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PREFACE

In conjunction with other support documents (listed below), this Applications Guide provides the user with
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application. The applications (chapter 2) are organized by class — Analog-to-Digital/Digital-to-Analog Systems,
Keyboard/Display Systems, Multiprocessor Systems, and so on. Chapter 1 and the appendixes provide general
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. Data Sheet, ISP-8A/500D Single-Chip 8-bit MicroProcessor (SC/MP) — publication number
420305227-001. Provides electrical characteristics and functional overview of SC/MP chip.

. SC/MP Technical Description — publication . number 4200079. Comprises comprehensive
descriptions of functional details, general interfacing characterisitcs, supporting hardware,
and systems information.

. SC/MP Assembly Language Programming Manual — order number ISP-85/994Y .Contains
comprehensive overview of the SC/MP Microprocessor as it relates to assembly language
programming and detailed descriptions of the assembly language, sundry source state-
ments, programming techniques, and assembly input/output formats.

The information in this handbook is believed to be reliable; nevertheless, the National Semiconductor
Corporation does not assume responsibility for inaccuracies and the material presented is subject to change
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Chapter 1

SC/MP AS A GENERAL PURPOSE APPLICATIONS MICROPROCESSOR

INTRODUCTION

This document defines the internal architecture, the pinouts,
and the interfacing techniques of the SC/MP microprocessor
from an applications point-of-view; it is also addressed to
the concepts, principles, hook-up detail, and general imple-
mentation procedures that relate to the many applications
for which SC/MP is suitable. It is assumed that the user of
this document is somewhat familiar with SC/MP hardware
and software. If additional information is required in either
of these areas, the following support documents are available:

e Data Sheet, ISP-8A/500D Single-Chip 8-bit Mi-
croprocessor (SC/MP) — publication number
420305227-001. Provides electrical characteristics
and functional overview of SC/MP chip.

e SC/MP Technical Description — publication num-
ber 4200079. Comprises comprehensive descrip-
tions of functional details, general interfacing
characteristics, supporting hardware, and systems
information.

e SC/MP Assembly Language Programming Manual—
order number ISP-8S/994Y. Contains comprehen-
sive overview of the SC/MP Microprocessor as it
relates to assembly language programming and de-
tailed descriptions of the assembly language, sundry
source statements, programming techniques, and
assembly inputfoutput formats.

APPLICATIONS OVERVIEW OF SC/MP

SC/MP is a single-chip 8-bit microprocessor with a 16-bit
addressing capability that provides the user with a simple,
cost-effective, and general-purpose tool for implementing a
wide range of applications. The basic functions of SC/MP
are shown in figure 1-1. The following sections are addressed
to the purpose and use of these basic functions as they relate
to the broad spectrum of SC/MP applications.

SC/MP Timing

For applications where timing is not particularly critical,
only a capacitor is required for the clock — all other timing
circuits are an integral part of the chip. If the application
requires precision clock control, the capacitor can be re-
placed with a crystal — shown connected by broken lines in
figure 1-1. In either case, no external timing circuits (clock
drivers, phase splitters, buffers, and so forth) are required.
Refer to appendix A for information on using a capacitor
or a crystal, and for external clock considerations.

Sense Lines

SC/MP uses two sense lines (Sense A and Sense B) as its
‘“eyes” to see what is happening external to the processor;
the sense inputs shown in figure 1-1 are an integral part of
the chip. Under program control, either or both sense lines

= Ht-1
| crysTAL |

capaciTor |

—— SENSE A

SENSE
INPUTS
—»— SENSEB

SERIAL

INPUT c

SERIAL
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{
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=

EXTERNAL
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}—————P= INPUT/OUTPUT AND MEMORY
CONTROL (NADS, NWDS, NRDS

AND OTHERS)
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POWER
SUPPLY

NS10524

Figure 1—1. Basic Functions of SC/MP
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can be examined and a decision based on the logic state of
one or both inputs can be made.

The Sense A line serves a dual function in that it is used as
the interrupt input; when Sense A is used as an interrupt,
SC/MP can monitor asynchronous events while running
other programs. (Refer to appendix C for implementation
detail of SC/MP interrupts.) In certain applications, the
Sense A line can also be used for polling.

Serial Input/Output

The serial interface capability of SC/MP is provided by a
single 8-bit register (the Extension Register) and a “ninth-
bit”” output latch for the least significant digit of the word.
The serial input/output capability is especially useful for
Teletype® applications, since the Teletype data are in 8-bit
format — a parity bit plus a 7-bit code. The serial interface
is also cost-effective in inexpensive analog-to-digital systems,
X-Y plotters, display systems, data-acquisition systems, and
a host of other applications where inputs are generated in
serial order and the output device can be driven serially.

Control Flags

Discrete control of events that occur external to the micro-
processor are provided by three control flags (0, 1, and 2);
these TTL-compatible outputs are built into- the SC/MP
chip. Under software control, each flag output can produce
pulses or fixed voltage levels; thus, lamps, motors, relays,
and other similar devices can be serviced as required by the
application. Since any combination of the flags can be set
with a simple series of instructions, there is a significant sav-
ings in external decoding logic.

8-Bit Data Bus

The 8-bit data bus provides a means of bidirectional data
transfer between the Accumulator, which is internal to
SC/MP, and standard memory components or peripheral de-
vices, which are external to SC/MP. Valid input data are ex-
pected to be on the bus at negative read-strobe (NRDS)
t_fme, whereas output data are valid on the bus at negative
write-strobe (NWDS) time. The four most significant address
bits (AD 12, AD 13, AD 14, and AD 15) and four input/
output status signals (RFLG, IFLG, DFLG, and HFLG) are
multiplexed on the data bus and appear at negative address-
strobe (NADS) time; if the application requires, the address
and status signals can be externally latched. (Note: In ap-
plications that use Direct Memory Access (DMA), data
transfers between memory and a peripheral can be made
without entering the data port of SC/MP; that is, SC/MP
does not actively participate in the actual transfer of data.

® Registered trademark of the Teletype Corporation.

Refer to the SC/MP Technical Description for details of
DMA operation.)

12-Bit Address Bus

SC/MP provides 12 dedicated address lines (AD 00 through
AD 11) that are internally latched — an applications feature
that can save much external logic. As previously indicated,
the 4 most significant address bits (AD 12 through AD 15)
are time-multiplexed on the 8-bit data bus; thus, a SC/MP
system can be expanded easily to 65,536 bytes of memory.

Power Requirements

For direct interface with TTL and MOS devices, both +5-
volt and -7-volt sources are required. From an applications
viewpoint, it is advantageous to use low-power TTL and
MOS devices, since the SC/MP interface can be implemented
without buffering.

Putting the Basics of SC/MP to Use

Before looking at the internal architecture of SC/MP, let us
first see how an applications concept can be developed by
using nothing more than the basic features just described
and some simple software. Consider a “fire alarm system”
with a fire-sensing device connected to the Sense Alfinterrupt
line. The interrupt capability of the Sense A line is enabled
by software and, on each instruction fetch to memory, the
interrupt input is interrogated. As long as there is no fire,
the interrupt status does not change and SC/MP stays in the
main program. If a fire occurs, the interrupt input becomes
active (high), and on the next instruction fetch, SC/MP is
directed to another program; this program is written by the
user and is called an interrupt service routine. The interrupt
service routine can be written to serve any or all of several
functions — turning on the fire alarms, playback of prere-
corded evacuation procedures and perhaps opening emer-
gency exits, turning on the sprinkler system, calling the fire
department, and so on. All of these functions can be per-
formed by software control of flags 0, 1, and 2. For instance,
the alarm system and playback of evacuation procedures
might be activated simply by setting flag O from a logic ‘0’
to a logic ‘1’. A series of pulses on flag 1 might be used to
open one or more emergency exits and to turn on the
sprinkler systems. Flag 2 might be used to activate an auto-
matic phone dialer — a coded pulse train could indicate the
number to be dialed. The phone systems could also be acti-
vated and the dial-up code transmitted via the serial input/
output port of SC/MP. Except for memory and external
interface circuits, all hardware required to implement the
fire control system is resident in the SC/MP chip; thus, op-
timal cost-effectiveness is obtained.



SC/MP Hardware

In the preceding section, SC/MP is defined in basic terms
with little emphasis on the internal architecture of SC/MP,
To view SC/MP from a general-purpose applications per-
spective, a study of the CPU architecture and a description
of the pinouts are in order. Figure 1-2 shows the functional
subdivisions and identifies each input/output pin of the SC/
MP chip. In subsequent sections, all functions and pinouts
that are related directly to applications are described in
terms of both hardware and software.

Accumulator Register

Almost any data movement within the SC/MP system in-
volves the 8-bit Accumulator; thus, the Accumulator is used
in every type of application. In terms of interface and soft-
ware control, functions of the Accumulator can be summar-
ized as follows.

e Data transfers to and from memory are made via
the Accumulator.

e Under software control, the low-order or high-order
data byte of any Pointer Register can be exchanged
directly with the contents of the Accumulator; data
can also be exchanged between the Extension Reg-
ister and the Accumulator.

e Data can be copied from the Status Register to the
Accumulator and vice versa.

e Results of all operations performed by the Arith-
metic Logic Unit are left in the Accumulator.

Pointer Registers

Except for Pointer Register 0 (P0), which is dedicated for
use as the Program Counter (PC), the remaining three Pointer
Registers (P1, P2, and P3) are available for addressing mem-
ory and other peripheral devices. In a given application, a
Pointer Register might be used as follows: 16 bits (2 bytes)
of address data are transferred via the Accumulator to a

designated Pointer Register — say, P1. Now, when an ‘LD I’
Instruction is executed, SC/MP is instructed to load 8-bits
of data from the external device whose address is specified
by the contents of P1. Another pointer—P3, for example —
could be loaded with the memory location in which the
data are to be stored, that is, an ‘ST 3’ Instruction. When
this instruction is executed, the foregoing data are transfer-
red from the Accumulator to the memory location speci-
fied by P3.

From a programming point-of-view, certain conventions
regarding pointer register assignments are beneficial; some
typical assignments are as follows:

Pointer Register 1 - -------- ROM Pointer
Pointer Register 2 - - - ------ RAM Pointer
Pointer Register 3 - - - - ----- Subroutine Pointer

As previously indicated, the low-order or the high-order byte
of any Pointer Register can be exchanged with the Accumu-
lator; also, the 16-bit content of the Program Counter (PC)
can be exchanged with any of the other Pointer Registers.
Not only are these exchanges useful in implementing the
addressing schemes of SC/MP, the 16-bit exchange is par-
ticularly useful in executing subroutine calls. For example,
using the foregoing convention, Pointer Register 3 is loaded
with the memory location that just precedes the subroutine
address; that is, if the subroutine address is X'FE1S5, then,
Pointer Register 3 is set to X’FE14. The content of P3 now
is exchanged with the Program Counter, and since the PC
is incremented before the instruction fetch, the instruction
at address X‘FE1S5 is executed. During subroutine nesting,
it is important to save the contents of P3 because they are
the only return link to the basic program. This is easily
accomplished via the Accumulator and two store instruc-
tions — one for the low-order byte and one for the high-
order byte. The following examples assume that SUBR is
the label on the first instruction of the subroutine.
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Figure 1-2. CPU Architecture and Pinouts of SC/MP




SUBROUTINE JUMP

FE14 SUBR 1 = SUBR-1
C414 LDI L(SUBR 1)
33 XPAL P3

C4FE LDI H(SUBR 1)
37 XPAH P3

3F XPPC P3

SUBROUTINE RETURN
3F XPPC P3

;LOAD LOWER SUBROUTINE ADDRESS
;TRANSFER LOWER TO P3L

;LOAD UPPER SUBROUTINE ADDRESS
;TRANSFER UPPER TO P3H
;EXCHANGE PC AND P3

;JRETURN FROM SUBROUTINE EXCHANGE

If multilevel subroutines are used, the current contents of the Pointer Register should be saved on the top of the stack and

should be restored upon return from the subroutine.

Ca14 LDI L(SUBR 1)
33 XPAL P3

CEFF ST @-1(P2)
C4FE LDI H(SUBR 1)
37 XPAH P3

CEFF ST @-1(P2)
3F XPPC P3

C6FF LD @1(P2)

37 XPAH P3

C601 LD @1(P2)

33 XPAL P3

;LOAD LOWER SUBROUTINE ADDRESS
;TRANSFER TO P3

;SAVE P3L ON STACK

;LOAD UPPER SUBROUTINE ADDRESS
;TRANSFER TO P3H

;SAVE P3H ON STACK

<JUMP TO SUBROUTINE

;RETURN FROM SUBROUTINE, LOAD
;P3H FROM STACK

;TRANSFER TO P3H

;LOAD P3L FROM STACK

;TRANSFER P3L FOR RETURN TO
;CALLING SUBROUTINE

A subroutine call can also be implemented via the Jump to
Subroutine Instruction (JS). The SC/MP assembler treats
this pseudo instruction the same as any other assembly-
language statement except that, in this case, one or more
machine-language instructions are generated. Following is
an example:

JUMP TO SUBROUTINE (JS)

Operation Operands
Format: JS ptr, expression
Memory: 7 bytes
Generated Code: LDI H(expression)
XPAH ptr
LDI L (expression)—1
XPAL ptr
XPPC ptr

When a Jump to Subroutine is invoked, the code generated
results in the setting of the specified Pointer Register (ptr)
to the value, expression-1. In calculating this value, the
memory page structure of SC/MP must be considered —refer
to SC/MP Assembly Language Programming Manual. The

contents of the Pointer Register are exchanged with the
To implement multilevel (nested) subroutines, a memory
“stack” is required. In accordance with the foregoing assign-
ments, Pointer Register 2 can be used as the stack pointer
in RAM. The address loaded into P2 points to the top of
the stack; this address is a location in read/write memory.
contents of the Program Counter. As a result, the next in-
struction to be executed will be at the location addressed
by the expression. The Pointer Register will contain the ad-
dress of the XPPC Instruction, allowing a subroutine return
to the instruction that follows.

If P3 is used as a subroutine pointer and its contents are not
disturbed, the subroutine can be called repeatedly without
reloading P3. The following setup shows how this can be
accomplished.

SIN:

[ ) ®

[ ] [ ]

o [ )

[ ] /.
3F XPPC P3 ;SUBROUTINE RETURN
90FD JMP SIN ;FOR REENTRY



Extension Register

Basically, the 8-bit Extension Register is a backup for the
Accumulator as the Accumulator can be loaded from the
Extension Register with a Load AC from Extension Instruc-
tion (LDE) or the contents of the two registers can be ex-
changed with an Exchange AC and Extension Instruction

(XAE). Also a serial input/output can be implemented via
the Extension Register and the Serial Input/Output Instruc-
tion (SIO). Technically, the Extension Register can be
thought of asa 9-bit register;the additional bit in the output
latch is useful for implementing ‘starts’ and ‘stops‘ while still
maintaining 8 bits of data in the register. A simple sequence
of instructions to initialize the output latch is shown below.

INITIALIZE: LI

XAE

SIO

;LOAD ACCUMULATOR WITH ALL ZEROES
;TRANSFER CONTENTS OF ACCUMULATOR TO

E-

REGISTER

;SET OUTPUT LATCH TO ZERO

In the first Load Immediate Instruction (LI), the Accumu-
lator is loaded with all zeroes; the second Exchange AC and
Extension Instruction (XAE) fills the 8-bit Extension Reg-
ister with zeroes. Now, a Serial Input/Qutput Instruction
(SIO) is executed; this right-shifts the Extension Register
one position and brings the data at the serial input (SIN)
port into the most significant bit position, while shifting a
‘0’ into the output latch. (Note: The Extension Register
also can be used for addressing — refer to ‘““Addressing
Capabilities and Instruction Set of SC/MP,” located later in

this section, for additional information about addressing.)
Status Register

Conditional responses of SC/MP are based on the logic ‘0’
or logic ‘1’ states of the 8 bits in this register. As shown in
figure 1-2, bits 0,1,and 2, respectively,are dedicated to con-
trol flags O, 1, and 2. One or more of the control flags are
set by loading a bit pattern into the Accumulator and then
copying the contents of the Accumulator to the Status Reg-
ister; refer to series of instructions that follows.

1 PFLG: LDI 01
2 CAS

3 LDI 00
4 CAS

°

°

°
21 SFLG: LDI 03
22 CAS

;SET LSB OF ACCUMULATOR TO ‘1’
SET FLAGOto ‘1’

;SET CONTENTS OF ACCUMULATOR
;EQUALTOO

;RESET FLAG 0 FROM LOGIC ‘1’ TO
;LOGIC ‘O’

;SET BIT POSITIONS ‘0’ AND ‘1’ OF
;/ACCUMULATOR TO LOGIC ‘1"
;SET FLAGS 0 AND 1 SIMULTANEOUSLY

From the preceding instructions, it is readily seen that flags
0, 1, and 2 are software-controlled to produce a series of
pulses or a DC level at the output pins in whatever timing
sequence the application requires. The state of the flags can

be tested by copying the contents of the Status Register to
the Accumulator and by using a masking or bit-testing
operation — similar to the Sense A/Sense B program that
follows.



1 CSA ;COPY CONTENTS OF STATUS REGISTER INTO ACCUMULATOR
2 ANI 010 :MASK TO TEST SENSE A (BIT 4)
3 JNZ SASET JUMP TO SASET IF SENSE A =1
. ;CONTINUE PROGRAM IF SENSE A=0
.
.
1 CSA ;COPY CONTENTS OF STATUS REGISTER INTO ACCUMULATOR
12 ANI 020 ;MASK TO TEST SENSE B (BIT 5)
13 JNZ SBSET +JUMP TO SBSET IF SENSE B = 1
° ;CONTINUE PROGRAM IF SENSEB =0
°
.
21 CSA ;COPY CONTENTS OF STATUS REGISTER INTO ACCUMULATOR
22 ANI 030 ;MASK TO TEST SENSE A AND SENSE B (BITS 4 AND 5)
23 JNZ ORSET +JJUMP TO ORSET IF SENSE A OR SENSE B IS EQUAL TO ‘1’

;CONTINUE PROGRAM IF BOTH SENSE A AND SENSE B
;EQUALS 0’

As shown in the foregoing code, the operational sequence
for testing each sense input is the same — the only difference
being that for Sense A the mask coincides with bit 4 and
that for Sense B it coincides with bit 5. When the two sense
lines are tested simultaneously (lines 21, 22, and 23), the
program does not immediately identify which sense line is
high but simply jumps to a location (ORSET) if either Sense
A or Sense B is set. This method of testing might be useful
in a polling system where time is critical and it takes too
long to check discretely each sense line every time the pro-
gram circulates through the polling loop. By simultaneously
checking both inputs and by jumping to an appropriate sub-
routine, software can be used to discriminate between Sense
A and Sense B — if, in fact, one of the sense inputs is high.

Many applications require an interrupt input, and the Sense
A line can be used for this purpose. The SC/MP interrupt
system is enabled simply by using an Enable Interrupt In-
struction (IEN) to set bit 3 in the Status Register; alternately,

the interrupt system can be enabled, first, by setting bit 3
of the Accumulator to a logic ‘1’ and, then, by executing a
copy AC to Status Instruction (CAS). In either case, with
bit 3 of the status register set to a logic ‘1°, the Sense A line
becomes an interrupt input — refer to appendix C for im-
plementation detail of the interrupts. The interrupt system
can be disabled in either of two ways: (1) a Disable Inter-
rupts Instruction (DINT) can be used to set bit 3 of the
Status Register to a logic ‘0’, or (2) the interrupt system
can be disabled, first, by setting bit 3 of the Accumulator
to ‘0’ and, then, by executing a Copy AC to Status Instruc-
tion (CAS). With bit 3 of the Status Register as a logic ‘0’,
the Sense A input is now returned to the sense mode and its
function is once again identical to that of Sense B.

In some applications it may be desired té enable (or disable)
the interrupt line and to set (or pulse) one or more flags
with the same series of instructions. This can be done
as follows:

1 JENABLE INTERRUPT (IEN) AND SET FLAG

2 CSA ;COPY STATUS TO ACCUMULATOR

3 ORI 009 ;ENABLE INTERRUPT AND SET FLAG 0

. P

.

.

9 :DISABLE INTERRUPT (DINT) AND RESET FLAG
10 CSA ;COPY STATUS TO ACCUMULATOR
1 ANI OF6 ;DISABLE INTERRUPT AND RESET FLAG 0
12 CAS :COPY ACCUMULATOR TO STATUS



Bits 4 and 5 of the Status Register correspond, respectively,
to the Sense A and Sense B inputs. If the Sense A line is
high, a logic ‘1’ is read into bit 4 of the Status Register,
whereas if the Sense B line is high, status bit 5 is set to a
logic ‘1°. The following series of instructions show one way

to test the Sense A/Sense B status. The code in lines 1, 2,
and 3 tests the status of Sense A (in the sense mode) and
the code in lines 11, 12, and 13 tests the status of the Sense
B input; the code in lines 21, 22, and 23 shows how both
sense lines can be tested simultaneously.

Bits 6 and 7 of the Status Register provide arithmetic control; these control functions can be summarized as follows:

Bit 6 — Overflow (OV); this bit is set if an arithmetic overflow occurs during an add instruction (ADD, ADI, or ADE)
or during a complement-and-add instruction (CAD, CAI, or CAE). Overflow is not affected by the decimal-

add instructions (DAD, DAI, or DAE).

Bit 7 — Carry/Link (CY/L); this bit is set if a carry from the most significant bit occurs during an add, a complement-
and-add, or a decimal-add instruction. The bit is also included in the Shift Right with Link (SRL) and the
Rotate Right with Link (RRL) Instructions. CY/L is input as a carry into the bit O position of the add,
complement-and-add, and decimal-add instructions.
SC/MP Pinouts
As shown in figure 1-3, SC/MP is housed in a 40-pin, dual- NWDS
in-line package. Two of the pins are used for input power (] Vee
and two are used for timing; the remaining 36 pins are used NRDS  ——7] NADS
for control, addressing, and data input/output functions. In eNNn ——3] X2
a usual application, the 8 input/output pins (DB 00 through ENOUT [:‘ X1
DB 07) are connected to a common data bus and the 12 ad-
dress pins (AD 00 through AD 11) are connected to a com- BREQ {5 AD M
mon address bus. In conjunction with bus access and other NHOLD ——E AD 10
appropriate control signals, three functions f\re implemented: NRST E’ AD 09
(1) 8-bit data are input to SC/MP, (2) 8-bit data are output
from SC/MP, and (3) address and status information are cont ——¢] AD 08
output from SC/MP. Timing detail and a description of each DB 07 ——E c AD 07
pingut fare describefi in other docum.ents; however, a's an 0B 06 I:' 5 AD 06
applications convenience, these functions are summarized,
respectively, in figure 1-4 and table 1-1. o805 —1] AD 05
oBoa ——12] AD 04
pBo3 —i3] AD 03
oso2 —i4 P AD 02
DB 01 16 AD 01
DB 00 6 [25}—— Ap 00
SENsE A—17] 24— sin
— | senseB—T8] [23}—— sout
— | FLac 0 —g] 22— FLaG2
vss —z9) 21}—— FLacH

18
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Figure 1—3. 40-Pin SC/MP Chip




INITIALIZATI

{6

"’

{6

lo-|MMu:0|

{Typical)

"

m

NRST

-

{6

NRODS/
NWDS

17/~

ENIN
| )
BREQ : : R
| I-——'—Joﬂmn
300 nsec —ha————h. ’* |
ENOUT \ |
—f
1 “ P
/f - /$

NADS

e

1500 nsec

-l
T
|

300 nsec
(typical)

Zsovme-t-———: : \ S0mec —of !-_
HI-Z : : ADDRESS VALID -
% | [ ]
| [ |
i — o B S
0800-DB07 HI-Z STATUS VALID VALD |

RDS
(NWDS IS ACTIVE HIGH
DURING INPUT CYCLE)

tBREQ ENIN PROCESSING SEQUE

CHECK BREQ
LINE

BUS BUSY

SET
BREQ HIGH

XECUTE DATA TRANSFER|
{ADDRESS, OUTPUT:
THEN READ OR WRITE)

Note 1

BREQPULLED TO Vgg
BY EXTERNAL LOAD
RESISTOR

Note 2

NOT/

ES:

1. ENOUT is always
low while SC/MP is
actually using bus,
that is, ENIN input
and BREQ output
are high.

2. When SC/MP is not

using bus (BREQ
output or ENIN
input low), ENOUT
is heid in same stata
as ENIN input.

PROCESSING SEQUENCE FOR HALT AND INTER

ADDRESS VALID

|

250 nsec —pa——s] - |'—' 50 nsec |

- ADDRESS & | STATUS WRITE DATA 1

- 100 nsec
- =
:
NWDS |
(NRDS IS ACTIVE HIGH |
DURING OUTPUT CYCLE) L
| g 750 nsec + 750 nsec —-I

RESET INTERRUPT
ENABLE; EXECUTE
XPPC 3

RUPT HEQUESTS

INCREMEN' 3

REMENT PC;
FETCH INSTRUCTION.
EXECUTE INSTRUCTION

|

Figure 1—4. SC/MP Timing (Based on 1-MHz Crystal) and Processing Sequences




Table 1-1. Description of SC/MP Pinouts

PIN . .,B::::on Design Considerations PIN . UB::;‘:M Design Considerations
X1 Timing Connect capacitor between these pins NRST  |Negative When this input is set low, in-process oper-
for applications where timing is not Reset ations are aborted.
X2 critical; use crystal where timing is
critical. (Refer to Appendix A for NHOLD | wait In conjunction with CONT, the NHOLD
component characterization and the = input can be used to implement single
use of an external clock.) cycle/single-instruction control of SC/MP
V, — refer to figure 1-4e for extended input/
ts.f Power Vgg = +5V (£5%) output timing.
‘é%e Vgg = -7V (:5%)
SIN Serial Input/ When the SI10 instruction is executed,
Sense A External These TTL-level inputs are connected Output the MSB of the input data is shifted into
sensing and directly to bit positions 4 and 5 of the SOuT the MSB of the extension register, and the
Sense B software- status register. Both bits can be copied [24] LSB is shifted from the E-Register to an
- | controlled from the status register to the accumu- output latch, that is, the contents of the
interrupt lator but neither bit can be written into register can be changed without affecting
from the accumulator, that is, they are the state of the output latch.
“read only’’ inputs. With the interrupt
armed (bit 3 of status register set high), . .
the Sense A pin becomes the interrupt NADS Negative When low, indicates valid address and
input — see figure 1-4g for processing Address status outputs are present on the system
sequence of interrupt request and Strobe buses. The NADS leading edge of the
Appendix C for implementation detail strobe can be used to externally
of the interrupt system. latch input/output status and the four
MSB of the 16-bit address; refer to fig-
Flag 0 External Each flag output is TTL-compatible and ures 1-4c, 1-4d, and 1-4e for /O timing
ma conirol of can drive a 1.6-milliampere load. The of NADS.
Flag 1 peripherals flags are software-controlled and can be
Fﬁ?g 5 set or pulsed in a single or multiple NRDS | Negative A Tri-State output that, when low,
® sequence. Read Strobe indicates SC/MP is ready to accept data
from the 8-bit input/output bus; as
shown in figure 1-4c, data are input on
BREQ Bus-Access, In simple stand-alone applications, the trailing edge of this strobe.
[ 5 | DMA, and BREQ can be connected to Vgg through
ENIN Multiprocessor | a 6.8 kilohm resistor, ENOUT can be ig-
Control nored, and ENIN can be connected to NWDS  |Negative A Tri-State output that, when low, indi-
ENOUT Vgg so that the SC/MP microprocessor [ 1 ] Write Strobe cates output data from SC/MP is valid
[ 4 ] has access to system buses whenever the on 8-bit input/output bus; refer to figure
BREQ pinis high. In systems that require 1-4d for output timing.
bus-sharing, the common bus-request
line is continually tested by each micro-
processor; when the request line is low, | DB00-07 {Input/Output | At NADS time, /O status and 4-MSB of
system buses can be accessed, and if Y. KN data 16-bit address are output from SC/MP;
BREQ and ENIN are set high, bus access at NRDS time, data are input to SC/MP
is granted. and, at NWDS time, data are output
from SC/MP. Each pin is bidirectional
CONT Start/Stop Permits suspension of operations with- and Tri-State.
[ & ] out loss of internal status. Can be used
with ‘"HALT' flag to implement a pro-
grammed halt; also, can be used with AD 00— |Latched At NADS time, the 12-bit latched
NHOLD (Wait) signal to implement 1 Address address is valid and, as shown in figures
single-cycle/single-instruction control 1-4c and 1-4d, a read or write function
of microprocessor. then is implemented.

*Refer to SC/MP data sheet for minimum/maximum values.
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ADDRESSING CAPABILITIES AND INSTRUCTION
SET OF SC/MP

Addressing

During execution, instructions and data defined in a program
are stored into and loaded from specific memory locations,
the Accumulator, or selected registers. Because SC/MP mem-
ory (read/write and read-only), and peripherals are on a
common data bus, any instruction used to address memory
may be used to address the peripherals. The formats of the
instruction groups that reference memory are shown below.

7. .321.0 7. .. ... .. 0| Memory
R Reference
opcode |m| ptr disp Instructions
Memory
7. .321.0| (7. ..... .. 0| Increment/
Decrement
opcode ptr disp Instructions
and Transfer

Instructions

Memory-reference instructions use the PC-relative, indexed,
or auto-indexed methods of addressing memory. The
memory-increment/decrement instructions and the transfer
instructions use the PC-relative or indexed methods of ad-
dressing. The various methods of addressing memory and
peripherals are shown below.

Type of Operand Formats
Addressing | m ptr disp
PC-relative 0 0 -128* to +127
Indexed 0 1,2,0or3 | -128* to +127
Immediate? 1 0 -128* to +127
Auto-indexed | 1 1,2,0r3 | -128* to +127

* For PC-relative, indexed, and audo-indexed memory-
reference instructions, another feature of the addressing
architecture is that the contents of the Extension Regis-
ter are substituted for the displacement if the instruc-
tion displacement equals -128 (X'80).

Immediate addressing is an addressing format specific to
immediate instructions.

NOTE

All arithmetic operations associated with
address format affect only the 12 low-
order address bits; no carry is provided to
the 4 high-order bits. For systems employ-
ing memories of 4K or less, the high-order
bits can be ignored, as they are set to 0000
following initialization. For systems em-

-1

ploying larger memories, the high-order
bits must be set to the starting address of
the desired 4K block of memory. For ex-
ample, when the 4 high-order bits are
0001,, memory locations 1000;¢
1FFF,¢ are addressed; when 0010,,
memory locations 2000, - 2FFF,¢
are addressed; and so forth.

PC-Relative Addressing

A PC-relative address is formed by adding the displacement
value specified in the operand field of the instruction to the
current contents of the Program Counter. The displacement
is an 8-bit twos-complement number, so the range of the
PC-relative addressing format is -127,4 to +127,, locations
from the current contents of the Program Counter.

Immediate Addressing

Immediate addressing uses the value in the second byte of a
double-byte instruction as the operand for the operation to
be performed. For example, compare a Load Instruction
(LD) to a Load Immediate Instruction (LDI). The Load
Instruction uses the contents of the second byte of the
instruction in computing the effective address of the data
to be loaded. The Load Immediate Instruction uses the con-
tents of the second byte as the data to be loaded.

Indexed Addressing

Indexed addressing enables the programmer to address any
location in memory through the use of the Pointer Register
and the displacement value of an instruction. When indexed
addressing is specified in an instruction, the contents of.the
designated Pointer Register are added to the displacement
to form the effective address. The contents of the Pointer
Register are not modified by indexed addressing.

Auto-Indexed Addressing

Audo-indexed addressing provides the same capabilities as
indexed addressing along with the ability to increment or
decrement the contents of the designated Pointer Register
by the value of the displacement. If the displacement is less
than zero, the contents of the Pointer Register is decre-
mented by the displacement before the contents of the ef-
fective address are fetched or stored. If the displacement is
equal to or greater than zero, the contents of the Pointer
Register are used as the effective address, and the contents
of the Pointer Register are incremented by the displacement
after the contents of the effective address are fetched or
stored.



{Instruction Set

The SC/MP instruction set provides the general-purpose
user of microprocessors a powerful programming capability
along with above-average flexibility and speed. The instruc-
tion set consists of 46 instructions, which comprise 8 gen-
eral categories. A listing of the complete instruction set is
provided in table 1-2; typical instruction execution times
are given in table 1-3, and notations and symbols used as
shorthand expressions of instruction capability are defined
in table 1-4.

“The instruction set includes both single-byte and double-
byte instructions. A single-byte instruction consists of an 8-

bit operation code that specifies an operation that SC/MP
can execute without further reference to memory. A double-
byte instruction consists of an 8-bit operation code and an
8-bit data or displacement field. When the second byte
represents a data field, the data are processed by SC/MP
during execution of the instruction, thereby eliminating the
need for further memory references. When the second byte
represents a displacement value, it is used to calculate a
memory address that will be accessed (written into or read
from) during execution of the instruction.

Figure 1-5 provides a flowchart that illustrates the execution
sequence for the various classes of SC/MP instructions.

Table 1-2. SC/MP Instruction Summary

Mnemonic Description Object Format Operation g;:::s
DOUBLE-BYTE INSTRUCTIONS
Memory Reference Instructions 76543210[76543210
LD Load 1100 0fm|ptr disp (AC)(EA) 18
ST Store 1100 1mlptr disp (EA)«(AC) 18
AND AND 1101 OmJDtr disp (AC)<(AC) (EA) 18
OR OR 1101 1|mjptr disp (AC)<(AC) V (EA) 18
XOR Exclusive-OR 1.1.100|mjptr disp (AC)—(AC) V (EA) 18
DAD Decimal Add 1110 1mlptr disp (AC)<(AC)10 + (EA)10 + (CY/L);(CY/L) 23
ADD Add 11110 m]plf disp (AC)<(AC) + (EA) + (CY/L);(CY/L),(OV) 19
CAD Complement and Add 1111 1mlpt] disp (AC)+(AC) + ~(EA) + (CY/L);(CY/L),(OV) | 20
Memory Increment/Decrement Instructions| |76 54 32[10]76543210
ILD Increment and Load 101010|ptr disp (AC), (EA)<(EA) +1 22
DLD Decrement and Load 101110 (AC), (EA)<(EA) -1 22
Immediate Instructions 76543210/76543210
LDI Load Immediate 11000100 data (AC)+data 10
ANI AND Immediate 11010100 data (AC)«<(AC) data 10
ORI OR Immediate 11011100 data (AC)<(AC) V data 10
XRI Exclusive-OR Immediate 11100100 data (AC)«<(AC) V data 10
DAI Decimal Add Immediate 11101100 data (AC)<(AC) 0 + datajg + (CY/L);(CY/L) 15
ADI Add Immediate 11110100 data (AC)<(AC) + data + (CY/L);(CY/L),(OV) 1"
CAl Complement and Add Immediate 11111100 data (AC)«<(AC) + ~data + (CY/L);(CY/L),(OV) 12
Transfer Instructions 765432/10/76543210
JMP Jump 100100|ptr disp (PC)«<EA 1"
JP Jump if Positive 100101ptr disp If (AC) =0, (PC)<EA 9,11
Jz Jump if Zero 1001 10fptr disp If (AC) =0, (PC)<EA 9, 11
INZ Jump if Not Zero 1001 11[PY disp If (AC) # 0, (PC)<EA 9,1
Double-Byte Miscellaneous Instructions 76543210(76543210
DLY Delay 10001111 data count AC to -1, 13 to
delay = 13 + 2(AC) + 2 disp + 29 disp 131, 593
microcycles
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Table 1-2 (Concluded)

Mnemonic Description Object Format Operation Micro-
Cycles
SINGLE-BYTE INSTRUCTIONS
Extension Register Instructions 76543210
LDE Load AC from Extension 01000000 (AC)«(E) 6
XAE Exchange AC and Extension 00000001 (AC)+>(E) 7
ANE AND Extension 01010000 (AC)<{AC) (E) 6
ORE OR Extension 01011000 (AC)«<(AC) V (E) 6
XRE Exclusive-OR Extension 01100000 (AC)+<(AC) V (E) 6
DAE Decimal Add Extension 01101000 (AC)<(AC)10 + (E)10 + (CY/L):(CY/L) "
ADE Add Extension 01110000 (AC)<(AC) + (E) + (CY/L);(CY/L),(OV) 7
CAE Complement and Add Extension 01111000 (AC)«<(AC) + ~(E) + (CY/L);(CY/L),(OV) 8
Pointer Register Move Instructions 76543210
XPAL Exchange Pointer Low 00 1100|ptr (AC)<(PTR7.0) 8
XPAH Exchange Pointer High 001101ptr (AC)<(PTR15.8) 8
XPPC Exchange Pointer with PC 0011 11pPtr (PC)«>(PTR) 7
Shift, Rotate, Serial /O Instructions 76543210
SIo Serial Input/Output 00011001 (Ej)=(Ej.1), SIN=(E7), (Eg)=>SOUT 5
SR Shift Right 00011100 (ACj)—(ACj.q), 0~(AC7) 5
SRL Shift Right with Link 00011101 (ACj)=(ACj.q), (CY/L)=>(AC7) 5
RR Rotate Right 00011110 (AC;j)—~(ACj.1), (ACg)—>(AC7) 5
RRL Rotate Right with Link 00011111 (AC;i)=(ACj.1), (ACg)—~(CY/L)~(AC7) 5
Single-Byte Miscellaneous Instructions 76543210
HALT Halt 00000000 Pulse H-flag 8
CCL Clear Carry/Link 00000010 (CY/L)<0 5
SCL Set Carry/Link 00000011 (CY/L)1 5
DINT Disable Interrupt 00000100 (IE)<0 6
IEN Enable Interrupt 00000101 (1E)<1 6
CSA Copy Status to AC 00000110 (AC)«<(SR) 5
CAS Copy AC to Status 00000111 (SR)«<(AC) 6
NOP No Operation 00001000 None 5

Table 1-3. Instruction Execution Time

. Read Write
Instruction Cycles | Cycles Microcycles
ADD 3 0 19
ADE 1 0 7
ADI 2 0 n
AND 3 0 18
ANE 1 0 6
ANI 2 0 10
CAD 3 0 20
CAE 1 0 8
CAl 2 0 12
CAS 1 0 6
ccL 1 0 5
CSA 1 0 5
DAD 3 0 23
DAE 1 0 n
DAI 2 0 15
DINT 1 0 6
DLD 3 1 22
DLY 2 0 13 -131593
HALT 2 0 8
IEN 1 0 6
ILD 3 1 22
Jvp 2 0 n
INZ 2 0 9, 11 for Jump
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Instruction

Read
Cycles

Write
Cycles

Total
Microcycles

JP

Jz
LD
LDE
LDI
NOP
OR
ORE
ORI
RR
RRL
SCL
SI0
SR
SRL
ST
XAE
XOR
XPAH
XPAL
XPPC
XRE
XRI

N
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9, 11 for Jump
9, 11 for Jump
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Table 1-4. Symbols and Notations Used to Express Instruction Execution

- Symbol and
Notation

Meaning

AC
CY/L
data

disp

ptr
Ptrn:m
SIN
SOuUT

¢ — =
[

® 3 1+

+

+rvd<>g

8-bit Accumulator.
Carry/Link Flag in the Status Register.

8-bit immediate data field. Data may represent a signed or unsigned twos complement number or two
binary-coded-decimal (BCD) numbers.

Displacement; represents a signed 8-bit address modifier in a memory reference, memory increment/
decrement, or transfer instruction.

Effective Address as specified by the instruction.

Extension Register; provides for temporary storage, variable displacements and separate serial input/output
port.

Represents a bit in one of the bit positions, 7 through 1, of the Accumulator or the Extension Register.
Interrupt Enable Flag.

Mode bit, used in memory reference instructions. Blank parameter sets m =0, @ sets m = 1.

Overflow Flag in the Status Register.

Program Counter (Pointer Register 0); during address formation, PC points to the last byte of the
instruction being executed.

Pointer Register (ptr = 0 through 3). The register specified in byte 1 of the instruction.
Pointer register bits; n:m = 7 through 0 or 15 through 8.

Serial Input pin.

Serial Output pin.

8-bit Status Register.

Means ‘‘contents of.”” For example, (EA) is contents of Effective Address.
Means optional field in the assembler instruction format.

Ones complement of value to right of ~.

Means “‘replaces."’

Means “‘is replaced by."”

Means “‘exchange.”’

When used in the operand field of the instruction, sets the mode bit (m) to 1 for auto-incrementing/auto-
decrementing indexing.

Modulo 10 addition.
AND operation.
Inclusive-OR operation.
Exclusive-OR operation.
Greater than or equal to.
Equals.

Does not equal.
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\ 4 MEMORY
INCREMENT/
SINGLE BYTE IMMEDIATE. TRANSFER. MEMORY REFERENCE DECREMENT
INSTRUCTIONS AND DELAY INSTRUCTIONS INSTRUCTIONS INSTRUCTIONS

1 INCREMENT PC 1 INCREMENT PC. 1. INCREMENT C. 1. INCREMENT PC.

2 OUTPUT NADS PC ADDRESS. 2 QuTPUT NADS PC ADDRESS. 2. OUTPUT 'IADS PC ADDRESS. 2 ouTPUT IlAnS PC ADDRESS,
IFLAGRF 1FLAG. R 1FLAG. R IFLAG, RF

3 ouTPUT m\ns. STORE FIRST 3 ouTPUT unns, STORE FIRST 3. ouTPUT nnos, Svnn( FIRST 3. ourPuT nlns, STORE FIRST
BYTE OF INSTRUCTION IN BYTE OF INSTRUCTION IN BYTE OF INSTRUCTION IN BYTE OF INSTRUCTION IN
INSTRUCTION REGISTER INSTRUCTION REGISTER. INSTRUCTION REGISTER. INSTRUCTION REGISTER

1. RELEASE BUS (BREQ 1 RELEASE BUS (BREQ 1 RELEASE Ius(ll!l‘l 1 NELEASE IUS(IRNI
GOES LOW) GOES LOW) GOES LOW) 0ES L

2 DECODE AND EXECUTE 2 OECODE FIRST BYTE OF 2 Ditﬂn( FIﬁSV BYTE OF 2. ITECODE HRSV BYTE OF
INSTRUCTION INSTRUCTION INSTRU! INSTRUCTION.

BUS REQUEST BUS REQUEST
(BREQ GOES HIGH) (BREQ GOES HIGH)

HALT
INSTRUCTION

1 INCREMENT PC. 1 INCREMENT PC 1 INCREMENT PC
2 OUTPUT NADS, PC ADDRESS. 2 OUTPUT NADS. PC ADDRESS. 2 QUTPUT NADS, PC ADDRESS,
S REQUEST RFLAG (IF nuAv INSTRUCTION RFLAG RFLAG
(BREQ GOES HIGH) ALSO OUTPUT O FLAG) 3 OUTPUT NRDS. STORE SECOND 3 OUTPUT NRDS. STORE SECOND
3 OUTPUT NRDS, svons SECOND BYTE OF INSTRUCTION IN DATA BYTE OF INSTRUCTION IN DATA
BYTE OF INSTRUCTION IN DATA 1/0 REGISTER 1/0 REGISTER
170 REGISTER.
1 RELEASE BUS (BREQ 1 RELEASE BUS ( BREQ 1 RELEASE BUS (BREQ
GRANTED S Low). GOES LOW). GOES LOW).
(ENIN HIGH), 2 EXECUTE INSTRUCTION 2 COMPUTE EFFECTIVE 2. COMPUTE EFFECTIVE
ADDRESS ADDRESS

YES

S REQUEST
REQ GOES HIGH)

1 OUTPUT NADS.
PC ADDRESS.
HFLAG, R FLAG

2 QUTPUT NRDS

2

GRANTED
(ENIN HIGH)

ALL MEMORY REFERENCE

STORE
INSTRUCTION EXCEPT STORE INSTRUCTION

RELEASE BUS
(BAEQ GOES HIGH)

1 ouTPUT mms tﬂnnv[
RF

ADDRESS.
1 OUTPUT NADS EFFECTIVE 1 OUTPUT NADS EFFECTIVE 2 ouTPUT 'JN'IS S'ﬂﬂf CDNV(NTS
ADDRESS. R FLAG ADDRESS OF CFFECTIVE ADDRESS IN
2 OUTPUT NRDS, STORE 2 QUTPUT NWDS AND DATA e e e
CONTENTS OF EFFECTIVE BYTE INCREMENT DR OLCREMENT
ADERSES‘S IN DATA 1’0 VALUE IN AC)

N _— T

1 RELEASE BUS (BREQ
GOES LOW)

1 oumn HADS,UFE:VIVE
ADD

AELEASE 8US

2 ouTeu’ wos anp INCAEMENTED:
2 EXECUTE INSTRUCTION (BREQ GOES LOW) DECREMENTED CONTENTS
EFFECTIVE ADDRESS

NS NS
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Figure 1-5. SC/MP Program Execution
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IMPLEMENTING A MINIMUM (LOW-COST)
SC/MP SYSTEM

‘The preceding information can be summarized to say that
SC/MP is a complete CPU without an on-chip memory. The
stand-alone CPU is an advantage because memory require-
ments are frequently an applications function and, with
SC/MP, the user can select the memory that is best suited
for a particular use. With the addition of memory, a SC/MP-
based low-cost system can be developed easily; such a sys-
tem is shown in figure 1-6. This 2-chip system (SC/MP plus
memory) is a minimal configuration that may be used in
ssome applications, a few of which are described later in this
gﬁook. This particular system can be used in many security-
‘entry applications — to open a door or to gain coded-access
:to files, safes, and so forth. Operation of the system is sum-
‘marized as follows:

e 8-bit employee-access code is input one bit at a
time via the DATA SET and DATA ENTER
switches.

Entered code is compared to a prestored reference
in memory.

If code is valid, ACCEPT indicator lights and LOCK
opens; if code is invalid, REJECT indicator lights
and system is reset to zero.

The system must indicate to the employee when to enter
data; this is done via flag 0 (FO) and its associated ENTER
DATA indicator. When the indicator is lit, the system is
ready to accept data, and when the indicator is extinguished,
the system is reading the status of the DATA SET switch.
Flags | and 2, respectively, are used to specify code-accept
and code-reject conditions. In keeping with the theme of
minimum cost, LEDs are used for the enter-data, code-
accept, and code-reject indicators; since the devices are
inherently current-limiting, no surge resistor is required in
the base of the transistor and no series resistor is required in
the collector circuit.

One other function is required for system operation — some
way of determining when 8 bits (the complete access code)
are entered. Referring to the Extension Register and output
latch shown as a screened inset in figure 1-6, it is seen that
if the most significant bit (bit 7) is preloaded with a ‘1’ and
then the 8-bit access code is inputted, the preloaded value
of ‘1’ is shifted into the output latch. If the latch is pre-
loaded with a ‘0’ (which is done by the software) and is
connected to Sense A of SC/MP, the system can determine
when the code is complete (8 bits are entered) simply by
checking Sense A after the entry of each bit. When Sense A
is equal to ‘1’, the input code is accepted, compared with a
prestored reference, and if the two codes are in agreement,
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the lock is opened. If the two codes do not agree, the RE-
JECT indicator lights.

Reviewing the operation, the user looks to see if the ENTER
DATA indicator is lit — if it is lit, the least significant bit
of the authorization code is selected with the DATA SET
switch and entered with the ENTER DATA pushbutton.
While this bit is being read, the ENTER DATA indicator
extinguishes and then comes back on; at this time, the set-
data/enter-data sequence is repeated for the second bit of
the access code. At the end of the eighth entry, a ‘1’ appears
at the serial output port (Sense A). The Sense A line is
tested at the completion of each entry, and when the output
latch is equal to ‘1’, the code is complete and is checked
against a prestored reference for validity. The program is
setup such that each entry is timed for 20 seconds; if the
next bit is not entered within this time period, the system
resets to all zeroes. This prevents partial entries from disabl-
ing the system.

EXPANDING THE SECURITY-ENTRY SYSTEM

In the preceding system, coded access is provided for a
“single” lock, drawer, or door. The same basic system can
be expanded to serve several access points;such a system is
shown in figure 1-7. The added component is a CMOS 1-of-
10 line decoder with a high-current pullup capability at the
output. As shown, three inputs to the decoder are supplied
by flags 0, 1, and 2; the fourth input is supplied by the
inverted output of the SOUT line. Code-entry and code-
reject features are similar to those shown in figure 1-6. As
long as the serial output (SOUT) line is a logic ‘0’ and every
flag is a logic ‘0’, the DATA ENTRY line (pin 9) is selected.
When flag O is high and other inputs are the same as before,
the REST (ready for data) line is selected.
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DATA
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Vss

x1

X2
SENSE A
sout
SIN
SENSE 8
AD 00
AD 01
AD 02
AD 03
AD 04
AD 05
AD 06
AD 07
AD 08
AD 09
AD 10
AD M

NRDS
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P

FLAG O
FLAG 2
FLAG1
NWDS
ENIN
ENOUT
BREQ
NHOLD
NRST
CONT
NADS
Vee
DB 00
D8 01
DB 02
DB 03
DB 04
DB 05
DB 06

DB 07

UTTM
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o] L]

6.8K

;J [ !E ff}ml |o||
AAA
AWV
N
N
X

TRANSISTOR ARRAY
(LM3046N)

ENTER //

DATA

NSC4944

W
-
i

7

if

* 4

ACCEPT

L 1T

2048-BIT PROGRAMMABLE
ROM (256 x 8)-MM 1702A

22K 22K
j40r - _ _ -V
i
3 THIS PROGRAM CONVERTS THE SC/MP MINIMUM
15— 3 SYSTEM TO AN ELECTRONIC COMBINATION LOCK.
- 3 DATA IS SET ON THE SERIAL ENTRY LINE
“I—<—ﬁ ; AND IS ENTERED BY PULSING THE SB INPUT.
3 FP IS 'ENTER DATA' LAMP
E__qﬁ . F1 IS 'ACCEPT' LAMP
; F2 IS 'REJECT' LAMP
; SERIAL  OUT CONNECTS TO SA
; SB IS DATA BIT STROBE
E‘—H P137 4gp  ENT: LoI [] 3 CLEAR ACCUMULATOR
p139 p7 CAS 3 CLEAR STATUS REGISTER
E_4— PI3A 91 XAE ; CLEAR E REGISTER
P138 19 SI0 3 CLEAR SERIAL OUT LATCH
P P13C C4pp LDl p8p 3 SET ACCUMULATOR MSB = 1
j ‘ \ P13E 91 XAE 3 SET E REGISTER MSB = 1
P13F C4p1  TED: Lol il 3 SET ACCUMULATOR = 1
p141 @7 CAS ; TURN ON 'ENTER DATA' LIGHT
9142 6 TSTI:  CSA 3 LOAD STATUS INTO ACC
143 D42U ANI p2p 3 TEST FOR SB = 1
A p145 98F8 J TSTI: 5 GO BACK IF SB NOT = )
§147 CAFF LDI OFF 3 SET UP .6 SECOND DELAY
9149 PFFF LY PFF ; EXECUTE .6 SECOND DELAY
P148 P6 CSA 3 LOAD STATUS INTO ACC
p14C D429 ANI p2p 3 BOUNCE TEST
PI4E 98E7 3z ENT ; IF NOT STILL 1 START OVER
P15p C4pp LDI [ 3 IF SB STILL-1 CONTINUE
p152 7 CAS ; TURN OFF 'ENTER DATA' LAMP
p153 19 S10 ; ENTER BIT INTO SERIAL INPUT
P154 CAFF  TST2:  LDI OFF ; SET UP .6 SECOND DELAY
156 PFFFF DLY OFF 3 EXECUTE .6 SECOND DELAY
p158 96 CSA 3 WAIT FOR SB TO DROP
9159 D42p ANI 929 ;3 1S SB STILL HIGH?
P158 SCF7 JINZ TST2  ; GO BACK IF SWITCH HIGH
P15D P6 TST3:  CSA 3 LOOK FOR STOP BIT = 1
PISE D41 ANI cip ; MASK STOP BIT
9169 980D J7 TED ; IF STOP BIT NOT 1 DO AGAIN
p162 CAIA  TST4: LD CODE  ; LOAD CORRECT BIT PATTERN
P164 6p XRE 3 XOR RECEIVED BIT PATTERN
§165 9CP4 INZ REJECT ; IF RESULT = @ TAKE NEXT INST
P167 C492  ACCEPT: LDI 92 i SET CODE FOR ACCEPT LAMP
#9169 9992 JMP DELAY ; GO TO DELAY ROUTINE
P168 C4p4  REJECT: LDI P4 3 SET CODE FOR REJECT LAMP
§16D 7 DELAY:  CAS ; TURN ON APPROPRIATE LAMP
P16E C495 LDI 95 3 SET UP 5 BIT COUNT
gmj glr LOOP:  XAE i TRANSFER COUNT TO E REG
——— v F LDI PFF ; SET UP .6 SECOND DELAY
9173 PFFF LY PFF 3 EXECUTE .6 SECOND DELAY
p175 P2 ccL ; PRESET CARRY
P176 CAFF LDI PFF ;3 SUBTRACT 1 FROM COUNT
p178 T ADE ; COUNT IS IN E REG
9179 9CFS INZ LOOP  ; NO-CONTINUE 3 SECOND DELAY
9178 9PBA e ENT 3 YES-START OVER !!!!
p170 9 CODE:  .BYTE 79 3 CORRECT WORD
07 .END [}

REJECT (i i) NSC4944

NSC4944

ONLY

JUMPER HERE
FOR INDICATOR
PLUS TRIAC
DRIVE

JUMPER HERE
FOR INDICATOR

IF BIT 7 (MSB) IS PRE
LOADED WITH A "1 AND
THEN THE 8-BIT ACCESS
CODE IS INPUT VIA THE SIN
PORT, THE 1" APPEARS IN

THE OUTPUT LATCH

SERIAL
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Figure 1-6. Minimum Security System Using SC/MP and PROM




BCD TO DECIMAL
DECODER (CD 4028M)
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22K a—
MM?4C04N Z}—
- A REPEAT
v s={20] Vss FLAG O [19 — " CIRCUITS
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x
%2 h ) _ PINOUT ¥ AC
FLAG 1 [21}— 3_ S SQURCE
——{17] sen REST
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DATA SIN ENOUT 3 p
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REJECT
AD 90 NHOLD EI 9 DATA A
(NSC 4944~ c
AD M
o c NRST 3'1100”1 9 PLACES) ._0
AD 02 / cont 3] T A
= )
AD 03 NADS 'g_‘g]
AD 04 Vag zlﬁ - » i__J
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v NOTES:
AD 06 bso1 :_—_‘ﬁ's 1. Transistor Array (LM 3046N)
or equivalent.
AD 07 osoz [14}—a—r
AD 08 o803 [13}——a—
AD "9 DB 04 D__.
AD 10 0805
AD 11 DB 06 2048-B1T PROGRAMMABLE
ROM (256 x 8) MM 1702A
NRDS
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Figure 1-7. Expanded Security System Using SC/MP, PROM, a 4-by-10 Decoder, and Miscellaneous Components




BUFFERING AND INTERFACE CHARACTERISTICS
OF SC/MP

In any application, buffering and interfacing capabilities of
SC/MP are important design considerations; the following
sections are addressed to these parameters.

TTL/MOS Interfaces

From an overall interface point-of-view, the current and
voltage characteristics of SC/MP are summarized as follows.

e Except for BREQ (pin 5) and X1/X2 (pins 37/38),
all input pins typically present a 1.4-milliampere
TTL load to any driving device.

e Except for BREQ, all output pins can drive a 1.6-
milliampere TTL load.
e With Vgg = +5V and Vgg = -7V, SC/MPis voltage-

compatible with TTL devices; thus, it can interface
directly with TTL logic. Direct interface with
5-volt MOS logic also can be implemented.

NOTE

Refer to SC/MP Data Sheet for minimum/
maximum input/output specifications.

To minimize buffering requirements, it is advantageous to
use MOS, or Low-Power TTL devices for direct interface
with SC/MP. Usually, the low-power devices present much
less than a 1.6-milliampere load and their propagation delay
times compare favorably with the timing parameters of
SC/MP. '
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Buffering SC/MP

As indicated in the preceding paragraph, SC/MP can gener-
ally interface with MOS and low-power TTL circuits with-
out the use of buffers. In applications where the SC/MP
drives more than one TTL load, buffering is required. One
method of buffering SC/MP outputs is shown in figure 1-8.
To minimize component count and to conserve power,
low-power Schottky TRI-STATE® octal buffers are used;
in addition to data-, address-, and control-line buffering,
the high-order address bits (AD 12-AD 15) are latched to
support large memories and/or a full complement of input/
output peripherals. Each buffered output line can drive 10
or more TTL loads — approximately 16 milliamperes.
To determine if buffered or direct-to-chip connections
are required for a particular application, the user must
consider carefully such system parameters as overall load-
ing, sink-current capabilities of SC/MP, duty cycle, peak
power, and so on. Refer to the SC/MP Data Sheet for
parametric specifications.

The power-up and initialization circuit shown in figure 1-8
is designed to accommodate any ‘clock’ technique (appen-
dix A) that is used with SC/MP. An RC network can be
used for the NRST input but does not provide timing that
is as precise and probably not as reliable as would be pro-
vided by the Schmitt Trigger. (Note: If a manual reset is
desired, a switch can be connected from the input of the
Schmitt trigger to ground.)

®Registered trademark of the National Semiconductor
Corporation



oz-L

[H

S
C

M ADO-AD7

AD8-AD11

NOTE 2
BREQ —MWA— -V
DBO-DB7
NOTE 2
+5V
5.1
0.1uf L
NRST sov T
1K S
Q2 2|
4275 2uf
+5V
= NOTE 2

FLAG 0/1/2

AND SOUT

NWDS
NRDS
NADS

+5V

4.7K

NOTE 2

v

Nots
4

NRDS ——

BUFFERED FLAGS AND SERIAL OUTPUT

BUFFERED CONTROL STROBES

'

NOTE 3 LATCHED HIGH-ORDER ADIS
‘ ADDRESS BITS AD4
~— NADS O AD 13
AD12
LATCHED INVERTED N:D 1‘5 -
HIGH-ORDER ADDRESS BITS -
={){NAD 13 o
NAD 12
BD7
g —
——
BUFFERED DATA BUS 804
80 i
NOTES: :g —
1. QUAD 2-Input NAND Schmitt Trigger (DM74LS132) or ) (——>
Equivalent ——
2. Tri-State Octal Buffer (DM 81LS95/DM 81LS97) or
Equivalent
3. HEX/Quad D Flip-Flops with Clear (DM 74LS175)
4. HEX Inverter (DM 74L04) or Equivalent
5. Refer to SC/MP Data Sheet for Unbuffered Drive AD11
Capability of Each OUTPUT LINE AD10
6. The data buffers are always enabled to output data, AD 9 L
except at NRDS time. &
AD8
BUFFERED AD7
LOW-ORDER ADDRESS BUS :‘: >
AD4_ T
AD 3 b
3
AD .
ADO
FLG(

'

NS10531

L

Figure 1-8. One Method of Buffering Data , Address , and Control Lines of SC/MP



TRI-STATE Considerations

In figures 1-2 and 14, the 12-bit latched address port
(AD 00-AD 11), the 8-bit input/output port (DB 00-DB 07),
and the read (NRDS)/Write (NWDS) strobes have three
separate output states — a TTL logic ‘0°, a TTL logic ‘1’,
and a high-impedance (HI-Z) (TRI-STATE) output. The ‘0’
and ‘1’ states are self-explanatory; an examination of figure
19 will show why the third (HI-Z) state is required. As
shown, the 8-bit input/output bus is bidirectional; that is,
during a read cycle, the internal receivers of SC/MP are con-
nected to the bus and, during a write cycle, the SC/MP

drivers are connected to the bus. If the TRI-STATE device
(shown shaded in figure 1-9) is removed, the TTL outputs
of SC/MP and of the TTL device are connected directly to
the bus and both will attempt to drive it. Generally, the
drive capability of the TTL device is the greater of the two;
thus, it will prevail and system control by SC/MP is lost.
With the TRI-STATE device connected, the TTL device is
effectively disconnected from the bus; however, at read
strobe (NRDS) time, the output of the buffer is enabled
and the drivers of SC/MP are disabled. Accordingly, the
SC/MP receivers read whatever is put on the bus by the buffer.

—g—)-

READ CYCLE — SC/MP
DRIVERS TRI-STATED

WRITE CYCLE — SC/MP
'_ DRIVERS ACTIVE

NRDS ‘

8-BIT INPUT/OUTPUT BUS

- TO OTHER
DEVICES

v
TRI-STATE OUTPUT —
OUTPUT ENABLED WHEN
NRDS IS LOW; OUTPUT
DISABLED (TRI-STATE)
WHEN NRDS IS HIGH

TTL
DEVICE

TO OTHER

DEVICES
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Figure 1-9. TRI-STATE Bus Interface
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Figure 1-10 shows a method of implementing TRI-STATE
control. With both TRI-STATE ENABLE lines high, both
the memory and peripheral devices are effectively discon-
nected from the data bus; that is, the output drivers of each
device are in the high-impedance mode. At read strobe time,
one of the devices is selected; if address bit (AD 08) is low
(inverted high), the TRI-STATE ENABLE line of ROM/
PROM is driven low and this memory device is selected as

the bus driver. Conversely, if AD 08 is high, the other select
line is enabled and the peripheral is selected to drive the bus.
Since each device is selected by a discrete address, the pro-
cessor has absolute control over each “receiver’” or “‘trans-
mitter” connected to the bus. (Note: The basic address-
decoding scheme shown in figure 1-10 can be expanded to
serve small-memory systems (up to 4K) that require multiple
read/write peripherals; refer to appendix B for further detail.)

e g

8-BIT INPUT/OUTPW@I DATA BUS

ROM/PROM

TRI-STATE
ENABLES
ACTIVE
Low

{

PERIPHERAL

<
R

AD 08

o g\ﬂ

NRDS RDS

e

HIGH ORDER ADDRESS BITS (AD 08 — AD 11)

LOW ORDER ADDRESS BITS
(ADOO — AD 07)

_(Cr——ADos

|

NS10533

Figure 1-10. One Method of TRI-STATE Control
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Chapter 2

CONCEPTS AND PRINCIPLES OF SC/MP INTERFACING

In the preceding section of this manual, SC/MP is defined
in terms of general-purpose applications—timing, loading,
peripheral interfacing, software manipulation, and so on. In
this section, these SC/MP parameters are brought together
to explain how to hook-up, how to implement, and how to
control a variety of functional SC/MP-based applications.
For current convenience and future add-on flexibility,
the applications are organized by class.

GENERAL CONCEPTS OF A/D AND D/A CONVERTERS

Generalized concepts of how a SC/MP-based system can be
used in a general-purpose analog-to-digital converter are
shown in figure 2C1-1. The analog source can be any
device capable of producing a current or a low-voltage
output over a predetermined range. Under program control
and system timing parameters, the analog source is sampled
by the Analog-to-Digital Converter and the resulting output
is a digital word with 8-bit resolution. The digital word is
stored in RAM where, under program direction, it can serve
a number of functions. For example, the converted data
can be compared to a previously stored reference value;
thus, in a quality-control configuration, for example, a
pass or a reject decision can be made. As another example,
the difference between the input data and the stored
reference can be treated as an error signal, and when
reconverted to its analog equivalent (shown with broken-line
blocks and lines), it can be used in applications that require
coordinate control. The output data also can be listed

alphanumerically for statistical studies in applications
where time is plotted against some other variable. In
subsequent sections, some typical analog-to-digital con-
version schemes are described. Refer to chapter 1 of this
manual for timing information, pinout descriptions, and
interfacing detail of the SC/MP chip.

SINGLE-INPUT ANALOG-TO-DIGITAL CONVERTER
General Description

The SC/MP-controlled analog-to-digital converter shown in
figure 2C1-2 is well-suited to applications such as simple
machine control, single-parameter testing, data acquisition,
and other single-input functions. Requiring few com-
ponents, minimum memory, and ‘a simple program, the
single-input analog-to-digital converter is easy and inexpen-
sive to implement. Operating principles of analog-to-digital
converters and logic circuits used in this application are well-
defined in textbooks and industrial manuals; thus, the fol-
lowing descriptions are aimed primarily at the functional
interfaces, user-supplied system parameters, and control
and supervision of the software.

System Operation
Other than supply voltages, the single-input converter

system requires a start pulse, clock pulses, an output-enable
gate, and, of course, an analog input. Providing that a valid

ANALOG VOLTAGE ANALOG-TO-DIGITAL

ALPHA-NUMERIC
OUTPUT

OR CURRENT SOURCE

I
|

' SOURCE TIMING |- _l DIGITAL-TO-ANALOG
AND CONTROL CONVERTER

L L —

CONVERTER

> SC/MPwitH

RAM, AND ROM
OR PROM MEMORIES

—T—’ USER DATA
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Figure 2C1—1. Principles of Analog-to-Digital/Digital-to-Analog Conversion
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NOTES:

This configuration represents only one of many ways
10 build and interface a single analog-to-digital con-
verter system. If other components and interfacing
maethods are used, electrical specifications should be

BREQ

cLock l

1 equivalent to those shown.

Hex converter (DM 7404), or equivalent.
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1f SC/MP chip is not butfered, low-power devices

are required — ses Figure 1-8 for buffered SC/MP
chip.
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Figure 2C1-2. Single-Converter Analog-to-Digital System

start-converter pulse is present (logic 1 at pin 6), the
conversion starts on the trailing edge (high-to-low transition)
of the first clock pulse and continues for 40 clock cycles.
When the conversion is completed, an 8-bit digital word is
.loaded into an output latch and an end-of-conversion
(EOC) logic level is generated. The binary output (DBO
through DB7) is TRI-STATE to permit the use of common
_bus lines. When a valid address is received, an output-enable
_signal is generated; at this time, the digital output enters
:the accumulator of SC/MP and subsequently is stored in a
designated memory location. Valid data are held in the
output latch from the end of one conversion to the end of
the next; thus, data transfers to memory can be imple-
mented asynchronously.

“Timing for one conversion cycle is summarized in figure
"2C1-3. As shown, the conversion begins on the trailing
“edge of the clock pulse; thus, the ‘start converter’ gate
must be at least as wide and preferably somewhat wider
than one clock cycle. Referring to figure 2C1-3, it is seen
that the width of the ‘start’ gate (STRT CONV) is deter-
mined by the write strobe (NWDS) of SC/MP. If the analog-
to-digital clock is slower than NWDS, a pulse-stretching

circuit similar to that noted in figure 2C1-2 is required;
the unused flip-flop in the DM7474 package is available for
this purpose. In figure 2C1-2, a starting address of X'0800
has been arbitrarily chosen—any other nonconflicting
address could be used.

CONVERSION
STARTS

CONVERSION
ENDS

40 CLOCK CVCLES

NWDS controls this wudm If, as shown by the dot-
ted line, the “start conv’ pulu is terminated before

+5V ] the trailing odgnoosl a “slow” clock, t(he system is
can be ded (shown d)
STRT CONV = | [ by the pulse-stretching latch noted in fig. 2C1-2
ov
-—I k= NWDS EXTENDED
+5V
END-OF
CONVERSION =B k— EOC GATE =40 x 1/F¢ ocx —7
(E0C) ov -
+5V - ——
OUTPUT DATA-ENABLED TRANSITION L
ENABLE L UNDER PROGRAM CONTROL q 1
ov U
1.0 uSEC DELAY BETWEEN OUTPUT ENABLE 1
AND DATA-VALID CONDITION OF DATA PORT —"—’l
+5V
DATA VALID
(0B0-0B7) ™ TRI-STATE DATA
ov
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Figure 2C1-3. Timing Summary for Single-Converter System
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When the conversion cycle starts, the analog input is
admitted at pin 12 of the converter chip and the end-of-
conversion (EOC) gate is set low. During the next 40 clock
cycles, the input is sampled continuously and, via a process
of successive approximation, the analog signal is converted
into an 8-bit digital word. At the end of the fortieth clock
cycle, the conversion is complete and two things happen—
the EOC gate is set high and the digital word is loaded into
an output latch on the converter chip.

When the output is enabled (Output Enable set high), the
latched data (DBO through DB7) are available at pins 13,
14, 16, 17, and 1 through 4, respectively. In likeness to
the STRT CONV gate, the Output Enable gate is generated
via an arbitrary address—in this case, 0400, 4. The Output
Enable gate is synchronized by the address strobe (NADS)
from SC/MP, and the gate remains active high until the bus
request line (BREQ) is released (goes low) by the micro-
processor. The output control functions are under software
control and, as shown in figure 2C1 -2, are implemented by
a flip-flop.

System Adjustments
With supply voltages as shown, the analog-to-digital con-

verter in figure 2C1-2 is designed to operate over an input
range of 10 volts (5 volts). Two adjustments (R1 and R2)

are provided to optimize conversion accuracy. Variable
resistor R1 is the zero adjustment, and for a 10-volt scale,
it is set for a transition from ‘11111111° to ‘11111110’ to
occur at 19.53 millivolts (that is, one-half of the least
significant bit value). If the voltage difference between
pins 5 and 15 is more than 10 volts, then the half-bit
zero-adjustment value is obtained by dividing 528 (the
number of half-bit values) into the difference voltage. For
instance, if the voltage between pins 5 and 15 is 10.24
volts, R1 is adjusted for 20 millivolts at the transition
point—11111111° to ‘11111110°. Resistor R2 is the
full-scale adjustment, and for a 10-volt scale, it is set for the
transition from ‘00000001‘ to ‘00000000’ to occur at 58.6
millivolts (that is, one and one-half times the least sig-
nificant bit value). Again, if the difference voltage is 10.24
volts, R2 is adjusted for 60 millivolts at the transition
point—‘00000001 to ‘00000000’

Software Considerations

The flowchart and program listing in figure 2C1 -4 shows
how the single-input analog-to-digital converter system
(figure 2C1-2) can be software-controlled to provide the
functions described under system operation. Referring to
figures 2C1-2 and 2C1 -4, the software-hardware interface
can be summarized as follows.

1 TITLE SCMP, SINGLE A/D CONVERTER PROGRAM
START
( PROGRAM ) 2 PPP3  P3=3
] 3 ppp2  P2=2
PUT STARTING AD- 4 pppp  CONVO=P
DRESS (X‘0800) IN
POINTER P2 AND 5 pppp @8 NOP
BEGIN CONVERSION
6 PPP1 C4pp START: LDI  X’pp ;LOAD P2 WITH ADRS OF CONVERTER
Y 7 ppp3 32 XPAL P2
WAIT FOR 40 CLOCK
PERIODS (40uSEC FOR 8 pPpp4  Cc4p8 LDI  x°p8
1 MHz CLOCK).
— NOTE — 9 Ppp6 36 XPAH P2
IF CLOCK IS SLOWER
THAN 1 MHz A LONGER .
DoAY e S RESTAT 19 PPP7 CAPP ST CONVA(P2) ;START CONVERTER 9
ISDELAY = 40 X Wej0ck N ppp9 98 nop L IF REQUIRED DELAY INTRODUCED TO
12 PppA 98 tiop ; COMPLETE THE CONVERSION
SET BASE CONVERTER 13 pppB P8 NOP
ADDRESS (X‘0400)
IN POINTER P2 TO
SELECT OUTPUT 14 ppoc 08 NoP
+ 15 PPAD C4P4 ACCEPT: LDI X4 ;LD P2 WITH BASE CONV ADRS
16 PPOF 36 XPAH P2
LOAD POINTER P3
WITH ADDRESS 17 pP1p-+ C4p2 LDI  Xx-p2 ;LD P3 WITH MEM ADDRS FOR
X'0200 TO STORE
CONVERTED OUTPUT 18 pp12 37 XPAH P3 ;CONVERTED DIGITAL OUTPUT
+ 19 P13 Capp L0l x°pp
LOAD CONVERTED OUT- 20 #P15 33 XPAL P3
PUT INTO ACCUMULATOR
AND STORE IN MEMORY 21 ppi6 c2pp LD CONV@(P2) ;READ IN CONVERTED OUTPUT
LOCATION X'0200.
* 22 pp18 Ca3pp STORE: ST (P3) ;STORE CONVERTED OUTPUT
EXIT 3 IN LOCATION 299
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Figure 2C1—-4. Flowchart and Program Listing for Single-Converter System
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At the start of the program, P2 is loaded with the starting
address, X'0800 (lines 6 through 9), a STore Instruction is
executed, and the 12-line address port of SC/MP is latched
at X'0800 for the remainder of the input/output cycle. Ac-
cordingly, AD10 goes low, AD11 goes high, and, at write
strobe (NWDS) time, the conversion starts. Since there are
seven instructions executed prior to the Load Instruction,
the NOPS are not required unless the converter clock rate is
slowed down. If the clock rate is considerably less than 1.0
megahertz, more delay may be required — refer to appendix
E for delay calculations.

Once the analog-to-digital conversion is completed (after 40
clock cycles), the digital data are accepted by SC/MP and
are stored in a specified memory location. As indicated by
lines 15 through 20 of the program, P2 is loaded with the
address for “data acceptance” — in this case, X'0400 — and
P3 is loaded with the “memory-destination” address
(X'0200). When the LD Instruction (line 21) is executed,
the 8-bit digital output of the converter is read into the Ac-
cumulator, and when the next instruction (STore, line 22)
is executed, the data are stored in memory location X'0200.
Observe that when the X'0400 address is valid, the output
data are gated into the Accumulator via the address strobe
(NADS) rather than the read strobe (NRDS); the NADS sig-
nal provides adequate time for the transfer of data, whereas
the NRDS signal may not.

ANALOG-TO-DIGITAL CONVERSION USING
MULTIPLE CONVERTERS

General Description

The SC/MP-based multiple analog-to-digital converter shown
in figure 2C1-5 is simply an extension of the principles and
concepts used in the single configuration (figure 2C1-2).
The multiple system is adaptable to almost any application
where analog-to-digital conversion is required — complex
control systems, multiple-parameter testing, precision mea-
surements, environmental studies, and many others. Among
other advantages, the multiple-converter system is easy and
relatively inexpensive to implement.

System Operation

Other than supply voltages, the multiple system requires
start/select signals for each converter, a user-supplied clock
source, output buffers, and appropriate control and decod-
ing logic.

2C1-3

NOTE

In figure 2C1-5, it is assumed that each
analog signal source is located some dis-
tance from the other; thus, the analog-to-
digital conversion is performed at the
origin rather than at the destination. This
is done because a digital signal can be trans-
mitted over a reasonable distance with
little or no degradation, whereas an analog
signal may require additional circuits for
equivalent accuracy and stability. If the
signal sources are in close proximity and
sampling time is not a critical factor, the
inputs can be multiplexed as shown in
figure 2C1-7.

Some of the multiple-converter circuits are functionally
equivalent to those of the single converter; thus, they are
described by reference only.

The eight analog-to-digital converters shown in figure 2C1-5
can be started and the associated output selected in any
sequential order — this being determined by the users pro-
gram and being implemented by the two BCD-to-decimal
decoders. The ‘start’ and ‘select’ decoders operate as follows.
A starting address of X‘0800 has been arbitrarily selected;
any other nonconflicting address can be used. The chosen
address is recognized when address bit 11 (AD11) is high
and address bit 10 (AD10) is low. When the write data
strobe (NWDS) goes active-low, the decoder input logic (G1,
G2A, and G2B) is enabled and address bits 0, 1, and 2 are
decoded to produce any one of eight start signals. The start
decoding truth table is shown as an inset to the upper BCD-
to-decimal decoder block of figure 2C1-5.

The ‘select’ decoder uses an arbitrary address of X'0400
and is synchronized by the address strobe (NADS) from
SC/MP. With address bit 10 (AD10) high and address bit 11
(AD11) low, a logic ‘1’ appears at pin 2 of the flip-flop. At
NADS time, a high also appears at pin 3 of the flip-flop;
accordingly, the Q output (pin 6) is driven low. Likewise,
the ‘D’ input (pin 12) of the decoder is low and address bits
0, 1, and 2 are decoded to produce any one of eight ‘select’
signals. The converter-select signal remains valid until the
bus request line is released by the microprocessor (BREQ
goes low) — at which time, the decoding logic is disabled

(Q goes high).
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Figure 2C1—5. Multiple-Converter Analog-to-Digital System




In a multiple-converter system, timing for one conversion
cycle is identical to that shown in figure 2C1-3; however,
‘there are noteworthy differences in the start and select func-
‘tions. The eight converters in figure 2C1-5 can be started in
any random order and, after an appropriate delay (40 x
clock period), the outputs can be selected at random. For
instance, it may be desirable to start the converters in 2-6-1-
74-3-8-5 order and to enable the outputs in 7-2-5-4-1-3-8-6
order, or in some other sequence that suits a particular appli-
cation. Output levels (DBO through DB7) of each converter
are TTL-compatible and, as previously indicated, the data
lines are TRI-STATE to permit common bus lines. If the
output lines must drive multiple loads, a TRI-STATE buffer
such as the DM81LS95 (shown as a broken-line block in
figure 2C1-5), is required.

System Adjustments

The zero (R1) and full-scale (R2) adjustments for each con-
verter in figure 2C1-5 are identical to those described for
the single digital-to-analog system (figure 2C1-2).

Software Considerations

The flowchart and the program listing in figure 2C1-6 shows
how the multiple analog-to-digital converter system (figure
2C1-5) can be software-controlled to provide the functions
described under system operation. Software concepts are
identical to those shown and described for the single-
converter system except that eight converters must be ser-
viced rather than just one converter.

An address of X’080N — where N = 0 through 7 — is selected
to start the conversion; line 10 of the multiple-converter

program (figure 2C1-6) stores to the address of the first
converter (X'0800). When the program is executed by
SC/MP, address bits 0, 1, and 2 (figure 2C1-5) are modified
by lines 11 through 17 of the program and are decoded by
the 74LS138 chip; in this case, the converters are started in
a 1-through-8 sequence. Any other starting sequence can be
obtained by rearrangement of the store instructions. The
last Store Instruction is followed by four NOP Instructions,
each consuming 10 microseconds; thus, a delay of 40 micro-
seconds is introduced. Assuming a 1.0-megahertz clock, no
delay is required for this program; the NOP instructions are
included only to indicate how a ‘short’ delay can be imple-
mented. If a 100-kilohertz clock is used, the conversion time
is 400 microseconds (that is, 40 x 1/fclock). In this case,
a delay of not less than 104 microseconds is required —
assuming the converter outputs are loaded and stored in the
“starting” sequence. If the load/store operations are per-
formed in random order, the worst case delay is 292
microseconds — refer to appendix E for program delays of
this magnitude.

After the analog-to-digital conversions are complete and
select address X’040N — where N = O through 7 — is valid,
the digital outputs of converters 1 through 8 are loaded
into the Accumulator and are transferred to the memory
location pointed to by P3. In likeness to the singleconverter
system, the output data are gated into the Accumulator via
the address strobe (NADS); the slow access time of the con-
verter peripherals does not permit the use of the read strobe
(NRDS). As previously indicated, the program can be
arranged to allow sampling of the converter outputs in any
random order.

v

START
PROGRAM

SET STARTING ADDRESS
(X0800) IN POINTER P2

LOAD POINTER REG-
ISTER P2 WITH BASE
ADDRESS (X°0400) TO
SELECT CONVERTER
OUTPUTS; LOAD

IF CLOCK IS SLOWER
THAN 1.0 MHz, A
LONGER DELAY IS
REQUIRED, THAT IS,
DELAY = 40 x 1/F¢

POINTER P3 WITH REPEAT LOAD-AND-
FOR EACH 9F EIGHT CON- INITIAL MEMORY o Ay ey
VERTERS; START CON- SINITIAL MEMORY STORE OPERATIONS
VERTERS IN PROGRAM- AGE AL
ORDERED SEQUENCE OUTPUTS #1 THROUGH
#8 ARE RESIDENT IN
* MEMORY LOCATIONS
+ * X’0200 THROUGH
LOAD ACCUMULATOR X'0207, RESPECTIVELY
WAIT FOR 40 CLOCK WITH DIGITAL OUTPUT
PERIODS (40 4SEC FOR OF CONVERTER NO. 1;
1.0 MHz CLOCK). STORE CONTENTS OF
—NOTE— ACCUMULATOR IN AD- EXIT

DRESS SPECIFIED BY
POINTER P3 AND IN-
CREMENT P3 (BY 1) TO
NEXT MEMORY
LOCATION

Figure 2C1—6. Flowchart and Program Listing for Multiple-Converter System
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Figure 2C1—6 (Concluded)

ANALOG-TO-DIGITAL CONVERTER USING
MULTIPLEXED INPUTS

General Description

Except for the input multiplexer, the analog-to-digital con-
verter system shown in figure 2C1-7 is functionally equiva-
lent to the multiple-converter system (figure 2C1-5). Both
systems can be readily adapted to such applications as
complex controllers, multiple-parameter testing, precision
measurements,. and numerous ocher applications that fall
within the analog-to-digital and digital-to-analog class. The
multiplexed-input system is particularly well-suited to appli-
cations where a multiple-input profile is required and where
cost is an absolute restraining factor. Assuming reasonable
input sources and sound transmission techniques, no input
calibration is required and, as shown in figure 2C-7, the sav-
ing of hardware is appreciable. The multiplexed-input sys-
tem can be expanded easily to serve most output require-
ments — refer to note 4 of figure 2C1-7 for one possible
technique.

System Operation

The ‘start’ and ‘select’ procedures for the multiplexed-input
system are identical to those described for the multiple sys-
tem shown in figure 2C1-5 — a starting address of X’080N
is arbitrarily selected and the output is enabled at address
X'040N; in both cases, ‘N’=0 through 7. The start function
is implemented at write strobe (NWDS) time, whereas the
output is enabled at address strobe (NADS) time; the output-

2C1-7

enable signal remains valid until the output bus is released
by the microprocessor (BREQ goes low).

The analog input (Vyn/pin 12) to the converter is selected
via an 8-channel multiplexer (AM3705), which is driven by
a clocked latch. A quad-D flip-flop (DM8551) is used to
perform the latching function; the input disable gates (pins
9/10) eliminate the possibility of false clocking and, at the
same time, ensure that valid output codes are maintained
during the clock period. At read strobe (NRDS) time,
outputs A, B, and C of the latch are set to agree with the
binary pattern of address bits O, 1, and 2. These three
outputs are then decoded in the multiplexer to select one
of eight analog inputs; the selected signal is outputted at
pin 3 and serves as the input for the analog-to-digital con-
verter. The signal select decoding truth table is shown as an
inset to the multiplexer block in figure 2C1-7.

Under program control, analog input signals #1 through #38
can be selected in any random order; in fact, if the applica-
tion requires, the same signal can be examined over and over
again. When a particular conversion is complete, the end-of-
conversion (EOC) gate goes high and the 8-bit digital word
is loaded into an on-chip latch. The output data lines (DBO
through DB7) are TRI-STATE to permit the use of common
system buses and are TTL-compatible for fanout flexibility.

System Adjustments
The zero (R1) and full-scale (R2) adjustments for the con-

verter are identical to those described for the single-input
analog-to-digital system (figure 2C1-2).



NOTES:
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Figure 2C1-7. Analog-to-Digital Converter System Using Multiplexed Inputs




Software Considerations

Q?igure 2C1-8 shows the flowchart and the program listing
?hat are applicable to the multiplexed-input system of fig-
fure 2C1-7. The basic concepts are the same as those of the
single- and multiple-converter systems — that is, start the
jconverter, accept the 8-bit digital data, and store the output

F memory.

‘__ﬁ'he program is set up to start the converters in a 1-to-8
;iequence (hexadecimal address X'00 through X'07); this is
m arbitrary choice and can be altered to select any one of
;' e converters by changing the 8 low-order bits of P2. Since
there is a one-to-one correspondence between the selected

converter and the memory storage location, converter
X'0800 is stored in memory location X'0200, converter
X'0801 in location X'0201, and so on for the remaining six
converters. The memory addresses likewise should be altered
by appropriate changes in the 8 low-order bits of P3. After
each conversion, the program checks to see if all eight analog-
to-digital operations are completed; as shown by the flow-
chart, this is done by inclusively ORing the Accumulator
with a constant — in this case, '7’. If the OR-result is not
equal to '0’, the program loops back and continues with the
next conversion. If the OR-result is ‘0’, the eighth conversion
is completed and, as written, the program will exit to an
appropriate users routine.

=

START
PROGRAM

CLEAR POINTER REGISTERS P2 & P3

LOAD SELECT ADDRESS X'04 IN
EIGHT MSB OF P2-THE EIGHT
LSB OF P2 ARE UNAFFECTED

LOG SIGNALS 1-THRU-8 (X'00

TO SELECT CONVERTER OUTPUT,

SINCE THEY KEEP TRACK OF ANA-

THROUGH X'07)

LOOP ————
LOAD EIGHT MSB OF P3WITH

BASE MEMORY ADDRESS

TO SELECT MULTIPLEXER INPUTS AND
TO START A-TO-D CONVERTERS, SET
BASE STARTING ADDRESS (X'0800)

IS SELECTED.

(X°02) — THE EIGHT LSB ARE SET
TO X'00 THROUGH X‘07, DEPEND-
ING UPON WHICH ANALOG SIGNAL

IN POINTER REGISTER P2.

!

LOAD SELECTOR LATCH OF MULTI-

VERTER (P2) TRANSFERRED TO
ACCUMULATOR AND STORED IN

TO BY P3.

OUTPUT OF DESIGNATED CON-

THE MEMORY LOCATION POINTED-

PLEXER WITH ADDRESS POINTED-TO
BY P2; START CONVERSION

!

TRANSFER LOW-ORDER BYTE (X

!

THRU X'07) OF P3 TO ACCUMULATOR;
EXCHANGE ACCUMULATOR WITH

WAIT FOR 40 CLOCK PERIODS (40
USEC FOR 1.0 MHz CLOCK)

— NOTE -
IF CLOCK IS CONSIDERABLY SLOWER
THAN 1.0 MHz, A LONGER DELAY MAY

EXTENSION AND THEN TRANSFER
CONTENTS OF EXTENSION TO ACCU-
MULATOR. THE RESULT IS THAT THE
A-AND-E REGISTERS CONTAIN THE
SAME |NUMBER - THIS NUMBER COR-

RESPONDING TO THE|CONVERTER

[

EXCLUSIVELY ‘OR’ CONTENTS OF
ACCUMULATOR WITH CONSTANT
EQUAL TO 7°.

ACCUMULATOR =0

i

TO SELECT NEXT CONVERTER, TRANS-
FER CONTENTS OF EXTENSION TO
ACCUMULATOR AND INCREMENT BY 1.
EXCHANGE CONTENTS OF A-AND-E REG-
ISTERS; TRANSFER E-TO-A SO THAT
BOTH REGISTERS CONTAIN THE SAME
NUMBER.

ALL ANALOG SIGNALS (X'00
THROUGH X‘07) CONVERTED

Y

‘ CONTINUE, OR EXIT ’

i

LOAD LOW-ORDER BYTE OF P3 WITH
NEXT MEMORY ADDRESS AND RESTORE
ACCUMULATOR WITH AN E-TO-A TRANS-
FER; EXCHANGE ACCUMULATOR WITH
LOW-ORDER BYTE OF P2. THESE OPERA-
TIONS SELECT THE NEXT CONVERTER
(X’00 THROUGH X‘07) TO BE SAMPLED
AND THE MEMORY LOCATION WHERE
THE DATA WILL BE STORED ~ IN THIS
PROGRAM, THE SELECTED CONVERTER
AND THE MEMORY LOCATION ARE RE-
PRESENTED BY THE SAME NUMBER.

BE REQUIRED, THAT IS, DELAY =
0 x1f,0. WHOSE OUTPUT WAS LAST SAMPLED
oo AND STORED.
( JUMP TO LOOP ,

1 TITLE SCHMF. “MULTIFLE RS CHWTR WITH RMALDG M-
2 aaal PL = 1
K4 ARz P2 = =
4 aEaaz P = K3
S
& oRan Bz MOF
7 apal C498  STHET: LD I 5] JBRSE STRARTING ADRES
g2 |z =2 “FAL Fz
9 @ead4 CH4a0 LI (5

18 gE@as =3 #“PAL Fz

11 9@y C482 LOOF LI 5B i GEMERATE AMALOG SWITCH RADRS

— Ll

Figure 2C1-8. Flowchart and Program Listing for Analog-to-Digital Converter System with Multiplexed Inputs
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15 BEaeE C4a4 LD I 4

1 gain =6 =“PHH Fz
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=22 aal12 @l H“RE

2% 9681A 448 LDE

24 831E 487 =EI v
25 aaih I2aH J2 =IT
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27V agzea F4ml Akl 1
22 agzz ai HAE

29 82z 44 LDE

=R gazg IE wPAL F=
21 aaz25 448 .E

Z2 Baze =2 “FHAL. Fz

Z aazyv abE JMF LowF
=5 wIT:
Z6
=7 HEHERE EMC
E=IT (7 [ pe] LOoF BERT
Fz [ [ ey F= (51515

,

s LOAD ANALOG SWMITCH ADRS
STHRET CONVERSIONM

LATCH

COMMERSION COMPLETE IW 48 MIC
ARCCEFT COWYERTER QUTFUT
STORE COWNVERTER QUTRUT

‘er e

CHECE IF ALL AWNALOG
P SIGMALE CONYERTED

JADRES FOR MEST AMALDG STGHAL

s USER RETURHM ROUTINE
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Figure 2C1-8 (Concluded)

CONCEPTS FOR A LOW-COST SYSTEM
General Description

The 4-chip system shown in figure 2C1-9 illustrates a very
simple technique for converting a digital input to an analog
output and also demonstrates how this analog signal can be
used to generate the digital equivalent of some unknown
voltage. Converter systems of this type can be usefully em-
ployed in such applications as security/alarm systems, error-
control loops, digital plotters, and any other application
where these techniques are applicable. The connection
scheme shown in figure 2C1-9 requires a dedicated micro-
processor during the conversion cycle and the scheme is
limited to a single 8-bit output. However, this low-cost
system tequires little external hardware, no bus connec-
tions, and only a few control signals. The system is further
enhanced by the fact that Sense B, the serial input/output
capability, and flags O, 1, and 2 are not used, so conceiv-
ably these resources of SC/MP can be put to use in other
applications.

System Operation

As shown, the 8-bit data word (DBO through DB7) enters
two flip-flops that serve as input latches. When a valid ad-
dress is received — hexadecimal address X'0400 has been
arbitrarily chosen — the ‘data input disable’ lines (pins 9
and 10) are driven low. At write strobe (NWDS) time with
both disable lines low, outputs D, C, B, and A of one latch
are set to agree with the logic states of the 4 least significant
bits (DBO, 1, 2, and 3, respectively), and the other latchis
set to agree with the logic states of the 4 most significant
bits. Thus, the 8-bit word is latched and is applied to the
DA1200 for the digital-to-analog conversion process. The
digital-to-analog converter uses a series of current-weighted
switches, an ultrastable resistor network, a precision voltage
reference, and three high-gain operational amplifiers to pro-
duce the analog-voltage equivalent of the 8-bit digital input.

The input currents are summed and compared to a precision
reference voltage; in the system shown, the +10-volt refer-
ence (pin 14) is supplied externally — although the internal
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reference can be used for most purposes. The difference volt-
age that results from comparing the weighted input currents
(pin 19) of the digital word. It is readily seen that if the
digital input consists of all ones (FF), the analog output is
10 volts; whereas, if the input word consists of all zeroes,
the analog output is 0 volt. Suppose the input bit pattern
is 10000000 (80); since this number is halfway between 00
and FF, the analog output is very close to 5 volts. This
analog output can be buffered and used as an error-control
signal or for any other purpose that the application requires.

The system shown in figure 2C1-9 can also be used to
produce an 8-bit word that is the digital equivalent of an
unknown voltage. Such an unknown voltage — within the
conversion range — is shown connected to pin 3 of the volt-
age comparator (LM311); pin 2 of the comparator is con-
nected to the output of the digital-to-analog converter. Using
successive approximation techniques, the inputs at pins 2
and 3 are compared and, under software direction, appro-
priate adjustment is made to the input word (DBO through
DB7) after each approximation. With some assumptions,
the operation can be summarized as follows. Since the in-
herent resolving power of the system is 8 bits, there are 256
digital increments from one end of the conversion range to

2C1-11

the other; that is, if O volt is represented by a bit pattern of
all zeroes, the 10-volt limit is represented by a bit pattern
of all ones. Assuming an unknown value of 7 volts, the in-
put word for the first approximation is set to the halfway
point — in hexadecimal format X'80. Since the unknown
voltage is higher than the analog-voltage equivalent of the
first input approximation, the Sense-A line of SC/MP is
driven high. The software differentiates between these two
conditions (Sense A = ‘0’ and Sense A = ‘1’) in such a way
that if the line is high, the input word is set halfway between
X’80 and X'FF. If the sense line is low, the input word is
set halfway between X'00 and X'80. In the current example,
the input word is set to X'CO and a second approximation
is performed. Assuming a digital-to-analog relationship that
is nearly linear, the output at pin 19 (approximately 7.5
volts) is now higher than the unknown and the Sense-A line
is driven low. A third approximation is made between X'CO
X'80, that is, at X'A0. Similar input adjustments based on
the high or the low state of sense A are contained until eight
approximations are completed; at this time, an 8-bit word
that is very near the analog equivalent of the unknown volt-
age will appear in the Accumulator of SC/MP. This word
can be stored away and used later to plot the unknown
voltage or for any other purpose the application requires.
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> D
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085 Tz ineut outPut E_ P
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NOTES:

1. This configuration represents only one of many ways to imple-
ment low-cost D-to-A/A-to-D converter system. If other com-
ponents and interfacing methods are used, electrical specifications
should be equivalent to those shown and/or described.

2. Hex converter (DM7404), or equivalent.

3. If SC/MP chip is not ,

figure 1-8 for buffered SC/MP

fow-p devices are required—see
chip.
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Figure 2C1-9. Low-Cost Converter System



Software Considerations. The flowchart and program list- The software can easily be expanded to utilize the analog
ing shown in figure 2C1-10 shows one method of imple- data for whatever purpose the application requires.
menting software control of the low-cost D-A/A-D system.

START
PROGRAM

|

LOAD FIRST AP-
(MASK = X’80) IN MQ§0’§ =
ACCUMULATOR
NO
Y
STORE FIRST MASK
AT LOCATION YES - (APPROXIMATION
‘MASK’ SENSE B = TO HIGH)
1/
F— NO
RESET MASK BIT

POSITION IN APPROX-
IMATION TO ZERO;
LOAD RESULTANT
APPROX IN E-REG

STORE APPROXIMA-
TION IN LOCATION
‘TEMP’ IN MEMORY

Y

%

PUT APPROXIMATION GENERATE NEW
INTO D/A LATCHES MASK BY RIGHT-
IN COMPLEMENT SHIFTING ONE BIT
FORM POSITION

| !

RECOMPLEMENT STORE NEW MASK
) IN LOCATION ‘MASK’;
APPROXIMATION;
EXCLUSIVELY - OR
STORE PRESENT
APPROX NG WITH E-REG TO GET
NEW APPROXIMATION

EXIT

1 TITLE =CRF. “SIWNGLE ASD COMVERSION LSING DoAY
g 115 DR i = 1
5 [ 3 2 = S
& HEaEE MASE = (5]
v aenl TEMF = 1
2
o 1 15 1S = B HOF
— L=

Figure 2C1—-10. Flowchart and Program listing for Low-Cost Converter System
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Figure 2C1-10 (Concluded)
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INTERFACING A KEYBOARD TO SC/MP

SC/MP applications that require a keyboard interface usually
use one of two methods to generate keycodes. In one
method, SC/MP is used as a keyboard scanner, whereas in
the other method, SC/MP is interfaced with a keyboard en-
coder. For either type of interface, programs can be devel-
oped for continuous keyboard scan or for using the key-
board as an interrupt device.

When SC/MP is interfaced with an appropriate keyboard
and is supported with the proper software, any application
that can be controlled by alphanumeric inputs is feasible —
lawn-sprinkler control, home and business lighting, vending
machines, combination locks, kitchen appliances, games,
and so on. Some basic principles of keyboard interfacing
are shown in the following illustrations and are described in
the supporting text.

USING SC/MP AS A KEYBOARD SCANNER
General Description

The keyboard matrix shown in figure 2C2-1 consists of six
rows with eight keys in each row. Functional relationships
between the keyboard and SC/MP can be summarized as
follows. The entire key matrix is scanned by testing input
data to the microprocessor for a value other than zero; this
condition occurs if any key is depressed. After key detect,
a software debounce is performed. Then, the program deter-
mines the row and the column corresponding to the key,
computes the correct binary code, tests for key release,

2C21

puts the keycode in the SC/MP Extension Register, and
returns to the calling program.

System Operation

A fixed address (X'0900) is assigned to the ‘keyboard pe-
ripheral” and when a load (LD) instruction is executed, the
TRI-STATE buffers are simultaneously activated. Thus, if
any key (SO through S47) is pressed, one of the bits (DBO
through DB7) on the data bus appears as a logic ‘1°.

The program “LOOP” checks for the “nonzero” condition
and provides a debounce time of 5 milliseconds. After de-
bounce, the value of the key is determined by updating a
counter in RAM. The counter is incremented by “8” for
each row scanned and by “1” for each column scanned. For
example, assume that S9 (row 2/column 2 of figure 2C2-1)
is pressed. The first row is scanned by the software, and
finding no key pressed, the row counter (row select) is in-
cremented by 8 and the second row is scanned. In this row,
one of the bits in the data word is a logic ‘1’; accordingly,
the column counter is now incremented by 1 and compari-
sons are made to determine which switch is pressed — for
this example, it is the second switch (S9) in the column. It
can readily be seen that a different binary code (keycode)
is produced for each switch in the matrix. The keycode is
saved in temporary memory, and the keyboard is tested for
key release by executing a Load Instruction to the keyboard.
This activates all the buffers, and, upon key release, the
keycode is transferred from temporary memory to the Ex-
tension Register. The designated pointer then is exchanged
with the Program Counter to return to the calling program.
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Figure 2C2—1. Using SC/MP as A Keyboard Scanner
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Software Considerations

The flowchart in figure 2C2-2 and the program listing in
figure 2C2-3 show how SC/MP can be utilized by software
to perform a keyboard scanning function.

ENTER MAIN
PROGRAM

SETUP POINTER 2
AS RAM POINTER

READ KEY MATRIX;
DEBOUNCE, AND
RE-READ MATRIX

INCREMENT ROW
COUNTER
IPOATE KEYCODE
WORD BY 8

INCREMENT
COLUMN SELECT

INCREMENT
KEYCODE WORD
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Figure 2C2—2. Flowchart for SC/MP Interfaced with A 6x8 Keyboard Matrix
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Figure 2C2—3. Program Listing for SC/MP Interfaced with A 6x8 Keyboard Matrix
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Figure 2C2-3 (Continued)
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Figure 2C2-3 (Concluded)
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USING SC/MP WITH A KEYBOARD (20-KEY) ENCODER
General Description

The keyboard matrix and the 20-key encoder shown in
figure 2C2-4 can be used with SC/MP to provide continuous
keyboard scanning or the keyboard can be used as an inter-
rupt device. For continuous scanning, the ‘Sense B’ input to
SC/MP is tested for a ‘logic 1°, and if this condition is de-
tected, the 5-bit keycode is stored in RAM and the program
halts. In a real-life system, the code could be saved in the
Extension Register and control could be transferred to a
user routine that processes the keycode data.

When the keyboard is used as an interrupt device, SC/MP
executes a ‘main’ program until a ‘logic 1’ (keycode input
available) is detected at the ‘Sense A’ input. The program
then jumps to an interrupt service routine, which inputs the
code, saves it in the Extension Register, and returns control
to the interrupted program.

System Operation

In figure 2C2-1 where SC/MP is used as a keyboard scanner,
the binary code for each key is computed by the program.
As shown in figure 2C2-4, the TRI-STATE CMOS encoder
(MM74C923) provides all of the key-encoding logic, and, in
addition, it provides switch debouncing and a 2-key rollover
function. The 2-key rollover guarantees that the Data Avail-
able Signal at pin 13 goes from a logic ‘1’ (upon valid key
entry) to a logic ‘0’ — even though a second key is depressed
before the first 1-to-0 transition is completed. A logic ‘1’
for the second key will then appear at pin 13 after some
predetermined debounce interval. Operation of the key en-
coder system is very simple and straightforward. When
closure of a key contact is detected, the encoder debounces
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the key and loads the appropriate binary code into five
TRI-STATE output latches; the presence of this output
data is indicated by driving the Data Available Signal high.
As shown, the Data Available Pin is connected to the Sense
B input of SC/MP or, if the keyboard is interrupt-driven, to
Sense A. In either case, SC/MP responds by outputting the
assigned keyboard address, and at read-strobe (NRDS) time,
pin 14 (the Output Enable Signal) of the encoder is driven
low. Subsequently, the latched keycode data are read into
the Accumulator.

Software Considerations

Minimum software support for the keyboard encoder shown
in figure 2C2-4 includes a scan (or interrupt service) routine
for inputting data to SC/MP. In more-sophisticated software
systems, the program, in addition to the basic scan function,
may include recognition code for any combination of hex/
command keys and also some sort of debug code to ensure
valid processing of the-input data. Some software examples
are given in figures 2C2-5 and 2C2-6; a summary of these
programs follows.

Figure 2C2-5

This program uses the Sense B input for keyboard interro-
gation and uses the Extension Register to index the keys;
the keycode data are stored in memory with no processing
involved.

Figure 2C2-6

This program uses Sense A as a keyboard interrupt; the
interrupt service routine gets the keycode, saves it in the
Extension Register, and then returns to the main program.
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Figure 2C2—4. Using SC/MP with A Keyboard (20-Key) Encoder
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TRANSFER KEY-
CODE FROM TEM-
PORARY MEMORY|

TO DATA BUFFER

REGISTER

SAVE DATA IN
MPO! DECREMENT
MEMORY KEY COUNT

EXIT

*Low Cost Development System
for SC/MP.

1 TITLE SCAN. - 28 KEY KYBD SCAN ~
2
2
4
S5 i THIS PROGRAM IS USED WITH THE 74C922 20 KEY
6 i KEYBOARD ENCODER. THE PORTION OF THE PROGRAM
e i LABELED MAIN IS USED RS A MERANS TO GET TO
e i THE KEYBORRD SCAN ROUTINE.
9 ; SENSE B IS CONNECTED TO THE DATA VALID

16 ; SIGNAL OF THE 74CS9zZ.

11 ;20 KEY CODES ARE STORED IN MEMORY.

12 i THE ROUTINE THEMN EXITS TO USER PROGRAM.
13

14

15

16

17 @eaoa ac NOP

(18 0001 @4 DINT

19 eeaz C4600 LDI L<RAM>

28 oa4 =2 XPAL 2

21 98BS C48Z= LDI HCRAMD

22 avery 26 XFAH 2 3 PTR 2 = DATA BUFFER

22 9808 C414 LDI X714

24 0VVA CRAG ST 27 ; STORE COUNT

25 B8BsC BS IEN ; ENRBLE INTERRUPT

26 ©8B@D C4a2 LDI 2

— Figure 2C2—-5. Using Sense B of SC/MP to Input Keycode Data — Flowchart and Program Listing
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27 BaeaF a1

28 el C4a1  EMTRY:
29 o1z =1

0 8812 C489

21 8a15 =5

=2

2z

=4

35

36

37

38

z9

4e

41

42 aglée Qe SCAN:
43 9017 D4za

44 @a12 ICH2

45 @giE SaF3

4 aa1D Cle8  INPUT:
47 aalF D441F

48 Azl CAGQ1

49 BBZE A& FRELERS:
S8 Baz24 D4za

91 @aaze SCFE

5z

Sz gazs Czal MAIM:
54 Q6ZA CASA

5% 8ezC 6z

S BazD 448

57 B80ZE F401

5 geza ail

53

66 a3l BAROA

€1 gazE 9CE1L

&2 EXIT:
€3
64
65
66
67
&8
3
70 %% 075

ENTRY agia *
KYBD 8361
RELERS ©0zx

NO ERROR LIMNES
SOURCE CHECKSUM=81EE

KYED
FAM

Ind WD
[
DAl

2 ®

HAE i SET E REGISTER = 2

LOI  L<kYBD?

SFAL 1

LDT  HOEYBDDY

#“PAH 1 ; POINTER 1 = KEYBORRD ADDRESS

i THE NEXT SECTION OF CODE STARTING WITH

s THE LABEL “SCAN” AND ENDIMNG WITH THE

s INSTRUCTION JNZ RELEASE IS THE ACTUAL

s TESTING FOR KEYBOARD INPUT AND KEY RELERSE.

C5A
ANI X728 sMASKE TO TEST SENSE B INFUT
JNZ INFUT ;SENSE B = 1. VALID KEY
JMP SCHN JSENSE B = &, CONTINUE
Le <1 i GET KEYBORRD
ANI  X741F i BLANK HI =
ST 1dz2n i SAVE KEYCODE
CSA
ANI  x7ze s MASK TO TEST SEMSE B
JNZ RELERS s IF ACCUM = 4, LOOFP UNTIL
;s KEY RELERSED
LD 1¢22 ; GET KEYCODE
ST -128C27 ; SAYE KEYCODE IN DATH BUFF.
CcCL
LDE
ADI 1
XAE i E REGISTER UFDATED FOR USE
i AS INDEX ON DRATAR BUFFER
DLD <22 i DECREMENT COUNT
JNZ  SCAN
i AFTER 28 KEYS TAKEM CONTINUE
i USER PROGRAM
X @501
X'azea
END
EXIT BazS * INFPUT 81l
MAIN aazg * RAM 300

SCAN 1217k B
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Figure 2C2—5 (Concluded)
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WRONMTARLIWNNE

1z oooea
14 aaail
15 oeez
16 ooa4
1V 8aas
18 ©0a7s
19 0ees
28 vean
21 veee
2z aeebd
23 00t

|

DISABLE INTER-
RUPT. INITIALIZE
JPOINTERS, THEN EN+
ABLE INTERRUPTS

|

ENTER
USERS
PROGRAM

INTERRUPT
SERVICE

READ
KEYBOARD

SAVE CODE IN
EXTENSION
REGISTER

WAIT FOR
KEY RELEASE

ENABLE
INTERRUPTS

|
MAIN PROGRAM

TITLE SCAN1.

“SCA/MP TO 28 KEY KEYBORRD-

s THIS PROGRAM USES SENSE A RS AN INTERRUPT TO

i SCA/MP.

AND WORKES WITH THE 7405922 KEYEBOARD ENCODER.

i THE KEY CODE IS NOT FROCESSED
; DEPRESSION OF RANY KEY CRUSES AN INTERRUPT
THEN GETS THE KEY CODE.

i THE FROCESSOR

4 INITIALIZE AND WAIT FOR INTERRUPT

as
64
Cc418
32
C4pa
37
C4o1
K%
C409
35
a5

NOP
DINT
LDI
XPAL
LDI
*PAH
LDI
XPAL
LDI
XPAH
IEN

; DISABLE INTERRUPT

LCKEYSAV)>-1

<

HCKEYSAYY

2

L<KYBD>

1

HCKYBD>

1

2C2-11

iPTR 2 = INTERRUPT SERVICE

; PTR 1 = KEYBOARD ADDRESS
; ENRBLE INTERRUFT

Figure 2C2—6. Using Keyboard as Interrupt Device (via Sense A) — Flowchart and Program Listing




27 i THE NEXT INSTRUCTION SIMULRTES A

za JUSERS MAIN PROGRAM. IN THIS CRSE THE
29 i PROGEAM IS WASTING TIME WRITNG FOR

28 i AN INTERRUFPT FROM THE KEYBOARD.

21

32

22

34 oooF 9@FE LOOP: JMP LoapP AWAITING INTERRUFPT
=8

36

A s THE FOLLOWING CODE IS THE INTERRUFT

38 ;SERVICE. THIS ROUTINE GETS THE KEYCODE.
39 i SAVES IT IN THE E REGISTER AND RETURNS
46 ; TO THE MAIN PROGRAM.

41

42

42

44 @11 Clea KEYSAY: LD <1 ; GET KEYCODE

45 6012 D41F ANI X71F s BLANK HI 2

45 8015 @1 XAE +SAVE CODE IN E REG
47 @01e a6 RELERS: CSH

48 8017 D410 ANI X718 iMASK TO TEST SENSE R
49 0019 9CFB JNZ RELERS G WARIT FOR KEY RELERSE
56

51 JAT THIS POINT THE USER SHOULD SAYE

52 ; THE KEYCODE IN TEMP STORAGE, OR

b X4 ;s CONTINUE TO PROCESS THE CODE IN

54 ; THE INTERRUFT ROUTINE

S5

S&

sS?

5& @aike CvVaz LD @z(3> sMODIFY P2 TO SKIP LOOP
59 i AND CONTINUE MARIN FROG.
&8 ea1bh a5 IEN ; ENABLE INTERRUPT

61 @aiE 3F XPPC 3 s RETURN TO MAIN FROG.
&2 s WITH KEYCODE IM E REG.
€3 DO1F SO6F8 JmMP KEYSAVY

&4

€5

€6 @501 KYBD = ¥ 8901

67

&8 Ba0a END

SCANL SC/MP TO 260 KEY KEYBORRD

KEYSAY 8611 K¥yBD ase1 LOOF vaeF
RELERS 8616

'NO ERROR LINES
SOURCE CHECKSUM=8D?7S

NS 10549

Figure 2C2—6 (Concluded)
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USING SC/MP WITH THE MM5740
(90-KEY) ENCODER

General Description

Figure 2C2-7 shows one way in which SC/MP might be
interfaced to a relatively large key matrix, This particular
scheme uses a 90-key encoder with supporting circuit pe-
ripherals, a unified bus comparator for address assignment,
and a TRI-STATE octal output buffer. The encoder is ca-
pable of providing a 9-bit output code; however, in figure
2C2-7, only 8 bits are used — DBO through DB6 for keycode
information and DB7 for parity. The encoder also provides
internal switch debouncing and a 2-key (or N-key) rollover
function.

System Operation

Clock requirements for the encoder are supplied by an
LM555 oneshot; this circuit provides a suitable operating
frequency. The shift, shift lock, and special-character con-
trol functions are implemented, respectively, by switches
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S1, S2, and S3; a shift-lock indicator is provided also. The
encoder is operated in the pulse data strobe mode; hence,
when valid data are entered by the keyboard, the valid-data
‘flag’ (pins 13/14) is latched for timing compatibility with
the Sense A (interrupt mode) or the Sense B (scan mode)
inputs. For either operating mode, SC/MP responds by out-
putting the assigned keyboard address, and at read-strobe
(NRDS) time, the output of the TRI-STATE buffer is en-
abled. Accordingly, the keycode data (BDO through BD7) is
read into SC/MP.

Software Considerations

Software requirements for the MM5740 system could be
similar to those shown in figure 2C2-5 (scan mode) and
figure 2C2-6 (interrupt mode). In some applications, the
keycode data can be interpreted by more than one program.
For instance, one program might implement a quality con-
trol function, another could use the same data for display
purposes, while a third program could use the data for sta-
tistical analysis.
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NOTES:

1. This configuration represents only one of
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should be the composite equivalent
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va es [33} o84 803 —m
Y4 B6 :ll DB S BD4 —a>
vs 87 35} DB 6 8D5 —
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Figure 2C2—7. Interfacting SC/MP with the MM5740 (90-Key) Encoder




AN INTERRUPT-DRIVEN
KEYBOARD/DISPLAY SYSTEM

General Description

The preceding applications (figures 2C2-1, 2C24, and
2C2-7) show how SC/MP can be used to input and process
data from a keyboard. This application shows how SC/MP
can be used to develop a functional keyboard/display sys-
tem that is interrupt-driven; a block diagram of the system
is shown in figure 2C2-8. Besides SC/MP, the system hard-
ware consists of a 20-key matrix (16 hexadecimal and
4 command keys), a 20-key encoder, a 6-digit/7-segment
LED display that is software multiplexed, and appropriate
memory, decode, and buffer/driver devices. System soft-
ware consists of a monitor program that allows user to
read or modify (write into) a memory location, to execute
a program starting at any address, and to abort the inter-
rupt service at any time. Four main subroutines are callable

from the keyboard: SCAN, MUXDIS, G4HEX, and G2HEX.
The SCAN subroutine gets valid keycode data from the
20-key matrix; also, this subroutine automatically calls the
MUXDIS subroutine, which services the LED display. The
G4HEX and G2HEX subroutines also call up SCAN and
get, respectively, four hexadecimal characters and two
hexadecimal characters from the keyboard. The hexadeci-
mal characters are stored in a temporary table (six con-
secutive memory locations) and then are packed in three
contiguous memory locations with the following assign-
ments: HIGH ADDRESS, LOW ADDRESS, and DATA.

Memory assignments for the entire keyboard/display sys-
tem are shown in the memory map of figure 2C2-8. The
foregoing monitor program is resident in the 512-by-8
PROM; an additional 30 words of RAM also are required
for this program. Memory services for the keyboard and dis-
play peripherals are as shown.
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91-23¢

FROM
PORT OF SC/MP AD 6

FROM DATA PORT oB3
OF SCMP DB 4

WRITE STROBE (NWDS)
FROM SC/MP

TRISTATE OCTAL
BUFFLR 1DMBILS9G

READ STROBE (NRDS)
FROM SC/MP

“MEMORY MAP ¥

3 = X'ESC TO EN-
{vzn INTERRUPT }
ROUTINE

INTERRUPT b
INITIALIZE

| _sAavA ]
[ _save 1
SAVILO

[ savii 1
[_savaio ]
[_savaui
[ _savaio ]
[_savami |

P2 = X'0D80 FOR
ACCESS TO TEMP.
MEMORY AND KE!
BOARD/DISPLAY
PERIPHERALS

KEYBOARD

LOW-ORDER

PERIPHERAL
DECODE

HIGH-ORDER

TO SENSE A
OF SC/MP

NS10551

Figure 2C2—8. Interrupt-Driven Keyboard/Display System—Block Diagram and Memory Map




System Operation

Any one of the 20 keys can be pressed to initiate an inter-
rupt, and when this condition occurs, the six LED indicators
display a 004000 as an ‘interrupt-recognition’ code.

NOTE

Although the depression of any key causes
an interrupt, the interrupt will automati-
cally abort if the key is not a legitimate
command — thus, the operator may not
see the initial message 00d000.

Once the interrupt is accepted, the keyboard/display system
can be utilized in any one of three modes — READ, MODI-
FY, and EXECUTE; a fourth mode (ABORT) is used to
return control to the interrupted program. The first key
entered must be a legitimate READ, MODIFY, or EXECUTE
command; if the key entry is invalid, or if a valid command
is followed by an illegal sequence of keys, the interrupt ser-
vice is exited just as though the "ABORT"' key were pressed.

Operating procedures and a summary of results for each
command key are given below.

READ Mode
1. Depress and release READ key.

2. Enter address by ‘press-and-release’ of any four hexa-
decimal keys; display will show 4-digit hexadecimal
address and 2-digit hexadecimal data in that address.
After address is entered, it can be incremented and dis-
play updated by successively pressing READ key.

3. To modify a memory location while in read mode, pro-
ceed as follows:

Press MODIFY key and then whichever two hexa-
decimal keys are required for data modification.
Before new data are entered, display will show hex-
adecimal address and ‘old’ data; after modification,
display will show same address and ‘new’ data.

4, Return to interrupted program by ‘press-and-release’ of
ABORT key.

MODIFY Mode
1. Depress and release MODIFY key.

2. Enter address by ‘press-and-release’ of any four hexa-
decimal keys; enter data in selected address by ‘press-
and-release’ of any two hex keys. Before new data is
entered, display will show hexadecimal address and
‘old’ data; after modification, display will show same
address and 'new’ data.

3. After address is entered, it can be incremented and dis-
play updated by successively pressing MODIFY key.

NOTE

If, after entry of each modify command,
user fails to enter 2-key hexadecimal data,
interrupt service is terminated and control
is returned to interrupted program.

4. To transfer from modify mode to read mode, simple
‘press-and-release’ READ key after completion of any
legitimate modify command.

XECUTE Mode
1. Depress and release XECUTE key.

2. Press and release four hexadecimal keys to specify
point-of-entry address and to transfer control to user’s
program.

NOTE

Entry errors for first three keys can be
nullified by pressing ABORT and then re-
peating operating sequence for XECUTE.
Once fourth key is entered and address isin
error, system may require reinitialization.

ABORT Mode
1. Depress and release ABORT key.

2. Interrupt service is exited and control is transferred to
interrupted program.
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Software Considerations

The following entry and subroutine-calling codes (or their
functional equivalents) must be implemented in the users
program if the keyboard/display is used for anything other
than a passive monitor.

Coding schemes to satisfy each of the preceding require-
ments are described in the listings that follow. Figures
2C29 through 2C2-12 that follow the listings provide a
software flowchart for each subroutine and other relevant
code; figure 2C2-13 provides a complete printout of the
monitor program.

1. Entry Code to INTERRUPT SERVICE Routine System Schematics
2. Calling Code for MUXDIS Subroutine
3. Calling Code for Keyboard SCAN Routine Pin-to-pin wiring of the keyboard/display system is shown
4. Calling Code for G4HEX Routine schematically in figure 2C2-14.
5. Calling Code for G2HEX Routine
Purpose: Calling Interrupt Service Routine via Pointer 3.
Conditions: Following Code must appear somewhere in users program.
Code: .
. ; { USERS PROGRAM
[}
LDI X'FF ;GET LOW-ORDER BYTE OF INTERRUPT ADDRESS
XPAL 3 ;PUT IN POINTER REGISTER 3
LDI XD ;GET HIGH-ORDER BYTE OF INTERRUPT ADDRESS
XPAH 3 ;PUT IN POINTER REGISTER 3
;POINTER 3 NOW LOADED WITH ‘1-LESS’ THAN THE ADDRESS OF
;THE INTERRUPT SERVICE ROUTINE
IEN ;ENABLE INTERRUPT
[ ]
° ;CONTINUE USERS PROGRAM
. JWHEN ANY KEY IS DEPRESSED, USERS PROGRAM IS
JINTERRUPTED AND KEYBOARD MONITOR PROGRAM IS
;EXECUTED
Purpose: Call MUXDIS Subroutine.

Conditions: Locations X'D80 through X'D85 must be preloaded with the information to be displayed the hex digit in
X'D80 and least significant digit in X'D85; Pointer 2 must be equal to X'D80. This subroutine saves the contents
of calling Pointer 1 upon entry and restores this pointer upon exit.

Code: °
. ; [ USERS PROGRAM
[ )
DINT ;DISABLE INTERRUPT
LDI X'65 ;GET LOW-ORDER BYTE OF MUXDIS SUBROUTINE ADDRESS
XPAL 1 ;PUT LOW-ORDER BYTE IN POINTER 1
LDI X'F ;GET HIGH-ORDER BYTE OF MUXDIS SUBROUTINE ADDRESS
XPAH 1 ;PUT HIGH-ORDER BYTE IN POINTER 1
;POINTER 1 NOW LOADED WITH ‘1-LESS’ THAN THE ADDRESS
;OF THE MUXDIX SUBROUTINE
XPPC 1 ;,CALL MUXDIS SUBROUTINE
RETURN: <-------- > ;INSTRUCTION TO BE EXECUTED UPON RETURN FROM MUXDIS
IEN ;ENABLE INTERRUPT SO MONITOR PROGRAM CAN BE EXECUTED
;JUPON ENTRY FROM KEYBOARD
[ )
. ;{ CONTINUE USERS PROGRAM
[ )
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Purpose: Calling Keyboard SCAN Subroutine via Pointer 3.

Conditions: Pointer 2 must be loaded with X'D80. If Pointer 2 is already being used as the RAM pointer, the following code
is required to implement the subroutine call.

Code: DINT ;DISABLE INTERRUPT

LDI H(USER RAM BASE) GET HIGH-BASE RAM ADDRESS IN ACCUMULATOR

XPAH 2 ;PUT HIGH-BASE RAM ADDRESS IN POINTER 2 AND ‘OLD’
;P2-HIGH IN ACCUMULATOR

XAE ;TEMPORARILY SAVE ‘OLD’ P2-HIGH IN EXTENSION

LDI L(USER RAM BASE) ;GET LOW-BASE RAM ADDRESS IN ACCUMULATOR

XPAL 2 ;PUT LOW-BASE RAM ADDRESS IN POINTER 2 AND ‘OLD’
;P2-LOW IN ACCUMULATOR

ST P2SAV(2) ;SAVE ‘OLD’ P2-LOW IN P2SAV

LDE ;PUT ‘OLD’ P2-HIGH IN ACCUMULATOR

ST P2SAV+1(2) ;SAVE ‘OLD’ P2-HIGH IN P2SAV+1 WHERE ‘P2SAV’' AND

/P2SAV+1’ ARE RESERVED RAM LOCATIONS WITHIN
;BASE-VALUE DISPLACEMENT RANGE OF USER RAM

LDI X'29 ;LOAD ACCUMULATOR WITH “1-LESS’ THAN LOW-ORDER
;/ADDRESS OF SCAN ROUTINE

XPAL 3 ;PUT LOW-ORDER ADDRESS OF SCAN IN POINTER 3 AND
;OLD’ P3-LOW IN ACCUMULATOR

ST P2SAV+2(2) ;SAVE ‘OLD’ P3-LOW IN P2SAV+2(2)

LDI X‘F ;GET HIGH-ORDER ADDRESS OF SCAN ROUTINE

XPAH 3 ;PUT HIGH-ORDER ADDRESS OF SCAN IN POINTER 3 AND
;’OLD’ P3-HIGH IN ACCUMULATOR

ST P2SAV+3(2) ;SSAVE ‘OLD’ P3-HIGH IN P2SAV+3 WHERE ‘P2SAV+2' AND

;’P2SAV+3’ ARE RESERVED RAM LOCATIONS WITHIN
;BASE-VALUE DISPLACEMENT RANGE OF USERS RAM

LDI X80 ;GET LOW-ORDER RAM-BASE ADDRESS FOR SCAN
XPAL 2 ;PUT LOW-ORDER ADDRESS IN POINTER 2

LDI XD ;GET HIGH-ORDER RAM-BASE ADDRESS FOR SCAN
XPAH 2 ;PUT HIGH-ORDER ADDRESS IN POINTER 2

XPPC 3 ;CALL SCAN ROUTINE

< > ;RETURN FROM SCAN WITH KEYCODE IN EXTENSION REGISTER
LDI H(USER RAM BASE) ;GET HIGH-BASE RAM ADDRESS IN ACCUMULATOR
XPAH 2 ;RESTORE HIGH-BASE RAM

LDI L(USER RAM BASE) ;GET LOW-BASE RAM ADDRESS IN ACCUMULATOR
XPAL 2 ;RESTORE LOW-BASE RAM

LDE ;GET KEYCODE IN ACCUMULATOR

ST ESAV(2) ;SAVE KEYCODE IN USERS RAM

LD P2SAV+3(2) ;GET ‘'OLD’ HIGH-ORDER CONTENT OF POINTER 3
XPAH 3 ;RESTORE ‘OLD’ P3-HIGH

LD P2SAV+2(2) ;GET ‘OLD’ LOW-ORDER CONTENT OF POINTER 3
XPAL 3 ;RESTORE ‘OLD’ P3-LOW

LD P2SAV+1(2) ;GET ‘OLD’ LOW-ORDER CONTENT OF P2

XAE ;TEMPORARILY SAVE ‘OLD’ P2-LOW IN EXTENSION

LD P2SAV(2) ;GET ‘OLD’ HIGH-ORDER CONTENT OF P2

XPAH 2 ;RESTORE ‘OLD’ HIGH-ORDER CONTENT OF POINTER 2
LDE ;GET ‘OLD’ P2-LOW FROM EXTENSION

XPAL 2 ;RESTORE ‘OLD’ LOW-ORDER CONTENT OF POINTER 2

;CONTENTS OF P2 IS NOW THE SAME AS IT WAS BEFORE
;CALLING SCAN ROUTINE
;CONTINUE USERS PROGRAM

’

’
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Purpose:

Conditions:

Code:

How to save and restore pointers when calling
G4HEX Subroutine via Pointer 1.
Pointer 3 must contain SCAN address and 81';7, BYTE
Pointer 2 must point to X‘D80 (RAM base for
code that follows). Locations SAV3LO/ . —— - USERS
SAV3HI must be preloaded by the user for [ :'I,:D
program return in case of an entry error from ‘
keyboard. Pointer 2 is the RAM pointer for -127 BYTE
the users program; thus, a few RAM locations DISP
within displacement range of the base-value
of the users fixed RAM must be reserved—
see illustration.
USERS
> CHANGING
RAM
°
. ; { USERS PROGRAM
[ ]
DINT :DISABLE INTERRUPT
LDI H(USERS RAM BASE) ;GET HIGH-BASE RAM ADDRESS IN ACCUMULATOR
XPAH 2 ;PUT HIGH-BASE RAM ADDRESS IN POINTER 2 AND ‘OLD’
;P2-HIGH IN ACCUMULATOR
XAE ;TEMPORARILY SAVE ‘OLD’ P2-HIGH IN EXTENSION
LDl L(USERS RAM BASE) ;GET LOW-BASE RAM ADDRESS IN ACCUMULATOR
XPAL 2 ;PUT LOW-BASE RAM ADDRESS IN POINTER 2 AND ‘OLD’

;P2-LOW IN ACCUMULATOR. POINTER 2 IS NOW EQUAL
;TO USERS RAM BASE.

ST P2SAVL(2) ;SAVE ‘OLD’ VALUE OF P2-LOW

LDE ;PUT ‘OLD’ VALUE OF P2-HIGH IN ACCUMULATOR

ST P2SAVH(2) ;SAVE ‘OLD’ VALUE OF P2-HIGH

LDI X'29 ;LOAD ACCUMULATOR WITH ‘1-LESS’ THAN LOW-ORDER
;/ADDRESS OF SCAN ROUTINE

XPAL 3 ;PUT LOW-ORDER ADDRESS OF SCAN IN POINTER 3 AND
;OLD’ P3-LOW IN ACCUMULATOR

ST P3SAVL(2) ;SAVE ‘OLD’ P3-LOW IN P3SAVL(2)

LD X'F ;GET HIGH-ORDER ADDRESS OF SCAN ROUTINE

XPAH 3 ;PUT HIGH-ORDER ADDRESS OF SCAN IN POINTER 3 AND
;OLD’ P3-HIGH IN ACCUMULATOR

ST P3SAVH(2) ;SAVE ‘OLD’ P3-HIGH IN P3SAVL(2) WHERE ‘P3SAVL(2)
;AND ‘P3SAVH(2)’ ARE RESERVED RAM LOCATIONS WITHIN
;BASE-VALUE DISPLACEMENT RANGE OF USERS RAM

LDI X'82 ;LOAD ACCUMULATOR WITH “1-LESS’ THAN LOW-ORDER
;ADDRESS OF G4HEX SUBROUTINE

XPAL 1 ;PUT LOW-ORDER ADDRESS OF G4HEX IN POINTER 1 AND
;'OLD’ P1-LOW IN ACCUMULATOR

ST P1SAVL(2) ;SAVE ‘OLD’ P1-LOW

LDI X'F ;GET HIGH-ORDER ADDRESS OF G4HEX SUBROUTINE
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XPAH 1 ;PUT HIGH-ORDER ADDRESS OF G4HEX IN POINTER 1
;AND ‘OLD’ P1-HIGH IN ACCUMULATOR

ST P1SAVH(2) /SAVE ‘OLD’ P1-HIGH

LDI X‘80 :GET LOW-ORDER RAM BASE FOR G4HEX CODE

XPAL 2 ;PUT LOW-ORDER BYTE IN POINTER 2

LDI XD ;GET HIGH-ORDER RAM BASE FOR G4HEX CODE

XPAH 2 ;PUT HIGH-ORDER BYTE IN POINTER 2. POINTER 2
;NOW CONTAINS BASE RAM ADDRESS.

LDI L(CALL) ;GET LOW-ORDER CALLING ADDRESS FOR G4HEX

ST X'F8(2) ;LOCATIONS X'DF8/X'DF9 ARE ESCAPE ROUTES IN CASE

;OF ERROR AND MUST BE LOADED WITH THE ADDRESS OF
;USERS PROGRAM WHERE THE CALL TO G4HEX OCCURS.

CALL: XPPC 1 ;CALL G4HEX SUBROUTINE
DINT :DISABLE INTERRUPT
LDI H(USER RAM BASE) ;RETURN FROM G4HEX
XPAH 2
LDI L(USER RAM BASE)
XPAL 2 ;POINTER 2 NOW EQUAL TO BASE ADDRESS OF USERS RAM
LD P3SAVL(2) ;GET ‘OLD’ LOW-ORDER CONTENT OF POINTER 3
XPAL 3 ;RESTORE ‘OLD’ P3-LOW
LD P3SAVH ;GET ‘OLD’ HIGH-ORDER CONTENT OF POINTER 3
XPAH 3 ;RESTORE ‘OLD’ P3-HIGH
LD P1SAVL(2) ;GET ‘OLD’ LOW-ORDER CONTENT OF P1
XPAL 1 ;RESTORE ‘OLD’ P1-LOW
LD P1SAVH(2) ;GET 'OLD’ HIGH-ORDER CONTENT OF P1
XPAH 1 ;RESTORE ‘OLD’ HIGH-ORDER CONTENT OF POINTER 1
LD P2SAVL(2) ;GET ‘OLD’ LOW-ORDER CONTENT OF P2
XAE ;TEMPORARILY SAVE ‘OLD’ P2-LOW IN EXTENSION
LD P2SAVH(2) ;GET ‘OLD’ HIGH-ORDER CONTENT OF P2
XPAH 2 ;RESTORE ‘OLD’ HIGH-ORDER CONTENT OF POINTER 2
LDE ;GET ‘OLD’ P2-LOW FROM EXTENSION
XPAL 2 ;RESTORE ‘OLD’ LOW-ORDER CONTENT OF POINTER 2

;CONTENTS OF P2 IS NOW THE SAME AS IT WAS BEFORE
;CALLING G4HEX ROUTINE

IEN ;ENABLE INTERRUPT
;CONTINUE USERS PROGRAM

’

’

Return Status: Upon return to users program, the G4HEX Subroutine has loaded and packed 4-hex characters as indicated

below.
DIGIT | MEM LOC RAM ADDR MEMORY PACK
MSD ‘D80 087 7[e]s]a]s]2]1]0
X'D81 MSD 2nd MSD
X'D82 7]6|s]a]3]2]1]0
X'D88
Lo X'D83 LSD 2nd LSD
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Purpose: How to save and restore pointers when calling G2ZHEX Subroutine.

Conditions: Setup and control of pointers 1,2, and 3 and the escape locations are similar to their functional counterparts in
parts in the preceding G4HEX subroutine.

Code: Same as G4HEX code.
Return Status: Upon return to users program, the G2HEX subroutine has loaded and packed 2-hex characters as indicated
below.
DIGIT MEM LOC RAM ADDR MEMORY PACK
MSD X‘Dg4 7]6|s[a]3]2]1]0
iDEnBnn
LSD X'D85 Mso Lsb

ENTER INTERRUPT
SERVICE

1

SAVE ACC, E-REG,
STATUS REGISTER,
AND POINTERS

|

P3 = SCAN ADDR; P2 =
RAM PTR; INITIALLY,
P1=MUXDIS

|

CLEAR INDEX AND
MODE STATUS
WORDS

|

SET DISPLAY
TABLE = 004000

|

MULTIPLEX LED
DISPLAY

|

ENTER
COMMAND LOOP

CAN KEYBOARD AND
RETURN WITH CODE

IN E-REG

YES

MODE STATUS:

X'00 No Command Received
X'01 ‘Mod’ Previously Received
X'02 ‘Rd’ Previously Received

ABORT CODE

MODIFY

YES

Y

EXIT INTERRUPT,
RETURN TO INTER-
RUPTED PROGRAM

CODE

XECUTE

YES

ENTER MODIFY
SUBROUTINE

CODE

READ CODE

YES

ENTER XECUTE
SUBROUTINE

XIT ==COMMAND
KEY NOT PRESSED
ON 1 RY

[

ENTER READ
SUBROUTINE

NS10552

Figure 2C2—9. Flow Diagram for Interrupt Service Routine
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INCREME

NT ADDR;

UPDATE ADDR

DISPLA

TABLE

PREVIOUSLY
ENTERED

waAas
MODIFY
PREVIOUSLY
ENTERED

PREVIOUSLY
ENTERED

WAS READ
PREVIOUSLY

Lszr MODE STATUS | l SET MODE STATUS I

WORD = X'02 WORD = X'02

SET MODE STATUS
WORD = X'01

SET MODE STATUS INCREMENT ADDR
WORD = X'01 AND UPDATE

1

JGET4-HEXADDRCHAR]]
STORE IN DISP TABLE
AND PACK IN MEM

1

GET DATA FROM
‘PACK’ MEM ADDR;
STORE IN DISP TABLE

TCOMND LOOP DISPLAYS
ADDR & DATA INFO

RETURN TO
COMMAND LOOP

ENTER XECUTE
SUBROUTINE

ET 4-HEX ADR CHAR;
STORE IN DISP TABLE
AND PACK IN MEM

RESTORE
INTERRUPT PTR (3)

DECREMENT
ADDR PTR

ENABLE
INTERRUPT
TRANSFER CONT
TO USERS PGM

} DISPLAY

(GET4-HEXADDR CHAR;
STORE IN DISP TABLE
AND BACK IN MEM

ET 2-HEXDATA CHAI
STORE IN DISP TABLE
AND PACK IN MEM

MODIFY DATA AND
UPDATE DISPLAY

RETURN TO
COMMAND LOOP

’ZOMND LOOP DISPLAYS
L ADDR & DATA INFO

ENTER ABORT
SUBROUTINE

BRANCH TO
EXIT

RESTORE ACC, E-REG,
STATUS REG, AND

POINTERS

ENABLE
INTERRUPT

TRANSFER CONTROL
TO INTERRUPTED
PROGRAM

NS 10585

Figure 2C2—-10. Flow Diagrams for READ, MODIFY, XECUTE, and ABORT Subroutines

2C2-23




ENTER G4HEX
SUBROUTINE

l

CALL SCAN
SUBROUTINE

RETURN FROM SCAN
WITH KEYCODE IN
E-REGISTER

SETUP P1-LOW AS
LOOP CTR, WHERE
COUNT =4

1S KEYCODE
A COMMAND

ILLEGAL ENTR
EXIT INTERRUP

SAVE 4 LOW-ORDER
BITS; STORE AUTO-
INDEXED P2

DECREMENT LOOP
COUNT

LOOP COUNT
ZERO

JUMP TO DONE
(FIG. 2c2-12)

DECREMENTED LOOP
COUNT IN P1-LOW

RESTORE P2 BASE;
SAVE MODIFIED
P2-LOW

SAVE LOOP
COUNT
CALL SCAN
SUBROUTINE

RETURN FROM SCAN
WITH KEYCODE IN
E-REGISTER

GET LOOP COUNT;
PUT IN P1-LOW

GET MODIFIED
P2-LOW: PUT IN
P2-LOW

L

ENTER G2HEX
SUBROUTINE
SAVE ‘'OLD’' P1
CALL SCAN
SUBROUTINE

RETURN FROM SCAN
WITH KEYCODE IN
E-REGISTER

]

SETUP P1-LOW AS
LOOP CTR, WHERE
COUNT =2

MODIFY P2TO
POINT TO DISP TABLE
GET KEYCODE
FROM E-REG

IS KEYCODE
A COMMAND

ILLEGAL ENTRY.
EXIT INTERRUPT

JUMP TO DONE
(FIG. 2€212)

SAVE 4 LOW-ORDER
BITS; STORE AUTO-
INDEXED P2

DECREMENT
LOOP COUNT

LOOP COUNT
ZERO

REPLACE LOOP
COUNT IN P1-LOW

1

RESTORE P2 BASE
SAVE MODIFIED
P2 LOW

SAVE LOOP
COUNT

CALL SCAN
SUBROUTINE

RETURN FROM SCAN
WITH KEYCODE IN
E-REGISTER

GET LOOP COUNT.
PUT IN P1-LOW

GET MODIFIED
P2-LOW; PUT IN

P2-LOW

L |

Figure 2C2—11. Flow Diagrams for G4HEX and G2HEX Subroutines
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RESTORE P2
BASE DISP ADDR

|

SET UP P1-LOW WITH
LOOP COUNT =3

[

MODIFY P3 FOR
AUTO-INDEXING;
SAVE ‘'OLD’P3

\

GET 4-BIT KEYCODE
BY AUTO-INDEXING
P2.

Y

SHIFT CODE 4-PLACES
LEFT FOR MEM PACK;
SAVE IN E-REG

)

GET NEXT 4-BIT
CODE AND ‘OR’ WITH
CONTENTS OF E-REG

REPLACE LOOP
COUNT IN P1-LOW

/

STORE PACKED CODE
AUTO-INDEXED
WITH P3

[

DECREMENT LOOP
COUNT

RESTORE P1, P2, & P3;
RETURN TO CALLING
ROUTINE-READ, MOD-
IFY, OR XECUTE

. SCAN/MUXDIS

ENTER
SCAN/MUXDIS
SUBROUTINES

\

SETUPPITO CALL
MUXDIS ROUTINE

KEY PRESSED

GET KEYCODE
AND SAVE IN
LOCATION ‘E SAVE’

KEY RELEASED

PUT KEYCODE IN
E-REG; RETURN TO
CALLING PROGRAM

Figure 2C2—12. Flow Diagrams for SCAN/MUXDIS and DONE Subroutines
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1 TITLE KYDISI, - KYBD & DISPLY ~
2

2

4

S ; THIS ROUTINE IS AN INTERRUPT SERVICE. WHEN RNY KEY
6 i 1S PRESSED, THE PRESENT PROGRAM IS INTERRUPTED
rd i AND THE KEYBOARRD & DISPLAY ARE SERVICED UNTIL AN
8 s ILLEGRL ENTRY IS5 MADE OR THE RABORT KEY IS PRESSED.
S iA STATUS REGISTER IN RAM INDICATES WHETHER
16 i READ OR MODIFY MODES CHOSEN

11

12

iz ; USERS MAIN PROGRAM MUST LOAD POINTER =
14 iWITH X“8DFF OR X BESC AND ENSURE THAT

15 ; INTERRUPTS ARE ENRBLED WHEN KEYBORRD

16 s CONTROL IS DESIRED.

17

18

19

20

21

22

23

24 ; COMMANDS

25 ;i MODIFY = X710

26 s HECUTE = X 11

2?7 i RERD = X712

28 JABORT = X712

29

K{%} BE@a =X’ 0EBD

21

32

33 i LOCATIONS “SAYE” THRU “SAYSY RARE USED

34 ; TO SAYE THE STATUS OF THE INTERRUPTED

35 i PROGRAM.

26

37

38

29 BDFF SAVA: = . -1

44 ADFE SAYE : =.-1

41 BDFD SAVALO: = .-1

42 BDFC SAVAHI: . = . -1

42 aDFEe SAvV2LO: . = . -1

44 BDFR SAVZHI : =.-1

45 BDF9 SAVILO: = -1

46 abDFs SAVIHI : = . -1

47 aDF7? SAVS: o=, -1

48 aDse RAM = X’Dgo

49 FFFF KYEBD = -1

56 Bboa LEDS = X‘Doa

51

S2

Sz i THE NEXT GROUF OF EQUATE STATEMENTS

54 ; DEFINE TEMPORARY WORKING RAM USED

Figure 2C2—13. Program Listing for Interrupt-Driven Keyboard/Display System
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oEgs
BEB2
BEBZz
BEBS
BEBE
BEGS
BEBOR
BEOB
BE@D
BEQF
BE10
PE1Z
GE14
BE15
BE17
PE19
BE1RA

BE1C
BE1E
BEAF
OE21
BE2Z
eE24
BE26
BE28
BEZ2R
8E2C

0000
%0512 13
%1% 1% g
%1% [%15)
8089
8o06R
%1215 2]
eeac
eoeD
212073
GoBF
00106
go11
@e12
891z
8014

BEBO

INTRPT:

i WITH POINTER 2

TABLE =0
STATUS = 6
HADDR =7
LADDR =8
DATA1 =9
LTEMPZ = X‘A
HTEMPZ = X‘B
SAv1 = XC
SAvVZ = XD
IND¥ = X‘E
ESRY = XF
LO3 = X’1@
HIZ = X711
CNT = X712
SAVL1 = X113
SAVL2 = X714

= X‘EB60
ST SAVA
LDE
ST SAVE
CSH
ST SAYS
LDI L{MUXDIS>-1
®KPAL 1
ST SAV1LO
LDI HMUXDIS)
XPARH 1
ST SAV1HI
LDI L<RAMD
XPAL 2
ST SAvzLO
LDI H{RAM?
XPARH 2
ST SAYZHI
LDI LC(SCAND -1
XPAL 2
ST SAVILO
LDI HC(SCAND
XPAH 2
ST SAVZHI
LDI ]
ST TRBLE(2)
ST TABLE+1<(2>
ST TABLE+4(2>

Figure 2C2—13 (Continued)
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i SAVE ACCUM
i SAVE E REGISTER

s GET STATUS
s SAYE STATUS REGISTER

; PTR 1 SAVED

;0LD PTR 2 SAVED, NEW
i PTRZ = RAM
; GET K¥YBD SCAN RDDR

;s CLEAR DISPLAY TABLE
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Do
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E
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E
E
E
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W= AeETM

by

-J

CAES
CHEE
CHBE
CHAZ
151}
CAROZ
{8

36E9
e 1[5
ZHEES
CREC

: 31

CaEs

]

CAE+

I m
fw) [

X
o

X
)

MASD R DD~ ®D W TR
By DI
T H

L I~ O o B TR T P2 I T P T T P I P}

[
[}
XI
=

=T
=T
ST
=T
LDI
=T
HPPC
THF
LDI
=T
LD
HPAL
L
HPAH
LD
HPFAL
LD
HPAH
LD
MFAL
LD
PR
LD
CAS
LK
HAE
L
IEN
MFFC

JHMF

LOI
HPAL
LOT
HFAH
HPPL
LD
HPAL
LD
KPR
LDT
HPAL
LDI
HFPAH
LD
IEN
HPPL
KPP
LDE
MR

TABLE+S( 2
STATUSCZ
MO
TRELE+Z(2)

27D D

1 sDISPLAY “oabaad
CHLOOF

a

STATUSCZ) i ZERO STHRTUS EBITS
SHYLLOD

SHY1HI

£

PTR 1 RESTORED

X
r3
r
D

I
<
(&
X
—

iFTR 2 RESTORED

XI
et
i)
r
[

I
13
I
—

iPTR = RESTORED
AYS s GET OLD STRTUS
i STRATUS REG RESTORELD
s GET 0L E REGISTER
+E REG RESTORED
s GET QLD RCCUM
i ENRELE INTERRUFTS
s RETURM T INTERRUFPTED
i PROGREAM

Wl W0 0 W0

0]
I
m

(]
s
.f;

INTRFT

LOG4HER -1
1
HoG4HE R >

1

1 JGET 4 DIGIT HEX ADDR
LARDDRC 2> JGET LO S RDDR

i

HADDRC S i GET HI & RDDE

1
LCINTRERPT-1

=

HCINTRFT
= s RESTORE IMTERRUFT FOINTER
@-1:43 s DECEEMENT FC PRIOR TO FETCH
s EMRELE INTERRUFT

1 s EXECUTE USERS PROGRAM

3 s CALL SCAN
i GET COCDE
P iMASK TO TEST  REORT KEY

Figure 2C2—13 (Continued)
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165 BEVH 95C1 J2 EXIT s IF=4. EXIT INTRPT

166 QE?C 48 LLE

167 BEYD E414 w“REI x4 SMASEKE,. TO TEST MODIFY COMMAND
168 QETF 334acC JZ MO IFY

169 BES1 4a LDE

176 GESZ E411 MRI Y41 iMASE TO TEST KECUTE COMMAMD
171 ©VES4 2&8D9 J2 YECUTE

172 BESE 448 LDE

173 GEST E41Z2 ®“R1 s = sMASK TO TEST  READ COMMAND
174 QESS 2SE6E J2 RERD

175 BESE S0OEQ JMF EXIT i HE¥ ENTERED. RBORT

176

iv s MODIFY COMMAMD ENTER COMMAND KEY FOLLOWED BY A 4 DIGIT
178 i HEX¥ RDDRESS. THEWN 2 HEY DIGITS OF DATA
179 JAFTER FIRST EMTRY. THE OPERATOR CAN INCR
186 JAND LOARD SUCCESIVE LOCATIONS BY FRESSING
181 MODIFY EEY FOLLOMWED EBY THWD HEX DATA ENMTRIES
182

182

184 @ESD C2ee MODIFY: LD STATUSCZ) JGET STATUS BIT

18S OESF D49l HMI 1

1€ BE91 C2C | UFDATE i IF 1. THIS KMODE

187 i PREVIOUSLY ENTERED

188 QEI=Z CZ0& LD STATUSCE)

189 BEZS D49z AT 2

198 BESIT 926& J2 Moba i IF &, MODIFY ENTERED

191 sFOR FIRST TIME

19z GE33 C4a1 LbI 1

19% GEZE CAGE =T STATUS(2D

194 QE3D I00E JHMF DATA s RERD WARS EMNTEERED

195 RBESF C4a1 MODA LDI 1

196 QEAL1 CABE =T STRTUS (2 ; SET MODE STATUS IF

157 ; THIS IS 1ST ENTRY

198 QEAZ C422 LOI LCG4HEN -1

1339 BEARS =1 “PAL 1

206 BERS C4oF LI HOGHHER >

201 QERS =5 XPAH 1

28z VBEARS =D ¥FPFPC 1 i GET 4 HEX CHARACTERS

26 BEAA C4SE  DATH: LI LCGZHEX »—1

284 OEAC =1 HPAL 1

205 BEAD C4aF LI H(GZHEY >

206 BEAF =5 =PAH 1

207 QEEa =D “PPC 1

288 QEE1 “zas LL LACDRCZ?

209 BEEZ Z1 “PHAL 1

214 OEE4 C267 LD HRDDFR 2

211 BEES 25 =FAH 1 i UPDATED ARDODRESS RESTORED
212 BEET Cz@3 LD DATALCZ) i GET PRACKED DIGITS

212 BEB3 CS50@ ST 4 ;s LOCATION MOCIFIED

214 QEBE 235C JMP GZDATL

215

216

217 ;s THIS SECTION OF CODE UFDATES THE ADDRESS FOINMTER

218 JAND THE DISFLAY TRELE UFPON SUCCESSIVE COMMAND

219 i KEY ENTRIES

Figure 2C2—13 (Continued)
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220
221
222
222
224
225
226
227
228
229
230
231
232
232
234
235
236
227
238
239
240
241
242
243
244
245
246
247
248
249
250
251

252
254
255
256
257
258
259
260
261
262

264
265
266
267
268
269
270
271
272
273
274

@EBD
BEBF
BECO
@EC2
OEC4
BEC6
BEC?
BECS
BECB
BECD
BECE
BEDO
BEDZ
BED4
BED6
BEDS
OEDA
BEDB
BEDC
BEDD
BEDE
OEE®
BEE2
OEE4

BEE6
BEES
@EES
BEER
BEEB
BEEC

BEEE
BEFO
BEF2
OEF4

GEF6&
GEFS&
BEFA

BEFC
BEFE
oFoe

OFez
BFa4
oF o6
OFes
BFoeRn

seBv
a2

czes
F401
CRes
o6

D46
ssav
czer
a2

F4e1
Crev
czes
D4oF
CRez
czas
ic

cze6
D4a2
SCC3

C2e6
D4s1
9866

C402
CAB6
S0eB
c402
CRee

LINK:
UPDRTE :

PUTC:

RERD :

RERD1 :

LD
JNZ
LD
ANI
JZz
LDI
JMP

LDI
ST

CMLOOP

LADDR(2)
1
LADDRC(2)>

X 80
PUTC
HADDR (2>

1

HADDR (2>
LADDRC2)
XF
TABLE+3¢(2)>
LADDRC(2>

TABLE+2¢(2>
HADDR (2>
%F
TABLE+1(2)>

HADDR (2>

TABLE(2)
STATUSC(2>

2
DATA
G2DATAH

STATUS(2>
2
UPDATE

STATUSC2>
1
RERD1

2
STATUSC2)>
G2DATAH

2
STATUSC2)

Figure 2C2—13 (Continued)
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;5 INCREMENT LO ADDRESS

s MASK TO TEST CARRY/LINK

5 INCREMENT HI ADDRESS

s BLANK UPPER 4
; CHANGE ADDR DISPLAY LSD

s CHANGE ADDR DISPLAY 2ND LSD

5 3RD LSD ADDR INTO
s DISPLAY TABLE

;s MSD ADDR INTO
; DISPLAY TABLE

i GET 2 HEX DATA & DISPLAY

s GET PROGRAM STATUS WORD

s IF 1, THIS KMODE
s PREVIOUSLY ENTERED

;MASK TO TEST MODIFY

; IF 8, READ ENTERED FOR FIRST
;s TIME

s MODIFY WAS ENTERED

; SET MODE STATUS WORD




275
276
277
278
279
2806
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301

3e3
304
305
306
3ar
308
383
31e
311
312
313
314
315
316
317
318
319
3206
321
322
323
324
325
326
327
328
329

oFecC
OFQE
BFoF
OF11
OF12
OF13
OF15
BF16
BF18
OF19
OF1B
OFi1C
OF1D
BF1E
OF1F
BF 26
BF21
BF2z
BF24
BF26
OF28

aF2R
BFz2C
8F2D
OF 2F
BF31
OF32
oF34
@F 35S
BF37
OF 39
BF 2R
@F3C
OF 3E
BF408
oF42
BF43
OF45
BF47
OF48
BF 4R
@F4C
OF 4D
OF 4F
OFSe
OFS2

Cc482
31
Ca0F
35
3D
czes
31
czov
35
Ci00
o1
40
ic
ic
ic
ic
CRoe4
40
DaoF
CreS
9093

C455
21
CRBA
C4a0F
35
CRee
86
D416
scez
3D
S0F8
C2FF
D44F
CRBF
86
D410
98az
3D
S0F8
c2eR
31
czoeB
35
C20F
61

G2DRTA: LD

G2DAT1: LD

LCG4HEX>-1
1

HC(G4HEX >

1

1

LADDR(2>

1

HADDR(2>

1

1>

TRABLE+4(2)

%‘F
TABLE+5¢2)
LINK

; GET 4 HEX DIGIT ADDRESS

;PTR 1 = ADDR TO BE RERD
; GET DATAR

; SAVE DATA IN E REG

;s GET PACKED DATA

sMSD IN LO 4

;MSD DATA INTO TABLE
s GET DATA

; BLANK UPPER 4

; LSD DATA INTO TABLE

;s NEXT SECTION OF CODE IS THE KEYBOARD SCAN AND JUMP TO

s THE MULTIPLEXED DISPLAY ROUTINE

LDI
KPAL
ST
LDI
XPAH
ST
CSA
ANI
INZ
XPPC
InP
INPUT: LD

SCAN:

LOOK :

RELERS:

RETURN: LD

Figure 2C2—13 (Continued)

L{MUXDIS)> -1

1
LTEMP2<(2)
HC(MUKXDIS)
1
HTEMPZ2(2)

X710
INPUT
1

LOOK
KyBD(2>
X71F
ESAV(2>

X710
RETURN

1

RELERS
LTEMP2<(2)
1
HTEMP2<2)
1

ESARV(2)>

2C2-31

s TEST SENSE R
; IF 1, KEY IS PRESSED
s REFRESH THE DISPLRY

i GET KEYCODE
s BLANK UPPER S
;s SAVE CODE

; IF @, KEY RELERSED
s REFRESH THE DISPLAY

s PTR 1 RESTORED
i GET CODE




3368 OFSZ2 Z=F
31 BFS4 98D4

332

32z
334
335
336
337
338
339
2406
344
342
34z
344
245
346
347
348
349
358
51
352
353
354
355
356
357
358
359
360
361
362
B
364
365
366
367
268
369
37o
37

3ve
37
ke
75

3Vé

-377

378
379
g0
381
382
38
384

BF 56
OF 5SS
aF59
BFSB
aFSD
OFSE

aF 6@
aFsz
BFEZ
aF 65
BFév
OF&2
aFe&9
BF6B
BFe0b
OF &F
OF 7B
@Fv2
aF?z
BF 7S
BF 7€
aF?v?

aFv9
aF 7B
OF °C
OF 7E
OF 7F
OF81

C406
=1
CR&C
c4aD
35

CraD

c4g0
32
C4zC
21
C40E
X5

XPPC
JMF

JRETURN TO CALLING ROUTINE

P

CAN

5 THE NEXT SECTION OF CODE PERFORMS THE MULTIPLEX
s REFRESH OF THE DISFLAY

i THE 6 DIGITS TO BE PISFLRAYED HRE STORED IN 6
i CONSECUTIVE LOCRTIONS STARTING AT #-Dg8

MUXDIS: LDI LCLEDSY
SPAL 1
ST SAY1dC2D 3 SAVE OLD F1 LO
LDI HCLEDS)
XPAH 1
ST SAvVZ(2> i SAVE OLD P1 HI

i POINTER 1 NOW IS THE BASE ADDRESS OF THE CISFLAY

LDI xrze

LOOP : XAE +iE REG = DIGIT DRIVE
Lo @12 i GET HEX DIGIT
ST -128c1) ; DISPLAY THE DIGIT
LDE i GET DIGIT DRIVE
Sk i CHANGE DIGIT
JINZ LOOP
ST <1 ; BLANK DISFLAY
LDI L<RAMD
XPAL 2 i RESTORE PTR 2 LO
LD SAvVZ2(2> s GET OLD PTR 1 HI
XPAH 1
LD SAVL(Z> s GET OLD PTR 1 LO
XFAL 1
XPPC 1 s RETURN TO CALLING PROG
JMP MUXDIS

5 THE G4HEX ROUTINE GETS 4 HEX DIGITS AND STORES THEM

; IN THE DISPLAY THRELE. IF A COMMAND KEY IS ENTERED

s DURING THIS SEQUENCE. THE INTERRUPT SERVICE IS EXITED
i DISPLAY TABLE IS AT X D8@G THRU X D85

ERROR: LDI LCRAM>
RPAL 4
LDI LCEXITO-1
XFPAL 1
LDI HCEXIT)
XPAH 1

Figure 2C2—13 (Continued)
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d

385
386
387
388

3906
391
392
393
394
395
396
397
398
399
400
401
402
463
484
4@5
406
407
468
409
410
411
412
41z
414
415
416
41?7
418
419
420
421
422
423
424
425
426
427
428
429
430
421
432
432
434
4325
436
437
438
439

oF 8z
BF S
BF 84
OF 86
BF 87
BFg9
OF8A
BF8C
BFSD
OFSF
BF 9a
6F 92
aF9z
BF 95

BF 96
@F9s
BF 93
@FSB
aFsD
OF SF
BF R
BFAZ

BFA3
BFR4
aFAé
oFAS
BFAS3
OFRB
aFAD
@FARE
BFAF
@FB1
OFB3
oFB4
aFB6
BFB?
OFBS
BFBR
BFEBC
BFBD

C4a2

Céeo4
9006
cziz

C2et
2z

40
D416
SCcD1

D4cF
CEol
31
az
F4FF
asac

C480
32
CARGE
21
CA12
3F

S6DE

G4HEX :

GZHEX :

LOOP1 :

;iPTR 2 IS AUTO

1
1
SAVL1CZ)>
1

SAVL2<¢(2)
>

-

4
1

FIRST

1
SAYL1<(2>
1
SAYL2C2Y

3¢

2

PN

@4(2>
FIRST
CNT<(2)
1
INDX(2)
2

i TO BE DISPLAYED.

FIRST

;i THE

5 AND PACKS INTO LOCATIONS LADDR.

. LDE.
ANI
JIN2
LDE
ANI
ST
XPAL
CCL
ADI
J2
»PAL
LDI
XPAL
ST
*XPAL
sT
¥PPC
JIMP

¥710
ERROR

RF
@1¢2>
1

-1
DONE
1
L<{RAM>

2
INDXC(2)
1

CNTC(2)>

3

LOOP1

INDEXED THRU THE
s THE 1ST FOUR LOCATIONS CONTARIN

s EXIT INTERUFT

;s CALL SCAN

s SAVE P1 LO
i SAYE P1 LO

s CALL SCAN. RETURN WITH CODE
s IN E REG.

sMODIFY F2 FOR INDEXING

i GET PREVIOUS INDEX VALUE
i SET UFP P2

DISFLAY TARHELE
THE HEX RDDRESS

i GET CODE
iMASK TO TEST COMMAND
+ IF 4, ABORT INTRPT

s GET LOOFP COUMT

; DECR LOOP COUNT

i REPLACE LOOF COUNT
s RESTORE P2

i SAYE INDEX VHALUE

s CALL SCAN

SECTION DOF CODE BEGINNING WITH “DONE“, TAKES
i ADDRESS AND DATA FROM THE DISFLAY TABLE LOCATIONS

Figure 2C2—13 (Continued)
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440
441
44z
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
4€5
466
467
468
469
470
471
472
473
474
475
476
477
478
479

BFBF
eFC1
oFC2
oFC4
@FC5
BFC?
oFC8
@FCR
eFCC
8FCD
aFCF
arFD1
BFD2
aFD3
oFD4
@FDS
BFDéE
eFDs
eFDS
OFDB
8FDC
8FDD
OFDF
OFE1
BFE2
OFE4
OFE6
OFE?7
OFES
OFER
@FEC
OFED
OFEF
OFFo
OFFz
OFF3

C480 DONE:

32
C403
21
c4a8?
3=
CAl1e
c4aD

37

CA11

céal1  PACK:

1€
1E

CMLOOP
DATA1
ESAY
G2DAT1
G4HEX
HTEMP2
INTRFPT
LEDS
LOOK
LTEMP2
MUXDIS
PUTC
RERD1
SAvV1

BE76
0009
006F
OF19
OF8z
oo0eB
OEQ0
eDeo
OF 34
80on
aF56
BEDZ
BFes
eeac

LDI
XPAL
LDI
XPAL
LDI
APAL

LDI
XPAH

LD
RR
RR
RR

XAE
LD
ORE
ST
XPAL
CcL
ADI

XPAL
JMP
LDI
XPAL

XPAL
LD
XPAH

XPAL
LD

XPAH
XPFPC

END

Figure 2C2—13 (Continued)

()

LO3<C2)
HC(RAM)
2
HIZC(2)
@1(2>

@1¢2>

@13
1

-1
ouT

1
PACK
LCRAMD
2
LOZ(2)
3
HIZ(2>
3

SAVL1<(2>

1

SAVL2¢2>

1
1

CNT
DONE
EXIT
G2DATA
HADDR
INDX
K¥yBD
LINK
LooP
MOD1
ouT
RAM
RELERS
SAV1HI

0012
@FBF
@E2D
OF13
0007
@ORE
FFFF
@EBD
OF62
@ESF
OFE4
ense
oF42
@DFD

2C2-34

s RESTORE P2

;P1 IS LOOP CNTR

s NEW BASE FOR P3

s MODIFY P23 FOR INDEXING
; SAVE P3 LO

s GET CODE FROM TABLE

i SHIFTED LEFT 4

5 HADDR/LADDR/DATAL
; GET LOOP COUNT

;s DECR

i RESTORE COUNT

i RESTORE P2

; RESTORE P23

;s RESTORE P41

i RETURN TO CALLING COMMAND

DATA BERA
ERROR BF79
FIRST OFAz
GZHEX BF 8F
HI3 6011
INPUT OF3C
LADDR 0008
Loz 0010
LOOP1 OFSD
MODIFY OESD
PACK OFCF
RERD BEF6
RETURN ©F4A
SAVALO ODFE




SAvV2 aeaD
SAYIHI @DF9
SAVE BDFF
SAVYS @DF8
TRABLE 8000

NO ERROR LINES

SAVYZHI
SAVILO
SAVL1
SCAN
UPDRTE

SOURCE CHECKSUM=10506

@DFB
BDFR
e61z
oF 2R
OEBF

SAVZLO
SAVA
SAvVL2
STATUS
XECUTE

@DFC
OEDD
0014
0006
BESF

NS10555

Figure 2C2—-13 (Concluded)
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9g-2d¢

ST TSLOATENT OFCOUE R "
o SRIVER LaTch ) 2N4403 100!
DVEOL 9 1L MOS 9370) 820" (7PLACES) (7 PLACES)
(7 PLACES)
THISTATE OCTAL 0B O 8080
BUFFER :DM B1LS96
AAA-
s
G
-—— 080 _ A M
-———08B1 1 ;
-——0B2 - - - = =
PORT OF e T LTI
Sc/MP == E—W—K_‘ ol b il
~«—— 0BG R
--——D0B7 —AWV- v
9 E
R
AAA s
VWA
e G
AAA
VWA
a—w— |
sy = DIGIT DRIVERS =
RAM 1 Ran 2 6 BIT UNIFIED HEX QUAD D FLIP FLOPS . 2N2222
MM2101 MM2101 COMPARATOR (DM 8131 W CLEAR 174LS174" 330+ (6 PLACES)

ouTPUT »’ o—1

a0s 3]0 @
ape {4}02 a3

[F—w— |
k|
ao3—{e] o3 o4 E_M—K_<
E—M—L
E—M—K_‘

T3

T4

sz}
85 T 12}

Q

86 76

9

T

T

ADZ—E o4 as

a0 1—{i3] os a6
7— a0 0—{14] 06 Vee [16}a— «sv
POWER ON 1| CLEAR GND| 8
CLEAR —.E

WRITE STROBE
{NWDS) FROM —@—
SC/MP

AD O - AD 8

6811 UNIFIED

COMPARATOR DM 81311
b— D78 - DFF [ra] ouTPUT DATA : l_.
e1 ouTPUTES | o o N =] enase  avaiLasie |2 00 S A
cs AD7 nfz s|}‘\ s|>\ h‘}\ 2%
(E 00 - EFF) L LN LN . N oy PR DATA 15} 080
- aDs rofa NN N outa
= n}\ sn\\ u}'\ n}\
ADS T3[e}9—+sv BN . N . N . N 2| row v2 DATA ul»-— 081
( ¢ 4 = outs
?::&)s;:g!: AD4 3] Tepek \g\ \sg\\& Eo& 5‘?‘\\ TO DATA
DATA ;
SC/MP AD3 _’E 86 i & r N N W =] rowvs oot ¢ [17}-e- 082 oF scme
ssv —e{ie] v 6 E—‘ \'\ \ \ \
'cc SI\ 55\ “\ 57\ lTRowV DATAﬂ_’Dsa
g 4 outo
_EE STROBE anofs \\ \\ \\ [ ©
= = Lo |Stal [2a “\§ =1 DATA
={5 | row vs Ferii (B g 2
e (] Vec [20]-+5v
——————E oMM osciLiaToR 3—
ADDRESS
PORT OF 0.1, 3
SC/mP * COLUMN  KEYBOUNCE T
3 sk | 71
NOTES: 014 3R
1. Hex inverter (DM 74L05) or equivalant — a5 [COLUMN anofio}
2. Dusi 4-input NAND gates (DM 74120) or equivalent x4 —1
3. Quad 2-input NAND gate (DM 74L00) or equivalent =

Figure 2C2—14. Interrupt Driven Keyboard/Display System—Schematic Diagram




INTERFACING SC/MP WITH A BURROUGHS
SELF-SCAN DISPLAY

General Description

The SC/MP-and-display interface shown in figure 2C2-15
provides an easy and relatively inexpensive method of gen-
erating 64 alphanumeric characters — any 32 of which are
simultaneously shown on a single-row display panel. This
SC/MP-based system can be used efficiently for any close-
view (up to 10 feet) moving-message or static display.

System Operation

As shown in figure 2C2-15, data are input from SC/MP via a
low-power TRI-STATE buffer (DM81LS95) and these data
are latched by the DM74199. Under software supervision,
flag O is used to generate the “write” pulse and Sense B is
used to indicate ‘‘status” — the status specifying when a
new character can be input to the display. Each of the 64
characters is defined by a 6-bit binary-to-hexadecimal code;
the characters and their equivalent hexadecimal codes are
shown in table 2C2-1.

Table 2C2-1. Alphanumeric Characters and Corresponding Hex-lnput Codes

HEX HEX HEX HEX
inpuT |CHARACTER | (0 |CHARACTER | |\ o' |CHARACTER || o | CHARACTER
00 @ 10 P 20 (BLANK) 30 0
01 A 1 Q 21 ! 31 1
02 B 12 R 22 " 32 2
03 c 13 s 23 # 33 3
04 D 14 T 24 $ 34 4
05 E 15 U 25 /. 35 5
06 F 16 Vv 26 & 36 6
07 G 17 w 27 / 37 7
08 H 18 X 28 < 38 8
09 I 19 Y 29 > 39 9
A J 1A z 2A * 3A :
B K 1B [ 2B + 3B ;
c L 1C ~ 2¢ ‘ 3c <
D M 1D ] 2D - 3D =
E N 1E { 2E . 3E >
F o 1F ! 2F /,/ 3F ?

Software Considerations

Memory interfaces for the SC/MP-display system are shown
in figure 2C2-15. The control program is stored in ROM —
X'000 through X'0IFF; RAM utilizes locations X'0F00
through X'OFFF with a display address of X'0800. There
are no special timing restraints required to communicate
with the self-scan display.

Each character of the message is brought in from the buffer;
then, the program checks to see if the character is valid, and

if it is valid, the software converts the 7-bit ASCII input
code to a 6-bit ASCII output code. After this conversion is
made, the clear bit and display-blanking bit are set to the
proper condition and are ORed with the character. The
character word now is written into the DM74199 latch.
Subsequently, the Data Present line is pulsed and the Write
Flag is tested to see if the display is ready to accept new
data. Figures 2C2-16 and 2C2-17, respectively, show the
flowchart and the program listing for the Control and
Message-Moving Program that is used to print a message
that is greater than 32 words long.

2C2-37



8€-20¢C

*
a
<

K

r— DBO
l— DB
— 0DB2
r— 0B 3
— o84
| —

THRISTATE OCTAL
BUFFER (DM 81L595)

NOTES:

or equivalent.

1. 2-Input NAND Gate (DM74L00)

2. Unused pins not shown.

100K
7] NRST FLAG 0
T 100kt 2] sour SENSE B
) [e] s NWDS
hﬁ BREQ x1
81K _[__‘E SENSE A ENOUT
- = E Voo x2
E FLAG 1 NRDS
25] Ap 00 S NHOLD
26] AD 01 C ENIN
27] A0 02 / CONT
28] AD 03 NADS
29] A0 04 P Vss
30] AD 05 08 00
31] AD 06 DB 01
32] Ap 07 DB 02
3] AD 08 DB 03
E AD 09 DB 04
35] AD 10 DB 05
36] AD 11 DB 06
22] FLAG 2 DB 07
AD 11
AD 10
4096 BIT ROM
IMMS5204)
AD 00 Ay
AD 01 Aq
AD 02 A
AD 03 A3
AD 04 Ay
AD 05 Ag
AD 06 Ag
AD 07 Ay
AD 08 ——E Ag Bg
45V ] Ves L]
4] proGRAM Vea
12 Ves

1024 BIT (256x4)
RAM (MM21071}

BBIT SHIFT REGISTER

(DM 74199)
K
SERIAL
INPUTS CLEAR
INPUT A Q

INPUT 8
INPUT C
INPUT D Qg
INPUT E Q.

INPUT F Q,

BURROUGHS SELF SCAN DISPLAY (SSD0132 0040
& CHARACTER SET (NOTE 2)

DATA PRESENT

WRITE CYCLE _l

INPUT G Qg
INPUT H
cLOCK

SHIFT/LOAD

DECODE 0800-0BFF

1024 BIT (256x4)
RAM (MM2101)

-12v

+250V —»E

NS10557

CONTROL
CIRCUITS
BINARY 1
—
BINARY 2
BINARY 4 MEMORY
REFRESH
BINARY 8
BINARY 16
BINARY 32
BLANK CHARACTER
GENERATOR
CLEAR
Ve
VGG
3¢ CATHODE
v DRIVE
o
GND
DOT MATRIX
DISPLAY

QEH..FFEHE
?nﬂﬂ i ] :fi

Figure 2C2—15. SC/MP Interfaced with Burroughs Self-Scan Display




6€-222

START

Do

{

| SET COUNT TO 32 GET STATUS MASK
SET P3 TO RAM ADDRESS DELAY PUTAINE OUT ALL BUT SENSE B
INITIALIZE MESSAGE ADDRESS
CLEAR L AND DO YES
SET P1TO DISPLAY ADDRESS LOAD FROM P2 ADD 0EO TO A WAIT
I COUNT +COUNT -1
CLEAR DISPLAY AND SET)| ves NO
COUNT TO 32 CHAR <020

9

NO
o ©
CLEAR L AND
LTMP < LTMP +1 ADD 0CO TO A PRINT YES

PUT LST IN P2L AND

PUT HST TO HTMP

NO

YES

ZERO P2L LOAD A FROM E
MASK OFF 2 HI BITS

!

OR IN 080

!

HTMP ~—— HTMP+1

PUTAINP2H

PRINT SEND TO DISPLAY

LOAD A FROM P2
P2 P24} GET STATUS

{

NO OR IN FLAG 0 3 SEND
SET STATUS | WRITE PULSE
PUT A IN P2L —_——— - -
YES

SELF ‘

PUT HTMP IN P2H AND AND OUT FLAG 0
LTMP IN P2L LOAD HTMP SET STATUS

NS10658

_B

0

Figure 2C2—-16. Flowchart for Control and Moving-Message Program




1 TIk DIEF. TFOVING FMESSAGE

EE 2 CHARACTERS

- UF MESSHGE HIGH
AGE Lok
SSAGE HIGH
= - b AGE LW

UHAE FER CIME COUNTER

!

[T L = (5]
Eatantd 3

-
Do)

XY
Dok
hxd

H I = & Az
e & % ;
LI <} iSHAME
HC = i i HDDRESS OF
e = CETART OF RAM

ol

-

MMM T

=
(]

i i P STAHRETING RLDRESE.

STRING TH MEMORY.
SOH BEYTE OF ALL &

e N L R B i P ADORESS OF MESSAGE.

FRGE

HETHET

FUT RAM ADDRESZS IN FP3..

H o Far

LR

hiHme' JSET STARTIMG ADDEESS IF MESSH

SAYE IM RAM.

[SRNETE
1
Lo AL s
.
5] s CLEAR DISFLAY.

FUT ADDEESS OF DISFLAY IN F1

Figure 2C2—17. Program Listing for Control and Moving-Message Program
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A AN

YOGS

PR T

Freird

Lk

MBI

[0

SElLF

i 4k

FREMT

=
a
K
Y :

i BLIMF

SET LIME COLNT.

FUT ADDRESS IM TEMP.

PSET P2 TO ADDRESS.

HIGH RDDRES= IM F2.

JGET HEST WORD.
i CHECKE

IF [OME.
RESTORE FOINTER.

FERYE IM P2 LOW.
P RESTORE HIGH.

JEAVE LIMNE COUNT.

[ A SHORT DELAY.

CHECE IF [OME.
FAM POINTER.
ME=T RADLDRESS.
ELMF HIGH.

SAYE CHAFR.
GET CHAR.

P CLERE LIME.

B
FRTHT

i CHEE
PETRIF

HE E

Figure 2C2—17 (Continued)
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s CHEDE
SR
s LESS

JESET WRITE CHCOLE

IF LE=S
ai1F.
THAM B1F RETURN.

THAM Bza.

THE.
F oo @sF,

SOWALID.
IFF HIGH EITE.

SET CLEAR AMD DISPLAY BITS.

i SEND WORD.

FLAS &
T FLAG &

CHOM RESET FLAG




AL T

L

]
LA T T
LN ¢ 5
HE L
FRINT

COedT
H=T
LTriF

i GET
i CHECE
S WAIT
+ BLMF

COWARIT
HTHF

M5

STATUS.
IF SENSE B IS
IF SET
COUMTER.

SET.

gl
FAM

HER

MORE :
FRMNT (S5

FRINT

DDA AR XA
Do(iie 1 BoCH 3 B O

o)

SELF IS START

= %] 4

NS 10559

Figure 2C2-17 (Concluded)
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MULTIPROCESSOR SYSTEM
General Description

Figure 2C3-1 shows how two microprocessors —SC/MP #1
and SC/MP #2 — can be interconnected to perform differ-
ent tasks on a time- and memory-share basis. SC/MP #I is
the basic SC/MP kit (1SP-8K/200) with a TTY input/output
interface, whereas SC/MP #2 is used to drive a Burroughs
self-scan display — see figure 2C2-15. The control program
for each microprocessor is stored in a separate ROM; the
256 bytes of RAM are shared. The basic functions of SC/MP
#1 are defined in the SC/MP Kit Users Manual; however,
with more RAM and with the latching and buffering tech-
niques shown in figure 1-8, the kit capabilities can be
expanded to provide a complete keyboard/display system.

System Operation

When power is applied to the multiprocessor system, NRST
of SC/MP #2 is driven high via the RC network and the
processor initializes at address X'0001; for the time being,
SC/MP #1 is held off by the low input from flag 1 of
SC/MP #2. Each processor uses the Sense A input for
program direction; that is, if Sense A is low for SC/MP #2,
it branches to the Burroughs self-scan routine. After this

2C3-1

decision is implemented by setting P3 to the proper ad-
dress, the SC/MP #2 software sets flag 1 high (NRST #1
now is driven high); this causes SC/MP #1 to initialize at
address X'0001. Since the Sense A input of SC/MP #1 is
tied high, it branches to the KITBUG Routine.

With both processors initialized and directed to their
respective programs, bus requests are made and ENIN is
tested for bus access. If ENIN is low, the processor request-
ing access must wait until its ENIN lines goes high. If the
ENIN line is high and no bus request is issued, the “bus
available” signal is passed to the next processor — in this
case, SC/MP #2 — via the ENOUT line. (Refer to figure 1-4f
for functional detail of bus-access control.)

Software Considerations

Figure 2C3-2 shows the system flowchart and the program
listing for KITBUG; a detailed flowchart for KITBUG is
shown in the SC/MP Kit Users Manual. The program listing
for the self-scan routine is shown in figure 2C3-3; except
for address assignments, this listing is similar to that shown
in figure 2C2-17. The flowchart for the multiprocessor “self-
scan” program is functionally equivalent to that shown in
figure 2C2-16. There are no timing constraints; the system
is self-clocking and self-synchronizing.



€3¢

TOTTY
RECEIVER
(20 mA Loop)

bl

o

1MHz
XTAL =

L}

1200

AA
W

=S

ANWF  +5y—yd

27002

FROM TTY
TRANSMITTER

120 mA Loop) =

51062

-12v

37] x1

[4 | enour
[38] x2

[19) FLac o
22] FLAG 2
23] sour
24] siv
[38] naDs

(6 |nHoOLD

[8 ] cont
[17] sense A
[20] Vs

o] Voo

[18] sense
[21]FLac 1

[7]nRsT
5 |sre

[3 Jenn
[2 ]nROS

1 INWOS

-

0B 05

DB 04

DB 03

0B 02

DB 01

08 00

— AD o4
M— ADOS
f— apno0s
h— apo07

\— ADO8

“”T“ﬂ“?“t”

16
”
L|‘
B; 3
13} ] C
1) 7
i ‘.
1o} 3 TRISTATE O

BUFFER

5] v7

7] v8

9 111315

4096 BIT ROM
MM 5204

1028 817

+5V e

14120
—

rAD 10

4096 BIT KOM
MM 5204

Ves

4] PROGRAM 8g

Vss

TRISTATE OCTAL D
FLIP FLOPS (DM 741 $374

(REFER TO
FIGURE 2C2

FOR FUNCTIONAL
DETAIL AND
CHARACTER SET)

1024 B1T 296 x 4
RAM MM 21011

ADO4 —
AD 00 —
aD 01 —
AD 02 —
AD 03 —

AD 05 —

AD 06 —

AD 07

AD 00 _.E A0 Do,

21

apor —{3] a1 o0, [iz}—e
AD 02 —E A2 00y E_.
apo3 —{1] 43 00, [ie}—=

aoos —{5] as Vee @—

aoos —{8] a6 oo [18

AD 07

]~ ano s

AD 11

NOTES
1. Hex inverter (DM 74L04)
or equivalent.
2.3.Input NAND gate
(DM 74L10) or equivalent.

NS10560

Figure 2C3—1. Using SC/MP in a Multiprocessing System




1 .TITLE KITBUG, © MULTI PROCESSQOS 3 47 76 7
2
2
4 Baal P11 = 1 SRS MULTIPROCESSOR FLOWCHART
S g86z F2 = 2 &
6 a8az Pz = 3 =
7 - |
8 FFFF EXOFF = -1 ( ) SET POINTER
9 #3 TO X'0400
19 ;i FIXED STACK ASSIGHMENTS |
11 &
- - 2 INITIALIZE AND
i; oFFE STACK: ~erer fEApSTATE Gam Cra W
14 ooea SR = . -STACK | POINTER #3
15 @FFE o= -1
16 FFFF EX = . =STACk. - |
1? aFFD L= =1 ::':5 SET FLAG 1 HI
18 FFFE AC = . -STACK | TOSOMP
19 8FFB L= -2
20 FFFC FTZ = . =STARCK |
21 aFFsS L= -2 NTeR ;(ITBUG ENTER PGM FOR
2z FFFA  FT1 = . -STRCK B S, BURROUGHS SELF.
23 OFF? = -2
24 FFFg FPC = . =5TARCK
25
26 B6FF& FZADE = -1
27
28
29
29
31 [a1%]509) .=
3Z 0800 @68 NOF
22 START :
24 6001 9% CSA i READ STARTUS
35 66z D410 ANI oi1a i CHECK. FOR SENSE HA.
36 6004 S3C2z JN2 ENTER ; SET/RESET DISPLAYA/KITBUG
37 8006 33 XPAL P2 s 2ERO PZ LOW
38 voa? C404 LD 204 ; SET RDDRESS OF RQMz
239 06gs =7 »FAH Fz
40 00BA =2F RPPC Fz ;GO TO DISFLAY
41
42
. PAGE “DEBUG ENTRY AND EXIT~-
43 . LOCAL
44
45 i ON AR SOFTWARE HALT. HARDWARE USES THE FOLLOWING WORDS
46 ; TO SAVE THE ENYIROMENT
47
48 ; DEBUG EXIT — RESTORE ENVYVIROMENT AND GO
49
56 VOB COFz EXIT: LD STACK+EX ; RESTORE E REG
51 86D 91 SAE

Figure 2C3—2. Flowchart for Multiprocessor System and Program Listing for KITBUG

2C3-3




886E
o016
8o11
001z
8014
816
oo17
0019
BO1A
ee1C
801D
Bg1F
121 P
82z
2624
aa25
aaz?

8828
o8zA
aoz2e
aezD
802E
8830
9031
88z
28034
% K4
8637
08335
BB3A
8azC
8ezD
BOZ=F
0048

0042
8044
2845
2047
8048
004R
004B

C4Feé
32
C40F
36
Cd4o1
37
c4Cz

LD STARACK+PT1 ; RESTORE P1
XFARH P1

LD STACK+PT1+1

X¥PAL P1

LD STACK+PTZ i RESTORE P2
XPAH P2

LD STACK+FPT2+1

“PAL F2

LD STARACK+PC ; PUT DESIRED PC IMN PZ=
®FAH F3

LD STRCK+PC+1

XPAL F3

LD @EXOFF (P2 i RADD EXIT OFFSET TO PC
LD STACK+SR i RESTORE SR
CAS

LD STRCK+AC

¥PFC Fz

ENTRY FOINT

ST STACK+AC

CSA

ST STACK+SR

XAE i SAVE EXTENSION REGISTER
ST STACK+EX

XPARH Fz 3 POINTER
ST STACK+PT2

XPAL Fz

ST STRCK+PT2+1

XPARH Pi ; STARCK

ST STACK+FPT4

XPAL P1

ST STACK+PT1+1

XPAH Pz

ST STARCK+PC

XPAL Fz

ST STRCK+FC+1

. PRGE ‘MRIN COMMAND LOOP~

. LOCAL

5 THIS CODE INITIALIZES POINTER REGISTERS AND
i PROMPTS FOR AND GETS THE NEXT COMMAND.

5 ON EXIT, E HOLDS THE COMMAND CHARACTER
CMDLP: LDI L<P2ADR>

XPAL F2

LDI HC(P2ADR>

XPAH P2

LDI HCPUTC) 5 PRINT CR-LF

XPAH P3

LDI LCPUTCO-1

Figure 2C3—2 (Continued)
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ie4
105
106
167
iee
1e9
110
111
112
113
114

115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

131
132
133
1324
135
136
137
138
139
140
141
142
14z
144
145

146
147
148
149
150
151
152

884D
804E
8a5a
8051
85z
8654
8856
8857
8859
885A

2058
aosc
PasSE
PA60
o611
2ascz
1217 1%

oa6?
868
BO6A
8e6C
826D
@B6F
eari
7 % g4
aevs
a7y
0979
vorB
eevD
8a°7F
2089
8982
8884
ese6
agsy
2883
80a8A

33
c4aeD
3F
C40A
3F
C420
3F
c4g4
33
3F

49

E447
scev
2F

E460D
98R6
5864

40

E454
98@9
40

E44D
9CSA
C400
S8062
c401
CEFF
C400
37C4
DEZ3Z

E48D
SC47
Ceo1

Céo1
31
C401

XPAL P2
LDI eD
XPPC Pz
LDI BA
XPFC Pz
LDI -
XPPC Pz
LDI L{GECO>-1
®PAL P2
XPFC P2

. PAGE GO~
. LaocAL

i

b

PRINT CR

PRINT LF

i P2 HIGH OK.

GET COMMAND CHAR.

; RESTORE MACHINE STATE AND TRANSFER CONTROL
i TO SPECIFIED ADDRESS.

; G ADDRESS
GO: LDE
XRI ‘G’
JNZ $SKIP
XFPC P3
XRrRI ab
J2 EXIT
JMP ERROR
$SKIF:
. PAGE “TYPE~
. LOCAL

5 TYPE OR MODIFY MEMORY

TYPE :

MOD :

$2:
$1:

$4:

LDE
XRI
Jz

LDE
XRI
JINZ
LDI
JMP
LDI
ST

Js

XRI
JINZ

XPAH
Lo
XPAL
LDI

/T/
$2

/"/
$SKIP

"]

$1

1
E@-1<P2>
P32, GHEX

8D
ERROR
@1<P2)
P1
@1LCP2)
P1
HCPUTC)

K

H

Figure 2C3—-2 (Continued)

2C3-5

CALL GECO

CHECK FOR TYPE COMMAND, IF
NOT “T7, SKIF COMMAND.

SAVE FLAG FOR TYPE OR MODIFY
GET ADDRESS

CHECK TERMINARTOR

FUT STARTING ADDRESS IN STHC

PRINT CR-LF -




15%
154
155
156
157
15¢
159
1606
161
162
163
164
165
166
167
16¢
169
17e
171
172
173
174
175
176
177
178
179
180
181
i8z
183
184
185
186
187
188

1839
158
191
192
193
194
195
196

197
198

200
201
| 202

gasc
aash
BOSF
8050
aaaz
8asz
aass
Be36
eas7?
0858
89939

BO3SAH
809C
vasD
BOSE
BOSF
86RO
aoR1
asA2
OBARZ
BoR4
BORS
BA7

% %]5 1)
BoAAR

BBAC
B8AE
BORF
evBa
eeBz
ooB4
120521
o8BS
88BA
eeBC
88BE
8eBF
asc1
eocz
28cs
aec?
eecs

vacB

CS5o1

C2e0
SCDE

Cc484

3F

E48D
98De
E41S
S88A LOOP1:
C4p0
37C4
DA3Z
2F
E48D
Sces
Cs01
ceol
COFF
SBBF
$SKIF:

*FPAH
LDI
¥PAL
LDI
KFFC
LDI
XFPC
»FAH
XAE
LDE
XPAH

LDI
XFPAL
LDE
XFPFC
XPAL
XAE
LDE
XFAL
LDE
¥PFC
LD
XFFC

LD
JNZ

LDI
KPAL
%PPC
KR1

XR1I
Jz
Js

XRI
INZ
LD
LD
ST
JMF

. PAGE
. LOCAL

P32
LCPUTED-1
Fx
B0
F3 i FRINT CR
BA
F3 i PRINT LF
F1 i PRINT HIGH BYTE
i READ AND RESTORE BYTE FROM F

P1

iPX HIGH OK.
LC{PHEXRZ>-1
P3

P2 i CALL PHEXZ2
Pi i PRINT LOW BYTE

F1

F3 i CALL FHEX1

@1¢P1)

Pz ; PRINT 2-DIGIT HEX FOLLOWED B
5 BLANK CPHEX1)>

<P2> ; CHECK TYPE OR MODIFY FLAG

$4
;P2 HIGIH IS STILL OK.

LC<GECOY>-1

P3

P3 ;GO TO GECO.

ep

$4

015 ; BD XOR 918 (CAND

CMDLP

F3, GHEX2

oD
ERROR
@1¢P2>
@1¢P2>
-1¢P1)
$4

“ERROR PROCESSING~

5 PRINT CRRRAIGE RETURN ., LINE FEED AND LOOP
5 TO THE TOP OF THE COMMAND LOOP.

C401 ERROR:

LDI

HCPUTC) i PRINT LINE FEED -«

Figure 2C3—2 (Continued)
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203
204
205
286
207
208
209
210
211
212

213
214
215
216
217
218
219
226
221
222
223
224
225
226
227
228
229
2ze
231
23z
233
224
235
226
237
238
239
246
241
242
243
244
245
246
247
248
243
250
51
52
53
254
255

aecD
8acCE
8eDe
aab1
1% £ X3
BaD4
eabe
%1% e Fg
8803

Bo0E
asDD
aaDF
aoE1
AREZ=
ABES
(%%
BOES
BaEA
BOEB
QaED
QaEF
aoF1
aaF2
aoF4
garFs
BaF s
aaF9
aaFA
BaFC
QaFE
BOFF
ai101

218z
81835
8185
16z
aia3
g16A
a16B
aiaD
B16E
@116

C4a1
[6az
c4ae
CAFB
c4s4
3z

CEFD
C4a1

CEFF
C2FF
Scal
ZF

C400
CAR3Z
CRaz
48

Bz

FCZA
S4aF
8z

FCFe&
9413

CeQal
-
Ceal
33
40
3F
sahz
8=
FCab
S4F1

H

GH

GH

£5:

1

L

$F

IN THE AC AND

XPAH P3

LDI L<{PUTC)> -1
XPAL F3

LDI BA

XFPPC F3

LDI e

XPPC P3

LDI %]

JMFP LODF1

. PAGE “HEX NUMBER I
. LOCHL

GHEX GETS A 16-BRIT VALUE AND
GHEXZ2 ASSUMES THE FIRST CHAR
ONLY THE LAST 4 INFUT DIGITS
RETURNS VYALUE IN TOF 2 WORDS
E¥ REGISTERS

EM2: LDI 1
TP $€
EM:  LDI o
ST -S¢P2)
LDI L<GECO)-1
MPAL P
5T B-3¢P2)>
LDI HCGECDD
XPAH  P3
ST B-1¢F2)
LD ~1¢F2)
INZ $1
MFFC  P3
LDI @
ST 3CF2D
ST 2P
OOF: LDE
SCL
CAT 9741
IP $2
scL
CRI IS TRt
JF $3
ET: LD @1CP2)
MPAH P
LD @1¢P2)
MPAL  P3
LDE
MPPC  P3
JHP GHEX
sCL
CAI “Fr+1-797-1
JF $RET

Figure 2C3—2 (Continued)
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NFUT -

PUSHES IT TO THE STHCE
IN THE E REGISTER
SAVED.

ARE
OF STARCK

HHD TERMIMNATOR

i EBESET GHEXZ FLRAG

i SAYE RETURM RDDRESS AND
i TO GECO

i STORE RETURN ADDRESS
i FOrR RE=ULT

SET

TO LERY

INITIALIZE RESULT TOQ @

ForR B-9

i CHECK
; TOO LARGE

HOT &a-3,

i CHECK FOR @-2

5 IF POSITIVE. HMUMBER IS

i IN RANGE AND CONVERTELD.
i HUMBER IS NOT A HEX DIGIT.
i FETURM

i CHECK
i NUMBER

FOrR DIGITS
TOO LARGE

A-F.




256
257
258
259
260
261
262
263
264
265
266
267

269
270
271
272
273
274
275
276
277
278
279
280

281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
200
201
202
203
304
205
306
207
308

8112
811z
9115
8117
@119
811A
011C
211E
0120
9122
8123
2125
0127
2129
e1zB
812D
812F
2131
9133
21324
2136
9138
913R
@1z2B

813D
013F
9141
8142
2145
0147
8149
814B
014C
914E
8156
@151
8152
8155
8157
21593
815A
815B
815C
815D
B15SE
0160

az

FCFR
9462
98ER
az

F4en
CAFF
Cd4e4
CAFE
o2

caez
Fzez
CReZ
czez
Fzez2
CRez
BAFE
SCEF
a2

czez
F2FF
CARez
3F

SeBB

CEFF
c420
9004
CEFF
c400
CEFF
C4Cx
33
CEFF
cao1
37
CEFF
c402
CEFF
c2e4
1c
ic
ic
1C
az
F4F6
9404

4

X

$5:

e fee e e e e e

H

H

CIGIT BETWEEN R&F

ADJUST DIGIT VALUE FOR 18-1&

SAVE ADJUSTED DIGIT

SET UF BIT COUNTER FOR
SHIFT.

SHIFT HEX DIGIT LEFT ONE
DIGIT, ONE BIT ERCH
TIME THROUGH LOOP.

ADD CURRENT DIGIT INTO
NUMBER

GET NEXT CHAR
AND LOOFP

“HEX NUMBER OUTPUT~

SCL

CAI ‘A="F -1
JP $4
JIMF $RET
CcL

ADI 19

ST =1<F2>
LDI 4

ST =2(P2>
CcCcL

LD 3CFP2>
ADD 3<P2>
ST 3CP2>
LD 2(P2>
ADD 2¢(P2>
ST 2¢P2>
DLD -2¢P2>
JINZ $5
ccL

LD 3CP2)
ADD ~-1<P2>
ST 3CP2)
XPPC P3
JMP $LOOP
. PRGE

. LOCAL

; PRINT HEX NUMBER WITH TRAILING BLANK (PHEX1)> OR

i WITHOUT IT (PHEX2).
i IN RC.

PHEX1 :

PHEXZ2 :

$1:

5.

ST
LDI
JMP
ST
LDI
ST
LDI
XPAL
ST
LDI
XPAH
ST
LDI
ST
LD
SR
SR
SR
SR
cCL
ADI
JP

@-1<P2>
020

$1
@-1<P2>
]
@-1<P2>
L(PUTCO>-1
Pz
@-1<(P2>
HCPUTC)
Pz
@-1<P2>
2
@-1¢P2>
4CFP2>

-i@
$2

e e e ee Yer We 'es Yes

Figure 2C3—2 (Continued)
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NUMBER TO BE PRINTED IS

SAVE RAC

SET FLAG TO PRINT ELANK AFTE
NUMBER

SAVE AC

CLEAR FLAG TO PRINT BLANK
AFTER NUMBER

LOAD ADDRESS OF PUTC TO PZ
HND SAVE RETURN RDDRESS

SET FLAG FOR 1ST NUMBER

GET ORIGINAL VALUE
SHIFT TO LOW 4 BITS

CONVERT TO ASCII

NUMBER IS A THRU F




309
310
311
312z
313
314
315
216
217
218
319
320
321
222
323
324
325
326
327
328
329

330
331
332
333
334
335
336
337
328
339
340
241
342
243
344
345
346
347
248
349
350
351
352
353
354
355
356
357
358
359
260
361

816z
@164
8166
8168
8169
e16B
816D
016F
2171
81?72
e17s
8177
8178
B17H
e17B
817D
B1VE
8180
9132
0183

8185
8187
81835
818R
818C
618E
0150
8152
2193
9195
0197
8198
B13A
8158
@130
B19F
eifAa
81R2
e1A4
O1RE
81As
@1R9
@1RA
@1ARB
81RC
81AD
a1AF

F4Zz2R
Soaz
F440
3F

BRDG
9886
cze4
D4oF
S@EA
czez
Sgol
3F

Czel
37

czez
3z

Céo4
Ccéo1
3F

SeB8

C408
CAFF
o6

D4zo
SCFB
C457
8Fo4
%3

D4zo
SCFz
86

DCo1

C47E
8FB8
%133
D4zo
gsez
c4e1
CAFE
iF
21
10
a1
%1
DCo1
E2ZFE

$z:
$=:

$4 .

ARDI ‘8 +16

JMP $=

ADI “RT-1 H
XFPPC F3 E
DLD (F2>

Jz $4

LD 4CP2) i
ANI BF i
JMP $5

LD 3CF2) i
J2 $6

KPPC F2 i
LD 1<P22 ;
»FAH Pz

Lo 2(F2>

XPAL F3

LD @4<CF2) i
LD @1<P2>

®PPC Fz ;
JMF FHEX1

PRGE “GECO~

LOCAL

THE -1 TAKES CHRRE OF CAREY
FRINT NUMBER

GET ORIGINAL NUMBER
MASK ZND DIGIT
CHECK. FOR FRINTING BLANEK

IF NOT &. FRINT BLANK
RESTORE RETURMN RDDRESS

RESTORE STARCK HMD AC

RETURN

; GECO IS USED FOR KEYBOARD INPUT SO IT ECHOS THE
; CHARACTER BUT DOES NOT ENARBLE THE READER RELAY.

GECO:

$2:

$LOOF :

LDI
sT

CSA
ANI
JNZ
LDI
OLY
CsSA
ANI
JINZ
CSH
ORI
CAs
LDl
DLY
C5A
ANI
JZ

LDI
ST

RRL
XAE
SRL
“AE
CSH
ORI
XOR

8 B
-1¢(P2)>

820

$2 H
87 H
4

azv
$2 H

i i

12¢ i
]

aze
$=

1
—-2¢(F2) H

1
-2CP2)

Figure 2C3—2 (Continued)
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SET COUNT = 8
WAIT FOR START BIT

NOT FOUND
DELARY 172 BIT TIME

IS START BIT STILL THERE?

NO

SEND START BIT (NOTE THRT
OUTPUT IS INVERTEDD

DELAY 1 BIT TIME

GET BIT (SENSEE>

SAYE EIT VALUE <@ OF 1>
ROTATE INTO LINK

SHIFT INTO CHARACTER
RETURN CHRAR TO E
ECHO BIT TO OUTFPUT

I

‘™




62
363
264
265
366
367
2BE
2639
3ve
371
3ve
X7
374
375

376
277
378
379
388
381
382
283
384
385
386
387
388
389
39a
291
392
39z
z94
395
3%¢e
297
398
393
426
461
40z
48z
404
4@5
40
167
4a8
489
410
411
41z
41z

@161
aiBz
2164
a1B6
giE7
BiE3
a1BH
a1BC
a1eD
a1BF
Bica
ai1c1
aicz

Bi1C4
a1CS
a1Cc?
a1cs
a@1CAH

-a1ccC

a1CD
Q1CF
a101
ai1nz
aips
a107
a1D2
a1DA
a10C
a1lE
a1DF
a1EQ
a1E1
aiEZ
a1E4
B1ES
GiET
G1ES
O1EA
a@1EC
B1ED
G1EF

a1F1
01F2
@1F4

ar
BAFF
SCES
=1
D4FE

sSFas
49
D47F
a1
4@
2F
Sace

o1
C4FF
8F17
ac
DCal
ar
c4as
CAFF
C48A
SFBs
BAFF
Sg18
48
D4al1
CAFE
ai
ic
a1
a6
DCe1
EZFE
a7
SBES
as
D4FE
ar
Daza
9802

zF
5600
C40@

i PUT CHARACTER
3 IF INPUT DETECTED.

NOTE :

PUTC:

%1

$EXIT:

#
(8]

CAS
oL
JHZ
CSA
ANI
CAS
DLY
LDE
ANI
¥AE
LDE
“PPLC
JMF

. PRGE
. LOCAL

-1CPED
$LOOF

BFE

[nx]

a7F

P2
GECO

“PUTC”

IN AC TO TTY.

DECREMENMT EIT COUNT
LOOF UNTIL @
SET STOP EBIT

AC HAS INFUT CHARACTER

FRETURM

ALL REGS SAYED.

CONTROL PARSSES TO FROMPT

TTY LOGIC LEVELS ARE INWERTED FOR OQUTFUT

XAE
LDI
bLY
CSA
ORI
CRS
LDI
5T

LDI
DLY
DLD
J2

LCE
ANI
5T

*HRE
Sk

XAE
CEA
ORI
HOR
CRS
JMF
CSA
ANI
CAs
RNI

J2

RPPC
JMP
JS

O
o

[ L R\

9
=1C(F2>
128

5
=1CPad
$EXIT

1

~2CP2)

aza
$2
F3

FUTC
FZ, CMDLF

i

SET OUTFUT BIT TO LOGIC B FL
FOR START EBIT. <HOTE INVER

INITIALIZE EBIT COUNT

;AT BFFS

i

i

DELAY 1 EIT TIME

DECREMEMT BIT COUNT

FREFARE MEXT EIT

i AT aFF4

K

e fer ter el

SHIF DATA RIGHT 1 EBIT

SET UP QUTFUT BIT

FPUT BIT TO TTY

SET STOFP EBIT

CHECK FOR KEYEBOARD INFUT ZEN
ATTEMFTED IMFUT <MOTE THART

INFUT IS MNOT IMNVERTED?
RETLUREN

Figure 2C3—2 (Continued)
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BiFe 37C4

B81FS8 41z

@iFA ZF

414 aaea . EMD

AC FFFE CMDLF av4z ENTEFR waz&
ERROR 80aCE EX FFFF EMIT aaae
EXOFF FFFF GECO 8185 GHE* aabF
GHEXZ2 @eDE GO aase * LOOF1 aaBe
MOoD Baer F1 aaol Pz aaaz
FZADR OFFe& Pz (61717 )4 PC FFF&
FHEX1 81=D PHEXZ @14z PT1 FFFA
FPTZ FFFC FUTC BicC4 SR aane
STACK BFFF START agal # TYFE BRE? *
¥1 1% 1% gy $1 QoF2 $1 8147
$1 81D1 $2 aevs $2 ai1ab
$= @166 $2 @189 2 airF4
$£3 B11ic $£= a168 $= B1RE
£4 8vsH 4 6119 ¥4 a1vz
35 B1z2 $5 8150 k13 BaEl
£5 8ivs $SEXIT aiEs $LOOF gaFs
$LO0OP a15B $RET 816z FSKIF BEeT

FSKIF gace

MO ERFROR LINES

SOURCE CHECKSUM=ESEGE

FIRST INPUT SECTOR HEX - 9298
FINAL IMPUT SECTOR HEX - 0B2R@ :
NS10561

Figure 2C3—2 (Concluded)
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VONMABWNPE

20 0000
21 2001
22 voez
232 %151 K3
24 ooe4
25 88006
26 oFoe

28 8400

37 64080 @8
38 8401 C4z0
39 P43 67
48 0484 C4aF
41 @406 =V
42 0497 (C400
43 9489 33
44 046A C404
45 846C CBoa@
46 G48E C477
47 8410 CBo1
43 B412 C408
49 @414 =5
S0 8415 C400

52 6413 C400
52 841R C960
54 6841C C4za
S5 B41E CBo4

S7? 8420 Czo1
58 8422 CBO3

e ‘ec e e ‘e

HST
LST
HTMP
LTMP
COUNT
ADR
RAM

START :

. TITLE DISF,

“MOVING MESSAGE FOR MULTI -

MESSAGE MUST BE > 32 CHARACTERS

3/17/76

RAM LOCATIONS USED.

oFoo
oFo1
BFaz2
8Faz
BFo4

ADDRESS OF MESSAGE HIGH
RDDRESS OF MESSAGE LOW
NEXT ADDRESS OF MESSAGE HIGH
NEXT ADDRESS OF MESSAGE LOW
CHAR PER LINE COUNTER

AWNPREPO

asev
aF oo

8400

i SAME AS
s SAME AS
; SAME AS
s SAME RS
s SAME AS
i ADDRESS

oF a6
oFo1
BFez
BFez
BFa4
OF DISPLAY.

; START OF RAM.

i STARTING ADDRESS

MESSAGE IS ASCII STRING IN MEMORY.
END OF MESSAGE IS A BYTE OF ALL @

. PRGE

NOF
LDI
ZARS
LDI
*PAH
LDI
*PAL
LDI
ST
LDI
ST
LDI
“FAH
LDI
»®FAL
LDI
ST
LDI
ST

LD
ST

b}

a2

HORAM >

-

L<RAMD

HCMMEG )
HZTCZD
LCMMSGH
LET(ZD
HCRDR D

1
LCADRD

1
a
%

o]
=

COUNT =2

LST(3D
LTMFE2)

sSET F1. TURNW ON SC/MF 4.
i SEND FLAG.
i PUT RAM RADDRESS IN PZX.

i SET STARTING ADDRESS IF MESSH

i SAYE IN

RAM.

; PUT ADDRESS OF DISPLAY IN P1.

i CLEAR DISPLAY.

; SET LINE COUNT

i PUT ADDRESS IN TEMF.

Figure 2C3—3. Program Listing for Burroughs Self-Scan Routine
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186
ia?v
14
165
116
111
112
11=
114
115
11&
117

@424
425
Q427

B4z9

a4z2A
a4z
a4zE
a4za
a4zl
B4323
B84z4

Ba4z6
B437
B84=3

B4Z=B
a4zD
B4zF
@441

8442
8445
8447
0449
844B
844C
044E

B458
8451
B4S
B45z
G455
8457

B459
845A
a45C
B45E
B45F

T T
s E 1

B4eS
B4ee
(LT
B4ED
B4el

BAED
B4ED
BIEF
D471
247
B47S

D P

MmN

A
(R

DY A
DR
m

m

0w M D D
DN
oo m
B Ry

0 TS
b B
I
oo

4@

o
5
1

DosE
Coaa
B
DCal
(5
D4FE

av

bl

]
[ M B e ]
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INTERFACING A SC/MP SYSTEM
WITH A CASSETTE RECORDER

General Description

Figure 2C4-1 shows how a casette tape recorder can be inter-
faced with a SC/MP-based system to provide approximately
40K 8-bit bytes of data on each side of a 30-minute tape.
As an alternative to using paper tape, PROMs, or more com-
plex and expensive media, the cassette interface can be used
to store and transport program libraries; also, systems of
similar design could be used for small-business inventories
and many other applications.

Off-the-shelf integrated circuits were used to implement the
system shown in figure 2C4-1. A recorder in the cost range
of 50 dollars will provide satisfactory performance;however,
a higher priced ($80 to $100) recorder should provide better
consistency and greater reliability. The recorders listed in
table 2C4-1 were used to verify the accuracy and reliability
of this application. Using the four recorders, a 10K-byte
program was loaded 10 times in succession and then two
playbacks were made from each recorder. A different re-

corder was used to record and playback and, in all cases,
the results were error-free. The transmission rate of 330 baud
(40 bytes/second) is sufficient for most applications; the
clocking scheme permits the storage of 17 2K-byte programs
(including interprogram gaps) to be recorded on each 15-
minute side of the cassette tape.

Table 2C4-1. Cassette Recorders Used for Accuracy and
Reliability Tests

Make Model Approximate Cost
Panasonic RQ309AS $ 40
Panasonic RQ423S $ 70
Sony TC-40 $100
Sony TC-55 $155

*Specifying the ideal recorder for a par-
ticular application is difficult; it is rec-
commended that the output waveform
(WF-A, figure 2C4-3) be used as a
guide to selection.

DIGITAL INPUT

INTERFACE
CIRCUITS

AUDIO
INPUT

AUDIO
OUTPUT NOTE

#1 SENSE B

MEMORY . PERIPHERAL
DECODER
ADDRESS

NRDS
NWDS >

SC/MP SYSTEM INCLUDES —-
HEX KEYBOARD AND/OR
TTY, INTERFACE CIR-

IMUM DEBUG ROUTINES

“END OF TRANSMISSION

EOT” ON
EOT" OFF

SEARCH ON

SEARCH OFF

DATA
RAM ADDR

CUITS, DISPLAY, AND MIN- ROM ADDR
(8000-81FF) l

(8200-82FF)

1C

ROM

MESSAGE FORMAT

TAPE LEADER WORD OF PROGRAM

IDENTIFICATION |STARTING ADDRESS| ADDRESS POINT
OF ENTRY

LENGTH OF

PROGRAM PROGRAM

CHECKSUM

128 BYTES OF 0'S X'AS (8 BITS) X'8203/X'8204

X'820C/X’820D

X'820A/X'8208 (8 BITS)

GENERATED BY
BLOCK TRANSFER
ROUTINE SPECIFIC LOCATIONS

16-BITS EACH—USER ENTERS
HIS ADDRESSES IN THESE SIX

Figure 2C4—1. Cassette Recorder Interfaced with SC/MP System—Block Diagram

and Message Format
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Operator Control

An input/output program residing in PROM provides all
timing and control functions required to send and receive
information between the CPU and the recorder. The send
operation can be summarized as follows. Using a keyboard
or a tape reader, the operator loads RAM locations X'8203
(high-order byte) and X’'8204 (low-order byte) with a 4-
digit hexadecimal address that corresponds to the starting
address of the program —see MESSAGE FORMAT in figure
2C4-1. Next, RAM locations X'820C (high-order byte) and
X'820D (low-order byte) are loaded with the POINT OF
ENTRY ADDRESS. This entry point may be the starting
address of any program to which the operator wants to
transfer control upon completion of loading (playback
mode). Finally, the high and low order bytes for LENGTH
OF PROGRAM are loaded into RAM locations X’820A and
X'820B, respectively. To initiate the output cycle, the oper-
ator turns on the recorder and transfers control to address
X'80C7 — the beginning of the data write routines. After
the TAPE LEADER (128 bytes of zeros) is run through,
the Search (LED) Indicator lights and stays on until the
data transmission is complete; at this time, the Search Indi-
cator is turned off, the End-of-Transmission Indicator is
turned on, and the program halts at location X’8142.
NOTE: If the recorder is inadvertently stopped before the
output cycle is completed, the tape must be rewound and
the cycle restarted.

In the receive (playback) mode, the operator transfers con-
trol via the keyboard to X'8000 — the starting address of
the bootstrap loader routine. The bootstrap loader condi-
tions SC/MP and then addresses the receive routine. Now,
when the cassette is turned on and the operator selects the
playback mode, the Search Indicator is turned on until the
IDENTIFICATION WORD (figure 2C4-1) is recognized;
then, the indicator is turned off. NOTE: For normal oper-
ation, the Search Indicator should be “on” from 3 to 5
seconds, if it is on for a longer period because of defective
tape, dirty heads, or another malfunction, the operator
should abort the operation and restart it at X'8000. If the
checksum is good, the Search Indicator is turned on again
when the transmission-of-data is completed.

When in the playback mode, the volume control of recorder
should be adjusted until the “monitor output” is just below
the clipping level when measured with an oscilloscope. Using
the Search Indicator on-off time of approximately 5 seconds
as a limit switch, the adjustment can be optimized by a
trial-and-error method.

System Operation

Transmission of data from SC/MP to the cassette recorder
is accomplished by using a scheme that is self-synchronizing

2C4-2

on a bit-time basis; that is, data are referenced to a “time-
frame” rather than a leading or trailing pulse edge; thus,
there is no cumulative error buildup in the system. The
“approximate” 4-millisecond time frame (duration between
clock pulses) is established by the send routine. A logic ‘0’
is represented by the absence of a pulse at the midpoint of
the time frame; a logic ‘1’ is represented by the presence of
a pulse. The clock and bit (data) pulses are generated by the
address decoder circuits shown in figure 2C4-2. To generate
either a clock or a bit (logic '1’) pulse, a unique address is
presented to the system address bus during the execution of
a STore Instruction by SC/MP. The clock or bit pulse is
then transmitted to the cassette recorder via the interface
circuits shown in figure 2C4-3. A negative-going pulse is
produced to begin the time frame. If the data bit is a ‘1,
the decoder is addressed at the midpoint (between clock
pulses) of the time frame and a second negative-going pulse
is generated. If the data bit is a ‘0’, the decoder is not ad-
dressed and no pulse appears between the clock pulses of
the time-frame.

To record, the data write routines generate a long leader of
zeros plus the identification word (X’AS) shown in figure
2C4-1; these data are presented to the interface circuits in
figure 2C4-3. The leader allows the tape-drive motor and
AGC loop to stabilize; the leader also serves as an interpro-
gram gap that facilitates multiple-program recording on a
single side of the cassette tape. As shown by the idealized
waveforms in figure 2C4-3, TTL inputs from the address
decoder are changed to signals that are suitable for record-
ing on the tape. User data are transmitted following the
identification word.

In the playback mode of operation, the recorder output
(WF-A, figure 2C4-3) is translated to a TTL signal (WF-B)
that drives the Sense B input (WF-C) of SC/MP. The proces-
sor tests the Sense B line (output of “send” latch) for a
logic ‘0’, which occurs at the first clock pulse of the time
frame. The latch is reset by SC/MP and, after a predeter-
mined delay (approximately one-half time frame), Sense B
is again tested. If a negative-going pulse is found at the *“‘cen-
ter” of the time frame, the data bit is recognized as a logic
‘1" and the latch is reset. If there is no zero-transition be-
tween the first and last pulses of the time frame, the bit is
recognized as a logic ‘0. As previously indicated, this tech-
nique — referencing the data bit to a time interval rather
than to the leading or trailing edge of a pulse — prevents
cumulative error buildup in the system. Tape format is such
that upon completion of loading a program from the cassette,
the program may be executed or control can be transferred
to another existing program; for instance, a debug program.
As previously indicated, the user can transfer program con-
trol by simply loading the POINT OF ENTRY ADDRESS
(figure 2C4-1) with the proper starting location.
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Figure 2C4—3. Cassette-to-SC/MP Interface Circuits




Software Considerations

The “data write” and “data receive” routines are stored in
ROM. A “minimum control’ routine is also stored in ROM;
this routine directs communications between the operator
and a “hex” keyboard, and controls the LED indicators
shown in figure 2C4-2. Send and receive flowcharts and a
complete program listing for the cassette-to-SC/MP interface
are shown in figures 2C4-4 and 2C4-5, respectively.

To transfer control to RAM or to modify locations in RAM,
an input/output interface capability is required by the oper-
ator. Such a capability is provided by the SC/MP Low Cost
Development System or by the SC/MP minimum debug kit
with a “hex” keyboard/display and the necessary interface
circuits. NOTE: Refer to figures 2C2-8 and 2C2-14 for
guidelines to design a keyboard-entry/display interface.)

* DATA WRITE
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Figure 2C4—4. SC/MP-to-Cassette Interface—Write and Read Flowcharts
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[ CHTLCRZ i DECEEMENT IMMER COUMTER
TR CHTZ i CHECE FOR ZERO
I CHTLORE i DECREMENT QUTER COUNTER
JF ZHTL i CHECE FOR LES= THEM ZERO
=T SRCHOMCPZES i TURM OW SEARRCH LED

ELOCE TRAMSFER REOUTINE. SEMDE BLOCE OF DRTH TO CASETTE

THE FOLLOWING ADDRESSES MUST BE LORDED EY IWSER BEFORE
EECUTING THE WRITE PROGEAM:

LUFFEF
LOMER
LUFFEF
LIOMER
LUFFER
LOHER

EITS OF PROGREAM ACDDRESS

EITS OF FPROGREAM ADDRESS

EIT= OF FROGRAM LENGTH

EITS OF PROGREAM LEMGTH

BITS OF TRAMSFER ADDRESES CENTRY POINT:
EITS OF TRANSFER ADDRESE

DO OO

3

ELOCE :  LDI s i CLEAR ACCUMULATOR
=T CESUMCPZ i INITIALIZE CHECKESUM COUNTER
LI HIWRITE» i FPLACE ADDRESS OF WRITE IN P41
“FHH Fi1
LI LYWREITE -1

Figure 2C4—5 (Continued)
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= F1
v A5 R b i LOAD ACCUMULATOR WITH ID

Fi i WRITE I 0N THFE

STHRETL LR i GET STARTIMNG ADDRESS

fid. i MEITE OMTO TARFE

G I T R A O R

i1

BRI T W SO GET TRAMSFER RODRES=:S

F L

TR s

1

LIDCHTL R s o GET LEMGTH

L

[00] ot RO e

L

STHRTILCFE o PLACE CUREENT RDDEEZS IM F1

1

STFRTL RS

[N

1R B S B GET CHARACTER THROUGH
FOINTER HAMD ZAVYE IM E REG.

Ll L TE =1 i GET ADDRESZS OF WMREITE AMD

1 SHWE CURREMNT COMTEMTS OF F1

RN O S

P bk [V 2

Fl

ETHRTUCEE

PR N AR R D

GETENYT

SOOI O T (VI CR TN 6 T ST C R % O (AT O N (O OB L (O (N (]
S I I B SR 0 R0 RO N O R TR B ROR) R R R |

LR UFDATE CHECKESLM
[ SS-THT

i FLACE CHARACTER IM RCC
1 SEMD CHRARACTER
ORI & N O e IMCEEMENT WORD COUNTER
GETENYT CHECE FOR ZEROD
[OTIRT I o W S
LETEYT
[ S W T S JOSEMD CHECESWM TO TAFE
F1
2 SRLHOF i TUREM OFF SEARRCH LED
=T BT ik i TUREHW OM ENMD» OF TAFE LED
HEL.T i HALT WHEM FIMISHED

DETE METTE ROUT TNE. WEITEZ 1 2-BIT CHARACZTEE OM THFE

a1

2@z 1 WELTE : FHE SAYE CHARRCTER IM E REG
A o G LT B SET BIT COUNT

Za4 HES =T ELITZMHTORE

205 (5} MASE LDE

FIMT 1 i MASE

385 JHZ SEMDL i CHECE IF BIT "&" 0OR "1i"
= LI & i CLEAR ACCUMULATOR FOR DELRY

DOCE N SO Y B s Y R B B 0

ML oL

L L L
| A A
Do

é4 SEMDE: ST FLAGCFZ i FPULSE MWRITE FLRAG
<4 (KT 4 i DELARY 1 BIT TIME ¢ 4 MS O

Figure 2C4—5 (Continued)
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D X

DU DA U]

RO S DN S ]

Mmem

o

EITCHT
BOOTIN
CLOCE
ZHTL
EQTOFF
FLLAG
IMIT
LT
DIME

FZz
RECY
FRETEMZ
ZEMDA
SHOLDFE
STRETL
TEMFZ
WDCHTL

NDO ERROR LIMES

SEMDL . LEI

SHIFT: =IO

FETREML: =FFC
JHF

=

MR
CHTL

ECAT O
GETELT
JUMFL
LD
F_'c

T
WDCHTL

SOURCE CHECESUIM=CES4

-
=T
—
3]

L T

-
I
c
T
N

Py T P T L0
r
I
i
n
e}

EITUNTCFE:
RETRNL
MAZE

Fi

WRITE

BT

T
COrMFE

EnECFRE
GETEYT
JUFEFLY
MAZF.
Fe
FHM
FETHML
SENDE
SHIFT
I ZHON
TEMF1
TEMF
HEITE

FULSE WRITE FLRAG

CELAY TO MIDDLE OF WINDOW
FULSE WRITE FLRAG

CLERR RACC. FOR DELRY
DELAY T END OF WINDOW

ZHIFT E REGISTER
DECEEMENT EIT COUNTER
CHECE FOR ZERO

SEMD MEST EBIT

FETURM

-
i

DOEOUN ]

RO e AN X
T o
DA

)
e

NS10567

Figure 2C4—5 (Concluded)
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INTERFACING SC/MP WITH A SEIKO PRINTER
General Description
Figure 2C4-6 shows how the SC/MP microprocessor can be

interfaced with the Model 310 Seiko Digital Printer; this
particular printer is small and compact, and is widely used

in applications where simplicity and economy are prime
factors. The printer requires a single supply voltage (17V)
and can operate at speeds in the range of two to five lines
per second — with a choice of two colors. The Model 310
provides a 16-column print format with any one of 12 char-
acters selected per column. The columns generally can be
designated as follows.

COLUMNS D16—-D15——-D14—D13————————— D4, D3 —<—D2—--D1
\ 4]-\_ N~——/
— SYMBOLS
NOTE
BLANK (Fixed)

Specific column/character relationships
and detailed timing information are shown
in figure 2C4-7. NUMERIC

Functional operation of the printer is described in docu-
ments furnished by the manufacturer (Shinshu Seiki Co.,
Ltd. of Japan); however, as an aid to the user, an operational
summary is included here. When a print command (figure
2C4-7) is received from SC/MP, the motor-drive signal is
driven low; accordingly, the printer motor is activated and
the main shaft begins to rotate. The 16 print wheels (D1
through D16) are mechanically linked to the shaft and the
position of each wheel is detected by a photo-diode arrange-
ment. A timing pulse (Tq, T, Ty -------- T, ) is generated
for each digit or symbol position of the print wheels and,
for any given print cycle, the timing pulses select the digit

2C4-13

(D1) position for each wheel. During the T, to Ty interval,
color information is transmitted to select the color of tape
to be printed. When the position of the wheel corresponds
to the selected digit (or symbol) for that column, the print
wheel is stopped and mechanically latched; thus, at the trail-
ing edge of timing pulse T,,, all the print wheels are locked
in position. When the platten print signal goes high, the se-
lected characters for each column are transferred to the
paper and, then, the paper is advanced. After completion of
the print cycle, the motor drive signal is terminated and
each print wheel returns to the initial blank (B) position.



14 % 2074

FLAGO

ADO —E
a1 —{3]
a2 —{3]
a0 11 —{e] a1

BCD TO DECIMAL
DECODER 17415138

OUTPUT SELECT
TRUTH TABLE

[1/4

NOTES
4

INOTE!

4

NOTES
ys

T, SELECT LOGIC
AD A T
als|c[eijez|2erray
wwos —[5] 628
x| x [ x| x|n |noseL
x [ x %] [x [NOsEL
8 Vee LT [L[wlL] vo @cf
Wl [ nlL] v
SNO M T TH[L ] v2
= HiH[L[n]|L ] v3
LIL{H[H[L] va
Wl [w[nlL [ vs
L H[H[H]L] Ve
AR AL v7
G2 = G2A AND G2B
X = DON'T CARE
DBO
DB 1
0B2
DB3
DB 4
DBS
DBS
D87 “I’E
NOTES:

1. Hex invertar (DM 7404) or equivalent

2. TTL/MOS Hex inverter (DM 7812) or equivalent

3. 2-Input AND Gats (DM 7408) or equivalent.

4. 1 SC/MP chip is not buffered, low-power
devices are required—ses figure 1-8 for

buftered SC/MP chip.

.0015uf

Lie

"t

INTERFACE LOGIC
" 1.1DS 86931

IN1

IN2

IN3

ING

INS

INE

IN7

CLKIN1

INTERFACE LOGIC
' 21DS 8694

ouT? |17

0uTS [18

outs |19

ouT4
ouT3
ouT2

ouT1

B?

B6

BS

B3

B2

B1

TRANSISTOR ARRAY
DS 8692

TRANSISTOR ARRAY

DS 8692)

C7 |18
Cé [16

cs |13

c4 |10]

MOTOR DRIVE +)

COLOR

TIMING

SEIKO PRINTER
(MODEL 310t

MOTOR

T.DET
COLUMN )
SELECT AND
COLOR MAGNET
+)

T.DET

(=)

|

At f

MOTOR STOP

COLUMN

TIMING OuT 10

| | sIGNAL

! 2N 4013

4K

T
3

+17v

+17V

B
NS10568

Figure 2C4—6. SC/MP Interfaced with Seiko Digital Printer




-+ COLUMNS —

PRINT TIME
(SEE CHART BELOW)

D16 D15 D14

o

13

o

12

o
-
-

EAREREERRER

(NOTE 1)

BLANK POSITIONS OF
EACH PRINT WHEEL

- IEEEENEnEan
- HRER0R0ER

- IEERaaRanan
- HEEOEDEEEa0a0
- IEEOESE0E0Ea0
- IERSEAaRanEaa
- IEE0ERaEaNan
- NS nEaa0
- B OEaaan0aa
- IEECREa0Eaa0

PRINT COMMAND
(NOTE 2)
| [}
! | |
MOTOR STOP [ |
SIGNAL |
1
|

TYPE Il
<@—®— 10 TO 80 mSEC ———l GREATER THAN Id—

50 mSEC (Note 4)
MOTOR DRIVE !
SIG (NOTE 2) |
! NOTE 3 ———
o T T, T3 T, T Tg T Tg Tg Ty Ty ' TYPE |
GREATER THAN
TIMING SIGNAL ” II || II Il || || || || II II Il wwv. 30 mSEC (Note 4)
|
| - a0 msec ->|<—(——>|
ALL PRINT WHEELS RETURN

|
SELECT PULSE ‘0’ 'I_'l
(NOTE 2) | TO BLANK POSITION
||
| ) LESS THAN
SELECT PULSE ‘1’ . 1.5 mSEC
(NOTE 2) M

|
|
SELECT PULSE 2 1
(NOTE 2) Il
T
COLOR CHANGE
PULSE (NOTE 2)
PLATEN
PRINT
PAPER
FEED

o 90° 180° 270° 360°
L L 2 L
#MAIN SHAFT } } } 1

l«@———————————————— TYPE | = APPROXIMATELY 400 mSEC TYPE Il = APPROXIMATELY 430 mSEC
(VARIES-ACCORDING TO PRINTING SPEED)

NOTES:

1. Printed ‘Red’ in columns D4 through D16 to represent negative result.

2. These signals are generated by SC/MP.

3. Time period between Ty and Ty, 4 = 13 to 25 mSEC.

4. For a ‘Type I’ timing cycle, implement a 30-millisecond delay between last trailing edge of
‘Return’ signal and leading edge of ‘Print’ command; for a ‘Type I’ timing signal, implement a
50-millisecond delay between leading edge of ‘Motor Stop’ signal and leading edge of
‘Print’ command.

5. For further detail on Model 310 DIGITAL PRINTER, refer to specification sheets and
other documents of manufacturer (Shinshu Seiki Co., Ltd. of Japan); for further detail
on devices DM 8693 and DM 8694, refer to ification sheets of National Semi-

conductor Corp. N S 10569

Figure 2C4—7. Column/Character Relationships and Timing for One Print Cycle
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System Operation

The SC/MP-to-printer interface is implemented via a special-
purpose chip set that includes interface logic #1 (DS 8693),
interface logic #2 (DS 8694), and two transistor arrays (DS
8692). The DS 8693 device contains the interface logic for
the color solenoid driver, the motor driver, and seven of the
column/character select solenoid drivers; the DS 8694 chip
contains the interface logic for eight column/character sol-
enoid drivers plus the clock oscillator and timing-signal
buffer. Each transistor array contains eight common-emitter
output circuits — each circuit features active pull down and
each can sink up to 350 milliamperes of current. Address
decoding for the printer interface is performed by a BCD-to-
decimal decoder (DM 74LS138). Hexadecimal address
X'0200 is assigned to access the printer; address assignments
for interface control are as follows:

Hex
Address Function Remarks

0200 Printer Interface

0201 Clock IN1 Used to load DS 8693 with
print information for col-
umns D10 through D16

0202 Clock IN2 Used to load DS 8694 with

print information for col-
umns D1 through D9

0203 Common Clock Used to clear DS 8693 and
DS 8694

0204 Print Used to issue PRINT COM-
MAND

The printer program continuously monitors a data buffer
that is maintained in RAM (figure 2C4-8). This buffer is
filled by any appropriate input device (keyboard, tape, or
other), and when filled, the program is executed to print a
line consisting of 16 characters. As shown in figure 2C4-7,
the 16 columns (each column corresponding to a print
wheel) are divided into two column words — COLWORD 1
representing the characters to be printed for columns D1
through D9 (D3 is blank) and COLWORD 2 representing
characters for the remaining columns (D10 through D16).
The character codes for each column and the constants
used to select a particular column are stored in ROM. When
the characters stored in the data buffer for a particular
column agree with those in the character code list, the print
wheel for that column is mechanically latched; thus, at the
end of the timing cycle (Tq - - - - Ty, ), all 16 print wheels
are locked in position and the line is printed. The following
example shows the interrelationships between the columns,
the characters, the timing pulses, and COLWORDS 1 and 2.

MEMORY ALLOCATIONS

0000 — 00AC

00AD - 00BF

00CO — 00CF

TEMP 1
TEMP 2
CLK CTR
COLWORD 1
COLWORD 2

*REMAINING RAM LOCATIONS
ARE UNUSED.

* ROM

* RAM*

NS10570

Figure 2C4—8. Memory Allocations for Printer Program
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(NOTE: The TTL to MOS inverters in the interface devices
require that the column drivers be driven with a logic ‘0’ for
selection; that is, the print wheels lock into position at a
particular timing pulse if the COLWORD bit corresponding
to that position is a logic ‘0’.)

After the line of data is printed, all print wheels are un-
latched and return to the blank (B) position; the motor

drive signals also are reset until the arrival of the next print
command.

Software Considerations

The flowcharts (figure 2C4-9) and program listing (figure
2C4-10) shows how the SC/MP-to-printer interface can
be software-controlled to provide the foregoing printing
capabilities.

COLUMNS

CHARACTER =—3» 9 8

TIMING SIGNAL

AARARARAAAL
PO NP Y s I N U i o § - ed )
- e e O e e - e T )
- e e e O = wm - - oed e -
e e e . T T = I S - o) e -
P T i i i O T = N I J gy
- e e e e wmd O e e -
- e e e o ) e - O =

= D16 D15 D14 D13 D12 D11 D10 |

D9 D8 D7 D6 D5 D4 D3 D2 D1

COLWORD 1

_.l_l_l_n_a-n_n_l_no_n_n
L I T I R S S e T T = )
L e e e e T N = ]
- O = e e e e e e ad e e
L I I N T = T R S S G G |
- e e e o O e e e e
— e ed e ed e o ) e e - O
[T I T T T QU S S S G §
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DETAILED FLOWCHART

LOAD P3WITH
PRINTER ADDRESS

TRANSMIT COLUMN
WORD 1 TO DS 8693:
TRANSMIT COLUMN
WORD 2 TO DS 8634

INCREMENT
CLOCK CTR

THE PRINTER WILL
PRINT A LINE AT
THIS POINT

CLEAR PRINTER
LATCHES

EXIT

INITIALIZE
SYSTEM

PUT PRINTER AD-
DRESS IN P3; SEND
PRINT COMMAND

|

SETUP P1 AS TEMP
STORAGE PTR—
X'0110; LOAD P2U
WITH X'00 AND
CLEAR CLOCK CTR

INITIALIZE COLUMN
WORDS 1AND 2 =
XFF

I

SET P3U TO DATA
BFR ADDRESS (X'01),
SET P3L TO X'00 TO

START SCANNING

DATA BFR

!

SETUP P2L FOR
COLUMN 1 CODE
LIST; ADD CLOCK

CTR TO X°CO

!

COMPARE DATA-BFR
CHARACTER WITH
COLUMN 1 CHARACTER;
INCREMENT P3BY 1

SETUP P2L FOR COLUMN
2 CODE LIST: ADD CLOCK
CTR TO X'D0 TO COM-
PARE SECOND CHAR

COMPARE DATA-BFR
CHARACTER WITH COL
20R 4-16 CHAR; IN-
CREMENT P3BY 1

i

SUMMARY FLOWCHART

INITIALIZE
SYSTEM
ISSUE PRINT
COMMAND

GENERATE COLUMN
WORDS 1 AND 2 FOR
NEXT PRINT CYCLE
BY COMPARING
CHARACTERS IN
DATA BUFFER WITH
CHARACTERS IN
CODE LIST FOR D1
THROUGH D16

PRINT
CLOCK TERMINATED

SEND COLUMN WORDS
1AND 2 TO INTERFACE
CHIPS (DS 8693 AND
DS 8694); INCREMENT
PRINTER CLOCK COUNTER
BY 1

CLOCK
COUNTER =13

SETUP P2L WITH AD-
DRESSES OF COLUMN
WORD CONSTANTS AND
GENERATE NEW COL

PRINT A LINE; CLEAR
INTERFACE DEVICES

!

(DS 8693 & DS 8694)

STORE NEW COLUMN
WORD 1IN ADDRESS
POINTED TO BY P1

R —

DATA SCAN
COMPLETE

TO SETUP P2L FOR
CODE LIST OF COL
4 THRU 16, ADD
X'E0 TO CLOCK
CTR

e ee— .

MASK UPPER BITS OF
P3L TO DETERMINE
COLUMN COUNT

NO

SET P2L TO X'FO
TO ACCESS COLUMN
WORD CONSTANT

!

GENERATE NEW
COLUMN WORD 1
AND SAVE

GET COLUMN
COUNT FROM
TEMP STORAGE

YES

—

TO SETUP P2L FOR
COLUMN WORD CON-
STANT, ADD X'OF
TO VALUE OF CON-

i

GENERATE NEW
COLUMN WORD 2
AND SAVE

NS10571

Figure 2C4—9. Summary and Detailed Flowchart for SC/MP-to-Printer Interface
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POQRYOAEWNR

X

e
LT NAE

XY
~

8
19
za
21
22

i
=

24
25
o6
27
oa
24
36
21
3z
23
34
35
26
29
4a
41
4z
4z
44
45
a6
47
45
49
5@
51
52
53
54

nl5l50a]
aaol
aaaz
aaag
a0
ana7
apas
a03E
agac
BO3E
aaaF
an1l
o1z
ap14

aa1é
a1z
aaiA
ao1C

aalE =

gai1F
voz1
agzz
pnz4
Ba2¢e
aazv
aazs
aaze
aazD

ou2F
a2
2032
oaz4
@036
0035
BBz9
BEzE

aaol
%1% 1% b3
%]%]% )4
aoel
aeez2
51015 e
aaad
azea
aaal
aenz
avo4
(%1% % b
aags

0

[ [\
RS

=
»

ERPNED B W&
=
2 P

A OO KOO
[
=

2 Ly
&P
D
D

ooag

C4FF
coa5
coas
Ccd4al
c4a6
2=

cia4
Face
=2

cral
Ez08
9827

Cia4

F4DB
32

cral
E2@0
9827
2z

Cco01
D4aF

Fi

Fz

Fz
CLE1
CLKZ
CLKZ
PRINT
SEIKO
TEMF1
TEMFZ
CLECTR
COLWRL
COLWRZ

FRNT :

CONTFPRT :

RETCOMP :

CONTSCN:

. TITLE

®FAL
LDI

5T

LDI
ST
ST
LDI
XPAH
LDI
KPAL
Lo
ADI
XPAL
LD
XOR
J2

LD

ADI
MPAL
LD
»OR
J2
HFAL
5T
AMI

SCMFP. “SEIKO PRINTER FPRGM-

RN PIOILWNPEPWRE

LCSEIKDD
F3
HCSEIKO)
X
PRINT(F3)
1

Pi

@

P2

@1

Fi

@
CLKCTROPL)

BFF
COLWRLCPL
COLMWRZCPL)
1

P3

@

F3
CLKCTRCPL)
ace

F2

@1LCP3)
)
COMPRL
CLECTRCFL)

BDa

F2

@1LCP3D
P2
COMPRZ
P3
TEMF1<F1)
oF

s SET UP POINTER ADRE.

START PRINTER
SET UF HIGHER MEMORY RDRS

JSET UP TEMP. STORAGE ADRS.
s CLR CLE COUNTER
CLR COL MWORD1

s CLR COL WORDZ
;SET UF DATAH BFR RDES.

-

SET UFP POINTER FOR
coL1 CODE LIST

BEGIN SCAN FOR DATH COMFF

SET UF FPOINTER FOR CODE LIST

s SELECT coOLz CODE LIST

;NO FRINTING IN COLZE
s CHECKE IF DRTA=CODE LIST CHAR

s MASK UFFER 4 BITS OF FPZ

Figure 2C4—10. Program Listing for SC/MP-to-Printer Interface
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P S5 9830 E48F SCNCHE: XRI eF s CHECE IF SCANMING COMPLT

56 BO3F sgac JZ TEST sJMP TO WARIT FOR FRTR CLK
57 0641 Cip1 LD TEMFLCFL) ;LD DRTA EBFFR ACRS
S8 e@4z == XPAL Fz
59 Aa44 104 LD CLKCTRCPL)
€@ o4& F4EQ AT BE® ;LD CcOL4 TO 16 CODE RADRS
61 @o4c 32 ®FAL Pa
€2 6949 L7Vl LD @1CFPED
£Z aa4E 90ETV JMF CONTSCN
€4
€S 884D Bs TEST: CSA
&t 0B4E D41@ AMI a1e
¥ aesg ISFE Jz TEST
€32 a5z 9=z JMP FHSHSCN
€9
7@ B854 C4Fa  COMFRL: LDI aFa ;LD CcOL WORD COMST. RDRS
71 @asSe =2 ¥FAL F2
T2 8asy Cczae LD P22 i COLWORD CONST TO RCU
v4 6653 D1asS ANC COLMWRELCPL) i GENERRTE COLMWRD 1
vS BasSe CIa5 =T COLWRACPL i SAVE NEW COLWRDL
Y& vash SacE JrMF RETCOMF
78 aasSF == COMFRZ: RFAL F=
9 8acn CS01 ST TEMF1cF12 i SAYE DRTAR EBFR ADRS
S8 aess DYoF ANI aF i MASK. UFFER EBITS
&1 wesd C282 T TEMFZCPL) i SAVE COLMAM COUNT
g2 aBes F4F7 Akl -9
82 apes 40F JF GEMNCOLZ s C0OL COUNTS
g4 BoEA Ciaz LD TEMF2ZCP1L) JGET SOl COUNT
85 gesC F4FG AL I aFga i ADD ADRES FOR COLMRD CONST
&5 BesE zz2 ¥FAL Fz
&7 aasF C2FF Lo =1cFP2) s COLMWRD CONST TO ACU
88 wgyv1 D165 AND COLWRLCPL) i GENERATE COLMWRDA
29 pavs C9es ST COLWRLCFLD i SAYE MEW COLWRDA
S vayvsS Claz COL2RET: LD TEMFZC(FLD ;LD COLMM COUNT
91 aavy sacd JMF SCHCHE ;GO TO SCAN COMPLT CHE RTH
52 aavs C182 GEMCOLZ: LD TEMFZCP1> s GET COL COUNT
9= geveE az CCL
94 aayvC F4Fa AT arFe sADD ADRS FOR COLWRD COMST
95 BB7E =2 HPAL Fz
Se BOTYF CZFF LD ~1CF22 i COLMWRD CONST TO RCU
a7 ea2l D1es ANC COLWMRZCFL Y i GENERATE COLWRDZ
98 Boez Coae ST COLMWRZCPL) i SAYE NEW COLWRDZ
99 Bags S9gEE JMF COLZRET
1686
191 aesy oo FNSHSCM : CSH i ¥FR SENSEA TO ACU
162 8638 D414 ANI aig i CHECK IF SEMSE R FRESENT
18 B6SA SCFE JINE FNSHSCN S LOOF BARCK TO FINISH SCHN
184 vBecC C400 LDI LCSEIEQ? i GET SEIKO ADR:
145 BBSE 3= ¥FPAL F3
108 BOSF C402 LDI HCSETKDD
iayv 8as1 3?7 HPARH F3
1688 aAg9z C165 LD COLWRALCFLD i GET COLWRDA
“1E9 aa34 CBaz sT CLKZC(PZED i ¥FR COLMRD1 TO FRINTER
Figure 2C4—10 (Continued)
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tT’iia 8636 C186 LD COLWRZCPL) ; GET COLMWRDZ
111 86698 CBo1 5T CLK1C(P3D i WFR COLWRDZ TO PRINTER
112 2a9A A9@4 Lo CLKCTRCPL) i INCREMENT CLEK COUNTER

11=
114
115
11¢
117
11¢&
119
1z@
121
1zz
12z
124
125
126
127

125

o
o]

(OO TGP KN
[P Y]
LU (A

4
=

[XN
5

1=5
13¢&
1z=7
138

agsC
BASE
aeAA
(3215 14
BOAZ
RBAS
eaArs
BOA2
BBAA

aaca
aaci
aacz
aacz
aac4
2acs
asCa
%1540

A Bacs

Bacs

aacH ©

BacE

aaDo
Babl
aabz

aaDz
@aDs

aabs
aahe
aab?
eaDs
aahs
BabA
BeDE

BaagED
gaEl
UREZ
GRE=
aaE4
GBES
6oES

E4aD
ssas
CcC4ea
3

C415

>

9ZFF
C4FF
CE@Z

Baco

4
43
31
S5

35

36

=

2 A AW
g NIDEWYM

=

DONE :

EMIT:

caLa:

coLz:

coL4:

¥RI

>
(e

LDI
KFPAH
LDI
®PAL
JMF
LDI
5T

. =8cg

. BYTE

. BYTE

1]
[
2
[

. BYTE

. BYTE

. =0EB

. BYTE

13 iCHECK CLEK CTR = 1Z
DONE

a

Fz

a1s

Fz

CF2D

BFF

CLK3CPZ) i CLE FPRTE LATCHES

i USER RETURMN ROUTINE

o ':: - . - I - N -~ 1 o . - l_l e N -~ 5 o . K 6 s, B - H o~ B ’” tf' -

YR T - T

.'*/.' f#.‘ B ."+/.' ."_/".. .*:.‘.-'.' .~'=/"' ."6.-'.. .~‘?."
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APPENDIX A

CLOCK CONSIDERATIONS FOR SC/MP

GENERAL

The on-chip oscillator and timing generator of SC/MP can
be controlled by any one of the following three methods:

e CAPACITOR - if timing is not a critical
parameter

o CRYSTAL - if more precise timing is required

o EXTERNAL DRIVE - if application requires that
SC/MP be synchronized with system clock

CAPACITOR TIMING

As shown in figure A-1, the capacitor is connected between
X1 (pin 37) and X2 (pin 38) of the SC/MP chip. A non-
polarized ceramic or silver mica capacitor with a working

voltage that is equal to or greater than 25 volts is recom-
mended. Lead length from the body of SC/MP to the body
of the capacitor should not exceed 1.25 inches. When a
capacitor is used, the frequency varies according to the
capacitance as shown in figure A-2.

CRYSTAL TIMING

When a crystal is used, the on-chip oscillator of SC/MP
operates at the resonant frequency of the crystal. Pin con-
nections and lead lengths for a crystal are identical to those
for a capacitor; however, as shown in figure A-1, a capacitor
may be required to suppress crystal harmonics. The crystal
should be hermetically sealed (HC type can) and should
meet the following electrical specifications.

4
BODY OF [38] x2 AD 01 E
CAPACITOR E =
1] nwos AD 02]27
A )
NoTE WHERE E NROS D03 EI
: (¢ < 1.25 INCHES)
CAPACITOR C1MAY BE \S THE DISTANCE [z] enn Ao 04 [29]
REQUIRED TO SUPPRESS OR FROM THE BODY
CRYSTAL HARMONICS CRYSTAL OF SC/MP TO E Vss AD o5 [30]
THE BODY OF
CAPACITOR 4| enour AD 06 [31
OR CRYSTAL (] 31
' oo @ wof
L 0 w32 wufa
—
' fz7] xa M AD 09 [34]
c1 [e] conr A 10]35)
" : n 500pf —T— P
Figure A-1. Connecting Capacitor or Crystal to SC/MP 1 [7] sense a a0 11[39)
1400 — [i8] sense 8 o8 00 [16]
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1200 |—
2] Frac pBoz[1a
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Figure A-2. Oscillator Frequency versus Capacitance



e Resonant frequency-------------- =900 kHz

<1 MHz
e Series resistance at resonance - - - - - - - < 600-ohms
e Load capacitance at resonance - - - - - - 20-to-30 pf

Suitable crystals can be obtained from several manufac-
turers; four such manufacturers are listed below.

USING AN EXTERNAL CLOCK

SC/MP can be synchronized with an external clock simply
by connecting appropriate drive circuits to the X1/X2
inputs. A recommended method of implementing the
external-clock circuit is shown in figure A-3a; the true and
complemented “idealized” waveforms are shown in figure
A-3b. Alternate methods of generating the X1/X2 input

e X-Tron Electronics, Hayward, California signals are shown in figure A-4.
e M-Tron Industries, Yankton, South Dakota
e Crystek Crystal Co., Ft. Myers, Florida
e JAN Crystals, Ft. Myers, Florida
[ 7 | NRST
»>{37] X1
NWDS
DUAL D P.-FLO 360%
D 4 +5% NRDS
EXTERNAL - +5V
clock - —{3] CLKy 1 5} — ENIN
by - v
E [14)— ss
PR, Q1 n ENOUT
S 1 ] 1K 36052
+5% +
10 CLR; Lp7——l 2___. £5% BREQ
=
n 1} 6 ] nHOLD
E ! -]
[ 7 [8] cont
= 17] sense A
18 | SENSE B
NOTE: 19] FLAG 0
Any 74H-series flip-flop
connected in a divide-by- [21] FLAG 1
two configuration can be
used in this timing 22] FLAG 2
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LOGI v m k2
w1
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NOTE: Waveforms WF-1 and WF-2
are interchangeable at the
X1/X2 pins of SC/MP; each
waveform should be an ap-
LOGIC 1 proximate 50% duty cycle.
LEGEND: Atpp = 0 to 20 nsec
WF 2 > 4 nsec
‘ b < 25 nsec
= 4 nsec
LOGIC 0 =" < 25 ysec
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Figure A-3. Using External Clock for SC/MP Timing
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Figure A-4. Alternate Methods of Generating External Clock Signals




APPENDIX B

ADDRESS ASSIGNMENTS AND DECODING METHODS

INTRODUCTION

The addresses for memory and peripheral devices can be
assigned and decoded in a number of different ways; some
address assignments and decoding methods are shown and
described in the sections that follow.

Nondecoded Peripheral Addressing

As previously indicated, 16 address lines (AD 00 through
AD 15) are available; 12 of these lines (AD 00 through
AD 11) are internally latched on the SC/MP chip; whereas
the other 4 lines (AD 12 through AD 15) are output (at

NOTES
1. To sliminate buffering of address
NwoS E‘ 340 Vee lines, low power or low-power
Schottky TTL gates are used.
NRDS —{:2 35— naos 2.CS1, G527 and SEL are active-low
signals. Refer to truth table below.
ENIN _:3 [3s}—— x2 The tri-state output disable (OD)
ENOUT E 337 x1 signal must be low to enable output.
DEVICE SELECT
BREQ —E E AD M N TRUTH TABLE
nHoLo ——6 35}——A0 10 [ADDRESS BITS DEVICE
9 [1w0] 11 SELECTED
nrst —7 3a}——~a0 09 >
S o|lof o PROM
cont —8] 53] AD 08 - T Y
11 =1
> 08 07 3 32 AD 07 READ
( b= c — X1l x DEVICE
,—q—.——.osos—E / :E]—ADW_p.-q x| x| 1 R
—<e—»——0B0s —N 30}——— a0 05— X = DON'T CARE
| —<—o—080s ——{7] [20}——— AD 04—
DB 03 i3] [28}—— Ap 03
—e—»———DBO2 —E 27} ~D 02
DB 01 {i5] 'E:‘ AD 01 -
—
DB 00 fre] 25} AD 00 >
sense A——{17] 2}—— sm
SENSE a—||31 23— sout
FLAG 0 —19] 22— fiac2
vss  —] [21)}—— FfLac
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b = - | - o~
] ] zZ 8 & I3 s 18 I3
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l o@»l\o 10/
1
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Figure B-1. Using External Logic and Spare Address Lines to Select RAM/PROM Memory

or Input/Output Peripherals
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NADS time) on the 8-bit input/output bus. Most appli-
cations do not require all 16 address lines for memory.
For example, consider the system shown in figure B-1 con-
sisting of 512-by-8 words of PROM, 256-by-8 words of
RAM, a read device, and a write device. Nine address lines
(AD 00-AD 08) are required to discretely identify each of
the 512 bytes of PROM and only 8 lines (AD 00-AD 07)
are required for RAM; thus, the 3 remaining address bits
(AD 09/AD 10/AD 11) are free and can be used for device
selection. The ‘device select truth table’ shows how this
can be done.
READ FROM RAM:

LDI 02
XPAH 2
LDI 05
XPAL 2
LD (2)
[ ]
L]
°
WRITE INTO RAM:
[]
[
[ ]
LDI 02
XPAH 2
LDI X'10
XPAL 2
LD DATA
ST (2)
DATA:  .BYTE X1F

READ FROM “READ DEVICE":

LDI 04
XPAH 1
LD (1)

When power is applied and SC/MP is initialized, all the
address bits are low (set to ‘0’) and PROM is selected;
thus, program execution begins at PROM address X'0001.
Observe that with AD 09 set to ‘0’, RAM is not selected
because CS2 is high and neither the read nor the write de-
vices can be selected because both SEL signals are high.
For an application example, suppose the PROM program
requires access to RAM, to the read device, and to the
write device; the following series of instructions shows
one way to implement the read and write functions.

WHEN TRANSFERRED TO HIGH POINTER BY
;NEXT INSTRUCTION, TURNS ON BIT9 TO
;SELECT RAM

;SET BIT 9 OF POINTER 2

;LOAD RAM ADDRESS 5 INTO ACCUMULATOR
;PUT RAM ADDRESS IN LOW POINTER 2

;LOAD DATA FROM RAM ADDRESS SPECIFIED IN
;POINTER 2

:WHEN TRANSFERRED TO HIGH POINTER BY
;NEXT INSTRUCTION, TURNS ON BIT9 TO
;SSELECT RAM

;SET BIT 9 OF POINTER 2

;LOAD RAM ADDRESS (DECIMAL 16) INTO
;/ACCUMULATOR

;PUT RAM ADDRESS IN LOW POINTER 2
;LOAD DATA TO BE STORED

;STORE DATA IN RAM ADDRESS SPECIFIED BY
;POINTER 2

;DATA TO BE STORED

\WHEN TRANSFERRED TO HIGH POINTER BY NEXT
;INSTRUCTION, TURNS ON BIT 10 TO SELECT
;”READ DEVICE"”

;SET BIT 10 OF POINTER 1

;READ DATA FROM DEVICE (NOTE: LOW POINTER 1
;ISNOT REQUIRED FOR THIS OPERATION)

B-2



WRITE INTO “WRITE DEVICE":

'WHEN TRANSFERRED TO HIGH POINTER BY NEXT

{INSTRUCTION, TURNS ON BIT 11 TO SELECT
;“WRITE DEVICE"

;SET BIT 11 OF POINTER 1
:LOAD DATA TO BE WRITTEN
WRITE DATA

;,DATA TO BE WRITTEN

JWHEN TRANSFERRED TO HIGH POINTER BY

;NEXT INSTRUCTION, TURNS ON BITS 10 & 11
;TO SELECT READ AND WRITE DEVICE

[
LDI 08
XPAH 1
LD DATA
ST (1)
DATA: .BYTE X'AA
[ ]
[ ]
L]
READ AND/OR WRITE:
LDI ocC
XPAH 1
LD (1)
ST (1)

Observe that the read and write peripherals must be strobed
by NRDS or NWDS; otherwise, the selected peripheral
would input or output data as soon as the address is valid,
and, at the same time, SC/MP would output address and
status information. By strobing the chip selects, reading or
writing of data is delayed until the “address” and ‘‘status”
outputs from SC/MP are completed. Strobes are not re-
quired in the address logic of the RAM or PROM since the
on-chip output-enable (OD) signal provides this function.

Decoded Addressing of Peripherals

In many applications, the addressing requirements of the
system exceed those shown in figure B-1. For these sys-
tems, discrete selection logic is expensive, cumbersome,
and complicates the software; thus, some form of address
decoding is preferred. Figure B-2 shows one way of imple-
menting a simple decoding scheme. Here, address bits 10
and 11 are decoded by one half of the 74LS155 to yield
four output select signals; address bit 9 is used to select
RAM or PROM. In figure B-2, all chip selects are strobed
via the decoder; thus, access time of the memory chip is an

B-3

SETBITS 10& 11 OF PTR 1
;READ DATA FROM READ DEVICE
JWRITE DATA THAT WAS PREVIOUSLY READ

important consideration. If the access time is greater than
the strobe width, bipolar memories can be used or the
RAM/PROM devices can be selected as shown in figure
B-1—via the external logic and the latched address lines.

In figures B-1 and B-2, three latched address lines are
always available since memory is arbitrarily restricted to
512 bytes. Some applications require 4K of memory (or
more) and, in this case, there are no spare address lines for
device selection; figure B-3 shows how address bits 12-15
can be used to implement a system of this type. The 4 ad-
dress bits (AD 12-AD 15) are output on the data bus at
‘“address/status time,” and the leading edge of the address
strobe (NADS) latches these bits into the DM8SLS1 chip.
The binary address code then is inputted to the 4-by-16
decoder, which selects 1 of 16 peripheral input/output de-
vices in accordance with the decoding select logic. In figure
B-3, the 16 peripherals can be any combination of read,
write, and read/write devices whose input/output charac-
teristics are compatible with SC/MP. Observe that the de-
coder is strobed; thus, access time of all peripherals
must be less than the strobe widths—refer to figure 1-4 for
timing parameters.



NOTES:

1. To eliminate buffering and/or
minimize loading, low power on
NwoS Vee low-power Schottky TTL gates
are used.
NRDS NADS 2. If strobe widths are not wide enough
for access time relative to chip select,
ENIN x2 use RAM/PROM select circuits shown
in Figure B-1,
ENOUT x1 3.T81,C82, SEL A, SEL B, and SELC
are active-low signals; refer to truth
BREQ AD 1 - ~ table below. The tri-state output disable
(OD) signal must be low to enable output.
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Figure B-2. Using 2-by-4 Decoder to Select Memory and Input/Output Peripherals




NWDS —-E
NRDS -{z]
enn ——{3]
enour —{]
srea —5
NHOLD .
NI
cont —3]
—<a—e— 0807 —9]
| —<—s—— o806 —i0]
| —<e—»—— DBOS —E
< 0804 —i7]
| —<—»—— D803 ——{13]
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NOTES:

1.To ing and/or loading,
low power or low-power Schottky devices are
used.

2. The address bus is connected to memory per-
ipherals as required; for example if peripheral
=1is a 4K PROM, all 12 latched address lines
are used — if peripheral =2 is a 512-word RAM,
only 9 address lines are used, and so on.

3. SEL 1 through SEL 16 are active-low signals; refer
to truth table below:
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Figure B-3. Using Address Bits 12-15 and 4- by-16 Decoder to Select Any One of 16 Input/Output Peripherals
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Figure B-4 shows how address decodes can be enabled via
the write strobe (NWDS) and the read strobe (NRDS).
Two decoders are used—one to generate eight write strobes
and the other to generate eight read strobes. In systems that
require multiple read/write peripherals, this decoding
method is simple, easy to implement, and relatively inex-
pensive.

Another method of address decoding is shown in figure
B-S. Here, each peripheral is selected by a 6-bit unified-bus
comparator, and since the comparators have on-chip latches
and are low-power devices (typically, a 15-microampere
load), they are well suited to applications where physical
space and low-power consumption are prime considera-
tions. The selection code for each peripheral is designated
by the user and is hardwired at pins 2, 4, 6, 10, 12, and 14
of the comparator; when the output address of SC/MP

B-6

agrees with the preset code (T1 = B1, T2 = B2, and so on),
the device is selected. For example, with the select codes
shown, PROM is selected when power is applied and the
system is initialized; thus, any program beginning at address
X'0001 in PROM will be executed. To select RAM, the
preset code can be altered as shown by changing ‘T6’
(AD 15) froma ‘0’ toa ‘1.

If a 4K memory is used in figure B-5, address lines AD 10
and AD 11 are unavailable for device selection; thus, these
pins (B1 and B2) and their preset counterparts (T1 and T2)
can be grounded or connected to +SV—whichever is most
convenient. Observe that each peripheral device (whether
read or write) is strobed by both NRDS and NWDS; this is
necessary because the outputs are latched and must be
cleared at the beginning of each input/output cycle.
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NWDS

—g—p—— DBO7
| —a—~a——— DBOS
| —a—a—— DBO6
| ——a——— DBO4
—e—»—— DB 03

ENIN

g

uaa%%$%%%$%&%$&$%$hm

BREQ
NHOLD
NRST

CONT

DB 02
DB 01
DB 00
SENSE A

&
-

33— naos

3s—— x2

37 x1

B ADN
36 AD10 ]
4} —— apoe o
5}—— avoe o ]
32} AD 07

37— apos >

30} AD 05 —————
[29)] AD 04 ——————
28 AD 03 >

27]

25

24

23]

22)

21]

NOTES:

1.

To minimize loading, and reduce
buffering requirements, low power
or low-power Schottky devices

are used.

Connect address bus to memory
peripherials as required — AD 00-
AD 08 to PROM, AD 00-AD 08
to RAM, and so on.

Address bits 12-15 must be
externally latched - see Fig. B-3.
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Figure B-5. Using 6-Bit Bus Comparators to Select Peripherals




APPENDIX C

SC/MP INTERRUPT SYSTEM

SINGLE-LEVEL INTERRUPTS

The interrupt system of SC/MP is supervised as shown in
figure C-1. Before an instruction is fetched, bit 3 of the
Status Register is tested. If the bit is a logic "0’ (interrupt
enable flag not set) and the CONTinue input is high (a logic
’1"), the Program Counter is incremented and the next in-
struction is fetched and executed. If bit 3 of the Status
Register is set to a logic ‘1’ and the Sense A input is high,
the interrupt is serviced; the interrupt enable flag (bit 3 of
the Status Register) is reset and the contents of the Pro-
gram Counter are exchanged with the contents of Pointer
Register 3 — the pointer contains the address of the subrou-
tine that services the interrupt.

In summary, Pointer Register 3 must be initialized with the
address of the interrupt service routine, and then to arm the
interrupt system, the interrupt enable flag (bit 3 of the
Status Register) must be set to a logic '1’. For example, to
enable the interrupt system at some point in the main
program with the interrupt service routine residing at
location X'1020, the following series of instructions could
be implemented.

Main Program

[ ]
[ ]
[ ]
LDI X'20 ; LOAD ACCUMULATOR WITH LOW-
:ORDER BYTE (X'20) OF INTERRUPT
; SERVICE ROUTINE ADDRESS
XPAL P3 ; PUT LOW-ORDER BYTE IN P3L
LDI X10 ; LOAD ACCUMULATOR WITH HIGH-
; ORDER BYTE (X’'10) OF INTERRUPT
;: SERVICE ROUTINE ADDRESS
XPAH P3 ; PUT HIGH-ORDER BYTE IN P3H
IEN ; ENABLE INTERRUPTS (SET BIT 3
; OF STATUS REGISTER TO LOGIC '1’)
[ ]
[ )
[ ]
Continue Main
Program

NO

INSTRUCTIO
FETCH TIME

O)-
\J

INTERRUPT
ENABLE FLAG SET
(BIT 3 OF STATUS REG-
ISTER LOGIC "1’),

YES

SENSE A
INPUT HIGH

INTERRUPT — —

RESET INTERRUPT
ENABLE FLAG
EXECUTE XPPC 3

INCREMENT PROGRAM
COUNTER, FETCH AND
EXECUTE INSTRUCTION

L

NS10582

Figure C-1. SC/MP Interrupt/Instruction Fetch Process
MULTI-LEVEL INTERRUPTS

A system with more than one interrupt ievel can be easily
implemented by interfacing a priority encoder to SC/MP.
In such systems, the interrupt service routine for each inter-
rupting device should be carefully written to avoid compli-
cated software conflicts; this is particularly true in saving
the “current” status of the machine when the interrupt
occurs. The “saving-of-status” can be quite complicated,
especially in a nested prioritized interrupt system; in this
case, the higher priority interrupt level can interrupt the
service routine of the lower priority interrupt. Since
“nested” interrupt routines are a function of the user’s soft-
ware, implementation techniques are not described in this
document.

Figure C-2 shows one method of interfacing a priority en-
coder to SC/MP. Each of the eight inputs (INT O through
INT 7) should come from a latched output which is reset
by SC/MP during execution of the interrupt service routine.
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Figure C-2. Using SC/MP and a Priority Encoder to Implement a Multilevel Interrupt System



The encoder “ORs” the interrupt inputs and, if any one is
“active-low,” the Sense A (interrupt mode) line of SC/MP is
raised to a logic ‘1’ via the EO output line (pin 15). If two
or more inputs request interrupt service at the same time,
they are assigned the service on a prioritized basis — INT 7
being the highest priority interrupt and INT O being the
lowest. The AO, Al, and A2 outputs of the encoder are a
3-bit binary code that corresponds to the highest priority
interrupt; this code forms the least significant bits of the
interrupt data word (0010 0XXX) and is input to SC/MP
via the TRI-STATE buffer. The output of the buffer pro-
vides the upper 8-bits of the 16-bit address required for
each interrupt service routine. As shown in figure C-2, the
highest priority interrupt (INT 7) is arbitrarily assigned an
address of X'2000; the next highest priority (INT 6) — an
address of X'2100; (INT 5) — an address of X'2200; and so
on for the remaining interrupt levels. The output data word
for each interrupt level is shown below.

Interrupt Interrupt Buffer Output

Level Bit7 Bit6 Bitb Bit4 Bit3 2 10

Interrupt #7 O 0 1 0 0 000
# 0 0 1 0 0 0 01
# 0 0 1 0 0 010
#4 0 0 1 0 0 0 11
#3 0 0 1 0 0 100
#2 0 0 1 0 0 1 01
#1 0 0 1 0 0 110
# 0 0 1 0 0 111

Memory allocations for the eight interrupt service routines
(INT O-INT 7) are also shown in figure C-2. These alloca-
tions include the interrupt start routine, the interrupt return
routine, and temporary storage for status information. The
addresses are chosen such that these locations fall within
the same page boundary — this arrangement permits the use
of PC-relative addressing for the start/return routines.

The interrupt start routine is written to save the status of
the machine (Accumulator, Program Counter, Pointer Reg-
isters, and so on) and to direct the program to the interrupt
service routine of the highest priority interrupt. To transfer
control to the service routine, the program clears the lower
half of a pointer register — in the example shown, Pointer
Register P2. The program then reads in the address data
word (0010 0XXX) of the highest priority interrupt; this
information is transferred to the upper half of a pointer reg-
ister, which provides a 16-bit address of the required inter-
rupt service routine. At this point, the Program Counter
and Pointer Register are exchanged and the interrupt ser-
vice routine is executed. As shown in figure C2, each inter-
rupt must go through the start routine to execute the fore-

going steps. (Note: Once an interrupt is recognized, all
pending interrupts—even those with higher priority — must
wait for service.

Interrupt service routines O through 7 contain a program to
service the particular interrupting device. Typically, these
programs perform input/output transfer of data, exercise
electrical/mechanical control of peripherals, furnish timing
synchronization, and/or other relevant functions. The flow-
chart and program listing (figure C-3) is a flexible and general-
purpose scheme that represents one of many ways to im-
plement a multilevel interrupt system using SC/MP. For
example, the interrupt service routines can be started at
locations other than X'2000 by simply rearranging the in-
puts to the TRI-STATE buffer in figure C-2. Also, the service
routines need not be 256 words in length; the number of
words can be altered by rearranging the buffer inputs and
by loading the lower half of the pointer instead of the
upper half.

Upon completion of the interrupt service routine, all inter-
rupts must go through the interrupt return routine. This
routine essentially restores the status of machine as it was
before the interrupt was recognized. The interrupt enable
flag (bit 3 of the Status Register) is set to service interrupts
that are still pending. The interrupt start and return routines
could be changed to save more or less status than shown.
Also, some of the status words can be changed; these
changes depend largely on what is done during the interrupt
service routine.

In the preceding example of multiple interrupts, it should
be noted that P3 is used in a unique manner. Pointer Regis-
ter P3 is used as the interrupt service pointer and is loaded
with X'OF1B. Referring to the memory map the ROM/RAM
boundary was chosen to be X’OF00 which is close to the
pointer register value. When the Pointer Register is ex-
changed with the Program Counter due to an interrupt, the
status is saved in RAM by use of PC-relative addressing. At
the end of the service routine, the status is restored by use
of PC-relative addressing.

Due to the choice of the value for the Pointer Register when
the main program is being executed, P3 may be used as a
pointer for temporary (scratch pad) storage by the main
program by the use of indexed addressing. The area avail-
able for scratch pad in this example is the area between the
end of the save area (X'0OEF6) and -127 from the value in
the Pointer Register (X'OF1B - 7F) or X'0E9C. Pointer Reg-
ister 3 may also be used to access constants stored in ROM
at the end of the interrupt start routine via the indexed
addressing mode. The area available for constant storage is
X'0F40 to X'0OF9A (X'OF1B + 7F).
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Figure C—3. Flowchart and Program Listing for Multilevel Interrupt System
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Figure C—3 (Concluded)

INTERRUPT RESPONSE TIME

For both single-level and multilevel interrupts, the interrupt
response time (IRT) is an important parameter. As shown
in figure C-1, an interrupt can occur with the CONT input
high and SC/MP running or with the CONT input low and
SC/MP in the halt mode. The maximum interrupt response
time for an operation when SC/MP is executing an instruc-
tion of a main program is equal to the Maximum (worst
case) Execution Time + QOverhead. The execution time for
instruction DAD requires 23 machine cycles (23 x 2T,),
where T, is a clock cycle that is equal to 1 microsecond for

a 1-megahertz clock frequency. The overhead based on the
microcodes equals 14T, + 200 nanoseconds. The total max-
imum interrupt response time equals 46T, + (14T, + 200
nanoseconds); this time does not include the “‘delay” in-
struction because of its variable nature and does not include
the “hold” operation. In general, the interrupt response
time depends upon the instruction that is being executed.
For a more precise interrupt response time, the system con-
figuration can put SC/MP in the HALT mode by driving the
CONTinue line low and keeping the interrupts enabled.
Now, when an interrupt occurs, the response time is guar-
anteed to be 12T, <T;, <(14T, + 200 nanoseconds).

INTERRUPT

SENSE A——jT—.‘
-

BREQ

| RESPONSE TIME ™!

£
J

g
J

BEGIN INPUT/OUTPUT FETCH CYCLE
—FIRST INSTRUCTION OF INTERRUPT
SERVICE ROUTINE

L

c6



APPENDIX D
MATH ROUTINES

The SC/MP instruction set (table 1-2) provides the following ‘math’ capabilities. The
routines (tables D-1 through D-8) are allocated contiguously in memory; however, any one
of the routines can be used discretely by simply altering the end-of-routine ‘jump (JMP)
address’ to agree with a particular applications program. For programming techniques and
other software information, the user is referred to the ‘SC/MP Assembly Language
Programming Manual—order number ISP-85/994Y .’
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APPENDIX E
IMPLEMENTING PROGRAM DELAYS FOR SC/MP

In some applications, programming delays may be required to properly interface
SC/MP with other components of the system. Delays of a few microcycles can be imple-
mented by executing one or more NOP commands—each NOP instruction provides a mini-
mum delay of 5-microcycles (undefined 1-byte opcodes) and a maximum delay of
10-microcycles (undefined 2-byte opcodes). The following table shows how the decimal
‘displacement’ value and the decimal value of ‘accumulator’ can be used to achieve any
delay within the range of 13-to-131,593 microcycles (1 microcycle = 2 Tyx, where Tx =
1/Fosc). If the required delay falls between two values in the table, adequate resolution can
be obtained by interpolation.
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Delay | Decimal | Decimal | Delay | Decimal | Decimal | Delay | Decimal | Decimal | Delay | Decimal | Decimal
Disp. ACC Disp. ACC Disp. ACC ucycles| Disp. ACC
0 00 3 00 10 00 86 25 00
0 20 3 20 10 20 90 25 20
0 40 3 40 10 40 94 25 40
0 60 3 60 10 60 08 25 60
0 80 3 80 10 80 0 25 80
0 100 3 100 10 100 06 25 100
0 120 3 120 10 120 0 25 120
0 140 3 140 10 140 4 25 140
0 160 3 160 10 160 8 25 160
0 180 3 180 10 180 25 180
0 200 3 200 10 200 6 25 200
0 220 3 220 10 220 0 25 220
0 240 3 240 10 240 4 25 240
0 255 3 255 10 255 25 255
1 00 4 00 15 00 4 30 00
1 20 4 20 15 20 4 30 20
1 40 4 40 15 40 30 40
1 60 4 60 15 60 30 60
1 80 4 80 15 80 9 30 80
1 100 4 100 15 100 0 30 100
1 120 4 120 15 120 6 30 120
1 140 4 140 15 140 30 140
1 160 4 160 15 160 30 160
1 180 4 180 15 180 S 30 180
1 200 4 200 15 200 8 30 200
1 220 4 220 15 220 8 30 220
1 240 4 240 15 240 9 30 240
1 255 4 255 15 255 94 30 255
2 00 5 00 20 00 800 35 00
2 20 5 20 20 20 804 35 20
2 40 5 40 20 40 808 35 40
2 60 5 60 20 60 8 35 60
2 80 5 80 20 80 316 35 80
2 100 5 100 20 | 100 RER 35 | 100
2 120 5 120 20 120 824 35 120
2 140 5 140 20 140 828 35 140
2 160 5 160 20 160 8 35 160
2 180 5 180 20 180 836 35 180
2 200 5 200 20 200 840 35 200
2 220 5 220 20 220 844 35 220
2 240 5 240 20 240 848 35 240
2 255 b 255 20 255 8 35 255
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Delay |Decimal | Decimal
HUeycles Disp. ACC
40 00
40 20
40 40
40 60
40 80
40 100
40 120
40 140
40 160
40 180
40 200
40 220
40 240
40 255
45 00
45 20
45 40
45 60
45 80
45 100
45 120
45 140
45 160
45 180
45 200
45 220
45 240
45 255
50 00
50 20
50 40
50 60
50 80
50 100
50 120
50 140
50 160
50 180
50 200
50 220
50 240
50 255

Delay
Mcycles

40

44

o0 00 OO0 00 OO
@)

o0 OO 00 OO

o0 B OOC

O H OO0

Decimal | Decimal
Disp. ACC
b5 00
55 20
b5 40
55 60
bb 80
55 100
55 120
55 140
55 160
55 180
b5 200
55 220
b5 240
b5 255
60 00
60 20
60 40
60 60
60 80
60 100
60 120
60 140
60 160
60 180
60 200
60 220
60 240
60 255
65 00
65 20
65 40
65 60
65 80
65 100
65 120
65 140
65 160
65 180
65 200
65 220
65 240
65 255
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Delay |Decimal| Decimal
Ucycles Disp. ACC
70 00
70 20
70 40
70 60
70 80
70 100
70 120
70 140
70 160
70 180
70 200
70 | 220
70 240
70 255
75 00
75 20
75 40
75 60
75 80
75 100
75 120
75 140
75 160
75 | 180
75 200
75 220
75 240
75 255
80 00
80 20
80 40
80 60
80 80
80 100
80 120
80 | 140
80 160
80 180
80 200
80 220
80 240
80 255

Delay |Decimal

Decimal

Mcycles Disp. ACC
85 00
85 20
85 40
85 60
85 80
85 100
85 120
85 140
85 160
85 180
85 200
85 220
85 240
85 255
90 00
90 20
90 40
90 60
90 80
90 100
90 120
90 140
920 160
90 180
90 200
90 220
90 240
90 255
95 00
95 20
95 40
95 60
95 80
95 100
95 120
95 140
95 160
95 180
95 200
95 220
95 240
95 255




Delay
Meycles

B DN

I D & I D
@)

B D D O
I
@)

Decimal | Decimal
Disp. ACC
100 00
100 20
100 40
100 60
100 80
100 | 109
100 120
100 140
100 160
100 180
100 200
100 220
100 240
100 255
105 00
105 20
105 40
105 60
105 80
105 100
105 120
105 140
105 160
105 180
105 200
105 220
105 240
105 255
110 00
110 20
110 40
110 60
110 80
110 100
110 120
110 140
110 160
110 180
110 200
110 220
110 240
110 255

Delay | Decimal
Meycles

Disp.

Decimal
ACC

115
115
115
115
115

119
115
115
115
115

115
115
115
115

120
120
120
120
120

120
120
120
120
120

120
120
120
120

125
125
125
125
125

125
125
125
125
125

125
125
125
125

Decimal | Delay |Decimal
ACC | ucycles | Disp.
00 130
20 130
40 130
60 130
80 130
100 130
120 130
140 130
160 130
180 130
200 130
220 130
240 130
255 130
00 135
20 135
40 135
60 135
80 135
100 135
120 135
140 135
160 135
180 135
200 135
220 135
240 135
255 135
00 140
20 140
40 140
60 140
80 140
100 140
120 140
140 140
160 140
180 140
200 140
220 140
240 140
255 140

00
20
40
60
80

100
120
140
160
180

200
220
240
255

00
20
40
60
80

100
120
140
160
180

200
220
240
255

00
20
40
60
80

100
120
140
160
180

200
220
240
255

E4

Delay |Decimal

Decimal

Heycles | Disp. ACC
145 00
145 20
145 40
145 60
145 80
145 100
145 120
145 140
145 160
145 180
145 200
145 220
145 240
145 255
150 00
150 20
150 40
150 60
150 80
150 100
150 120
150 140
150 160
150 180
150 200
150 220
150 240
150 255
155 00
155 20
1556 40
155 60
155 80
155 100
155 120
155 140
155 160
155 180
155 200
155 220
155 240
155 255




Delay
pcycles

82253
82293
82333
82373
82413

82453
82493
82533
82573
82613

82653
82693
82733
82763

84823
84863
84903
84943
84983

85023
85063
85103
85143
85183

85223
85263
85303
85333

87393
87433
87473
87513
87553

87593
87633
87673
87713
87753

87793
87833
87873
87903

Decimal | Decimal | Delay |Decimal | Decimal | Delay
Disp. ACC | ucycles | Disp. ACC | ucycles
160 00 175 00 97673
160 20 175 20 97713
160 40 175 40 97753
160 60 175 60 97793
160 80 175 80 97833
160 100 175 100 97873
160 120 175 120 97913
160 140 175 140 97953
160 160 175 160 97993
160 180 175 180 98033
160 200 175 200 98073
160 220 175 220 98113
160 240 175 240 98153
160 255 175 255 98183
165 00 180 00 100243
165 20 180 20 100283
165 40 180 40 100323
165 60 180 60 100363
165 80 180 80 100403
165 100 180 100 100443
165 120 180 120 100483
165 140 180 140 100523
165 160 180 160 100563
165 180 180 180 100603
165 | 200 180 | 200 100643
165 220 180 220 100683
165 240 180 240 100723
165 255 180 255 100753
170 00 185 00 102813
170 20 185 20 102853
170 40 185 40 102893
170 60 185 60 102933
170 80 185 80 102973
170 100 185 100 103013
170 120 185 120 103053
170 140 185 140 103093
170 160 185 160 103133
170 | 180 185 | 180 103173
170 200 185 200 103213
170 220 185 220 103253
170 240 185 240 103293
170 255 185 255 103323

Decimal
Disp.

Decimal
ACC

190
190
190
190
190

190
190
190
190
190

190
190
190
190

195
195
195
195
195

195
195
195
195
195

195
195
195
195

200
200
200
200
200

200
200
200
200
200

200
200
200
200

00
20
40
60
80

100
120
140
160
180

200
220
240
255

00
20
40
60
80

100
120
140
160
180

200
220
240
255

00
20
40
60
80

100
120
140
160
180

200
220
240
255

Delay
ucycles

105383
105423
105463
105503
105543

105583
105623
105663
105703
105743

105783
105823
105863
105893

107953
107993
108033
108073
108113

108153
108193

108233
108273
108313

108353
108393
108433
108463

110523 1

110563
110603
110643
110683

110723
110763
110803
110843
110883

110923
110963
111003
111033

Decimal | Decimal
Disp. ACC
205 00
205 20
205 40
205 60
205 80
205 100
205 120
205 140
205 160
205 180
205 200
205 220
205 240
205 255
210 00
210 20
210 40
210 60
210 80
210 100
210 120
210 140
210 160
210 180
210 200
210 220
210 240
210 255
215 00
215 20
215 40
215 60
215 80
215 100
215 120
215 140
215 160
215 180
215 200
215 220
215 240
215 255




Delay |Decimal | Decimal | Delay |Decimal |Decimal| Delay |Decimal | Decimal| Delay |Decimal | Decimal
Ucycles | Disp. ACC Mcycles | Disp. ACC | ucycles Disp. ACC | pcycles| Disp. ACC

113093 wais) 00 [EPANeEE 235 00 [Psloaey 250 | 00
IRKIRKR 220 20 |QAMEnXR 235 20 [Ptk 250 | 20
IREAFXR 220 40 [EPAVEEKE 235 40 [PLleRE 250 | 40
(ARYAKE 220 60 120923 QwXl] 60 PLBRRY 250 | 60
IREVAKE 220 80 |[RPAMESKEE 235 80 RPLEKY 250 | 80

IRKVEEE] 220 100 121003 EpXKIs 100 IVEYARY 250 | 100
113333 s 120 121043 RpXls 120 128753 VIV ERP)]
IREEXYEY 220 140 IVALRE 235 140 2kl 250 | 140
IRKTAKY 220 160 IVARVKR 235 160 PR 250 | 160
113453 Wi 180 IVARIRE 235 180 ity 250 | 180

IRKTICKE 220 | 200 IVAVIRR 235 | 200 iPeiell 250 | 200
113533 s 220 IVAMZXE 235 220 Il 250 | 220
[ARIYRE 220 | 240 IVAVEKR 235 | 240 [M2SSCRY 250 | 240
IR0 220 255 IPARIKRE 235 255 Pl 250 | 255

115663 Pl 00 IPERYEE 240 00 Rl 255 | 00
INLYIIRE 225 20 IPXVARE 240 20 131123 i 20
IREYL %] 225 40 123453 Ll 40 ARl 255 | 40
IRy 225 60 PRLRKR 240 60 [RAPAORE 055 | 60
IRERYXY 225 80 PRI 240 80 131243 255 80

ALK 225 | 100 [PEEER 240 | 100 |[REAPERY 255 | 100
[REERY 225 | 120 [EPXEIKE 240 | 120 [EEARPEY 255 (120
[REERRY 225 | 140 [EPRGEXE 240 | 140 [QEEIRGKY 255 | 140
[REEERY 225 | 160 [EPREERE 240 | 160 |[EEREORY 255 | 160
[RIGlerR]Y 225 | 180 [EPREERE 240 | 180 [EEREEXY 255 | 180

(REOERY 225 | 200 QPAWFER 240 | 200 QEIEERY 255 | 200
[NCAIOR] 225 | 220 [EPREARE 240 | 220 QUEAEPEY 255 | 220
(RIAE%Y 225 | 240 [REPREERE 240 | 240 [QUERELE] 255 | 240
[RIAWKY 205 | 255 |[EPRELKE 240 | 255 [EEEABER] 255 | 255

BEVRE] 230 | oo BESEIRN 245 | o0
BEVIEY 230 | 20 BEEEERE 245 | 20
BEKIKY 230 | 40 BEAYEN 245 | 40
BERIKY 230 | 60 EREGKE 245 | 60
BEKER] 230 | so EEALE 245 | s0

[REZXRY 230 | 100 [RIASAEXE 245 | 100
(REZYE] 230 | 120 REEAERE 245 | 120
(REAKY 230 | 140 [QRAYZER 245 | 140
[AELIRE 230 | 160 [PASPASRE 245 | 160
(RELERY 230 | 180 [RBLRNER 245 | 180

(REBKEE 230 | 200 |[RPIRIRE 245 | 200
RElVE 230 | 220 |[REGEERR 245 | 220
(REYAKY 230 | 240 [REAEVEE 245 | 240
IREYZER 230 | 255 [QRPLLERE 245 | 255

E-6
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