will be initiated. For example, typing

-G 100

will cause RUN Mode operation to be initiated at address 0100.

PUNCH COMMAND

Punch

P mar

NOTE
The memory-address range specified by the Punch command

must be located on a single memory "page' or "wraparound'
will occur; refer to 3.4. L, TTY DEBUG Commands.

This command causes the contents of the specified memory locations
to be punched into paper tape in SC/MP Load Module Format (refer to
Sc/Mp Programming and Assembler Manual). The contents of the
specified memory locations are not altered.

LOAD COMMANDS

Load al Tape
Address

Load at Specified
Address

I. ma

This command enables an LM tape to be loaded into memory at the
addresses as specified on the tape.

NOTE
The starting address selected via the Load at Specified Address
command must permit the entire tape to be loaded on a single

"page" or "wraparound" will oceur; refer to 3.4.1, TTY DEBUG
Commands.

This command causes the LCDS to ignore the starting address
specified on the LM tape and, instead, loads the LM tape into
memory in contiguous locations starting at the address specified
in the command.
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Table 3-6. SC/MP Microprocessor Page Designations

Hexadecimal Value of PC Address Bits (Note 1)
Page Memory Range
15 114 1312 [11[10] 09] 08[ 07| 06| 05] 04| 03[ 0201} 00

0 0000 through OFFF 0 X X X
1 1000 through 1FFF 1 X X X
2 2000 through 2FFF 2 X X X
3 3000 through 3FFF 3 3 X X
4 4000 through 4FFF 1 X X X
5 5000 through 5FFF 5 X X X
6 G000 through 6FFF G X X X
7 7000 through 7FFF (Note 2) 7 X X X
8 5000 through SIFFF 8 X X X
9 9000 through 9FFF 9 X X X
A A000 through AFFF A X X X
BO0O through BFFF B X X X

c C000 through CFFF ey X X X
D D000 through DFFF D % X X
E E000 through EFFF E X X X
P F000 through FFFF F X X X

Notes: 1. X indicates don't care state for address bits.

2. Addresses 7000 through 7FFF are reserved by the LCDS for DEBUG operations as
shown below. Thus, the Read/Write Memory locations not used by the DEBUG
firmware (7700 through 7773 and 7780 through 77D7) are available to the user
without restriction; the remaining addresses in the range 7000 through 7FFF,
however, may be specified only in a user's application program as indicated under

3.6, Program Development on LCDS.

LCDS Memory Map

X'7000
KEYBOARD/DISPLAY
X'703F
X'7040
NOT USED
X'T6FF
00 READ/WRITE MEMORY
(AVAILABLE TOUSER) ——
_______________ X'7774
(USED BY DEBUG FIRMWARE) [ i
_____________ X'7780
e e n e X'77D7
(USED BY DEBUG FIRMWARE) X'7708
X'77FF
X'7800
PROGRAM ROM
X'TFFF
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3.4.2 RUN/DEBUG Mode Selection
The RUN Mode is selected by typing - G__@ or G ma on the TTY, and the DEBUG Mode is selected by

default when the RUN Mode is terminated. LCDS switches and TTY DEBUG commands associated with RUN
Mode operation are the INIT pushbutton, the HALT switch, the HALT INST switch, the RUN Continue Command,
the RUN Start Select Command, the Breakpoint Halt Command, and the Breakpoint Halt Reset Command. Use

of the INIT pushbutton is covered under 3.2.1, Power- Up and Initialization. Use of the remaining switches and
TTY commands are covered in the instructions that tollow.

A)
To select the RUN Mode ol operation, proceed as follows.

15 Set RUN Mode switch to CONTIN to enable normal execution of applications program or to

STEP to enable single-instruction execution of the applications program. When RUN MODE
switch is set to CONTIN, applications program will be executed continuously until RUN Mode
is terminated. When RUN Mode switch is set to STEP, one instruction will be executed each
time that RUN Mode is selected; then, LCDS will return automatically to DEBUG Mode.

Set HALT INST switch to DEBUG or PULSE, respectively, to enable or disable DEBUG halting
of applications program. When HALT INST switch is set to DEBUG, RUN Mode will be ter-
minated and DEBUG Mode will be entered whenever a Halt Instruction is executed by applications
program. When HALT INST switch is set to PULSE, RUN Mode Operation is not affected by
execution of an applications program Halt Instruction. A Halt Instruction may be temporarily
entered at desired applications program address via TTY Breakpoint Halt Command. The Halt
Instruction then will remain in effect until either a second Breakpoint Halt Command or a
Breakpoint Halt Reset Command is executed. Since only one Breakpoint Halt Command may be
in effect at one time, each succeeding Breakpoint Halt Command resets previous Breakpoint
Halt Command by restoring original contents of memory location at which Halt Instruction

was stored temporarily, When a Breakpoint Halt Reset Command is executed, last Breakpoint

Halt Command is reset by restoring original contents to appropriate memory location without

loading a Halt Instruction into a new memory location. To enter a Breakpoint Halt Command,
type

- Hma g:::) (for example, typing - H 100 . would cause a Halt Instruction
to be stored at memory location 0100)

To enter a Breakpoint Halt Reset Command, type
3. Type - TR and observe resultant printout on the TTY.
starting address for application program, type - G to initiate RUN_Mode Operation at

that address. If a different starting address is desired, type - G ma g § to initiate RUN
Mode Operation at address specified by ma value.

If PC value indicated is desired

After the RUN Command is entered, the TTY keyboard will be disabled until the DEBUG Mode is subsequently
entered. Upon entry into the DEBUG Mode, the TTY will print out: - CL hv to indicate the saved PC value.
Termination of the RUN Mode and entry into the DEBUG Mode will occur under any of the following conditions.

The INIT switch is pressed (refer to 3.2.1, Power-up and Initialization).

The HALT switch is pressed (RUN Mode termination occurs after the instruction in progress
is completed).

8. The RUN/STEP switch is set to STEP.

(RUN Mode termination occurs alfter one instruction
is executed.)

The HALT INST switch is set to DEBUG and a Halt Instruction is executed.

The DEBUG input to the LCDS is externally driven low (refer to 3.5.4, DEBUG* Signal
Implementation).
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‘ ’ N 3.4.3 Examining SC/MP Program Counter, Registers, and Accumulator

|

‘. To examine the values stored for the SC/MP program counter, registers, and accumulator, type: - TR

The TTY will then print out the values stored in memory locations 775 through 77FF (refer to table 3-3) in
the following format:

PC Pl P2 P3 AC EX SR
775 hv  hv hv hv hv hv hv hv hv hv hv

3.4.4 Altering SC/MP Program Counter, Registers, and Accumulator

The values stored for the SC/MP program counter, registers, and accumulator may be altered via the Alter
Memory Address or Alter Memory Address Range Commands. Thus, for example, typing - A 77F5, hv, hv (1
will cause a new 4-digit PC value to be stored at memory locations 77F5 and 7716, and typing - A 77FD, hv
will cause a new AC value to be stored at memory location 77FD.

3.4.5 Examining Contents of a Memory Location

The contents of a single memory location may be examined via the Type Address Command and the contents of
a series of memory locations may be examined via the Type Address Range Command. Examples of using these
commands are provided in table 3-5.

3.4.6 Altering Contents of a Memory Location

The contents of a single memory location may be altered via the Alter Address Command and the contents of
( a a series of memory locations may be altered via the Alter Address Range Command. Examples of using these
; commands are provided in table 3-5.

I 3.4.7 Punching a Paper Tape
To punch the contents of a series of memory locations onto paper tape, proceed as follows:

15 Type - P mar (:§ (for example, typing - P 100:110 (ilb would cause the contents of
memory locations 0100 through 0110 to be punched onto the paper
tape after steps 2 and 3 are executed.)

2. Set Paper Tape Punch to ON.

3. Type any character and observe that tape is punched out.
When tape stops, tear off tape and set Paper Tape Punch to OFF.

NOTE

The LCDS will accept paper tapes generated via the
IMP-16 and FORTRAN Cross Assemblers as well
as tapes previously generated by the LCDS.
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3.4.8 Loading a Paper Tape

To read a paper tape into memory, proceed as follows:

1 12 Raise cover on Tape Reader, install tape on sprocket, and then close cover to hold tape in
place.

2; Iit is desired to load the tape into memory using addresses specified on the tape, type
- l_@ . It is desired to load into memory starting at some other address, type - 1, ma
(IFor example, typing - L 100 (@ would cause the tape to be loaded into memory starting at

address 0100.)

NOTE

No adjustment of the object code is attempted. The
data on the tape are merely read into contiguous
memory locations starting at the specified address.

3 Set Tape Reader to START and observe that tape feeds through. When tape stops, remove tape
and set Tape Reader to STOP.
3.5 APPLICATION SYSTEM INTERFACING

The LCDS interface bus (figure 3-2) is prewired to permit an SC/MP CPU Application Card to function as part
9r ic user's application system when the LCDS is in the RUN Mode, and as part of the LCDS when the LCDS

is in the DEBUG Mode. The way that the LCDS accomplishes this is by reserving addresses 7000 through 7FFP
for DEBUG operations and by permitting the remainder of the 64K addresses to be assigned as desired by the

:(-),(«;(;-“l:(;‘m a software standpoint, therefore, the RUN Mode covers the address range: 0000-6FFF and

I'or defini.tion purposes, the term "user's application system'' is considered to include all circuits that provide
an operational interface with the SC/MP CpPU Applications Card when the LCDS is in the RUN Mode. Thus. for
small-scale applications, the user's application system may be nothing more than the 256-by-8-bit Rea(l/v&rite
Memory on the SC/MP C PU Application Card. For large-scale applications, the user's application system may

consist of a variety of SC/MP famil icati i i
b y application cards, peripherals, and/or special-purpose cus s ,
and control circuits. a ' P PIpoRs Cielany Mooty

Connectors J1 through J4 provide a 72-pin plug-in interface for SC/MP family application cards (all cards

r_nu:tl:)c installed with component side facing front of LCDS). If desired, one more 72-pin connector may be
l‘ns alled at socket l.ocatlon J5 to accommodate an additional SC/MP family application card, and ribbon
connectors may be installed at motherboard locations J6 and J7 to accommodate custom applications system

d(\.signs'(rcfer to chapter 2, Installation). Sources of accessory equipment useful for fabricating and inter-
connecting custom application cards are listed in table 3-7.
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Table 3-7, Sources of Accessory Equipment

Equipment Source Part Number
72—(:(;|1ta(:t Edge Connector C.D.C. VPBOABIGAOOA L
Augat 14005-17 3
Robinson-Nugent EC-721
Stanford Applied Eng. CDHP7000-72
National Connector 900100-36
Cinch 50-72C =30
Winchester HW36C011]
Elco 00-630T-072-209-001
Viking SVH3G6/1INDSH
13-connector Card Cage Augat S170-MG1
with Backplane Robinson-Nugent MECA-1
Scanbe
Extender Card Augal S136-MG1S
Robinson-Nugent EB-72
Univeysal wire-wrappable Augat S156-UMGI
Card with Terminals Robinson-Nugent UNI-24
High-density wire-wrappable Augat 8136=MG1H
Card with Terminals Robinson-Nygent
Universal wire-wrappable Robinsgn-Nugent (Special)
Card without Terminals
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3.5.1 Interface Bus Signal Description

LCDS interface bus signal descriptions are provided in table 3-8; all signals are listed in numeric order
Tables 3-9 and 3-10 cross-reference the pin assignments

according to pin assignment on connectors J1-J4.

of the optional ribbon connectors (J6 and J7) to the descriptions in table 3-8.

Table 3-8. SC/MP Application Card Interface Bus Description

Pin

Description

NN o=

e

11, 212
13-20

GND
MEMRDY

INIT*

BAEN

USER 1

-12Vv

GND

Five-volt primary de power for SC/MP Application Cards.
Power and signal ground for SC/MP Application Ca rds.
Five-volt primary dc power for SC/MP Application Cards.
Power and signal ground for SC/MP Application Cards.

Input to SC/MP CPU Application Card. When set low prior to trailing
edge of BRDS* or BWDS* strobe, stretches strobe to extend data input/
output cycle; that is, strobe is held low until MEMRDY is returned high.
Pulled up to +5 volts via resistor on LCDS; not used on SC/MP Memory
Application Cards.

SC/MP CPU Application Card input/output signal used for SC/MP and
external system initialization. When power is first turned on, Power-up
Initialization Circuit on SC/MP CPU Application Card provides low-going
INIT* output to initialize SC/MP Microprocessor and to place the LCDS
in the DEBUG Mode. After power-up initialization, SC/MP may be
reinitialized by driving INIT* line low for at least four microcycles or by
pressing INIT pushbutton on LCDS. When reinitialization occurs while
RUN Mode operation is enabled, RUN Mode is automatically terminated
and LCDS is placed in DEBUG Mode. When reinitialization occurs while
DEBUG Mode is enabled, command in progress is aborted and LCDS
returns to DEBUG entry point. The INIT* signal is not used by sc/mp
Memory Application Cards.

Control input to SC/MP CPU Application Card. When high, enables card
to output BA0O-BA15 address during data input/output cycle; when low,
holds address bits in high-impedance (TRI-STATE) state to allow foreing
of externally generated addresses onto Address Bus. Set low by LCDS
during DEBUG Save and Restore Routines to control operation of sC/Mp
CPU Application Card. Not used by SC/MP Memory Application Cards.
applications. Not

Provided for user implementation in special-purpose
used by future

now used by LCDS or SC /M P application cards; may be
SC/MP application cards.

Twelve-volt primary dc power for SC/MP CPU and Read-Only Memory

Application Cards.

Power and signal ground.

Buffered 8-bit input/output data bus, which is set to high-impedance state,
except when actually in use by SC/MP CPU Application Card (BADS*,
BRDS*, or BWDS* low). During address interval (BADS* Tow) of data
input/output cycle, SC/MP CPU Application Card outputs address and
status data over bus; during ensuing data-transfer interval (BRDS* or
BWDS* low), SC/MP CPU Application Card transmits or receives 8-bit
data byte to/from application system memory (RUN Mode) or LCDS
memory (DEBUG Mode).
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Table 3-8. SC/MP Application Card Interface Bus Description (Continued)

Pin

CPU Output at BADS* Time

Description

C PU Input
at BRDS*
Time

C PU Output
at BWDS*
Time

13

14

16

17

18

19

20

Fourth most significant bit
of 16-bit address.

Third most significant bit
of 16-bit address.

Second most significant bit
of 16-bit address.

Most significant bit of 16-bit
address

When high, data input cycle
is starting; when low data
output cycle is starting

When high, first byte of
instruction is being fetched;
processed by LCDS to
control entry into DEBUG
Mode.

When high indicates that
delay cycle is starting;
that is, second byte of
Delay Instruction is being
fetched.

When high, indicates that
Halt Instruction has been
executed; causes LCDS to
terminate RUN Mode and
enter DEBUG Mode when
HALT INST switch is set
to DEBUG.

I

Input data
are expected
on the

eight
(BDO-BDT)
lines.

Output data
are valid
on the
eight
(BDO-BD7)
lines.

Pin

21, 22
23

24

Signal Functional
Name
BDO BA12
BD1 BA13
BD2 BA14
BD3 BA15
BD4 READ
BD5 IFETCH
BD6 DELAY
BD7 HALT
Signal Description
GND
DELAY
BADS* strobe.
READ

Power and signal ground for SC/MP Application Cards.

Latched Delay Status Flag output of SC/MP CPU Application Card.
high on leading edge of BADS* strobe to indicate that delay cycle is starting
(that is, second byte of Delay Instruction is to be fetched during data
input/output cycle in progress); otherwise, latched low on leading edge of

Latched

Not used by LCDS or SC/MP Memory Application Cards.

Latched Read Status Flag output of SC/MP CPU Application Card.
high or low, respectively, on leading edge of BADS* strobe to indicate
whether read or write data input/output cycle is in progress.
by LCDS or SC/MP Memory Application Cards.

Latched

Not used

3-26
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Table 3-8.

sC/Mp Application Card Interface Bus Desc ription (Continued)

Signal

Description

26

27

28

30

31

32

33

34

35, 36

IFETCH

HALT

RUN

ENCPU

BUSREQ

USER 2

E

A

ASENSE

BSENSE

BSIN

BSOUT

GND
BFLGO

Latched Instruction Fetch Status FFlag output of SC/MP CPU Application
Card. Latched high on leading edge of BADS* strobe when lirst byte of
instruction is to be fetched during data input/output cycle in progress;
otherwise latched low on leading edge of BADS* strobe. Not used by
LCDS or SC/MP Memory Application Cards.

Latched Halt Status Ilag output of SC/MP CPU Application Card.
Latched high on leading edge of BADS* strobe to indicate that a Halt
Instruction has been executed; otherwise latched low on leading edge
of BADS* strobe. Not used by LCDS or SC/MP Mcemory Application
Cards.

Run Enable Input to SC/MP CPU Application Card. When high, cnables
normal program execution by SC/MP Microprocessor; when low, SC/MP
operation is suspended (after completion of current instruction) without
loss of internal status. Pulled up to +5 volts via resistor on LCDS;

not used by SC/MP Memory Application Cards.

Bus Access Enable input to SC/MP C PU Application Card. When high,
enables SC/MP Microprocessor data input/output cycle exccution; when
low, inhibits SC/MP Microprocessor data input/output cyele execution.
Pulled up to +5 volts via resistor on LCDS; not used by SC/MP Memory
Application Cards.

Bus Request output of SC/MP CPU Application Card. Goes high when
SC/MP microprocessor requests bus to initiate data input/output cycle
and remains high until data input/output cycle is completed.  Processed
by LCDS to control outputting of addresses during DEBUG Save and
Restore Routines. Not used by SC/MP Memory Application Cards.

Provided for user implementation in special-purpose applications. Not
now used by LCDS or SC/MP application cards; may be used by future
SC/MP application cards.

Sense/Interrupt Request input to SC/MP C PU Application Card. Serves
as interrupt request when SC/MP Microprocessor internal 1E (interrupt
enable) Flag is set, and as general-purpose sense input when 1E Flag
is reset. Notused by LCDS or SC/MP Memory Application Cards.

General-purpose sense condition input to SC/MP CPU Application Card.
Factory-installed jumper on LCDS connector J8 (refer to table 3-2)
dedicates this input to reception of TTY output data. Not used by
SC/MP Memory Application Cards.

Buffered Serial Data Input to SC/MP CPU Application Card. When SI10

(Serial Input/Output) Instruction is executed, data on this line are vight

shifted into SC/MP microprocessor 8-bit Extension Register. Not used
by LCDS or SC/MP Memory Application Cards.

Buffered Serial Data Output of SC/MP Microprocessor. When S10
(Serial Input/Output) Instruction is executed, data are right shifted onto
this line from SC/MP Extension Register. Not used by LCDS or
SC/MP Memory Application Cards.

Power and signal ground for SC/MP application cards.

Buffered General-Purpose I'lag Output of SC/MP C PU Application Card.
During DEBUG Mode, used by LCDS to transmit data to TTY. Notl
used by SC/MP Memory Application Cards.
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Table 3-8. SC/MP Application Card Interface Bus Description (Continued)

Description

Pin Signal
38 BFLG1
39 BILG2
40 MEMEN
41 BAOO
42 BAO1
43 BA0O2
44 BAO3
45 BAO4
46 BAO5S
47 BAO6
48 BAO7 _J
49 See below
50 See below
51 BA0O8
52 BA0O9
53 BA10
54 BA11l $
55 BA12
56 BA13
57 BA14
58 BA15
49, 50 GND

i
59 USER 3
60 USER 4
61 EN1
62 EN1#*

Buffered General-Purpose Flag Output of SC/MP CPU Application Card.
During DEBUG Mode, used by LCDS to control TTY tape-reader relay.
Not used by SC/MP Memory Application Cards.

Buffered General-Purpose Flag Output of SC/MP CPU Application Card.
Not used by LCDS or SC/MP Memory Application Cards.

Address Compare Enable input to SC/MP Memory Application Cards.
When high, enables addressing of SC/MP Memory Application Ca rds;
when low, inhibits addressing of SC/MP Memory Application Cards.

Pulled up to +5 volts via resistor on LCDS. Not used by SC/MP CPU
Application Card.

Buffered 16-bit Address Bus, which is set to high-impedance state except
when data input/output cycle is in progress. Used by SC/MP CPU Appli-
cation Card to communicate with application system or LCDS memory
except during DEBUG Save and Restore Routines. During DEBUG Save
and Restore Routines, LCDS sets BAEN Signal low to disable address
output of SC/MP CPU Application Card, and forces addresses onto

bus to control DEBUG Mode entry and exit. SC/MP Memory Application
Cards have internal comparator circuit that continually compares

address on bus with address assigned to card to enable or disable card,
as appropriate.

Power and signal ground for SC/MP application cards.

NOTE

LCDS interface connectors J1 through J4 are prewired to enable
installation of SC/MP CPU Application Card at any location.
Thus, pins 61 through 64 are dedicated to the functions listed
below and may not be used for externally assigning addresses to
SC/MP Memory Application Cards. Details on assigning
addresses to SC/MP Memory Application Cards via on-card
jumper options are provided in memory card data sheets.

Provided for user implementation in special-purpose applications; not
used by LCDS or SC/MP CPU Application Cards.

Provided for user implementation in special-purpose applications; not

used by LCDS or SC/MP Memory Application Cards. Also available
at LCDS connector J8 (refer to table 3-2).

SC/MP CPU Application Card input/output signals typically used for
on-card memory control. (EN1 input is inverted to provide EN1* output.)
Both signals are also accessible at LCDS connector J8 (refer to table 3-2).
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4 Table 3-8. SC/MP Application Card Interface Bus Description (Continued)

Pin Signal Description

SC/MP CPU Application Card Read/Write Memory Select Input. When
high, enables on-card Read/Write Memory if MEMSEL* input to sc/Mp
CPU Application Card is also high; when low, disables on-card Read/
Write Memory. RAMSEL is accessible at LCDS connector J8 for
jumper implementation of desired control function (refer to table 3-2).

63 RAMSEL

SC/MP CPU Application Card Read-Only Memory Select Input. When
high, enables on-card Read-Only Memory if MEMSEL* input is also
high; when low, disables on-card Read-Only Memory. ROMSEL is
accessible at LCDS connector J8 for jumper implementation of desired
control function (refer to table 3-2).

Wired-AND Memory Select Input to SC/MP CPU Application Card

from LCDS and SC/MP Memory Application Cards. Held low during
data input/output cycle when LCDS or Memory Application Card is
addressed; at all other times, pulled up to +5 volts via resistor on
SC/MP CPU Application Card. Thus, enables SC/MP CPU Card
memory whenever application system or LCDS memory is not addressed.

64 ROMSEL

65 MEMSE L*

Buffered active-low Address Strobe output of SC/MP CPU Application

Card. When low, indicates that valid address and status are present on
system buses. Used by LCDS and SC/MP Memory Application Cards to
enable comparison of address present on bus with preassigned address.

66 BADS*

67 BRDS* Buffered active-low Read Data Strobe output of SC/MP CPU Application
Ccard. When low, processed by LCDS, SC/MP Memory Application
ﬂ Cards, and CPU card memory control circuits to output data onto
Buffered Data Bus from addressed memory location. On trailing edge,
data present on Buffered Data Bus are input to SC/MP Microprocessor.

Buffered active-low Write Data Strobe output of SC/MP CPU Application

68 BWDS*
card. When low, indicates that valid output data are present on Buffered
Data Bus. Processed by LCDS, SC/MP Memory Application Cards,
and CPU card Read/Write Memory control circuits to write data into
addressed memory location.

69 +5V Five-volt primary de power for SC/MP application cards.

70 GND Power and signal ground for SC/MP application cards.

71 +5V Five-volt primary dc power for SC/MP application cards.

72 GND Power and signal ground for SC/MP application cards.
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g
) y Refer to
Pin Signal Table 3-8, Pin:
1 GND 2
2 BRDS* 67
3 GND B
4 MEMSE L* 65
5 GND B
6 USER 3 59
7 GND B
8 BA1l4 57
9 GND B
10 BA12 55
11 GND 2
12 BA10 53
13 GND 2
14 BAO8 51
15 GND 2
16 BAO06 47
17 GND 2
18 BA04 45
19 GND 2
20 BA02 43
21 GND 2
22 BA00 41
23 GND 2
24 BFLG2 39
25 GND 2

3-30
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Pin Signal I;ﬁffli gcia, Pin:
26 BFLGO 37
27 GND 2
28 BSOUT 34
29 GND 2
30 BSENSE 32
31 GND 2
32 USER 2 30
33 GND 2
34 ENCPU 28
35 GND 2
36 HALT 26
37 GND 2
38 READ 24
39 GND 2
40 BD7 20
41 GND 2
42 BD5 18
43 GND 2
44 BD3 16
45 GND 2
46 BD1 14
47 GND 2
48 USER 1 8
49 GND 2
50 INIT* 6
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Table 3-10. Ribbon Connector J7 (Optional) Pin Assignments

Pin Signal };:::Z ;.18. Pin Pin Signal I:::;}i :t;(ig. i
1 GND 2 26 BI'LGI] 98
2 BWDS* 68 27 GND 2
3 GND 2 28 BSIN KR
4 BADS* 66 29 GND 2
5 GND 2 30 ASENSE 31
6 USER 4 60 31 GND 2
7 GND 2 32 BUSREQ 29
8 BA15 58 33 GND 2
9 GND 2 34 RUN 27

10 BA13 56 35 GND 2

11 GND 2 36 IFETCH 25

12 BA1l 54 37 GND 2

13 iND 2 38 DELAY 23

14 BA09 52 39 GND 2

15 GND 2 40 BDG6 19

16 BAO7 48 41 GND 2

17 GND 2 42 BD4 17

18 BAOS 46 43 GND 2

19 GND 2 44 BD2 15

20 BAO3 44 45 GND 2

21 GND 2 46 BDO 13

22 BAO1 42 47 GND 2

23 GND 2 48 BAEN 7

24 MEMEN 40 49 GND 2

25 GND 2 50 MEMRDY 5
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3.5.2 SC/MP CPU Application Card Memory Control

o ovision for installation
The SC/MP CPU Application Card contains a 256-by-8-bit read/write m(?m()l‘).' :;n‘d h:;::l—p(l):l;li:‘l:z::‘wry s effected,
of an optional 512-by-8-bit read-only memory. Selection of the rcad/wxrlte"m t c-,; r;, . g8 read/
respectively, by the RAMSE L and ROMSE L inputs to the card‘as shown’ in hgu.x:c i quwn; Sl RUN R
write memory or the read-only memory is to serve as part of the user's apph‘catu')nza1 ‘1‘((31\/15521‘ cignals. Address
operation, address decoding may be necessary for prupef' cont‘rol of the RAMSE L. anc
decoding options for RAMSEL and ROMSEL control are listed in table 3-11.

3.5.3 Application System Address Assignment

s FETE ¢ 0-FI K.
The address ranges available for assignment to the user's application system are ()U-()():;:]i; i:n;l()::Lct()r(s)
If the user's application system includes SC/MP memory application cards that are l:s‘ o obitid Blis
J1 through J4, the internal jumper options on the memory cards must.be used for ad’ tr:c:.o.[ &t;w N MDICEy
59 through 64 of the memory cards must be left unterminated to permit normal 'f)p(;\r:l‘l(;,crnul st GHMGAS
Application Card. Instructions for assigning addrcsses.to the memory cards ‘vm t ‘;{(l)l;v[/pk()m 3ol o
are provided in the data sheets for the SC/MP Read/Write Memory and the SC/MP
Application Cards.

i t bopd seti " the SC/MP memory
For SC/MP application systems based on discrete components or custom interconnection url tth C i
: Y 3 2 . ranroti e user s 2 ¢
applications cards, the method employed for address assignment is left to the dls_uctmnl()) Syl
variety of schemes are possible (refer to SC/MP Technical Description, publication numbe

NOTE
As shown in figure 3-3, address bits BA09 through BA15

are brought out to LCDS connector J8 to provide an easy
access for the user.

3.5.4 DEBUG* Signal Implementation

For various applications system requirements it may be desirable to detect the occurrence o‘f an asgnchr(:ir?;)us

event and to monitor the operating conditions that were in effect at the time of the event. This ch.r;l (i);;(;;iulc{
accomplished by using the DEBUG* input to the LCDS (available at pin 8 of (.:onnecbor J8). Wh;r;tlvtla e
signal goes low while the LCDS is in the RUN Mode, the RUN Mode is terminated and the DEB. ode is en‘:m_d
after the instruction in progress is completed. Thus, external circuits can be cmplug./ed to drive t,h(. DEBUG

signal low in response to an external event; then, the information desired can be obtained by.cxam‘m.mg t.he

contents of memory locations and/or the values stored for the SC/MP program counter, reglste‘r!s. .dnd accumu-
lator. While the DEBUG* signal remains low, the RUN Mode Operation is inhibited; the DEBU(_-T‘SlgnaI must be
reset high, therefore, before RUN Mode operation can be reenabled via the RUN switch or the TTY RUN Commands.

If the DEBUG* signal goes low while the LCDS is in the DEBUG Mode, it will not affect LCDS operation except for
inhibiting selection of the RUN Mode while it remains low.

8/ 24

<= [ | 6t

A

-

# J 4 f———~ 7L
/ A Y e (= nl
ALy
7 /
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] ] J ! ol y
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cARD
ZQN';&_%STOR P/O SC/MP CPU APPLICATION

J8

_T_I : E ENI @

=]

E ENI* @

READ—ONLY
ROMSEL MEMORY

=]

OV READ/WRITE

MEMSEL * MEMORY
CHIP SELECT

L]

E RAMSEL 63

E]

g D-— P/O ADDRESS DRIVERS

=]

58| [57] |s6| [55] |54

BA15
BA14

BA13

BA12

BA11

BA10

BA09

NOTE: REFER TO TABLE 3-11 FOR A DESCRIPTION OF
SC/MP CPU APPLICATION CARD MEMORY
CONTROL OPTIONS

NS10513

Figure 3-3. Memory Control Circuit for SC/MP CPU Application Card
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Table 3-11. SC/MP CPU Application Card Memory Control Options
Conditions Decoding Required for RAMSEL and ROMSE]L, Signals
1a.  Read-only memory is not installed on No special decoding is required for the RAMSE L, and
SC/MDP (:p[: Application Card, ROMSEL signals, but the RAMSEL signal should be
tied to +5V via an 1-kilohm resistor to ensure o logic '1!
1h.  Read/write memory on SC/MP CPU input to the SC/MP CPU Application Cavd. For the
Application Card is used as stand- conditions specified, the Read/Write Memory on the
alone applications system or as part SC/MP CPU Application Card is controlled by the
of applications system that consists MEMSEL* input. When cither the LCDS or the memory
exclusively of SC/MP application application cards are addressed, the MEMSEL* signal
cards. will be low and the read/write memory on the SC/Mp
CPU Application Card will be disabled; when neither
the LCDS nor the memory application cards are addressed,
the MEMSEL* signal will be high and the Read/Write
Memory on the SC/MP C PU Application Card will be
enabled.
2a Read-only memory is not installed II' the custom application system circuit is contigured to
on SC/MP CPU Applications Card. provide a low-going MEMSE L* output to the SC/MP C Pl
Applications Card while addressed, no special decoding
2b.  Read/write memory on SC/MP C PU of the RAMSEL and ROMSE L signals is necessary, but
Applications Card is used as part of the RAMSEL signal should be pulled up to 15V via o
applications system that contains I-Kilohm resistor to ensure a logic '1' input to the
custom memory and/or peripheral SC/MP CPU Application Card. If the custom applica-
circuits in addition to or in lieu of tions system circuit is not configured to provide a low
SC/MP memory application card(s). MEMSE L* output while addressed, Address Bits BA09-
BA15 can be decoded such that RAMSEL is driven high
for a unique 256-address range and low at all other
times, or RAMSEL can be tied to an address bit that is
out of the address range of the applications system when
RAMSEL goes high. For example, if the highest address
assigned to the applications system were 4FFF, RAMSE L
could be jumpered to address bit BA15. The low-order
address of the SC/MP CPU Application Card Read/Write
Memory then would be 5000.
Ja. Read-only memory is installed on RAMSETL should be tied to ground and ROMSEL should he
SC/MP CPU Applications Card. pulled up to +5V via a 1-kilohm resistor. The Read/Write
Memory on the SC/MP CPU Application Card then will be
3b.  Read-only memory on SC/MP CPU held disabled, and the read-only memory will be controlled
Application Card is used as stand- by the MEMSEL* input as described for condition 1.
alone applications system or as part
of applications system that consists
exclusively ol SC/MP application
cards.
de. Read/write memory on SC/MP C PU
Application Card is not used as part
ol applications system.

BENE
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Table 3-11. SC/MP CPU Application Card Memory Control Options (Continued,)

Conditions

Decoding Required for RAMSEL and ROMSEL, Signals

da.

4b.

Ga.

Gb.

Read-only memory is installed on
SC/MP CPU Application Card.

Read-only memory on SC/MP C PU
Application Card is used as part of
applications system that contains

custom memory and/or peripheral
circuits in addition to or in lieu of
SC/MP memory application cards.

Read/write memory on SC/MP CPU
Application Card is not used as part
of applications system.

Read-only memory is installed on
SC/MP CPU Application Card.

Read-only and read/write memories
on SC/MP CPU Application Card are
used as stand-alone applications
system or as part ol applications
system that consists exclusively

of SC/MP application cards.

Read-only memory is installed on
SC/MP CPU Application Card.

Read-Only and Read/Write Memories
on SC/MP CPU Applications Card
are used as stand-alone applications
system or as part of applications
system that consists exclusively of
SC/M P application cards.

Tie RAMSEL to ground to disable Read/Write Memory on
SC/MP CPU Application Card. If the custom applications
system circuit is confligured to provide a low-going
MEMSE L* output to the SC/MP CPU Application Card
while addressed, no special decoding is necessary for
the ROMSEL signal, but the ROMSEL signal should be
pulled up to 15V via an I-kilohm resistor to ensure a
logic '1' input to the SC/MP CPU Application Card. 1II
the custom applications system circuit is not conligured
to provide a low MEMSE L* output while addressed,
address bits BA10-BA15 can be decoded such that
ROMSEL is driven high lor a unique 512-address range
and low at all other times, or ROMSE L can be tied to

an address bit that is out of the address range ol the
applications system when ROMSEL goes high,  For
example, il the highest address assigned to the applica-
tions system were A1, ROMSEL could be jumpered

to address bit BA15.  The low-order address of the
SC/MP CPU Application Card read-only memory would
then be 8000.

One ol the address bits available at J8 (BA0O9-DBA15)
should be jumpered to the EN1 and RAMSEL signals,
and the EN1* signal should be jumpered to the ROMSE L
signal. The read/write memory then will be enabled
when the MEMSE L* signal and the selected address bit
are high and the read-only memory will be enabled when
the MEMSE L* signal is high and the selected address bit
is low. The logical state of the MEMSE L* signal lor the
conditions specilied is covered under condition 13 use of
the ENT and EN1* signals is covered in the data sheet lor
the SC/MP C PU Application Card.

If the custom applications system circuit is conligured
to provide a low-going MEMSE L* output to the SC/MP
CPU Applications Card while addressed, the RAMSEL
and ROMSEL signals can be controlled as described for
condition 5. If the custom applications system circuit is
not configured to provide a low MEMSE L* output while
addressed, address bits BA09-BA15 can be decoded such
that RAMSE L and ROMSE L are driven high for unique
256~ and H12-address ranges, respectively.  Optionally,
an address bit that is out of the range of the application
system when the address bit is high can be ANDed
externally with the BA0Y address bit; the output of the
AND gate is then connected to the RAMSEL and EN1
signals, and the ROMSEL signal is connected to the EN1Y
signal. II, for example, the highest address assigned to
the applications system were AFFF, the BALS and BA0OY
address bits could be jumpered together.  The address
assigned to the SC/MP read/write memory then would be
8000-80F 1" and the low-order address ol the read-only
memory would be 8100,
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3:.5.6 RUN Mode Considerations

s te a
Since the LCDS is primarily designed to permit the design of a user's application s_ystcm to] l:z::)s:‘:’d:(‘l tg
operational environment, it enables all of the operating capabilities of the SC/MP CPU Appli .ial processing
be utilized during the RUN Mode Operation. For certain types of applications, however, Specis . -lfcrc with
ol the signals listed below may be necessary to ensure that the applications system does not inter

e p ications system operation
LCDS operation during the DEBUG Mode, and the LCDS does not interfere with applications sy I
during the RUN Mode.

1.

DBI"LGO and BFLGL Signals. During DEBUG operation, the BFFLGO and BFLGI1 ()u'tputls.;‘)';:,hf: ;
SC/MP CPU Application Card are used, respectively, to transmit data to the optiona o au
to control the TTY Reader Relay. Thus, if these signals are to be used also by the app 'lumons
system during RUN Mode Operation, they should berapplicd to the applications system via a
gate that is controlled by the INDBG* status output of the LCDS (see ligure 3-4).

NOTE

When the DEBUG Mode is entered, the contents of the
SC/MP status Register are saved in memory location
TTFF.  Thus, the logical states of BFL.GO and BFLGL
will be saved when the RUN Mode is terminated and
reinstated when the RUN Mode subsequently is selected.

BSENSE Signal. During DEBUG Mode Operation, the BSENSE input to the SC/MP CPU Applica-
tion Card is used for reception of data from the optional TTY. Thus, if the BSENSE signal is
also to be used by the applications system during RUN Mode Operation, the jumper installed at
the factory between pins 5 and 12 of connector J8 (refer to table 3-2) should be disconnected,
and a single-throw switch should be installed instead. The switch then can be set to OFF to

disconnect the BSENSE and TTY signals during RUN Mode Operation, and to ON to reconnect
the signals during DEBUG Mode Operation.

Interrupts. If the SC/MP Internal IE Flag is set during RUN Mode Operation to enable interrupts,

the ASENSE/Interrupt signal should be applied to the SC/MP CPU Applications Card via a gate that
is controlled by the INDBG* status output of the LCDS (sce figure 3-4).

3.6 PROGRAM DEVELOPMENT ON LCDS

For detailed information on SC/Mp program development and mac
refer to the SC/MPp Programming

hine-language coding of SC/MP instructions,
follow describe the use of speci

and Assembler Manual (publication number 4200094).

The paragraphs that
al features designed into the LCDS to simplify applications program development
and debug operations.
3.6.1

TTY Utilities

The LCDS DEBUG firmware contains a number of TTY utility subroutines that can be called by the user's
application program to send and receive data to and from the TTY keyboard and the TTY tape reader. A
brief description of each of the subroutines available to the user is provided in table 3-12 along with the
subroutine calling address.

Detailed instructions for using

the subroutines in an applications program are provided in the paragraphs that
follow and functional operation of the subroutines is shown in figures 3-5 through 3-9.

j The following general
conventions are associated with all of the subroutines.

1. lnpu_t Data. All of the subroutines associated with receiving
the TTY tape reader cemploy the BSENSE input to the SC/M
line. When data are to be received from the TTY key

Microprocessor is reset low to deenergize the TTY
from the -

data from the TTY keyboard and/or
P Microprocessor as the input data
board only, the Flag 1 output of the SC/MP
Reader Relay; when data are to be received
I'Y tape reader, the Flag 1 output of the SC/MP Micro

, processor is set high to enable
the TTY Reader Relay.
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AT a to the TTY employ
Output Data. All of the subroutines associated with transml:tlir.lll-. u:)\llit:;‘t dat:
the Flag 0 output of the SC/MP Microprocessor as the output ds

g soister 2 (P 5 a stack
Software Stack. All of the subroutines reference & sc/mMpP po{n;(i: l‘l:)s:t:;.[;ni)isl/z) 'zi‘:us?t;dom
pointer for development of a software stack that grows from hl(:’,' Oh ok, Duringexecution
a subroutine is called P2 must be set to the high-order address Ur,t, A p '.risters and for
of the subroutine, the stack then is used for saving and reswrlvng b('/.t:lckmltngth required is
temporary storage of working and input/output data. The maxnmUT H sed to load a 4-digit
seven memory locations. The following instruction sequence may be u
memory address into P2:

LDI hv

XPAL 2

LDI hv

XPAH 2

Load AC with low-order P2 address
Exchange P2-low with AC

Load AC with high-order p2 address
Exchange P2-high with AC

Subroutine Calls and Returns. All of the subroutines save the contents of the SC/N{'P Pointer
Register 3 (P3) upon entry; subsequently, the subroutines effect a return to the <t:al }nl[ispr(?t;;am,
first, by restoring the saved contents to P3 and, then, by exchanging the corltcn s 9 : hw e
the contents of the Program Counter. Thus, to ensure i proper return, a &-ub'rout.:ln(.tjt,1 m‘x teet
called, first, by loading the appropriate address into P3 and, second, l_)y exchanging the contents
of P3 with the contents of the Program Counter via an XPPC 3 instn}ctlon. The following
instruction sequence may be used to load a 4-digit memory address into P3:
LDI hv
XPAL 3
LDI hv
XPAH S

Load AC with low-order P3 address -1
Exchange P3-low with AC

Load AC with high-order P3 address
Exchange P3-high with AC

NOTE

To facilitate use, all of the subroutine addresses in
this chapter specify the low-order P3 address - 1
value; for all subroutine calls, therefore, load the

appropriate address into the P3 register exactly as
shown.

Interrupts. In order for the SC/MP Microprocessor to process interrupts, it is necessary that

P3 be used as an interrupt-service-routine pointer. Thus, while P3 is used as a subroutine

pointer, interrupts must be disabled by programming the SC/MP Interrupt Enable (IE) Ilag to the
reset state.

Since an XPPC 3 Instruction is employed by each of the subroutines to reinstate the PC return address, P3
always points to the exit address of the subroutine upon return to the applications program. Subroutines that

can be recalled via the exit address are considered repeatable; subroutines that cannot be recalled via the
exit address are considered nonrepeatable.

The repeatable subroutines are GECHO, PUTC, MESG, GHEX,
and PHSEB. The remaining subroutines (GETP, GETC, PECHO, GHEXE, and PHEX) are not repeatable

because their exit addresses are common to one of the repeatable subroutines (see figures 3-5 through 3-9).
In the subroutine descriptions that follow, both initial and repeat calling sequences are listed for each
,subroutine.
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Table 3-12. DEBUG TTY Utility Subroutines

Subroutine

Calling
Address

Description

GETC

GETP

GECHO

PECHO

PUTC

GHEX

GHEXE

PHEX

PHEXB

TA88

TAB4

TA90

TA8C

TAE1

7B16

TBAF

7B4B

7BB3

7TBAD

This subroutine receives a character from the TTY keyboard without cchog
that is, when a TTY key is pressed after GETC is called, the character is
input to GETC but it is not printed out on the TTY. At the start of GETC, the
TTY Reader Relay is deenergized to disable the TTY tape reader.

This subroutine is identical to GETC except that the TTY Reader Relay is
enabled to permit a character to be received cither from the TTY keyboard
or the TTY tape reader. In either case, the character is not printed out at
the TTY.

This subroutine receives a character from the TTY keyboard with echo;
that is, when a TTY key is pressed after GECHO is called, the character
is input to GECHO and it is also printed out on the TTY keyboard. At the
start of GECHO, the TTY Reader Relay is deenergized to disable the TTY
tape reader.

This subroutine is identical to GECHO except that the TTY Reader Relay
is energized to permit a character to be received either from the TTY
tape reader or the TTY keyboard. In either case, the character received
is also printed out at the TTY.

This subroutine causes the TTY to print out the ASCII character that
corresponds to the value present in the SC/MP Accumulator when the
subroutine is called. (For reference purposes, an ASCII-to-hexadecimal
conversion list is provided in table 3-13.)

This subroutine prints out an ASCII message on the TTY. The message
must be stored in sequential memory as a series of ASCII characters
followed by a 00 data byte that indicates completion of the message.
(For reference purposes, an ASCII-to-hexadecimal conversion list is
provided in table 3-13.)

This subroutine enables a 4-digit hexadecimal value to be received from
the TTY and to be stored on a software stack. If more than four digits
are typed, only the last four digits are retained; if less than four digits
are typed, the missing digits are treated as leading zeroes. For example,
12345678 would be stored as 5678 and 24 would be stored as 0024.

This subroutine is identical to the GHEX subroutine except that the first
digit is input from the SC/MP Extension Register. Thus, the desired
first digit must be loaded into the SC/MP Extension Register before the
subroutine is called. (Since only the last four digits are retained, typing
more than three digits on the TTY will cause the digit entered via the
Extension Register to be lost.)

This subroutine causes the TTY to provide a 2-digit hexadecimal printout

that indicates the value that was present in the SC/MP Accumulator when
the subroutine was called.

This subroutine is identical to the PHEX subroutine except that a trailing
blank follows the 2-digit hexadecimal printout.
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Table 3-13. USA Standard Code for Information Interchange (ASCII)

e s 0 0, 0 0 1 1 1 1

LT 0o 0, 19 Y 0y 0, 1o n

B\

Iy

S Column-+
bylby|b | b, olu 0 1 2 3 4q 5 6 7
Pl d 4] 4] Rowd
0j0[{0]0 0 NUL OLE SP 0 @ P J p
ojofol1 1 SOH nel | 1 A 0 a q
0 1/0 2 STX nc2 e 2 B R b '
0{o|1]|1 3 ETX DC3 # 3 C S c s
of1]0]0 4 EOT DC4 $ 4 D T d 1
0l1]0|1 5 ENQ NAK % 5 E ] ¢ u
ol1{1]o0 6 ACK SYN & 6 F v f v
01|11 7 BEL ETB : 7 G w g w
11ofofo 8 BS CAN ( 8 H X h x
11001 9 HT EM ) 9 ! Y i y
11010 10 LF Sus 4 i J z i 2
1o no|ovr ESC + ; K [ K {
1{1{o0fo0 12 FF FS p < L \ | '
110 |1 13 CR GS - - M | m }
1{1)1]o 14 S0 RS > N > n ~
INREENE 15 sl us / ? 0 L1l DEL
Note:

The hex value = Column, Row; for example, A = 41, B =42, Q= 51, and so forth.

3.6.1.1 GETC Subroutine

The GETC Subroutine (figure 3-5), first, sets the SC/MP Status Register to 00 to disable the TTY tape reader,
and, then, reads one character into the SC/MP Accumulator from the TTY keyboard without echo. Execution

of GETC, therefore, causes the original contents of the SC/MP Accumulator and the Status Register to be lost.
The contents of the remaining SC/Mp registers, except for P3, are not affected.

Before GETC may be called initially,
at least five memory locations for use
P2 and P3 are set to the appropriate a

P2 must be set to the high-order address of a software stack that allows
by GETC, and P3 must be set to the GETC call address TA88. After
ddresses, GETC may be called via an XPPC 3 Instruction. Upon com-
pletion, GETC will return to the next sequential instruction of the applications program with the received
character stored in the SC/MP Accumulator, and the SC/MP Pointer Register 3 (P3) set to the exit address
GECHO. Thus, if GETC is to be recalled to permit reception of another character from the TTY keyboard,
the contents of the Accumulator, first, must be stored in a memory location to permit future processing, and,

then, P3 must be reloaded with the GETC call address 7A8S. Following these two actions, GETC may be
recalled via an XPpPC 3 instruction.
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¥.6.1.2 GETP Subroutine
_l‘hc GETP Subroutine (figure 3-5), first, sets the SC/MP Status Register to 02 to enable the TTY tape reader,
“nd, then, reads one character into the SC/MP Accumulator (without echo) from cither the T'T'Y keyboard or
_}w TTY tape reader. Execution of GETP, therefore, causes the original contents of the SC/MP Accumulator
“nd the Status Register to be lost. The contents of the remaining SC/MP registers, except lor P3, are not
Ay

fected.

I‘eforc GETP may be called initially, P2 must be set to the high-order address of a software stack that allows
N east five memory locations for use by GETP, and P3 must be set to the GETP call address 7TA84. After P2
“ha P3 are set to the appropriate addresses, GETP may be called via an XPPC 3 Instruction. Upon completion,
‘ETP will return to the next sequential instruction of the applications program with the received character
f"torcd in the SC/MP Accumulator and the SC/MP Pointer Register 3 (P3) set to the exit address GECHO. Thus,
' GETP is to be recalled to permit reception of another character from the T'TY keyboard or the TTY tape

l\'udcr, the contents of the Accumulator, first, must be stored in a memory location to permit future processing, and,

t'\en, P3 must be reloaded with the GETP call address 7A84. Iollowing these two actions, GETP may be
Puealled via an XPPC 3 Instruction.

3.6.1.3 GECHO Subroutine

The GECHO Subroutine (figure 3-5), first, sets a software flag (EI'LAG) to enable the program echo feature, and,
thcn, reads one character into the SC/MP Accumulator while echoing back the character to the TTY via the

["lug 0 output of the Status Register. Execution of GECHO, therefore, causes the original contents of the

S(‘,/MP Accumulator and the Status Register to be lost. The contents of the remaining SC/MP registers,

Xeept for P3, are not affected.

Before GECHO may be called initially, P2 must be set to the high-order address of a software stack that allows
At Jeast five memory locations for use by GECHO, and P3 must be set to the GECHO call address TAY0 or the
GRCHO exit address TADF. After P2 and P3 are sct to the appropriate addresses, GECHO may be called via
an X ppC 3 Instruction.  Upon completion, GECHO will return to the next sequential instruction of the applica-
tigpg program with the received character stored in the SC/MP Accumulator and the SC/MP Pointer Register 3
(B3) set to the exit address GECHO. Thus, il GECHO is to be recalled to permit reception of another character
[Pom the TTY keyboard, the contents of the Accumulator, first, must be stored in a memory location to permit

fugyre processing. IFollowing this, GECHO may be recalled via an XPPC 3 Instruction.

3.6.1.4 PECHO Subroutine

The PECHO Subroutine (figure 3-5), first, sets the SC/MP Status Register to 02 to enable the T'T'Y tape reader,

ang, second, sets a software flag (EI'LAG) to enable the program echo feature; then, it reads one character into
the SC/MP Accumulator while echoing the character back to the TTY via the Flag 0 output of the Status Register.
Execution of PECHO, therefore, causes the original contents of the SC/MP Accumulator and the Status Register
to he lost. The contents of the remaining SC/MP registers, except for P3, are not alfected.

Before PECHO may be called initially, P2 must be set to the high-order address of a software stack that allows
at Jeast five memory locations for use by PECHO, and P3 must be sct to the PECHO call address TASC. After
P2 and P3 are set to the appropriate addresses, PECHO may be called via an XPPC 3 Instruction.  Upon comple-
tion, PECHO will return to the next sequential instruction of the applications program with the reccived character
stored in the SC/MP Accumulator and the SC/MP Pointer Register 3 (P3) set to the exit address GECHO. Thus,
il PECHO is to be recalled to permit reception of another character from the TTY keyboard or the TTY tape
reader, the contents of the Accumulator, first, must be stored in a memory location to permit future processing,
and, then, P3 must be reloaded with the PECHO call address TA8C. Following these two actions, PECHO may
be recalled via an X PPC 3 Instruction.
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Figure 3-5. GETP, GETC, GECHO, and PECHO Subroutines (2 of 2)
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3.6.1.5 PUTC Subroutine

The PUTC Subroutine (figure 3-6) transmits the value contained in the SC/MP accumulator to the I‘IY for
printout as an ASCII character (refer to table 3-13). Execution of PUTC, therefore, causes the' o'rlgmal cotants
of the SC/MP Status Register to be lost. The contents of the SC/MP Accumulator and the remaining SC/MP
registers, except for P3, are not affected.

Before PUTC may be called initially, P2 must be set to the high-order address of a software stack that all?ws
at least five memory locations for use by PUTC, P3 must be set to the PUTC call address TAE1 or the PUTC
exit address 7B14, and the desired ASCII value must be loaded into the SC/MP Accumulator. After the.se
actions are accomplished, PUTC may be called via an XPPC 3 Instruction. Upon. completion, PU'I‘({ will _
return to the next sequential instruction of the applications program with the original ASCII value reinstated in
the SC/MP Accumulator, and the SC/MP P3 register set to the exit address PUTC. Thus, if the ASCII value
is to be transmitted to the TTY again, PUTC may be recalled via an XPPC 3 Instruction. If a new ASCII value

is to be transmitted to the TTY, however, the new value must first be loaded into the SC/MP Accumulator before
PUTC is recalled via an XPPC 3 Instruction.

3.6.1.6 MESG Subroutine

The MESG Subroutine (figure 3-7) enables a string of ASCII characters to be read out of sequential memory and
to be transmitted to the TTY for printout; the first character is read out of the memory address specified in the
call, and the remaining characters are read out of memory in sequence until either a 00 data byte is encountered
(indicating completion of the message) or a TTY key is pressed to terminate manually the message printout.
During execution of the MESG Subroutine, the Status Register is used for various program control functions, and

the original contents of the Status Register are lost. The contents of the SC/MP Accumulator and the remaining
SC/MP registers, except Pointer Register 3 (P3), are not affected.

NOTE

The entire message must be located on a single ""page"
or "wraparound" will occur; refer to 3.4.1, TTY
DEBUG Commands.

Before MESG may be called initially, P2 must be set to the high-order address of a software stack that allows
at least 10 memory locations for use by MESG, and P3 must be set to the MESG call address 7B16 or the
MESG exit address 7B49.

) Following these two actions, MESG may be called via X PPC 3 Instruction that is
followed by two data bytes that contain the high-order and low-order digits of the memory address containing

the first character of the message. If, for example, the first character of the message was located at memory
address 4000, the calling sequence would be as follows:

Memory Address Contents
XXXX 3F XPPC 3 INSTRUC TION
XXXX + 1 40
XXXX + 2 00

When MESG is called, it reads the first character out of the specified memory location and transmits the charac-
ter to tl.w TTY. Then MESG continues to read additional characters ou

trans.mlt the characters to the TTY until it is terminated via a 00 data
termination, MESG sets the SC/MP Pointer Re
saved PC contents by 2. Thus, the memory-r
MESG return is to the nex

t of sequential memory locations and to
‘ byte or by pressing a TTY key. Upon
gister 3 (P3) to the MESG exit address 7B49 and increments the

eference address associated with the call is skipped over and the
t sequential instruction of the applications program.

When additional messages are to be transmitted to the TTY for

; printout, MESG may be recalled after each
return via an XPPC 3 Instruction followed b i

. . y two data bytes that specify the m ini

first character of the new message. b ' PHGHTARGESES Conainiig s
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Figure 3-6. PUTC Subroutine
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Figure 3-7. MESG Subroutine
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D 3.6.1.7 GHEX Subroutine

The GHEX Subroutine (figure 3-8) enables a 4-digit hexadecimal value to be received from the TTY and to be
stored on a software stack. If more than four digits are typed in, only the last four digits are saved; if less
than four digits are typed in, the missing digits are treated as leading zeroes. During execution of GHEX,
the Status Register is used for various program control functions, and the original contents of the Status
Register are lost. The contents of the SC/MP Accumulator and the remaining SC/MP registers, except for
P2 and P3, are not affected.

NOTE

The GHEX subroutine decodes ASCII characters
ESC (data code TE or 1B) and ALTMODE (data
code 7TD) as escape characters. If either of
these characters are received, GHEX first prints
out an error message (@ @ ?); then, it
branches to a DEBUG firmware command loop

to inhibit a return to the calling program.

Before GHEX may be called initially, P2 must be set to the high-order address of a software stack that allows
at least 11 memory locations for use by GHEX, and P3 must be set to the GHEX call address 7B4F or the
GHEX exil address TBAB. After P2 and P3 are set to the appropriate addresses, GHEX may be called via an
XPPC 3 Instruction. GHEX, then, will continue to accept hexadecimal digits from the TTY keyboard until it

is terminated by pressing the TTY RETURN key or any other key that does not represent a hexadecimal value
or an escape character (G, P, Q and so forth). Upon termination, the P2 register will be decremented by two
and GHEX will return to the next sequential instruction of the applications program with the 4-digit input stored
on the stack as shown below and the SC/MP Pointer Register 3 (P3) set to the exit address GHEX.

') }/XX\

new P2 address new P2 address + 1
(original P2 address - 2) (original P2 address - 1)

Bit 7 Bit 4 Bit 0 Bit 7 Bit 4 Bit 0

The reason that the P2 register is decremented during the GHEX return sequence is to allow the GHEX subroutine
to be recalled without affecting the input data received previously. All that is necessary for repeated execution

of the GHEX subroutine, therefore, is to allow sufficient memory locations in the initial stack assignment to
cover all of the calls (11 memory locations for first call plus 2 memory locations for each additional call). Each
repeat call can then be effected via an XPPC 3 Instruction. If, for example, the GHEX subroutine were repeated
five times in succession, the stack composition would be as shown on the following page upon completion of the
fifth call.
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Stack address with
respect to initial

P2 address

P2

P2-1
P2-2
P2-3

P2-4

P2-8

P2-9

P2-10
P2-11
P2-12
P2-13
P2-14
P2-15
P2-16
P2-17

P2-18
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NOT USED

High-order digits

1st call

Low-order digits

1st call

High-order digits

2nd call

Low-order digits

2nd call

High-order digits

3rd call

Low-order digits

3rd call

High-order digits

4th call

Low-order digits

4th call

High-order digits

5th call

Low-order digits

5th call

NSNS

A

temporary

; // used for
7

storage of

data

e
2] i t
) e,
7

T

i

/S

/

LSS
LSS
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Stack addresses with
respect to P2 address
after fifth call

P2+10
P2+9
P2+8
P2+7
P2+6
P2+5
P2+4
P2+3
P2+2
P2+1
P2
P2-1
P2-2

P2-3

P2-6
P2-7

P2-8

P2 pointer after

each call

P2

P2

1st call

2nd call

3rd call

4th call

5th call
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INITTALIZE
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CONVERT FROM
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GHEX and GHEXE Subroutines (1 of 2)
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CALL GECHO

MASK OUT
PARITY BIT

s CHARACTER
SPACE

CHARACTER
=" ALTMODE
(07D)

CHARACTER
= ESC (07E)

CHARACTER YES

= ESC (01B)

RESTORE P3
FOR RETURN

y

PUT CHARACTER
IN AC

¢

RETURN TO
CALLING PROGRAM

NAHAR NS10520

Figure 3-8. GHEX and GHEXE Subroutines (2 of 2)
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3.6.1.8 GHEXE Subroutine

The GHEXE Subroutine (figure 3-8 enables a 4-digit hexadecimal value to be received and stored on a software
stack. The first digit is input from the SC/MP Extension Register and the remaining digits are input from the
TTY keyboard. If more than three digits are typed in at the TTY keyboard, therefore, the digit that was input
from the Extension Register will be lost and only the last four digits typed will be saved; if less than three digits
are typed in at the TTY keyboard, the missing digits will be treated as leading zeroes. During execution of
GHEXE, the Status Register is used for various program control functions and the original contents of the Status

and Extension Registers are lost. The contents of the SC/MP Accumulator and the remaining SC/MP registers,
except for P2 and P3, are not affected.

NOTE

The GHEXE subroutine decodes ASCII characters ESC
(data code 7E or 1B) and ALTMODE (data code 7D) as
escape characters. If either of these characters are
received from the TTY, GHEXE first prints out an

error message ( @ @ ?); then, it branches to a

DEBUG firmware command loop to inhibit a return
to the calling program.

Before GHEXE may be called initially, P2 must be set to the high-order address of a software stack that allows
at least 11 memory locations for use by GHEXE, P3 must be set to the GHEXE call address 7B4B, and the
desired first digit must be loaded into the SC/MP Extension Register. Following these actions, GHEXE may be
called via an XPPC 3 Instruction. GHEXE, then, will read in the first digit from the SC/MP Extension Register
and will continue to accept additional input digits from the TTY keyboard until it is terminated by pressing the
TTY RETURN key or any other key that does not represent a hexadecimal value or an escape character (G, X,
R, and so forth). Upon termination, the P2 register will be decremented by two and GHEXE will return to the

next sequential instruction of the applications program with the 4-digit input stored on the stack as shown below,
and the SC/MP P3 set to the exit address GHEX.

Input = XXXX

T

new P2 address + 1
(original P2 address - 1)

new P2 address
(original P2 address - 2)

Bit 7 Bit 4 Bit 0 Bit 7 Bit 4 Bit 0

The reason that the P2 register is decremented during the GHEXE return sequence is to allow the GHEXE subroutine
to be recalled without affecting the input data received previously. (See GHEX example of stack composition after
five successive calls.) Thus, if repeated execution of the GHEXE subroutine is desired, the initial stack assign-

ment should allow sufficient memory locations to accommodate all of the calls (11 memory locations for first call

plus 2 memory locations for each additional call). The recommended sequence for recalling the GHEXE subroutine
is as follows:

shift first digit into Extension Register via execution of SIO Instructions, or load desired digit
into Extension Register via Accumulator.
% Load GHEXE call address 7B4B into P2.

3. Call GHEXE subroutine via XPPC 3 Instruction.

3-51



N’ This digitised copy has been provided by Museum Victoria, free of charge. You may use this
@ work for any Non-Commercial Use with attribution to Museum Victoria and the creator.
MUSEUMVICTORIA

3.6.1.9 PHEX Subroutine

i i : i ined in the SC/MP Accumulator to the TTY for
\ aX ine (figure 3-9) transmits the value containe at '
e PHE.)»‘ gugiz‘:élt h((ax:decimal value. Execution of PHEX, therefore, causes the original contents of the
pri;ltmrl:tsttts Register to be lost. The contents of the SC/MP Accumulator and the remaining SC/MP
5C/M .

T‘egisters, except for P3, are not affected.

initi e high- ¢ ftware stack that allows
4v be called initially, P2 must be set to the high-order address of a so

Berorctpl}(l)}:l:em‘(l)iy :ocations for use by PHEX, P3 must be set to the PHEX call address 7BB3, and the
at leas

: he SC/MP Accumulator. After these actions are accomplished, PHEX
desired v:ﬂ“il m-‘;SZ: "X‘;?féeg l1::::;rt'uci;ion{ Upon completion, PHEX will return to the next sequential instruction
of t - wl'k' o s program with the original value reinstated in the SC/MP Accumulator and the SC/MP P3

of the apPhC'.’th(rllerqq PHEXB. Thus, if PHEX is to be recalled to transmit another hexadecimal value to the
betyto tg(; ::::;tahc r(;i;)a(lecl with the PHEX call address TBB3; then, the new hexadecimal value
irml:o ;:hc.SC/MP Accumulator.

must be loaded
Following these two actions, PHEX may be recalled via an XPPC 3 Instruction.

3.6.1.10 PHEXB Subroutine

he PHEXB Subroutine (figure 3-9) transmits the value contained in the SC/MP Accumulator to the TTY for
printout as a 2-digi

t hexadecimal value followed by a trailing blank. Execution of PHEXB, therefore, causes
the original contents of the SC/MP Status Register to be lost.

The contents of the SC/MP Accumulator and the
remaining SC/MP registers, except for P3, are not affected.

Before PHEXB may be called initially, P2 must be set to the high-order address of a software stack that allows
at least 10 memory locations for use by PHEXB, P3 must be set to the PHEXB call address 7BAD or the

PHEXB exit address TBF3, and the desired value must be loaded into the SC/MP Accumulator. After thesp
actions are accomplished, PHEXB may be called via an XPPC 3 Instruction. Upon completion, PHEXB will

return to the next sequential instruction of the applications program with the original value reinstated in the
§C/MP Accumulator and the SC/MP P3 set to the exit address PHEXB. Thus, if PHEXB is to 'be recalled to
permit another 2-digit hexadecimal value to be printed out with trailing blank, the new hexadecimal value
must be loaded into the SC/MP Accumulator before PHEXB is recalled via an XPPC 3 Instruction.

3.6.2 Digital Readout

The LCDS digital readout may be employed by an applications program for general display and/or trace purposes.
Each digit of the readout is enabled via a unique address, and all of the digits share a common data input that

controls lighting of the segments within the digits. The addresses of the digits and the data codes for hexadecimal
values 0 through F are on the following page.

NOTE

The LCDS digital readout displays the hexadecimal
values B and D in lower case (b and d) because

At ans. O
-band d are more readily distinguished from the
values 8 and 0. :
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.’ Hexadecimal
Digit Address Value Data Code

1st (left-most) digit 7020

0 3K
2nd digit 7010 1 06
3rd digit 7008 2 5B
4th digit 7004 3 4F
5th digit 7002 4 66
6th (right-most) digit 7001 5 6D
6 7
Segment Assignments For Digit Indicators 7 07
8 (Y
-=-01- - 9 67
| ' A 7
20 02 'y 7o
- -40 - | (0 39
' ) | D 5E
: ' 1lo ( ()4l & 79

“-08 - - ¥

=

71

! PARE 0
LCDS address decoding is such that address bits BA0O through BA05 and data bits BDO through BD6 are latched
on the trailing edge of the SC/MP BWDS* strobe when the digital readout is addressed. The latched address and
data bits, then, are applied to the digital readout as shown in figure 3-10. This particular addressing scheme
permits a hexadecimal value to be displayed on one or more digits of the digital readout simultancously. For
example, the address 7020 enables a value to be displayed on the first (left-most) digit, the address 7030 enables

a value to be displayed on the first and second digits, and the address 703F enables a value to be displayed on
all of the sgements.

The programming sequence listed below may be used to display a hexadecimal value on the digital readout. The
/ value then will remain displayed on the digital readout until the digital readout is addressed to permit display of

a new value (data code 00 can be used to blank the digital display), the SC/MP Microprocessor is initialized, or
the LCDS is placed in the DEBUG Mode.

Programming Sequence for Disgplay of a Hexadecimal Value

Instruction Comments

LDI data Load AC with low-order digital readout address to enable desired digit(s).

XPAL Ptn Exchange AC with Pointer Register low (P1, 2, or 3).

LDI 70 Load AC with high-order digital readout address.

XPAH Ptn Exchange AC with Pointer Register high (P1, 2, or 3 — as above).
LDI data Load AC with data code of desired value.

ST Ptn

Store AC at Pointer Register address (P1,