


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ClE,AR DISPLAY MEMORY 

I 
INITIALIZE BUFFER MEMORY 

I 
OUTPUT MODE SET 
COMMAND TO 8251 

• 8 BIT OAT A CHARACTER 

• 64X BAUD RATE FACTOR 

• PARITY DISABLED 

�~� 1 STOP BIT 

OUTPUT COMMAND 
WORD TO 8251 

• RECEIVE ENABLED 

• TRANSMIT ENABLED 

• DTR FORCED TO ZERO 
• RTS FORCED TO ZERO 

OUTPUT PROGRAM CLOCK 
COMMAND TO 8279 

• DIVIDE BY 21 

OUTPUT SCREEN PARAMETERS 
TO 8275 (4 BYTES) 

• 80 HORIZONTAL CHAR/ROW 

• 25 VERTICAL ROWS/SCREEN 

• 2 VERTICAL RETRACE ROWS 

• 10 VERTICAL LINES/ROW 

• UNDERLINE PLACEMENT 
IN 9th ROW 

• 20 HORIZONTAL RETRACE 
CHARACTERS 

• CURSOR FORMAT 
BLINkiNG UNDERLINE 

• FIFO DISABLED 

• DELAYED LINE # ENABLED 

I 
OUTPUT LOAD CURSOR 

POSITION COMMAND TO 8275 

I 
OUTPUT CURSOR X POSITION 

TO 8275. X· 0 

I 
�O�U�T�~�U�T� CURSOR V POSITION , 

TOOlS. y·o 

OUTPUT PRESET COUNTERS 
COMMAND TO 8275 

I 
OUTPUT START DISPLAY 

COMMAND TO 8275 

I 
ENABLE INTERRUPTS 

YES 

} CLEAR/INITIALIZE 
MEMORY 

8251 INITIALIZATION 

} 8279 INITIALIZATION 

8275 INITiALIZATION 

COMPLETE INSTRUCTION 

I 
EXECUTe RST't (CALLI INSTRUCTION 

. . I . . 
JUMP TO INTERRUPT POLLING SUBROUTINE 

Figure 4-14. System Initialization Routines 

2·213 

Inte"upt Polling Subroutine (Poll) 

The interrupt polling subroutine, Figure 4-15, tests 
to determine the source of the interrupt. If the 
interrupt originated with the 8275, the 8275 inter­
rupt'service subroutine is called. Following comple­
tion of the subroutine, interrupts' are re-enabled, 
and a return executed. An interrupt issued from 
the 8251 forces subroutine calls to the read/store 
USART character subroutine and the character 
recognition/handling subroutine. Interrupts are 
re-enabled at the completion of the character 
recognition/handling routine. A return operation 
follows. 

INPUT 8275 
, STATUS 

YES 

NO 

INTERRUPT 
FROM 
8251 

CALL READ/STORE 
USART CHARACTER 1 

SUBROUTINE [ROfslJ 

I 
CALL CHARACTER 

RECOGNITION 

SUBROUTINE I CHREC I 
I 

ENABLE 
INTERRUPTS 

I 
RETURN 

CALL 8275 
INTERRUPT SERVICE 

SUBROUTINE I RT 751 

I 
ENABLE INTERRUPTS 

I 
RETURN 

Figure 4-15. : Interrupt Polling Subroutine (POLL) 

8275 Inte""pt Service Subroutine (RT 75) 

The 8275 interrupt service subroutine, Figure 4-16, 
ie-initializes' the' 8257 DMA Controller, then tests 
the 8279 FIFO status. If a character has been 
transmitted from the keyboard to the Keyboard 
Controller, a table lookup operation is performed 
to obtain the correct ASCII code for the character, 
·and the character. is transmitted. 



? 
·CLEAR 8257

I

MODE REG 

LOAD 8257 CH 2 STARTING ADDRESS. : 
REG WITH TOP, LOCATED AT I TOPAD I 

. I 
LOAO 8257 CH HERMINAL CaUl' REG WITH 87C'H-TOP+8000H 

LOAD 8257 CH 3 OTARTINGIAODRESS REG W!TH 8000H 

LOAD 8257 eH 3 TERMINAL. COUNT REG WITH 87CFH 

LOAD 8257 MODE REG. CH 2lNABLED. AUTOLOAD MOOE 

I 
INPUT 8279 FIFO STATUS 

I 
CALL CHARACTER 

TRANSMIT SUBROUTINE ~ 

I RETURN 

ReTURN 

Figure 4·16. 8275 Interrupt Service Subroutine (RT75) 

USART Read/Store Subroutine (RDF 51) 

The read/store USART character subroutine, Fig­
ure 4-17, rrioves a character from the US ART to 
the CPU, masks off the upper-most bit, and stores 
the character in system buffer memory. 

~ 
READ USART STATUS 

I 
READ ASCII rHARACTER 

MASKOrlltl1BIT 

STORE USART CHARACTER IN 

MEMOny LOCArON I USCHR I 

RETURN 

Figure 4-17. READ/STORE USART Character 

Subroutine (RDF51) 

Character Recognition/Handling Subroutine 
(CHREC) 

The character recognition/handling· subroutine, 
Figure 4-18, examines the masked USART charac-
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ter to determine whether the character is a display­
able character, control code, or the first or second 
character in an escape sequence. A· call to the 
appropriate subroutine follows the decision-making 
process. If the character is the first character in an 
escape sequence, the escape sequence flag is set and 
the processor loops until a second character is 
received. The character immediately following the 
ESC character is examined by the escape code 
handling subroutine and a jump to .an escape code 
routine follows. If the character is a displayable 
character or control code, the appropriate subrou­
tine is called. 

CALL ESCAPE 
coDe HANDLING 

SUBROUTINE I ESREC I 

I 
RESET ESCAPE seaUENCE FLAG, 

LOCATED AT t XFLG I 

CALL DISPLAY 
CHARACTER 
HANDLING 

SUBROUTINE I DISPL I 

I 
RETURN 

I CALL CONTROL 
CODE HANDLING 

RETURN SUBROUTINE I eNTRl I 

I 
RETURN 

Figure 4·18. Character RecognitiontHandling Subroutine 
(CHREC) 

Escape Sequence Subroutine (ESREC) 

The escape sequence subroutine, Figure 4-19, per­
forms a masking operation on the USART charac­
ter, shifts the result by one bit position, and adds 
this value to the base address of the escape se­
quence lookup table, BSETI. The lookup table 
contains starting addresses for each of the escape 
sequence routines. This address is jammed into the 
program counter and the routine executed. A sum­
mary of escape sequence Junctions is given in 
Appendix 5.2. 



~ 
MOVE USART CHARACTER 
FROM MEMORY LOCATION 

I USCHRI 

I 
CALCULATE ADDRESS IN 

LOOKUP TABLE OF ESCAPE 
SEQUENCE CHARACTER 

ROUTINE ADDRESS 

I 
JUMP TO ESCAPE SeQUENCE 

CHARACTER ROUTINE 

RETURN 

Figure 4-19. Escape Sequence Subroutine (ESREC) 

Control Code Subroutine (CNTRL) 

The control code subroutine, Figure 4-20, involves, 
conceptually, the same procedures executed by the 
escape sequence subroutine. A summary of control 
code functions is given in Appendix 5.2. 

I 
I erALH I 

BACK SPACE 

I 

~ 
MOVE USART CHARACTER 

FROM MEMORY LOCATION I USCHR! 

I 
CALCULATE ADDRESS IN 

LOOKUP TABLE OF 
CONTROL CODE 

, ROUTINEIAOORESS 

JUMP TO CONTROL 
CODE ROUTINE " I 

I 
I CTRlJ I 

LINE FEED 

I 
I 

RETURN 

I 
ICTRLM I 

CARRIAGE 
RETURN 

I 

Figure 4-20. Control Code Subroutine (CNTRl) 
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Display Character Handling Subroutine (DISPL) 

The display character handling subroutine, Figure 
4-21, determines if the cursor is located in the last 
column of the row, the last display position, or 
elsewhere and .calls the appropriate subroutines. 

CALL SUBROUTINE ~ 

I 
CALL SUBROUTINE §] 

I 
NO 

RETURN 

CALL SUBROUTINE 

~'. 

I 
CALL SUBROUTINE 

~ 
I 

RETURN 

YES 

END OF DISPLAY 

CALL SUBROf'NE ~ . 

CALL SUBROUTINE~ 

I 
RETURN 

Figure 4,·21. Display Character Handling Subroutine 
(DISPl) . 



Display Subroutine One (DIS]) 

Display subroutine one, Figure 4-22, calculates the 
location in memory at which the display, character',' 
is to be inserted. If the location calculation results' 
in an address outside of the display memory 
bounds, appropriate compensation action is taken.: 
Prior to inserting the display character in memory, 
the first character position in the row in which 
the character will be located is examined. If an End 
of Row character (EOR) is found, the row in ques­
tion will be blanked by the 8275. It is necessary to 
clear the row by filling it with space codes (Fill 
Subroutine), then insert the display character in ' 
the desired location. If noEOR character is found, 
insertion proceeds without further software iJiter-
vention. " 

cy 
CALCULATE CHARACTER 

riISPL~~:=:~6~~~~;;~ORNE~~l.T IN IlOCAOI-

I ' " , , 
CALCULATE LOCATION .. 
OF 1st CHARACTER IN 
ROW, STORE RESULT 

IN I LOCO' I 

MOVE USARr CHAR 

FROM MEMOr TO A REG 

MASK OF1SITS 7. 8 

LOAD CHARACTER 
IN DISPLAY MEMORY 

AT ADDRESS SPECIFIED 

BVILrADI 

RETURN 

YES 

CALL[ili"g 
SUBROUTINE 

Figure 4-22. Oisplav Subroutine 1 (DIS1) 

Display Subroutines A. B. C (DISA. DISB, DISC) 

Display subroutines A, B, and C, Figure 4-23, mod­
ify the appropriate display memory pointers. The 
modifications are based on the present cursor loca­
tion, as determined by' subroutine DISPL. The 
resulting cursor position data is transferred to the 
8275 Cursor X IIlld Y Position registers. If DISC is 
called, a scrolling operation occurs. 
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DISPLAY SUBROUTINE A (OISA) 

T 
INCREMENT COLUMN COUNT 

I 
CALL LOAD CURSOR POSITION 

SUBROUTINE, I WP75 I 
I 

RETURN 

DISPLAY SUBROUTINE 8 (DISB) 

¥ 
SET COLUTCOUNT • 0 

seT ROW COUNT = 
RowcaUNT + 80 

I 
INCREMENT 

CURSOR I POSITION 

CALL LOAD CURSOR POSITION 
SUBROUTINE.I WP75 I I' , ' 

RETURN 

DISPLAY SUBROUTINE C (DISC) 

T 
SET COLUMN COUNT" 0 

I 
CALL LOAD CURSOR POSITION 

SUBROUTINE I WP75 I , I ' 
CALL SCROLL 

SUBROUTINE,lscROLI 

1 ' 
RE~URN 

Figure 4-23. Display. Subroutines -
A (OISA), B (OISB), C (DISC) 

Cursor Up Routine (ESCA) 

The cursor up routine, Figure 4-24, determines if 
the cursor is located in the first display. row. If it is, 
the Row Count and Column Count values are 
modified, and the cursor is moved to the last dis­
play row with no change in X position. If the 
cursor is not in the top row; the tow up subroutine 
is called. 



CALL !Rowupl 
SUBROUTINE 

I 
RETURN 

YES 

SET ROWCOUNT .. 
LAST ROW (19200 '" 180H) 

STORE IN InclAol 

I 
SET CURSOR Y POSITION 
• LAST ROW 1240 • ISH) 

STORE IN ICURSY I 

I 
CALL lOAD CURSOR 

POSITION SUBROUTINE, I WP7S! 

. I 
RETURN 

Figure 4-24. Cursor Up Routine (ESCA) 

Cursor Down Routine (ESC B) 

The cursor down routine, Figure 4-25, determines 
if the cursor is located in the last display row. If it 
is, the scroll subroutine is called. No modification 
of cursor position is called for. If the cursor is not 
located in the last display row, the row down sub­
routine is called. 

YES 

CALL (ROWDN! 

SUBRrNE 

RETURN 

CALL SCROLL 

SUBROUTINE,I scnOl I 

I 
RETURN 

Figure 4·25. Cursor Down Routine (ESCB) 

Cursor Right Routine (ESCC) 

The cursor right routine tests the cursor location 
and moves the cursor as described in Figure +26. 
If the cursor is in the last display position, a scroll­
ing operation occurs. 8275 Cursor X and Y Posi­
tion registers are updated accordingly. 

Cursor Left Routine (ESCD) 

The cursor left routine tests the cursor location 
and moves the cursor as described in Figure +27. 
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CALL COLUMN 
RIGHT SUBROUTINE, 

ICOLRTI 

I 
RETURN 

YES 

SET COLUMN COUNT 
-0 

I 
CALL IROWOOWNI 

SUBRyTINE 

RETURN 

SET COLUMN COUNT 
-0 

J 
STORE IN I eCTAD I 

J 
CALL LOAD 

CURSOR POSITION 

SUBROUTINE, ~ 

I 
CALL SCROLL 

SUBROUTINE.lscROL I 

I 
RETURN 

Figure 4-26. Cursor Right Routine (ESCC) 

CALL COLUMN LEFT 

SUBROUTINE, ICOLL T I 

I 
RETURN 

YES 

SET COLUMN COUNT 
'" LAST COLUMN VALUE 17901 

. I 
CALL IRowupl 

SUBROUTINE 

I 
RETURN 

SET COLUMN 
COUNT = LAST 

COLUMN TO = 4FHJ 

seT AOWCOUNT 
'" LAST ROW 

119200 i 7S0HI 

SET CURSOR Y 
POSITION = 
LAST ROW 

1240fSHI 

CALL LOAD CURSOR 
POSITION SUBROUTINE, 

l"WP75 I 

I 
RETURN 

Figure 4-27. Cursor Left Routine (ESCD) 

Clear Screen Routine (ESC E) 

Several possibilities existed for implementing the 
clear screen functiori. The simplest of these tech­
niques involves filling the display memory with 
space codes. This technique, although conceptually 
simple, requires several milliseconds to implement. 



The End-of-Row character (EOR) recogriizeci by 
the 8275 allows the clear screen feature to be exe­
cuted in a considerably shorter time span. During 
the clear screen routine, Figure 4-28, EOR charac­
ters are placed in the first character position of 
each row in display memory .. Since the EOR char­
acter blanks the entire display row when placed in 
the first character position· of the row, the use of 
EOR characters in each row blanks the entire 
screen. All pointers are· cleared during thl; clear 
screen operation. 

~ 
MOVE EOR CHARACTER 
TO FIRST CHARACTER 

LOCATION T EACH ROW 

SET ROW rUNT. 0 

SET COLUMj COUNT = 0 

SET CURSOR I POSITION· 0 

RE.INITIALIZ1 TOP TO SOOOH 

CALL LOAD CURSOR 

POSITION SUBROUTINE, [WP75] 

.. ····1 
RETURN 

Figure 4-28. Clear Screen Routine (ESCE) 

Home Rc0utine (ESC H) 

The home routine, Figure 4-29, resets the Row 
Count, Column Count·and Cursor Y Position buf­
fers to zero, but does not affect the value of TOP. 

~ 
SET RowrUNT • 0 

SET CaLUMj COuNT' 0 

SET CURSOR I POSITION = 0 

CALL LOAD.CURSO~ 

'. POSITION SU8·~OUi-INE.~ . I . . 
RETURN 

Figure4-29~ Home Routin~ (ESCH) 
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Erase to Endof Screen Routine (ESCJ) . 

The erase to end of screen routine, Figure 4-30, 
inserts End of Row characters (EOR) in display 
memory in·. the same fashion as the clear screen 
routine. The . fundamental difference between the 
routines is that· the erase to end of screen routine 
must insert EOR characters selectiVely.· Only rows 
from the- prese~t display row until the last display 
row, pointed to by BOTIOM, receive EOR charac­
ters. It should be noted that the pointer BOTTOM 
changes dynamically with scrolling operations. 

9 
CALCULATE LOCATION OF 

FIRST CHARACTER IN PRESENT 
ROW, STORE IN I LOCPR I 

'I . 
. CALCULATE BOTTOM;STORE IN leCTAol 

FILL LOCATION OF FIRST 
. CHARACTER IN PRESENT ROW 

WITH EOR CHARACTER 

SET LOCATION OF 
FIRST CHAR IN PRESENT ROW 

.. LOCATION OF FIRST CHAR OF 
FiRST.~ow IN DISPLAY MEMORV (8000H) 

seT LOCATION OF 
FIRST CHARACTER IN PRESENT 

ROW" LOCATION OF FIRST CHAR 
IN PRESENT ROW"+80D 

Figure 4-30. Erase to End of Screen Routine (ESCJ) 

Erase Line Routine (ESCK) 

The erase line routine, Figure 4-31, calculates the 
location of the first character in the current display 
row·stores the location in buffer memory, and 
call~ the fill subroutine, which fills the row with 
space codes. 

Backspace Routine (CTRLH) 

See cursor left routine. 

LineFeedRoutine(C.T~U) 

. See cursor down routine. 



~ 
CALCULATE LOCATION OF FIRST CHARACTER 

IN ROW. STORE AT ILOCxxl 

I 
STORE CONTENTS OF LOCXX 

IN MEMORY 

AT IlOCBUF I 
I 

CALL~ 
SUBROUTINE 

I 
RETURN 

Figure 4-31. Erase line Routine (ESCK) 

Carriage Return Routine (CTRLM) 

The carriage return routine, Figure 4-32, clears the 
column count and updates the 8275 cursor posi­
tion registers. 

~ 
SET COLUMj COUNT - 0 

CALL LOAD CURSOR POSITION 

SUBROUTINE,I WP75 I 

I 
RETURN 

Figure 4-32. Carriage Return Routine (CTRlM) 

Row Up, Row Down Subroutines (ROW UP, ROW 
DOWN) 

The row up subroutine, Figure 4-33, subtracts 80D 
from the Row Count value, decrements the Cursor 
Y Position pointer, and updates the 8275 Cursor 
Position registers. The row down subroutine, Fig­
ure 4-34, differs in that 80D is added to Row 
Count. 

Column Right, Column Left Subroutines (COLRT, 
C()LLT) 

The column right subroutine, Figure 4-35, incre­
ments the Column Count poillter and updates the 
8275 cursor position registers. The column left 
subroutine, Figure 4-36, differs in that the Column 
Count is decremented. 
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or 
ADD-SOD 

TO ROW COUNT, 
STORE'IN LOCATION IRClAOI 

I 
DECREMENT CURSOR Y POSITION 

STORE IN LOCATION leuRsyl 

I 
CALL LOAD CURSOR 

POSITION SUBROUTINE,I WP15 I 

I 
RETURN 

Figure 4-33. Row Up Subroutine (ROWUP) 

? 
ADD +800 TO ROW caUNT 

STORE IN IRclAol 

I 
INCREMENT CURSOR Y PCS/TIO"! 

STORE IN ICURSY I 

I 
CALL LOAD CURSOR 

POSITION SUBROUTINE, [WP75 I 

I 
RETURN 

Figure 4-34. Row Down Subroutine (ROWDN) 

l§J 
. I 

INCREMENT COLUMN COUNT 

STORE IN JCCTAD I . 

I 
CALL LOAD CURSOR 

POSITION SUBROUTINE,I WP75 I . I 
RETURN 

Figure 4-35. : Column Right Subroutine (COlRT) 

~ 
. DECREMENT COLUMN·COUNT 

STORE IN ICCTAO I 
I . 

CALL LOAD CURSOR 

POSITION SU'BROUTlNE,I WP75 I 

I 
RETURN 

Figure 4-36. Coiumn left Subroutine (COll T) 



Scroll Subroutine (SCROL) 

The scroll subroutine, Figure 4-37, fills the row in 
display memory pointed to by TOP with space 
characters via the fill subroutine; then modifies the 
value of TOP. TOP is utilized by the 8275 service 
subroutine inre-initiali?:ingthe 8257 DMA con­
troller. 

MOVETOP TO ILOCBUF I 

FROM I TOPAD I 

I 
CALL [TIIT] SUBROUTINE 

SET TOP - TOP+80D 

r OP+50H 

RETURN 

Figure 4-37. Scroll Subroutine (SCROLl 

Fill Subroutine (FILL) 

The fill subroutine, Figure 4-38, calculates the 
location of the last character in the current display 
row, plus one character position, by adding 80D = 
SOH to the location of the first character in the 
current display row. The current stack pointer 
value is saved, then the stack pointer is loaded with 
the location of the last character in the current dis­
play row, plus one character position. The Band C 
registers of the CPU are loaded witIi space charac­
ters and 40 PUSH B operations performed. This 
technique provides a rapid means (275 p.sec) of 
filling a given row with space codes. 

Load Cursor PositionSubroutine (WP 75) 

The load cursor positIon subroutine, Figure 4-39, 
transfers the contents of the Column Count and 
cursor Y position pointers to the 8275 cursor X 
position and cursor Y position registers, respec­
tively. 
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The relationship between system subroutines is 
presented in Appendix '5.3. Software timing con­
siderations are covered in Appendix SA. 

MOVE LOCATION OF FIRST 
CHARACTER IN PRESENT ROW I TOP ROW 

FROM BUFFER. ! LOCBUF) 

...... I . 
CALCULATE LOCATION OF . 

LAST CHARACTER IN ROW +1 CHARACTER LOCATION 

STOR E r LOC80 

SAVE STACK POINTER 

I .' , 
seT STACK POINTER = LOCATION 
OF LAST CHARACTER IN ROW + 1 

FILL ROW LCATIONS 
WITH SPACE CHARACTERS 

VIA STACK pur OPERATIONS 

RESTORE STrK POINTER 

RETURN 

Figure 4-38. Fill Subroutine (FI LLI 

OUTPUT WRITE CURSOR 
POSITION COjMAND TO 8275 

OUTPUT CURSOR X POSITION (COLUMN COUNT) 

TO 8275FT Icc~ AD I . 

OUTPUT CURSOR Y POSITION (CURSOR V POSITION) 

. . ~o 8;75 FRO~ leuAsv I 

I 
RETUR~ 

Figure 4-39. load Cursor PositionS~~routirie(WP751 
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Appendix 5.1 
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BIT 

0000 

0001 

0010 

0011 

, 0100 

0101 

0110 

0111 

1000 

1001 

1010 

1011 

1100 

1101 

1110 

1111 

NOTE: 

Appendix 5.2 
ESCAPE/CONTROL/DISPLAY CHARACTER SUMMARY 

CONTROL 
CHARACTERS 

000 001 

@ p 
NUL DLE 

A lOCI Q 

SOH 

B R 
STX DC2 

C S 
ETX DC3 

0 T 
EOT DC4 

E 
NAK,U ENQ 

ACK F I SVN 'v, 

I:::?:::::::::::::::::~::~:: I CT B W 

:: x 
:' CAN ': ': 

I Y 
HT EM 

I::::::::::::':fi::i~:~:::::: Z 
SUB 

K !:~~~:::::::!::: ' VT , , 

L I 
' FF FS ' 

::~r~:::::::::::::::~;:l 
GS 

N A 
SO RS 

a 
S1 us -

010 

SP 

I 

.. 
# 

$ 

% 

~ 

( 

) 

. 
+' 

I 

OISPLAYABLE 
CHARACTER 

01 100 
101 110 

'" 
P 

I A Q 

2 B R 

3 C S 

4 D T 

5 E U 

~ F V 

7 G W 

8 H X 
,c, 

9 I Y 

: J Z 

; K' r' 

< L \ 

= M J 

> N /I. 

? 0 -

1111 0 
,10 

011 

.. 

ESCAPE 
SEQUENCE 

100 
101 

J A 

+ B - C - 0 

CLR E 

HOME H 

EOS I 

EL J ' 

Shaded blocks = functions terminal will reac~ to, Others. can be generated but are ignored up on receipt. 
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I 
ESCAPE 

SEQUENCE 
SUBROUTINE 

IESREe) 

I ! f I f 
CURSOR UP CURSOR DOWN CURSOR RIGHT CURSOR LEFT CLEAR SCREEN 

~ 
ROUTINE ROUTINE ROUTINE ROUTINE ROUTINE 

fESCA) IESCB) (ESCel fEStCI (ESeE) 

t-
ROWUP ROWDOWN ROWDOWN. COLUMN ROWUP 

SUBROUTINE SUBROUTINE SUBROUTINE LEFT , SUBROUTINE 
(ROWUP) (ROWON) (ROWDN) SUBROUTINE (ROWUP) 

LOAD 
CURSOR 
POSITION 

SUBROUTINE 
(WP75) 

SCROLL 
SUBROUTINE 

(SCROLl 

I 
FILL 

SUBROUTINE 
(FIll) 

1 

SYSTEM INITIALIZATION ROUTINES 

INTERRUPT POLLING SUBROUTINE 
(POLL) 

I 
I 

I 
READ/STORE 8275 INTERRUPT 

USART CHARACTER SERVICE 
SUBROUTINE SUBROUTINE 

(RDFS1) IAT75) 

I 
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HANDLING 
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I T 
CONTROL 
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(eNTRL) 

f 1 I I I I 
HOME ERASE TO ERASE BACK SPACE LINE FEED CARRIAGE 

ROUTINE ENDOF LINE ROUTINE ROUTINE RETURN 
(ESCH) SCREeN ROUTINE ICTRL HI (CTRLJI ROUTINE 

ROUTINE (ESCK) I I ICTRlMI 
(ESCJ) 

I 
CURSOR CURSOR 
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(ESCD) (ESCB) 
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SUBROUTINE 
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SUB-
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I 
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Appendix 5.4 

SOFTWARE TIMING 

Subroutine execution times are summanzed in the 
flowchart provided in Figure 5-1. The values shown 
represent the number of clock cycles required for 
the execution of a given routine. The actual rou­
tine execution time is obtained by multiplying the 
number of clock cycles/routine by the time/clock 
cycle. For a 2.048 MHz system clock, the time/ 
clock cycle is 0.4883 J,lsec. It should be noted that 
the values indicated represent worst-case execution .. 
times. In order to appreciate the meaning of the 
subroutine execution times, it is necessary to con­
sider two factors: 

1. The time available for the CPU to execute 
instructions between DMA operations. 

2. The maximum rate at which data characters 
are presented to the CPU for processing.· 

CPU availability during a complete display frame is 
illustrated in Figure 5-2. Available CPU processing 
time, per character, at 4800 baud,during the DMA 
active portion of the display frame, is illustrated in 
Figure 5-3. It can be seen from Figure 5-3 that 
1443 J,lsec are available for processing each charac­
ter during the DMA active portion of the frame. 
Total CPU processing time during the DMA inac­
tive portion of the frame may be seen from Figure 
5-2 to be 1234 J,lsec. This value encompasses· the 
time to process the 8275 interrupt and perform 
character handling functions. 

Using the information contained in Figure 5-1, 
the maximum execution time * for a given charac­
ter handling routine is 802 J,lsec. Since this value 
is less than 1.443 msec, proper timing is assured. 
Using the maximum character handling routine. 
execution time and the time required for 8275 
interrupt processing, the maximum CPU availabil­
ity requirement during the DMA inactive portion 
of the frame may be calculated. This value corre­
sponds to 802 J,lsec + 253 J,lsec (8275 interrupt 
processing) or lOSS J,lsec. Since this value is less 
than 1234 J,lsec, proper timing is assured. 

"see notes, Figure 5.-1. 
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Appendix 5.5 

VISUAL ATTRIBUTE IMPLEMENTATION 
CONSI DERATIONS 

In order to utilize the visual attribute features of 
the 8275, it is necessary to modify the CRT sys­
tem hardware and software functions accordingly. 

Hardware. modifications necessary to implement 
character attributes are illustrated in Figure 5-4. 
The attribute outputs LAO-LAI selectively con­

.. trol the data transferred to the output shift regis-
ter. 

The software memory management scheme pre­
sented in the Application Note must be modified 
in order to accommodate attribute features. An 
outline of the software considerations involved 
when using the attribute features is presented as 
follows: 

1. Attributes, as described in the 8275 Data 
Sheet, occupy character locations in display 
memory. Since the number of attributes per 
display row may be variable, the linear map­
ping relationship between character position 
on the screen and memory pointers Top, Row 
Count, and Column Count no longer exists. 
It is necessary to keep track of the number of 
attribute characters in each row and their 
specific location when modifying pointer 
values. 

2. The increased number of character locations 
required will force the user to incorporate' 
additional display RAM. 

3. Since the total number of characters in dis­
play memory may be variable when attributes 
are utilized, it is necessary to modify the 
starting a~dress and terminal count values for 
the DMA channels as required. 

4. Character insertion and deletion operations 
may be handled through block transfer oper­
ations or through the use of extended display 
memory row segments. 
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Figure 5·1. Subroutine Execution Times Flowchart 
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Figure 5·2. CPU Availability 
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Figure 5·3. CPU Availability/Character at 4800 Baud (DMA Active) 
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LOC OBJ 

OOFB 
OOFA 
OOFA 
006F 
006E 
005F 
005E 
001111 
0045 
0046 
0047 
0000 
0084 
0048 

0000 C34000 

0038 

0038 C3C900 

0040 

0040 F3 
0041 31F.F87 

0044 210080 
0047 3E20 
0049 77 
.004A 7D 
004B FECF 
OOIlD CA5400 
0050 23 
0051 C34700 
0054 7C 
0055 FE87 
0057 CA5EOO 

005A 23 
005B C34700 

005E 210000 
0061 22D387 
0064 22E287 
0067 22D887 
006A 22DA87 
006D 22DC87 
0070 22DE87 
0073 22E087 
0076 210080 
0079 22D687 
007C 218087 
007F 22E687 
0082 3EOO 
00811 32D287 
0087 32D587 
008A 32E487 
008D 32E587 

0090 3E4F 
0092 D3FB 
0094 3E27 
0096 D3FB 

0098 3E35 
009AD36F 

Appendix 5.6 
. . SOFTWARE LISTINGS 

SEQ SOURCE STATEMENT 

1 
2 

j8275/8279 CRT SYSTEM SOFTWARE 

~ 
5 CNCTL 
6 CNIN 
7 CNOUT 
8 KCOM 
9 KDAT 

10 CRCOM 
11 CRDAT 
12 PC2SA· 
13 PC2TC 
llj PC3SA 
15 PC3TC 
16 MDC57 
17 MDS57 
18 PMD57 
19 
20 
21 
22 

~~ 
25 
26 

~~ 
29 
30 
j~ CRTGO: 

~~ 
~~ 
~A THETA: 

~& 
III 
112 
113 
1111 NXT1: 

ft~ 
ftA 
49 
50 
51 
52 

~~ NXT2: 
55 
56 
§~ 
~6 
61 
62 

~~ 
%~ 
%~ 
69 
70 
71 
72 

H 
75 
76 

H 
A& 
81 
82 
ga 

ISYSTEM EQUATES 

~QU . OFBH 
EQU OFAH 
EQU OFAH 
EQU 6FH 
EQU 6EH. 
EQU 5FH 
EQU 5EH 
EQU 44H 
EQU 45H 
EQU 116H 
EQU 117H 
EQU OOH 
EQU 811H 
EQU 118H 

j8251 CONTROL ADDRESS 
'8251 INPUT DATA ADD 
;8251 OUTPUT DATA ADD 
;8279 COMMAND ADDRESS 
;8279 D.ATA ADDRESS 
;8275 COMMAND ADDRESS 
'8275 DATA ADDRESS 
;8257 CH 2 START ADD PORT 
'8257 CH 2 TERM COUNT PORT 
;8257 CH 3 STARTING ADD PORT 
;8257 CH 3 TERM COUNT PORT 
'8257 MODE CLEAR 
;8257 MODE SET (AUTOLOAD, CH 2 
;8257 MODE SET PORT 

ENABLED) 

!SYSTEM INITIALIZATION ROUTINES 
j 

~MP 
6RG 

~MP 
6RG 

6r 

CRTGO 

0038H 

. POLL 

0040H 

LXI SP, 87FFH 

;JUMP TO START OF MAIN ROUTINE 

; JUMP. TO START OF INT SERVICE ROUTINE 

;DISABLE INTERRUPTS 
;LOAD STACK POINTER 

· !MEMORY CLEAR ROUTINE 

hI H,8000H 
MVI A, 20H 
MOV M,A 

· ~~¥ ~6~H 
JZ NXTl 
INX H 
JMP THETA 
MOV A,H . 
CPI 87H 

· JZ . NXT2 

INX 
JMP 

H 
THETA 

;LOAD H&L WITH START ADD OF DISPLAY MEM 
. ;LOAD A WITH SPACE CHAR CODE 

JLOAD SPACE CHAR IN MEM 
;MOVE LOW ADD BYTE TO A 
;COMPARE WITH OCFH 
;IF COMPARRISON JMP TO NXTl 
;INCREMENT H&L 
;JMP TO THETA~ CONT LOADING MEMORY 
;MOVE UP ADD HYTE TO A 
;COMPARE WITH 87H 
iibDC~~k~~~bn~~~~DTbANi~ISPLAY 
!INcAEMENT H&L 
;JMP TO THETA, CONT LOADING MEMORY 

!POINTER/BUFFER CLEAR ROUTINE 
;. 

LXI 
SHLD 
SHLD 
SHLD 
SHLD 
SHLD 
SHLD 
SHLD 
LXI 
SHLD 
LXI 
SHLD 
MYI 
STA 
STA 
STA 
STA 

HJ.OOOOH 
RI,;TAD 
LOCBUF 
LOCAD 
LOCal 
Loc80 
LOCXX 
LOCPR 
Hl 8000H 
TuPAD 
H./.8780H 
BuTAD 
AJ.OOH 
CI,;TAD 
CURSY 
XFLG 
USCHR 

• ZERO H&L 
iZERO·ROW COUNT 
• ZERO BUFFER 
iZERO CHARACTER LOCATION 
'ZERO LOC OF 1ST CHAR IN ROW 
~ZERO LOC OF 80TH CHAR IN ROW 
:ZERO PRESENT LOC OF 1ST CHAR IN ROW 
iZERO PRESENT LOC OF 1ST CHAR IN ROW 
;LOAD H&L WITH 8000H 
'SET TOP = 8000H 
;LOAD H&L WITH 8780H 
;SET BOT = 8780H 
'ZERO A 
!ZERO COLUMN COUNT 
iZERO CURSOR Y POINTER 
'ZERO ESC SEQ FLAG 
iZERO USART CHAR BUFFER 

i8251 
AirI 
OUT 
MYI 
OUT 

INITIALIZATION ROUTINE 

A,4FH 
CNCTL 
A,27H 
CNCTL 

18279 INITIALIZATION 

AVI 
OUT 

AJ.35H 
KI,;OM 

;MODE SET VALUE TO A 
jOUPUT VALUE 
;COMMAND WORD TO A 
jOUTPUT VALUE 

ROUTINE 

;OUTPUT PROG CLOCK, DIV BY 21 

18275 INITIALIZATION ROUTINE 



009C 3EOO ~6 MVI Aft°OH JRESET AND STOP DISPLAY 
009E D~~F OUT C COM 
OOAO 3 F ~~ MVI Aft4FH jSCREEN PARAM BYTE 1 
00A2 D35E OUT COAT 
00A4 3E58 89 MVI Aft58H BYTE 2 
00A6 D3~E 90 OUT COAT 
00A8 3E 9 91 MVI Aft89H BYTE 3 
OOAA D35E 92 OUT COAT 
OOAC 3ED9 

§ij 
MVI. Aft°D9H BYTE 4 

OOAE D3~E OUT COAT 
OOBO 3E 0 95 MVI Aft80H JLOAD CURSOR POSITION 
00B2 D35F 96 OUT C COM 
00B4 3EOO 97 MVI A,OOH j CURSOR X POSITION 
00B6 D35E 98 : OUT CROAT 

jCURSOR Y POSITION 00B8 3EOO 99 MVI . Aft°OH 
OOBA D35E 100 OUT COAT 

jPRESET COUNTERS OOBC 3EEO 101 MVI . AROEOH 
OOBE D35F 102 OUT C COM 
OOCO 3E2~ 10ij MVI ~R~~~ JSTAR1' DISPLAY 
00C2 D~5 10 OUT 
00C4 F 106 EI jENABLE INTERRUPTS 
OOC~ 00 .. 10 LOOP:. NOP 
OOC C3C500 107 JMP LOOP 

108 j 
109 

!8275/8251 INTER~UPT POLLING 110 ROUTINE 
111 j 
112 iN 00C9 DB5F 11ij POLL: CRCOM jREAD 8275 STATUSE CLEARING INT 

OOCB E620 11 ANI 20H jMASK· STATUS, SAV INT REO BIT 
OOCD CAD500 115 JZ AGGIE jIF STATUS=1, SERVICE 8275 

116 
tALL 0000 CD7304 11~ GIGEM: RT'75 jCALL 8275 INT SERVICE SUBROUTINE 

OODij FB 11 EI ;ENAIlLE INTERRUPTS 
000 C9 119 RET jRETURN 

120 
tALL 0005 CDODOO 121 AGGIE: RDF51 ·CALL READ liSART CHAR ROUTINE 

0008 CDE500 122 CALL CHREC ;CALL CHARACTER RECOG/HANDLING ROUTINE 
OOOB FB 12ij EI . j·ENABLE INTERRUPTS 
OOOC C9 12 RET jRETURN 

125 
JUSART .. 126 READ/STORE CHAR SUBROUTINE 

12A iN OODO DBFA 12 RDF51 : CNIN jREAD ASCII CHAR FROM USART, RESETTING RXRDY 
OODF E6H' 129 ANI 7FH ·MASK BIT 8 SAVE BITS 1-~ 
OOEl 32E587 130 STA USCHR ;STORE US ARt CHAR IN MEM RY 
00E4 cg 131 RET • RETURN 

1.32 
iCHARACTER RECOGNITION/HANDLING SUBROUTINE 13~ 13 ~DA OOE~ 3AE487 135 CHREC: XFLG JLOAD A WITH ESC SEO FLAG 

OOE E6FF 136 ANI OFFH jSET/RESET ZERO BIT 
OOEA CAFlOO 13~ JZ NXTX . jIF ONE~CHAR=2ND CHAR IN ESC SEO 
OOEO CDOFOl 13 CALL ESREC jCALL E C SEQ SUBROUTINE 
OOFO C9 lij9 RET • RETURN . 
OOFl 3AE587 1 0 NXTX: LDA USCHR iLOAD USART ·CHAR IN A 
00F4 E660 141 ANI 60H jMASK BITS 1-5~&8tSAVING BITS 6&7 
00F6 CAFDOO 142 JZ NXTY ·IF ZERO CHAR= ON ROL CHAR 

14ij ; IF ONE CHAR=DISPLAY CHAR 
00F9 CD4B03 14 CALL DISPL jCALL DISPLAY CHAR SUBROUTINE 
OOFC C9 14~ RET • RETURN . 
OOFD 3AE587 14 NXTY: LDA USCHR iLOAO USART CHAR IN A 
0100 E610 14~ ANI 10H jMASK OFF BITS SAVE BIT·5 
0102 C20901 14 JNZ NXTZ jIF ZERO CO NT tHAR=CONT CODE 

149 ·IF ONE CONT CHAR=ESC CODE 
0105 CD2701 150 CALL CNTRL ;CALL CONTROL CODE SUBROUTINE 
0108 C9 151 RET • RETURN 
0109 21E487 152 NXTZ: LXI H,XFLG .iLOAO H&L WITH ADD OF ESC SEO FLAG 
OlOC 3601 15ij MVI M,OlH JSET ESC SEQ FLAG 
010E C9 15 RET j RETURN 

155 
!ESCAPE.SEQUENCE SUBROUTINE 156 

15~ ~VI 010F 3EOO 15 ESREC: A,OOH ZERO A 
0111 32E487 159 STA XFLG RESET ESC.SEQ FLAG 
0114 3AE587 160 LOA USCHR LOAD USART CHAR IN A 
0117 E60F 161 ANI OFH MASK BITS 5..;8 
0119 07 162 RLC SHIFT LEFT,YIELDING OFFSET 
011A 210004 16ij LXI H,BSETl LOAD.BASE ADD OF TABLE 1 IN H&L 
011D 110000 16 LXI D,OOOOH ZERO D&E 
0120 5F 165 MOV E,A LOAD OFFSET IN E 
0121 19 166 DAD 0 ADD OFFSET TO BASED RESULT IN.H&L 
0122 5E 16~ MOV E,M MOVE LOW BYTE OF R UTINE ADD TO E 
012ij 2~ 16 INX ·H INCREMENT COMPUTED ADDRESS 
012 5 169 MOV D,M MOVE UP BYTE OF ROUTINE ADD TO 0 
0125 EB 170 XCHG EXCHANGE D&E WTIH H&L 
0126 E9 171 PCHL LOAD PC WITH ROUTINE ADD, JMP TO ROUTINE 

172 
ICONTROL CODE SUBROUTINE 173 

2·236 



0127 3AE5B7 
012A E606 
012C 21F004 
012F 110000 
0132 5F 
0133 19 
01311 5E 
0135 23 
0136 56 
0137 EB 
0138 E9 

0139 2AD3B7 
013C 7D 
013D FEOO 
013F CA4601 
0142 CDOB03 
0145 C9 
0146 7C 
0147 FEOO 
0149 CA5001 
014C CDOB03 
014F C9 
0150 21B007 
0153 22D3B7 
0156 3E18 
015B 32D587 
015B CD3C03 
015E C9 

015F 2AD3B7 
0162 7D 
0163 FE80 
0165 CA6COl 
0168 CD1A03 
016B C9 
016C 7C 
016D FE07 
016F CA7601 
0172 CD1A03 
0175 C9 
0176 CD3C03 
0179 CDOB04 
017C C9 

017D 3AD2B7 
0180 FE4F 
0182 CA8901 

0185 CD3403 
018B C9 
0189 2AD3B7 
018C 7D 
018D FEBO 
018F C29BOl 
0192 7C 
0193 FE07 
0195 C29BOl 
019B C3A401 
019B 3EOO 
019D 32D287 
01AO CD1A03 
01A3 C9 
01A1! 3EOO 
01A6 32D287 
01A9 CD3C03 
01AC CDOBOII 
OlAF C9 

01BO 3AD287 
01B~ FEOO 01B CABCOl 
01B CD2C03 
01BB C9 
01BC 2AD387 
01BF 7D 
01CO FEOO 
01C2 C2CEOl 
01C5 7C 
01C6 FEOO 
01C8 C2CEOl 

174 
175 CNTRL: 
176 
177 
17B 
179 
180 
181 
182 
183 
184 
185 
lB6 
187 
188 
189 ESC A : 
190 
191 
192 

l§u 
195 ALPHA: 
196 

'§A 199 
200 BETA: 
201 
202 
203 
2011 
205 
206 
207 
20B 
209 ESCB: 
210 
211 
212 
213 
214 
215 GAMMA: 
216 
217 
218 
219 
220 DELTA: 
221 
222 
223 
2211 
225 
226 ESCC: 
227 
228 
229 
230 
231 
2j2 ZETA: 
~3a 
~~g 
237 
238 

... ~U6 CCTOA: 
241 
242 
243 
244 CCTOB: 
245 
246 
247 
248 
249 
250 
251 
252 ESCD: 
253 
2511 
~~g 
257 NXTA: 
258 
~g6 
261 
262 
263 

lDA 
ANI 
LXI 
LXI 
MOV 
DAD 
MOV 
INX 
MOV 
XCHG 
PCHL 

USCHR 
06H 
H,BSET2 
D,OOOOH 
E,A 
D 
~,M 
D,M 

!CURSOR UP ROUTINE 

lHLD 
MOV 
CPI 
JZ 
CALL 
RET 
MOV 
CPI 
JZ 
CALL 
RET 
LXI 
SHLD 
MVI 
STA 
CALL 
RET 

RCTAD 
AlL 
OuH 
ALPHA 
ROWUP 

AIH 
OuH 
BETA 
ROWUP 

H10780H 
R~TAD 
A,.18H 
CuRSY 
WP75 

!CURSOR DOWN ROUTINE 

lHLD RCTAD 

~~I ~6~ 
JZ GAMMA 
CALL' ROWDN 
RET' 
MOV A,H 
CPI 07H 
JZ DELTA 
CALL ROWDN 
RET 
CALL WP75 
CALL SCROL 
RET 

, !CURSOR RIGHT ROUTINE 
lDA . CCTAD 
CPI ·4FH 
JZ ZETA 

CALL 
RET 
LHLD 
MOV 
CPI 
JNZ 
MOV 
CPI 
JNZ 
JMP 
MVI 
STA 
CALL 
RET' 
MYI 
STA 
CALL 
CALL 
RET 

COLRT 

RCTAD 
ALL 
8uH 
CCTOA 
A~H . 
.O,H 
CCTOA 
CCTOB. 
A1.00H 
C~TAD 
ROWDN 

A1.00H 
C~TAD 
WP75 
SCROL. 

!CURSOR-LEFT ROUTINE 

lDA . -CCTAD 
CPI OOH 
JZ NXTA 
CALL COLLT 
RET 
LHLD 
MOV 
CPI 
JNZ 
MOV 
CPI 
JNZ 

RCTAD 
A,L 
OOH 

.. CCTMA 
-_ AH 

.. ' - 06H 
CCTMA 

2-237 

LOAD USART CHAR IN A 
MASK .CHAR, SAVE BITS 2-3 
LOAD BASE ADD OF TABLE 2 IN H&L 
CLEAR D&E 
LOAD OFFSET IN E 
ADD OFFSET TO BASE6 RESULT IN H&L 
MOVE LOW BYTE OF R UTINE ADD TO E 
INCREMENT COMPUTED ADDRESS 
MOVE UP -BYTE OF ROUTINE ADD TO D 
EXCHANGE D&E WITH H&L 
LOAD PC WITH ROUTINE ADD, JMP TO ROUTINE 

JLOAD ROWCOUNT IN H&L . 
jMOVE LOW BYTE .OF ROWCOUNT.TO A 
jCOMPARE BYTE WITH OOH 
jIF BYTE=O CONTINUE COMPARRISON 
jCALL ROWUP SUBROUTINE 
'RETURN . 
;MOVE UP BYTE OF ROWCOUNT TO A 
'COMPARE BYTE WITH OOH 
;IF BYTE=OpROWCOUNT=FIRST ROW 
!~~~~R~OWU SUBROUTINE 
;LOAD H&L WITH ROWCOUNT=LAST RO~1 VALUE (1920D) 
'STORE 0780H IN ROWCOUNT BUFFER -
; LOAD A ~IITHCURSOR Y POS=LAST ROW VALUE (240) 
jSTORE 18H IN CURSOR Y POS BUFFER 
jCALL LOAD CURSOR POSITION SUBROUTINE 

jLOAD ROWCOUNT IN H&L 
jMOVE 'LOW BYTE 'OF ROWCOUNT TO A 
jCOMPARE BYTE WITH 80H ' 
jIF BYTE=80H, CONTINUE COMPARRISON 
jCALL ROWDOWN SUBROUTINE 
'RETURN . 
;MOVE UP BYTE OF ROWCOUNT TO A 
'COMPARE BYTE WITH 07H 
iIF BYTE=07H, ROWCOUNT=LAST ROW 
jCALL ROWDOWN.SUBROUTINE 
'RETURN 
iCALL LOAD CURSOR POSITION SUBROUTINE 
jCALL SCROLL SUBROUTINE 
jRETURN 

'LOAD COLUMN COUNT IN A 
!COMPARE BYTE WITH 4FH . 
;IF BYTE=4FH6 COLUMN COUNT =LAST 
'CHARA€TER P SIN ROW 
;CALL COLUMN RIGHT SUBROUTINE 
'RETURN .-
iLOAD ROWCOUNT IN H&L 
jMOVE LOW BYTE 'OF ROWCOUNT TO A 
'COMPARE BYTE WITH BOH 
;IF BYTE=80H~ CONTINUE COMPARRISON 
jMOVE UP BYT~ OF ROWCOUNT TO A 
jCOMPARE BYTE WITH 07H 
jIF BYTE=07H6ROWCOUNT=LAST ROW 
j JUMP .TO CCT B . 
JZERO A . 
'ZERO COLUMN COUNT 
i'CALL ROWDOWN SUBROUTINE 
jRETURN 
j ZERO A . 
j ZERO COLUMN' COUNT BUFFER " .. 
jCALL.LOAD CURSOR POSITION SUBROUTINE 
jCALL SCROLL SUBROUTINE . . 
jRETURN '. 

LOAD -COLUMN COUNT IN A 
COMPARE BYTE WITH OOH . -
IF BYTE=O"COLUMN COUNT =FIRST CHAR POS IN ROW 
CALL COLUMN LEFT SUBROUTINE 
RETURN_ _ 
LOAD' ROWCOUNT· IN H&L 
LOAD LOW BYTE OF ROWCOUNT IN A 
COMPARE BYTE WITH OOH 
IF BYTE=O~CONTINUE COMPARRISON 
LOAD UP BITE OF ROWCOUNT IN A 
COMPARE BYTE WITH ZERO ; 
IF BYTE=O,HmIE POS CONDITION EXISTS 



01CB C3D701 
01CE 3E4F 
01DO 32D287 
01D3 CD0803 
01D6 C9 
0107 218007 
01DA 22D387 
01DD 3E4F 
o 1DF 32D2B7' 
01E2 3E18 
01E4 32D587 
01E7 CD3C03 
OlEA C9 

01EB 210000 
01EE 22D387 
01Fl 3EOO 
01F3 32D287 
01F6 32D587 
01F9 CD3C03 
OlFC C9 

01FD 2AD687 
0200 EB 
0201 2AD387 
0204 19 
0205 22DE87 

0208 3E87 
020A BC 
020B D21402 
020E CD2A02 
0211 C32002 
0214 C22002 
0217 3ECF 
0219 BD 
021A D22002 
021D CD2A02 
0220 2ADE87 
0223 22E287 
0226 CD3204 
0229 C9 

022A 2ADE87 
022D 1130F8 
0230 19 
0231 22DE87 
0234 C9 

0235 3EFO 
0237 0619 
0239 115000 
023C 210080 

023F 77 
02110 19 
0241 05 
0242 C23F02 

0245 210000 
0248 22D387 
024B 210080 
024E 22D687 
0251 2180B.7 
0254 22E6B7 
g~§~ ~~ggB7 
025C 32D5B7 
025F 32E4B7 
0262 CD3C03 
0265 C9 

0266 2AD6B7 
0269 EB 
026A.2AD387 
026D 19 

026E 22E087 

264 .. 
265 CCTMA: 
266 
267 
26B . 
269 CCTMB: 
270 
271 
272 
273 
274 
275 
276 
277. 
27B 
279 ". 
2BO ESCH: 
2Bl 
2B2 
2B3 
284 
2B5 
2B6 

JMP 
MVI 
STA 
CALL 
RET 
LXI 
SHLD 
MVI 
STA 
MVI 
STA 
CALL 
RET 

·CCTMB 
A 4FH 
CCTAD. 
ROWUP 

H1.07BOH 
Rl>TAD 
A IIFH 
C6TAD 
AJ.18H 
CuRSY 
WP75 

iHOME ROUTINE 
iXI . 
SHLD 
MVI 
STA 
STA 
CALL 
RET 

~c~2g0H 
A1.00H 
Cl>TAD 
CURSY 
WP75 

~~~ !ERASE LINE ROUTINE 

JUMP TO CCTMB 
LOAD A WITH 4FH 
SET COLUMN COUNT=4FH=79D 
CALL ROWUP SUBROUTINE 
RETURN 
LOAD H&L WITH ROWCOUNT=780H=1920D 
SET. ROWCOUNT =1920D 
LOAD ,A WITH 4FH 
SET COLUMN COUNT=IIFH=79D 
LOAD A WITH lBH 
SET CURSOR .'1 POINTER=18H=2I1D 
CALL LOAD CURSOR POSITION SUBROUTINE 
RETURN 

'ZERO H&L . 
iSET ROWCOUNT=O 
'ZERO A 
lSET COLUMN COUNT=O 
lSET CURSOR Y POINTER=O . 
iCALL LOAD CURSOR POSITION SUBROUTINE 
j RETURN .. 

289 .'. ' 
290 ESCK: tHLD TOPAD 'LOAD TOP IN H&L 
291 XCHG j STORE TOP IN D&E 
292 LHLD RCTAD 'LOAD ROWCOUNT IN H&L 
293 DAD D JADD TOP+ROWCOUNT, RESULT IN H&L 
294 SHLD LOCXX jSTORE RESULT IN MEM 
295 ' 
296 MVI A,87H 'LOAD 87H IN A 
297 CMP H iCOMPARE H WITH 87H 
29B JNC FRODO 'IF NO CARRY CONTINUE • 
299 , CALL COMRX ;IF CARRYLCAtL COMPENSATION ROUTINE 
300 JMP BILBO 'JUMP TO ~ILBO 
301 FRODO: JNZ BILBO iIF NOT EQUAL END COMPARRISON 
~g~ ~~ t~OCFH' l~gA~A~~"L I~I~H CFH 
3011 . JNC '. BILBO i IF NO CARRY,LOCXX LESS THAN OR EQ TO 87CFP. 
305 CALL COMRX j IF CARRY, CALL .COl~PENSATION ROUTINE 
306 BILBO: LHLD . LOCXX· j LOAD LOC OF FIRST CHAR IN ROW IN H&L 
307 SHLD LOCBUF jSTORE LOCXX IN BUFFER 
308 CALL FILL jCALL FILL ROW WITH SP CHAR SUBROUTINE 
309 RET jRETURN 

~~~ iCOMPENSATION SUBROUTINE COMRX 
312 ' 
313 COMRX: tHLD LOCXX 'LOAD LOCXX IN H&L 
3111 LXI D,OF830H iLOAD COMPENSATION VALUE IN D&E 
315 DAD D j ADD D&E TO H&L . 
316 SHLD LOCXX jSTORE RESULT. IN LOCXX 
31~ RET ' 

~~9 iCLEAR SCREEN ROUTINE 
320 ' 
321 ESCE: MVI A,OFOH' 
322 MVI B,19H 
33223 ", LXI D,50H 

II LXI H,8000H 
.325 j 
. 326 LOADX: MOV 
327 . DAD 
328 DCR 
329 JNZ 
B~ iXI .' 
332 ' SHLD 

~~~ k~lD 
3356 LXI 
33 SHLD 

~~~ ~~I 
339 STA 
3110 STA 
341 CALL 

!-i,A . 
D'" 

. B . 
LOADX 

~t~2g0H 
H.t8000H 
TuPAD 
HOB7BOH 
B TAD 

~t~2M 
CURSY 
XFLG 
WP75 

jMOVE EOR CHAR TO A 
jMOVE LOOP CTR START VALUE =19H=25D TO B 
jMOVE 80D=50H TO D&E . 
jMOVE 8000H TO H&L 

jMOVEEOR CHARACTER TO MEM 
jADD BOD=50H TO ADDRESS IN H&L 
'DECREMENT B. 
;CONTINUE LOO~ING.IF B NOT . ZERO 

'ZERO H&L 
iZERO ROWCOUNT 

'ZERO 'Ii 
iZERO COLUMN COUNT 
JZERO CURSOR Y'POS 

jCALLLOAD C\lRSOR POSITION SUBROUTINE 
342 RET 
33443 ' . ' . . 

4 i ERASE TO END OF SCREEN ROUTINE' 

~tt~ ESCJ: tHLD .TOP AD LOAD TOP IN H&L 
347 . XCHG .'. . STORE TOP IN D&E 
34B LHLD' RCTAD LOAD ROW COUNT IN H&L 
349 DAD D' ADD TOP+ROWCOUNTL YIELDING LOC OF 
350 FIRST CHAR IN PRl!;SENT ROW· 
351 SHLD LOCPR STORE .LOCATION IN MEM 

.352 



0271 3E87 
0273 BC 
02711 D27D02 
0277 CDEE02 
027A C38902 
027D C28902 
0280 3ECF 
0282 BD 
0283 D28902 
0286 CDEE02 

0289 2AD687 
028C 7D 
028D FEOO 
028F C2Al02 
0292 7C 
0293 FEBO 
0295 C2Al02 
0298 218087 
029B 22E687 
029E C3AB02 
02Al llBOFF 
02A4 2AD687 
02A7 19 
02A8 22E687 

02AB 3EFO 

02AD 2AE087 
02BO 77 

02Bl 7D 
02B2FE80 
02B4 C2D502 
02B7 7C .. 
02B8 FE87 
02BA C2D502 

02BD EB 
02BE 2AE687 
02Cl 7D 
02C2 BB 
02C3 C2CC02 
02C6 7C 
02C7 BA 
02C8 C2CC02 

02CB C9 
. 02CC 210080 

02CF 22E087 
02D2 C3AB02 

02D5 EB 
02D6 2AE687 
02D9 7D 
02DA BB 
02DB C2E402 
02DE 7C 
02DF BA 
02EO C2E402 

02E3 C9 
02Eli 215000 
02E7 19 
02E8 22E087 
02EB C3AB02 

02EE 2AE087 
02Fl 1130F8 
02F4 19 
02F5 22E087 
02FB C9 

02F9 C35FOl 

02FC 3EOO 
02FE 32D2t17 
0301 CD3C03 
0304 C9 

0305 C3BOOl 

353 
3511 
355 
356 

~~~ VAR: 
359 
360 
361 
362 
j~4 
365 FIN: 
366 
~gA 
369 
370 
371 
372 

~H 
375 TROLL: 
376 

~t~ 
~A6 GNOME: 
381 
382 

~~4 
385 

~~~ 
388 
389 
390 
391 
392 GZONK: 

~§~ 
~§~ 
3ge 
~§9 
~OO 
401 
402 FUN: 
403 
4011 
405 
406 WIZAR: 
407 
40B 
409 
410 
411 
412 
413 
414 
415 
416 NUF: 

alA 

MVI 
CMP 
JNC 
CALL .. JMp·. 
JNZ 
MvI 
CMp. 
JNC 
CALL 
j 

lHLD 
MOV 
CPI 
JNZ 
MOV 
CPI 
JNZ 
LXI 
SHLD 
JMP 
LXI 
LHLD 
DAD 
SHLD 

~VI 
lHLD 
MOV 

~OV 
CPI 
JNZ 
MOV 
CPI 
JNZ 

XCHG 
LHLD 
MOV 
Ct~p 
JNZ 
MOV 
CMp 
JNZ 

RET 
LXI 
SHLD 
JMp 

*CHG 
LHLD 
MOV 
CMP 
JNZ 
MOV 
CMp 
JNZ 

RET 
LXI 
DAD 
SHLD 
JMP 

A,87H 
H 
VAR 
COMRY FIN . 
FIN 
A,OCFH 
L 
FIN 
COMRY 

TOPAD 
A6L o H 
TROLL 
A6H 8 H 
TROLL 
HJ.B780H 
BuTAD 
GNOME 
D60FFBOH 
T PAD 
D 
BOTAD 

A,OFOH 

LOCPR 
M,A 

AbL 
8 H 
WIZAR 
AiH 
8 H 
WIZAR 

BOTAD 
~,L 
FUN 
~,H 
FUN 

H68000H 
L CPR 
GNOME 

BOTAD 
A,L 
E 
NUF 

. A H 
D' 

.. NUF 

H,50H 
D . 
LOCPR 
GNOME 

LOAD 87H IN A 
CO~PARE H WITH 87H 
IF NO CARRYl CONTINUE COMPARRISON 
CALL COMPEN~ATION ROUTINE 
JUMP TO FIN 
IF NOT EQUAL END COMPARRISON 
LOAD CFH IN A 
COMPARE L WITH CFH 
IF NO CARRYlLOCPR LESS THAN OR EQ TO 87CFH 
CALL COMPEN~ATION ROUTINE 

j LOAD TOP IN H&L 
·MOVE L TO A 
!COMPARE BYTE TO OOH 
iIF NO COMPARRISON, JUMP TO TROLL 
·MOVE H TO A 
!COMpARE BYTE WITH 80H 
iIF NO COMpARRISONtJUMP TO TROLL 
jIF COMPARRISON,SE BOT=8780H 

jJUMP TO GNOME 
jLOAD -80D=OFFBOH IN D&E 
JLOAD TOP IN H&L 
jADD -80D TO TOP 

jLOAD A WITH EOR CHAR (LOOP START) 

jLOAD LOCpR IN H&L 
jMOVE EOR CHAR TO MEM 

·MOVE L TO A , 
!COMpARE YTE WITH 80H 
iIF NO COMpARRISON,JMP TO WIZAR 
·MOVE H TO A 
!COMPARE BYTE WITH 87H 
!IF NO COMPARRISON JMP TO WIZAR 
iIF COMpARRISON,PRbcEED TO GZONK 
jSTORE PRESENT LOC IN D&E 
j LOAD BOT IN H&L 
·MOVE L TO A 
!COMPARE E WITH A 
;IF NO COMPA JUMP TO FUN 
l~g~~A~ETg WITH A 
;IF NO COMp, JMp TO FUN 
jIFCOMpARRISON,RETURN 
• RETURN 
iLOAD H&L WITH 8000H 
jSET LOCpR =tlOOOH 

jSTORE LOCPR IN D&E 
jLOAD BOT INH&L 
·MOVE L TO A 
;COMpARE E WITH A 
jIF NO COMp1JMp TO NUF. 
·MOVE H TO A 
!COMpARE D WITH A 
iIF NO COMp JMP TO NUF 
jIF COMpARRisON,RETURN 
j RETURN 
• LOAD 80D=50H IN H&L ,. 
iADD BOD TO LOCpR (LOCpR IN D&E) 
jSTORE LOCPR IN MEM 
jJUMP TO GNOME 419 

420 
421 
422 

ICOMpENSATION SUBROUTINE COMRY 

423 COMRY: 
424 

lHLD LOCPR jLOAD LOCPR IN H&L 
LXI D,OF830H iLOAD COM VALUE IN D&E 

425 
426 

DAD D jADD COMyENSATION TO LOCPR 
SHLD LOCPR jSTORE LOCPR ·IN MEM 

427 
428 

RET jRETURN 
jLINE FEED ROUTINE . 

429 
430 CTRLJ: 

~~~ lCARRIAGE RETURN 
434 ~VI AJ.OOH ft~5 CTRLM: STA C~TAD 
436 CALL WP75 
437 .. RET. 

jMP ESCB 

ROUTINE 

438 • 
439 ',·BACK SPACE ROUTINE 
4110 
441 CTRLH: jMP ESCD 

2-239 

ZERO A 
SET COLUMN COUNT=O 
CALL LOAD CURSOR POSITION SUBROUTINE 
RETURN 



0308 2AD387 
030B 11BOFF 
030E 19 
030F 22D387 

0312 21D587 ' 
0315 35 
0316 CD3C03 
0319 C9 

031A 2AD387 
031D 115000 
0320 19 
0321 22D387 
0324 210587 
0327 34 
0328 CD3C03 
032B C9 

032C 21D287 
032F 35 
0330 CD3C03 
0333 C9 

0334 210287 
0337 34 
0338 CD3C03 
033B C9 

033C 3E80 
033E D35F 
03&0 3AD287 
0343 D35E 
0345 3AD5B7 
0348 D35E 
034A C9 

g~ft~ ~~~~87 
0350 CA5A03 

0353 CD7E03 
0356 CDEB03 
0359 C9 
035A 2AD387 
0350 70 
035E FE80 
0360 CA6A03 
0363 CD7E03 
0366 CDC303 
0369 C9 
036A 7C 
036B FE07 
0360 CA7703 
0370 CD7E03 
0373 CDC303 
0376 C9 
0377 CD7E03 
037ACDDA03 
0370 C9 

03iE 2AD687 
03 1 EB 
03 2 2AD387 
0385 19 
0386 22DA87 
0389 EB 
038A 210000 
038D 3AD287 ' 
0390 6F 
0391 19 

0392 22D887 
0395 3E87 

4112 
443 
44/j 
445 ROWUP: 
446 

~~b 
449 
450 
451 
452 
~§ij 
455 
456 
457 ROWDN: 
458 

~66 
461 
462 
ftgij 
465 
466 
467 
468 COLLT: 
469 
470 
471 
472 

~H 
475 COLRT: 
476 

~tA 
479 
480 
481 
482 WP75 i 

~~a 
485 
486 

~~A 
489 
490 
491 
492 
493DISPL: 
4911 

~§6 
~§A 
499 
500 CTA: 
501 
502 
503 
504 
505 
506 
507 CTB: 
508 
509 
510 
511 
512 
513 CTC: 
51&' " 
515 
516 
517 
518 
519 DIS1: 
520 
521 
522 
523 
524 
525 
526 
527 
528 
529 
530 
531 

IRowup' SUBROUTINE 

[HLD RCTAD 
LXI D,OFFBOH 
DAD D 
SHLD 'RCTAD 

LXI 
DCR 
CALL 
RET 

~,CURSY 

WP75 

I ROWDOWN, SUBROUTINE 

lHLD' RCTAD 
LXI D,50H , 
DAD D 
SHLD RCTAD 
LXI H,CURSY 
INR M 
CALL WP75 
RET 

'C," 

LOAD ROWCOUN,T' IN H&L, " 
MOVE -80D=OFfBOH (2'S COMP) TO D&E, 
ADD ,.800 TO ,ROWCOUNT " 
STORE RESULT',IN ,ROWCOUNT BUFFER 

; LOAD CURSOR Y POINTER ADDRESS IN H&L" ' 
-DECREMENT CURSOR Y POINTER 
;CALLLOAD CURSOR POSITION SUBROUTINE 
; RETURN ' 

;LOAD ,RONCOUNT IN H&L 
;MOVE +80D=50H TO D&E 
-ADD +80D TO ROWCOUNT 
; STORE RESULT, ,IN ROWCOUNT, ' 
;LOAD CURSOR Y'POINTER ADDRESS IN.'H&L 
- INCREMENT CURSOR Y POINTER' : ' , 
;CALL LOAD CURSOR POSITION SUBROUTINE 
; RETURN 

!COLUMN LEFT SUBROUTINE ' 

LXI H,CCTAD 
DCR M 
CALL WP75 
RET 

;LOAD COLUMN COUNT ADDRESS IN H&L 
;DECREMENT COLUMN COUNT 
;CALL LOAD CURSOR POSITION SUBROUTINE 
; RETURN 

!COLUMN RIGHT SUBROUTINE 

LXI H,CCTAD ;LOAD COLUMN COUNT ADDRESS IN H&L 
INR M ' , ; INCREMENT COLUMN COUNT 
CALL WP75, ' ;CALL LOAD CURSOR POSITION SUBROUTINE, 
RET ; RETURN ., 

iLOAD CURSOR POSITION SUBROUTINE 

AVI A 180H ; LOAD A WITH BOH, LOAD CURSOR POSITION :COMMA ND 
OUT CKCOM 
LOA C,CTAD ; LOAD A WITH CURSOR X POSITION 
OUT CRDAT 
LDA ' CURSY , ;LOAD A WITH CURSOR Y POSITION 
OUT CRDAT 
RET ; RETURN 
;' 

i DISPLAY CHARACTER HANDLING, SUBROUTINE 
; . .' . 
LDA CCTAD ;LOAD COLUMN COUNT IN H&L" 
CPI 4FH -COMPARE BYTE WITH IIFH=79D 
JZ CTA ;IF BYTE=4FH~COLUMN COUNT=LAST CHAR­

-ACTER IN ROw 
CALL 
CALL 
RET 
LHLD 
MOV, 
CPI 

, JZ, 
CALL 
CALL 
RET 

'MOV 
CPI 
JZ 
CALL 
CALL 
RET 
CALL 
CALL 
RET ' 

DIS1 
DISA 

RCTAD 
AIL 
8uH 
CTa 
DIS1 
DISB 

A,H 
07H 
CTC 
DIS1 
DISB 

DIS1 
DISC 

iSUBROUTINE DIS1 

;CALL DIS1 SUBROUTINE 
;CALL DISA SUBROUTINE 
• RETURN 
!LOAD,ROWCOUNT IN HBeL 
;LOAD LOW BYTE OF ROWCOUNT'IN H$L 
;COMPARE BYTE WITH BOH , 
;IF BYTE=80HL CONTINUE COMPARRISON 
-CALL DIS1 SuBROUTINE 
;CALL DISB'SUBROUTINE 
; RETURN , 
;MOVE UP BYTE OF ROWCOUNT TO H&L 
-COMPARE BYTE WITH 07H ' 
;IF BYTE=07H,END OF DISPLAY COND EXISTS 
;CALL DIS1 SUBROUTINE ' 
;CALL DISBSUBROUTINE 
-RETURN , 
!CALL DIS1 SUBROUTINE 

, ;CALL DISC SUBROUTINE 
; RETURN 

LOAD TOP IN HU 
STORE TOP IN D&E 
LOAD ROWCOUNT IN H&L 

.'!', LHLD 
XCHG 
LHLD 
DAD 
SHLD 
XCHG 
LXI 
LDA 
MOV 
DAD 

TOP AD 

RCTAD 
D 
LOCO 1 

ADD TOP+ROWCOUNT RESULT,' IN H&L 
STORE LOCATION OF FIRST CHAR IN ROW 
STORE TOP+RONCOUNT:IN'D&E 

SHLD 
MVI 

, ~c~2g0H 
LA 
D' 

LOCAD 
A,87H 

2-240 

ZERO H&L 
LOAD, COLUMN COUNT IN A 
MOVE COLUMN COUNT TO L 
CALCULATE LOCATION= 

: TOP+ROWCOUNT+COLUMN COUNT ,RESULT IN H&L 
STORE LOCATION IN MEMORY,' 
LOAD 87H IN,A 



039A BC 532 CMP H 'COMPARE H WITH 87H 
039 D2Al03 53~ JNC NXTCM !IFNO CARRY CONTNUE COMPARRISON 
039B CDE603 53 CALL COMRT ;11" CARRY* CALL COMPENSATION ROUTINE 
039E C3AD03 53~ JMP XSTAD 'JUMP TO STAD 
03Al C2AD03 53 NXTCM: JNZ XSTAD ;11" NOT EQUAL,END COMPARRISON 
03A4 3ECF 53A MVI A,OCFH 'LOAD OCFH IN A . 
03A6 BD 53 CMP L ;COMPARE L WITH OCFH 
03A7 D2AD03 5~9 JNC XSTAD JIF NO CARRY, LOCATION LESS THAN 

5 0 'OR EQUAL TO 87CFH 
03AA CDE603 541 CALL COMHT ;11" CARRY, CALL COMPENSATION ROUTINE 
03AD CDFB03 542 XSTAD: CALL EORT jCALL END OF ROW CHAR TEST ROUTINE 
03BO 21E587 54~ LXI H,USCHR l~g¢~ g~~~i gn~~ ~gDAIN H&L 03B~ 7E 54 MOV A~M 03B E63F 545 ANI 3 H ;MASK .OFF UPPER 2 BITS OF CHAR 
03B6 2AD887 546 LHLD LOCAD 'LOAD LOCATION IN H&L 
03B9 77 547 MOV M,A. ;MOVE CHARACTER TO CHARACTER 

548 jLOCATION IN DISPLAY MEMORY 
03BA C9 549 RET j RETURN 

550 
iSUBROUTINE DISA 551 

552 
LXI JLOAD COLUMN COUNT ADD IN H&L 03BB 21D287 55a DISA: H,CCTAD 

03BE 34 55 INR M jINCREMENT COLUMN COUNT . 
03BF CD3C03 555 CALL ~/P75 jCALL LOAD CURSOR POSITION SUBROUTINE 
03C2 C9 556 RET j RETURN . 

55~ iSUBROUTINE DISS 55 
559 ~VI 03C3 3EOO 560 DISB: ~t~~~ ; ZERO A 

03C~ 32D287 561 STA 'ZERO COLUMN COUNT 
03C 2AD387 562 LHLD RCTAD ;LOAD ROWCOUNT IN H&L 
03CS 115000 56~ LXI D,50H jLOAD 80D=50H IN D&E 
03CE 19 56 DAD D 'ADD +80 TO ROWCOUNT 
03CF22D387 56~ SHLD RCTAD !STORE ROWCOUNT IN MEMORY 
03D2 21D587 56 LXI H,CURSY ;LOAD CURSOR Y POSITION ADDRESS IN H&L 
03D5 34 56A INR M jINCHEMENT CURSOR Y POSITION 
03D6 CD3C03 56 . CALL WP75 jCALL LOAD CURSOR POSITION SUBROUTINE 
03D9 C9 569 RET j RETURN . . 

570 
iSUBROUTINE DISC 571 

572 
r!wI 03DA 3EOO 57~ DISC: ACOOH j ZERO A 

03DC 32D2117 57 STA C TAD JZERO COLUMN COUNT 
03DF CD3C03 575 CALL WP75 jCALL LOAD CURSOR POSITION SUBROUTINE 
03E2 CDOB04 57b CALL SCROL 
03E5 C9 57A RET j RETURN 

57 
iADDRESS COMPENSATION 5~9 SUBROUTINE. 

5 0 
lHLD· 03E6 2AD88J 581 COMRT: LOCft.D LOAD CHARACTER LOCATION 

0~E9 11301" 5!l2 LXI g,OFIl30H LOAD COMPENSATION VALUE IN D&E 
o EC 19 511~ DAD Af) COMPENSATION TO LOCATION 
03ED 220887 5tl SHLD LOCAD STORE MODIFIED LOCATION IN· MEMORY 

031"0 2ADA87 58~ LHLD 58 LOCO 1 LOAD LOCATION OF FIRST CHAR 
58~ IN ROW IN H&L 

03F~ 1130F!l 5!l LXI D,OF!l30H LOAD COMPENSATION VALUE IN H&L 
031" 19 589 DAD D ADD COMPENSATION TO LOCOI 
031"7 22DAll7 590 SHLD LOCO 1 STORE MODIFIED LOCOI IN MEMORY 
03FA C9 591 RET RETURN 

592 
iEND OF ROW TEST 59~ ROUTINE 

59 
LHLD 03FB 2ADA87 595 EORT: LOCO 1 LOAD LOCATION·OF FIRST CHAR 

596 IN ROW IN H&L 
03FE 7E 59~ MOV A M MOVE FIRST CHAR IN ROW TO A REG 
O~FF FEFO 59 CPI O~OH COMPARE CHAR WITH 01"0 (END OF ROW CHAR) 
o 01 C20A04 599 JNZ XIT IF NO COMPARRISON EXIT 
04011 22E284 600 SHLD LOCBUF STORE FIRST CHAR iN ROW ADD IN LOCBUF 
01107 CD320 601 CALL FILL CALL FILL ROW WITH SPACE CODES SUBROUTINE 
OIiOA C9 602 XIT: RET RETURN 

60~ iSCROLL SUBROUTINE 60 

040B 2AD687 
605 

lHLD 606 SCROL: TOPAD LOAD TOP IN H&L 
OIiOE 22E287 60A SHLD LOCBUF STORE FIRST CHAR IN· ROW ADD IN LOCBUF 
0411 CD32011 60 CALL FILL CALL FILL ROW WITH SPACE CODES SUBROUTINE 
01114 2AD687 609 LHLD TOPAD MOVE TOP TO H&L 
041A 7D 610 MOV &6~ MOVE LOWER BYTE OF TOP TO.A 
041 FE80 61 I CPI COMPARE TOP WITH MAX VALUE 
041A C22A04 612 JNZ DUCK IF NO COMPARRISON EXISTS6 CONTINUE SCROL 
041D 7C 61~ MOV a~~ MOVE UPPER BYTE OF TOp·T A 
OllIE FE87 61 cpr COMPARE TOP WITH MAX VALUE 
01120 C22A04 61~ JNZ DUCK IF NO COMPARRISON EXISTSt CONTINUE SCROL 

61 IF COMPARRISON TOP=MAX ALUE=8780H 
042~ 2100~0 61A LXI He8000H IF COMPARRISON: MODIFY TOP TO TOP=8000H 
042 22D6 7 61 SHLD T PAD STORE MODIFIED TOPAD IN MEMORY 
0429 C9 619 RET RETURN 
042A .1 15000 620 DUCK: LXI D,50H MOVE80D=50H TO D&E 
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042D 19 
042E 22D687 
0431 C9' 

0432 2AE287 

0435 115000 
0438 19 
0439 22DC87 
043C 012020 
043F 210000 
04112 39 
0443 EB 
04411 2ADC87 
0447 F9 
0448 C5 
0449 C5 
044A C5 
044B C5 
044C C5 
044D C5 
044E C5 
044F C5 
0450 C5 
0451 C5 
0452 C5 
0453 C5 
04511 C5 
0455 C5 
0456 C5 
0457 C5 
0458 C5 
0459 C5 
045A C5 
045B C5 
045C C5 
045D C5 
045E C5 
045F C5 
0460 C5 
0461 C5 
0462 C5 
0463 C5 
04611 C5 
0465 C5 
0466 C5 
0.467 C5 
0468 C5 
01169 C5 
046A C5 
0468 C5 
046C C5 
046D C5 
046E C5 
046F C5 
01170 E8 
0471 F9 
0472 C9 

0473 3EOO 
01175 D3118 

0477 2AD687 
047A 7D 
047B D344 
047D 7C 
047E D344 

0480 7D 
0481 2F 
0482 6F 
gft~~ ~~ 
0485 67 
0486 23 

0487 l1CF87 
048A 19 
048B 110080 
048E 19 

621 
622 

'623 ' 

DAD 
SHLD 
RET '. 

D 
, :TOPAD 

6211 i ., . 
625, i FILL SUBROUTINE 
626 • 
627 FILL:. {HDD LaCB~F: 

. 628 
629 
630 
g~~ 
M~ 
g~~ 
63~ 
g~9 
6~0 
641 
642 

~~i1 
645 
646 

~ft~ 
649 
650 
651 
652 
~§~ 
~~~ 
657 
658 
659 
660 
661 
662 

~~~ 
~~g 
gg~ 
669 
670 
671 
672 
Mij 
675 
676 

~~~ 
679·' 
680 
681 
682 

LXI 
DAD 
SHLD' 
LXI 
LXI 
DAD 
XCHG 
LHLD. 
SPHL 
~USH B 
PUSH B 
PUSH B 
~g~~ '~' 

, PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH 8 
PUSH B 
PUSH B 
PUSH. B 
PUSH B 

'PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH 8 
PUSH'B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSHB 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 

. PUSH B 
PUSH B 
XCHG 
SPHL 
RET 
i 
i 
i 

g,50H 
LaC80, 
B,2020H 
~~OOOOH 

, LaC80 

iADD 80D=50H TO TOP 
iSTORE MODIFIED TOP AD IN MEMORY 
i RETURN 

;LOA~ LOCATION OF FIRST CHAR IN ROW 
iOR FIRST CHAR IN TOP ROW IN H&L ',' , 
• LOAD 80D=50H IN D&E' , 
~CALCULATE LOCATION OF LAST CHAR IN. ROW 
;STORE LOCATION OF'liAST CHAR IN ROW'IN MEMORY 
iLOAD SPACE CHARACTERS IN B&C', ' 
• ZERO H&L ',-' ' 
;ADD SP TO H&LJ. TRANSFERRING SP TO H&L 
'STORE STACK PuINTER IN D&E .', 
;LOAD LOCATION, OF LAST CHAR IN ROW IN H&L 
iLOAD LAST ·CHAR LOCATION IN SP 

iEXECUTE THE LIST OF PUSH B COMMANDS TO 
; FILL THE LI/iE: WITH BLANK CHARACTERS .' 

iSTACK POINTER TRANSFERRED TO H&L 
j RESTORE STACK 
jRETURN 

g~a 
g~g 
687 
688 
689 ' 

j8275 INTERRUPT SERVICE SUBROUTINE 

, .. 690 RT75: 
691 
692 
g§ij 
g§g 

·697 
698 
699 
700 
701 
702 
703, 
7011 

. 705 
706 
707 
708 
709 
710 

, j8257' REINITIALIZATION 
; ... ' 

MVI 
OUT 

LHLD 
MOV 
OUT 

, MOV 
OUT, 

~OV 
cMA 
MOV 
MOV 
CMA 
MOV 
INX 

LXI 
DAD 
LXI 
DAD 

'A,MDC57 
PMD57 

TOP AD 
A L 
PC2SA 
A,H ' 
PC2SA 

A,L 

L;A 
A,H 

, H A 
.. B' 

D,87CFH 
D " 
g,8000H 
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jMOVE MODE CLEAR COMMAND,TO A 
jOUTPUT MODE CLEAR COMMAND TO 8257 

LOAD TOP IN H&L 
LOAD CH 2 START ADD, LOW BYTE, IN A 
OUTPUT CH 2 START ADD TO 8257 
LOAD CH 2 START ADD, UP'BYTE, IN A 
OUTPUT CH 2 START ADD TO 8,257 

~gA~L~~~N~YIE OF TOP IN·A 
LOAD 'COMPLEMENTED VALUE,IN L 
LOAD UP BYTe: OF TOP IN A 
COMPLEMENT A ' 
LOAD ,COMPLEMENTED VALUE ,IN H 
INCREMENT H&L, YIELDING 2'S COMPLEMENT 
OF,TOP IN A ' 
LOAD 87CFH. IN" D&E 
ADD H&L TO D&E~ YIELDING 87CFH-TOP 
LOAD D&E WITHoOOOH " ' 
ADD 8000H TO' 87CF-TOP 



048F 7D 711 MOV A L MOVE LOW BYTE OF CH 2 TC TO A 
0490 D345 712 OUT pbTC OUTPUT CH 2 TC TO 8257 
0492 7C 
0493 D3li5 H~ MOV 

OUT ~t~TC MOVE UP BYTE OF CH 2 TC TO A 
OUTPUT CH 2 TC TO 8257 

049~ 210080 71~ LXI H,8000H 'LOAD 8000HIN H&L 71 
049 7D 717 MOV A,L ;MOVE LOW BYTE OF CH 3 START ADD TO A 
0499 D346 718 OUT PC3SA jOUTPUT CH 3 START AnD TO 8257 
049B 7C 719 MOV A H jMOVE UP BYTE OF CH 3 START ADD TO A 
049C D346 720 OUT PC3SA jOUTPUT CH3 START ADD TO 8257 

721 
LXI 049E 21CF87 722 H,87CFH jLOAD CH 3 TC VALUE IN H&L 

MAl 7D 723 MOV A,L jMOVE L TO A 
OliA2 D~47 724 OUT PC3TC jOUTPUT CH ~ TC TO 8257 
04A4 7 725 MOV A H 'MOVE H TO 
04A5 D344 72& OUT PC3TC !OUTPUT CH 3 TC TO 8257 
04A7 3E8 727 MVI A,MDS57 ;LOAD A WITH MODE SET VALUE 
04A9 D348 728 OUT PMD57 jOUTPUT MODE SET ·TO 8257 

729 j 
730 

!KEYBOARD POLLING 731 ROUTINE 

04AB DB6F 
732 

iN 73~ KPOLL: KCOM 'INPUT FIFO STATUS 
04AD E607 73 ANI 07H !HASK STATUS SAVE BITS 0-2 
04AF CAB504 735 JZ ZIP !TEST FOR CHARACTER PRESENT 
04B2 CDB604 736 CALL XMIT ;CALL CHARACTER TRANSMIT ROUTINE 
04B5 C9 73~ ZIP: RET j RETURN 

73 
l CHARAC'rER TRANSMIT SUBROUTINE 7~9 7 0 iN 04B6 DB6E 741 XMIT: KDAT jINPUT FIFO CHARACTER 

04a8 EECO 742 XRI OCOH 'INVERT TOP 2 BITS 
MBA 21F804 74~ LXI H,BSET3 ;LOAD BASE ADD OF TABLE 3 IN H&L 
04BD 110000 74 LXI D,OOOOH 'ZERO D&E . 
04CO 5F 745 MOV E,A ;LOAD E WITH CHARACTER FROM FIFO 
04Cl 19 74& DAD D jCALCULATE ADD IN LOOKUP TABLE 

74~ 'CONTAINING ASCII CHARACTERS 
711 ;CORRESPONDING TO KEY POSITION IN MATRIX 

04C2 DBFB 7119 USZ: IN CNCTL 'INPUT USART STATUS 
04C4 E601 750 ANI 01H ;MASK STATUS~ SAVE TRANSMITTER READY BIT 
04C6 CAC204 751 JZ USZ 'TEST READY IT 
04C9 7E 752 MOV A~M ;MOVE ASCII CHAR TO A 
04CA E67F 75a ANI 7 H 'MASK BIT 7 
04CC D3FA 75 OUT CNOUT ;OUTPUT CHAR FROM USART 
04CE C9 75~ RET jRETURN 

75 
lDUMY 75~ ROUTINE DEFINITION 

04CF C9 
75 ~ET 759 DUMY: j RETURN 
760 j 
761 j 
762 j 
76a iTABLE DEFINITION 76 AREA 
765 j 
766 j 
767 j 

0400 CFOli 768 BSETl : DW DUMY 
OliD2 3901 769 DW ESCA 
04D4 5FOl 770 DW ESCB 
04D6 7DOl 771 DW ESCC 
04D8 BOOl 772 DW ESCD 
04DA 3502 77a DW ESCE 
OllDC CFOll 77 DW DUMY 
04DE CF04 775 DW DUMY 
04EO EBOl 776 DW ESCH 
04E2 CF04 77~ DW DUMY 
04E4 6602 77 DW ESCJ 
04E6 FDOl 7~9 DW ESCK 
04E8 CF04 7 0 DW DUMY 
MEA CF04 781 DW DUMY 
OliEC CF04 782 DW DUMY 
04EE CFOli 78a DW DUMY 

78 j 
78~ 6w 04FO 0503 78 BSET2: CTRLH 

oliF2 F902 78~ DW CTRLJ 
04F4 FC02 78 DW CTRLM 
04F6 CFOli 789 DW DUMY 

790 j 

MF8 30 
791 

6B 792 BSET3: 30H jDUMMY CHARACTER 
04F9 30 79~ DB 30H 
04FA 30 79 DB 30H 
04FB 30 795 DB 30H 
OliFC jO 796 DB 30H 
oliFD 0 79~ DB 30H 
OliFE 30 79 DB 30H 
OliFF 30 799 DB 30H 
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0500 30 800 DB 30H 
0501 30 801" 'DB JOH 0502 30 802 DB OH 
050~ 30 8°d' DB 30H 
050 30 80 ' DB 30H 
050~ 30 805 DB 30H 
050 .30 806 DB 30H 
050~ 30 80~. DB 30H 
050 lB 80 DB lBH ESC 
0509 OA 809 DB OAH LF 
050A 2C 810 DB 2CH ; 

6R 050B 00 ,811 DB O,DH ; 
050C 20 " 812 DB, 20H ; SP 
050D 1F 81d DB :1FH ; DEL 
050E 2E 81 DB 2EH ; i 050F 2F 815 DB 2FH ; 
0510 5A 816 DB 5AH ,;" z 
0511 58 81~ , DB 58H ; X 
0512 40 81 DB 4DH M 
051d 56 819 DB 56H V 
051 ~O 820 DB ijOH 
051~ ~ 821 DB 3H C 
051 4 822 DB 4EH N 
051~ 42 823 DB 42H B 
051 30 824 DB 30H 0 
0519 20 825 DB 2DH -051A 4F 826 DB 4FH 0 
051B 4C 82~ DB 4CH L 
051C 39 82 DB '39H , 9 0510 '3A 829 DB 3AH ; 
051E 50 830 DB 50H ; P 
051F 3B 831 DB 3BH ; b 0520 ij~ 832 ' DB 5dH ; 
0521 ~~~ DB 4 H ; 0 
0522 4B DB , g~~ ; K 
052~ 41 835 DB ; G 
052 41 836 DB 41H ; A 
052~ 46 83~ DB 46H ; F 
052 4A 83 DB 4AH ; J 
052~ 48 8ij9 . DB 48H ; H 
052 51 8 0 DB ~7H W 
0529 45 841 DB 5H E 
052A 4Z 842 DB, 4ZH I 
052B 5 84~ DB 5A T 
052C 51 84 ' DB :51H Q 
0520 52 84~ DB 52H R 
052E 55 84 DB 55H :U 
052F 59 84A DB 59H Y 
0530 32 84 DB 32H 2 
0531 3g 849 DB 3gH g 0532 3 850 DB 3 H 
053~ 35 851 DB 35H 5 
053 31 852 DB 31H 1 
0535 34 85d DB 34H 4 
05j6 3l 85 DB 3lH l 05 A 3 855 DB 3 H 
053 30 856 DB 30H 
0539 30 85A DB 30H 
053A 30 85 DB 30H 
053B 30 859 DB 30H 
053C 30 860 DB 30H 
0530 30 861 DB 30H 
053E "30 862 DB 30H 
05~F 30 86~ DB 30H 
05 0 30 86 DB 30H 
0541 30 86~ DB 30H 
0542 30 86 DB 30H 
054~ jO ggA DB JOH 054 0 DB OH 
054~ 30 869 DB 30H 
054 30 870 DB 30H 
054~ 30 811 DB 30H 
054 ~O 812 DB 30H 
0549 0 81~ DB 30H 
054A 3C 87 DB 3CH ; < 
054B 30 81~ DB 30H 
054C 30 87 DB 30H 
054D 30 811 DB 30H 
051A 42 82~ DB 42H B 
051 30 82 DB 30H 0 
0519 20 825 DB 2DH -051A 4F 826 DB 4FH 0 
051B 4C 82A DB 4CH ·L 
051C 39 82 DB 39H 9 
0510 ~A 829 DB 3AH P 051E 0 8~0 DB 50H 
051F 3B 8 1 DB 3BH 1 0520 ~~ 832 DB 5~H , , . 
0521 . g~~ DB 4 H D 0522 4B DB 4BH K 
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052a 47 835 DB 47H G 
052 41 836 DB 41H A 
052~ 46 83~ DB 46H F 
052 4A 83 DB 4AH J 
0527 48 8a9 DB 48H H 
0528 57 8 0 DB 57H W 
0529 45 841 DB 45H E 
052A 49 842 DB 44H I 
052B 54 84~ DB 5 H T 
052C 51 84 DB 51H 0 
0520 52 845 DB 52H R 
052E 55 846 DB 55H U 
052F 59 84~ DB 59H y 
0530 32 84 DB 32H 2 
0531 3g 849 DB 3"H g 0532 3 850 DB 3BH 
053~ 35 851 DB 35H 5 
053 31 852 DB 31H 1 
0535 34 85a DB 34H 4 
0536 3X 85 DB 37H 

X 053~ 3 855 DB 36H 
053 30 856 DB 30H 
0539 30 85~ DB 30H 
053A 30 85 DB 30H 
053B 30 859 DB 30H 
053C 30 860 DB 30H 
0530 30 861 DB 30H 
053E 30 862 DB 30H 
05aF 30 86~ DB 30H 
05 0 30 86 DB 30H 
0541 30 865 DB 30H 
0542 30 866 DB 30H 
0544 30 86~ DB ~OH 054 30 86 DB OH 
0545 30 869 DB 30H 
0546 30 870 DB 30H 
054~ 30 871 DB 30H 
054 30 872 DB 3DH 
0549 30 874 DB 30H 
054A 3C 87 DB 3CH ; < 
054B 30 875 DB 30H 
054C 30 876 DB 30H 
0540 30 877 DB 30H 
054E ~E 878 DB ~EH > 
054F F 8~9 DB FH ? 
0550 30 8 0 DB 30H 
0551 30 881 DB 30H 
0552 50 882 DB 5DH 
055a 30 88a DB 30H 
055 30 88 DB 30H 
0555 30 885 DB 30H 
0556 30 886 DB 30H 
055~ 30 88~ DB 30H 
055 30 88 DB 30H 
0559 3D 889 DB 3DH 
055A 30 890 DB 30H 
055B 5C 891 DB 5CH \ 
055C 29 892 DB 29H ) 
0550 2A 89a DB 2AH • 
055E ~O 89 DB 30H 
055F B 895 DB 2BH + 
0560 30 896 DB 30H 
0561 30 89~ DB 30H 
0562 5B 89 DB 5BH 
056a 30 899 DB 30H 
056 ~O 900 DB 30H 
0565 0 901 DB 30H 
0566 30 902 DB 30H 
0561 30 90a DB 30H 
056 30 90 DB 30H 
0569 30 905 DB 30H 
056A 30 906 DB 30H 
056B 30 90~ DB 30H 
056C 30 90 DB 30H 
0560 30 909 DB 30H 
056E 30 910 DB 30H 
056F 30 911 DB 30H 
0570 22 912 DB 22H 
0571 2g 91a DB 2gH I; 
0572 2 91 DB 2 H ~ 057a 25 91~ DB 25H 
057 21 91 DB 21H ! 
0575 24 91~ DB 24H , 
0576 2X 91 DB 2lH 
057~ 2 919 DB 2 H & 
057 §O 920 DB jOH 0579 0 921 DB OH 
057A 30 922 DB 30H 
057B 30 92a DB 30H 
057C 30 92 DB 30H 
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057D 30 925 DB 30H 
057E 30 926 DB 30H 
05~F 30 927 DB 30H 
05 0 30 928 DB 30H 
0581 30 929 DB 30H 
0582 30 930 DB 30H 
058ij 30 931 DB 30H 
058 30 932 DB 30H 
058530 93ij DB 30H 
0586 30 93 DB 30H 
058~ 30 93~ DB 30H 
058 30 93 DB 30H 
0589 30 93~ DB 30H 
058A 30 93 DB 30H 
058B 30 9ij9 DB 30H 
058C 30 9 0 DB 30H 
058D 30 941 DB 30H 
058E 30 942 DB 30H 
058F 30 94~ DB 30H 
0590 1 A 94 DB 1AH SUB 
0591 18 945 DB 18H CAN 
0592 OD 946 DB ODH CR 
059~ 16 94~ DB 16H SYN 
059 30 94 DB 30H 
059~ 03 949 DB 03H ETX 
059 OE 950 DB OEH SO 
059~ 02 951 DB 02H STX 
059 30 952 DB 30H 
0599 1 F 95~ DB lFH , US 
059A OF 95 DB OFH , SI 
059B OC 955 DB OCH ; Fl" 
059C 30 956 DB 30H 
059D 30 95~ DB 30H 
059E 10 95 DB 10H DLE 
059F 3D 959 DB 30H 
05AO 1~ 960 DB l~H DC3 
05Al 0 961 DB o H EOT 
05A2 DB 962 DB OBH VT 
05A~ 07 96< DB 07H ; BEL 
05A 01 96& DB 01H ; SOH 
05A~ 06 96~ DB 06H ; ACK 
05A OA 96 DB OAH ; LF 
05A~ 08 96~ DB OSH ; BS 
05A17 96 DB 17H ; ETB 
05A9 05 969 DB 05H ; ENQ 
05AA 04 970 DB °tiH " , HT 
05AB 1 971 DB 1 H ; DC4 
05AC 11 972 DB llH ; DCl 
05AD 12 97~ DB 12H ; DC2 
05AE 15 97 DB 15H 1 NAK 
05AF 19 975 DB 19H EM 
05BO 30 976 DB 30H 

, 
05B1 30 97~ DB 30H 
05B2 30 97 DB 30H 
05B~ 30 9~9 DB ~OH 05B 30 9 0 DB OH 
05B5 30 981 DB 30H 
05B6 30 982 DB 30H 
05Be 30 98~ DB ~OH 05B 30 98 DB OH 
05B9 30 985 DB 30H 
05BA 30 98 DB 30H 
05BB 30 987 DB 30H 
05BC 30 988 DB 30H 
05BD 30 989 DB 30H 
05BE 30 990 DB 30H 
05BF 30 991 DB 30H 
05CO 30 992 DB 30H 
05Cl 30 99~ DB 30H 
05C2 30 99 DB 30H 
05C~ 30 995 DB 30H 
05C 30 996 DB 30H 
05C~ 30 9ge DB 30H 
05C 30 99 DB 30H 
05Ce 30 999 DB 30H 
05C 30 1000 DB 30H 
05c9 30 1001 DB 30H 
05CA ~O 1002 DB 30H 
05CB 0 1003 DB 30H 
05CC 30 1004 DB 30H 
05CD 30 1005 DB 30H 
05CE 30 1006 DB 30H 
05CF 30 1007 DB 30H 
05DO 30 1008 DB 30H 
05D1 30 1009 DE 30H 
0502 10 1010 DB 1DH GS 
0503 30 1011 DB 30H 
0504 30 1012 DE 30H 
05D5 30 1013 DB 30H 
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05D6 30 10111 DB 30H 
05D~ 30 1015 DB 30H 
050 30 1016 DB 30H 
05D9 30 101~ DB 30H 
05DA ~O 101 DB. 30H 
05DB C 1019 DB lCH FS 
05DC 30 1020 DB 30H 
05DD 30 1021 DB 30H 
05DE 30 1022 DB 30H 
05DF 30 102ij DB 30H 
05EO 30 102 DB 30H 
05El 30 1025 DB 30H 
05E2 lB 1026 DB lBH ESC 
05Eij 30 102~ DB 30H 
05E 30 102 DB 30H 
05E5 30 1029 DB 30H 
05E6 30 1030 DB 30H 
05E~ 30 1031 DB 30H 
05E 30 1032 DB 30H 
05E9 30 . ·103ij DB 30H 
05EA 30 103 DB 30H 
05EB 30 1035 DB 30H 
05EC 30 1036 DB 30H 
05ED 30 '03~ DB 30H 
05EE 30 103 DB 30H 
05EF 30 1039 DB 30H 
05FO ~O 10110 DB 30H 
05Fl 0 .10111 DB 30H 
05F2 30 10112 DB 30H 
05Fij 30 101l~ DB §OH 05F 30 1011 DB OH 
05F5 31 101l~ DB 30H 05Fb 0 1011 DB 30H 
05F7 30 101l~ DB 30H lOll ; 

10119 ; 
1050 ; 
1051 

iDATA SEGMENT AREA 1052 

87D2 105~ 
6RG 105 87D2H 

1055 6s 0001 1056 CCTAD: 1 0002 1057 RCTAD: DS 2 
0001 105!! CURSY: DS 1 
0002 1059 TOP AD: DS 2 0002 1060 LOCAD: DS 2 
0002 1061 LOC01: DS 2 
0002 1062 LOC80: DS 2 
0002 106~ LOCXX: DS 2 
0002 106 LOCPR: DS 2 
0002 1065 LOCBUF: DS 2 
0001 1066 XFLG: DS 1 0001 106~ USCHR: DS 1 
0002 106 BOTAD: DS 2 

1069 END 
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INTRODUCTION 

The UPI-41 is a: low-cost, single-chip microcom­
puter designed to be used as a universal peripheral 
interface device in a microcomputer system. The 
device is based on a completely self-contained 8-bit 
microcomputer with program memory, data mem­
ory, CPU, I/O, event timer, and clock oscillator, in 
a single 40-pin package. A bus interrace is included 
which enables the UPI-41 to be used as a peripheral 
controller in' MCS-48, MCS-80, MCS-85 and other 
8-bit microcomputer families. The device is de­
signed for keyboard scanning, printer control, dis~ 
play multiplexing and similar applications which 
involve interfacing peripheral devices' to microcom­
puter systems. 

The UPI-41 is fabricated with N-channel MOS tech­
nology arid requires only a single S-volt supply for 
operation. It has 1 K words of program memory 
and 64 words of data memory on-chip. Both ROM 
(8041) and EPROM (8741) versions are available 
and the two are completely pin compatible. The 
instruction set of the UPI-41 is almost identical to 
that of the MCS-48. A single byte data register on 
the UPI-41 interfaces directly to an 8-bit master 
processor bus to handle asynchronous data transfer 
to and from the master system. A separate 4-bit 
register is used to indicate the status of data trans-' 
fer. Two 8-bit TTL-compatible I/O ports· plus two 
single-bit test inputs are available .. I/O can be . 
expanded further by using the 8243. I/O expander 
device. A separate register in the UPI-41 is used as 
an event counter or interval timer. 

Because it is a complete microcomputer,. the 
UPI-41 provides more power and flexibility than. 
conventional LSI interface devices. For instance, 
the UPI-41 can be programmed as a peripijeral 
interface for any of the low-cost drum or dot 
matrix printers currently on the market. In addi­
tion to controlling the'printer, the UPI-41can 
handle zero suppression, limit-checking, formatting 
and other computations, thereby unburdening the 
master processor. This type of distributed intelli­
gence, made possible, by the UPI-41, greatly en­
hances overall system capability while reducing 
cost and development time. 

This application note describes how the UPI-41 can 
be used to implement an interface to a matrix 
printer. The printer chosen is fairly typical of a 
large class of printers which minimize total system 
cost by reducing the mechanical content at the 
expense of more sophisticated electronic require­
ments. The UPI-41,with its high degree of cap~bil-

ity, is idtiru for this,type of application. It is sug­
gested that' the reader not already familiar with the 
UPI-41 read the "Intel UPI-41 User's Manual" 
before proceeding in this document. 

THE LRC PRINTER 

The LRC Model 7040 printer is a matrix. printer 
manufactured by LRC Inc. of Riverton, Wyoming. 
Capable of printing up tq 40 columns of ,alpha­
numeric information, this printer is mechanically 
simple and should be ideal for a variety of applica­
tions such as point of sale terminals and data 
logging. While this note concentrates on the Model 
7040 printer, the techniques discussed should be 
applitable to a' variety of similar printerS which are 
currently available. 

The printer (Figure 1) consists of four major s\.!b­
assemblies, the frame, the print head, the main 
drive, and the paper handling components. The 
frame is an aluminum extrusion which provides a 
suitable base for mounting the various components 
of the printer. The print head consists of seven 
solenoids which each drive stiff wires to impact the 
paper through the inked ribbon. At the solenoid 
end' of the print head these wires are arranged in a 
circular fashion. Where these wires impact the 
printer, however, the wires are arranged in a 
vertical column. To see how this arrangement can 
be used to print alphanumeric characters refer to 
Figure 2. The figure shows a 5 X 7 matrix of 

, "dots"~ The columns are labeled Cl through C5; 
the rows are labeled as Row 1 through Row 7. 
Each row corresponds to one of the solenoid­
driven, wires. The entire print head assembly is 
moved left to right across the paper so that at T) it 
is over Cl, at T2 it is over C2, and so on. If the 
correct solenoids are activated at each of these 
times (T)-T 5) then a character can be formed. 
Figure 2 shows the character "A" formed. At T) 
solenoids one through five were active, at T2 sole­
noids four and six were active, and so on until the 
'complete '. character was formed. The complete 

'. character is formed by choosing the correct pattern 
of active solenoids for each of five instants in time. 

The print head is moved across the paper by the 
main drive. The main drive consists of a 24-pole 
synchronous motor which drives a rotating plastic 
drum. The drum has a spiral groove molded into it. 
A pin attached to the print head rests in this 
groove so that as the drum rotates at a constant 
speed, the"print head is driven back and forth across 
the papeI:.· Printing is .accomplished by controlling 



the activation of the solenoids as the print head is 
driven from left to right across the paper.When the 
end. of the print area occurs the spiral groove 
reverses the direction. of the head motion. As the 
left-hand edge of the paper is reached a cam 
attached to the drum activates the HOME micro­
switch and the groove again reverses the motion 

. of the head. When the print head is again over the 
print area and travelling in the left to right direc­
tion the microswitch is deactivated. The printer 
controller uses the trailing edge of the signal gener­
ated by the microswitch to initiate the printing of 
a new line of information. 

Paper feed is accomplished by a second synchro: 
nous motor which can be activated to feed paper 
through the mechanism. A switch is provided 
which is activated while the actual line feed is 
occurring. The control logic can use the trailing 

edge of the signal generated by this switch to tum 
off the line feed motor. A version of the printer 
with automatic line feed is available. 

INTERFACE SIGNALS 

The interface. signals to the pri~ter consists of a 
pair of wires for each solenoid,', a pair of wires for 
each motor (main drive and line feed), a pillr of 
wires returning the state of the ,HOME micro­
switch, and a pair of wires returning the state of 
the LINE FEED microswitch. 

The solenoids must be driven from a 40 ±4 volt 
source. The peak current is approximately 3.6A, 
the .average current is approximately O.SA. A 
circuit providing the required drive is shown in 
Figure 3. The output stage,consisting of the. 
2N604S Darlington transistor, the IN4002 catch­
ing diode, and the 20-ohm damping resistor, is the 

DIMENSIONS 

/ 

.,28~.350 d'~ 
4.700- , 
5.34' " 

.188 DIA HOLE ~ 
3PLACES 

ALL DIMENSIONS IN INCHES 

Figure 1. LRC Model 7040 Printer 
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one suggested by the manufacturer of the printer. 
The input stage is a discrete implementation of a 
DTL gate. Note that the base-emitter junction of 
the 2N6045 will protect the 2N2222A transistor 
from over-voltage on its collector. This circuit has 
several features which are important to the printer 
interface: 

I. All solenoid power (including the power used 
to drive the base of the power transistor) is 
derived from the 40-volt supply. 

2. Disconnecting the drivers from the UPI-41 or 
the loss of the 5-volt supply to the UPI-41 
will result in the solenoids being turned off. 

C1 C2 C3 C4' C5 

Row7D 0 • 0 D 
ROW6D • 0 • D 
ROWS. DOD. 
ROW •••••• 
ROW3. D DO. 
ROW2. D D D • 
ROW'. 0 DO. 
Figure 2. 5 x '1 Dot Matrix 

The first feature of the drivers will minimize the 
impact of the printer and its interface on the 5-volt 
supply of the system. The second feature prevents 
the activation of the solenoids erroneously during 
power on/off cycles or during system checkout. 
This is an important point since the solenoids will 
be damaged if left activated continuously. (During 
the debug of the design described in this note 
fuses were added to the solenoid drivers to protect 
them from mishap.) 

The two motors can each be driven as shown in 
Figure 4. The Monsanto MCS-6200 is an optically­
coupled TRIAC which is ideal for driving the small 
synchronous motors in the printer. Coupled with a 
buffer this part provides a simple means of con­
trolling the motor without sacrificing the isolation 
required for safe and reliable operation. 

Figure 5 shows a UPI-41 used as an interface be­
tween an Intel® 8085 and an LRC Model 7040 
printer. The drivers which have already been 
described have been used to interface the TTL 
outputs of the 8741 to the levels required by the 
printer. The two contact closure outputs from the 
printer (PAPERFEED and HOME) have been 
filtered and applied to the TESTO and TEST! 
inputs of the UPI-41. Bit 5 of output port 2 has 
been designated as an interrupt pin which will be 
used to request service from the 8085. 

+40 

47K 

rN604s-------1 
:311 1N914 1N914 1N914 I 

I 
I 
I __ ...1 

Figure 3. Solenoid Driver 

+40V 

Figure 4. Motor Driver 
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Figure 5. SDK·85 + UPI·41 
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TIMING 

The relative· timing of the interface signals to the 
printer is·shown in Figure 6. Actual printing com­
mences when the main drive switch signal goesinto 
the print ready. state. This edge indicates that the 
print head is scanning across the paper in the left 
to right direction and that the printer is ready to 
start the . actual printing of characters. When this 
edge occurs the UPI-41 must start transmitting. 
pulses to each of the seven solenoids. The timing 
for these· pulses is shown on the last line of Figure 
6. A pulse of about 400 microseconds is used to 
generate a dot·on the paper; a pause of about 900 
microseconds between these pulses satisfies the 
duty cycle restrictions of the solenoids and pro­
vides a space between dots. Since the printer does 
not provide any feedback to the UPI-41 which 
would indicate the position Of the print head, it is 
necessary for the UPI-41 to decide when to fire 
each solenoid based on timing information it main­
tains internally. The specifications ()f the printer 
allow 310 milliseconds for the print head to 
traverse the print area. The maximum repetition 
rate at which the solenoids cim be· fired is once 
every 1.3 milliseconds. The maximum number of 
dots that can be printed in the. available print area 
is then 310/1.3 = 238. After the last dot has been 
printeci the line feed motor can be activated. The 
motor should remain activated until the line feed 
switch makes the off to on to off transition; this 
takes about 200 milliseconds. After the line feed 
motor is .deactivated the next time of interest is 
when the main . drive signal goes to the inactive 

J 1,25 LINESISEC 
MAIN . . 

DIRVE MOTOR . . . 
-,INPUT) , 160-190 ms 

PRINT READY 
MAI~W~~ -t----' 

(OUTPUT) 

800ms 

HOME 

L 
I 

1--==~::;-~---~200ms 

FEED :~i~= -t----:--~ 
(INPUT) 

7040· 
·PRINT 
PULSE 

UNPIIT) 

·SCALE: 100x . , . . 

Figure 6. Printer Timing 

+40VDC 

state. At this point. the printing of a complete SMGR 

line, including the necessary line feed, has been PSR 

accomplished and the UPI-41 must prepare itself 
for the reactivation·· of the main drive . switch. 
The activation of this switch will indicate that the 
printing.of the next line can commence. 

g~::~~~r------~~ 
PRINTER 
SERVICE 
ROUTINE 

SOFTWARE 

The software system necessary to drive the LRC 
printer can be thought of as two main parts, each 
with an associated data structure. A block diagram 
of the system is shown in Figure 7. All the items 
shown above the dotted line are associated with 
the BUFFER MANAGER (BMGR) program part. 
All items shown below the dotted line are associ­
ated with a PRINTER SERVICE ROUTINE (PSR). 

TABLES 

~·254 

} 
TO HAMMER 

. DRIVERS 
'-----

. Figure 7. SoftWare Block Diagram 



The BUFFER MANAGER is responsible for all 
interaction with the master processor (Le., the 
8085 in Figure 5). The data structure associated 
with BMGR is a 40-character buffer which is used 
to store the characters as they are received from 
the master processor. BMGR maintains two 
pointers which are used to access tht;: buffer; these 
pointers are shown as INPUT POINTER and OUT­
PUT POINTER in the diagram and are imple­
mented as UPI-41 registers Ro and Rl, respectively. 
The input pointer (lNPNT) is kept pointing to the 
last character loaded into the buffer, the output 
pointer (OUTPNT) is kept pointing to the next 
character to be printed. BMGR has two major 
interfaces, the INPUT BUFFER, which is used to 
communicate with the master processor, and the 
register shown in the figure as OUTPUT BUFFER. 
This register, which is implemented with register 
R3 of the UPI-4I, is used to communicate with the 
printer service routine (PSR). A character to be 
printed is placed in the output buffer (OBUF). 
When PSR is ready to print the character it moves 
it from OBUF to its own buffer (PBUF) which is 
labeled as PRINT BUFFER in the diagram. After 
the character is moved the output buffer is over­
written by a predetermined value which indicates 
that PSR has accepted the character. BMGR will 
load a character into the output buffer only if it 
currently is equal to this value. .' 

The printer service routine utilizes the TIMER to 
keep track of the current position of the print 
head. At the appropriate times it causes the sole­
noid drivers to be pulsed so that the character 
stream it sees inPBUF is . printed. Based on the 
contents of PBUF and the contents of leNT, 
which indicates the .active column of the current 
character, PSR looks up the appropriate column 
data to be printed in the. character generator tables. 
This data is stored in the HAMMER BUFFER until 
the precise time that it should be presented to the 
hammer drivers via the I/O bits in PORT 1. leNT 
arid the HAMMER BUFFER are implemented as 
UPI-41 registers 5 and 7, respectively. 

DETAILS OF THE BUFFER MANAGER 

Before BMGR can be discussed in detail, the man­
ner in which it utilizes the character buffer must 
be understood. Figure 8 shows the operation of the 
buffer while two. lines of data are input to the 
UPI-41 and subsequently printed. In order to keep 
the discussion manageable, this figure is drawn as if 
the printer were capable of printing only four 
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characters per line. The two lines of characters to 
be printed are: 

ABeD 
1234 

§ m'D" mo-", "C" "3" 

=::: ::~: 
d ~ d 

s-~~ -Ed. ~. t±l-
W hi ~ 

.~ .. ~~ -rn ~- ~ 
c) oj 

{if m'D" ~'4" "c" .. C'. "3" ___ 
"8" "2" 

"A" ";. "'" 
d) iI p) 

~ ~.-PS-
8i8 ~ ~ 

81 kl gl 

-m:.~:: m"~:: § "S" "2" 
"A" --- .. , .. 

II ,) 

Figure 8. Buffer Operation 

It should be noted that the buffer contains 5 bytes, 
one more than the number of print positions. The 
extra byte is a "phantom address" which, when 
pointed to by the output pointer, indicates that 
the section of BMGR which services the printer 
service routine is inactive. This state must be 
allowed because th~ actual print operation cannot 
begin until the complete line has been input to the 
buffer. If this rule were not enforced, some under­
run protocol would have to be established to 
handle the situation of the input stream from the 
master processor failing to keep up with the print 
head. 

Figure 8a shows the buffer in its initial state. The 
input pointer is. set to the last real position in the 
buffer and the output pointer is set to the phan­
tom position. Figures 8b through 8f show the 
operation of the pointers as the characters "A", 
"B", "e", and "D" are loaded. In each caSe the 



input pointer is incremented to point to the next 
available location and then that location' is loaded 
with the character. The position of the output 
pointer is not changed until the last position of the 
buffer has been loaded. When this occurs, the out­
put, pointer is set to point at the first, character of 
the buffer. The operation of the pointers thus far 
can be described by the following algorithm: ' 

INITIAL: 

INPOINT:=,BUFFER_MAX; 

OUTPOINT:=BUFFER_MAX+1 ; 

LOOP: 

IF CHARACTER_AVAILABLE T,HEN 

BEGIN 

INPOINT:~(lNPOINT+lI MOD BUFFER_LENGTH; 

BUFFER(INPOINT):=CHARACTER; 

IF INPOINT=BUFFER_MAX THEN OUTPOINT:=BUFFER_MIN; 

END; 

GOTO LOOP; 

END; 

Obviously, if this loop were allowed to continue, 
the buffer would be overwritten by the next line of 
text before the first could be printed. This can be 
prevented by modifying the algorithm as follows: 

LOOP: 

IF CHARACTER_AVAILABLE'THEN 

BEGIN 

TEMP:=(lNPOINT+11 MOD BUFFER_LENGTH; 

IF TEMP<>OUTPOINT THEN 

BEGIN 

INPOINT:=TEMP; 

BUFFER(INPOINTI:=CHARACTER; 

IF INPOINT=BUFFER_MAX THEN O,UTPOINT:=BUFFER_MIN; 

END; 

END; 

GOTO Loopi 

This modification' will "freeze the action" at Fig­
ure 8f until the output, pointer is incremented. 
When this occurs theiriput procedure will immedi­
ately load the input data over the' character that 
Vias just printed (assuming that data is available to 
the procedure at a higherrate than can be printed). 
The defined ihterface with the printer service rou­
tine allows a character to be removed from the 
buffer and placed in the output buffer whenever 
the output buffer contains the value placed there 
by the PSR, indicating that it has accepted the 
character that was previously in the output buffer. 
If this value is called EMPTY_FLAG then the 
complete buffer handling procedure can be defined 
as follows: 
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(NITIAL: 

INPOINT:=BUFFER_MAX; 

OUTPOINT:=BUFFER_MAX+l ; 

LOOP: 

IF CHARACTER_AVAILABLE THEN 

BEGIN 

TEMP:=IiNPOINT+I) MOD BUFFER~LENGTH; 
IF TE'MP<>OUTPOINT THEN' 

BEGIN 

INPOINT:=TEMP; 

BUFFER{INPOINT);=CHARACTER;' 

IF,INPOINT=BUFFER_MAX THEN 

OUTPOIIliT:=BUFFER_MIN; , 

END; 

,IF OUTPUT _BUFFER=EMPTY .,..FLAG THEN 

BEGIN 

IF OUTPOINT<=BUFFER_MAX THEN 

BEGIN 

ciuTPUT _BUFFER :=BUFFER{OUTPOINT); 

OUTPOINT:=OUTPOINT+l ; 

END; 

END; 

END; 

GOTO LOOP: 

Examination of Figures 8gthrough 8r will show 
how this algorithm maintains the buffer. If there is 
an open position and a character is available, iUs 
placed in the buffer. When a complete line is in the 
buffer, printing is initialized by setting the output 
pointer to BUFFER_MIN. As the last character of 
a line is printed, the output pointer is incremented 
to point at the "phantom location" until the next 
line is completely entered. It should also be noted 
that if the input stream is faste,r than the print 
operation, then aftetthe last character· of a lihe is 
printed only one 'character need be input before 
printing can resume (see' Figures' 81, m, and n). 
Frame r shows that after all available characters 
have been printed the state of the buffer is the 
same as it is initially. This is obviously a desirable 
feature. 

The flowcharts for th~ complete BUFFER MANA~ 
GER ,are shown in Figures 9a and 9b. The corre­
sponding code,can be found starting at label 
BMGR of the program listings (see appendix). The 
flowcharts follow the algorithm that has been dis­
cussed very cIosely~Sonie' additions have been 
made to implement logic llOt associated with the 
buffer. The first difference is that when a byte is in 
the input buffer it is tested to determine whether 
it is a command byte or a data character before 
further action is taken. Only two commands are 
recognized; one to set, and,'one to reset, the in­
temal interrupt enable flag. This, flag, which is 



implemented as bit zero of PORT2 determines 
whether or not the UPI-41 will assert an interrupt 
to the master processor when it is able to accept 
a new ch!lracter. Two additional deviations can be 
noted in Figure 9a; the first is that the motor of 
the printer will be turned on whenever a data 
character is received, the second is that if an end of 
line code (Le., an ASCII line feed) is received, then, 
instead of storing it in the buffer, a mode is en­
tered which fills the remaining buffer locations 
with space characters. This mode is enabled by bit 
one of PORT2. Note that utilizing otherwise 
unused bits of PORT2 for program status allows 
convenient testing and setting by the software and 
also enables external monitoring of the program 
operation. 

Figure 9a. Buffer Manager F.lowchart 
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The last addition .to the algorithm can be seen in 
Figure 9b where instead of going directly back to 
the start of the program after servicing the printer, 
a test is made to determine if the interrupt to .the 
master processor should be asserted. This interrupt 
is set if the enable bit is se~ and there is also room 
in the buffer for at least one more character. After 
this test, control is passed. back to the beginning 
ofBMGR. 

Figure 9b. Buffer Manager Flowchart 

PRINTER SERVICE ROUTINES. 

The Printer Seryice Routine must convert the char­
acters given to it by the Buffer Manager into an 
appropriately timed. stream of pulses to the sole­
noids. Because the PSR is extremely time­
dependent, it was implemented as an interrupt­
driven routine which is given control when the 
timer overflow occurs. This allows exact timing 
of the solenoid firings without requiring software 
delay loops. If the timing had been generated by 
such loops, synchronization would have been lost 
when the delay loops were interrupted in order to 
service the master processor. 



If a liard ware design of'a controller for tlie printer 
were being undertaken, a convenient place to start 
would be to generate a state transition diagram 
which shows all the states that can be entered and 
how control can transfer from state to state. This 
hardware design technique is often ·useful in soft­
ware' design and was, in fact, used to develop the 
PSR. The state diagram of the PSR is shown in 
Figure 10. A total of eight states are necessary to 
implement the printer control function. Before 
discussing this diagram further, each of these states 
must be defined. 

WPA: 

TPA: 

IPO: 

ICOL: 

The WPA (Wait for Print Area) state is 
the state in which the system waits for 
the input from the printer which indi­
cates that it is ready to start the actual 
printing of data. 

During the TPA ,(Test Print Area) 
state . the system digitaily filters the 
signal from the printer to ensure that 
contact bounce is not causing an er­
roneous indication that the print area 
has started. 

Transfer to the IPO (Initialize Print 
Operation) state occurs after the posi­
tioning of the print head over the 
print area has been verified. During 
this state the system. initializes itself 
to start printing it line of text. 

The ICOL (Inter Column) state is used 
to time the period between the activa­
tion of the hammers. During this state 
the space between the dots of the 
characters is generated. 

PCOL: During the PCOL (Print Column) state 
the hammers are energized if the par­
ticular character being printed re­

. quires a dot in'the corresponding posi-
tion. 

ICHAR: the ICHAR (Inter Character) state is 
active between characters on a given 
line. 

WFON: During the, WFON (Wait for Feed On) 
state the system waits for the asser­
tion of the feed pulse from the print­
er. This signal indicates . that the 
process of feeding paper is occurring. 

WFOFF: The system remains in theWFOFF 
(Wait for Feed Off) until the feed 
pulse goes inactive. This indicates that 
the required paper feed operation has 
been completed. 

The state diagram, in addition to defining the 
allowl\ble states, also defines how state to state 
transitions can be made. The general structure of 
this diagram shows that PSR is initiated by the 
occurrence of the timer overflow interrupt. When 
the interrupt occurs the contents of the HAMDAT 
(HAMmer DATa) register are immediately trans­
ferred to PORTI which causes the hammer sole­
noids to be activated. Each of the eight possible 
states sets data into. the register which should be 
output at the next timer. overflow occurrence and 
starts the timer operating in a mode which will 
result in the main program (BMGR) being inter­
rupted at the proper time. The following para­
graphs describe the operaticm of each of the. states 

WPA WAIT fOR PRINT AREA 
. TPA TEST PRINT AREA 
IPO INITIALIZE PRINT OPERATION 
ICOL INTER COLUMN DELAY 
PCOL PRINT COLUMN 
ICHAR INTER CHARACTER DELAY 
WFON . WAIT fOR PAPER FEED ON 
WFOFF:< WAIT FOR PAPER FEED OFF 

Co, , 
C'O NOT IPRINT_AREAI 
Cn IPRINT -.AREAI·IFILTEROO) 
C12 IPRINT_AREAHFILTER=OI 
C20 IOBUF=EIW'TY_FLAG) 
""3 IOBUFOEMPTY _FLAG) 
C34 , 
C003 ICOL_COUNTOO) 
Coos (COL_COUNT-O) 
Cs3 (OBUF()EMPTV_FLAGI 
Ct;s IOBUF=EMPTV._FLAG) 
C&6 ~" (PAPERFEED=OFF) 
C67 (PAPERFEED=ONI 
C70 (PAPERFEED=ONI 
en IPAPERFEED=OFF) 

Figure 10. Print. Control State Transition Diagram 
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in detail. The flowcharts of the routines can be 
. found in Figure 11. 

The WPA, CPA; and IPO states are all assoCiated 
with the detection of the valid start of the· print 
area. The WP A state sets the timer iri the event 
count mode· so that the edge of the print area 
signal can be detected, the CPA state digitally 
filters this· input once it has been detected to 
ensure that noise has not caused a false input, and 
finally, thelPO state initializes the system to start 
the actual printing of data. The flowchart shows 
that- the WPA state accomplishes the following 
actions: . 

1. Turns off the paper feed motor 
2. Sets the filter count (for the CPA state) 
3. Sets HAMDAT to zero 
4. Sets STATE to one. 

The timer is set to event count with an initial value 
of OFFH. This will cause a timer overflow interrupt 
the next time a negative transition occurs on the 
TESTl input. Since this input is tied to the signal 
from the PRINT AREA switch, this interrupt 
should occur when the start of the print area is 
reached. The WP A state sets the STATE register to 
cause the TPA state to be entered when this inter­
rupt QCcurs. Each time the TP A (Test Print Area) 
state is activated the software checks to ensure that 
the print area switch is in the proper state; if it is 
not,then all the actions of state zero are repeated 
(except turning off the motor), since a false start of 
print area has occurred. If the test reveals that the 
print area switch is in the proper state, then the 
filter count is reduced by one and the timer is 
started with an initial value of OFFH, the minimum 
attainable timer increment. The STATE register is 
set to repeat the TPA state unless the filter count 
has reached zero; when this occurs the IPO state is 
selected. The IPO state, which is responsible for 
the initialization of the actual print operation, first 
tests the output buffer register to determine if 
there is any data for it to print. If this test is unsuc­
cessful the printer main drive motor is turned off, 
the TPA state is reinvoked and the timer is started 
in the event count mode so that it can detect the 
next start of print area. At first glance this seems 
somewhat fruitless since the event required cannot 
happen if the motor is not turning. By referring 
back to Figure 9, however, it can be seen that 
BMGR turns on the motor whenever it has a data 
character from the master computer. The reception 
of a character will always allow the PSR to find the 
next print area. If, when the IPO state makes it~ 
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test, there is data in the· output buffer then the 
. data is moved to the print buffer and the output 
buffer is set to the empty value. After this is ac­
complished, a counter is set to the number of col­
umns to be printed per character (seven in this case 
- see comment by CGEN label in program listing), 
the STATE register is seHo the ICOL state and the 
timer is set to. time the intercolumn time. (The 
intercolumntime is the time that elapses between 
each possible column of the character.) Before 
exiting from this state the first column of data for 
the hammbers is generated by the COLUMN rou­
tine and placed in the HAMDAT register. 

The three states already discussed set the printer 
up so that it is ready to print. The next three states 
are repeated sequentially until the entire line of 
data has been printed. The ICOL state is probably 
the simplest of the states. When it is invoked the 
hammers have just been fired by the entry into the 
PSR. All that the ICOL state does is to set the 
timer to time the proper duration of the hammer 
strikes, clear the HAMDAT register, and set the 
STATE register to the PCOL state. The PCOL 
state, only slightly more complicated than the 
ICOL state, first decrements the column count. If 
the end of a character is detected (count equal 
zero), the HAMDAT register is cleared and the 
STATE register is set to invoke the ICHAR state. 
If the end of a character is not detected then the 
COLUMN routine is again used to determine the 
next data to be sent to the hammers and the ICOL 
state is reinvoked. When the ICOL state is active 
two things can happen, depending on whether 
there is more data to print. If there is data in the 
output buffer then a series of actions similar to 
those of the IPO state occur to reinitialize the 
printing of a character; if there is no more data in 
the line then the paper feed motor is turned on, 
HAMDAT is cleared, and the STATE register is set 
to the WFON state. The timer is set for approxi­
mately one millisecond so that the state of the 
paper feed switch can be sampled periodically by 
the WFON and WFOFF states. 

The WFON and WFOFF states continue to set the 
timer to the one millisecond sample rate, the 
WFON state reinvokes itself until the paper feed 
switch input is detected and then it invokes the 
WFOFF state. The WFOFF state reinvokes itself 
until the paper feed switch is detected in the off 
state and then invokes the WPA state. The sole 
purpose of the WFON and WFOFFstates is to 
ensure that an off to on to off transition occurs on 



the paper feed switch, When this criterion is satis­
fied the WP kstate is invoked which first turns off 
the paper:feed motor and then proceeds to print 
the next line of data; 

CONCLUSION 

The UPI-41 has been shown to be easily capable of 
controlling the 'LRC matrix printer with no ex­
ternal logic other than drivers and receivers. The 
program listings 'which implement the algorithms 
discussed are shown in Appendix A: It should be 
noted that- no attempt has been made to minimize 
the amount of code in the program; the emphasis 
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wason clarity of operation and ease of implemen­
tation. A careful programmer should be 'able to 
significantly reduce the, amount of code space 
needed, especially in the printer service, routine 
which duplicates much code in each STATE. Even 
with this relativeiy loose coding the printer control 
function,: including the complete character tables, 
easily fit within ,the memory available in the 
UPI-4I. The extra room in ,memory could be used 
to implement such extra features as tabulation, 
printing prestored messages, or even limited 
graphic capabilities. The power and flexibility, of 
the UPI-41 make such features easy to implement. 
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APPENDIX 

ISIS-II 8048 ASSEMBLER, V1.1 
LRC PRINTER CON'l'ROLLER 7/14/7 

we OBJ S&..I SOURCE STATEMENT 

0007 
0006 
1!1005 
0004 
0003 
0002 
001!11 
0000 

00A0 
FFFE 
FFFD 
FFF8 
FFFA 
001!14 

00FF 
0007 
007F 
00BF 
0001 
0002 
000A 
0021 
0020 
0020 
0018 
0018 
003F 

1 
2 
3 ;********************************************************************* 
4 ; 
5 
6 

~ 
9 

10 

B 
13 
14 

i~ 

UPI-41 LRC pRINTER CXlNTR:>LLER 

THIS PROGRAM IMPLEMENTS THE CONTROL OF THE 
LRC PRINTER WITH THE UPI-41. DATA IS INPUT 'IO THE 
UPI-41 AS SIX BIT ASCII. COMMANDS ARE PROVIDED 
'IO . ENABLE OR DISABLE THE GENERATION OF AN 
INTERRUPT WHEN THE UNIT IS READY 
FOR ANOI'HER DATA CHARACTER. THE INTERRUPT IS ENABLED 
BY OUTPUTING 1!13H 'IO THE CONTROL CHM"NEL AND DISABLED 
BY OUTPUTING 02H. WHEN ENABLED THE INTERRUPT 
IS IMPLEMENTED AS A POSITIVE GOING EDGE ON P25. 

NOTE: A PL/MLIKE LANGUAGE WAS USED 'IO cnlMENT 
THIS PROGRAM. NO COMPILER EXISTS FOR THE UPI-41. 
THE COMMENTS WERE 'HAND COMPILED' INTO UPI-41 
ASSEMBLY LANGUAGE. 

17 
18 
19 
211 
21 • 
22 ; **************:*1:r***********.****************************************** 
23 
24 
25 
26 ;************************************************************************* 
27 
28 
29 • 

REGISTER·ASSIGNMENTS 

30 ; *********.**********************~*****************************************~ 
~~ 
33 HAMDAT EQUU 
34 STATE EQ 
35 ICNT EQU 

j~ b~g~ ~ 
38 TESTR i98 39 OU'I'PNT 
40 INPNT U 
41 
42 

R7 
R6 
R5 
R4 
R3 
R2 
R1 
R0 

43 
44 ; ***************'******************************************************** 
45 
46 TIMER EQUATES 

a~ ~********************************~************************************** 
49 
50 TICK EQU 
51 THON EQUU 
52 THOFF EQ 
53 TINTER ~U 
54 TLFEED U 
55 FILTV U 
56 

160 
-321!1/TICK 
-480jTICK 
-1280/'l:'ICK 
-11!11!1.0/TICK 
640/TICK 

57 
58 i*********************************************************************** 
59 ; 
60 ; 
61 • 

PROGRAM MASKS 

62 ,*********************************************************************** 
63 
64 EMTFLG EQEQUU 65 IMAX 
66 PFEED EQU 
67 t«:l'ION EQU 
68 INTENA EQU 
69 Fl-DDE EQU 
711 EOL EQU 
71 EXCLAIM EQU 
72 SPACE EQU 
73 EXREQ EQU 
74 QPTMIN EQU 
75 BMIN EQU 
76 BMAX EQU 
77 
78 
79 $ EJECT 

I!IFFH 
07H 
7FH 
I!IBFH 
0lH 
02H 
I!IAH 
1!121H 
20H 
20H 
18H 
18H 
3FH 
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roc OBJ SEQ SOURCE STATEMENT 

80 
81 ********************************************************************** 
82 
83 START OF PROGRAM 
84 
85 ********************************************************************* 
86 
87 INITIALIZE; 
88 ; INITIALIZE AND GO TO 
89 ; BMGR 

0000 90 ORG 00H 
0000 1416 91 RESET: CALL CASE0 
0002 3479 92 CALL INIT 
0004 25 93 EN 'OCNTI 
0005 2400 94 JMP BMGR ; CODE MUST END NJ: roc 6 

95 
96 
97 .**********************************************************************1 , 
98 

~ 99 START OF INTERRUPT DRIVEN STATE MACHINE 
100 

~**********************************~******************~****************I 101 
102 
103 DO; 
104 ; HAMMERS=HAMMER$DAT' 
105 

A,IlAMDAT; 
DO. CASE STATE; , 

0007 2F HI6 TISR: XCH 
0008 37 107 CPL A 
001<l9 39 108 OUTL PI A 
000A FE 109 I!IJV A,~TATE 
000B 030E 110 ADD AAltCBASE 0000 B3 III JMPP @ 
000E 16 112 CBASE: DB CASE0 
000F 24 113 DB CASEI 
0010 40 114 DB CASE2 
0011 61 115 DB CASE3 
0012 6B 116 DB CASE4 
0013 7D 117 DB CASES 
0014 9B 118 DB CASE6 
0015 AE 119 DB CASE7 

120 
121 
122 
123 
124 
125 DO; ,jp*CASE 0, FEEDING LINE */ 
126 P ER$FEED=OFF; 
127 STA'l'E=l' . 
128 . ICNT=FILTV 
129 WAIT(PRINT$AREA); 
130 ; HAMMER$DATA=0; . 

0016 8A80 
131 

P2MtNOr; PFEED) 
END; /* END OF CASE 0 */ 

132 CASE0: ORL 
0018 BE01 133 I!IJV ST #l 
00lA 8004 134 I!IJV ICNTl~FILTV 
001C 23FF 135 I!IJV A,lt-
001E 62 ' 136 I!IJV '&Ir 001F 45 137 STRT 
0020 2300 138 I!IJV A,lt0 
0022 2F 139 XCH A,HAMDAT 
0023 93 140 RETR 

141 DO; ~* CASE~TING FOR PRINT AREA */ 
142 I T0=1 
143 DO; 
144 STATE=l; 
145 ICNT=FILTV; 
146 IVAIT (PRINTAREA) ; 
H~ HAMMER$DATA=0 ; 
149 

END; 
0024 4632 150 CASEl: JNTI CIELS 
0026 BE01 151 I!IJV STATE tl 0028 BD04 152 I!IJV ICNT!' ILTV 002A 23FF 153 I!IJV A,lI-
002C 62 154 I!IJV T,A 
0020 55 155 STRT T 
002E 2300 156 I!IJV Al ll0 
0030 043E 157 JMP C END 
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LOC, OBJ SEQ SOURCE S'IM'EMENT 
158 .. - '" ELSE 00; 
159 ICNT=ICNT-l-
16~ IF ICNT=~, TflEN STATE=2 ELSE STATE=l; 
161 TIME ("'"1) ; ," 
162 HAMMER$IlATA=~ ; 
163 

STNrEC#2; 
END;' , 

~~32 BEIcl2 164 CIELS: MOV 
0~34 ED38 165 . I:JNZ ICNT lIA 
~~36 BE~l 166 MOV STNrE,U 
~~38 23FF Ig~ CllA: !>J)V A,!-l 
~~3A 62 MOV ' T, , ' 

~~3B 55 169 STRl' ' ·T 
~~3C 23~~ 17~ MOV A,#~ 

171 A,HAMDAT; ENO; I-A:END OF CASEI *1 
0~3E 2F 172 CIEND: XCH 
0~3F 93 173 REI'R 

174 
175 

00; I*CASE 2, ,INITIALIZE PRINT OPERATION *1 176, 
177 IF OBUF<>EMPTY$FIAG '!HEN 
178 00; 
179 -' TIME (HAMMER$OFF) ; , 
,180 " ,PBUF=O~ " 
181 OBUF= $FIAG; 
182 I=IMIIX- ' 
183 STATE=3- , " 
184 HAMMER$6A~=C0LUMN(PBUF,I); 
185 A,OBUF ; 

END; 
0040 FB 186 CASE2: MOV 
0041 D3FF 187 XRL A~#EMTFLG 
~043 C655 188 JZ C ELS 
0045 23FD 189 MOV A,#THOFF 
~~47 62 190 MOV ~,A 0048 55 191 STRl' 
0049 FB 192 MOV A OBUF 
004A AC 193 mv P{lUF,A 
004B BBFF 194 MOV OBUF, #EMTFLG, 
0040 S007 195 MOV ICNTE IMIIX 
004F B~3 196 MOV ~r'uMN#3 0051 ~4E0 197 CALL 
~053 45F 198 JMP C2END 

199 ELSE 00-
200 STATE=l- , 
2~1 WAIT ~pRfNT$AREA) ; 
202 MO'lO ;=OFFi-A " 
2il3 ; HAMMER$M =0; 
2~4 

STATE,U; 
END; , 

il055 BE01 205 C2ELS: MeV 
0~57 23FF 206 ,MOV A,#-l 
0059 62 207 MOV '&Ii 00SA 45 2~8 STRl' 
005B 8A40 209 ORL K~dNOT ~CJmI 0050 2300 210 MOV ", 

I*END ~F ,CASE 2 *1 211 END; 
005F 2F 212 C2ENO: XCH A,HAMDAT 
0~60 93 213 REI'R 

214 
00; ~CASE 3, HAMMER OFF CYCLE *1 215 

216 ; =HAMMER$QN) f " , 
217 , ~IlATA=0; " 
218 ; , STNrE=; , 
219 

A,#THON ; 
'ENO; /*END OF CASE 3 *1, 

0~61 23FE 220 CASE3: MOV 
0~6362 221 MOV ~,A ' 
0064 55 222 STRl' ' 
0065 2300 223 MOV A #0 
0067 BE04 224 MOV STATE,H 
0069 2F 225 XCH A,HAMDAT . '~, , 
006A 93 '226· ' 'REI'R 

227 $ EJECT, 

.: . 
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roc OBJ sm SOURCE STATEMENT 

228 1 001 /*CASE 4,PRINTING COL I OF CHAR */ 
229 

A,jlTHOFF1 TIME (HAMMER$OFF) 1 . 
~~g~ ~~FD ~j~ CASE4: /IOJ 

/IOJ ~,A flJfIJ6E 55 232 STRl' 
233 1=1-1" 
234 IF I=~ THEN 
235 00; 
236 STATE=5bP, 
237 HAMMER$ TA=fIJ 1 
238 

ICNT,C4Ef.s 
END 

flJfIJ6F E077 239 OJNZ 
flJfIJ71 BEflJ5 24fIJ I'DV STATE,lI5 
flJ073 23f1JO 241 MOV ~~~D 0075 047B 242 JMP 

243 ELSE 00" 
244 STATE=3" 
245 HAMMER$DATA=COLUMN(PBUF,I)1 
246 

STATE,lI31 END1 
flJ077 BE03 247 C4ELS: I'DV 
0079 54EO 248 CALL COLUMN 

249 
A,HAMDAT' 

END1 /* END OF CASE 4 */ 
097B 2F 259 C4END: ~ 097C 93 251 

252 1 001 ~CASE~ INTERCHARACTER SPACE */ 
253 

A,jlTINT~ T (INT CHAR) 1 
flJ07D 23F8 254 CASE5: Jl'DV 
flJ97F 62 255 /IOJ .T,A . 
0989 55 256 STRl' T 

257 IF OBUF<)EMPTY$FLAG THEN 
258 00" 
259 'PBUF=OBUF1 
269 OBUF=EMPTY$FLAG1 
261 I=IMAX" 
262 STATE~" 263 HAMME DATA=COLUMN (PBUF, I) 1 
264 

A,OBUF 1 END 1 
0081 FB 265 /IOJ 
0982 D3FF 266 XRL ~~Hf'FLG 0084 C692 267 JZ 
flJ986 FB 268 I'DV AsOBUF 9987 AC 269 I'DV P UF,A 
9988 BBFF 270 I'DV OBUF'iEMTFLG 908A B097 271 MOV ICNT, lMAX 
fHiJ8C BE93 272 I'DV STATE,l/3 
908E 54Eil 273 CALL COLUMN 
0999 flJ49C 274 JMP C5END 

275 ELSE 001 
276 TIME~INE$FEED)1 
277 . PAP FEED=ON; 
278 . STATE=6 bP, 
279 HAMMER$ TA=O 1 
289 

A,lITLFEeb 
END1 

9992 23FA 281 C5ELS: I'DV 
0094 62 282 MOV ~,A . 
0095 55 283 STRl' 
flJfIJ96 9A7F 284 ANL P2Pi.#PFEEO 
OfIJ98 BEIl6 285 I'DV ST TE,l/6 
flJ09A 2300 286 MOV A, jill 1 287. END1· /* END OF CASE 5*/ 
1l99C 2F 288 C5END: XCH A,HAMDAT 
0090 93 289 RETR 

290 
291 $ EJECT 
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roc OBJ SEQ SOURCE STATEMENT 
292 ; 00; /*CASE 6,I'iAITING FOR'FEED ON */ 
293 ; TIME~LINE$FEED); .' 
294 . IFP S=l THEN' . 
295 ; 00· . 
296 ; 'STATE=7; 
297 

A;ITLFEEiJ 
ENO; 

009E 23FA 298 cAsE6: l'tJV 
0filAfIJ 62 299 l<K)V . T, 
filfilAl 55 3filfil STRl' T 
filfilA2 26A8 301 JNm C6ELS 
0filA4 BEfil7 302 l<K)V @~~~,#7 0filA6 04AA 303 JMP 

ELSE 00· :: 304 
3fil5 '. . STATE=6· 
306 

STATE, 116; 
END; I, 

00A8 BE06 3fil7 C6ELS: l<K)V 
·308 . lWIMER$DATA=B· 309 . 

A,#fil 
; ENO; /*END OF CAsE 6 */ 

0BAA 2300 ~U C6END: l<K)V 
0filAC 2F XCH A,HAMDAT 
0filAD 93 312 RETR 

313 
00;~CASE7~ WAITING FOR FEED OFF */ 314 

315 ~LINE FEED); 
316 IF P S=0 THEN 
317 ; 00; 
318 ; STATE=0· 
319 

A,#TLFEEiJ 
END; , 

00AE 23FA 32B CASE7: MeV 
0filB0 62 . 321 l<K)V ~,A 00Bl 55 322 STRl' 
0filB2 36B8 323 JTfIJ C7ELS 
0BB4 BEB0 324 l<K)V STATE.#fil 
BBB6 04BA 325 JMP C7ENO 

.. 326 ELSE 00· 
327 STATE=7; 
328 END; 
329 HAMMER$DATA=0· 
33B 

STATE. #7; 
END; . /*END OF CAsE 7 */ 

0f1JB8 BE07 331 C7ELS: MOV 
filfilBA 2300 332 C7END: MOV A,#0 
BfilBC 2F 333 XCH A,HAMDAT 
filfilBD 93 334 RETR 

335 
END; /*END OF CAsE BLocK */ 336 

337 
338 
339 
J4fIJ 

; ***'********************************************************************* 341 
342 ; 
343 ID'GR 
344 
345 TI:IIS SffiMEN1' CONTROLS THE HANDsHAKING BE'lWEEN THE 
346 CONTROLLER AND THE MASTER PROCESSOR. 
347 i *******************************.***************************************** 348 
349 
35B 

/BMGR-BUFFER MANAGER*/ 351 
352 
353 00; 
354 IF IBF=FULL THEN 
355 00· 
356 iF TYPE=DATA THEN 
357 00; 
358 MO'lOR=ON· 
359 TEMP=INCQPT(INPNT); 
36fil 
361 

0100 362 ORG IBflJH 
fillBB D647 

363 
364 BMGR: JNIBF BBPRT 

flJ102 7636 365 JFl BBCMD 
fil104 9ABF 366 ANL P2 #MO'IDN 
0106 F8 367 l<K)V A,INPNT 
0107 3470 368 CALL INCQPT 
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I.OC OBJ SEQ SOURCE S:mTEMENT 
369 IF TEMP<>OUT$POINT THEN 

. 371iJ 00 0 

371 IN$POINT=TEMPo 
372 IF FILL$MODOON TllEN 
373 00; 
374 TEMP--5PACE; 
375 EISE 00 0 

376 T~INPUT$BUFFER; 
377 INTERRUPT=OFF; 
378 END; 
379 IF TEMP=EOL THEN 
381iJ 00; 
381 FILL$MODE=ON; 
382 TEMP=SPACE; 
383 END 0 

384 IF TEMP=CONTRDL$CODE THEN TEMP='!'; 
385 BUFFER(IN$POINT~=TEMP AND 1iJ3FH; 
386 IF IN$POINT=BUF ER$MAX THEN 
387 

OO;FILL$MODE=OFF; 388 
389 OUT$POINT=BUFFER$MIN; 
390 END; 
391 END; 
392 
393 

1iJ109 D9 394 BBLl: XRL A,OUTPNr 
010A C647 395 JZ BBPRT 
010C D9 396 XRL A,OUTPNT 
1il10D AS 397 MOV INPNT,A· 
010E lilA 398 IN A,P2 
010F 3216 399 JBl FILL 
1il111 22 41il1il IN A~D88 . 
1il112 9ADF 401 ANL ~BfJ~Ol' (EXREO) 1il114 2418 41il2 JMP 
0116 2321il 403 FILL: MOV A'lSPACE 1iJ118 D30A 41il4 BBLlA: XRL ~~L !lIlA 9621iJ 405 JNZ 
011C8A02 406 ORL P2:dFMODE 
011E 2428 41il7 JMP BB C 
0121iJ D30A 4~8 BBLIB: XRL AtJ!>L 1il122 D228 409 JB6 B C 
0124 B228 411iJ JB5 BBLIC 
0126 2321 411 MOV A,#EXCLAIM 
0128 533F 412 BBLlC: ANL Af 1il3FH 
IU2A A0 413 MOV @ NPNT,A 
012B F8 414 MOV A,INPNT 
012C D33F 415 XRL A,iBMAX 
1iJ12E 9647 416 JNZ 88PRT 
0130 9AFD 417 ANL P&#jOl' FMODE 
0132 B918 418 MOV o T,iBMIN 
0134 2447 419 JMP 88PRT 

EISE OO~PE IS COMMAND*/ 421iJ 
421 INTE FF; 
422 IF ~RTIiJ AND 3)=2 THEN INTENA=OFF; 
423 IF( RTIiJ AND 3)=3 THEN INTENA=ON; 
424 END; 
425 

lU36 22 426 BBCMD: IN A DBB . 
1iJ137 9ADF 427 ANL E!!~NOl'(E~) IU39 531iJ3 . 428 ANL 
IiJ13B 323F 429 JBl 
013D 2447 431iJ JMP 88PRT 
IiJ13F 1245 431 BBL2: JBIiJ 88L3 
0141 9AFE 432 ANL ~~pmOl' INTENA 0143 2447 433 JMP 
0145 8A01 434 BBL3: ORL P2,lIINTENA 

435 $ EJECT 
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0147 FB 
Bf21~g;~ 
014C F9 .. 
014D D318 
014F 9658 
0151 FE 
0152 113FD 
11154 F258 
Bf~~ ~35E 
0159 025E 
015B F1 . 
flJ15C AS 
flJ15D19 

flJ15E F8 
015F 3470 
flJ161 09 
0162 C600 

flJ164 9A 
n~~ HfIJfIJ 
0168 326C 
016A 24fIJfIJ 
n~~ ~~~ 

flJ17fIJ 113flJ1 
flJl72 0275 
11174 83 
0175 2318 
flJl77 A7 
1:1178 83 

0179 BBFF 
017B B940 
017D BB3F 
1117F 23FII 
0181 3A 
0182 22 
0183 83 

SOURCE STATE201ENl' 

436 
437 
438 
439 
44fIJ 
441 
442 
443· 
444 
445 BBPRT: IIDV .. 
446XRL . 
447 JNZ 
448 I'lJV 
449 XRL 
45fIJ JNZ 
451 lIfJV 
452 ADD 
453 JB7 
454 JMP 
455 BBPRTA: lIfJV 
456 . JB6 
457 I'lJV 
458 I'lJV 
459 INC 
460 
461 
462 
463 
464 
465 
466 
467 
468 BINT: 
469 
47fIJ 
471 
472 BINTA: 

I'lJV 
. CALL 

XRL 
JZ 

473 IN 
a~~ ~~ 
476 JB1 
477 JMP 
478 SETINT: ORL 
479 JMP 
48fIJ 
481 
482 
483 
484 
485 
486 
ag~ 
489 
4911 
491 
a~~ INCQPl': ~ 
494 RET 
495 AIlJUST: I'lJV 
496 CPL 
497 RET 
498 
499 
5111l 
Sill 
5112 
503 
5114 
5115 
5116 
5117 
5f1J8 
5f1J9 
51fIJ 
511 INIT: 
512 
513 
514 
~fg 
517 
518 
519 
521l 
521 
522 
523 
524 $ 

MOV 
I'lJV 
I'lJV 
I'lJV 
OUTL 
IN 
ru.-r 

EJECT 

IF OBUF=EMPTY$FLlIG AND (OUT$POINT<)BMIN OR STATE-
00· 

IF OUT$POINT<=BUFFER$MAX THEN 
00; 

OBUF=BIN (OUT$POINTI: ' 
OUT$PO!N'l'=Ou.t'$POINTH; 

END· END; I 

AiOBUF 
~iwmLG 
A,OUTPNT 
~~~Pf1IN 
A, STATE 

,ALit-3 , BlSJ:'RTA 
BINT 
~f~TPNT 
AL@OUTPNT 
8fg~ 

A INPNT 

,~~T 
A,P2 

k 
SETINT 
sr«;R 

TEMP=INCQPT(I~T) ; 
IF TEMP<>OUT$POINT THEN 
00· ' 

iF INTENA=ON· AND FlIfJDE=OFF THEN INTERRUPT=ON; 
END· 

END· ' 
END ' 

~EXREQ 

~LU AWuST 

; PKlCEDURE INCQPT(A,CARRY); 
·00· i ' A=A MJD BUFFER LENGl'H+BUFFER MIN; 
; IF A=BUFFER MIN THEN CARRY=l; 
; END; -

~,flQPlMIN 

; PKlCEouRE INIT; 
·00· 
, , OBUF=EMPTY$FLlIG; 

OUT$POINT=BUFFEa$MAX+l; 
IN$POINT=BUFFER$MAX; 
IID'lOR=OFF· 
PAPER$FEE6=OFF; 
. FILLSr«:>DE=OFFi. 
INTEf!RUPT$MAS1\=OFF; 

; BUS$BUFFE~Il; 
; END; 

Q!3~I,!Em'FLG 1 
UUU'N.L' jlBMAX+ 
INPNT jBMAX 
ALflllFbH 
Pot A A,6Bs 

2·268 
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l'J2El'J 

~~~~ ~~ 
l'J2E2 B2E5 
l'J2E4 95 
l'J2E5 531F 
l'J2E7 AC 
02E8 E7 
l'J2E9 E7 
l'J2EA E7 
l'J2EB 37 
02EC 6C 
l'J2ED 6D 
l'J2EE 37 
1il2EF 1il31il7 
ftl2Fl B6F9 
1il2F3 E3 
1il2F4 2C 
l'J2F5 4321il 
1il2F7 2C 
1il2F8 83 
1il2F9 A3 
1il2FA 83 

sa;, SOURCE STATEMENl' 

525 ********************************************************************** 
526 

~~6 
529 
531il 

~j~ 
533 
534 
535 
536 
537 
538 
539 
541il 
541 
542 
543 
544 
545 
546 
547 
548 
549 
551il 

COLUMN IS CALLED WITH ICNT EOL TO THE CURRENT COLUMN NUMBER 
lIND PBUFF ~LTO THE CIlARACTER TO BE CONVERl'ED. 
COLUMN RETURNS THE APPROPRIATE COLUMN OF DA'I'A FRa>! THE 
CHARACTER GENERATER TABLE. COLUMN IS LOCATED IN PAGE 2 
FOI.I.OOING TIlE FIRST HALF OF TIlE TABLE •. 

********************************************************************** 

ORG 2EIilH 
PROCEDURE COLUMN(PRINT$BUFFER,ICNT); 
DO; 

F NT$BUFFER[5j; 
PRI [5j=lil; 
T +l -ICNT 
IF FLAG =OFF THEN 
DO; . 

TEMP=MP3 (TEMP) • 
PRINT$BU~FER[51=1; 

END' 
ELSE DO; 

TEMP=MP2 (TEMP) ; 
END; 

551 COLUMN: MOV ~bPBUF 
NOSET 
Ffil 
A.L#lillFH 
PtlUF,A 
A 

END; 

552 CLR 
553 JB5 
554 CPL 
555 NOSE.T: lINL 
556 IDV 
557 RL 
558 RL 
559 RL 
561il CPL 
561 ADD 
562 ADD 
563 CPL 
564 ADD 
565 JFIil 
566 MOVP3 
567 XCH 
568 ORL 
569 XCH 
571il RE.T 
571 PAG2: MOVP 
572 RET 
573 
574 
575 
576 

A 
A 
A 
A,PBUF . 
A,ICNT 
A 
A,J/7 
PAG2 
A,@A 
A,PBUF 
A,#2IilH 
A,PBUF 

A,@A 

577 ********************************************************************** 
578 
579 
581il 
581 
582 
583 
584 
585 
586 
587 
588 
589 
591il 
591 
592 
593 
594 
595 
596 
597 
598 
599 

CHARACTER GENERATER TABLES. 
THE FIRST HALF OF THESE '!'ABLES IS IN PAGE 2. FOI.I.OOING THIS HALF 
IS THE 'COLUMN SUBROUTINE~ TIlE SECOND HALF OF THE TABLE IS 
IN PAGE 3. TIlE PLACEMENT OF THESE TABLES IS TO TAKE 
ADVlIN'I'AGE OF TIlE MCS-41 MOVP AND MOVP3 INSTRUCTIONS. 

TIlE CHARACTERS ARE FORMED BY A SEVEN BY SEVEN MATRIX 
OF DOTS. EACH DOT POSITION CORRESFONDS 
TO ONE HALF TIlE NORMAL DOT SPACING OF THE LRC PRINTER. 
TO PREVENT EXCEEDING 'I'HE "BlINOOIDl'H" OF THE SOLENOIDS 
TIlE CIlARACTERS ARE FORMED SO THAT THE SAME SOLENOID IS 
NOT ENERGIZED TWICE IN SUCCESSION. CONSTRUCTING THE 
TABLE IN THIS MANNER ALIaVS THE FORMATION OF A CIlARACTER IN ONLY 
4 PRINT COLUMNS SINCE THREE OF THE DOTS WILL APPEAR BE.'n'IEEN 
NORMAL COLUMN POSITIONS. 

TIlE COMMENT FIELD OF THE TABLE SHOWS THE BIT PATrERN OF THE 
CHARACTERS. TIlE SPACING OF THE PRINTER CHARACTERS CAUSES 
DISTORl'ION OF THE CHARACTERS BUT THE PATTERN IS STILL DISCERNABLE. 

6e0 *********************************************************************** 
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we OBJ Sm SOURCE ,STATEMENT 

601 
0200 602 . ORG .,200H 

603 

0200 0e, 
604 
605 DB 0CH' ** ,[AT] 

0201 22 606 DB 228 * *. 
0202 41 607 DB 4lH * .. 
0203 58 608 DB 58H ** * 0204 01 609 DB 01H * 0205 48 610 DB 48H * * 0206 00 611 DB 00H 

612 
DB 0207 0F 613 0FH **** [A] 

0208 10 614 DB 10H * 0209 24 615 DB 24H * * 020A 40 616 DB 40H * 020B 24 617 DB 24H * * 020C 10 618 DB 10H * 020D 0F 619 DB 0FH **** 620 
621 

020E 7F 622 DB 7FH ******* [B] 
020F 00 623 DB 00H 
e210 49 624 DB 49H * * * 0211 00 625 DB 00H 
e212 118 626 DB 08H * 0213 55 627 DB 55H * * * * 0214 22 628 DB 228 * * 629 
e215 3E 630 DB 3EH ***** 1 [e] 
0216 41 631 DB 4lH * * e217 0e ~~~ DB 00H 

* * e218 41 DB 4lH 
0219 00 634 DB 0eH 

* e2lA 41 635 DB 4lH. * 021B 22 636 DB 228 * * 637 
[D] 021e 7F 638 DB 7FH ! ******* 0210 0e 639 DB 00H 

021E 41 640 DB 4lH : * * , 
021F 0e 641 DB 00H 1 
0220 00 642 DB 00H 
0221 41 643 DB 4lH * * e222 3E 644 DB 3EH *****. 

645 
******* 0223 7F 646 DB 7FH 1 [E] 

0224 00 647 DB 00H 
! * 0225 49 648 DB 49B * * , 

0226 00 649 DB 00H 1 
0227 49 650 DB 49H , * * * 0228 00 651 DB 00H 1 
0229 41 652 DB 4lH 1 *. * 653 
022A 7F 654 DB 7FH , ******* [F] 
11228 0e 655 DB 00H· 1 .. 022C 48· 656 DB 48H 'I * 022D 00 657 DB 00H 1 
e22E 48 658 DB 48H * * 022F 00 659 DB 00H 
0230 40 660 DB .40H '. * 

661 
*~*** 0231 3E 662 DB 3EH 1 [G] 

0232 41 663 DB 4lH 1 * * 0233 00 664 DB 0eH 1 
* 0234 41., 665 DB 4lH :.;. * 0235 04 666 DB 04H * 0236 41 667 'DB 4lH * * 0237 26 668 DB 26H ** * 669 &JECT 670 $ 
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0238 7F 671 DB 7FH ******* [H] 
B239 B0 672 DB B0H 
023A B8 673 DB B8H * B23B BB 674 DB 00H 
023C 08 675 DB 08H * 023D 00 676 DB 00H 
023E 7F 677 DB 7FH ******* 678 
023F 00 679 DB 00H [IJ 
0240 41 680 DB 41H * * 0241 00 681 DB 00H 
0242 7F 682 DB 7FH ******* 
0243 00 683 DB 00H 
0244 41 684 DB 41H * * 0245 00 685 DB 00H 

686 
0246 02 687 DB 02H * [J] 
0247 01 688 DB 01H * 0248 00 689 DB 00H 
0249 Bl 690 DB 01H * 024A 00 691 DB 00H 
024B 01 692 DB BIH * 024C 7E 693 DB 7EH ****** 694 
024D 7F 695 DB 7FH ******* [KJ 
024E "'0 696 DB 00H 
024F 04 697 DB 04H * 0250 14 698 DB 14H * * 0251 22 699 DB 22H * * 0252 41 70B DB 4lH * * 0253 00 701 DB B0H 

702 
0254 7F 703 DB 7FH ******* [L] 
0255 00 704 DB 00H 
0256 Bl 705 DB BIH * 0257 00 706 DB 00H 
0258 fill 707 DB 0lH * 0259 00 708 DB 00H 
025A 01 709 DB 01H * 710 
025B 7F 711 DB 7FH ******* [M] 
025C 40 712 DB 40H * 025D 20 713 DB 20H * 025E 18 714 DB 18H ** 025F 20 715 DB 20H * 026B 40 716 DB 40H * B261 3F 717 DB 3FH ****** 718 

719 
0262 7F 720 DB 7FH ••• *te •• [NJ 
0263 20 721 DB 20H * B264 10 722 DB IBH * 0265 08 723 DB 08H * 0266 04 724 DB 04H * 0267 00 725 DB 00H 
0268 7F 726 DB 7FH ******* 727 
0269 3E 728 DB 3EH ***** [0] 
026A 41 729 DB. 4lH * * 026B 00 730 DB· 00H 

* * 026C 41 731 DB 4lH 
0260 00 732 DB B0H 
026E 41 733 DB 4lH * * 026F 3E 734 DB 3EH ***** 735 

[P] 0270 37 736 DB 37H **.* ** 
0271 B0 737 DB 00H 
0272 48 738 DB 48H * * 0273 00 739 DB 00H 
0274 0f.1 74f.1 DB 00H 

* * 0275 48 741 DB 48H 
0276 30 742 DB 30H ** 743 
0277 3E 744 DB 3EH ***** [0] 
0278 41 745 DB 4lH * * 0279 00 746 DB f.l0H 
027A 4f.1 747 DB 40H * 027B 05 748 DB 05H * * f.l27C 42 749 DB 42H * * 027D 3D 75\1 DB 3DH .. **** 
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751 
7FH 027E 7F 752 DB ******* ...•. [R] 

027F 00 753 DB 00H 
, 

0280 48 754 DB, 48H * * 0281 00 755 DB B0H 
0282 04 756 DB 04H * 0283 4A 757 DB 4AH * * * 0284 31 758 DB 3lH * ** 759 
0285 32 760 DB 32H ; * ** ; [S] 
0286 49 761 DB 49H ; * * * 0287 00 762 DB 00H ; 
0288 49 763 DB 49H ; * * * 0289 B0 764 DB 0BH ; 
028A 49 765 DB 49H .; * * * 028B 26 766 DB " 26H ; ** * 767 

768 
028C 40 769 DB 40H * [T] 
0280 B0 770 DB 01lH 
028E 40 771 DB 41lH * 1l28F 3F' 772 DB 3FH ****** B291l 40 773 DB 41lH * 0291 01l 774 DB 01lH 
11292 41l 775, DB 41lH * 776 
0293 7C 777 DB 7CH 'It.**. ,; [U] 
0294 02 778 DB 02H * 11295 III 779 DB 0lH * 0296 00 780 DB 00H 
0297 III 781 DB 0lH * 0298 112 782 DB 028 * 0299 7C 783 DB 7CH ***** 784 
029A 78 785 DB 78H **** [V] 
029B 04 786 DB' 04H * ~29C 02 787 DB 02H * 0290 III 788 DB 0lH * 029E 02 789 DB 1l2H * 
~29F 04 790 DB 04H * 02110 78 791 DB 78H **** 792 
02Al 7E 793 DB 7EH ****** ; [W] 
02A2 01 794 DB 0lH * 02A3 112 795 DB 02H * 02A4 IlC 796 DB IlCH ** 02A5 112 797 DB 02H * 02A6 01 798 DB 0lH * 1l2A7 7E 799 DB 7EH 'It***** 

" 1l2A8 41 
800 

* 8111 DB 4lH * [X] 
02A9 22 8112 DB 22H * * 02M 14 803 DB 14H * * 1l2AB 08 804 DB 08H * 02AC 14 805 DB '14H * * 02AD 22 8116 DB 22H * * 02AE 41 8117 DB :',. 4,lH * * 808 
02AF 41l 809 DB 41lH * ;: [Y] 
11280 21l 810 DB 21lH * 0281 10 811 DB 10H * 0282 ~F 812 DB 0FH **** 0283 0 813 DB 11lH * 0284 20 814 DB 21lH * 0285 40 815 DB 41lH .. 

816 817 $ ,', FJECT 
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we oro SEQ SOURCE STATEMENT 
02B6 41 818 DB 4lH * * [Z] 
02B7 02 819 DB 02H * 02B8 45 820 DB 45H * * * 02B9 08 821 DB 08H * 02BA 51 822 DB 518 * * * 02BB 20 823 DB 20H * 02BC 41 824 DB 4lH * It 

825 
DB [[] 02BD 7F 826 7FH ; ******* fil2BE 00 827 DB 0filH ; 

02BF 41 828 DB 41H .* It 

02C0 00 829 DB 00H 
02Cl 41 830 DB 4lH * It • 

02C2 0fil 831 DB 00H 
02C3 41 832 DB 4lH * It 

833 
[\] fil2C4 40 834 DB 40H It 

02C5 20 835 DB 20H It 

B~8~ ~~ 836 DB 10H * 837 DB 08H It 

02C8 04 838 DB 04H ;. It 

02C9 02 839 DB 02H ;. It 

fil2CA 01 84fil DB 01H · It 841 
02CB 41 842 DB 4lH * * . [II 
fil2CC 0k! 843 DB 00H 
02CD 41 844 DB 4lH * * 02CE 00 845 DB 00H 
02CF 41 846 Da 4lH · * * · 0200 00 847 DB 00H · 0201 7F 848 DB 7FH ; ******* 849 
0202 00 850 DB 00H [UA] 
0203 04 851 DB ·04H * fil204 08 852 DB 08H · * 0205·10 853 DB lfilH .; * 0206 08 854 DB 088 * 0207 04 855 DB 04H * 0208 00 856 

857 
DB 00H 

0209 01 858 DB 0lH · * U · 02DA 00 859 DB 00H ; 
020B fill 860 DB 01H · * 02DC fil0 861 DB 00H · fil20D 01 862 DB ·~Mf ; * 02DE 00 863 DB 
020F 01 864 DB 0lH * 865 

866 
867 
868 

*************************'!c*****.******.***********~********************* 869 
87fil 
87l Sl'ARr OF SECOND HALF OF CGEN TABLE .. 
872 

*********".*************************.***************",******************** 873 
874 

0300 875 
876 

ORG 30~H 

877 
[ ] 0300 0fil 878 DB 0.0H 

0301 00 879 DB 00H 
0302 00 880 DB ·fil08 
03fil3 00 881 DB 00H 
0304 aa 882 DB 00H 
0305 0fil . 883 . DB .00H 
0306 00 884 DB 00H 

885 
0307 00 886 DB 00H [I] 
0308 00 887 DB 00H 
03fil9 fil0 888 DB IHIlH 
fil30A 70 889 DB 700 * ***** 03filB 00 890 DB 00H 
030C 00 891 DB 00H 
030D0fil 892 DB 00H 

893 
894 $ EJECT 
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030E 00 895 DB 008 ["] 
030F 2fil 896 DB 208 * 
0310 40 897 DB 408 * 
0311 00 898 DB 008 
0312 2fil 899 DB 20H * 
0313 40 900 DB 46H .. 
0314 00 901 DB 00H 

902 
(fI] 0315 14 9fil3 DB .14H * * 

fil316 00 904 DB 0filH 
fil317 7F 905 DB 7FH ******* fil318 0fil 906 DB 0filH 
0319 7F 9fil7 DB 7FH ******* 
03lA filfil 9fil8 DB 0filH 
03lB 14 9fil9 DB 148 * * 

910 
031C fil0 911 DB 0filH [$] 
0310 32 912 DB 32H * ** 
031E 49 913 DB 49H * * * 
03lF 36 914 DB 36H ** ** 
0320 49 915 DB 49H * * * 
0321 26 916 DB 26H ** * 
0322 00 917 DB 00H 

918 
0323 51 919 DB 5lH * * * [%] 
0324 02 920 DB 02H * 
9~~~ ~ 921 DB 54H * * * 

922 DB 08H * 
0327 15 923 DB ISH * * * 
0328 2fil 924 DB 20H * 
0329 45 925 DB 45H * * * 

926 
032A 26 927 DB 26H ** * [&] 
032849 928 DB 49H * * * 
032C 10 929 DB 10H ~ 
fil32D 49 930 DB 49H * * * 
032E 26 931 DB 26H **. * 
032F 01 932 DB 0lH * 
0330 05 933 DB filSH * * 

934 
['] 0331 00 935 DB 9filH 

0332 00 936 DB 0filH 
fil333 lfil 937 .DB lfilH * 
0334 2fil 938 DB 21'1H * 
1'1335 40 939 DB 40H * 
0336 00 94fil DB 1il0H 
1'1337 0fil 941 DB 0filH 

942 
943 

0338 lC 944 DB lCH *** [(] 
0339 22 945 DB 22H * * 
1'133A 41 946 DB 4lH * * 
1il33B 00 947 DB 00H 
1'133C 1'10 948 DB .I'IIilH 
033D 1'11'1 949 DB . 60H 
1'133E 0fil 951'1 

951 
DB 1'108 

1'133F 01'1 952 DB 1'10H [)] 
1'1341'1 00 953 DB I'II'1H 
1il341 Iillil 954 DB IilIilH 
1il342 I'IIil 955 DB IilIilH 
1il343 41 956 DB 4lH * * 
1il344 22 957 DB 22H * * 
1il345 lC ~~~ DB .1CH *** 
1il346 49 961'1 DB 49H * * * [*] 
1il347 22 961 DB 22H * * 
1il348 lC 962 DB lCH *** 
1'1349 77 963 DB 77H *** *** 1il34A lC 964 DB lCH *** 
1il34B 22 965 DB 22H * * 
1il34C 49 966 DB 49H .. * * 

967 
1'134D 1'18 968 DB 1'18H * .[+] 
1'134E 08 969 DB fil8H * 
1il34F 1il8 971'1 DB fil8H * 
1'1351'1 3E 971 DB 3EH ***** 
1il351 1'18 972 DB fil8H * 
1'1352 1'18 973 DB 1'18H * 
1'1353 1'18 974 DB 1'18H * 
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:we OBJ sm SOURCE STATEMENT 
975 

[,] 0354 00 976 DB 00H I· 
0355 00 977 DB 00H 
0356 00 .978 DB 00H 
0357 01 979 DB 018 * 0358 O6 980 DB 06H ** 0359 011 981 DB IIIIH 
1135A 11O 982 DB 110H 

035B 114 .~~~ DB 114H * [-] 
035C 114 985 DB 114H * 1135D 114 986 DB 114H * 1135E 114 987 DB 114H * 035F 114 988 DB 114H * 03611 114 989 DB 04H * 0361 04 9911 DB 04H * 991 

992 
0362 00 993 DB IIIIH 1 [.] 
11363 011 994 DB 110H 1 
11364 00 995 DB IIIIH 

.! * 11365 III 996 DB 1118 I 
11366 110 997 DB' 1l0H 1 
11367 01l 998 DB 00H 1 
11368 Illl 1~~~ DB 01lH 1 

11369 01 111111 DB IlIH * [I] 
1l36A 02 11l1l2 DB 1128 * 036B 114 111113 DB 1l4H * 1l36C 118 1004 DB 08H * 1l36D 10 11l1l5 DB 11lH * 1l36E 20 111116 DB 21lH * 1136F 411 10117 DB 411H * 10118 

* *** [II] 0370 ID 1009 DB lOH 
11371 22 111111 DB 228 * * 11372 45 1011 DB 45H 1 * * * 0373 08 1012 DB 1l8H 1 * 11374 51 HI13 DB SIB 1 *. * * 0375 22 1014 DB 228 1 * * 0376 5C 1~15 DB 5CH ·1 *** * 1 16 
11377 Ilil 1017 DB IlIIH 1 [1] 
0378 21 UU8 DB 21B 1 * * "r940 11119 DB. 41lB '1 * o 7A 7F 10211 DB· 7FB 1 ******* 037B 1111 11121 DB IIIlH : * 1137C III 11122 DB 1118 , 
1137D 110 1023 DB 

" 
IIIIB 1 1024 

1137E 23 11125 DB 23B 1 ** * 1 [2] 
1iJ37F 44 11126 DB 44H 

~ * * * 1iJ381iJ IiJl 11127 DB .' IlIB , 
0381 48 11128 DB 48B 1 * * 0382 IiJl 1029 DB. 1iJ18 * 1iJ383 48 11l31iJ DB 48B * * 0384 31 1031 DB 318 * ** lliJ32 
0385 42 1033 DB 428 1 * * [3] 
0386 III 1034 DB 1118 1 * 1iJ387 51iJ 1035 DB 5liJH 1 * * 1iJ388 01 1036 DB 1iJ18 1 * 1iJ389 50 1037 DB SOH ., * * 038A 29 11138 DB 29H 1 * * * 038B 46 1039 DB 46B 1 ** * 1041iJ 

1041 $ FJECT 
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I.OC OBJ SEQ SOURCE S1::ATEMENT 

038C 04 1042 DB I'J4H * [4] 
0380 08 1043 DB 08H * 038E 14 1044 DB 14H * * 038F 2fi Hl45 DB 20H * 0390 5F 1046 DB 5FH ***** * 0391 00 1047 DB 00H 
0392 04 Hl48 DB 04H * 1049 
0393 72 1050 DB 72H * *** [5] 
0394 III 1051 DB IIlH * 0395 50 Hl52 DB 511H * * 0396 01 1053 DB' 01H .,: * 
0397 411 1054 DB 40H 

, 
* , 

0398 11 11155 DB llH i * * 0399 4E 1056 DB 4EH i *** * 11157 
l!J39A 17 1058 DB 17H *** * [6] 
039B 21 1059 DB 21H * * 039C 40 1060 DB 40H * 0390 09 1061 DB 09H * * 039E 40 1062 DB 40H '* 039F 09 1063 DB 09H * * 03A0 46 1064 DB 46H ** * 1065 
03Al 40 1066 DB 411H * [7] 
03A2 00 11167 DB 00H 
03A3 47 1068 DB 47H *** * 03A4 08 1069 DB 08H * 03A5 50 10711 DB 50H * * 03A6 20 1071 DB 20H * 03A7 40 1072 DB 40H * 1073 
03A8 36 1074 DB 36H ** ** [8] 
03A9 49 1075 DB 49H * * * 03AA 00 1076 DB. 00H , ,i 
03AB 49 1077 DB. 49H i * * * 03AC 00 1078 DB 00H . i 
03AD 49 1079 DB 49H ; * * * 03AE 36 1080 DB 36H i ** ** 1081 
03AF 30 1082 DB 30H **. [9] 
0380 48 1083 DB 48H * * 0381 III 1084 DB 01H * 0382 48 1085 DB 48H * * 03B3 01 1086 DB. 0lH * 0384 42 1087 DB 42H * * 03B5 3C 1088 DB 3CH **** 1089 

1090 
03B6 00 1091 DB 00H [:] 
03B7 00 1092 DB 00H 
03B8 00 11193 DB 00H 

* * 03B9 14 1094 DB 14H 
03BA 00 1095 DB 00H 
03BB 00 1096 DB 00H 
03BC 00 1097 DB 00H 

1098 
03so 00 1099 DB 00H [i] 
038E 00 1100 DB 00H 
03BF 01 1101 DB 0lH * 03C0 02 1102 DB 02H * 03Cl 14 1103 DB 14H * * 03C2 011 1104 DB . 00H 
03C3 00 1105 DB 00H 

1106 
03C4 00 1107 DB 110H 

* 
[<) 

03C5 08 1108 DB 08H 
03C6 14 1109 DB 14H * * 03C7 22 1110 DB 22H * * 03C8 41 1111 DB 4lH * * 03C9 011 1112 DB 00H 
113CA 00 1113 DB 00H 

1114 
03CB 110 1115 DB 00H [=] 
03CC 14 ·1116 DB 14H * * 03CD 110 1117 DB 00H 

* * 03CE 14 1118 DB 14H 
I13CF 00 1119 DB 00H 

* * 0300 14 11211 DB 14H 
0301 00 1121 DB 00H 
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u::c. ~B) SEQ SOURCE STATEMEl!iiT 

1l3D2 110 
1122 
1123 DB IlIlH [» 

1l3D3 Illl 1124 DB IlIlH 
1l3D4 41 1125 DB 41H * * 1l3D5 22 1126 DB 22H * * 1l3D6 14 1127 DB 14H * * 1l3D7 118 1128 DB 1l8H * 1l3D8 Illl 1129 DB IlIlH 

1131l 
1l3D9 Illl 1131 DB 1l0H [?) 
03DA 21l 1132 DB 21lH * IlJDB 41l 1133 DB 40H * 03DC 115 1134 DB 1l5H * * 03DD 48 1135 DB 48H * * 03DE 30 1136 DB 30H ** 03DF Illl 1137 DB 1l0H 

1138 
1139 END 
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Slave· microcomputer· lightens 
main microprocessor load 

by Don Phillips and Allen Goodman, In/eICorp .• San/a Clara. Calif. 

o Peripheral devices for microprocessors are growing in space and execution time of the main system. Moreover, 
number and complexity to the point where ·they are the device substantially increases the overall efficiency of 
taxing the pr<J!;essor's time and memory .. Nor do simple a system, since two processors-the central CPU and the 
interface adapters that contain no intelligence of their slave UPI device-are working in parallel. 
own lighten the burden of managing such peripheral 
equipment as floppy disks, cathode-ray~tubedisplays, A peripheral controller 
and keyboards. What can save the· day for the central In operation, the UPI microcomputer acts as a peri ph­
processing unit is a new class of peripheral controllers: eral controller rather than just an interface adapter. Its 
intelligent microcomputer-based universal peripheral architecture, detailed in Fig. 1, is similar to the recently 
interface chips. .. introduced 8048 one-chip microcomputer: it has an 8-bit 

IIi essrnce, what the UPI microcomputer does is act as CPU, 64 bytes of random-access memory, 1,024 bytes of 
a slave processor to the main-system CPU. With a built-in .. read-only memory, a timer/counter, and 18 input/out­
processor and memory, it greatly eases the handling of put lines. In fact, the device executes the same basic set 
real-time tasks such as controlling printers, encoding of instructions· as does the 8048, except for special 
keyboards, and multiplexing displays. In fact, entire tailoring of data-bus operations to better suit control 
control algorithms can be programmed loclllly in. the applications. The difference is that the new peripheral­
slave processor,instead of taxing the limited memory controlling microcomputer is designed to function as a 
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'-' « .... 
0: 
W ... 
!!!! 

WRITE (WAI :e 
w READ (iijjl ... 
~ CHIP-5ELECT 
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. {v~c~ PROGRA. MMABLE ROM 
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1. Smart. Interface. With.an 8.blt CPU, 64 bytes of RAM, and·l,024 words of ROM or erasable PROM, the universal peripheral Interface chip 

Is .. an Intelligent peripheral controller rather. than a simple interface adapter. The architecture of the chip is· similar to that of the 8048 

microcomputer. It.uses nearly the same Instruction set, save for slight variations that· Improve data-bus operations. 
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2. Slav ... The microcomputer-based univer­
sal peripheral Interface chlps"""the 8741 with 
erasable PROM and the 8041 with mask­
programmed ROM-are connected as slave 
processors to a main processor (tiere an 
8080 CPU) to take over Its 110 chores. 

slave processor to the main-syst~m processor~ 

8080 
CENTRAL 

PROCESSING 
UNIT 

The chip is the first microcomputer made specifically 
for a multiprocessor environment in which a master 
processor sends information to 0Ile or more slave proces­
sors that in turn control peripheral devices. To accom­
modate a variety of master processor types, including the' 
8080, the enhanced 8085, and, other 8-bit processors, the 
chip has bus irlt,erface registers that work directly with 
the central processor's data bus. 

Two peripheral controllers are available: the 8741 and 
the 8041, identical except in one respect. The 8741 has 
an ultraviolet-erasable, electrically programmable ROM 
plus the special capability of running through a program 
a'single step at a time. It is designed for low-volume 
applications requiring program development, as iri proto­
type testing and custom interfacing; The 8041 has a 
conventional mask-programmable ROM and features a 
low-power standby mode. It is intended to replace the 
8741 once a system design has been set. The 874118041 
connections for a master-slave arrangement are shown in 
the block diagram of Fig. 2. 

The master processor and the peripheral controller 
communicate through an asynchronous data-bus buffer 
register. on the UPI. Data and commands are received 
from the master processor through the ODD, and status 
and data information are returned through it to the 
master. The controller sends status information to the 

8041 
OR 

8741 
UNIVERSAL 

PERIPHERAL 
INTERFACE 

8041 
OR 

8741 
UNIVERSAL 
PERIPHERAL 
INTERFACE 

,~ 
KEYBOARD 

imlER 
PERIPHERAL 
DEVICES . 

main processor from a 4-bit status register that uses four 
of the buffer register's eight lines. 

The configuration of the ODD arid' status registers, is ' 
shown in' Fig. 3. The master processor controls data . 
transfer to theuPI by four input, lines: the address-input ' 
signal specifies whether a command or a data word is 
being sent; the chip-select line is an enable input that 
permits communication with the interface, and the read 
and write lines are used to stroke output and input data, 
reSpectively. The master processor uses these signal~ to 
direct the exchange of information through the ODD 
register, which serves as temporary' storage for 
commands and data flowing between master and slave 
. processors. 

The four flags 
" . . 

The status register comprises four flags that direct the . 
handshaking between the master and slave processors. 
The first is a general-purpose flag, which is set by 
programming in the 8041/8741 and used to prevent 
contention over the ODD register between master and 
slave. processors. Another is the command/data flag 
,that, when set, indicates that command information is 
being transferred. The input-buffer-full flag is set when­
ever the ODD register is loaded with a word' from the 
main. processor, and the output-buffer-full flag is set 
when the UPI loads its ODD register. 

3-4 
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Protocol for the interface begins with the master 
proCessor writing an 8-bit character into the buffer regis­
ter .. This sets the IBF, flag, signaling, the peripheral 
controller with an int,ernal interrupt. The:; UPI can then 
transfer the 8-bit data byte to its accumulator at any 
time under software control, which clears the ISF flag. ' ' 

In transferririg dat~ in the other direction:" from slave 
to master-the peripheral' chip loads, the DBB, re:;gister 
while automatically setting the OBF flag: Tl)e master 
processor can then 'reaq the status register, to determine 
that theOBF flag is set and can proceed to take in data 
from the buffer register, at the same'~imeclearing ihe 
flag in preparation for the arrival of inore data. , 

Transfer o,f'data. within :the peripheral controller is 
asynchronous to external processor timing. The chip' can 
thuseff'ectiyely control peripheraldeviees while data 
transfers goon unhindered. Moreover, the DBB register 
isolates peripheralcontrol tasks from the main processor. 
Task isolation is desirable in that it eases software devel­
opment and debugging' within a given system (by 
modularizin'g functions). In addition, it is certain to 
enhance data throughput, since two microprocessors are 
rumiing concurrently. ' , ' 

Optimized for control 
The CPU and instruction set of the 8041/8741' are 

designed to efficiently handle' the single-bit operations 
required fn most 'control applications, including 110 oper­
ations and data-bit manipulation. Two 8-bit-wide ports, 
compatible with transistor-transistor logic, are provided 
on the chip. (Sixteen additional lines may' be had with 
the"addition of an 8243 1(0 expander chip, which, takes 
up 'half thi: lines of 110 port 2.) Two inputs to the 
peripheral controller are provided that may ,be tested 
with conditi~rial branch instructions in, UpI software. 
Any port line can be set or cleared individually under 
software "control, and any line can function as either 
input or' output" irrespective of remaining lines. 

The timer/event-counter incliJded on the peripheral 
controller cim be preset, read, started, or stopped under 
software control., IIi the timing mode, an interrial oscil­
lator can be set by a crystal or an LC network. 'In the 
event-counter mode, the T I input may be used' to count 
switch closures or tachometeq)ulses, directing program 
flow accordingly. If the counter has been preset, a flag is 
available that ,indicates overflow, and it can !lignal the 
master processor. " , 

The 1,024 bytes of on-chip ~OM are sufficient for most 
dedicated programming applications. Typically, key­
board encoding or printer control requires 500 to'100 8-
bit bytes, and therefore ample program space is 'available 
for additional functions.' " . 

Of the 64 10,cations in the on-chip RA~, there are two 
8-byte register Qallks, an, eight-level program-counter 
stack, arid 32, byteS of user RAM.' The dual 
8-byte register 'banks allow fast response, to interrupts 
such' as 'the IBF' flag or time ovetflow. The stack also 
provides convenient handling of subroutine cells' and 
storage of other data. " ,,', , 

The thrust of theperipheral-oontroller chip is in its 
isolation of peripheral tasks from the maiil processo~. 

'Since its job is specifically for control, the main 
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3. Buffer to thebu .. The,data'bus buffer register (DBB) provides, 
temporary storage for commands and data flowing between the UPI 
and a main-system processor, The status register puts ,four signals on 

the data bus that between them 'Inform the main processor of the 
status of the DBB and also establish a handshaking protocol, 

TO a'BIT' { 
MASTER, 

, PROCESSOR 

8041/8741 

DATA BUS 

CONTHOl IlUS 

4. Printer control. Memory in the 87411!!041 allowsihe device to 
buffer as many 'I\s 40 characterS .to be printed, The ,'~aln-system' 
processor can transfer'a bllick of 'daia at this' sp~ed' and then 

continue with,o!her tasks while the UPI'sbl~irection~1 i/o ports 
monitor and control sequential character printing, 
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8243 
INPUT/OUTPUT 

EXPANDER 

KEY80ARO 
MATRIX 

8 ROWS 

rip~O:;RT:;2--:'-:;' P;;;R;;;OG~R;'AM~~~-==:;::::!::=-;PORi 1 
PORT2 

, 8041/8741 

T08'BIT {:::::::::=~:::: MASTER 
PROCESSOR 

N<7 

5. Using the UPI. :t:yplcal applications of the 874,1/8041 include (a) 
a keyboard scanner In which an 8243 input/output expimder is 
added to permit the encoding of as many as 128 keys, (b) a process­
control subsystem implemented with an analog multiplexer a~d a 
dlgltaHo-analog converter,' ahd (c) a generalized 'distributed 
processing sy~tem' that employs uP to seven of the devi~es as slave 
process~rs .. conne~ting ,them to a single 8048 microcomputer. 

,I':" .' ',' ,. 
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p~~cessor can therefore' be left to down-load commands 
and transfer data,while the UPI works in realtime. ' 

One application 'might be the ,controlling of a printer 
peripheral, to'~n8080 system, asshown)n Fig. 4. T!II: 
entire i'eal~tiniecontrol, portion of, the task can be 
handled by the peripheral controller. With its built-in 
timer, it easily handles timing functions like character 
spacing, print position, alld line feed. The, UPI. has ample 
1/0 poris for ~ 40-cohmindot-fuatrix printer. ' 

In this printer application, the DBB register allows for 
standardization of data transfer to and from the' 8080-
based' main processing sys~~m. To dothis,one typical 
format mightbe}or the nlain processor'to send a start 
coinmand f9110wed by a full line of 40 A~CII characters. 
The peripheral controller would then store the characters 
under p~ogram control ill a portion of the RAM and' begin, 
'execution of , the printing 'as soon as the print head and 
line' feed were in the proper position. In the meantime" 
the mainp~ocessorreturns to other tasks. The ROM in 
the 804118741 can ,be used to convert the ASCII code to ' 
dot-mairix or other formats. 

In printer applications, standardization, is' the key 
feature offered by the slave peripheral controller. 
Without any changes in the 8080-based,main processing; 
system, the UPI can be programmed to handle any 
printer mechanisms-dot nlatrix, drum, spherical head, 
and so on; In this way, a designer can ,easily upgrade the 
peripherals in his system with a minimum of change in 
the master~processorsoftware: ' 

A keyboard application 

Figure Sa illustrates an application in' which the' new 
chip plus' an 8243 1/0, expander provide a compact 
system for scanning, and encoding as many as 128 keys 
from a terminal keyboard. N-key rollover and debounce 
are implemented by using the on-chip RAM to keep, a 
copy' of the key status after each scan. When a key 
closure is detected, the 8041 uses ~ ROM look-up table to' 
generate th,e appropriate ASCII code for transfer to the 
master processor. As many as 16 characters can be 
stored and transferred in a block to 'the master processor. 

The analog process-control 'subsystem illustrated in' 
Fig. 5b can be inlplemented using an analog multiplexer 
and digital-to-analog converter along with the 8041. I,n 
,this configuration, the peripheral controller 'can m()nitor 
and digitize eight analog inputs, perform linearization 
(using equations or ROM look-up tables), check for limits 
and 'zero offsetS, and receive control information' that 
could determine new limits; . 

Figure 5c illustrates' a generalized distributed­
procesSing system using as many as seven 8041s as slave' 
processors connected,to a single 8048 master processor. 
Port 20f the 8,048 provides seven chip-select lines to the 
peripheral controllers plus the command/data cOntrol 
function. This low~cost, low-speed multiprocessor config­
uration has 'many advantages over a single high-speed 
processor. The peripheral controllers,aredesignedespe­
cially for control or interface applications, and each can 
be programmed to handle a single isolated task. This 
inodular appro~ch allows easy~evelopmentand debug­
ging oftlie system., ' , p 
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MICRD PROCESSOR 
COMPUTER DATA STACK 

MICROCOMPUTER INTERFACING: 
CHARACTERISTICS OF '·THE 
8253 PROGRAMMABLE INTERVAL TIMER 

Marvin L. DeJonCJ 
School of the Ozarks 

Jonathan A. Titus and Christopher Titus 
Tychon, Inc 

Peter R. Rony and David G. Larsen 
Virginia Polytechnic Institute and State University 

'As a preliminary discussion, some characteristics of the 
. Intel 8253 programmable interval timer are presented. 
This extremely versatile input/output chip has various 
potential uses such as a real·time clock, event counter, 
and period counter, in addition to· replacing software· 
implemented'timing 1,,0pS. For example, interval timers 
have been used in a digital cardiotachometer, a data· 
logging timer that employed several phototransistors to 
measure velocities and accelerations, and a program to 
sample nonperiodic waveforms for subsequent display on 
an, oscilloscop'e. 0 

3·7 

The' 8253 is a 24·pin integrated circuit that requires a 
single 5·V supply and contains three independent H>·bit 
interval timers, each ·of' which can be operated in six 
different modes. An interval timer isa ,device for, mea· 
suring the time interval between two actions, or a timer 
that switches electrical circuits on or off for the duration 

°Dr Dejong of the Dept of Mathematics/Physics at the 
School of the Ozarks, Point Lookout, Mo has implemented 
the timers in these simple, but diverse, applications. 

Fig 1 Interface circuit between 8253 program. 
mabie interval timer and 8080/8085mlcrocom­
puter; Timer uses four locations of memory In 
this memory-mapped interface circuit . 
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TABL~1 
Addreulng tile 8253 Programmable Interval TImer 

Control Inputs Memory Address In 
Demonstration Program 

CS RD WR A1 AO and Interface Circuit 

0 0 0 0 Load counter #0 200000 
0 0 0 1 .' Load cO'unter #:1 ' 200 001 , . '. ., 
0 0 1 0 Load. counter #2 . .200002 
0 0 '1 1 Load control' reg Ister 200 ·003" '.: 

.~ .. ; 0 0 9 '. ~. Read counter ·#0. 200000 
0 0 0 1 Read' counter if 200 001 
0 0 1 0 Read c.ounter #2 200002 
0 0 1 1 1 No operation (3-state) 
1 X X X X Disable chip (3-state) 
0 1 1 X X No .operatlon (3-state) 

Note: X _ don't care (logic 0 or logic 1) 

of the preset lime interval.1 Fig· 1 serves the dual- purpose 
of giving the pin diagram of the 8253 chip, while showing 
how the' chip can be interfaced with an 8080A/8085 

. based microcomputer system using· memory-mapped' in-
put/output. (1/0).2 ,. 

Four internal registers.,-three 'interval timers'arid a con­
trol register-that are decoded as memory loc;!.tions 200 000 
through 200 003 with the aid 'of the address bus . signals 
AO, AI, and AI5 .(seeFig land Table 1) are contained 
on ·the 8253 chip. In Table 1, the lID' and Wi control in­
puts determine whether a specific register is b.e.ing lo.aded 

3-STATE 
.. BIDIRECTIONAL 

DATA BUS 

"{, ;., 

ClK 

or read .. It is not possible 10 read the contents of the con­
trol register, 

Table 2 summarizes the coding for the 8-bit control 
register within the chip .. Bits D7 and D6. determine the 
selection of the interval timer; bits D5 and D4 determine 
.thenature of the. read/write operation associated with 
the chosen timer; bits D3,D2, and.DI, the mode of 
operation· of . the timer; and. bit DO, whethe~. the timer 
counts down: in binary or binary.,coded decimal (BCD), 

Fig 2 provides a block diagram for :a typical counter 
in the chip, 11le microcomputer loads .the~ 16-bit down 

. ,~~:OOL .. {TRIGGER 
GATE tOR RESET 

Flg2 Functional diligt~m of each of .three 
16-blt Interval timers hi 8253 chip. Gate 

: Input acts alternatively' as gate, trigger,. or 
reset Input,.:dellendlng. upon mode chosen REGISTER' 

t', . I--f-..,...,.--OUT 
'1",. 
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counter as two successive bytes, a HI and LO byte, via the 
bidirectional data bus, DO through D7. If the gate line, 
GATE, is active, negative edge transitions at theCLK 
input decrement the counter. When the counter reaches 
zero, OUT becomes active, its actual behavior depending 
upon the mode programmed into the control register for 
the counter (see Table 2). The three 16-bit counters on 
the chip can each be programmed independently in any 
one of the six modes of operation. Counter inputs and 
outputs-CLK, GATE, and OUT-for the chosen counter 
are independent of the CLK, GATE, and OUT 1/0 of the 
remaining two counters on the chip. 

In addition to the address, data, and control bus con­
nections shown in Fig I, the CLKO and GATEO inputs to 
counter 0 are respectively connected to the </>2 [transistor­
transistor logic (Tl'L)] microcomputer clock output (typi­
cally 2 MHz) and to bit 0 of accumulator output port 000. 
Any Tl'L level clock with a frequency of less than 2 MHz 
can be used as input to CLKO, and any suitably debounced 
switch or source of strobe pulses can be used to control 
the timer at GATEO. The output of the counter, OUTO, 
can be connected to an oscilloscope to permit observation 
of each of the six ·timer modes of operation. 

Next month's discussion will focus on the behavior of a 
demonstration program for the 8253 programmable pe­
ripheral interface chips, which are further described in 
Refs 3 and 4. This program will illustrate the loading, 
latching, and reading of counter 0 as well as the various 
output modes. 

TABLE 2 

Coding for 8-Blt Control Reglater In 8253 Chip 

Bits Control Function 

07 06 
0 0 Control word Is for counter #0 
0 1 Control word is for counter #1 

0 Control word Is for counter #2 
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05 04 

0 0 Latch both bytes of chosen counter for 
read operation 

0 Load or read only most significant byte 
(MSB) of chosen counter 

0 Load or read only least significant byte 
(LSB) of chosen counter 

Load or read LSB first, then MSB of 
chosen counter 

03 02 01 

0 0 0 Mode 0: Output = 1 on zero counter 
0 0 Mode 1: Retrlggerable variable-width one-

shot 
X 0 Mode 2: Programmable rate generator 
X Mode 3: Programmable square wave gen-

0 

0 

erator 
0 Mode 4: Delayed strobe 

gered strobe) 
Mode 5: Triggered strobe 

gered strobe) 

DO 

o Count down in binary 
Count down In BCD 

Nol.: X = don'l car. (logic 0 or logic 1) 
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(software trig-

(hardware trig-
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ORDERING INFORMATION 

Semiconductor components are identified as follows: 

Example: 

M C 5 1 o L 4 

~-----------.------------~I I~-----.r-~~~ 

Four L five characters 
per device type 

Package Type 
B - Hermetic Package, Type B 
C - Hermetic Package, Type C 
D - Hermetic Package, Type D 
M. - Metal Can Package 
P - Plastic Package 
X - Unpackaged Device 

M - Indicates Military Operating 
Temperature Range 

Examples: 

Up to three character 
modifier for power, 
speed, processing, etc. 

P5101L 

C8080A2 

CMOS 256 X 4 RAM, low power selection, plastic package, commercial temperature range. 

8080A Microprocessor with 1.5 flS cycle time, hermetic package Type C, commercial 
temperature range. 

MD3604/C 

MC8080A/B 

512 X 8 PROM, hermetic package Type D, military temperature range, MI L-STD-883 Level 
C processing. * 

8080A Microprocessor, hermetic package Type C, military temperature range, M I L-STD-883 
Level B processing. * 

Kits, boards and systems may be ordered using the part number designations in this catalog. 

The latest Intel OEM price book should be consulted for availability of variousoptions. These may be 
obtained from your local Intel representative or by writing directly to Intel Corporation, 3065 Bowers 
Avenue, Santa Clara, California 95051. 

*On military temperature devices, B suffix indicates MIL-STD-883 Level B processing. Suffix C indicates MIL-STD-883 Level 
C processing. "S" number suffixes must be specified when entering any order for military temperature devices. All orders 
requesting source inspection will be rejected by Intel. 



PACKAGING INFORMATION All dimensions in inches and (millimeters) 

PLASTIC DUAL IN-LINE PACKAGE TYPE P 

24-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 

28-LEAD PLASTIC DUAL IN-LINE 
. PACKAGE TYPE P 

.4O-LEAD PLASTIC. DUAUN-UNE 
PACKAGE TYPE P 

C . ,.24513'.6231~ . 
1.235131.3691 

C· __ ~3PIN~----r 
.545 113.8431 

.- .' . .535113.5891 

--- ~ 
.20015.0801 .160 14.0641 

MAX. ___ =_ .150 13.8101] 

SEATING ~ ~ 
PLANE :Ji'lJ'lrM1 . -----r.015 M.IN. '. 

.126 13.175) I L =.l Il (0.381) 
MIN. r-I . '"l . +I .020 (0.5081' '. 

.o!!l!. 12.7941 .060 TYP .032 TYP .016 (0.4061 
. 090 12.2861 11.5241 10.8131 . 

1.455136.9571 

[---iA45136.7031~ C---3-_.f!N~I_·t 
'. 

~113.8431 
.535 (13.6651 

--- ~ 
.200 (5.0801 .160 14.0641 

MAX. ==== .150 13.8101 1 
"SE"'A"'T!!:IN"'G~-l __ ~---~ 
PLANE TIl'"M -----r.015 MIN. 

.125 (3.1751 r-I L::.i ~ Il (0.3811 

MIN. .110 12.7941 .060 TYP .032 TYP +I:~~~ l~':: 
:ii9O 12.2861 11.5241 (0.8131 . . 

2.055152.1971 

[
--. - 2.iii5(51.9431--->j 

C ---3--"'N.!I----r 

. 0 .545 (1. 3.8431 
.- .535 (13.5891 

'. '. .' I ___ --1. 

.. 200(5.0801 . .175 (4.445)' 

.- MAX. .==== .. fii5 (4.'911] 

SEATING ~~--~ 
PLANE - --·ITiflIJI -----r.015 MIN. 

.125 (3.'751 I L~ I Il (0.3811 
MIN. r-I '"l +I .020 10.5081 

:!.l". (2.7941 .060 TYP .032 TYP ms iOAOs'l 
.090 (2.2861 11.5241 (0.8'31 

.625 

[
. MAX'1 

~omJ "imt, 
10.2541 .- . ' ~ is' 

,"! ." ! 

L .650 j. 
(16.5101 . 

REF . 

.625 

[ 
MAX. 1 

.om-/. "Ft. 
(0.2541 ..... 15' 

! ,! 

L .650 I 
116.5101-J 

REF. 

.625 

[ 
MAX. 1 

. 115.8751-,1'· 

.D10TYP -t t ~g: 
(0.2541 "'"' 15' 

1 ! 
L .650 I 

(16.5101---J 
REF.' 



PACKAGING INFORMATION All dimensions in inches and (millimeters) 

CERAMIC DUAL IN-LINE PACKAGE TYPE D 
24-LEAD HERMETIC DUAL IN·LlNE 
PACKAGE TYPE D 

28-LEAD HERMETIC DUAL IN·LINE 
PACKAGE TYPE D 

4O-LEAD HERMETIC DUAL IN·LlNE 
PACKAGE TYPE D 

40-LEAD HERMETIC DUAL IN'LlNE 
PACKAGE TYPE B 

C~ {32.639)-=-:J 
1.235 (31.369) 

C---~PIN11 
.600 (15.240) 

, .515 (13.0Bl) 

--- ~ 
.22D{5.5BBI .175 {4.4451 

MAX. _=-..;=_ Y45 {3.:B31] 

,PLANE -r SEATING ~--~ 
.125 {3.1751 I::'. 11 .JL {D3Bll 

L.015 MIN. 

MIN. ~ .060 TVP. . 
{1.5241 .020 {0.50BI 

:!!!! {2.7941 .032 TVP .016 {0.4061 
• 090 {2.2B61 {D.BI31 

1.485 {37.7191 
~ 1.435 {3, B.4491~ 
1_ _ _ _ . _ ~N...!I 

C---~l 
.600 {15.2401 

, .515 {l3.0BII 

--- ~ 
.220{5.5BBI .175 {4.4451 

MAX. __ ..;=_ .145 {3.:B31] 

SEATING m--~ PLANE l.015 MIN . 

. 125J~N~751 I 1+1 11.060 TVP. 1 {0.3BTI 
r+I I- {1.5241 -I .020 {0.50S1 

.110 {2.7941 .032TVP:DiS {0.4061 
:000 {2.2B61 {D.BI31 

C~ {52.B321~ 
2.030 {51.5621 

C~--~PIN11 
~ {15.2401 
.515 {13.OB11 ___ --.l 

.220 {5.5BBI .175 {4.4451 

MAX. __ ..;=_ .145 {3'~'l 

S~tl~~G ~--~015MIN' 
.125 {3.1751 1+1 060 TVP 1 {0.3S11 

MIN. I- . {1.5241· -I ~ {0.50SI 

. 110 {2.7941 .032 TVP .016 {0.4061 

.090 {2.2861 {0.SI31 

2.060 {52.S321 C2.03ii {51.5621 ~ a==a-- PIN1! 

_ ~ {152401 
.570 {13.0S11 

----- ~ 

.625 

CMAX'ii 
{l5.B75~1 

I:: C .010 TVP. ;;'li. 
10.2541 ! .675 ~! 

I- {17.1451--1 
REF . 

.625 

rlMAX';)j 
1~'5.B75~1 1 :: ~ 

.010 TYP. f *. 
{0.2541 1 -I 

.010 TVP. 
{0.2541 

i--{l:'~:51--i 
REF. 

, 
. .675 ! 
1--{17.1451--.1 

REF . 

.625 
.220{5.55SI .150 {3.Bl01 ~'MAX.~ 

MAX. ww~~-=~~'125{3"~ t~14.6261 M{15'675~1 
SEATING =:r _ .155 {3.9371 

PLANE ~ h-----J t : O· 
.125J~N~751 I L' IL .~~~:~~. '~~~2~rr- -; Is' 

.110 {2.7941--1 -I .020 {O.50BI L 675 J 

.090 {2.2B61 .060 TVP. .032 TVP .016 {0.4061 {l7.1451 
{1.5241 {0.S131 REF. 
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3065 Bowers Avenue U.S. AND CANADIAN DISTRIBUTORS 
Santa Clara, California 95051 
Tel: (408) 987-8080 
TWX: 910-338-0026 
TELEX: 34-6372 

ALABAMA 
tHamiiton/Avnet Electronics 
4692 Commercial Drive 
Huntsville 35805 
Tel: (205) 837-7210 
Pioneer 
1207 Putman Drive NW 
Huntsville 35805 
Tel: (205) 837-9300 

ARtZONA 
tHamilton/Avnet Electronics 
2615 South 21st Street 
Phoenix 85034 
Tel: (602) 275-7851 
tLiberty/Arizona 
8155 N. 24th Avenue 
Phoenix 85021 
Tel: (602) 249-2232 
TELEX: 910-951-4282 

CALIFORNIA 
tAvnet Electronics 
350 McCormick Avenue 
Costa Mesa 92626 
Tel.: (714) 754-6111 
tHamilton/Avnet Electronics 
1175 Bordeaux Drive 
Sunnyvale 94086 
Tel: (408) 743-3355 
tHamiiton/ Avnet Electronics 
8917 Complex Drive 
San Diego 92123 
Tel: (714) 279-2421 
tHamiiton Electro Sales 
10912 W. Washington Boulevard 
Culver City 90230 
Tel: (213) 558-2121 
tLiberty Electronics 
124 Maryland Street 
EI Segundo 90245 
Tel: (213) 322-5059 
TWX: 910-348-7140 
tLiberty/San Diego 
8284 Mercury Court 
San Diego 92111 
Tel: (714) 565-9171 
TELEX: 910-335-1590 
tEl mar Electronics 
2288 Charleston Road 
Mountain View 94040 
Tel: (415) 961-3611 
TELEX: 910-379-6437 
Hamilton/ Avnet Electronics 
17312 Eastman Street 

. Irvine 92714 
Tel: (714) 979-6864 

COLORADO 
tElmar/Denver 
6777 E. 50th Avenue 
Commerce City 80022 
Tel: (303) 287-9611 
TWX: 910-936-0770 
tHamiiton/Avnet Electronics 
5921 No. Broadway 
Denver 80216 
Tel: (303) 534-1212 

CONNECTICUT 
tCramer/Connecticut 
12 Beaumont Road 
Wallingford 06492 
Tel: (203)265-7741 
tHamilton/ Avnet Electronics 
643 Danbury Road 
Georgetown 06829 
Tel: (203) 762-0361 
t8arvey Ele'ctronics 
112 Main Street 
Norwalk 06851 
Tel: (203) 853-1515 

FLORIDA 
Arrow Electronics 
1001 N.W. 62nd Street 
Suite 402 
Ft. Lauderdale 33309 
Tel: (305) 776-7790 
Arrow Electronics 
115 Palm Bay Road, NW 
Suite 10 
Palm Bay 32905 
Tel: (305) 725-1480 
tHamiiton/ Avnet Electronics 
6800 Northwest 20th Ave. 
Ft. Lauderdale 33309 
Tel: (305) 971-2900 
tPioneer 
6220 S. Orange Blossom Trail 
Suite 412 
Orlando 32809 
Tel: (305) 859-3600 
Hamilton/ Avnet 
3197 Tech. Drive N. 
St. Petersburg 33702 
Tel: (813) 576-3930 

GEORGIA 
Arrow Electronics 
3406 Oak Cliff Road 

. Doraville 30340 
Tel: (404) 455-4054 
tHamilton/Avnet Electronics 
6700 I 85, Access Road, #11 
Norcross 30071 
Tel: (404) 448-0800 

ILLINOIS 
tCramer /Chicago 
1911 So. Busse Rd. 
Mt. Prospect 60056 
Tel: (312) 593-8230 
tHamilton/Avnet Electronics 
3901 No. 25th Ave. 
Schiller Park 60176 
Tel: (317) 849-7300 
Pioneer/Chicago 
1551 Carmen Drive 
Elk Grove Village 60006 
Tel: (312) 437-9680 

tNDtANA 
tpioneer/lndiana 
6408 Castle place Drive 
Indianapolis 46250 
Tel: (317) 849-7300 
Sheridan Sales 
8790 Purdue Road 
Indianapolis 46268 
Tel: (317) 297-3146 

KANSAS 
tHamilton/Avnet Electronics 
9219 Quivira Road 
Overland Park 66215 
Tel: (913) 888-8900 

MARYLAND 
tHamilton Avnet 
P.O. Box 647, 
BWI Airport 
7235 Standard Drive 
Hanover 21076 
Tel: (301) 796-5684 
tpioneer/Washington 
9100 Gaither Road 
Gaithersburg 20760 
Tel: (301) 948-0710 
TWX: 710-828-0545 

MASSACHUSETTS 
fCramer Electronics Inc. 
85 Wells Avenue 
Newlon 02159 
Tel: (617) 969-7700 

MASSACHUSETTS (continued) 
tHamiiton/ Avnet Electronics 
50 Tower Office Park 
Woburn 01801 
Tel: (617) 273-7500 

MICHIGAN 
tSheridan Sales Co. 
24543 Indoplex Circle 
Farmington Hills 48024 
Tel: (313) 477-3800 
'Pioneer/Michigan 
13485 Stamford 
Livonia 48150 
Tel: (313) 525-1800 
tHamiiton/Avnet Electronics 
32487 Schoolcraft Road 
Livonia 48150 
Tel: (313) 522-4700 
TWX: 810-242-8775 

MINNESOTA 
,Industrial Components 
5280 West 74th Street 
Minneapolis 55435 
Tel: (612) 831-2666 
tCramer/Bonn 
5424 Edina Industrial Blvd. 
Edina 55435 
Tel: (612) 835-7811 
tHamilton/ Avnet Electronics 
7449 Cahill Road 
Edina 55435 
Tel: (612) 941-3801 

MISSOURt 
tHamiiton/Avnet Electronics· 
364 Brookes Drive 
Hazelwood 63042 
Tel: (314) 731-1144 
Sheridan Sales 
220 S. Hwy 67, Suite 10 
Florissant 63031 
Tel: (314) 837-5200 

NEW JERSEY 
Arrow Electronics 
Pleasant Valley Avenue' 
Moorestown 08057 
Tel: (215) 928-1800 
Arrow Electronics 
285 Midland Avenue 
Saddlebrook 07662 
Tel: (201) 797-5800 
tHamiiton/Avnet Electronics 
10 Industrial Road 
Fairfield 07006 
Tel: (201) 575-3390 
TWX: 710-994-5787 
tHarvey Electronics 
45 Route 46 
Pinebrook 07058 
Tel: (201) 227-1262 
tHamilton/Avnet Electronics 
113 Gaither Drive 
East Gate Industrial Park 
Mt. Laurel 08057 
Tel: (609) 234-1233 
TWX: 710-897-1405 

NEW MEXICO 
Alliance Electronics Inc. 
11728 Linn Ave., N.E. 
Albuquerque 87123 
Tel: (505) 292-3360 
tHamiiton/Avnet Electronics 
2524 Baylor Drive, S.E. 
Albuquerque 87119 
Tel: (505) 765-1500 

tMicrocomputer System Technical Demonstrator Centers 
'Microcomputer Systems Spares Order Point 



3065 Bowers Avenue 
Santa Clara, California 95051 
Tel: (408) 987-8080 
TWX: 910·338-0026 
TELEX: 34-6372 

ALABAMA 
Intel.Corp. 
3322 S. Parkway, Ste. 71· 
Holiday Office Center .. 
Huntsville 35802 
Tel: (205) 883·2430 
Glen White Associates 
3502 9th Avenue 
Huntsville 35805 
Tel: (205) 883·9394 
tPen-Tech Associates, loc. 
Holiday Office Center. 
3322 S. Memorial Pkwy. 
Huntsville 35801 
Tel: (205) 533·0090 

ARIZONA 
Intel Corp. 
8650 N. 35th Avenue, Suite 101 
Phoenix 85021 
Tel: (602) 242·7205 
jBFA 
4426 North Saddle Bag Trail 
Scottsdale 85251 
Tel: (602) 994·5400 

CALIFORNIA 
Intel Corp. 
7670 Opportunity Rd. 
Suite 135 
San Diego 92111 
Tel: (714) 268·3563 
Intel Corp.· 
1651 East 4th Street 
Suite 105 
Santa Ana 92701 
Tel: (714) 835·9642 
TWX: 910·595·1114 
Intel Corp.· 
15335 Morrison 
Suite 345 
Sherman Oaks 91403 
(213) 986·9510 
TWX: 911).495·2045 
Intel Corp.-
3375 Scolt Blvd. 
Santa Clara 95051 
Tel:.(408) 987·8086 
TWX: 910·339·9279 
TWX: 910-338·0255 
Earle Associates, Inc. 
4805 Mercury Street 
Suite L 
San Diego 92111 
Tel: (714) 287-5441 
Mac-I 
2576 Shattuck Ave. 
Suite 4B 
Berkeley 94704 
Tel: (415) 843·7625 
Mac-I , 
P.O. Box 14:1:0 
Cupertino 95014 
Tel: (408) 257·9880 
Mac-I 
P.O. Box 8763 
Fountain Valley 92708 
Tel: (714) 839-3341 
Mac-I 
20121 Ventura Blvd., Suite 240E 
Woodland Hills 91364 
Tel: (213) 347·5900 

COLORADO 
Intel Corp.· 
6000 East Evans Ave. 
Bldg. 1, Suite 260 . 
Denver 80222 
Tel: (303) 758·8086 
TWX: 910·931-2289 
tWestex 
27972 Meadow Drive 
P.O. Box 1355 
Evergreen 80439 
Tel: (303) 674·5255 

CONNECTICUT 
Intel Corp. 
Peacock Alley 
1 Padanaram Road, Suite 146 
Danbury 06S10 
Tel: (203) 792·8366 
TWX: 710-456-1199 

FLORIDA 
Intel Corp. 
1001 N.W. 62nd Street,. Suite 406 
Ft. Lauderdale 33309 
Tel: (305) 771-0600 
TWX: 510-956-9407 
Intel Corp. 
5151 Adanson Street, Suite 203 
Orlando 32804 
Tel: (305) 628-2393 
TWX: 810·853·9219 
tPen-Tech Associates, Inc. 
201 S.E. 15tl} Terrace, Suite F 
Deerfield Beach 33441 
Tel: (305) 421-4989 

u.s; AND CANADIAN SALES OFFICES 

Wen-Tech Associates, Inc. 
111 So. Maitland Ave., Suite 202 
Maitland 32751 
Tel: (305) 645-3444 

GEORGIA \ 
tPen-Tech Associates, Inc. 
Suite 305 C 
2101 Powers Ferry Road 
At/anta 30339 
Tel: (404) 955-0293 

ILLINOIS 
intel Corp.· 
900 Jorle Boulevard 
Suite 220 
Oakbrook 60521 
Tel: (312) 325-9510 
TWX: 910·651·5881 
tDytek-Central, Inc. 
121 So. Wilke Road 
Suite 304 
Arlington Heights 60005 
Tel: (312) 394-3380 
TWX: 910·887·2287 

INDIANA 
Electro Reps Inc. 
941 E. 86th Street, Suite 101 
Indianapolis 46240 
Tel: (317) 255-4147 
TWX: 810-341-3217 

IOWA 
Technical Representatives, Inc. 
St. Andrews· Building 
1930 SI. Andrews Drive N.E. 
Cedar RapIds 52405 
Tel:. (319) 393·5510 

KANSAS 
Technical Representatives, Inc. 
8245 Nieman Road, Suite #100 . 
Lenexa 66214 
Tel: (913) 888-0212, 3, & 4 
TWX: 910·749-6412 

KENTUCKY 
tLowry & Associates, Inc. 
3351 Commodore 
Lexington 40502 
Tel: (806) 269·6329 

MARYLAND 
Intel Corp.· 
7257 Parkway Drive 
Hanover 21076 
Tel: (301) 796·7500 
TWX: 710-862·1944 
Glen White Associates 
57 W. Timonium Road, Suite 307 
Timonium 21093 
Tel: (301) 252·6360 
tMesa Inc. 
11900 Parklawn Drive 
Rockville 20852 
Tel: Wash. (301) 881·8430 

Balto. (301) 792-0021 

MASSACHUSETTS 
Intel Corp.-· 
187 Billerica Road, Suite 14A 
Chelmsford 01824 
Tel: (617) 687·8126 
TWX: 710·343·6333 
tComputer Marketing, Inc. 
257 Crescent Street 
Waltham 02154 
Tel: (817) 894·70.00 

MICHIGAN 
Intel Corp. 
26500 Northwestern Hwy. 
Suite 401 
Southfield 48075 
Tel: (313) 353-0920 
TWX: 910-420·1212 
TELEX: 2 31143 
tLowry & Associates, Inc. 
135 W. North Street 
Suite 4 
Brighton 48116 
Tel: (313) 227·7067 

MINNESOTA 
Intel Corp. 
8200 Normandale Avenue 
Suite 422 
Bloomington 55437 
Tel: (612) 835·6722 
TWX: 910-576-2867 
tDytek North 
1821· University Ave. 
Room 163N 
St. Paul 55104 
Tel: (612) 845·5816 

MISSOURI 
Technical Representatives, Inc. 
320 Brookes Drive, Suite 104 
Hazelwood 63042 
Tel: (314) 731·5200 
TWX: 910·762·0618 

NEW JERSEY 
Intel Corp. 
1 Metroplaza Office Bldg. 
505 Thornall SI. 
Edison 08817 
Tel: (201) 494·5040 
TWX: 710-480·6238 

NEW MEXICO 
BFA Corporation 
P.O. Box 1237 
Las Cruces 88001 
Tel: (50S) 523-0801 
TWX: 910·983-0543 
BFA Corporation 
3705 Westerfield, N.E. 
Albuquerque 87111 
Tel: (505) 292·1212 
TWX: 910·989·1157 

NEW YORK 
Intel Corp.-
350 Vanderbilt Motor Pkwy. 
Suite 402 
Hauppauge 11787 
Tel: (518) 231·3300 
TWX: 510·227·6236 
Intel Corp. 
80 Washington St. 
Poughkeepsie 12601 
Tel: (914) 473·2303 
TWX: 510·248·0060 
Intel Corp. 
474 Thurston Road 
Rochester 14619 
Tel: (716) 328·7340 
TWX: 510·253·3841 
tMeasurement Technology, Inc. 
159 Northern Boulevard 
Great Neck 11021 
Tel: (516) 482·3500 
T-Squared 
4054 Newcourt Avenue 
Syracuse 13206 
Tel: (315) 463·8592 
TWX: 710·541·0554 
tT-Squared 
2 E. Main 
Victor 14564 
Tel: (716) 924·9101 
TELEX: 97·8289 

NORTH CAROLINA 
tPen-Tech ASSOCiates, Inc. 
P.O. Box 5382 
Highpoint 27262 
Tel: (919) 883·9125 
Glen White Associates 
3700 Computer Drive 
Suite 330 
Raleigh 27609 
Tel: (919) 787·7016 

'·OHIO 
Intel Corp.-
8312 North Main Street 
Dayton 45415 
Tel: (513) 890·5350 
TWX: 810-451).2528 
Intel Corp,· 
Chagrin~Brainard Bldg. #201 
28001 Chagrin Blvd. 
Cle'veland 44122 
Tel: (216) 464·2736 
Lowry & Associates, Inc, 
24200 Chagrin Blvd. 
Suite 320 
Cleveland 44122 
Tel: (216) 484·8113 
tLowry & AsSOCiates, Inc. 
1524 Marsetta Drive 
Dayton 45432 
Tel:· (513) 429·9040 
tLowry & Associates, Inc. 
105P Freeway Dr., N. 
Suite 209 
Colu·mbus 43229 
Tel: (814) 436-2051 

OREGON 
ES/Chase Company 
4095 5W 1441h 51. 
Beaverton 97005 
Tel: (503) 641·4111 

PENNSYLVANIA 
Intel Corp. - . 
275 Commerce Dr. 
200 Office Center 
Suite 212 .. 
ForfWash!ngto·n· 19034 
Tel: (215) 542·9444 
TWX: 510·661·2077 
tLowry & ASSOCiates, Inc. 
Seven Parkway Center 
Suite 455 
Pittsburgh 15520 
Tel: (412) 922·51·10 
to.E.D. Electronics 
300 N. York Road 
Hatboro 19040 
Tel: (215) 6.74.9600 

TENNESSEE 
Glen White Associates 
Rt. #12, Norwood SID 
Jonesboro 37659 
Tel: (615) 477·8850 
Glen White Associates 
2523 Howard Road 
Germantown 38138 
Tel: (90l) 754·0483 
Glen White Associates 
6446 Ridge Lake Road 
Hixon 37343 
Tel: (615) 842·7799 

TEXAS 
Intel Corp.-
2925 L.B.J. Freeway 
SuIte 175 . 
Dallas 75234 
Tel: (214) 241·9521 
TWX: 911).861).5487 
Intel Corp.-
6776 S.W. Freeway' 
Suite 550 
Houston 77074 
Tel: (713) 784·3400 
Mycrosystems Marketing Inc. 
13777 N: Central Expressway 
SuIte 405 
Dallas 75243 . 
Tel: (214) 238·7157 
TWX: 910·867·4763 
Mycrosystems Marketing Inc. 
6610 Harwln Avenue, Suite 125 
Houston 77036 
Tel: (713) 783·2900 

UTAH 
tWestek 
3788 Brockbank Drive 
Salt Lake. City 84117 
Tel: (801l 278-6920 

VIRGINIA 
Glen White Associates 
P.O. Box 1104 
Lynchburg 24505 
Tel: (804) 384·6920 
Glen White Associates 
Rt. #1, Box 322 
Colonial Beach 22443 
Tel: (804) 224·4871 

WASHINGTON 
I ntel Corp; . 
300 120th Avenue N.E. 
Bldg. 2. Suite 202 
Bellevue 98005 
Tel: (206)·453·8086 

. E.S'/Chase Co. 
P.O. Box 80903 
Seattle 98198 
Tel: (206) 762-4824 
TWX: 910-444·2298 

WISCONSiN 
Intel Corp. 
4369 S. Howell Ave. 
Milwaukee 53207 
Tel: (414) 747·0789. 

CANADA 
Intel Corp. 
Suite 233, Bell Mews 
39 Highway 7, Bell Corners 
Ottawa, Ontario K2H.8R2 
Tel: (613) 829·9714 
TELEX: 053-4419 
Multllek, Inc. * 
15 Grenfell Crescent 
Ottawa, Ontario K2G OG3 
Tel: (613) 226·2365 
TELEX: 053·4585 

-Field application location 
tThese representatives. do not offer Intel Components, 
only boards and systems. 
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