























































































































































































































































































































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

INITIALIZE POINTERS; FORM
1% COMPLEMENT OF WORD
COUNT AND SAVE

&

TURN OFF EOT AND SEARCH
LEDS

SEND LEADER OF ZEROES

TURN ON SEARCH LED

l

SEND IDENTIFICATION
CHARACTER AND STARTING
ADDRESS; SEND XFER
ADDRESS AND WORD COUNT

SEND PROGRAM AND UP-
DATE POINTERS; DECRE-
MENT AND TEST WORD
COUNT, AND UPDATE
CHECKSUM

WRITE CHECKSUM ON TAPE

l

TURN OFF SEARCH LED;
TURNON EOT LED

' DATA READ ;

INITIALIZE ALL POINTERS AND
“TEMP” LOCATIONS; TURN ON
SEARCH LED AND TURN OFF
EOT LED

LOOK FOR IDENTIFICATION
CHARACTER

IDENTIF

1CATION

ECEIVED,
TURN OFF SEARCH LED

!

RECEIVE STARTING ADORESS
IN P3; RECEIVE TRANSFER
ADDRESS AND WORD COUNT TO
PUT IN RAM

‘GET PROGRAM BYTES FAOM
TAPE AND STORE THROUGH
INDEX POINTER; UPDATE
CHECKSUM, AND DECREMENT
AND TEST WORD COUNT

GET CHECKSUM FROM TAPE
AND COMPARE WITH COMPUTED
CHECKSUM

TURN ON EOT AND SEARCH
LEDS TO INDICATE SUCCESSFUL
LOAD; TRANSFER TO USER

l

HALT; EOT ON
FOR ERROR
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Figure 2C4—4. SC/MP-to-Cassette Interface—Write and Read Flowcharts
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B L= EE

FFi = ; i RAM ADDRESS FOR POINTER
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Figure 2C4—5. SC/MP-to-Cassette Interface—Program Listing
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. FAGE “BOOTSTRAF LOADER

i BOOTSTRAFR LOACER ROUTINE
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Figure 2C4—5 (Continued)
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FECEIYES
LOADING IS ON TAPE.
EE FERZZEMELED

i INFUT OFERATIGH OF LEL IMDICATS

THEM TERMSFERED

FROGRAM FROM TAFE

T ADDRESS = @08 TO

Dl

(7

iz i SEARCH LED OM WHEM FROGREAM STARTS

SEARCH LED OFF WHEM IDEMTIFIER CHARACTER
EMD OF TAFE <EOT» LED OM WHEW RECEFTION COMFLETE
51 SEARCH LEC OM IF CHECKSUMES COMPHRRE

RECEIVED

TO J2ER PROGRAM

FOR RELOCATION TO @000
INITIALIZE RAM FOINTER
IN F2

CLEAR ACCUMULATOR
INITIALIZE CHECKSUM COUNTER
FUT FERIFHERAL FOINTER

IN PZ

TURM W SEARRCH LED

TURM OFF EMD OF THRFE LED
CLEAR RACCUMULATOR

CLEAR E REGISTER

FLACE ACDDRESS OF GET BIT
IN F1

GO TO GETEIT FOR INFUT

FOR FROFER 10 CHRARACTE
FRECEIVED. THREKE REST OF
ELSE GET MEXT EIT
SEARCH LED

EYTE RECEIY
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IF IC
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GET TRANSFER ARDDRESS AND

SAVE IN RAM
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i STORE AND INCREMEMNT POINTER
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=UI S T ] i COMPARE TO CALCULATED VALUE
Iz CFE i EXECUTE LORDED PROGRAM

LI LEFERIFH:
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= =T TEMFLCFZ

B LDI b i SET BIT COUNT
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1
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AES (R EBITCNTOFRZ? ;i DECREMEMT BIT COUNT
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Figure 2C4—5 (Continued)
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Figure 2C4—5 (Continued)
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FESTORE F1 TO ORIGIMAL
COMTEMTS
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FEETURM

IMNTO E REGISTER

FLACE PERIFHERAL ADDR. IN FZ

SAYE ORIGIMAL COMTENMTS OF PZ
SHIFT E REGISTER

COFY STARATUS TO ACCUMULRATOR
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IF ZERD. BIT RECEIVED
CHECE AGAHIMN

CLEAR ACCUMUOLATOR FOR DELAY
DELAY 1 MS J1s4 BIT TIME»
RESET LATCH

INIT ACCUMULATOR FOR DELARY
DELAY FPRZT MIDDLE OF WINDOWK
COPY STATWS TO RCCUMULRATOR
MAZE

IF ZERO.

THEM EIT IS A "1

AL "1t BIT TO CHARACTER
SAYE IM E REGISTER

FREZET LATCH

COFY STARTUS
MASE
CHECE
RESTORE

= TO ACCUMULATOR

IF LATCH 1% RESET

Fa

FETUREM

LOW FOR
ERDER

A

rr

FS




SERRCH LED OM WMHEM LERDER COMFLETE
SEARCH LED OFF WHEHN TRAMSMISSION COMPLETE
EMD OF TAFE LED OM WHEM TREAMNEMISSION COMFLETE

IMIT: CRHM D i PLACE RAM POIMNTER IN F2

(D
Fo CLOWER
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HeFERIFH
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& i CLEAR ACCUMULATOR
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IDEHTL RS i FORM 175 COMF OF UFFER COUNT

COME

SRCHOF CF 2D i TUREMW OFF SERRCH LED
ECTUOFF CFZD i TURMN OFF EMD OF THFE LED

Sl = ; SET QUTER COUNTER

LHTL LI i ZET INMER COUNTER

CHTE . = FULSE HWRITE FLRAG
LI T 5 i CLEARR ACCUMULATOR
Lt 4 i DELARY 1 EBIT TIME
[ 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
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LUFFER
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Figure 2C4—5 (Continued)
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Figure 2C4—5 (Continued)
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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.
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FLAGO

ADO —E
a1 —{3]
a2 —{3]
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BCD TO DECIMAL
DECODER 17415138
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NOTES
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NOTES
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G2 = G2A AND G2B
X = DON'T CARE
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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.
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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
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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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2032
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0035
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azea
aaal
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[ [\
RS

=
»
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=
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[
=

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.-'.. .~‘?."

."g/'. /1/‘. /21'.‘ /3/’ ;’4/) /5."‘.. /6/) .’?/

Figure 2C4-10 (Continued)
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QRE? 327
129 QRES & CBYTE 987, 797, 0. 0, =

POES Z9

BREA ZE

BOEE 20
14@
141 EFQ . =BF @
142
143 @OF@ FE CONST: . EBYTE  ©FE. BFD. BFE. 8F 7. BEF. B0F. BEF. @7F

BAF1 FD

POFZ FE

QBFZ F7

aeF4 EF

@OFS DF

OOFE BF

@aFT 7F
144 @OFS FE _BYTE  ©FE. @F[. OFE. BF 7, OEF. B0F . OEF, B7F

GEFs FO

BEFA FE

QOFE F7

GOFC EF

BEFD OF

OEFE EF

@eFF 7F
145
146 aoal _END FRNT
CLK1 a1 CLKZ ooaz CLKZ P8a3
CLKCTR o4 coLl QOCE * coLz 2a08 *
COLZRE 0875 CoL4 QOED * COLWRL 9965
COLWRZ ©0ee COMPRL @954 COMFRZ  ©@SF
CONST  GOF@ * CONTPR 9816 * CONTSC  ©B34
DONE GABAS EXIT QBAC FNSHSC ©os?
GENCOL 9873 Fi apa1 Pz Boaz
P a2 FRINT @004 FRNT ooal
RETCOM @@zD SCHCHE @930 SEIKO @200
TEMFL @091 TEMFZ  ©@pz TEST 40

MO ERROR LIMES
SOURCE CHECKESUM=4ES4

NS10572

Figure 2C4—10 (Concluded)
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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]
E FLAG 0 oso1]1s
1200 |—
2] Frac pBoz[1a
1000 [— [z2] FLac2 o8 03[13]
% soo|— E souT DB 04 E
w
:z: w0l [z¢] s o os [11]
= [39] naos o8 0s [10]
2
& 400 D
g |‘°| Vos so7[9]
200 |—
0 | | | N N
0.0 0.2 04 0.6 0.8 1.0 1.2 1.4
NORMALIZED FREQUENCY (1/1 @500 oF)  NS10574 NS10573

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
application.
23] sout
24] sin
29] NADS
c1
LOGI v m k2
w1
LOGIC 0
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
NS10575

Figure A-3. Using External Clock for SC/MP Timing



2-INPUT AND GATE
(DM 74H04)

a 128 3|
FROM SYSTEM > - > L TO PIN 37
cLOCK { 3600 OF SC/MP

‘b +5%
{ +5V
$ 560" +5V —{20] Vss FLAG 0 [19]
5%
1 °® m toPIN3S E-Z X1 FLAG 2 [22]
OF SC/MP
x2 FLAG 1 @
[17] sense A nwos | 1]
[z3] sour ENIN 3
24 a
2-INPUT EXCLUSIVE E ENouT j
(O 74506) [re] sense s srea [5]
+5 |2__5' AD 00 NHOLD EI
6 ]
. p———= TOPIN 37 @ AD 01 NRST Zl
OF SC/MP
Ettggn'(svsnm 5V /
a % 3 [25] Ap 03 NADS [39]
) ). > 10PIN3s
O e [29] AD 04 NRDS |2]
@ AD 0t P DB 00 E
[3] A0 0s DB 01 1:5l
[z Ap o7 pBoz [14]
|3:3 AD 08 DB 03 _1_3|
|3_7_ AD 09 DB 04 E
DIFF LINE DRIVER 5] A0 10 pBos [17]
[38] Ao 11 pBos |io]
FROM SYSTEM IV — v
CLOCK . ——— = TOPIN 37 40 GG DB 07 E
OF SC/MP
+5V
NOTE:
> +5% For these circuits, the system clock input should
0,
> TO PIN 38 be a 50% duty cycle.
OF SC/MP
NS10576

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
(READ DEVICE) (WRITE DEVICE) AD 00-AD 07 J§ AD 00—AD 08
b = - | - o~
] ] zZ 8 & I3 s 18 I3
\——AD 09
AD 09
NOTE 1
AD 10
l o@»l\o 10/
1
> NOTE
> NOTE 1
AD 11 AD 11/

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.
NHOLD AD10
NRST S ADO09
CONT ADO08 — DECODING SELECT
TRUTH TABLE
—a—s—— DBO7
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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]

u

=] =] [=

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:

DECODING SELECT
TRUTH TABLE

4 BIT TRISTATE
LATCH (DM 85L51)

GND
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2 B R
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&

I
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FLAG 2

FLAG1

4 LINE TO 16 LINE

DECODER (DM 74L5154)

A
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Ve
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G1/G2[A/B|/C[DJ0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
LiLIL|L|L|LIE HHHHHHHHHHHHHHMH
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LIL|IL|{H[L[LIH HHH&HHHHHHHHHEHIH
LILIL|HILIH/HHHHHULEHHHHHHHHIHH
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LIHX|[X[X|X|H HHHHHHHHHHHHHHH
HILIX|X|X[X|H HHHHHHHHHHHUHUHMHIH
HIHIX|X|X[X]H HHHHHHHHHHHHH HHEH
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o)
m)
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-

PERIPHERAL #1

PERIPHERAL #11

ﬂ

=] 2]

SEL 12 o] PERIPHERAL #12

-
@

& PERIPHERAL #13

SEL 14 - PERIPHERAL #14
SEL 15 > PERIPHERAL #15
SEL 16

PERIPHERAL #16
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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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Figure B4. Using Read/Write Strobes to Implement Address Decodes
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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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P
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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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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).
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BREQ

| RESPONSE TIME ™!
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BEGIN INPUT/OUTPUT FETCH CYCLE
—FIRST INSTRUCTION OF INTERRUPT
SERVICE ROUTINE
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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
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