













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CLEAR 8257 MODE REG

LOAD 8257 CH 2 STARTING ADDRESS ,
REG WITH TOP, LOCATED AT

LOAD 825; CH2 1"ERMI‘NA'L COUNT REG WITH E7C»FH—-TOP+BOOOH
LOAD 82‘57 CH3 STARTIN& A‘DDRESS REG WITH 8000‘H
LOAD 8257 CH 3 TERMINAL %ZOUNT REGWITH B7(;FH
LOAD 8257 MODE REG, CH 2 ENABLED, AUTOLOAD MODE
INPUT 8279 FIFO STATUS

CHARACTER
PRESENT
2

NO

CALL CHARACTER

TRANSMIT SUBROUTINE} XMIT

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, moves a character from the USART to
the CPU, masks off the upper-most bit, and stores
the character in system buffer memory.

READ USART STATUS
READ ASCII CHARACTER

MASK OFF 8th BIT

STORE USART CHARACTER IN

MEMORY LOCATION

RETURN

Figure 4-17. READ/STORE USART Character
Subroutine (RDF51) - -

Character Recognition/Handling Subroutine
(CHREC) o

The character recognition/handling - subroutine,
Figure 4-18, examines the masked USART charac-
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ter to determine whether the charactér 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. i

ESCAPE
SEQUENCE
FLAG

CALL ESCAPE
CODE HANDLING

SUBROUTINE

RESET ESCAPE SEQUENCE FLAG,
LOCATED AT | XFLG

RETURN

ESCAPE
CODE
?

SET ESCAPE

CALL DISPLAY
SEQUENCE FLAG

CHARACTER
HANDLING
SUBROUTINE
CALL CONTROL
CODE HANDLING

SUBROUTINE

RETURN

URN

RETURN

Figure 4-18. Character Recognition/Handling 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 functions is given in
Appendix 5.2.




MOVE USART CHARACTER

FROM MEMORY LOCATION

CALCULATE ADDRESS IN
LOOKUP TABLE OF ESCAPE
SEQUENCE CHARACTER
ROUTINE ADDRESS

JUMP TO ESCAPE SEQUENCE
CHARACTER ROUTINE

e | [ | 2 | | o || 2 | | o =
CURSOR | | cursoRr | | cursor | | cursor || cLEAR Home | | ERASETO | | ERrasE
up DOWN RIGHT LEFT SCREEN | | ROUTINE gg&g; LINE
ROUTINE | | ROUTINE | | ROUTINE | | ROUTINE | | ROUTINE ROUTINE
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.

MOVE USART CHARACTER

FROM MEMORY LOCATION

CALCULATE ADDRESS IN

LOOKUP TABLE OF
CONTROL CODE
ROUTINE ADDRESS

' JUMP TO CONTROL
CODE ROUTINE

l

1

BACK SPACE LINE FEED

CTRLM

CARRIAGE
RETURN

[

RETURN

Figure 4-20. Control Code Subroutine (CNTRL) '

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
CALL SUBROUTINE

RETURN

END OF ROW
ow
COUNT YES
MAX
J END OF DISPLAY
NO

CALL SUBROUTINE
CALL suBROUTINE[Disc]

CALL SUBROUTINE

RETURN

*. CALL SUBROUTINE

RETURN

Figure 4-21. Display Character Handling Subroutine
(DISPL)
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Display Subroutine One (DIS1)

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 no EOR character is found,
insertion proceeds without further software inter-
vention. k - T

CALCULATE CHARACTER

INSERTION LOCATION IN .
DISPLAY MEMORY, STORE RESULT IN |LOCAD

CALCULATE LOCATION
OF 1st CHARACTER IN
ROW, STORE RESULT

i

EOR
CHARACTER
st CHAR
OF ROW

[}
CALL[FILL ]

SUBROUTINE

MOVE USART CHAR
FROM MEMORY TO A REG

MASK OFF BITS 7,8

LOAD CHARACTER
IN DISPLAY MEMORY
AT ADDRESS SPECIFIED
8¥[Loca]

RETURN

Figure 4-22. Display Subroutine 1 (DIS1)

Display Sizbroutines 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 and Y Position registers. If DISC is
called, a scrolling operation occurs.
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DISPLAY SUBROUTINE A (DISA}

l DISPL I

INCREMENT COLUMN COUNT

CALL LOAD CURSOR POSITION

SUBROUTI ME.

RETURN
DISPLAY SUBROUTINE B (DISB)

SET COLUMN COUNT =0

SET ROW COUNT =
ROWCOUNT +80

INCREMENT
CURSOR Y POSITION

CALL LOAD CURSOR POSITION
SUBROUTINE,|

RETURN
DISPLAY SUBROUTINE C (DISC)

I DISPL I

SET COLUMN COUNT =0

CALL LOAD CURSOR POSITION
. SUBROUTINE | WP75 |

CALL SCROLL
SUBROUTINE, | SCROL

RETURN
Figure 4-23. Display. Subroutines —
A (DISA), B (DISB), 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 row up subroutine
is called. , :



)

FIRST ROW
?

* SET ROWCOUNT =
LAST ROW (1920D = 780H)

STORE IN

NO

CALL

SUBROUTINE
SET CURSOR Y POSITION
= LAST ROW (24D = 18H)

STORE IN

RETURN

CALL LOAD CURSOR

POSITION SUBRO‘UTINE, WP 75

" RETURN

Figure 4-24. Cursor Up Routine (ESCA)

Cursor Down Routine (ESCB)

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.

CALL SCROLL

SUBROUTINE, | SCROL

RETURN

SUBROUTINE

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 4-26.
If the cursor is in the last display position, a scroll-
ing operation occurs. 8275 Cursor X and Y Posx-
tion reglsters are updated accordingly.

Cursor Left Routine (ESCD)

The cursor left routine tests the cursor location
and moves the cursor as described in Figure 4-27.
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LAST
CHAR POS
IN DISPLAY,

CALL COLUMN
RIGHT SUBROUTINE, o SET COLUMN COUNT
’
SET COLUMN COUNT STCI’RE N --ccTAD
RETURN co=0 CALL LOAD
| CURSOR POSITION
SUBROUTINE,
SUBROUTINE
CALL SCROLL
SUBROUTINE,
RETURN
RETURN

Figure 4-26. Cursor Right Routine (ESCC)

FIRST

CHAR POS

IN ROW
2

HOME
POSITION
?

CALL COLUMN LEFT YES

SUBROUTINE,

SET COLUMN
COUNT = LAST
COLUMN (79D = 4FH)

NO
RETURN

SET COLUMN COUNT
= LAST COLUMN VALUE (79D)
. SET ROWCOUNT
= LAST ROW
(1920D = 780H)
CALL

SUBROUTINE X
SET CURSOR Y
POSITION =
LAST ROW

RETURN
. (24D = 18H)

CALL LOAD CURSOR
POSITION SUBROUTINE,

RETURN

Figure 4-27. Cursor Left Routine (ESCD) .

Clear Screen Routine (ESCE)

Several possibilities existed for implementing the
clear screen function. 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) recogmzed 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 diS’play 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 the clear
screen operatlon

|

MOVE EOR CHARACTER
- TO FIRST CHARACTER
LOCATION OF EACH ROW

SET ROW COUNT = 0'
SET COLUMN COUNT =0
SET CURSOR Y POSITION =0
RE-INITIALIZE TOP TO 8000H

CALL LOAD CURSOR

POSITION SUBROUTINE,

RETURN

Figure 4-28. Clear Screen Routine (ESCE)

Home Routine (ESCH)

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 ROWCOUNT =0
SET COLUMN COUNT = 0
SET CURSOR Y POSITION = 0
CALL LOAD CURSOR

POSITION SUBROUTINE,| WP75

 RETURN

Figure 4-29. Home Routine (ESCH)

Erase to End of Screen Routine (ESCJ)

The erase to end of screen routine, Flgure 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 present display row until the last display
row, pointed to by BOTTOM, receive EOR charac-
ters. It should be noted that the pointer BOTTOM
changes dynamxcally with scrolling operations.

CALCULATE LOCATION OF

FIRST CHARACTER IN PRESENT
ROW, STORE IN

CALCULATE BOTTOM, STORE IN {BOTAD

.. FILL LOCATION OF FIRST
CHARACTER IN PRESENT ROW
" WITH EOR CHARACTER

PRESENT ROW
= LAST ROW IN
DISPLAY
MEMORY

BOTTOM
REACHED
?

NO RETURN

BOTTOM
REACHED SET LOCATION OF

? FIRST CHAR IN PRESENT ROW

.= LOCATION OF FIRST CHAR OF

No  RETURN
FIRST.ROW IN DISPLAY MEMORY (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
calls the fill subroutme which fills the row with
space codes.

Backspace Routine (CTRLH)
See cursor left routine.

Line Feed Routine (CTRLJ)

- See cursor down routine.




CALCULATE LOCATION OF FIRST CHARACTER

IN ROW, STORE AT [LOCXX

STORE CONTENTS OF LOCXX
IN MEMORY

s o]

CALL

SUBROUTINE

RETURN

Figure 4-31. Erase Line Routine (ESCK)

Carriage Return Routine (CTRLM)

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

SET COLUMN COUNT =0

CALL LOAD CURSOR POSITION

susrouTing,[We7s |

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,
COLLT)

The column right subroutine, Figure 4-35, incre-
ments the Column Count pointer 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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&

ADD -80D
TO ROW COUNT,
STORE'IN LOCATION

DECREMENT CURSOR Y POSITION

STORE IN LOCATION [CURSY

CALL LOAD CURSOR

POSITION SUBROUTINE, | WP75

RETURN

Figure 4-33. Row Up Subroutine (ROWUP)

ADD +80D TO ROW COUNT

STORE IN

INCREMENT CURSOR Y POSITION

STORE IN

CALL LOAD CURSOR

POSITION SUBROUTINE, | WP75

RETURN

Figure 4-34. Row Down Subroutine (ROWDN)

&

INCREMENT COLUMN COUNT

STORE IN @

CALL LOAD CURSOR

POSITION SUBROUTINE,

RETURN

Figure 4-35. “Column Right Subroutine (COLRT)

DECREMENT COLUMN.-COUNT

STORE ml

CALL LOAD CURSOR

POSITION SUBROUTINE,

RETURN

Figure 4-36. Column Left Subroutine (COLLT)




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 in re-initializing the 8257 DMA con-

troller.

MOVE TOP TO
FROM [TOPAD

CALL [FILL | SUBROUTINE

SET TOP = FIRST ROW (8000H)

RETURN
SET TOP = TOP+80D
= TOP+50H

RETURN

Figure 4-37. Scroll Subroutine (SCROL)

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 =
S0H 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 B and C
registers of the CPU are loaded with space charac-
ters and 40 PUSH B operations performed. This
technique provides a rapid means (275 usec) of
filling a given row with space codes.

Load Cursor Position Subroutine (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 5.4.

MOVE LOCATION OF FIRST
CHARACTER IN PRESENT ROW / TOP ROW

FROM BUFFER,

CALCULATE LOCATION OF . .
LAST CHARACTER IN ROW +1 CHARACTER LOCATION
STORE IN LOC80

SAVE STACK POINTER

SET STACK POINTER = LOCATION |
OF LAST CHARACTER IN ROW + 1

FILL ROW LOCATIONS
WITH SPACE CHARACTERS
VIA STACK PUSH OPERATIONS

RESTORE STACK POINTER

RETURN

Figure 4-38. Fill Subroutine (FILL)

OUTPUT WRITE CURSOR
POSITION COMMAND TO 8275

OUTPUT CURSOR X POSITION (COLUMN COUNT)

T0 8275 FROM :

OUTPUT CURSOR Y FOSITI_ON (CURSOR Y POSITION)

T0 8275 FROM [cURsY| * :

RETURN

Figure 4-39. Load Cursor Position S’q'l.)routine (WP75)
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CRT Terminal Scherﬁatic — CPU Section
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Appendix 5.2
ESCAPE/CONTROL/DISPLAY CHARACTER SUMMARY

CONTROL DISPLAYABLE ESCAPE
CHARACTERS CHARACTER : SEQUENCE
0 0 0, o, {15 114 |15 |1 0; 0 1 1 1 1
BIT 0 o, 191%17 [tog | "oy |14 1M14 9 1 0 0, 1 1
@ P
0000 | NUL DLE |sp|lo|@|p
A |DClI Q
0001 | SOH N T A
B R .
0010 | STX DC2 “lale | Rr| ¢ 8
c s e
0011 | ETX pc3 |# |3 c|s —>
D T i
0100 | EOT DC4 s |lafo|T -
E V)
0101 | Ena NAK | % |5 |E | U CLR
F Y )
0110 | AcK sYN [ & |6 |F | v
0111 176w
1000 (e w | x| ] 7 |HOME 4
1001 y ot | v
1010 el oz] Co EOS
1011 P . EL
1100 B P T
1101 B [ PV I
A
1110 so RS s n) oA
ol
1 s1 vs - /| 2|of -
NOTE:

Shaded blocks = functions terminal will react to. Others.can be generated but are ignored up on receipt.
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ROUTINE ROUTINE ROUTINE ROUTINE ROUTINE ~ ROUTINE ENDOF  LINE ROUTINE  ROUTINE RETURN
(ESCA) (ESCB) (ESCC) (ESCD) (ESCE) (ESCH) ~ SCREEN ROUTINE  (CTRLH)  (CTRLJ)  ROUTINE
ROUTINE  (ESCK) (CTRL M) FIL
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ROWUP ROWDOWN ' COLUMN ROWDOWN COLUMN ROWUP LEFT DOWN
SUBROUTINE '| SUBROUTINE SUB'ESG'TTINE SUBROUTINE LEFT . SUBROUTINE “fé‘élg“f R?EL;ZIB'\:E
OWUP) ROWDN| (ROWDN) - SUBROUTINE (ROWUP)
{ROWUP) ! ! (COLRT) FILL DISPLAY DISPLAY DISPLAY
| SUBROUTINE SUBROUTINE A SUBROUTINE B SUBROUTINE C
(FILL) (DISA) (DISB) (DISC)
|
LOAD
I CURSOR
LOAD POSITION
CURSOR SUBROUTINE
POSITION (WP75)
SUBROUTINE
(WP75) LOAD SCROLL
CURS%I:‘. SUBROUTINE
POSITI (SCROL)
SCROLL ROUTINE L
SUBROUTINE (WP75) .
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(FILL)
FILL
SUBROUTINE
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Appendix 5.4
SOFTWARE TIMING

Subroutine execution times are summarized 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 usec. 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 usec 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 usec. 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 usec. 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 usec + 253 usec (8275 interrupt
processing) or 1055 usec. Since this value is less
than 1234 usec, proper timing is assured.

~*see notes, Figure 5-1.
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Appendix 5.5

VISUAL ATTRIBUTE IMPLEMENTATION
CONSIDERATIONS

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—LA1 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 address 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.




INITIALIZATION
ROUTINES

INTERRUPT YES
?

NO

COMPLETE INSTRUCTION

4/10
RST7 TIMING VALUES SHOWN REPRESENT THE NUMBER OF
| CLOCK CYCLES REQUIRED TO EXECUTE A GIVEN ROUTINE.
1
JMP POLL

PO{.L )

75

Figure 5-2. CPU Availability

3
RDF51 RT'75
4|0 430 .
| J
CHrEC
- T
57 17
ESREC CN':I'RL ' 87
107 83 DI*PL
ESCA EXCB ESCC ESCD ESCE ESCH ESCJ ES!CK CTRLH CTRLJ CTRLM 74 114 134
484 3 I DIs1 DIs1 Dis1
259 891 958 309 1058 159 0** 818 9 9201 120
g — 1026/427 1026/427 1026/427
DISA DiIsB pisc
120 192 848
* UNDER NORMAL OPERATING CONDITIONS, 427 CLOCK CYCLES REPRESENTS
THE WORST CASE EXECUTION TIME FOR THIS ROUTINE.
** IT ISNECESSARY FOR THE REMOTE DEVICE TO WAIT APPROXIMATELY 2.5 ms
FOLLOWING THE TRANSMISSION OF AN ESCJ CHARACTER BEFORE RESUMING
TRANSMISSION.
Figure 5-1. Subroutine Execution Times Flowchart
DMA ACTIVE DMA INACTIVE DMA ACTIVE
1st ROW TIME 24th ROW TIME 25th ROW TIME ~ 1st VERT RETRACE ROW 2nd VERT
(LAST DISPLAY ROW) ) RETRACE ROW
| 617 | 617 | 617 | 617 AL 617
usec usec usec } ~ usec usec
160 457 160 457 160 457
usec usec - | usec usec usec usec
CcPU CPU CPU AVAILABLE CPU
AVAILABLE AVAILABLE 1234usec AVAILABLE
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t—> Ousec

617usec " 1234usec 1851usec 2468usec

ROW TIME
L 617 617 617 617
o —
usec usec usec usec
160 457 160 457 160 457 = 160 457
N
usec usec usec usec usec usec usec usec
1st 2nd
CHARACTER CHARACTER
ARRIVES ARRIVES
(2083usec)
CPU CPU l CPU
AVAILABLE AVAILABLE AVAILABLE

TIME BETWEEN CHARACTERS = 2.083 ms = 2083usec

TOTAL CPU TIME AVAILABLE

= (457pséc X 3) + (2082 - 2011usec) = 1443usec

BETWEEN CHARACTERS

BAUD RATE = 4800 BAUD
10 BITS/CHARACTER

Figure 5-3. CPU Availability/Character at 4800 Baud (DMA Active)

01

i Ewepe— ) S
CHAR. GEN.
ENABLE ]

\

HORIZ. RIGHT.
HALF

02

SHIFT
REGISTER

[

8275

O¢

5
1>

Lhhb5E

VERT.
LINE our

00

HORIZ. LEFT HALF

il

o

. >
|

SYNCHRO-

NIZATION

LTEN

D VIDEO

Figure 5-4. Typical Character Attribute Logic
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Appendix 5.6
SOFTWARE LISTINGS

LOC O0BJ SEQ SOURCE STATEMENT

1 ;8275/8279 CRT SYSTEM SOFTWARE
3 'SYSTEM EQUATES o

00FB 5 CNCTL EQU .  OFBH 18251 CONTROL ADDRESS
O0FA 6 C EQU OFAH :8251 INPUT DATA ADD
00FA g guour . EQu OFAH 8251 OUTPUT DATA ADD
00E S kbt Ea0 o 18579 BATA ADDRBSS.
005F 10 CRCOM  EQU S5FH 8275 COMMAND ADDRESS
005E 11 CRDAT EQU EH 8275 DATA ADDRESS
0004 12 PC2SA° EQU i 18257 CH 2 START ADD PORT
0045 13 BCTC  EQU 4sH ;8257 CH 2 TERM COUNT PORT
0046 1 PC3SA EQU - WbH 8257 CH 3 STARTING ADD PORT
o REl & ) G T ot Ron
0084 17 ¥psa7  EQU 814 18257 MODE SET (AUTOLOAD CH 2 ENABLED)
0048 18 PMD57  EQU 48H ;18257 MODE SET PORT

20 ’ !SYSTEM INITIALIZATION ROUTINES

; :

22 ;
0000 C34000 2 JMP CRTGO ;JUMP TO START OF MAIN ROUTINE
0038 ' gg bR 0038H
0038 €3€900 2 JMP . POLL ;JUMP TO START OF INT SERVICE ROUTINE
0040 gg . -OrG 0040H
0040 F3 31 CRTGO: DI ;DISABLE INTERRUPTS
0041 31FF87 32 LX1 SP, 8TFFH !LOAD STACK POINTER

' gg iMEMORY CLEAR ROUTINE

0044 210080 32 LX1 H,8000H ;LOAD H&L WITH START ADD OF DISPLAY MEM
0047 3E20 3 HETA: MVI - A 200 - JLOAD A WITH SPACE CHAR CODE
ooua 7 39 Moy ML HHOVE COW_ADS BYTE TO A
004B FECF i CPI obFH {COMPARE WIT
mpgseo g g0 ool st 1o
e M. f R R e mrgono won
W ke % R e A
o0n 2 W ok §§n§%ﬂ%ﬁﬁ%§%"a§£° ThAREBISPLAY
005B c§u7oo gg JMP THETA }JMP TO THETA, CONT LOADING MEMORY

g; }POINTER/BUFFER CLEAR ROUTINE

LA

005E 210000 53 NXT2: LXI H,0000H ;ZERO H&L
0061 22D387 5 SHLD  RETAD §ZERQ - ROW COUNT
0064 22E287 55 SHLD  LOCBUF :ZERQ BUFFER
samy B §R mR 2R Ao,
006D 22DC87 vsg SHLD  LOC80 ZERO LOC OF 8OTH CHAR IN ROW
0070 22DE8T ‘59 SHLD  LOCXX * }ZERO PRESENT LOC OF 1ST CHAR IN ROW
spamn B B0 EL (ER LSRRG B oREE
0079 22D68T © 62 SHLD dpAD SET = 80
007C 218087 63 LXI H,8780H 1LOAD H&L WITH 8780H
007F 22E687 6 SHLD  BOTA :S = 87
0082 3E00 62 MVI 4,008 1ZER
008Y 32D287 6 STA cbTAD 1ZERO COLUMN COUNT
S/f - A O NG
008D 325587 93 STA USCHR 'zsno G34RT GHAR BUFFER

;; ~8251 INITIALIZATION ROUTINE
0090 3E4F 13 i A,4FH sMODE SET VALUE TO A
0092 D3FB 7 ouT CNCTL 10UPUT VALUE
0094 3E27 75 . WI . A,27H COMMAND WORD TO A
0096 D3FB ;6 . oUT  CRCTL 1OUTPUT VALUE

7§ $18279 INITIALIZATION ROUTINE
8832 3523 ég gg% Ké35H ;OUTPUT PROG CLOCK, DIV BY 21

82 ;

gﬁ 18275 INITIALIZATION ROUTINE
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COVOOTCOOO OO0
oG S G P S S

NN =2 BaaaO
OV FWN—=OU> O ==

MyI A 00H - ;RESET AND STOP DISPLAY

8
D35F 82 oUT ckcom .
3ELF 8g MVI A4 ;SCREEN PARAM BYTE 1
D35E 8 OUT CRDAT » .
3E58 89 I A,58H - ; BYTE 2
D35E 90 ouT CRDAT o
3E89 91 MVI A,89H \ ; BYTE 3
35E 92 ouT CADAT
3EDg E MVI. A,0D9H ; BYTE 4
D35E 9 OUT ~  CRDAT
380 95 MVI A,80H ;LOAD CURSOR POSITION
D3s5F 96 ouT CRCOM
3E00 97 MVI £,00H 1CURSOR X POSITION
D35E 98 © OUT  CRDAT , '
3E00 99 MVI . A,00H ;CURSOR Y POSITION
D35E 100 ouT CRDAT -
3EE0 101 MVI . A,OEOH ;PRESET COUNTERS
35F 102 ouT chcoM .
3823 103 MVI A2 ;START DISPLAY
Dgs 10 oUT chcoMm
F 108 EL ;ENABLE INTERRUPTS
0 106 LOOP: NOP
€3€500 107 MP " LOOP
19 :
10 $8275/8251 INTERRUPT POLLING ROUTINE
k]
112 : ‘
DBSF 113 poLL: iy CRCOM ;READ 8275 STATUS, CLEARING INT
E620 11 A 208 IMASK' STATUS, SAVE INT REQ BIT
CAD500 s Jz AGGIE iIF STATUS=1; SERVICE 8275
CD7304 117 G1GEM: éALL RT75 sCALL 8275 INT SERVICE SUBROUTINE
FR 1 {ENABLE INTERRUPTS
Cc9 ne RET $RETURN
CDDDOO 121 AGGIE: CALL  RDFS1 ;CALL READ USART CHAR ROUTINE
CDES00 122 CALL  CHREC ICALL CHARACTER RECOG/HANDLING ROUTINE
FB 123 EI . YENABLE INTERRUPTS
c9 }Ss RET PRETURN
9
_}gs ;USART READ/STORE CHAR SUBROUTINE
DBFA 158 rorst: dw CNIN $READ ASCII CHAR FROM USART, RESETTING RXRDY
E67F 129 ANI 7FH IMASK BEIT 8,SAVE BITS 1-
326587 130 STA USCHR ! STORE USART 'CHAR IN MEMORY
29 }g; : : *RETURN
133 'CHARACTER RECOGNTTION/HANDLING SUBROUTINE
3AE48T © 135 CHREC: LDA XFLG sLOAD A WITH ESC SEQ FLAG
E6FF 136 ANI OFFH SET/RESET ZERQ BIT
CaF100 13 Jz NXTX }IF ONE,CHAR=2ND CHAR IN ESC SEQ
ggOFo1 : }39 CALL  ESREC ~CALLR5éc SEQ” SUBROUTINE :
3AE587 180 wxTx:  LBA USCHR - 1LOAD usagr CHAR R
E£660 11 ANI 60H IMASK BITS 1 SAVING BITS 647
CAFDOO 142 Jz NXTY ITF ZERO GHARS 2ekRaRd
' 1u3 : 1IF ONE CHARLDISPLAZ- CHAR.
8DMBO3 }35 CALL  DISPL ’CALL  DISPLAY CHAR SUBROUTINE
9 o
3RES87 146 NXTY: ~ LDA USCHR iLOAD YSART cHAR TN A
E610 L . ANI 10H. - IMASK OFF BITS,SAVE BIT 5
€20901 10 INZ. NXTZ - !IF ZERO CONT CHAR=CONT CoDE
149 3 “IF ONE CONT CHAR=ESC CODE
gpar01 ¥gq CALL  CNTRL ;CALL CONTROL CODE SUBROUTINE
21E487 152 NXTZ: LXI H,XFLG ’LOAD HeL HITH ADD OF ESC SEQ FLAG
3601 153 MVI M,01H ISET ESC SEQ F
;gs RET PRETURN
})
126 1ESCAPE SEQUENCE SUBROUTINE
y 9
3E00 155 ESREC: MVI A,00H .
32E487 155 STA XFLG 'RESET Aesc SEQ FLAG
38E587 160 LDA USCHR {LOAD USART CHAR IN A
E6OF 161 ANI OFH v . 3 MASK BITS 5-8
07 162 RLC ISHIFT LEPT,YIFLDING OFFSET
21000k 163 LXI H,BSET1 ;LOAD BASE ADD OF TABLE 1 IN H&L
110000 16 LXI D,0000H ZERQ D&E
5F 165 MOV [ 'LOAD OFFSET IN
19 166 DAD D \ADD OFFSET TO BASE, RESULT IN HeL
5E 16g MOV E,M IMOVE LOW BYTE OF ROUTINE ADD TO E
2 16 INX B }INCREMENT COMPUTED ADDRESS
5 169 MOV D,M" 'MOVE UP BYTE OF ROUTINE ADD TO D
EB 170 XCHG . EXCHANGE D&E WITH H&L
E9 ;;; PCHL 'LOAD PC WITH ROUTINE ADD, JMP TO ROUTINE
1
173 }CONTROL CODE SUBROUTINE
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174 ;
2boe " Irg CUTRL: DA USCHR FURSK CHAR, SAVE BITS 2-3
W B fem BRaR SR ow
5F 139 MOV EA ’LOAD OFFSET IN E
19 180 DAD D $ADD OFFSET TO. BASE, RESULT IN el
5E 181 MOV E,M IMOVE LOW BYTE. OF ROUTINE ADD TO E
2 182 INX H’ -INCREMENT COMPUTED ADDRESS
5 183 MOV D,M IMOVE UP BYTE OF FOUTINE DD 10 D
EB 18 XCHG ;EXCHANGE PTeE WITH BaL
E9 }gg' * PCHL - §LOAD PC WITH ROUTINE ADD, JMP TO ROUTINE
;gg !CURSOR UP ROUTINE
2AD387 189 ESCA: LHLD  RCTAD ;LOAD ROWCOUNT IN H&L
1D 190 MOV AL 'MOVE LOW BYTE OF ROWCOUNT .TO A
FEQQ 191 cPI. - odH 'COMPARE BYTE WITH 00H
CAL601 192 Jz ALPHA :IF BYTE=0 CONTINUE COMPARRISON
ggosos }ga cALL  RowUP {CALL ROWUP SUBROUTINE
7C 195 ALPHA: MOV . A,H 'MOVE UP BYTE OF ROWCQUNT TO A
FEQO 196 cPI 00H {COMPARE BYTE WITH OOH
CA5001 197 Jz BETA +IF BYTE=0,ROWCOUNT=FIRST ROW
880803 }39 caLL  Rowue °CA%&RSOWU§ SUBROUTINE
B
218007 200 BETA: LXI 0780H 'LOAD H&L WITH ROWCOUNT= LAST ROW VALUE (1920D)
22D387 201 i Bedl 1STORE 0780H IN ROWCOUNT BUFFER
355587 202 Wi Cuagg 'LOADEA1géT§NCUSSORRYyPOS-LASg ROW VALUE (240)
Eg3co3 §8§ CALL  WPTS 1CALL LOAD CURSOR POSITION SUBROUTINE
206 ;
201 ~ }CURSOR DOWN ROUTINE
2AD387 209 ESCB: LHLD  RCTAD ;LOAD ROWCOUNT IN H&L
D 210 MOV AL {MOVE 'LOW BYTE 'OF ROWCOUNT TO A
FE80 211 CPI 80H *COMPARE BYTE WITH B0H
CA6C01 212 Jz GAMMA {IF BYTE=80H, CONTINGE COMPARRISON
831A03 5}3 gé%L' ROWDN '%ALLRROWDOWN SUBROUTINE
7c 215 GAMMA: MOV AH 'MOVE UP BYTE OF ROWCQUNT 0 A
FEOT 216 CPI 07H $COMPARE BYTE WITH O7H
CA7601 217 Jz DELTA }IF BYTE=0TH, ROWCOUNT=LAST ROW
881A03 5}9 CALL ROWDN jCALL ROWDOWN. SUBROUTINE
€D3c03 220 DELTA: CALL  WPT5 3CALL Y0AD CURSOR POSITION SUBROUTINE
CDOBOK 221 CALL  SCROL $CALL SCROLL SUBROUTINE
9 222 RET :RETURN
221 .~ }CURSOR RIGHT ROUTINE
34D287 226 ESCC: LDA - CCTAD ;LOAD COLUMN COUNT IN A
FEAF 277 CPI  -UFH {COMPARE BYTE WITH UFH
CAB901 559 Jz ZETA ;EHAgxggégFgé coLuM CouNT =LAST
CD3403 ggq CALL  COLRT igg%L o COLUMN RIGHT SUBROUTINE.
2AD387 232 ZETA: LHLD  RCTAD ELOAD ROWCOUNT IN H&L
D 23 MOV AL {MOVE LOW BYTE OF ROWCOUNT TO A
FE80 23 . CPI 80H {COMPARE BYTE WITH 80H
C29B01 23 INZ CCTOA i IF BYIE= =804, CONTINUE COMPARRISON
C 23 MOV ALH {MOVE UP BYTE OF ROWCOUNT TO A
FEOT 23 CPI 07H ;COMPARE BYTE WITH 07H
ggggg; 339 Nz ccton iIF BYTE=O7H, ROUCOUNT=LAST ROW
.. 240 CCTOA: - MVI ° A,O0H 5ZER0 A
320287 241 STA STAD $ZERO COLUMN COUNT
CD1403 232 CALL  ROWDN ;CALLRROWDOWN SUBROUTINE
SuE corop: it A,00H 1ZERO A
320287 245 ST cdrap ;zsao COLUMN' COUNT BUFFER
CD3C0 2u6 CALL W iCALL LOAD CURSOR POSITION SUBROUTINE
CDOBO 24 CALL  SCROL {CALL SCROLL SUBROUTINE
539 RET !RETURN
gg? {CURSOR LEFT ROUTINE .
3AD287° - - 252 ESCD: LDA -CCTAD sLOAD ‘COLUMN COUNT IN A
FEOQ 253 CPI 00H iCOMPARE BYTE WITH 00H
CABCO1 25 Jz R3TA }IF BYTE=0,COLUMN COUNT FTRST CHAR POS IN ROW
832003 2 CALL  COLLT FCALL SOLUMN LEFT SUBROUTINE
2AD387 257 NXTA: LHLD  RCTAD ;LOAD ROWCOUNT IN H&L -
F800 5 o1 o : COMPARE BYTE WotH bR T A
C2CE01 260 -© . - JNZ . CCTMA {IF BYTE=0,CONTINUE COMPARRISON
7C 261 -, MOV 7 A,H LOAD UP Be7e OF ROWCOUNT I
FEOO 262 CPI ' - 00H :COMPARE BYTE WITH ZER
C2CE01 263 JNZ CCTMA 1IF BYTE=0,HOME POS GONDITION EXISTS
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B c3pTot 264 . gMp -CCTMB: ;JUMP 1O CCTVE
E 3EUF 265 CCTMA: MVI A, UFH :LOAD A WITH 4FH
0 320287 . 266 .. . STA cbTAD | . ISET COLUMN COUNT= 4FH= =79D
3 €D0803 26 -~ CALL - ROWUP CALL ROWUP SUBROUTINE
9 268 - RET : RETURN
7 218007 . 269 CCTMB: = LXI H,0780H {LOAD H&L WITH ROWCOUNT-?BOH-1920D
A 22D387 270 - SHLD  RETAD §SET_ROWCOUNT =1920D
D 3ENF 27 . MVI A,UFH iLOAD A WITH XFH
F 32D287 212 ./ STA cdrap $SET COLUMN COUNT=UFH=79D
2 3E18 273 MVI A,18H {LOAD A WITH 18H
y 32D587 278 STA CURSY 1SET CURSOR .Y POINTER=18H=24D
7 TD3C03 215 CALL  WPT5 $CALL LOAD CURSOR POSITION SUBROUTINE
A C9 g;g RET {RETURN
. b} ’
578 . 'HOME ROUTINE
B 210000 280 ESCH: LXI 9900 ; ZERO_H&L
E 22D387 281 SHLD Ré !SET ROWCOUNT=0
1 3E00 - 282 MVI $ZERO A
3 32D287 28 STA chAn 1SET COLUMN COUNT=0
320381 28 STA CURSY {SET CURSOR Y POINTER=0 ‘
9 €D3C03 28 CALL  WPT5 1CALL LOAD cunson POSITION SUBROUTINE
C C9 537 - RET - $RETURN
i
ggg YERASE LINE ROUTINE
2AD687 290 ESCK: LHLD  TOPAD - ;LOAD TOP IN H&L
EB 291 " XCHG . $STORE TOP IN D&E
28D387 292 LELD = RCTAD :LOAD ROWCOUNT IN H&L
4 19 29 DAD D $ADD TOP+ROWCOUNT, RESULT IN H&L
22DE8T 535 SHLD  LOCKX 1STORE RESULT IN MEM
gE87 206 MvI A,87H sLOAD 87H IN A
C 29 CMP H 'COMPARE H WITH 87H
B D21402 29 JNC FRODQ _ iIF NO CARRY, CONTINUE
CD2A02 299 . CALL  COMRX 1513 CARRY CAtL OVPENSATION ROUTINE
€32002 300 JMP BILBO ?JUMP TO BILBO
22002 301 FRODO: JNZ BILBO IF ROt EQUAL END COMPARRISON
3ECF 302 MVI A,OCFH {LOAD CFH TN A
BD 30 CMP L’ $COMPARE L VITH cFH
D22002 308 JNC BILBO {IF NO CARRY,LOCXX LESS THAN OR B9 10 87CFE
CD2A02 305 CALL  -COMRX :TF CARRY, CALL COMPENSATION ROUTIN
2ADE8T 3056 BILBO: LHLD -~ LOCXX. :LOAD LOC OF FIRST CHAR IN ROW IN HeL
22E287 30 SHLD  LOCBUF 1 STORE LOCXX IN BUFFER
CD3204 30 CALL CALL FILL ROW WITH S? CHAR SUBROUTINE
9 _ ggg RET $RETURN
P
g}; ; COMPENSATION SUBROUTINE COMRX
2ADES 313 COMRX: LHLD  LOCX . ;LOAD LOCXX IN H&L
1130F 31 LXI D 0F830H : ,LOAD COMPENSATION VALUE IN D&E
315 pAD D' ADD D&E TO H&L
22DE8T 316 SHLD  LOCXX }STORE RESULT. IN LOCXX
c9 g}g RET
,
ggg 'CLEAR SCREEN ROUTINE
k)
3EFO 321 ESCE: MVI 8, OFOH ;MOVE EOR CHAR T
0619 322 oWl B)1 IMOVE LOOP CTR START VALUE =19H=25D TO B
115000 12 LXI g 1MOVE 80D=50H TO D&E
210080 %%5 LXI H,8000H 1MOVE 8000H Bo Nal
P 3
77 326 LOADX: MOV M,A . {MOVE EOR CHARACTER TO MEM
19 327 . - DAD D $ADD 80D-50H TO ADDRESS IN H&L -
05 %28 DCR B ; DECREME
C23F02 3§3 INZ ‘LOADX . - ;CONTINUE LOOPING IF B NOT ZERO
210000 331 Lx1 0000 s ZERO H&L
22D387 332 Sitp  Rex SZE no ROWCOUNT
210080 EEE LXI H-8000H
22D687 33 SHLD  TPAD
218087 335 . LXI H,8780H
22E687 33 SHLD  BOTAD
gzoo EE(4 MVT OB ;ZERO A
2D287 33 STA ctTAD :ZERO COLUMN COUNT
32D387 EEF STA CURSY . ${ZERO CURSOR Y POS
32EL87 350 STA XFLG
TD3C03 341 CALL  WPTS ;CALL LOAD CURSOR POSITION SUBROUTINE
9 gge ' RET T v o
%ﬁg ERASE TO END OF SCREEN'ROUTINE
2AD687 345 ESCJ: LHLD  TOPAD sLOAD TOP IN H&L
EB s 7 XcHg ¢ +STORE _TOP IN D&E
2AD387 3Y LHLD - ' RCTAD PLOAD ROW COUNT IN H&L
19 . 349 DAD . D ADD TOP+ROWCOUNT YIELDING LOC OF
350 - PFIRST CHAR IN PRESENT ROW
22E087 gg; SHLD  LOCPR ; STORE LOCATION IN e
. r . . .
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0271 gE87
0273 BC

0274 D27D02
0277 CDEEQ2

027A C38902
027D 528902

BD
0283 D28902
0286 CDEE02

0289 2%D687

FEOQ
028F C2A102

0248 22E687
02AB 3EFO

02AD 2AE087
02B0 77

7D
02B2 FEB0
02Bl g%DSOZ
02B8 FE87
02BA C2D502

EB
02BE 2AE687

7D

BB
02C3 C2Cco2

7C

BA
02C8 Ca2cco2

. Cc9
02CC 210080
02CF 22E087
02D2 C3AB02

EB
02D6 2AE68T
7D
BB
02DB C%ENOZ
BA
02E0 C2EN02
c9
02E4 215000

1
02E8 22E087
02EB C3ABO2

02EE 2AEQ8
02F1 1130F

19
02F5 22E087
c9

02F9 C35F01

gEoo‘
02FE 32D287
0301 cgacoa

0305 C3B0O1

o s sl
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VAR:

FIN:

TROLL:

GNOME :

GZONK :

FUN:

WIZAR:

NUF:

COMRY :

CTRLJ :

CTRLM:

CTRLH:

MVI A,8TH ,LOAD 8TH IN A
cMp H i ;COMPARE H WITH 87H
JNC VAR IF NO CARRY, CONTINUE COMPARRISON
CALL COMRY 'CALL COMPENéATION ROUTINE
T gMp . FIN 'JUMP T0 F
JNZ FIN ' 'IF NOT EQUAL END COMPARRISON
MVI A,0CFH ;LOA D CFH
CMP . L ;COMPARE L WITH CFH
JNC FIN ;IF NO CARRY,LOCPR LESS THAN OR EQ TO 87CFH
CALL COMRY sCALL COMPENSATION ROUTINE

{HLD  TOPAD 1LOAD T0P TN HaL

MOV AL IMOVE L TO A

CPI 0dH $COMPARE BYTE TO 0OH

INZ TROLL PIF NO COMPARRISON JUMP TO TROLL
MOV AH 1MOVE H TO A

cPI . 80H ,COMPARE ByTE WITH 80H

INZ TROLL }IF NO COMPARRISON,JUMP TO TROLL
LXI H,8780H +IF COMPARRISON,SET BOT=8780H
SHLD  BOTAD

JMP GNOME

LXI D,0FFBOH

LOAD ~80D=OFFBOH IN D&E
LHLD géPAD H&L

I
I
JUMP TO GNOME
kOAD TOP IN

TL I T DD -830D TO TOP

MVI A,OFOH ;LOAD A WITH EOR CHAR (LOOP START)

LHLD  LOCPR ;LOAD LOCPR IN H&L

MOV M, A :MOVE EOR CHAR TO MEM

fov AL sMOVE L TO A

CPI 80H } COMPARE 918 with Bou

INZ WIZAR {IF NO COMPARRISON, P o WIzaR

MOV AH MOVE H TO A

CPI 87 'COMPARE BYTE WITH 87H

INZ WIZAR !IF NO COMP JMP TO WIZAR
MIF COMPARHISON SOROCED T0 GIoNK

XCHG {STORE PRESENT LOC IN D&E

CHLD  BOTAD 'LOAD BOT IN H&L

MOV A, PMOVE L TO A

cHp E 'COMPARE E WITH A

INZ FUN © IIF NO COMP, JUMP TO FUN

MOV AH ;MOVE § TO

cMp {COMPARE D WITH A

INZ FUN F NO COMP, JMP TO FUN

- -1 COMPARRISON RETURN

LXI H,8000H ;LOAD HeL WITH 8000H

SHLD ESSSE :SET LOCPR =8000H

xcHG ;STORE_LOCPR 1N D&E

e g Ly

CMP E COMPARE 2 W a

INZ NUF ‘IF NO COMP,JMP TO NUF

MOV - A,H 1MOVE H 10 A

CMP D {COMPARE D WITH A

JNZ . NUF 1IF NO COMP, JMP TO NUF

- °%ET8%MPARRiSOV RETURN

LXI H,50H 'LOAD 80D=50H I

DAD D ADD 80D TO LOCPR (LOCPR IN D&E)

SHLD  LOCPR STORE LOCPR IN

JMp GNOME 1JUMP TO GNOME

'COMPENSATION SUBROUTINE COMRY

LHLD  LOCPR ;LOAD LOCPR IN HAL

LXI D,0F830H JLOAD COM VALUE IN D&E

DAD D + ADD COMéENSATION T0 LOCPR

SHL>  LoCPR EggggNLoch IN MEM

sLINE FEED ROUTINE

Jmp ESCB

}CARRIAGE RETURN ROUTINE

MvI A,00H +ZERO A

STA cCTAD {SET COLUMN ¢

CALL . WPT5 :CALL LOAD CORSOR POSITION SUBROUTINE

_RET ; RETURN

BACK SPACE ROUTINE

Jup ESCD
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2AD387
}1BOFF

23D387

21D587 .

35
CD3C03
c9

2AD387

115000

19
22D387
23D587

%D3C03
Cc9

21D287
CD3C0
C93 3

23D287
CD3C03
C9

3E80
D35F
3AD287
D35E
3AD587
D35E

;AD287
E4F
CA5A03

CDTEQ3
CDEBO3

9
2AD387
7D
FE80
CA6A03

CDTEQ3
8D0303

2gD687
%AD387
22DA8T
EB

210000

29D287'

19

22D887
3E87
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501

L1616, 18, 16, 16,16, 18,16, 16,18 (611816, [V, [V ]
NN NONONON =t 2 ed D d b ed
W EWN = OW O~ EWN = O

1%}
n
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ROWUP :

ROWDN :

COLLT:

COLRT:

WPT5:

‘DISPL:

CTA:

CTB:

CTC: -

DIS1:

{ROWUP SUBROUTINE

RET RETURN

LHLD *  RCTAD
LXI D,50H

D
SHLD RCTAD
LXI E,CURSY

DD +80D TO R

ewevivswswowone

CALL  WP75

RET

"}COLUMN LEFT SUBROUTINE
LXI H,CCTAD

CALL  WPT75
RET .

{COLUMN RIGHT SUBROUTINE
LX1 H,CCTAD

LOAD ROWCOUNT IN H&L
%OVE +80D-5OH TO D&E

OWCOUNT
STORE  RESULT. IN ROWCOUNT
LOAD CURSOR Y POINTER ADDRESS IN. H&L
INCREMENT CURSOR Y POINTER .
%A%L LOAD CURSOR POSITION SUBROUTINE

;LOAD COLUMN COUNT ADDRESS IN H&L
DCR M sDECREMENT COLUMN COUN
'CALLRLOAD CURSOR POSITION SUBROUTINE

;LOAD COLUMN COUNT ADDRESS IN H&L
INR M 3 INCREMENT COLUMN COUNT

LHLD  RCTAD ;LOAD ROWCOUNT IN H
LXI D,0FFBOH iHOVE -80D-0FFBOH (2 S COMP) TO D&E -
DAD 1ADD -80D TO ROWC
SHLD  ‘RCTAD ;STORE RESULT IN ROWCOUNT 'BUFFER
. LXI H,CURSY +LOAD CURSOR Y POINTER ADDRESS IN H&L .
- DCR M {DECREMENT CURSOR Y POINTER
CALL  WPT5 $CALL LOAD CURSOR FOSTTION SUBROUTINE

N COMMAND

SE%L WPT5. - 'CA%L LOAD CURSOR POSITION SUBROUTINE .
{LOAD CURSOR POSITION SUBROUTINE

gg% éﬁggﬂ ;LOAD A WITH 80H, LOAD CURSOR POSITIO
88% gggﬁg ;LOAD A WITH CURSOR X POSITION

Bg% 828?% ;LOAD A WITH CURSOR Y POSITION

RET - s RETURN

DISPLAY CHARACTER HANDLING SUBROUTINE
EDA " CCTAD

;LOAD COLUMN COUNT IN H&L .
PI 4FH ’COMPARE BYTE WITH 4FH=79D
HFSWCOLUMN COUNT=LAST CHAR-

Jz°  CTA HIF
'ACTER 5
CALL.  DIS1 'CALL DIS? SUBROUTINE
CALL ~ DISA {CALL DISA SUBROUTINE
RET PRETURN
LELD  RCTAD 1LOAD- ROWCOUNT IN H&L
MOV - AL iCOAD LOW BYTE OF ROWCOUNT IN H$L
CPI 80H }COMPARE BYTE WITH BOH
Jz, CTB IF BYTE=80H CONTINUE COMPARRISON
CALL  DISI SCALL DIS1 SUBROUTINE
CALL  DISB !CALL DISB SUBNOUTINE
RET : . {RETURN
MOV AH iMOVE UP BYTE OF ROWCOUNT TO H&L
crt o 1COMPARE BYTE WITH OTH
CALL  DIS? 1CALL DIS1 SUBROUTINE
CALL  DISB ;CALLRDISB SUBROUTINE
CALL  DISI 1CALL DIS1 SUBROUTINE

’

‘;CALL DISC SUBROUTINE
s RETURN

N H&L

'

'IF BYTE=QTH,END OF DISPLAY COND EXISTS

LHLD  TOPAD ;LOAD TOP IN H&L
XCHG iSTORE_ToP
LHLD  RCTAD 'LOAD ROWCOUNT IN HAL
DAD D : :ADD TOP+ROWCOUNT, RESULT' I
SHLD  LOCO1 $STORE LOCATION OF FIRST CHAR TN ROW
XCHG  STORE TOP+RONCOUNT TN D&E
LXI H,0000H }ZERO HAL :
- LDA - clTAD *LOAD COLUMN COUNT IN A
MOV LA i{MOVE COLUMN COUNT TO L
DAD D ~ iCALCULATE LOCATION=
-+ }TOP+ROWCOUNT+COLUMN COUNT, RESULT IN HiL
SHLD  LOCAD $ STORE LOCATION IN MENO
MVI A,87H {LOAD 87H IN A
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COMPARE H WITH 87H

c 532 cMp B ;
D2A103 23 JNC NXTCM {IF NO_CARRY, CONTNUE COMPARRISON
82588% ggs CALL  COMRT i IF CARRY cALL COMPENSATION ROUTINE
C2AD03 536 NXTCM: JNZ XSTAD {IF NOT EQUAL END COMPARRISON
o 234 ap Lo 1KOAD 0CFH LN K e
D2AD03 gag JNC XSTAD Igg gougﬁﬁny 8%8CATION LESS THAN
CDE603 541 CALL  COMRT !1F CARRY, CALL COMPENSATION ROUTINE
CDFB03 542 XSTAD:. CALL  EORT 1CALL END OF ROW CHAR (TEST ROUTINE
21E587 sua ST IXT H,USCHR $LOAD USART CHAR ADD IN H&L
Ie 54 MoV AM {MOVE USART CHAR TO
E63F 5U5 ANI 3k iMASK OFF UPPER 2 311S OF CHAR
24D887 546 LHLD  LOCAD $LOAD LOCATION IN H&L
77 547 MOV M,A :MOVE CHARACTER TO CHARACTER
548 - ;LOCATION IN DISPLAY MEMORY
9 ggg RET $RETURN
gg; }SUBROUTINE DISA
21D287 553 DISA: Lx1 B,CCTAD sLOAD COLUMN COUNT ADD IN H&L
3y 55 INR $INCREMENT COLUMN COUNT
TD3C03 555 CALL WP75 jCALL LOAD CURSOR POSITION SUEROUTINE -
€9 225 RET 3 RETURM
ggé } SUBROUTINE DISB '
3E00 560 DISB: MVI 00H $ZERO A
B 210w, g A o,
GO I 300 v ol gl ol
H +
22D387 563 SHLD  RCTAD } STORE ROROOUNT TN MEMORY
21D587 56 LXT H,CURSY {LOAD CURSOR Y POSITION ADDRESS N H&L
34 563 INR M $INCREMENT CURSOR Y POSITION
CD3C03 229 CALL  WPT5 ;CAL%RLOAD CURSOR POSITION SUBROUTINE
570 ; : i
g;; {SUBROUTINE DISC
3E00 573 DISC: MV 00H " $ZERO A
32D287 57 STA cetan $ZERO COLUMN COUNT
gggggg g;g gﬁtt ggggL $CALL LOAD CURSOR POSITION SUBROUTINE
9 g;g RET s RETURN
ggg +ADDRESS COMPENSATION SUBROUTINE.
2AD88 581 COMRT: LHLD  LOCAD ;LOAD CHARACTER LOCATION
1130F 582 LXI D,0F830H {LOAD COUPENSATION VALUE 1N DAE
9 583 DAD D A0 COMPENSATION TO LOCATION
220887 ggu SHLD  LOCAD i STORE MODIFIED LOCATION IN MEMORY
2ADA8T ggg LHLD  LOCO1 'LOAEOLogﬁTégE OF FIRST CHAR
e B p pon e GRline e
22DA8T 590 SHLD  LOCO1 $ STORE MODIFIED Loco1" TR MEMORY
C9 23; RET $ RETURN
ggg JEND OF ROW TEST ROUTINE
2ADA8T ggg EORT: LHLD  LOCO1 '%gAEO&OCATION OF FIRST CHAR
7E 5% MOV A,M iMOVE FIRST CHAR IN ROW TO A REG
C50R0 299 1 gk JSQMEARE CHAR WILH OFQ (SND OF FOW CHAR)
228287 500 SHLD  LOCBUF STORE FIRST CHAR IN ROW ADD IN LOCBUF
CD3204 601 CALL  FILL $CALL FILL ROW WITH SPACE CODES SUBROUTINE
9 602 XIT:  RET ! RETURN
60 H
ggg $SCROLL SUBROUTINE
2AD687 60b SCROL: LHLD  TOP ;LOAD TOP IN H
22E287 6°§ : SHLD  LOCBUF $ STORE FIRST CHAR TN ROW ADD IN LOCBUF
CD320U 60 CALL  FILL $CALL FILL ROW WITH SPACE CODES SUBROUTINE
2AD687 609 LHLD  TOPAD IMOVE TOP TO H&L
D 610 MOV A ;MOVE LOWER PYIE OF TOP 10 A
E80 611 CPI 801 $COMPARE TOP WITH MAX VALUE
C22A04 612 INZ DUCK {IF NO COMPARRISON EXISTS, CONTINUE SCROL
C 613 MOV A }MOVE UPPER BYTE OF TOP Tb o
FE87 61 CPI 8%H {COMPARE TOP WITH
C22A04 612 Nz DUCK {IF NO COMPARRISON BXTSTS. CONTINUE SCROL
' 61 {IF COMPARRISON, TOP=MAX VAL 80H
210080 61g LXI H,B8000H {IF COMPARRISON, MODIFY TOP 36 10280008
530687 g}g SHLD TOPAD iSToRE MODIFIED TOPAD IN MEM
115000 620 DUCK: LXI D,50H EM VE 80D=50H TO D&E
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19 621 DAD D . s ADD BOD-SOH TOP
22D687 622. . . SHLD TOPAD 'STORB MODIFIED TOPAD IN MEMORY
co g% - RET IR . ;RBTURN
’ . R
. ggg . sFILL SUBROUTINE B
2AE287 - 627 FILL: LHLD LOCBUF. LOAD LOCATION OF FIRST CHAR IN ROW
B2 C . B 'OR FIRST CHAR IN TOP ROW IN H&L :
115000 629 LXI D,50H" LO 80D=50H IN D&E
1 ‘ - 630 DAD -~ D CALCULATE LOCATION OF LAST CHAR IN-ROW
22DC87T - 631 SHLD LOC80 - 'STORE LOCATION OF LAST CHAR IN ROW IN MEMORY
012020 632 . LXI B,2020H ,LOAD SPACE CHARACTERS IN B&C :
210000 6 E LXI + H 0000H 3 ZERO H&L
39 6 DAD f’ ’ ;ADD SP TO H&L TRANSFERRING SP TO H&L
EB 632 XCHG ;STORE STACK PbINT R IN D&E
2ADC87 63 LHLD LOCBO sLOAD LOCATION OF LAST CHAR IN ROW IN H&L
F9 235 SPHL ; LOAD LAST CHAR LOCATION IN SP
c5 639 busH B sEXECUTE THE LIST OF PUSH B COMMANDS TO
Cc5 640 PUSH B sFILL THE LINE -WITH BLANK CHARACTERS -
c5 6U1 PUSH B ’
c5 . 6u2 - PUSH B -
Cc5 6“& o PUSH B
c5 64 PUSH B .
c5 645 PUSH B
Cc5 6U6 PUSH B
c5 64Z PUSH B
Cc5 64 PUSH B
c5 649 PUSH B
c5 650 PUSH B
c5 651 PUSH B
c5 652 PUSH B
Cc5 653 PUSH B |
c5 65 PUSH B -
C5 652 PUSH B
c5 65 PUSH B
c5 . 657 PUSH B
Cc5 658 PUSH B
c e
c5 661 PUSH B
& 563 pUSH B
Cc5 . 663 PUSH B
c5 66% PUSH B
c5 66 PUSH B
c5 665 PUSH B
C5 66 PUSH B
s e
c5 671 PUSH.B . .
& 675 bUSH B
C5 67?0 PUSH B
c5 675 PUSH B:
c5 676 PUSH B
c5 67g PUSH B
c5 67 PUSH B
EB 639 XCHG s STACK POINTER TRANSFERRED TO H&L
F9 680 SPHL ’ s RESTORE
H
c9 681 RET RETURN
682 B
683 H
68 ;
ggg 8275 INTERRUPT SERVICE SUBROUTINE
ggé . 8257 REINITIALIZATION
3E00 © 590 RTT75: MVI -‘A MDC57 'MOVE MODE CLEAR COMMAND: TO
D348 gg; ouT PMD57 'OUTPUT MODE CLEAR COMMAND TO 8257
2AD687 593 LHLD TOPAD sLOAD TOP IN H&L
D 69 MOV A,L sLOAD CH 2 START ADD, LOW BYTE IN A
D34y 695 ~OUT PéZSA‘ 'OUTPUT CH 2 START ADD TO 8257
7C : ~696 MOV .- A,H 'LOAD CH 2 START ADD, UP BYTE, IN A
D34y - 697 ouT. =~ PpC2sA 'OUTPUT CH 2 START ADD TO 8257
698
s ‘
7D 699 MOV " A,L sLOAD LOW BYTE OF TOP IN A
2F 700 CMA . 'COMPLEMENT A
6F . 701 MOV ., L A 'LOAD COMPLE“IENTED VALUE IN L
7cC 702 - . -MOV. A, H 'L D P BYTE OF TOP IN A
2F 103 . . .CMA 3 COMPL E T A
67 70 mMov © - H,A s LOAD COMPLEMENTED VALUE I
23 ;82 : JINXK L H ;(IJNCRSME'\IIT H&L, YIELDING 2'S COMPLEMnNT
11CF87 70& LXI . D,87CFH ;LOAD 87CE‘H IN.D%XE '
19 70 DAD D sADD H&L TO DXE YIELDING 87CFH-TOP
110080 709 LXI D,8000H sLOAD D&E WITH 8000H
19 710 DAD D sADD 8000H TO 87CF-TOP
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MOV AL iMOVE LOW BYTE OF CH 2 'TC TO A

ouT ptatc 10UTPUT CH 2 TC TO 8257

MOV AH +MOVE UP BYTE OF CH 2 TC TO A

00T ptatc 10UTPUT CH 2 TC TO 8257

LXI H,8000H ;LOAD BOOOHIN H&L

MOV AL 'MOVE LOW BYTE OF CH 3 START ADD TO A
oUT pE3sA JOUTPUT CH 3 START APD TO 8257

MoV A IMOVE UP BYTE OF CH 3 START ADD TO A
oUT pt3sa 10UTPUT CH 3 START ADD TO 8257

X1 H,87CFH ;LOAD CH 3 TC VALUE IN H&L

MOV AL IMOVE L TO A

oUT pC3TC {QUTPUT CH 3 TC TO 8257

MOV AH IMOVE H TO

oUT p&3TC $0UTPUT CH 3 TC TO 8257

MVI A,MDS57 1LOAD A WITH MODE SET VALUE

ouT PMD57 10UTPUT MODE SET TO 8257

; KEYBOARD POLLING ROUTINE

tu KCOM ;INPUT FIFO STATUS
AN 07R ‘MASK STATUS, SAVE BITS 0-2
Jz 7Ip {TEST FOR CHARACTER PRESENT
CALL  XMIT }CALL CHARACTER TRANSMIT ROUTINE
RET . RETURN
{CHARACTER TRANSMIT SUBROUTINE
;
in KDAT INPUT FIFO CHARACTER
XRI 0COH $INVERT TOP 2 BITS
LXI H,BSET3’ {LOAD BASE ADD OF TABLE 3 IN H&L
LXI D,0000H ${ZERO D&E
MOV E)A PLOAD E WITH CHARACTER FROM FIFO
DAD D }CALCULATE ADD IN LOOKUP TABLE

;CONTAINING ASCII CHARACTERS
;CORRESPONDING TO KEY POSITION IN MATRIX

N CNCTL 1INPUT USART STATUS
ANI 01H IMASK STATUS, SAVE TRANSMITTER READY BIT
Jz UszZ $TEST READY BIT
MOV AM IMOVE ASCII CHAR TO A
ANI TFH IMASK BIT. T :
OUT CNOUT !0UTPUT CHAR FROM USART
RET SRETURN -
1DUMY ROUTINE DEFINITION
RET + RETURN
]
;
i
1
{TABLE DEFINITION AREA
1]
;
;
DW DUMY
W ESCA
DW ESCB
DW ESCC
DW ESCD
DW ESCE
DW DUMY
DW DUMY
DW ESCH
DW DUMY
DW ESCJ
DW ESCK
DW DUMY
DW DUMY
DW DUMY
DW DUMY
k]
Bu CTRLH
W CTRLJ
DW CTRLM
DW DUMY
bl
%g %gg ;DUMMY CHARACTER
DB 30H
DB 308
DB 30H
DB 30H
DB 30H
DB 30H
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0523 U7 835 DB 4TH
0528 11 836 DB 418
0525 a3g DB 46H
0526 LA 83 DB 4 AH
0527 u8 839 DB 48H
0528 57 8U0 DB 5TH
0529 15 841 DB Iy
0524 ug 8u2 DB ugn
052B 5 aug DB 5hH
052C 51 84 DB 51H
052D 52 8ug DB | B2H
052E 55 84 DB 55H
052F 59 sug DB 59H
0530 32 8y DB 32H
0531 33 849 DB 33H
0532 3 850 DB 38H
0533 35 851 DB 35H
0534 31 852 DB 318
0535 34 853 DB 34H
0536 3g 85 DB 3Z“
0537 3 855 DB 36H
0533 30 856 DB 30H
0539 30 Bsg DB 30H
0534 30 85 DB 30H
053B 30 859 DR 30H
053C 30 860 DB 30H
053D 30 861 DB 30H
053E 30 862 DR 30H
os,}F 30 863 DB 30H
0500 30 86 DB 30H
0541 30 862 DB 30H
o542 30 86 DB 30H
osug 0 86g DB 0H
0548 30 86 DB 0H
0545 30 869 DB 30H
0546 30 870 DB 30H
osug 30 871 DB 30H
0548 30 872 DB 30H
0549 30 873 DB 30H
0544 3C 87 DB . 3CH
054B 30 875 DB 30H
05u4C 30 876 DB 30H
054D 30 877 DB ~ 30H
054E gs 878 DB . 3EH
O54F 3F dgg DB FH
0550 30 880 DB 30H
0551 30 881 DB 30H
0552 5D 882 DB 5DH
0553 30 883 DB 30H
0554 30 88 DB 30H
0555 30 885 DB 30H
0556 30 886 DB 30H
0557 30 Beg : DB 30H
0558 30 83 DB 30H
0559 3D 889 DB 3DH
0554 30 890 DB 30H
055B 5C 891 DB 5CH
055C 29 892 DB 29H
055D 24 893 DB 2AH
055E 30 89 DB 30H
055F 2B 895 DB 2BH
0560 30 896 DB 30H
0561 30 893 DB 30H
0562 5B 89 DB 5BH
0563 30 899 DB 30H
0564 30 900 DB 30H
0565 30 901 DB 30H
0566 30 902 DB 30H
056E 30 903 DB 30H
0568 30 90 DB 30H
0569 30 905 DB 30H
056A 30 906 DB 30H
056B 30 905 DB 30H
056C 30 90 DB 30H
056D 30 909 DB 30H
056E 30 910 DB 30H
056F 30 911 DB 30H
0570 22 912 DB 22H
0571 2 913 DB 23H
0572 2 91 DB 28H
0573 25 912 DB 25H
0574 21 91 DB 214
0575 24 91g DB 24H
0576 2g 91 DB 27H
057g 2 919 DB 26H
057 %0 920 DB 0H
0579 30 921 DB OH
0574 go 922 DB OH
057B 30 923 DB OH
057C 30 92 DB 30H
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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, /O, event timer, and clock oscillator, in
a'single 40-pin package. A bus interface 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 and requires only a single 5-volt supply for
operation. It has 1K 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 mlcrocomputer, the

UPI-41 provides more power and flexibility than

conventional LSI interface devices. For instance,
the UPI-41 can be programmed as a peripheral

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-41 can
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 capabil-

ity, is ideal 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 to: 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 printeér, the techniques discussed should be
applicable to a variety of similar printers which are
currently avallable

The printer (Figure 1) consists of four major sub-
assembhes 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 T it is over C2, and so on. If the
correct solenoids -are activated at each of these
times (T{—Ts) then a character can be formed.
Figure 2 shows the character “A” formed. At T
solenoids one through five were active, at T, sole-

Vnpids four and six were active, and so on until the
* comiplete - character was formed. The complete

. character is formed by choosing the correct pattern

2:249.

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 paper. 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-l
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 turn
off the line feed motor. A version of the printer
with automatic line feed is available.

INTERFACE SIGNALS

The interface signals to the printer consists of a
pair of wires for each solenoid,.a pair of wires for
each motor (main drive and line feed), a pair of
wires returning the state of the HOME micro-
switch, and a pair of wires returning the state of
the LINEFEED microswitch.

The solenoids must be driven from a 40 %4 volt
source. The peak current is approximately 3.6A,
the average current is approximately 0.5A. A
circuit providing the required drive -is shown in
Figure 3. The output stage, consisting of the
2N6045 Darlington transistor, the 1N4002 catch-
ing diode, and the 20-ohm damping resistor, is the

- DIMENSIONS
. 5.935 - 1775
P - 4350 r—a.sss — 436~ - E =
. ‘ . =~
-3.250 DIA T -
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: U " ls9e2 =
_ " 1
) 2 H H 1.055
B .
$ 1 aa00
[ep ‘
2 ::aw 50 ’ =
. il .28 = |=—2.350 \\
le——3.476 — 4700 — =i
5.34

i
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|

23451 |
e .15 \\
CLEARANCE FOR—

_ _{— 320

'\,
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. HEAD CABLING 3PLACES

ALL DIMENSIONS IN INCHES .

Figure 1. LRC Model 7040 Printer
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one suggested by the manufacturer of the printer.
Theinput 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:

1. 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 so_lenoids being turned off.

C3

i € O
o[ ] O] B
oo ll O O O
ol Tl
ol [J 0O O
ol (] 0O 0O
ool 000

Figure 2. 5 x 7 Dot Matrix

EEEENEI({(F

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

> e
82K | 26045
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|||-1
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120 VAC
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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 Flgure 6. Actual printing com- S

mences when the main drive switch signal goes into
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-4]1 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 specificétiéns of the printer
allow 310 milliseconds for the print head to
traverse the print area. The maximum repetmon
rate at which the solenoids can 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
printed 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
state. At this point the printing of a complete
line, including the necessary line feed, has been
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.

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 Figurc' 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).
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The BUFFER MANAGER is responsible for all
interaction with the master processor (i.e., 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 the buffer; these
pointers are shown as INPUT POINTER and OUT-
PUT POINTER in the diagram and are imple-
mented as UPI-41 registers Rg and Ry, respectively.
The input pointer (INPNT) 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-41, 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 in PBUF is.printed. Based on the
contents of PBUF and the contents of ICNT,
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. ICNT
and 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:
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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 the 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”, “C”, 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 THEN
BEGIN
INPOINT:=(INPOINT+1) 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:=(INPOINT+1) MOD BUFFER_LENGTH;
IF TEMP<>OUTPOINT THEN
BEGIN
INPOINT:=TEMP;
BUFFER(INPOINT):=CHARACTER;

IF INPOINT=BUFFER_MAX THEN OUTPOINT:=BUFFER_MIN;

END;
END;
GOTO LOOP;

This modification will “freeze the action’ at Fig-
ure 8f until the output pointer is incremented.
When this occurs the input procedure will immedi-
ately load the input data over the character that
was just printed (assuming that data is available to
the procedure at a higher rate than can be printed).
The defined interface 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 handlmg procedure can be defined
as follows:
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INITIAL:
INPOINT:=BUFFER_MAX;
OUTPOINT:=BUFFER_MAX+1;
~ LOOP:
" IF CHARACTER_AVAILABLE THEN
BEGIN
* TEMP:=(INPOINT+1) MOD BUFFER_LENGTH;
IF TEMP<>OUTPOINT THEN
" BEGIN. -
INPOINT:=TEMP;
- BUFFER(INPOINT):=CHARACTER;"
IF INPOINT=BUFFER_MAX THEN
‘ OUTPOINT:=BUFFER_MIN; .
END; o
1F CUTPUT_BUFFER=EMPTY_FLAG THEN
BEGIN ’ '
IF OUTPOINT<=BUFFER_MAX THEN
BEGIN
" OUTPUT_BUFFER:=BUFFER(OUTPOINT);
OQUTPOINT:=QUTPOINT+1;
END; S
END; - ¢
END;
GOTO LOOP:

Examination ‘of Figures 8g through 8r will show
how this algorithm maintains the buffer. If there is
an open position- and a character is available, it is
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 faster than the print
operation, then after-the last character of a line 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. ThlS is obviously a desirable
feature

The flowcharts for the coinpleté 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 closely. Some additions have been
made to implement logic not 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-
ternal 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 character. 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 (i.e., 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.

TEMP =
INPUT BUFFER

VALID
COMMAND
. ?

YES

INTERRUPT ENA
=TEMP[ 0]

TURN ON
MOTOR

TEMP =
INCQPT (INPOINT),

TEMP
OUTPOINT
?

INPOINT=TEMP

A=INPUT =
BUFFER

CLR INTERRUPT

BUFFER(INPOINT)
=A

OUTPOINT
= BUFFER MIN

Figure 9a. Buffer Manager Flowchart

2-257

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 set and there is also room
in the buffer for at least one more character. After
this test, control is passed back to the beginning
of BMGR.

OBUF = OBUF =
BUFFER BUFFER

(OUTPOINT) (OUTPOINT)
] I

OUTPOINT = OUTPNT =
UTPOINT+1

OUTPOINT+1

! J

)

INTERRUPT
ENABLED

Figure 9b. Buffer Manager Flowchart

PRINTER SERVICE ROUTINES

The Printer Service 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 hardware design of ‘a controller for the 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: 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 digitally filters the
signal from the printer to ensure that
contact bounce is not causing an er-

TPA:

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 a 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.

IPO:

ICOL:

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. i
The ICHAR (Inter Character) state is
active between characters on a given
line. '

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.

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

ICHAR:

WFON:

WFOFF:

The state diagram, in addition to defining the
allowable 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 PORT1 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 operation of each of the states

" WAIT FOR PRINT AREA
TEST PRINT AREA
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
Co1 =1

€10 = NOT (PRINT_AREA)

cn = (PRINT_AREA)-(FILTER()0}
C12 = (PRINT_AREA)«(FILTER=0) '
C20 = (OBUF=EMPTY_FLAG)

C23 = (OBUF()EMPTY_FLAG)

Cas4 =1

Ca3 = (COL_COUNT()0)

Cas = (COL_COUNT=0)

Cs3 = . (OBUFOEMPTY_FLAG)
Csp = (OBUF=EMPTY_FLAG)

Cs6 2 ' (PAPERFEED=OFF)

Cg7 = (PAPERFEED=ON)

C70 = . (PAPERFEED=ON)

(773 = (PAPERFEED=OFF)

Figure 10. Print.Control State Transition Diagram
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in detail. The flowcharts: of the routlnes 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 WPA' state sets the timer in 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, the IPO state initializes the system to start
the actual printing of data. The ‘flowchart shows
that the WPA state accomplishes the followmg
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
TEST1 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 WPA state sets the STATE register to
cause the TPA state to be entered when this inter-
rupt occurs. Each time the TPA (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 its

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 set-to the ICOL state and the
timer is set to.time the intercolumn time. (The
intercolumn ‘time 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 WFOFF states is to

- ensure that an off to on to off transition occurs on
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the paper feed switch. When this criterion is satis-
fied the WPA 'state is invoked which first turns off
the paper feed motor and" then proceeds to prmt
the next line of data.:

CONCLUSION

The UPI-41 has been shown to be easﬂy 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

was -on 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 relatively loose coding the printer control -
function, including the complete character tables,
easily fit within the memory available in the
UPI-41. 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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192-¢

TIMER
INTERRUPT

OUTPUT
HAMDAT
TO HAMMERS

(WFOFF)

TIME
LINEFEED

TIME
INTERCHAR

(WPA)

TURN OFF
PAPER FEED

STATE=4

SET FILTER SET FILTER | [DECREMENT

UNT FILTER COUN

| NO

START EVENT|| [sTART EVENT i R TIME N . B c.
s R Ha ¢ STATE=7 STATE =0 STATE -7

HAMDAT TURN OFF oaus- ‘ HAMDAT = . turvon | | oBur- l

=0 LST”E" I [ STATE =2 | Lmomn I l EMPTY ] Lcot.umu l I HAMDAT °| lPAPEﬂFEEDI [ EMPTY —I

STATE=6 I [surz-a—l [nmnn-ol | HAMDAT I

ls‘rATEn l | STATE =1 I [ TIME -1 l [ TIME -1 J [ "‘MDAT | l 1= IMAX l

HAMDAT HAMDAT
=0 =0

HAMDAT HAMDAT
=0 =COLUMN

HAMDAT =
COLUMN

Figure 11. PSR Flowchart




APPENDIX

ISIS-II 8048 ASSEMBLER, V1.1
LRC PRINTER CONIROLLER 7/14/7

LOC OBJ SEx SOURCE ‘STATEMENT

KARKKRIKIKRKAAKKAK KA RRAARRAKRRAAR R KRR KRR IR A AR A A A hhhhhhhhhkkhhhkhhkdhkk

UPI-41 LRC PRINTER CONTROLLER

THIS PROGRAM IMPLEMENTS THE CONTROL OF THE
LRC PRINTER WITH THE UPI-41, DATA IS INPUT TO THE
UPI-41 AS SIX BIT I, COMMANDS ARE PROVIDED
TO-ENABLE OR SABLE THE_GENERATION OF AN
INTERRUPT WHEN UNIT IS READY
FOR ANOTHER DA’ CHARACI‘ E INTERRUPT IS ENABLED
BY OUTPUTING I3H TO THE CON TK)L CHANNEL, AND DISABLED
BY OUTPUTING @2H, WHEN ENABLED THE INTERRUPI‘

S IMPLEMENTED AS A POSITIVE GOING EDGE ON P25.

NOTE: A PL/M LIKE LANGUAGE WAS USED TO COMMENT
THIS PROGRAM. COMPILER EXISTS FOR THE UPI—41.
THE COMMENTS WERE 'HAND COMPILED' INTO UPI-41
ASSEMBLY LANGUAGE.

Fhkhkkkkkhkhkhhhkhhhhhkkkhkihkkdkkdhrhkhhhhrrdhhhhhhhhhhhhhhkrrkkkihrx

RO Dbt bt bt et bt bt
= A0 00 IO W BTS00~ OV UT i Lo RO

e N e e N N NENE N NENENeNe Se oo e e we e

22

dhkkkhkkkkkkkhkkkhhkkhkkhkkkhkkkhkkrkrhhhkhhkkhkhhhhhdhhrhhhrhdrhhhhhhhrhhhiik

REGISTER -ASSIGNMENTS
B T e L T

(]
00
Se~esenene

0007 33 moar Bou R]
2006 31 STaT U &6
2005 35 ICNI RS
2002 36 BBUF R4
@003 37 OBUF U R3
2002 38 TESTR R
goal 39 QUTEN Rl
2000 2p TNVt BQO RO
Y, ‘
32 ;***********************************************************************
45 ; X . .
4 TIMER EQUATES
3% i***********************************************************************
49
2080 50 TICK  EQU
FFFE oL IOV EU -320/TICK
FFFD 22 THOFF  EQU  -B0/TICK
FFF8 53 TINTER EQU = -1288/TiC
FFFA 54 TLFEED EQU =10 /T{TICK
0004 % FILIV i 640
gg ;******************************;****************************************
59 ;
0 : PROGRAM MASKS _
g% Z***********************************************************************
63
QOFF 64 EMTFIG EQU QFFH
@007 65 EQU g7
Q07F 66 PFEED  EQU 7FH
@0BF 67 MoTON  BQ0 gBER
2001 68 INTENA EQU 10
2002 69 FMODE  EQU 020
Q00A 79 EOL __ EO
0021 71 EXCLAIM EQU 921
2050 72 SPACE ~ EQU 208
2020 73 EQU 208
0018 72 QPIMIN EQU 1eH
2018 75 B0 186
Qa3F 76 U 3FH
77 et
78
79
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ILOC 0OBJ

3479

0

0 1416
2

4 25
0005 2400

0024 4632

002D 55
BO2E 2300
0030 043E

SEQ SOURCE STATEMENT
gg ;**********************************************************************
82 ; .

83 ; " START OF PROGRAM ,
g ;**‘k******************************************************************
8

8 ; INITIALIZE;

g 7 INITTALIZE AND GO 10

9 ORG goH !

91 RESET: CALL  CASEQ

9 GALL  INIT

) EN TCNTT :

2 JMP BNGR ; CODE MUST END AT LOC 6

3 KkhkkkkkkkkkhhkhkhkhkhkhkkhkkhkkhkkkhhkhhhhhhhkhkhkkhhhkhhkhkhkhkkAkAAXXAkkkkkhkhhkd
9

g START OF INTERRUPT DRIVEN STATE MACHINE

~e~e~esese

KRKKKKIRKAKKKKRKRKI KKKk hhkhhkkhhkkhkhkkhhhkhhkkhhhhkhhkkhkkkhhkkrkhkhkhhkd

.

HAMMERS=HAMMER$DAT;
DO CASE STATE; !

Sesese

TISR: %CH A,HAMDAT

WO~ U W RO O UTR W RN SOOI ULE W N RO 0 ~IOVUL W

BL, A
OUTL  P1,A
MOV A, 5TaTE
] ADD A #
1 JgMep @A
112 CBASE: DB CASEg
11 DB CASEL
11 DB CASEZ
] DB CASE3
] DB CASE4
DB CASE5
OB CASEG
1] DB CASE7
120
121
122
: :
E i
25 : DO;  [iCASE 0, FEEDING LINE */
126 ; ER$
127 : ETAThS
128 : ICNT= t
29 : WAIT (PRINTSAREA) ;
130 : HAMMERSDATA=0;
131 : END; /* END OF CASE 8 */
132 CASE@: ORL # (NOT' PFEED)
‘133 MOV b
131 MOV ICNT, #FTLTV
135 MOV A, k=
136 MOV T,
STRT  C
138 MOV A, 40
139 XCH , T
il KEIR DO; /* CASE],TESTING FO */
; ; ; T R PRINT AREA
.3% H Ié Tg=1 THEN
E i
142 ; STATE—l-
145 : ICNT=FILTV;
146 : WAIT (PRINTAREA) ;
14 : HAMMERSDATA=0
14 ; END;
149
150 CASEl: JNT1
151 MOV S il
152 MOV ICNT SFILTV
153 MOV
154 MOV T,A
155 STRT T
156 MOV A, 40
157 JMP cienp
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LOC. OBJ SEQ SOURCE STATEMENT

2F END; /*E_ND OF CASE 2 */

O5F C2END: XCH A,HAMDAT'
0060 93 RETR

158 ; E DO; i S
59 : ICNT=ICNT-1
160 # IF ICNT=0 TﬁEN 'STATE=2 ELSE STATE=1;
161 - : TIME (1) ;
JLg:z; : ENDHAMMER$DATA=Q;
9032 BEY2 164 CIELS: MOV STATE, 2’ !
9034 ED38 - 165" DINZ ICNT,ClLA ' e
@036 BEGL 166 STATE, ¥1
9838 23FF 167 ClLA:: MOV A, -1
#9032 62 168 - CTIA
#9038 55 169 STRT - T , :
#03C 2300 178 MOV B, 40 g
171 ; . END; /*END OF CASEl */
@O3E 2F 172 CIEND: XCH A, HAMDAT ) ) ,
gU3F 93 173 RETR
173 S
;g H DO; /*CASE 2, INITIALIZE PRINT OPERATION */
L;g ; ]IDO OBUF<>EMPTYSFLAG THEN
179 : ME (HAMMERSOFF) ;
180 ;. R T
81 : " OBUF=EMPTYSFLAG;
182 : =IMAX;
183 ; STATE=3;
ng ‘ : H ENDHAMMERSISATA=CBLUNN(PBUF 1);
9049 FB 86 CASE2: MOV A,OBUF -
@041 D3FF 87 XRL A, $EMTFLG
2643 C655 88 J2 CoELS
@045 23FD 89 MOV A, #THOFF
7047 62 9% MOV T, A
7048 55 191 STRT T
1 T
@04B BEF 91 OBUF ﬁ FLG.
#04D BD@7 195 MOV
@04F BED 196 MOV ATf: i
@051 54EQ 197 talL  corumt
8053 BASF 433 JMP C2END -
’
20 ;
71 : PALT IgPRiNT$AREA) ;
02 i
gz H '.t'A—ﬂ,
#0955 BEgL 5 C2ELS: MOV STATE, #1
. 8057 23FF 5 . MOV - A, #-1
2059 62 7 MOV | TGA
@05A 45 08 . STRT  CNT
@058 8A4Q 99 ORL £2,NOT NOTON
@050 2300 g MOV - . A4
2
3
1

NN RN NN NI NNINNF

5 : DO; /*CASE 3, HAMMER OFF CYCLE */
? H : IQE HAMMERSON) 5
g ; TA—ﬂ- " H
9 : END; /*END OF CASE 3 */
9061 23FE 20 CASE3: MOV A, #THON S
9063 62 . - 21 - MOV . T,A :
9064 55 222 STRT
2065 2300 223 MOV A, 40
2067 BED4 221 MOV STATE, #4
9069 2F 225 - . XCH A, HAMDAT
@06A 93 1226 - :
227 s EJECT
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LOC OBJ SEQ SOURCE STATEMENT

228 , ; DO; /*CASE 4,PRINTING COL I OF CHAR */
229 H IME (HAMMERSOFF) ;
206B 23FD 230 CASE4: MOV A, #THOFF
906D 62 231 MOV T,A
@06E 55 232 STRT T
233 ; 1=I-1
233 : IF I=b THEN
235 ; DO;
236 : STATE=5;
237 : HAMMERSDATA=0;
238 : END
P@6F ED77 239 DINZ  ICNT,C4EfS
9071 BEGS 249 MOV STATE, #5
wRa @ m A
243 ; ELSE DO;
243 ; STATE=3;
%32 : mDHAMME.RS]SATA=COLUMN(PBUF 1)
I ’
9077 BE@3 247 C4ELS: MOV STATE, #3 :
8079 54ED 248 CALL  COLUMN
249 ; END; /* END OF CASE 4 */
@078 2F 250 C4END: XCH A, HAMDAT
g87C 93 251 RETR
252 ; DO; Iﬁs INTERCHARACTER SPACE */
253 » : (m'r )3
g07D 23F8 254 CASE5: MOV A, #TINTER
@07F 62 255 MOV T,A
9080 55 256 STRT T .
%gg ; IF OBUF<>EMPTYSFLAG THEN
259 : ' PBUF=0BUF;
%gg : OBUF—EMPTY$FLAG,
262 : STATE
%gz H Aara=coLumy (PBUF I);
2081 265 MOV A,OBUF
@082 D3FF 266 A, $ENTFLG
9084 C692 267 J2 ch
2086 268 MOV A,OBUF
2087 269 MOV P8
0088 BBFF 270 OBUF,SFM’I‘FLG
BD@7 271 MOV iCNT,
#08C BE@3 272 STATE, ¥3
@08E 54EQ 273 COL
8096 849C 274 JMP C5END
%;2 : EISTIME LINE$FEED)
577 H ALENSERRDO
278 : CTRTECE:
%g : HAMMERsbA A—ﬂ,
0092 23FA 28] C5ELS: MOV A,#TLFEEb
4094 62 282 S MOV
909 283 STRT
9096 YATF 284 ANL - 4PFEED
2098 BE6 285 MOV STATE #6
009A 2300 286 MOV B4
287 ; END; /* END OF CASE 5%/
009C 2F 288 CS5END: XCH A ,HAMDAT
999D 93 %gg RETR
291 s EJECT
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0O9E 23FA
00A8 62
BOALl 55
00A2 26A8
0@A4 BE@T
00A6 D4AA

00A8 BEO6

00AR 2300

0OAE 23FA

BUBL 55

00B2 36B8
00B4 BEGO
00B6 04BA

' puB8 BERT
00BA 2300

90BD 93

0100
0100 D647

[P TR TR IR T I TIR TR TR TP LI IO IR TR TOR TR TIR TORTINT IR T IXT IR TOR TIRTIRTINTI TORTIRT IR TN,
1 LW W LW LI NI I NIBINI DI RI NI NI N bt et b b= et et ot o i = B D

338

VUL WO CO~J\ U W N RO 00~V Ui (W N =10 00 ~J O

SOURCE STATEMENT

e ~e~e~e~e ~e

CASE6: MOV A, #TLFEED
MOV. . T,
STRT
JNTP ELS
MOV STATE, #7
JMp END
i
C6ELS: MOV  STATE,#6
C6END: Ao

MOV
XCH - A, HAMDAT
RETR

DO; /*CASE 6,WAITING FOR FEED ON */
. TIME [gLINESFEED)

DO
' STATE=7 ;
END;

'ELSE o;
S SraTh=6;
END;

END;' /*END QF=C£SE 6 */

f1chSE 7 WAITING FOR FEED OFF */

: LINE FEED);

: DO

; ' STATE=0;

CASE7: MOV A, $TLFEED !
MOV T,A
STRT . T
JT9 .° = CJELS
MOV STATE, 40
JMP c7
. ; ELSE DO;

: STATé-7-

H

: HAMVERSDATA=D;

: END; . /*END OF cAsx-: 7 %/
C7ELS: MOV STATE, #7 L
C7END: MOV .40 : :

XCH A,HAMDAT
RETR , ,

;  END; /* END OF CASE BLOCK */
;************************************************************************
: BMGR ,
¢ THIS SEGMENT CONTROLS THE HANDSHAKING BETWEEN THE
; CONTROLLER AND THE MASTER PROCESSOR. »
;************************************************************************

; /BMGR-BUFFER MANAGER*/

i DO;

+ ' IF IBF=FULL THEN

: li)g TYPE=DATA THEN

: MOTOR=ON; ]

: TEMP=INCQPT (INPNT) ;

OFG 100H
BMGR: JNIBF  BBPRT
JF1 BB
ANL, #MOTON
MOV A,iNPNT
CALL  INCQPT
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OBJ

394 BBL1:

\O\O\O!

> WSO~V

BBLIC:

-

:

w
o
|d

BBL3:

Lo W IR ST 8

R

SOURCE STATEMENT

IN

JB1
JMP
JBO
ANL

ORL
EJECT

IF TEMP<>OUTS$POINT THEN

Doius
FILLSMODE=6N THEN

 PEMP=SPACE;
TEMP=INPUTSBUFFER;
- INTERRUPT=OFF;

END;
% TEMP=EOL THEN

FILLSMODE=ON;
TEMP=SPACE;

IF '.’[‘EMP=CONTK)L$CODE THEN TEMP='!';
BUFFER (INSPOINT) =TEMP AND @3FH;
113:8 INSPOINT=BUFFER$MAX THEN

FILL$MODE=0FF ;
OUT$POINT—BUFFE.R$MIN ;

i

END;

P Tl L TR T L R P P R PR R PR

A,OUTPNT
BB:

EISB [:OE /*TYPE IS COMMAND*/

PORI‘@ '3)=2 THEN INTENA=OFF;
ENDF( RT@ AND 3)-3 THEN INTENA=ON;

~esesenene

QQD%I%OT(EXRBQ)
A4
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n
3

O1UTUTUTES 1 i b 0B B (W W W

00 S B o0 1 o o o a8 B B o o o 0 B B B PSS S S

U W -SRIO 0O~Ji

NI

CVUILB W RO O~IOVULE (W - RO~JO0Y

[ S SISUSTSES]
B o2 B e B o o o o 1 e o0 s 1 o o o5 1B B B o 1B NS B

LOLOLO OO LOADAS OO 00 0000 00 00 COCD QO 00 00 ~JIJI~J~J

RS
NCUB W DO DIV W RSO O~

vuuTLILTLILTLITILUTLITIILT LYILTILTLT LT UTLD

(8,181,
NRNNINI
BWNHEWoN
v

SOURCE STATEMENT
' ‘ IF OBUF=EMPTYSFLAG AND (OUTSPOINT<>BMIN OR STATE:
If‘ OUTSPOINT<=BUFFERSMAX THEN

OBUF'BI 'f=OU§$ IN’II\]?[‘+1 :

NeNeNene NeNe e ne

. END;
BBPRT: MOV . A,OBUF
" 'XRL A #EMIFLG
INZ INT
MOV , OUTENT
XRL A, $0PTMIN
JNZ BPRT;

W R RO 00 ~JOY UL WN RO 0 IO

JMP BINT
BBPRTA: MOV A,QUTPNT
© JB * BINT

TEMP=INCQPT INPNT) ;
IF TEMP<>OUTSPOINT THEN

IF INTENA=ON AND FMODE=OFF THEN INTERRUPT=ON;

.
12

Sesssesesesene

END;
END
BINT: MOV A, INPNT
WL Aogrent
Jz “BMGR
BINTA:
N A,P2
CPL, A
JBg BMGR
JBl SETINT
SETINT: ORL P2, #EXREQ
i
; ISSOCEDURE INCQPT (A,CARRY) ; ‘
; A=A MOD BUFFER LENGTH{BUEEER MIN;
: ENDIF A=BUFFER MIN THEN CARRY=1F
INCQPT: ADD !

A, #l

JB6 AféfUST
RET

ADJUST: MOV é’ #OPTMIN

CPL
RET
; PROCEDURE INIT;
H 'OBUE‘ =EMPTYSFLA(
: POINT“BUFFER$MAX+1-
: mspo%%;sm?
i PAPERSFEED=OFF;
i EILLSMODESOFF;
7 PTSMASK=OFF ;
: ENDBUSSBUFFER-B,
INIT: MOV OBUF , #EMIFLG
MOV QUTPNT, $EMAX+1
MOV INPNT, BMAX
MOV A #0FDH
OUTL  P2,A
iN A,DBB
RET
EJECT
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LOC OBJ

02ED

D T S IR TR

SOURCE STATEMENT
B T e E T

COLUMN IS CALLED WITH ICNT EQL TQ THE CURRENT COLUMN NUMBER
AND PBUFF EQL TO THE CHARACTER TO BE CONVERTED.

COLUMN RETURNS THE APPROPRIATE COLUMN OF DATA FROM THE
CHARACTER GENERATER TABLE, COLUMN IS LOCATED IN PAGE 2
FOLLOWING THE FIRST HALF OF THE TABLE..

hhkkkkkkkhkhkkkkkkhkhhkkhkhhkhkhkhkkkhkhhhkkhkhhhkkhkkhkkhhhkhkhkhhkkhhkkkhkhhhkxhhkk

NeNesemone~enene e

ORG 2EGH
ll;gOCEDURE COLUMN (PRINTSBUFFER, ICNT) ;

' FLAG=NOT PRINTSBUFFER([5] ;
PRINTSBUFFER[5]=0;

TEMP=7* (PBUF+1) —~ICNT

IF FLAGO=OFF THEN

 TEMP=MP3 (TEMP) ;
PRINT$BUFFER[ f=1
Elsfa
PERiup2 (TEMP) ;

i

SeNeNeNENe NI SENENeNe NN Nene
~

COLUMN: MOV A, PBUF
CLR Fh
JB5 NOSET

CPL Fo
NOSET: ANL A, #01FR

MOV PBUF,A

RL

RL A

RL A

CPL A

ADD A, PBUF

ADD A, ICNT

CPL A

ADD a,47

JF@ AG2

MOVP3  A,@A

X Ay BBUF

CH
ORL A,3208
XCH - A, PBUF

RET
PAG2:  MOVP A,@A
RET

kkkkhkkkkkkkkkhkhkkhkkkkkkkkkkhkkkkkkkhkhkkhhhhkkkhhkhhkkkkkhhkkkhhkkkhkkk

CHARACTER GENERATER TAB!

THE FIRST HALF OF THESE TABLES IS IN PAGE 2. FOLLOWING THIS HALF
IS THE COLUMN SUBROUTINE, THE SECOND HALF OF THE TABLE IS

IN PAGE 3. THE PLACEMENT OF THESE TABLES IS TO TAKE

ADVANTAGE OF THE MCS-41 MOVP AND MOVP3 INSTRUCTIONS.

THE CHARACTERS ARE FORMED BY A SEVEN BY SEVEN MATRIX

OF DOTS, EACH DOT POSITION CORRESPONDS

TO ONE HALF THE NORMAL DOT SPACING OF THE LRC PRINTER.

TO PREVENT EXCEEDING THE "BANDWIDTH" OF THE SOLENOIDS

THE CHARACTERS ARE FORMED SO THAT THE SAME SOLENOID Is

NOT ENERGIZED TWICE IN SUCCESSION, CONSTRUCTING T

TABLE IN THIS MANNER ALLOWS THE FORMATION OF A CHARACTER IN ONLY
4 PRINT COLUMNS SINCE THREE OF THE DOTS WILL APPEAR BETWEEN
NORMAL COLUMN POSITIONS.

THE COMMENT FIELD OF THE TABLE SHOWS THE BIT PATTERN OF THE
CHARACTERS. THE SPACING OF THE PRINTER CHARACTERS CAUSES
DISTORTION OF THE CHARACTERS BUT THE PATTERN IS STILL DISCERNABLE.

KRKKKAKKKKKRKKKKRKRKKKKIARKIIARRAKIARI IR A A hhkhhhkhhhkhhkhhhhhkkkhkhhhrhhkhhd
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LOC OBJ SEQ SOURCE STATEMENT

6L
0200 - ... . 682 . ORG . 200H
... 603 :
; 604 : . :
200 6C 605 DB gcH ;  *x ; - [AT]
201 22 606 DB - 22H ;ox K
202 41 607 DB 4 i o* *
203 58 ‘608 58H : *k ok
204 @1 609 p1H ;o*
205 48 610 DB 48H : * %
206 00 gﬁ DB 00H H .
207 OF 613 DB - @FH ; oRRER : [A]
28 3t BB om0
20A 40 616 DB 40H : *
208 24 617 DB 241 ; x %
0C 10 618 DB 108 ; *
20D @F 619 - .DB PFH ; oREER
620 ]
621
@20E 7F 622 . DB 7FH j KkEEERK ; [B]
20F 60 623 - DB 00H ;
210 49 624 DB 49H PR ox K
211 0@ 625 A0H :
212 ¢8 626 DB 08H ; *
213 55 627 DB 55H PRk KK
214 22 g%g DB 7 o* X .
9215 3E 630 DB 3EH | | kkERE i [Cl
2 o &3 2o i
218 41 633 DB 4 [ *
219 99 634 DB AeH ;
1A 41 635 DB 4 P * *
21B 22 ggg DB 22H Por o * .
21C 7F 638 DB 7FH ; Kkkkdkkk ; [b]
1D 20 639 DB i)z} : :
21E 41 640 DB P *
21F 00 641 DB 00H ; ‘
220 00 642 DB i)s) ;
221 643 DB 4 P *
222 3E ggg DB 3EH ;o kRkkk
223 7F 646 DB 7FH § RERKRRK ; [E]
224 00 647 DB 00H ;
225 49 648 DB 49H PR F Ok
226 00 649 DB 0gH :
227 49 650 DB 49H ;o F K
228 0D 651 DB 9PH ;
229 41 ggg DB 41H P * *
@22 7F 654 DB 7FH § REREREK : LF]
22B 00 655 DB 00H H
22C 48 656 DB 48H : * ok
22D 00 657 DB 0gH :
22E 48 658 DB 48H ; * %
0 659 DB 20H :
230 40 ggg DB 40H ; -
0231 3E 1662 DB 3EH kil ;6]
0232 41 663 DB 41H ; *
0233 00 664 . DB 288 :
0234 41 665 DB 4 P x *
0235 @4 666 DB 048 ;o x
9236 41 667 DB 4 P *
0237 26 ggg DB 26H L
670 $ EJECT
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LOC OBJ SEQ SOURCE STATEMENT

238 7F 671 DB 7FH ; RRERkkK i [H]
3239 00 672 DB 00R i

23A 673 DB 28R ; *

238 00 673 DB 00H ;

23C 0 675 DB 08H ; *

23D 09 676 DB POH i

23E 7F g;g DB 7FR ; oRERRRAK

23F 09 679 DB 00H ; ;o (1)
249 41 680 DB 41H ; * *

241 00 681 DB P0H H

242 TF 682 DB 7FH 7 kkERRkk

243 09 683 B 00H ;

244 41 684 DB ;x *

245 00 ggg DB 00H ;

246 02 687 DB ;L * i (3]
247 01 688 DB g1H ; *

248 00 689 DB 90H ;

249 g1 690 DB 01H P *

42 00 691 DB T3} :

24B P 692 DB ) ;

24C 7E 233 DB 7ER ;o wkEERE

24D 7F 695 DB 7FR 3 kRkkEkE i [K]
24E 00 696 DB AgH ;

24F @4 697 DB 04H 7 *

250 14 698 DB 14H ; xx

251 22 699 DB 228 ;Uxx

252 41 700 DB 41H i * *
0253 00 ; % DB 00H ;
0254 7F 783 DB 7FH ; REEEEKK ;L]
255 @9 704 DB 00H ;

256 #1 705 DB g1H ;¥

257 00 706 DB goH ;

258 01 787 DB g1H P *

259 00 708 DB 9PH ;

25A @1 ; 3 DB g1H ; *
0258 7F 711 DB 7FH ; FRKKEKE ;M
025C 4@ 712 DB 40H ; *

25D 28 713 DB 20H : *

25E 18 713 DB 18H i **

25F 20 715 DB 20H i *

260 40 716 DB 40H ; *

261 3F 717 DB 3FH  oREERER

718
719 -

0262 7F 720 DB 7FH ; RREEAKE )
263 20 721 DB 20H ; *

264 19 722 DB 108 ; *

265 @8 723 DB 08H ; *

266 04 724 DB @4H 7 *

267 00 725 DB PPH ;

268 7F ;gg DB 7FH ; khkkkkkk
9269 3E 728 DB 3EH g KRR ;- (0]
26A 41 729 DB 41H P * *
926B 0 730 DB 00H ;

26C 41 731 DB 41H P * *

26D 09 732 DB 0@PH ;

26E 41 733 DB 4 P * *

26F 3E ;% DB 3EH ;o REERR
0270 37 736 DB 37H § KRR A% i [P]
9271 00 737 DB o@H ;
9272 48 738 DB 48H ; * %
0273 00 739 DB @@H ;
9274 @0 749 DB 0gH ;
9275 48 741 DB 48H ; * *
0276 30 ;g DB 30H ; **
0277 3E 744 DB 3EH ;  FkAER ;o [Q)
9278 41 745 DB P *
0279 08 746 DB 0BH ;
0273 40 747 DB 4@H ; *
0278 @85 748 DB 05H ;**
927C 42 749 DB R *
927D 3D 750 DB 3DH ; ok kkkx
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OBJ SEQ SOURCE STATEMENT
1 818 B 41H i * ;o (2]
2 819 DB 28 Poo*
5 820 DB 45H pRRK
8 21 DB B8H H *
1 22 DB 518 ;X xk
[’} 23 DB 20H ;- *
1 E%g DB 41H P x *
F 826 DB TFH Eakabdadald ;0
] 827 DB ["[1]:) H
1 828 DB 41H [ *
[/ 29 DB 0PH H .
1 30 DB 41H i %
[} 31 DB [177:} H
1 g% DB 410 P * *
34 DB 400 7 * PN
835 DB 20H H *
836 DB 10H ; *
8 837 DB B8H H *
4 838 DB g4H iL*
2 839 DB 02H iU
1 840 DB 010 ; *
L gg DB 414 * * (11
’ ’
843 DB 00H ;
844 DB 41H P * *
845 DB 00H H
846 DB 41H i * *
847 DB 000 H
F gﬁg DB 7FH H Kkkkkkk
20 850 DB 00H ; : ; [(ua)
04 851 DB 044 i *
28 852 DB 08H H *
10 853 - DB 10H ; *
08 854 DB 280 ; *
24 855 DB 24H i *
00 856 DB 008 H
857
g1 858 DB g1 ;o ;L
00 859 DB 00H ;
01 860 DB 01H i *
00 861 DB 00H i
01 862 DB @10 P *
00 863 DB [7[%):) i
a1 864 DB ] P
865
866
e
PR L T T e T e T T T
o | ,
g;% i START OF SECOND HALF OF CGEN TABLE - -
873 ;***********************************************************************
874 :
875 ORG 3pbH
876 .
877
00 878 DB 00H ; i L]
o7} 879 DB BOH H
00 880 DB -BOR H
00 881 DB 00H 7
%) 882 DB BoH H
20 - 883 DB -BOH H
00 884 DB BoH H
885
00 886 DB DeH ; ;o [t
00 887 DB BOH 7
1] 888 DB [ H
7D 889 DB 7 § * hRRER
00 890 DB [7%):) E
20 891 DB BoH H
00 892 DB [1[%):] H
893 ,
894 § EJECT
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NABDEED
D
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DB 90H ; . M
DB 20H ; *

.40H ; *
DB @9H ;
DB 20H ; *
DB 40H ; *
DB [4]7]38 ;
DB 144 ;7 i (#]
DB 2oH ;P
DB 7FH H hkkkkkk
DB 6o :

7FH H khkkkkkk
DB @oH H
DB 140 [
B% %%5 : . i [8]
DB 49H ; X Kk %
DB 36H ; Kk A%
DB 49H 3k ko
DB 26H ; *R X
DB 96H ;

« * * % .

- B ; w
DB S4H ;ok K
DB 28 P
DB 15H ;R R
DB 20H H *
DB 450 g xx X
DB 26H ;oKk ok ;L8]
DB 49H PRk ok :
DB 10H i *
DB 49H Pxox %
DB 26H ;oRk *
DB g1H : x
DB @5H Poxox
DB 90H H ;o [']
DB @oH : !
DB 100 H *
DB 20H : *
DB 4pH : *
DB goH :
DB BoH H
DB 1cH ;KA Y]
DB 22H ; **

41H 3. % %
DB [])3) H
DB [/ H
DB -~ @BH ;
DB 008 :
DB 22H ; i DI
DB goH ;

B0H ;
DB Q0H H
DB 41H ; * *
DB 228 3 * %
DB plec] ; *kk

4 . ko kK . *
Bg 395 PN i [*]
DB 1CH H bkaded
DB 77H ; kkk hkk
DB 1CcH ; *kk
DB 2 ; * *
DB 49H gk o x x .
DB @8H ; * s [+
DB 08H Pk P
DB #8H H *
DB 3 H kkkkk
DB @8H H *
DB 98H H *
DB #8H H *
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SOURCE STATEMENT

DB @oH ; i Ll
DB 00H ; :
DB B0H ;
DB [ P *
DB g6H ;K
DB @oH H
DB [1]):] ]
DB @4H ; F ;[
DB 04H ;  *
DB @4H ; *
DB @4H ;  *
DB 94H ;  *
DB @4H ;  *
DB 04H ; *
DB 02H i i L]
DB geH ;
DB [[1]:) H
DB [’} i
DB Q0H ;
DB Q0H ;
DB 0eH i
.« * .
BB oom i P
DB 04H ;  *
DB @8H ; *
DB 10H ; *
DB 20H ; *
DB 40H ; *
DB 1DH 3 Kk KEE ;3 (0]
DB 22H i X *
DB 45H s Rk %
DB 08H ; *
I AN
DB 5CH PRk ok
2w 0L, W
Bg %Eg ;oREkEREK
DB f1[%)s | H
DB 01H i
DB 0BH ;
. Kk k
2o o @
DB g1H ; *
A S
DB 484 Pk ok
DB 31H ;o K%

3 . . * * .
B, )
DB SgH ; * *

DB ] ;P *

RN B A
DB 46H ;oEr o
EJECT
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SOURCE STATEMENT

DB [1]0)3 ; 3 [>]
DB @0H ;

DB 41H ; * *

DB 2 ; * *

DB 14H ; * ok

DB 08H i *

DB @0R ;

DB APH ; 5 [2]
DB 20H ; *

DB 40H ; *

DB @5H ; *x

DB 48H H * &

DB 30H ; *x

DB B0H H

END
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Slave micrbcomputer: lightens
- main microprocessor load

by Don Phillips and Allen-Goodman, intel Corp., Santa Ciara, Callt.

[ Peripheral devices for microprocessors are growing in
number and complexity to the point where they- are
taxing the processor’s time and memory. Nor do simple
interface adapters that contain no intelligence of their
own lighten the burden of managing such peripheral
equipment as floppy disks, cathode-ray-tube displays,
and keyboards. What can save the day for the central
processing unit is a new class of peripheral controllers:
intelligent ‘microcomputer-based universal peripheral
interface chips. - a

In essgnce, what the UPI microcomputer does is act as
a slave processor to the main-system cpu. With a built-in
processor and memory, it greatly eases the handling of
real-time tasks such as controlling printers, encoding
keyboards, and multiplexing displays. In fact, entire
control algorithms can be programmed locally in the
slave processor, instead of taxing the limited memory

space and execution time of the main system. Moreover,
the device substantially increases the overall efficiency of
a system, since.two processors—the central CPU and the
slave UPI device—are working in parallel.

A peripheral controller

In operation, the UPI microcomputer acts as a periph-
eral controller rather than just an interface adapter. Its
architecture, detailed in Fig. 1, is similar to the recently
introduced 8048 one-chip microcomputer: it has an 8-bit
CPU, 64 bytes of random-access memory, 1,024 bytes of

read-only memory, a timer/counter, and 18 input/out-

put lines. In fact, the device executes the same basic set
of instructions- as does the 8048, except for special
tailoring of data-bus operations to better suit control
applications. The difference is that the new peripheral-
controlling microcomputer is designed to function as a

—— - INTERNAL BUS
- DBB STATUS |, - . .
REGISTER [ - ] ®
- PORT1
! PROGRAM BUS Pio~
STATUS BUFFER P17
4 - :
ué\J;F\&uﬁs 64-x-8-BIT
w Do-7 REGISTER %hé%gij
2 (DBB) L : MEMORY
. w
= . N . =)
I | - £
= | WRITE (WR) ——q) INSTRUCTION MULTIPLEXER =
{2 | READ (RD) ———Q DECODER }E
E CHIP-SELECT (TS)—q - : P%ﬁgz E‘
® P .
ADDRESS IN gT (Ag) —> cc{%g:gL ACCUND: BUFFER Pyo— :::J_
1 EA - LaTon |EEEENENEERENNEEENT 00 000 0 L Fr | 2
SYNC «—— . * o EQEXSSE; &
§§ . ——g . 1,024-x-8-BIT
PROG, 4] ARITHMETIC/ HEAD-ONLY INTERFACE
RESET—>q) MEMORY
. LOGIC UNIT CONDI- T
B TIONAL,
: : | BRANCH
CRYSTAL, Xy TEMPORARY 10-BIT - LOGIC - T
LC NETWORK, TIMING
1 x REGISTER PROGRAM -
OR CLOCK { 2 A ‘ 7| counTeR ' ' /
- ., PROGRAMMABLE ROM
| Yee—> pRoGRAM SUPPLY TLAGS . BBIT .
* 'POWER 4 Vec — = +5 SUPPLY ’ . T(%ASS/%_\/EENT
5 SUPPLY - COUNTER
Vgs — GROUND . .

1. Smart interface. With an 8-bit CPU, 64 bytes of RAM, and- 1,024 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 thatimprove data-bus operations.

Electronics/July 7, 1977,
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8080
. CENTRAL
PROCESSING
_UNIT

DATA

ADDRESS

INPUT/

2. Slaves. The microcomputer-based univer-

1/0 READ

sal peripheral interface chips—the 8741 with
erasable PROM and the 8041 with mask-
programmed ROM—are connected as slave
processors to a main processor (here an
8080 CPU) to take over its {70 chores.

83%' .
CA
8741 o
"UNIVERSAL
PERIPHERAL
INTERFACE DISPLAY
o=
MATRIX
_ PRINTER
te——Tp
le——T,
OR >
8741 \/
PERIPHERAL '
INTERFACE KEVBOARD

OTHER
PERIPHERAL
DEVICES

T .
INTERRUPTS

be—T, | -

ADDRESS BUS (16)
CONTROL BUS (6)

DATA BUS (8)

slave processor to the main-system processor

The chip is the first mlcrocomputer made specnﬁcally
for a multiprocessor environment in which a master
processor sends information to one 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 interface 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 in 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 8741/8041
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 UPl. Data ‘and commands are received
from the master processor through the DBB, and status
and data information are returned through it to the

master. The controller sends status information to the

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

The configuration of the pBB and status registers. is '
shown in Fig. 3. The master processor controls data -
transfer to the'Upr 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 signals to
direct the exchange of information through the DBB
register, which serves as temporary storage for
commands and data flowing between master and slave
processors. .

The four flags

The status reglster 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 DBB 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 DBB register is loaded with a word from the
main processor, and the output-buffer-full flag is set
when the UPI loads its DBB register.

Electronics/July 7, 1977
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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 internal interrupt. The UPI can then
transfer the 8-bit data byte to its accumulator at any
time under software control, which clears the IBF flag. "

In transferring data in the other dlrcctlon—from slave
to master—the peripheral’ chip loads the DBB register
while automatlcally setting the OBF ﬂag The master
processor can then read the status register. to determine
that the OBF flag is set and can proceed to take in data
from the buffer register, at the same time clearing the
flag in preparation for the arrival of mare data.

Transfer of ‘data, within the penpheral controller is
asynchronous to external processor timing. The chip can
thus - effectively control peripheral devices while data
transfers go on unhindered. Moreover, the DBB regrster
isolates peripheral control tasks from the main processor.
Task isolation is desirable in that it eases software devel-
opment and debugging within a given system (by
modularizing functions). In addition, ‘it is certain to
enhance data throughput, since two’ mlcroprocessors are
running concurrently. .

Optimized for control -

“The cpu and instruction set of the 8041/8741 are

designed to efficiently handle the single-bit operations
required in most control applications, including 1/0 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 the lines of 1/0 port 2.) Two inputs to'the
peripheral controller are provided that may be tested
with conditional 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 included on the penpheral
controller can be preset, read, started, or stopped under
software control. In the timing mode, an internal oscil-

lator can be set by a crystal or an LC network. In the

event-counter mode, the T, input may be used to count
switch closures or tachometer pulses, directing. program
flow accordingly. If the counter has been pteset, a flag is

available that indicates overflow, and it can signal the

master processor. =

The 1,024 bytes of on- chlp ROM are sufficient for most
dedicated programming applications. Typically, key-
board encoding or printer control requires 500 to 700 8-
bit bytes, and therefore ample program space is available
for additional functions.

Of the 64 locations in the on- chip RAM, there are two
8-byte register banks, an_cight-level program-counter
stack, and 32 bytes of user RAM. The dual
8-byte register banks allow fast response. to interrupts
such' as the 1BF flag or time overflow. The stack also
provides convenient handling of subroutme cells and
storage of other data.

The thrust of the penpheral-controller chlp is in its
isolation of peripheral tasks from the main processor.

"Since its job is specifically for control, the main

Electronics/July 7, 1977

_ 8041/ 8741
UNIVERSAL PERIPHERAL INTERFACE

0
GENERAL
FLAG

C Ry
COMMAND/
. DATA FLAG

IBF

STATUS REGISTER

BUFFER-
_FULL FLAG
0BF
QUTPUT-

BUFFER-
FULL FLAG

WRITE —>O WR

READ ——>CJ D .

CHIP . —
SELECT—>O| CS

4 . ADDRESS ____,|
INPUT Ao

SYSTEM INTERFACE

DATA-BUS BUFFER REGISTER (DBB)

3. Buffer to the bus. 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 theminform the main processor of the
status of the DBB and also establish a handshaking protocol.

DOT- MATRIX PRINTER
LINE _ FORM .
PRINT FEED ' HOLD SOLENOIDS
Y -
2
§ <2l & SOLENOID
[~}
MOTOR DRIVERS : w 2 DRIVERS
=l | =
H IR ‘é‘
-
3
PORT2 ) PORT2 PORT 1/PORT 2
8041/8741
D88 CONTROL
o ,
MASTER .
PROCESSOR | CONTROL BUS

4. Printer control. Memory in the 8741/8041 allows the device to
buffer as many ‘as 40 characters to be printed. The, ‘main- system'
processor can transfer a block of data at thls speed and then
continue with other tasks while the UPI's bldlrectlonal 170 ports
monitor and control sequential character prlntlng
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OR 8048

DATA BUS

1/0

110

/0

CONTROL BUS
DATA BUS

N<T7

5 Using the UPI. Typucal appllcatlons of the 8741/8041 include (a)
a keyboard scanner in which ‘ah 8243 input/output expander is
added to permit the encoding of as many as 128 keys, (b) a process-
control subsystem lmplemented with an analog multlplexer and a
dlgltal-to-analog converter. and (c) a generalized distributed
processing system that employs up to seven of the devnces as slave
processors, connectlng them to a single 8048 mlcrocomputer
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processor can therefore be left to down-load commands
and transfer data, while the UPI works in real time.

One application might be the controllmg of a printer
perlphcral to an 8080 system, as shown in Fig. 4. The
entire real-time “control -portion of .the task can be
handled by the periphéral controller.” With. its built-in
timer, it easily handles timing functions like character
spacing, print position, and lin¢ feed. The UPI has ample

170 ports for a 40-column dot-matrix printer.

In this printer application, the DBB register allows for

~ standardization of data transfer to and from the 8080-

based main processing. system. To do this, one typical
format might be for the main processor to send a start
command followed by a full line of 40 Ascii characters.
The peripheral controller would then store the characters
under program control in a portion of the RAM and begin

~execution of the printing as soon as the print head and

line feed were in the: propér position. In the meantime,
the main processor returns to other tasks. The ROM in
the 8041/8741 can be used to convert the ASCIl code to
dot-matrix 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 matrix, 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-processor software.
A keyboard application

Figure 5a 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 a ROM look-up table to’
generate the appropriate Ascil 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 implemented using an analog multiplexer
and digital-to-analog converter along with the 8041. In
‘this configuration, the perlpheral controller can monitor
and digitize eight analog inputs, perform linearization
(using equations or ROM look-up tables), check for limits
and zero offsets, and receive control mformatlon that
could determine new limits. )

Figure 5c illustratés a generalized distributed-
processing system using as many as seven 8041s as slave
processors connected to a single 8048 master processor.
Port 2 of the 8048 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 are designed espe--
cially for control or interface applications, and each can
be programmed to handle a single isolated task. This
modular approach allows easy ‘development ‘and debug-
ging of the system. (.
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MICROCOMPUTER INTERFACING:
CHARACTERISTICS OF THE
8253 PROGRAMMABLE INTERVAL TIMER

Marvin L. DeJong
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 1yops. 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 oscilloscope.®

The 8253 is a 24-pin integrated circuit that requires a
single 5-V supply and contains three independent 16-bit
interval timers, each of which can be operated in six
different modes. An interval timer is a .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.

$2
FROM BIT O OF
OUTPUT PORT 000

TO OSCILLOSCOPE

Fig 1 Interface circuit between 8253 program-
mable interval timer and 8080/8085 microcom-
puter. Timer uses four locations of memory in
this memory-mapped interface circuit -~
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_ TABLE 1

Mdnulng the 8253 Prognmmable lm.rval Tlmet

Control Inputs

CS RD WR A1 A0
01 0 0 0
01 0 0 1
o1 0 1 0
01 0 1 1
© 0.0 1 0.0
00 1 0 1
00 1 1 0
0 0 1 1 1
1 X X X X
0 1 1 X X

- Load counter #0
~ Load counter #1

Load counter #2
Load control tegister

""" Read counter #0. °

Read counter #1

_Read counter #2
No operation (3-state)

Disable chip (3-state)
No operation (3-state)

Memory Address in
Demonstration Program
and Interface Circuit

200 000 :
200 001, - i
©..200 002 .
© 200.003 .00
' 200 000
200 001
200 002

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

of the preset time interval.l 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 intemnal registers—three interval timers-and a con-

trol register—that are decoded as memory locations 200 000 -

through 200 003 with the aid‘of the address bus-signals
A0, Al, and A15 (see Fig 1 and Table 1) .are contained
on the 8253 chip. In Table 1, the RD and WR control in-
puts determine whether a speciﬁc register is being loaded

It}

or.read. It is not possible to 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

the nature of the read/write operation associated with

the chosen timer; bits D3, D2, and .D1, the mode of
operation -of the timer; and bit DO,. whether, the timer
counts down in binary or binary-coded decimal (Bcp).

Fig 2 provides. a block diagram for a typical counter

in the chip. The microcomputer loads ‘the 16-bit down

FRRE

3-STATE

" BIDIRECTIONAL
DATA BUS
" DATA  BUFFER
a :comngf. L PRESETTABLE — GATE
aeelsrea COUNTER

TRIGGER
OR RESET

Fig 2 Functuonal dlagram of each of three
. 16-bit interval timers in 8253 chip. Gate
;input acts alternatively as gate, trigger, or
reset input, depending upon mode chosen

3-8
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counter as two successive bytes, a u1 and Lo byte, via the
bidirectional data bus, DO through D7. If the gate line,
GATE, is active, negative edge transitions at the CLK
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 1, the CLKO and GATEO inputs to
counter 0 are respectively connected to the ¢2 [transistor-
transistor logic (TTL)] microcomputer clock output (typi-
cally 2 MHz) and to bit 0 of accumulator output port 000.
Any TTL 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 GATEQ. 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-Bit Control Register in 8253 Chip

Eit_s Control Function
D7 D6
0o o0 Control word is for counter #0

0o 1 Control word is for counter #1
1 0 Control word is for counter #2
1 1

D5 D4
0 o0 Latch both bytes of chosen counter for
read operation
0o 1 Load or read only most significant byte
(MSB) of chosen counter
1 0 Load or read only least significant byte
(LSB) of chosen counter
1 1 Load or read LSB first, then MSB of
chosen counter
D3 D2 Di
0 0 o Mode 0: Output = 1 on zero counter
o 0 1 Mode 1: Retriggerable variable-width one-
shot
X 1 0 Mode 2: Programmable rate generator
X 1 1 Mode 3: Programmable square wave gen-
erator
1 0 o Mode 4: Delayed strobe (software trig-
gered strobe)
1 0o 1 Mode 5: Triggered strobe (hardware trig-
gered strobe)
Do

Count down in binary -
1 Count down in BCD

Note: X = don't care (logic 0 or logic 1)
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ORDERING INFORMATION

Semiconductor components are identified as follows:

Example: :
M C 5 1 0 1 L - 4
L ‘ I | |
Four or five characters - Up to three character )

per device type modifier for power,
: speed, processing, etc.

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:

P51’O1’L - CMOS 256 X 4 RAM, low power selection, plastic package, commercial temperature range.

C8080A2 8080A Microprocessor with 1.5 us cycle time, hermetic package Type C, commercial
. temperature range.

MD3604/C 512 X 8 PROM hermetic package Type D, mlhtary temperature range, MIL-STD-883 Level
h C processing.* ~

MC8080A/B  8080A Mlcroprocessor hermetic package Type C, military temperature range, MIL-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 various options. These may be
obtained from your local Intel representative or by wrltmg 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 entermg any order for military temperature dewces Al/ orders
requesting source inspection will be rejected by Intel.



PACKAG'NG INFORMATK)N All dimensions in inches and (millimeters)

PLASTIC DUAL IN-LINE PACKAGE TYPE P

24-LEAD PLASTIC DUAL IN-LINE
PACKAGE TYPE P

. 1.245 (31.623)
1.235 (31.369)

PIN 1

o

]

—

545 (13.843)

(1.524)

(0.813)

535 (13.589)
. l 625
te— MAX. —»|
.200(5.080) 160 (4.064) - (15.875)
MAX. -150 (3.810) 7]
SEATING -—- 010 TYP : |
PLANE Towsmm. - (0250 o - \/15‘
125 (3.175) | L_ (0.381)
MIN. — T ‘ -—IL-.ozn (0508) L_ __]
.110 (2.794) 060TYP  0327TYP 076 (0.406] (‘IG 510)
090 (2.286) (1.524) (0.813) :
" 1.455 (36.957)
- 28-LEAD PLASTIC DUAL IN-LINE 7.445 (36.703)
'PACKAGE TYPE P PINT T
° .
[ &4 13843
535 (13.665)
PR l 625
fe— MAX., —>|
.200 (5.080) .160 {4.064) (15.875)
MAX, 760 (2810 |
i
SEATING J— 010 TYP + o
PLANE 015 MIN. {0.258) |~ il 15°
125 (3.175) | -—]L— 0.381) o ! o
©MIN. — 650 _J
2110 (2.794) -060 TYP 032 TYP gfg :g igz; L—ns‘gm)
1090 (2.286) (1.524) (0.813) REF.
55 (52.197)
40-LEAD PLASTIC DUAL IN-LINE i 2.045 (51.943)
PACKAGE TYPE P PIN 1
o
1: 545 (13.843)
535 (13.589)
|
— A 625
le— MAX. —»f
..200(5.080) 175 (4.445)° (15.875)
MAX. 165 (4.391) 7]
T 1
(BEATING - ——3‘ 010 TYP —t N
PLAN Yosmm  02sa = 15
1125 (3.175) | L— - -.“- (0.381) i ]
MIN.
0
10 (2.794) 060 TYP  .032TYP ,%}g%ﬁ}, L—(1651 0)
090 (2. 236) ’ !




PACKAGING INFORMATION Al dimensions in inches and (millimeters)

CERAMIC DUAL IN-LINE PACKAGE TYPE D

24-LEAD HERMETIC DUAL IN-LINE
PACKAGE TYPE D

1.285 {32.639)
1.235 (31.369)

PIN 1
| -
600 (15.240)
1. 15 (13.081)
625
MAX. —>
.220(5.588) 2175 (4.445) <
MAX. 145 (3683) ) (15.875)
P T
hW__ N =
“PLANE 1 010 TYP. PP
stm(::\ins)~ —l Loso TYP, .(?3}?5’:‘)' ©250) \NIL‘/ ®
IN. : - L 615
> = (1.524) —»”4— 020 (0.508) le—(17.125) |
+110 (2.794) 032 TYP 016 (0.406) REF.
090 (2.286) (0.813) :
' 1.485 (37.719)
X .44
28-LEAD HERMETIC DUAL IN-LINE 1.435 (36.449)
PACKAGE TYPE D - L
600 (15.240)
515 (13.081)
625
MAX. —>1
.220(5.588) 1175 (4.445) [—
MAX. 145 @ew3) | (15.875)
e — J - B I —
SEATING S — .
PLANE f 015MIN. 010 WP._.]‘_ \’:.}/1—5,
25 (3.175)_—— 060 TYP _,“ 10.381) (0.254) !
MIN. : g booems |
L‘ (1.524) - 020 (0.508) fe—t17.105) —
.10 (2.794) 032 TYP -016 (0.406) REF.
1090 (2.286) (0.813)
2.080 (52.832)
40-LEAD HERMETIC DUAL IN-LINE 2.030 (51562)
PACKAGE TYPE D PIN
600 (15.240)
515 (13.081)
625
.220 (5.588) 175 (4.445) [e—MAX.—
MAX. 45 (3683) (15.875)
=_:____ f - T 1
SEATING ¥ T o
PLANE oM, O10TYP. ~ils
‘ 25 (3.175)_] (0.381) (0.254) ¥ "
MIN. L_ 060 TYP. __I L]
™ (1.524) 020 (0.508) (17.185)
1110 (2.794) 032 TYP 016 (0.406) REF.
1090 (2.286) (0.813)
2.080 (52.832)
40-LEAD HERMETIC DUAL IN-LINE 2.030 (51.562)
PIN 1
PACKAGE TYPEB ——
_ 600 (15.240)
T 570 (13.081)
e ! 625
.220(5.558) .150 (3.810) fe—MAX. —»
MAX. 125 (3.175) | (15.875)
L. —-— 1 190 (4.826) e o |
seating ¢ WJUJUIL) R I.tss (3937) T1
PLANE B o
L.015 MIN. 010 TYP. -l 15°
1125 (3.175) 3 (0.381) (0.254) '
110 (2A794)_.| L_ *“._,020 (0.508) L_ 675 ‘_l
090 (2.286) 060TYP.  .032TYP 6 i0.408) (17.145)
(1.524) 813) REF.

(0.
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intal

3065 Bowers Avenue U.S. AND CANAD'AN DlSTRlBUTORS

Santa Clara, California 95051
Tel: (408) 987-8080

TWX: 910-338-0026

TELEX: 34-6372

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

ARIZONA

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
tHamilton/Avnet Electronics
8917 Complex Drive

San Diego 92123 .

Tel: (714) 279-2421
t+Hamilton Electro Sales
10912 W. Washington Boulevard
Culver City 90230

Tel: (213) 558-2121

tLiberty Electronics

124 Maryland Street

El 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
tElmar Electronics

2288 Charleston Road
Mountain View 94040

Tel: (415) 961-3611

TELEX: 910-379-6437
Hamilton/Avnet Electronics
17312 Eastman Street
-lrvine 92714

Tel: (714) 979-6864

COLORADO

tElmar/Denver

6777 E. 50th Avenue
Commerce City 80022

Tel: (303) 287-9611

TWX: 910-936-0770
tHamilton/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
tHarvey Electronics
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

Paim Bay 32905

Tel: (305) 725-1480
tHamilton/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 | 85, Access Road, #11
Norcross 30071 :

Tel: (404) 448-0800

ILLINOIS
tCramer/Chicago

1911 So. Busse Rd.

Mt. Prospect 60056

Tel: (312) 593-8230
1Hamllton/Avnet Electromcs
3901 No. 25th Ave.
Schiller Park 60176

Tel: (317) 849-7300
Pioneer/Chicago

1551 Carmen Drive

Elk Grove Village 60006
Tel: (312) 437-9680

INDIANA
tPioneer/Indiana

6408 Castleplace 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
{Cramer Electronics Inc.
85 Wells Avenue

Newton 02159

Tel: (617) 969-7700

MASSACHUSETTS (continued)
tHamilton/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
tHamilton/Avnet Electronics
32487 Schoolcraft Road
Livonia 48150

Tel: (313) 522-4700

TWX: 810-242-8775

MINNESOTA

tIndustrial 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

MISSOURI

tHamilton/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'
Mocrestown 08057

Tel: (215) 928-1800
Arrow Electronics

285 Midland Avenue
Saddlebrook 07662

Tel: (201) 797-5800
‘tHamilton/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
tHamilton/Avnet Electronics
2524 Baylor Drive, S.E.
Albuquerque 87119.

Tel: (505) 765-1500

tMicrocomputer System Technical Derﬁohstrator Centers
*Microcomputer Systems Spares Order Point.
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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, Inc.
Holiday Office Center
3322 S. Memorial Pkwy.
Huntsville 35801

Tel: (205) 533-0090

ARIZONA

Intel Corp.

8650 N. 35(h Avenue, Suite 101
Phoenix 85021

Tel: (602) 242-7205

4426 North Saddle Bag Trail .
Scottsdale 85251
Tel: (602) 994-5400

CALIFORNIA

Intel Cor|

7670 Opporlunlty Rd.
Sui

Uit
San Dlego 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: 910-495-2045
Intel Corp.*
3375 Scott 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-|

2576 Shattuck Ave.
Suite 4B

Berkeley 94704

Tel: (415) 843-7625
Mac-1

P.O. Box 1420
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 81 364
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 E
Tel: (303) 674-5255

CONNECTICUT

Intel Corp.

Peacock Alley

1 Padanaram Road, Suite 146
Danbury 06810

Tel: (203) 792-8366

TWX: 710-456-1199 .

FLORIDA

Inte! 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. 15th Terrace, Suite F
Deerfield Beach 33441

Tel: (305) 421-4989

tPen-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
Atlanta 30339

Tel: (404) 955-0293

ILLINOIS

Intel Corp.*

900 Jorie Boulevard
Suite 220
Oakbrook 60521
Tel: (312) 325-9510
TWX: 910-651-5881
1Dytek-Central, Inc.
121 So. Wilke Road
Suite 304

Arlington Heights 60005
Tel: (312) 394-3380
TWX: 910-687-2267

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 St. 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: (606) 269-6329

MARYLAND

Intel Corp.*

7257 Parkway Drive

Hanover 21076

Tel: (301) 796-7500

TWX: 710-862-1944

Glen White Associates

7 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) 667-8126

TWX: 710-343-6333
tComputer Marketing, Inc.
257 Crescent Street
Waltham 02154

Tel: (617) 894-7000

MICHIGAN
Intel Corp
26500 Norlhweslern Hwy.

Sou(hlield 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 5!

Tel: (612) 645 5816

U.S. AND CANADIAN SALES OFFICES

MISSOURI

Technical Representatives, Inc.
320 Brookes Drive, Suite 104
Hazelwood 63042

Tel: (314) 731-5200

TWX: 910-762-0618

NEW JERSEY

Intet Corp.

1 Metroplaza Office Bldg.
505 Thornali St.

Edison 08817

Tel: (201) 494-5040

. TWX: 710-480-6238

NEW MEXICO

BFA Corporallon
P.O. B

Las Cruces 85001
Tel: (505) 523-0601
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 Vandevbllt Motor Pkwy.
Suite 402
Hauppauge 11787
Tel: (516) 231-3300
TWX: 510-227-6236
Iintel 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
+T-Squared

2 E, Main

Victor 14564

Tel: (716) 924-9101
TELEX: 97-8289

NORTH CAROLINA
1Pen-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: 810-450-2528

Intel Corp.™
Chagrin-Brainard Bldg. #201
28001 Chagrin Blvd.
Cleveland 44122

Tel: (216) 464-2736
Lowry & Associates, Inc.
24200 Chagrin Blvd.

Suite 320

Cleveland 44122

Tel: (216) 464-8113
tLowry & Associates, Inc.
1524 Marsetta Drive
Dayton 45432

Tel: (513) 429-9040
tLowry & Associates, Inc.
1050 Freeway Dr., N
Suite 209

Columbus 43229

Tel: (614) 436-2051

OREGON
ES/Chase Company

' 4095 SW 144th St,

Beaverton 97005
Tel: (503) 641-4111

PENNSYLVANIA

intel Corp.*

275 Commerce Dr.”

200 Office Center
Suite 212

Fort Washlngton 19034
Tel: (215) 542-9444
TWX: 510-661-2077
tLowry & Associates, Inc.
Seven Parkway Center
Suite 455

Pittsburgh 15520

Tel: (412) 922-5110
tQ.E.D, Electronics
300 N. York-Road
Hatboro 19040

Tel: (215) 674-9600

TENNESSEE

Glen White Assoclates
Rt. #12, Norwood S/D
Jonesboro 37659

Tel: (615) 477-8850
Glen White Associates
2523 Howard Road
Germantown 38138
Tel: (901) 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: 910-860-5487
Intel Corp.*

6776 S.W. Freeway:
Suite 550

- Houston 77074

Tel: (713) 784-3400

Mycrosystems Marketing Inc.
13777 N. Central Expresswav
Suite 405

Dallas 75243

Tel: (214) 238-7157

TWX: 910-867-4763
Mycrosystems Marketing Inc.
6610 Harwin Avenue, Suite 125
Houston 77036

Tel: (713) 783-2900

UTAH

tWestek

3788 Brockbank Drive
Salt Lake City 84117
Tel: (801) 278-6920

VIRGINIA B
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 |

Intel 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

Multilek, Inc.”

15 Grenfell Crescent
Ottawa, Ontario K2G 0G3
Tel: (613) 226-2365
TELEX: 053-4585

*Field application location
These representatives do not offer Intel Components,
only boards and systems.
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