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Abstract

AC Motors have popular uses in many industrials .Feature of endurance and more cheap
than DC Motors. But it has to use devices that can drive power in high efficiency .The purpose of
this project is research and development of inverter that uses IGBTs to switching device , and

uses 16 bits microcontroller for generating signal to control , that can control induction motor for

higer efficientcy .
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13199 5.1 llﬂﬂﬂﬂﬂf{‘ﬁ"uﬂ"liﬁ'l\ﬂ'll'ﬂﬁl\i!ﬁ?il\i

it S v YR Re
FNCTI1 Running Frequency 1.0 - 360.0 Hz
FNCT2 Acceleration Time 0.1-360.08 018
FNCT3 Deceleration Time 0.1-360.08 0.18
FNCT4 Torque Boost 0.0-30.0 % 0.1%
FNCTS5 DC Brake Frequency 0.0-120.0Hz 0.1 Hz
FNCT6 DC Brake Voitage 0.0-30.0 %_‘ 0.1%
FNCT? DC Brake Time 0.0-10.08 018
FNCT8 Minimum Frequency 1.0-60.0Hz 0.1 Hz
FNCT9 ‘Maximum Frquency 1.0-360.0Hz 0.1 Hz
FNCT10. V/F Base Frequency 50.0 - 360.0 Hz 0.1 Hz
FNCTI‘I DC Voltage - 10V
FNCT12 DC Current - 0.01 A

P - e o t Qs d’
%ﬂ’(ﬂiﬂiﬂEl‘ﬁ‘lJ'lUﬂ"lﬂ‘iﬂu‘lﬁlﬂﬁdﬂﬁmﬁﬂ‘] AU

- FNCT1 = i Iaduiies1fuemes ( Running Frequency )

fmualdlugig 1.0 - 360.0 185m

-FNCT2 = AN WBINTIRUAIND ( Acceleration Time )

dmualdlugae 0.1 - 3600 Jurdi

- FNCT3 = flna1wedmsaadnud ( Deceleration Time )

fvua'ldluya9 0.1 - 360.0 Ju

- FNCT4 = A'meinyaa
Amualalugad 0.0 - 30.0 iesidud
- FNCT5 = iz un151u5na2o1sad@u 1A se ( DC Break Frequency )

Aua 1@ 1ug24 0.0 - 120.0 1350
- FNCT6 = Aiuisaau Ilasan 141usn ( DC Break Voltage )

dmua 1d1ue24 0.0 - 30.0 ileFIFud
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- FNCT7 = f3a1984M51u5nR81338U 1A 59 ( DC Break Time )
Amual@lug 0.0 - 10.0 Jum
- FNCTS = 1A 0@ 19# ( Minimum Frequency )
° v [] o d
fmua 181u%34 1.0 - 60.0 (35
-FNCT9 = ﬂ"lﬂ’J‘mﬁiIQqﬂ ( Maximum Frequency )
o ’ - o
Anua 1R 1uga 1.0 - 360.0 (330
- FNCT10 = "2 0§1U ( V/F Base Frequency )
nua 1aTug9 50.0 - 360.0 (33
- FNCT11 = fiuis9au ase (vDC ) 3a 1éqaqa 500 Taan
- FNCT12 = fhnszua' Iass (IDC) Jaldqeqa 5.00 newd]
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i J : t d' 1 - -~
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- USIAUIAUANR ( Over Voltage ) 1T undiuiunai 4 Jurd (ERROR 1)

- USIAUAINIMAAA ( Under Voltige) iihunamuni 4 Juafl (ERROR 2)

- nszuaniu 200 edidhidisn ( Over Current 200 % ) tHuna M IUAT1 4 Surdl

(ERROR 3)

- nszuaiiu 150 (lesISuARANA ( Over Cumrent 150 % ) iHuramund 6 3udt

(ERROR 4) ‘
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LN 6
MINAABILAZNANIINARDS

6.1 m3Tagiaduvenszuatiinaruemeslunsdlifinan

lunrmanessziinafesdunuuvesTassan idSuveme i hildde Tnaaly &
Tumsnansuiiuvemesiviieni vinausedufisn 220 Taarl 3ok e 14useh Tao
szABLLLIAAAT uﬁ'ﬁzﬁuﬁngﬂﬂﬁ"umnszuﬁﬁ"lnamuuamai’ﬁmmﬁﬁwhqqﬂ"u dafl

- fimamid 1 Hz fagalit 6.1

- fimrmd 10 Hz Aegilft 6.2

- finaw@ 25 Hz fegilfi 63

-fimnd s0Hz degUfi 64

TaelunisSanszumeridmstiwadnmmvua 0.1 Tevu  hldesynsusumeIni

L 1 é [ =t 3 [ l:' v L oy a
aoitmusmesiduladunin CGanladen ) udadaussausianassuiiiuainszua ( 100 dod

Taavi denszua 1 ueuil)
[y ' d'l 2 [
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Q ' o 1 \ é b
Tunisnanssszrinnfesdunuveslnsse i iddmemesfide Tuaald  dldiy
J a v 9 o o ° 9 A ar ved v P
vemesduAy  uaznsldTwaaldfuuemeseznsyilasnslaifeniuseuyianld 3nuny
& ' & o Y e 4 a
veiwes udiaTeduniiveniamdenld  dadadunilsezgnduguiminme fifaiiy
1 4
usdnnsmuveemes  lumsmanesldfmimineuia 2 ATansy  uazydvonegd
a4 o a o o A P t ot K [% [V 4’
floudedl 4 wudmar udaiudingiladuveanszuad naruusire a1 mdA1A g U Al
- A1 1 Hz AS3UAN 6.5
- 1A2140 10 Hz AI3UN 6.6
- 112140 25 Hz A9 6.7

- N30 50 Hz AI3UN 6.8
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Tek BHITH 200 S/s 1 Acgs
i h (3
S e S— —— A '
a | S PR .
[ il ]
| h
................... L 1.
' bt — S -(--!—4—+—§~¥-—.‘—-—H—.-H—Fﬁ—f-++
Hi :"
1 T\ T\ VA * oA\ T e s

“M2SmE T ChZHeld T

Ch2 RMS
182.9mv
CIIp})Ing
pos/neg

Ch2 Ampl
464 m

24 Mar 1998
20:36:5¢0

6.1 urasgdnduvesnszuai Inafmwemes Tunsdl hif Inanfinnd 1 e

Ch2 RMS
200.3mv
Clipping
pos/neg

Ch2 Ampl
340mv

24 Mar 1998
20:34:43

2 6.2 unmsgunduvesnszuri narmuemesnsdl it Tuaafiaiwd 10 g2
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Tek 5KkS/s

Ch2 RM3
159.7mv

Clipping
pos/neg

Ch2 Ampl
416mVv

“WToms CRZ T Held T

24 Mar 1998
20:53:37

111 6.3 umasgaduvesnssuai Inasnwemes lunsdl il Tvaanaaud 25 Hz

Tek ST 10kS/s 10 Acgs
H L y 1
! 1
R R N U S O P,
.!. .
i ;
[ £ [ : ) Ch2 RMS
T S Gl ] 78 60mY
. l posﬂive
2 vy i ' i - ’ M-
|'
.............. 'S DR (RN | ). ) S A
1 L
: Ch2 Ampl
--------------------------------------------------- 160m
R M T50my M Sms  ch2  Fleld T

24 Mar 1998
20:51:14

U 6.4 umrasgtinAuvesnszuai Inarmunemes Tunsd Lili Tuaafina i 50 Hz
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H
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...............
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id i

M250ms

Che

Ch2 RMS
169.4mvV
Clip})lng
pos/neg

Ch2 Ampl
16mv

24 Mar 1998
20:13:49

11 6.5 namsgtaiuvesnszuad Inasemes Tunsdiii Tnaafinawd 1 Hz

Ch2 RMS
195.3mv
Clip})ing
pos/neg

Ch2 Amp!
S12m

24 Mar 1998
20:16:25

11 6.6 umaszaduvenszuad Inarduneines lunsdiii Tuaafinawd 10 Hz
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Tek BETER Sks/s

Ch2 RMS
145.5mV
Clipping
pos/neg

Cch2 Ampl
344m

SR TO0mMV M T0ms Chz o Fleld T
24 Mar 1998
20:18:34

1141 6.7 uerasgUaduvenszuad narunemes lunsdili Tnaafinamd 25 Hz

Tek 10kS/s

S

Ch2 RMS
91.22mv

Clipping
pos/neg

Ch2 Ampli
172mv

.........

24 Mar 1998
20:21:52

< & = ' % aa - -
117 6.8 narasgUatuvesnszuad Inarinwemes Tunsdifi Tuaaiinawd 50 Hz
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: AC MOTOR CONTROL INVERTER
: MR. JUKRIT HATASAEN
: 37014052 4C

; PROJECT
; PROGRAMMER

»

w7 Comr

L

: ELECTRONICS ENGINEER

: KMITL

. *
; *xdxxxkxx INITIAL ADDRESS ****$¥*x*xx*

RO
AD_COMMAND
AD_RESULT
WATCHDOG
TIMERI1
10C2
TIMER2
BAUD_RATE
IOPORTO
IOPORT1
IOPORT2
SP_CON
SP_STAT
INT_MASK
WSR
10C0
10S0
I0C1
I0S1
PWM_CONTROL
10S2
SP
PTR1
COUNT1
COUNT?2
PTR2
ouUT
IN
AX
BX
CX
DX
DBW
DBWL
DBWH
DBW2
DBW2L
DBW2LH
DBW2H
VDC
IDC

TEMP1
TEMP1L

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU

00H:WORD
02H:BYTE
02H:WORD
0AHBYTE
0AH:WORD
0BH:BYTE
0CH:WORD
OEH:BYTE
OEH:BYTE
OFH:BYTE
10H:BYTE
11H:BYTE
11H:BYTE
13H:BYTE
14H:BYTE
15H:BYTE
15H:BYTE
16H:BYTE
16H:BYTE
17H:BYTE
17H:BYTE
18H:WORD
1AH:WORD
1CH:WORD
1EH: WORD
20H:WORD
22H:BYTE,
23H:BYTE
24H:BYTE
25H:BYTE
26H:BYTE
27H:BYTE
28H
28H:WORD
2AH:WORD
2CH
2CH:WORD
2DHBYTE
2EH:WORD
30H;WORD
32H:WORD

34H:WORD
34H:BYTE

MY W W W e W W e e

M M Wt ee W W W we M wr W s WM we W we W e

A

e W M Wt o we wer o we wer o me v e W e

2% 25555555 555533335588 ¢ 7 ¢ 222”8 <" < <7
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TEMP1H
PTR3

RUN
WAIT_TIME
TEMP_SECTOR’

RUNFRQ
ACCTIME
DECTIME
TBOOST
DCFRQ
DCVOLT
DCTIME
MINFRQ
MAXFRQ
BASEFRQ

TMP_RUNFRQ
TMP_ACCTIME
TMP_DECTIME
TMP_TBOOST
TMP_DCFRQ
TMP_DCVOLT
TMP_DCTIME
TMP_MINFRQ
TMP_MAXFRQ
TMP_BASEFRQ

DIR
CHK_BAT
HIGH_F
LOW_F
RMDEG
SET_F
REMAIN_F
REMAIN_FL
REMAIN FH
STEP_F

o

EQU 35H:BYTE
EQU 36H:WORD -
EQU 38H:BYTE
EQU 39H:BYTE
EQU 40H:BYTE

EQU 42H:WORD
EQU 44H:WORD
EQU 46H:WORD
EQU 48H:WORD
EQU 4AH:WORD
EQU 4CH:WORD
EQU 4EH:WORD
EQU S50H:WORD
EQU 52H:WORD
EQU 54H:WORD

EQU 56H:WORD
EQU 58H:WORD
EQU S5AH:WORD
EQU 5CH:WORD
EQU SEH:WORD
EQU 60H:WORD
EQU 62H:WORD
EQU 64H:WORD
EQU 66H:WORD
EQU 68H:WORD

EQU 70H:BYTE
EQU 72H:WORD

EQU 74H:WORD
EQU 76H:WORD
EQU 78H:WORD
EQU 7AH:WORD
EQU 7CH

EQU 7CH:WORD
EQU 7EH:WORD
EQU 80H:WORD
EQU 82H:WORD
EQU 84H

EQU 84H:WORD
EQU 86H:WORD
EQU 88H:WORD
EQU 8AH:WORD
EQU 8CH

EQU 8CH:WORD
EQU SEH:WORD
EQU 90H

EQU 90H:WORD
EQU 92H:WORD
EQU 94H:WORD
EQU 96H:WORD
EQU 98H:WORD
EQU 9AH:WORD

: 100 - 36000

:1-3600
; 1-3600

;0 - 300

;0 - 12000
:0-300

£ 0- 100

; 100 - 12000
; 100 - 36000
: 5000 - 36000

: 100 - 36000

. 1-3600

: 1-3600
;0-300

. 0 - 12000

-0 =300
:0-100

: 100 - 12000
; 100 - 36000
: 5000 - 36000

. 1=FORWD, 0 =REV
: OAAAAH

; 100 - 36000
; 100 - 36000

; 100 - 36000

;0 - 3599
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OVER_150 EQU 9CH:WORD : RIW
OVER_LED EQU 9EH:BYTE (R/W
FAST EQU 9FH:BYTE s RIW
ERR_CODE EQU OAOH:WORD ;R/W
ERR EQU 0A2H:BYTE :R'W
M_RUNFRQ EQU 8000H:WORD . R/W
M_ACCTIME EQU 8002H:WORD ;R/W
M_DECTIME ‘EQU 8004H:WORD  ;R/W
M_TBOOST EQU 8006H:WORD ;R/W
M_DCFRQ EQU 8008H:WORD ;R/W
M_DCVOLT EQU 800AH:WORD ;R/W
M_DCTIME EQU 800CH:WORD ;R/W
M_MINFRQ EQU 800EH:WORD ;R/W
M_MAXFRQ EQU 8010H:WORD ;R/W
M_BASEFRQ EQU 8012H:WORD  ;R/W
M_DIR EQU 8014H:BYTE : RIW
M_CHK_BAT EQU 8016H:BYTE s RIW
M_ERR_CODE EQU 8018H:WORD ;R/W
M_ERR EQU 801AH:BYTE ;R/W
P1A EQU 0CO004H:BYTE ;R/W
P1B EQU 0CO05H:BYTE R/W
P1C EQU 0CO06H:BYTE ;R/W
P1X EQU 0CO07H.BYTE ; W
P2A EQU 0CO008H:BYTE ;R/W
P2B EQU 0CO09H:BYTE ;R/W
P2C EQU 0CO0AHBYTE ;R/W
P2X EQU O0COOBH.BYTE ; W
LCDX EQU 0CO10H.BYTE ; W
LCDBSY EQU 0CO11H:BYTE ;R
LCDW EQU 0CO12H.BYTE ; W
PA EQU 0C020H:BYTE ;R/W
PB EQU 0CO21H:BYTE ;R/W
PC EQU 0C022H:BYTE ;R/W
P3X EQU 0CO23H:BYTE ; W
CSEG AT 2018H ; EONFIG AFTER RESET
DCB : START PROGRAM AT 2080H
CSEG AT 203AH : EXTINT1
DCW EXTINT1_ISR
; EX L L] MAIN PROGRAM***‘***
CSEG AT 2080H
LDB  WSR #00010000B : SET INTERNAL RAM AREA
LD SP,#00FEH . SET STACK TABLE
LDB  IOC2,#00010000B :FASTATOD
LDB  IOPORT],#0FFH
LD DEG,#0
CLR  REMAIN FL
CLR REMAIN FH
CLR  SETF

DA
AN R
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CLRB RUN
CLR  OVER_VDC
CLR  UNDER_VDC
CLR  OVER_200
CLR  OVER_150

CLRB OVER_LED
LDB  INT MASK,#00100000B ; ENABLE EXINT INTERUPT

EI .
LDB COUNT1,#100 ; DELAY 100 mS FOR HARDWARE SETUP

WAIT SETUP: LCALL DELAY
DINZ COUNT1,WAIT SETUP

1D PIRL#P1X ; 8255#1 ALL OUT

LDB OUT,#30H
STB OUT,[PTR1}
LD PIR1,#P2X
LDB OUT,#82H

STB OUT,[FTIR1]
LD PTRL#P3X ; 8255#3 ALL OUT

LDB OUT,#80H
STB OUT,[PTR1}
LD . PIRL#LCDX ; FUNCTION SET LCD

LDB  OUT.#00111000B
STE  OUT,[PTRI]

L

T Ty k1 YR w3

WE TR o v g,

; 8255#2 A&C=0UT B=IN

i L o

R T g [

LCALL DELAY
LD PTR1,#LCDX

LDB  OUT,#00001111B - DISPLAY SET

STB  OUT,[PTR]]

LCALL DELAY

LD PTR1,#LCDX

LDB  OUT,#00000110B : ENTRY MODE SET
STB  OUT,[PTRI]

LCALL DELAY

LCALL CLRLCD : CLEARLCD

LD PTR1,#M_ERR_CODE
LD ERR_CODE,[PTR1]
CMP  ERR_CODE#AAAAH
JNE  J_J INRUST

; *kpkkkkkkhkhktkkgrkkk ERROR
LD PTR2,#MSG7
LCALL SHOW_LCD
LD PTR1,#M_ERR
LDB  ERR[PTRI1]
CMPB ERR#1
JE ERRI
CMPB ERR#2
JE ERR2
CMPB ERR#3
JE ERR3
LIMP ERR4

J_J_INRUST: LIMP J_INRUST

e i
TR TR S BN T W i e A Mg e
- Raale L IR ST HF .

-
-

R T .
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i*ZRRl: LDB IOPORT1,#11110111B ; RUN DISABLE , ERR LED ON

LCALL L2LCD

LD PTR2,#MSG8

LCALL SHOW_LCD

LDB  OUT,#06H ;11
LD PTR1,#P2A

STB  OUT,[PTRI]

LIMP WAIT RESET

iERR2: LDB IOPORT1,#11110111B ; RUN DISABLE , ERR LED ON

LCALL L2LCD
LD PTR2,#MSG9
LCALL SHOW_LCD
LDB  OUT#5BH ;"
LD PTR1#P2A
STB  OUT,[PTRI]
LIMP WAIT_RESET
ERR3: LDB IOPORT1,#11110111B ;RUN DISABLE , ERR LED ON
LCALL L2LCD
LD PTR2,#MSG10
LCALL SHOW_LCD
LDB. OUT,#4FH 13
LD PTR1#P2A
STB  OUT,[PTRI]
LIMP WAIT_RESET
ERR4: LDB IOPORT1,#11110111B ; RUN DISABLE , ERR LED ON
: LCALL L2LCD
LD PTR2,#MSG11
LCALL SHOW_LCD
LDB  OUT,#66H ;g
LD PTR1,#P2A
STB  OUT,[PTRI]
WAIT RESETLDB OUT,#50H p
LD PTR1,#PIC
STB  OUT,[PTRI]
LD PTR1,#P1B o
STB  OUT,[PTRI]
LDB  OUT#79H B’
LD  PTRL#PIA
STB  OUT,[PTRI]
LDB  OUT,#00000000B
LD PTR1,#P2C
STB  OUT,[PTRI]
LD PTR1,#P2B : WAIT RESET KEY
LCALL BEEP

WAIT_ERROR:LDB IN,[PTRI]
CMPB IN,#11011111B

JNE
LD
LD
ST

WAIT_ERROR
ERR_CODE, #0
PTR],#M_ERR_CODE
ERR_CODE, [PTR1]
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J INRUST: LDB OUT,#0

; RESET SYSTEM

- kR RkRk R kkkkk NO ERROR RRRREEFFRERREBRRKKEE

; DELAY FOR 4 SECOND

; RELAY CLOSED

LD PTR1,#P2C
STB  OUT,[PTRI1]
LDB  OUT,#01000000B
LD PTRL#P2A
STB  OUT,[PTRI1]
LD PTR1,#P1A
STB  OUT,[PTRI]
LD PTR1,#P1B
STB  OUT,[PTR]]
LD PTR1,#P1C
STB  OUT,[PTRI1]
LD PTR2,#MSG1
LCALL SHOW_LCD
LCALL L2LCD
LD PTR2,#MSG2
LCALL SHOW_LCD
LD COUNT1,#4000
INRUST: LCALL DELAY
DINZW COUNT1,INRUST
LDB  IOPORT1,#11111110B
; hkkkkk LOAD DATA Rkkkkk
LOAD BACKUP.LD PTR1#M_RUNFRQ
LD RUNFRQ,[PTR]]
LD PTR1,#M_ACCTIME
LD ACCTIME, [PTR1]
LD PTR1,#M_DECTIME
LD DECTIME, [PTR1]
LD PTR1,#M_TBOOST
LD TBOOST, [PTR1]
LD PTR1,#M_DCFRQ
LD DCFRQ,[PTR1]
LD PTR1,#M_DCVOLT
LD DCVOLT, [PTR1]
LD PTR1,#M_DCTIME
LD DCTIME, [PTR1]
LD PTR1,#M_MINFRQ
LD MINFRQ, [PTR1]
LD PTR1,#M_MAXFRQ
LD MAXFRQ,[PTR]]
LD PTR1,#M_BASEFRQ
LD BASEFRQ,[PTR1]
LD PTR],#M_DIR
LDB  DIR,[PTR]]
LD PTR1,#M_CHK_BAT
LD CHK_BAT,[PTR]]

CMP CHK_BAT,#0AAAAH
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INE  NEW_SET
LIMP BAT PASS

NEW_SET:LD RUNFRQ,#6000 ; 60.0 Hz

LD PTR1,#M_RUNFRQ
ST RUNFRQ,[PTR1]
LD ACCTIME #10 .18
LD PTR1,#M_ACCTIME
ST ACCTIME, [PTR1] :
LD DECTIME, #10 .18
LD PTR1,#M_DECTIME
ST DECTIME, [PTR1]
LD TBOOST,#100 :10.0 %
LD PTR1,#M_TBOOST
ST TBOOST, [PTR1]
LD DCFRQ,#100 ; 1.0 Hz
LD PTR1,#M_DCFRQ
ST DCFRQ,[PTR1]
LD DCVOLT,#50 15.0%
LD PTR1,#M_DCVOLT
ST DCVOLT, [PTRI1]
LD DCTIME,#10 .18
LD PTR1,#M_DCTIME
ST . DCTIME,[PTRI]
LD MINFRQ,#100 . 1.0 Hz
LD PTR1,#M_MINFRQ
ST MINFRQ,[PTRI]
LD MAXFRQ,#36000 : 360.0 Hz
LD PTR1,#M_MAXFRQ
ST MAXFRQ,[PTR]]
LD BASEFRQ,#6000 : 60.0 Hz
LD PTR1,#M_BASEFRQ
ST BASEFRQ,[PTRI1]

LDB  DIR#] : FORWARD
LD PTR1#M_DIR
STB  DIR[PTRI]

LD CHK_BAT #)AAAAH ; 0AAAAH
LD PTR1,#M_CHK_BAT

ST CHK_BAT,[PTR1]

LCALL CLRLCD : DISPLAY ERROR MESSAGE
LD PTR2,#MSG17

LCALL SHOW_LCD

LDB  OUT,#00000000B

LD PTR1,#P2C

$TB OUT,[PTR1]}

LDB  OUT#3FH .10

LD PTRL#P2A

STB OUT,[PTR1]

LDB  OUT#50H s

LD PTR1,#P1C

STB OUT,[PTR1]

LD PTRL#P1B '
STB OUT,[PTR1]
LDB OUT #79H ;B

LD PTR1,#P1A
STB OUT,[PTR1]
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LD  COUNT,#1000
BAT FAIL: LCALL DELAY

LCALL BEEP

DINZW COUNT1,BAT FAIL

; DELAY FOR 1 SECOND

BAT PASS: LD TMP_RUNFRQRUNFRQ

TMP_ACCTIME,ACCTIME
TMP_DECTIME,DECTIME'
TMP_TBOOST,TBOOST
TMP_DCFRQ,DCFRQ
TMP_DCVOLT,DCVOLT
TMP_DCTIME,DCTIME
TMP_MINFRQ MINFRQ
TMP_MAXFRQMAXFRQ
TMP_BASEFRQ,BASEFRQ

CLRLCD
PTR2,#MSG3
SHOW_LCD
L2LCD
SHOW_DIR
COUNTL,#1000
J_BAT PASS: LCALL DELAY
DINZW COUNT1,J_BAT_PASS
LCALL BEEP

555555566666666
FEE

STANDBY: LCALL CLRLCD

CMPB RUN,#0

JE STANDBY_STOP

LD PTR2,#MSG4

LCALL SHOW_LCD

LIMP J STANDBY1
STANDBY_STOP:

LD PTR2,#MSG13

LCALL SHOW_LCD
J_STANDBY1: LCALL L2LCD

LCALL SHOW DIR
LOOP_STANDBY:

LCALL DELAY

LD DBWH,#0

LD DBWL,SET F

LCALL DISPLAY_F

LD PTR1,#P2B

LDB  IN,[PTRI1]

CMPB IN#11101111B

JE J_RUN_NOW
IN,#11111101B
JE J_SET _FNCT
IN,#01111111B
JE J_SET_FORWARD
IN,#10111111B
JE J_SET_REVERSE
IN,#11011111B
JE J_BREAK
LOOP_STANDBY

; DELAY FOR 1 SECOND

; <RUN >

; <STOP>

; CHECK KEY

: RUN KEY

; FUNCTION KEY
; FORWARD KEY
; REVERSE KEY

; STOP/RESET KEY
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J_RUN_NOW: LCALL BEEP
LIMP RUN_NOW
J_SET_FNCT: LCALL BEEP

LIMP

SET_FNCT

J_SET_FORWARD:
LCALL BEEP

LIMP

SET_FORWARD

J_SET_REVERSE:

LCALL
LIMP

BEEP
SET_REVERSE

J_BREAK: LCALL BEEP
L J BREAK: LCALL DELAY

LD PTR1,#P2B . WAIT FOR KEY RELEASE

ILDB  IN,[PTRY]

CMPB IN#11111111B

INE L_J BREAK

LCALL BREAK

LIMP  STANDBY
SET_FORWARD:LCALL DELAY

LD PTR1,#P2B : WAIT FOR KEY RELEASE

LDB  IN,[PTRI]

CMPB IN#11111111B

INE  SET_FORWARD

CMPB DIR#1

INE  INVERSE_F

LIMP STANDBY
INVERSE_F: CMPB RUN,#0

IE NOT_RUN2

LCALL BREAK

LDB  DIR#l

LD PTR1,#M DIR

STB  DIR,[PTR]]

LIMP RUN_NOW
NOT_RUN2: LDB DIR #1

LD PTR1,#M DIR

STB  DIR,[PTR]]

LIMP STANDBY
SET_REVERSE:LCALL DELAY

LD PTR1,#P2B : WAIT FOR KEY RELEASE

LDB  IN,[PTRI1]

CMPB IN#11111111B

JNE  SET REVERSE

CMPB DIR#0

JNE  INVERSE R

LIMP STANDBY
INVERSE_R: CMPB RUN,#0

JE NOT_RUN3

LCAIL BREAK

LDB  DIR#0

LD PTR1,#M_DIR

STB  DIR,[PTR]]

LIMP RUN NOW

NOT_RUNS3: LDB DIR,#0
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LD PTR1,#M _DIR

STB  DIR[PTRI]
LIMP STANDBY

’
. kK kdkkkkE *%
s

RUN_NOW: LCALL DELAY
LD PTR1,#P2B
LDB  IN,[PTR]]
CMPB IN#11111111B
INE  RUN_NOW
DI
LD ACCTIME,TMP_ACCTIME
LD DECTIME,TMP_DECTIME
LD TBOOST,TMP_TBOOST
LD BASEFRQ,TMP_BASEFRQ
CMP  SET_F,TMP_RUNFRQ
JE J_ RUN_STANDBY
SIMP ] RUN1

J_ RUN_STANDBY:
LCALL RUN_ENABLE
EI
LIMP STANDBY

J RUNI: LD RUNFRQTMP_RUNFRQ
CMP RUNFRQSET F
JH ACC

LD LOW_F,RUNFRQ ; DECREASED FRQ

LD HIGH_F,SET_F
LD T,DECTIME

SIMP ] RUN2
ACC: CMP  SET_F#0
JE LOAD_START

SIMP  BEGIN_ACC
LOAD_START: LD SET_F#100
BEGIN_ACC:LD HIGH_F,RUNFRQ

LD LOW _F,SET F

LD T,ACCTIME
J RUN2: LCALL CAL_STEP F

LCALL RUN_ENABLE

EI

LIMP STANDBY

H
. gk ok ko kA ok Ak ok Ak Aok Rk Ak ke ek ko ok ke ko
H

SET_FNCT: LCALL CLRLCD
LD PTR2,#MSG16
LCALL SHOW _LCD
LDB  OQUT,#01000000B
LD PTR1,#P2C
STB  OUT,[PTR]]
LD PTRL#P2A
STB  OUT,[PTR]]
LD PTR1#P1A
STB  OUT,[PTR1]
LD PTR1,#P1B

; WAIT FOR KEY RELEASE
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STB OUT,[PTRI]
LD PTR1,#P1C
STB OUT,[PTR]]

RELEASE_SET_FNCT:

LCALL DELAY

LD  PTR1#P2B

LDB  IN,[PTRI]

CMPB IN,#11111111B

INE  RELEASE_SET FNCT
LOOP_SET FNCT:

LCALL DELAY

LD PTR1,#P2B

LDB  IN,[PTRl]

CMPB IN,#11111101B

JE J_FNCT1

CMPB IN,#11111110B

JE J_OUT_SET_FNCT

CMPB IN,#11011111B

JE J_BREAK_SET_FNCT

LIMP LOOP_SET_FNCT

J_FNCT1: LCALL BEEP
LIMP FNCTI1

J_OUT_SET_FNCT:
LCALL BEEP
LIMP STANDBY

J BREAK_SET FNCT:
LIMP ] BREAK

3

: WAIT FOR KEY RELEASE

; CHECK KEY
; FUNCTION KEY
; ESCKEY

; STOP/RESET KEY

FNCT1: LCALL CLRLCD
LD PTR2,#F1_MSG
LCALL SHOW LCD
LCALL L2LCD
LCALL SHOW_LCD
LDB  FAST#0
RELEASE_FNCT1:
LCALL DELAY
LD PTR1,#P2B

LDB  IN,[PTRI]
CMPB IN#11111111R
INE  RELEASE FNCT1

; WAIT FOR KEY-RELEASE

LD TMP_FNCT,TMP_RUNFRQ

WAIT_FNCT1: LCALL DELAY
LD DBWH,#0
LD DBWL,TMP_FNCT

LCALL DISPLAY_F
LD PTR1,#P2B
LDB IN,[PTRI]
CMPB IN,#11111101B
JE SAVE_FNCTI1
CMPB IN#11111110B
JE ESC_FNCTI1

CMPB IN,#11110111B

: FUNCTION KEY
; ESCKEY

; UPKEY
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JE UP_FNCTI1

CMPB IN#11111011B ; DOWN KEY

JE DOWN_FNCT1

CMPB IN#11011111B ; STOP/RESET KEY
JE J_BREAK_FNCT1

LDB  FAST#0

LIMP  WAIT_FNCT1

J_BREAK_FNCT1:

LIMP

J_BREAK

SAVE_FNCT1: LCALL BEEP

LD TMP_RUNFRQ,TMP_FNCT
LD PTR1,#M_RUNFRQ

ST TMP_RUNFRQ,[PTR1]
LIMP FNCT2

ESC_FNCT1: LCALL BEEP
L_ESC_FNCT1:LCALL DELAY

LD PTR1,#P2B : WAIT FOR KEY RELEASE
LDB  IN,[PTR]]
CMPB IN#11111111B
INE  L_ESC_FNCTI
LIMP  SET FNCT
UP_FNCT1: CMP MAXFRQTMP_FNCT
INE  UP_RUNFRQ
LIMP WAIT FNCT1

UP_RUNFRQ: ADD TMP_FNCT,#10

TEST_FAST1: CMPB FAST,#1

IE J_FASTI1
LCALL BEEP
CLR  COUNTI
LOOP _FAST1:LD PTRL#P2B
LDB  IN,[PTRI]
CMPB IN#11111111B
JE OUT _FASTI1
LCALL DELAY
INC  COUNTI
CMP  COUNTI,#500
H SET _FAST1
SIMB  LOOP_FASTI

OUT _FAST1: LIMP WAIT FNCTI1

e o v oNue g wew
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SET_FAST1: LDB FAST,#1
LIMP WAIT_FNCTI
J FAST1: LCALL LDELAY
LIMP WAIT _FNCTI

DOWN_FNCT1: CMP TMP_FNCT,MINFRQ
INE  DOWN_RUNFRQ
LIMP  WAIT FNCTI
DOWN_RUNFRQ:SUB TMP_FNCT,#10
LIMP  TEST FAST1

?
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FNCT2: LCALL CLRLCD -
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LD PTR2,#F2_MSG
LCALL SHOW_LCD
LCALL L2LCD
LCALL SHOW_LCD
LDB  FAST#0
RELEASE_FNCT2:
LCALL DELAY
LD PTR1,#P2B : WAIT FOR KEY RELEASE
IDB  IN,[PTRI1]
CMPB IN#11111111B
JNE  RELEASE FNCT2
LD TMP_FNCT,TMP_ACCTIME
WAIT_FNCT2: LCALL DELAY
LD DBWH,#0
LD DBWL,TMP_FNCT
LCALL DISPLAY
LD PTR1,#P2B

LDB  IN,[PTRI1]
CMPB IN#11111101B ; FUNCTION KEY
JE SAVE_FNCT2

CMPB IN#11111110B . ESCKEY

JE ESC_FNCT2

CMPB IN#11110111B . UPKEY

JE UP_FNCT2

CMPB IN#11111011B ; DOWN KEY

IE DOWN_FNCT2

CMPB IN,#11011111B . STOP/RESET KEY
JE J1_BREAK_FNCT2

LDB  FAST#0
LIMP WAIT FNCT2
J_ BREAK_FNCT2:
LIMP ] BREAK
SAVE_FNCT2: LCALL BEEP
LD TMP_ACCTIME, TMP_FNCT
LD PTR1,#M_ACCTIME
ST TMP_ACCTIME, [PTR1]
LIMP FNCT3
ESC_FNCT2: LCALL BEEP
L_ESC_FNCT2:LCALL DELAY
LD PTR1,#P2B ; WAIT FOR KEY RELEASE
LDB IN,[PTRI]
CMPB IN#11111111B
JNE  L_ESC_FNCT2
LIMP SET FNCT
UP_FNCT2: CMP TMP FNCT, #3600
ILT  UP ACCTIME
LIMP WAIT FNCT2
UP_ACCTIME: ADD TMP_FNCT,#1

TEST FAST2: CMPB FAST,#1

JE J_FAST2
LCALL BEEP
CLR  COUNT1

LOOP_FAST2:LD PTRL#P2B
LDB  IN,[PTR]]



JE OUT_FAST2
LCALL DELAY
INC  COUNTI1
CMP  COUNTI,#500
H SET_FAST?2
SIMP LOOP_FAST2
OUT_FAST2: LIMP WAIT_FNCT2
SET FAST2: LDB FAST,#1
LIMP  WAIT _FNCT2
J FAST2: LCALL LDELAY
LIMP WAIT FNCT2

L4

.

]

!

|

| CMPB IN#11111111B
3

i

DOWN_FNCT2: CMP TMP_FNCT,#1
JH  DOWN ACCTIME
LIMP  WAIT FNCT2

SUB  TMP_FNCT,#
LIMP  TEST_FAST2

>
*%k *¥

; -
FNCT3: LCALL CLRLCD
LD PTR2,#F3_MSG
LCALL SHOW_LCD
i LCALL L2LCD
; LCALL SHOW LCD
LDB  FAST#0
RELEASE_FNCT3:
LCALL DELAY

|
b
!
|
E
E DOWN_ACCTIME:
i
!
E
i

LDB  IN,[PTRI]

CMPB IN#11111111B

JNE  RELEASE_FNCT3

LD TMP_FNCT,TMP_DECTIME
WAIT_FNCT3: LCALL DELAY

LD DBWH, #0

LD DBWL,TMP_FNCT

LCALL DISPLAY

LD PTR1,4P2B

LDB  IN,[PTRI1]

T it 5 ey, e
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JE UP_FNCT3
IE DOWN_FNCT3

IE J_BREAK_FNCT3
LDB  FAST#0
LIMP  WAIT FNCT3

J_BREAK_FNCT3:
LIMP  J_BREAK

B - E
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LD PTR1,#P2B ; WAIT FORKEY RELEASE

CMPB IN,#11111101B ; FUNCTION KEY
JE SAVE_FNCT3

CMPB IN#11111110B ; ESCKEY

JE ESC_FNCT%

CMPB IN,#11110111B . UPKEY

CMPB IN,#11111011B ; DOWNKEY
CMPB IN,#11011111B ; STOP/RESET KEY
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SAVE_FNCT3: LCALL BEEP

1D TMP_DECTIME, TMP_FNCT

LD PTR1,#M_DECTIME

ST TMP_DECTIME, [PTR1]

LIMP FNCT4
ESC_FNCT3: LCALL BEEP
L_ESC_FNCT3:LCALL DELAY

LD PTR1,#P2B

LDB  IN,[PTRI]

CMPB IN#11111111B

JNE L _ESC_FNCT3

LIMP SET_FNCT
UP_FNCT3: CMP TMP_FNCT, #3600

JILT  UP_DECTIME

LIMP WAIT_FNCT3
UP_DECTIME: ADD TMP_FNCT,#1
TEST_FAST3: CMPB FAST,#1

JE ] FAST3

LCALL BEEP

CLR  COUNTI
LOOP_FAST3:LD PTR1,#P2B

LDB_  IN,[PTRI]

CMPB IN#11111111B

JE OUT_FAST3

LCALL DELAY

INC  COUNTI

CMP  COUNTI,#500

TH SET_FAST3

SIMP  LOOP_FAST3
OUT_FAST3: LIMP WAIT_FNCT3
SET_FAST3: LDB FAST,#1

LIMP  WAIT FNCT3
J_FAST3: LCALLLDELAY

LIMP  WAIT FNCT3

DOWN_FNCT3: CMP TMP_FNCT,#1
TH DOWN_DECTIME
LIMP WAIT FNCT3
DOWN_DECTIME:
SUB  TMP_FNCT#1
LIMP  TEST _FAST3

; WAIT FOR KEY RELEASE

;########vv gk
FNCT4: LCALL CLRLCD
LD PTR2,#F4_MSG
LCALL SHOW_LCD
LCALL L2LCD
LCALL SHOW LCD
LDB  FAST#0
RELEASE_FNCT4:
LCALL DELAY
LD PTR1,#P2B
ILDB  IN,[PTR1}

; WAIT FOR KEY RELEASE
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CMPB IN#11111111B

INE  RELEASE_FNCT4

LD TMP_FNCT,TMP_TBOOST
WAIT_FNCT4: LCALL DELAY

LD DBWH,#0

LD DBWL,TMP_FNCT

LCALL DISPLAY

LD  PIRL#P2B

IDB  IN,[PTRI]

CMPB IN#11111101B : FUNCTION KEY
JE SAVE_FNCT4
- CMPB IN#11111110B . ESCKEY
JE ESC_FNCT4
CMPB IN#11110111B ; UPKEY
JE UP_FNCT4
CMPB IN#11111011B : DOWN KEY
JE DOWN_FNCT4
CMPB IN#11011111B ; STOP/RESET KEY
JE J_BREAK_FNCT4

LDB  FAST#0
LIMP  WAIT FNCT4
J_ BREAK_FNCT4:
LIMP ] BREAK
SAVE_FNCT4: LCALL BEEP
LD TMP_TBOOST,TMP_FNCT
LD PTR1,#M_TBOOST
ST TMP_TBOOST, [PTR1]
LIMP  FNCTS
ESC_FNCT4: LCALL BEEP
L_ESC_FNCT4:LCALL DELAY
LD PTR1,#P2B : WAIT FOR KEY RELEASE
LDB  IN,[PTRI]
CMPB IN#11111111B
INE L _ESC_FNCT4
LIMP  SET_FNCT
UP_FNCT4: CMP TMP_FNCT,#300
JLT  UP_TBOOST
LIMP WAIT FNCT4
UP_TBOOST: ADD TMP_FNCT,#1

TEST_FAST4: CMPB FAST,#1

JE ] _FAST4
LCALL BEEP
CLR  COUNTI

LOOP_FAST4: LD PTR1,#P2B

LDB IN,[PTR1]
CMPB IN#11111111B

JE OUT_FAST4
LCALL DELAY
INC  COUNTIL

CMP  COUNTIL#500

H SET _FAST4

SIMP LOOP FAST4
OUT_FAST4: LIMP WAIT FNCT4
SET_FAST4: LDB FAST,#1
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LIMP WAIT FNCT4
] FAST4: LCALLLDELAY
LIMP WAIT _FNCT4

DOWN_FNCT4: CMP TMP_FNCT,#0
TH DOWN_TBOOST
LIMP  WAIT_FNCT4

DOWN_TBOOST:SUB TMP_FNCT,#1
LIMP TEST FAST4

- dkkkkkk *k% PR 22 PRS2 22 R L L0
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FNCTS: LCALL CLRLCD
LD  PTRZ#F5 _MSG
LCALL SHOW _LCD
LCALL L2LCD
LCALL SHOW _LCD
LDB  FAST#

RELEASE_FNCTS5:

LCALL DELAY

LD PTR1,#P2B ; WAIT FOR KEY RELEASE

LDB  IN,[PTRI]

CMPB IN#11111111B

JNE  RELEASE_FNCTS5

LD  TMP_FNCT,TMP_DCFRQ
WAIT_FNCTS5: LCALL DELAY

LD  DBWH#0

LD  DBWL,TMP_FNCT

LCALL DISPLAY F

LD  PTRL#P2B

LDB  IN,[PTR]

CMPB IN#11111101B ; FUNCTION KEY
JE SAVE_FNCT5

CMPB IN,#11111110B . ESCKEY

JE ESC_FNCTS5

CMPB IN,#11110111B . UPKEY

IE UP_FNCT5

CMPB IN#11111011B ; DOWNKEY

JE DOWN_FNCTS ,.
CMPB IN#11011111B ; STOP/BRESET KEY
JE J_ BREAK_FNCT5

LDB  FAST#)
LIMP  WAIT FNCT5
J BREAK_FNCTS?
LIMP ] BREAK
SAVE_FNCT5: LCALL BEEP
LD TMP_DCFRQ,TMP_FNCT
LD PTRL,#M_DCFRQ
ST TMP_DCFRQ,[PTR1]
LIMP FNCT6
ESC_FNCT5: LCALL BEEP
L_ESC_FNCT5:LCALL DELAY

LD PTR1,#P2B ; WAIT FOR KEY RELEASE

LDB IN,[PTR1]
CMPB  IN,#11111111B
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JNE  L_ESC_FNCT5

LIMP  SET FNCT
UP_FNCT5: CMP TMP_FNCT,#12000

INE  UP_DCFRQ

LIMP WAIT_FNCT5
UP_DCFRQ: ADD TMP_FNCT#10

’

TEST_FASTS: CMPB FAST,#1

JE ] FASTS
LCALL 'BEEP
CLR  COUNTI

LOOP FAST5:LD PTR1#P2B
LDB  IN,[PTRI]
CMPB IN,#11111111B
JE OUT_FASTS
LCALL DELAY
INC  COUNTI
CMP  COUNTI,#500
TH SET_FASTS5
SIMP  LOOP _FASTS5
OUT _FASTS: LIMP WAIT FNCT5
SET FASTS: LDB FAST,#1
LIMP WAIT_FNCT5
J_FASTS: LCALL LDELAY
LIMP  WAIT_FNCT5

DOWN_FNCT5: CMP TMP_FNCT,#0
TH DOWN_DCFRQ
LIMP  WAIT FNCT5
DOWN_DCFRQ: SUB TMP_FNCT,#10
LIMP TEST FASTS

ok ok ok e o ok ke e e 3 e e ok

;******#***#*#¥¥¥
FNCT6: LCALL CLRLCD
LD PTR2,#F6_MSG
LCALL SHOW_LCD
LCALL L2LCD
LCALL SHOW_LCD
LDB  FAST#0
RELEASE_FNCTS6:
LCALL DELAY
LD PTRI#P2B
LDB  IN,[PTRI]
CMPB IN#11111111B
JNE  RELEASE FNCT6

LD TMP_FNCT,TMP_DCVOLT

WAIT_FNCT6: LCALL DELAY
LD DBWH,#0
LD DBWL,TMP_FNCT
LCALL DISPLAY
LD PTR1,#P2B
LDB  IN,[PTRI]
CMPB IN#11111101B
JE SAVE_FNCT6

: WAIT FOR KEY RELEASE

; FUNCTION KEY
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CMPB IN,#11111110B
JE ESC_FNCTé6
CMPB IN,#11110111B
JE UP_FNCT6
CMPB IN,#11111011B
JE DOWN_FNCT6
CMPB IN,#11011111B
JE J_BREAK_FNCT6
LDB FAST,#0
LIMP  WAIT FNCT6
J_BREAK_FNCTG6:
LIMP J_BREAK

SAVE_FNCT6: LCALL BEEP

: ESCKEY
; UPKEY
: DOWN KEY

; STOP/RESET KEY

v

LD TMP_DCVOLT,TMP_FNCT

LD PTR1,#M_DCVOLT
ST TMP_DCVOLT,[PTR1]
LIMP FNCT7
ESC_FNCT6: LCALL BEEP
L_ESC_FNCT6:LCALL DELAY
LD PTR1,#P2B

LDB  IN,[PTR1]
CMPB IN#11111111B
JNE  L_ESC_FNCT6
LIMP  SET FNCT

UP_FNCT6: CMP TMP_FNCT,#300
INE  UP_DCVOLT
LIMP WAIT_FNCT6

UP_DCVOLT: ADD TMP_FNCT,#1

TEST FAST6: CMPB FAST,#1

JE J_FAST6
LCALL BEEP
CLR  COUNTI
LOOP_FAST6:LD PTRL#P2B
LDB  IN,[PTR1]
CMPB IN,#11111111B
JE OUT_FAST6
LCALL DELAY
INC  COUNTI
CMP  COUNTI,#500
JH SET_FAST6 -
SIMP  LOOP_FAST6.-,

OUT_FAST6: LIMP WAFT_FNCT6

SET FAST6: LDB PBAST #1
LIMP WAIT FNCT6

J FAST6: LCALL LDELAY
LIMP  WAIT_FNCT6

DOWN_FNCT6: CMP TMP_FNCT,#0
TH DOWN_DCVOLT
~ LIMP  WAIT_FNCT6
DOWN_DCVOLT:SUB TMP_FNCT,#1
LIMP TEST FAST6

; WAIT FOR KEY RELEASE

*hE . -
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FNCT7: LCALL CLRLCD
LD PTR2,4F7_MSG
LCALL SHOW LCD
LCALL L2LCD
LCALL SHOW_LCD
LDB  FAST#0
RELEASE FNCT7:
LCALL DELAY
LD PTR1,4P2B : WAIT FOR KEY RELEASE
ILDB  IN,[PTRI]
CMPB IN#11111111B
INE  RELEASE_FNCT7
LD TMP_FNCT,TMP_DCTIME
WAIT_FNCT7: LCALL DELAY
LD DBWH, #0
LD DBWL,TMP_FNCT
LCALL DISPLAY
LD PTR1,#P2B
LDB  IN,[PTRI]

CMPB IN#11111101B : FUNCTION KEY
JE SAVE_FNCT7

CMPB IN#11111110B . ESCKEY

JE ESC_FNCT7

CMPB IN#11110111B . UPKEY

JE UP_FNCT7

CMPB IN#11111011B . DOWN KEY

JE DOWN_FNCT7

CMPB IN,#11011111B . STOP/RESET KEY

JE J BREAK_FNCT7
LDB  FAST#0
LIMP WAIT FNCT7
J_ BREAK _FNCTT7:
LIMP ] BREAK
SAVE_FNCT?7: LCALL BEEP
LD TMP_DCTIME,TMP_FNCT
LD PTR1,#M_DCTIME
ST TMP_DCTIME, [PTRI]
LIMP FNCTS8 - -
ESC_FNCT7: LCALL BEEP
L_ESC_FNCT7.LCALL DELAY
LD PTR1,#P2B ; WAIT FOR KEY RELEASE
LDB  IN,[PTR]]
CMPB IN#11111111B
INE L_ESE€ _FNCT7
LIMP SET FNCT
UP_FNCT7: CMP TMP_FNCT,#100
INE UP_DCTIME
~ LIMP  WAIT_FNCT7
UP_DCTIME: ADD TMP_FNCT,#1

TEST_FAST7: CMPB FAST,#1
JE J_FAST7
LCALL BEEP
CLR  COUNT1
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LOOP_FAST7:LD PTR1,#P2B
LDB  IN,{PTRI]
CMPB IN#11111111B
IE OUT_FAST7
LCALL DELAY
INC  COUNTI
CMP  COUNTI,#500
H SET _FAST7
SIMP LOOP_FAST7
OUT_FAST7: LIMP WAIT_FNCT7
SET FAST7: LDB FAST,#1
LIMP WAIT_FNCT7
J FAST7: LCALL LDELAY
LIMP  WAIT FNCT7

DOWN_FNCT7: CMP TMP_FNCT,#0
TH DOWN_DCTIME
LIMP WAIT FNCT7

DOWN_DCTIME:SUB TMP_FNCT,#1
LIMP  TEST FAST7

Ak ok EEE L L)

FNCTS: LCALL CLRLCD
LD PTR2,#F8_MSG
LCALL SHOW_LCD
LCALL L2LCD
LCALL SHOW_LCD
LDB  FAST#0

RELEASE_FNCTS:

LCALL DELAY

LD PTR1,#P2B

LDB  IN,[PTRI]

CMPB IN#11111111B

INE  RELEASE_FNCTS

; WAIT FOR KEY RELEASE

LD TMP_FNCT,TMP_MINFRQ

WAIT FNCTS: LCALL DELAY
LD DBWH, #0
LD DBWL,TMP_FNCT
LCALL DISPLAY F _
LD PTR1,#P2B
LDB  IN,[PTRI]
CMPFB IN#111111018
JE SAVE_FNCTS
CMPB IN,#11111110B
JE ESC_FNCTS
CMPB IN#11110111B
JE UP_FNCTS
CMPB IN,#11111011B
JE J_ DOWN_FNCTS
CMPB IN#11011111B
JE J BREAK_FNCTS8
LDB  FAST,#0
LIMP WAIT_FNCTS

J BREAK _FNCTS:

; FUNCTION KEY
; ESCKEY

; UPKEY

: DOWN KEY

; STOP/RESET KEY
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LIMP J BREAK
J DOWN_FNCTS:

LIMP DOWN _FNCT8
SAVE_FNCTS8: LCALL BEEP

LD TMP_MINFRQ,TMP_FNCT

LD PTR1,#M_MINFRQ

ST TMP_MINFRQ,[PTR1]

LD MINFRQ,TMP_MINFRQ

CMP  TMP_RUNFRQMINFRQ

LT NEWSET _MIN

LIMP FNCT9
NEWSET MIN:LD TMP_RUNFRQMINFRQ
LIMP FNCT9

ESC_FNCTS: LCALL BEEP
L_ESC_FNCT8:LCALL DELAY
LD PTR1,#P2B : WAIT FOR KEY RELEASE
LDB  IN,[PTRI1]
CMPB IN,#11111111B
INE L_ESC_FNCTS
LIMP SET _FNCT
UP_FNCT8: CMP TMP_FNCT,#12000
JNE UP_MINFRQ
LIMP. WAIT_FNCT8
UP_MINFRQ: ADD TMP_FNCT,#10

H

TEST_FASTS: CMPB FAST,#1

JE J_FASTS
LCALL BEEP
CLR  COUNTI

LOOP_FASTS: LD PTRI1,#P2B
LDB  IN,[PTRI]
CMPB IN#11111111B
JE OUT_FASTS
LCALL DELAY
INC  COUNTI
CMP  COUNTI,#500
H SET FASTS
SIMP LOOP_FASTS
OUT_FASTS: LIMP WAIT FNCT8
SET_FASTS: LDB FAST,#1
LIMP  WAIT_FNCT8
J_FASTS: LCALL LDELAY
LIMP  WAIT _FNCT8

DOWN_FNCTS: CMP TMP_FNCT,#100
JH DOWN_MINFRQ
LIMP  WAIT_FNCTS

DOWN_MINFRQ:SUB TMP_FNCT,#10
LIMP TEST FASTS

>

FNCT9: LCALL CLRLCD
LD  PTR2,#F9 MSG
LCALL SHOW LCD
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LCALL L2LCD
LCALL SHOW_LCD
LDB  FAST#
RELEASE_FNCT9:
LCALL DELAY
LD PTR1,#P2B . WAIT FOR KEY RELEASE
LDB  IN,[PTRI]
CMPB IN#11111111B
JNE  RELEASE_FNCT?
LD TMP_FNCT,TMP_MAXFRQ
WAIT FNCT9: LCALL DELAY
LD DBWH,#0
LD DBWL,TMP_FNCT
LCALL DISPLAY F
LD PTR1,4P2B
LDB  IN,[PTRI]

CMPB IN#11111101B ; FUNCTION KEY
JE SAVE_FNCT9

CMPB IN#11111110B ; ESCKEY

JE ESC_FNCT9

CMPB IN,#11110111B ; UPKEY

JE UP_FNCT9 )

CMPB IN#11111011B, ; DOWNKEY

B J_DOWN_FNCT9

CMPB IN#11011111B ; STOP/RESET KEY
JE J_BREAK_FNCT9

LDB  FAST#0
LIMP  WAIT FNCT9
] BREAK_FNCT9:
LIMP ] BREAK
J_ DOWN_FNCT9:
LIMP DOWN_FNCT9
SAVE_FNCT9: LCALL BEEP
LD TMP_MAXFRQ,TMP_FNCT
LD PTR1,#M_MAXFRQ
ST TMP_MAXFRQ,[PTR1]
LD MAXFRQ TMP_MAXFRQ
CMP TMP RUNFRQMAXFRQ"
TH NEWSET MAX

LIMP FNCTI10
NEWSET MAX:LD TMP RUNFRQMAXFRQ
LIMP FNCTIO

ESC_FNCT9: LCALL BEEP
L_ESC_FNCT9:LCALL DELAY
LD PTR1,#P2B . WAIT FOR KEY RELEASE
LDB  IN,[PTRI]
CMPB IN#11111111B
INE L _ESC_FNCT9
LIMP  SET_FNCT
UP_FNCT9: CMP TMP_FNCT,#36000
INE  UP_MAXFRQ
~ LIMP  WAIT_FNCT9
UP_MAXFRQ: ADD TMP_FNCT,#10

TEST_FAST9: CMPB FAST,#1
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JE J-FAST9
LCALL BEEP
CLR  COUNTI
LOOP_FAST9: LD PTR1,#P2B
LDB  IN,[PTRI]
CMPB IN#11111111B
JE OUT_FAST9
LCALL DELAY
INC  COUNTI
CMP  COUNTI,#500
TH SET_FAST9
SIMP LOOP FAST9
OUT_FAST9: LIMP WAIT FNCT9
SET FAST9: LDB FAST,#1
LIMP WAIT FNCT9
] FAST9: LCALLLDELAY
LIMP WAIT FNCT9

DOWN_FNCT9: CMP TMP_FNCT,#100
JH DOWN_MAXFRQ
LIMP WAIT FNCT9

DOWN_MAXFRQ:SUB TMP_FNCT,#10
LIMP  TEST FAST9

>
. ddkkRE % * *% * *

FNCT10: LCALL CLRLCD

LD PTR2,#F10_MSG

LCALL SHOW_LCD -

LCALL L2LCD

LCALL SHOW_LCD

LDB  FAST#0
RELEASE_FNCT10:

LCALL DELAY

LD PTR1,#P2B ; WAIT FOR KEY RELEASE

LDB  IN,[PTR1]

CMPB IN#11111111B

JNE  RELEASE FNCT10

LD TMP_FNCT,TMP_BASEFRQ
WAIT_FNCT10:LCALL DELAY

LD DBWH,#0

LD DBWL,TMP_FNCT

LCALL DISPLAY F

LD PTR1,#P2B

LDB  IN,[PTR1]

CMPB IN#11111101B ; FUNCTION KEY
JE SAVE_FNCT10

CMPB IN,#11111110B . ESCKEY

JE ESC_FNCTI10

CMPB IN#11110111B ; UPKEY

JE UP_FNCT10

CMPB IN#11111011B . DOWNKEY

JE DOWN_FNCT10

CMPB IN#11011111B ; STOP/RESET KEY

JE J_ BREAK_FNCT10

@O
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LDB  FAST#0
LIMP WAIT FNCTI10
J_BREAK_FNCT10:
LIMP ] BREAK
SAVE_FNCT10:LCALL BEEP
LD TMP_BASEFRQ,TMP_FNCT
LD PTR1,#M_BASEFRQ
ST TMP_BASEFRQ,[PTR1]
LIMP FNCTII
ESC_FNCT10: LCALL BEEP
L_ESC_FNCTI0:
LCALL DELAY
LD PTR1,#P2B ; WAIT FOR KEY RELEASE
LDB  IN,[PTRI]
CMPB IN#11111111B
INE  L_ESC_FNCTIO
LIMP  SET_FNCT
UP_FNCT10: CMP TMP_FNCT,#36000
INE  UP_BASEFRQ
LIMP  WAIT FNCTI10
UP_BASEFRQ: ADD TMP_FNCT,#10

TEST_FAST10:CMPB FAST,#1

JE J_FAST10
LCALL BEEP
CLR  COUNTI

LOOP_FAST10:.LD PTR1,#P2B
LDB  IN,PTRI]
CMPB IN#11111111B
JE OUT_FAST10
LCALL DELAY
INC  COUNTI
CMP  COUNTL#500
JH SET_FAST10
SIMP  LOOP_FAST10
OUT_FAST10: LIMP WAIT_FNCT10
SET FAST10:LDB FAST,#1
LIMP  WAIT _FNCTI10
J FAST10: LCALL LDELAY
LIMP  WAIT FNCTI0
> ,/’"/
DOWN_FNCT10:CMP TMP FNCT, #5000
INE  DOWNBASEFRQ
LIMP  WAIT_FNCTI10
DOWN_BASEFRQ:
SUB  TMP_FNCT,#10
LIMP TEST FASTIO0
;#* * *
FNCT1l* LCALL CLRLCD
LD PTR2,#F11_MSG
LCALL SHOW_LCD
RELEASE_FNCTI11:
LCALL DELAY
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LD PTR1,#P2B
LDB  IN,[PTRI]
CMPB IN#11111111B
JNE  RELEASE FNCTI1
WAIT_FNCT11:LCALL LDELAY
LCALL LDELAY
LCALL LDELAY
LCALL LDELAY
LCALL LDELAY
! LD DBWH, #0
LD DBWL,VDC
LCALL DISPLAY V
LD PTR1,#P2B
LDB IN,[PTRI]
CMPB IN,#11111101B
JE OUT_FNCT11
CMPB IN#11111110B
JE ESC_FNCTI1
CMPB IN#11011111B
JE J.BREAK_FNCT11
LIMP  WAIT _FNCT11
] BREAK_FNCT11:
LIMP J_BREAK
OUT _FNCTIi1: LCALL BEEP
LIMP FNCTI12
ESC_FNCTI11: LCALL BEEP
L_ESC_FNCTI11:
LCALL DELAY
LD PTR1,#P2B
LDB  IN,[PTRI]
CMPB IN,#11111111B
JNE L_ESC FNCTI11
LIMP SET FNCT

T Rl TS W TEeemte

i

L I

e
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’
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; WAIT FOR KEY RELEASE

; FUNCTION KEY
; ESCKEY

; STOP/RESET KEY

; WAIT FOR KEY RELEASE

~ SrworgEer @
™

FNCT12: LCALL CLRLCD
LD PTR2,#F12_MSG
LCALL SHOW_LCD

RELEASE_FNCT12:

LCALL DELAY

LD PTR1,#P2B

LDB  IN,[PTRI1]

CMPB IN#11111111B.-
JNE  RELEASE.FNCTI12

WAIT_FNCT12:LCALL LDELAY
LCALL LDELAY
LCALL LDELAY
LCALL LDELAY
LCALL LDELAY
LD DBWH,#0
LD DBWL,IDC
LCALL DISPLAY_I
LD PTR1,#P2B
LDB  IN,[PTRI]

LRE

R

-

Ll i T

. WAIT FOR KEY RELEASE



i e T —

—_— R e ot

. T, T Sy S ——

T TR SRONTANS g SR e 5 m ot o sz

ST Tt WO GmmAn  TUIN my i MRTTE e o ® e
-

CMPB 1IN,#11111101B ; FUNCTION KEY

JE OUT_FNCT12
CMPB IN,#111111108 . ESCKEY

JE ESC_FNCT12

CMPB IN,#11011111B ; STOP/RESET KEY
JE J_BREAK_FNCT12

LIMP  WAIT FNCT12
J_BREAK_FNCT12:

LIMP J BREAK
OUT _FNCT12: LCALL BEEP

LIMP  SET FNCT
ESC_FNCT12: LCALL BEEP
L_ESC_FNCT12:

LCALL DELAY

LD PTR1,#P2B ; WAIT FOR KEY RELEASE

LDB  IN,[PTRI]
CMPB IN,#11111111B
JINE L _ESC FNCTI2
LIMP SET FNCT

; Aok oo ok ok ok ENDmG MAm PROGRAM A ek ek ok

i\dSGl: . DCB 'INRUST PROTECT"

MSG2: DCB ' PLEASE WAIT '
MSG3: DCB ' READY TORUN '
MSG4: DCB' <RUN> '
MSGS: DCB '->>[ FORWARD ]'
MSGé: DCB '<<- [REVERSE ]'
MSGT: DCB ' 11t ERROR !!! '
MSGS: DCB ' OVER VOLTAGE '
MSG9: DCB ' UNDER VOLTAGE '
MSG10: DCB 'OVER 200% RATING'
MSGI11: DCB 'OVER 150% RATING'
MSGI2: DCB ' 1! OVERLOAD ! *
MSG13: DCB ' <STOP> '
MSG14: DCB ' <BREAK> '
MSG15: DCB ' <RESET> '
MSG16: DCB 'SELECT FUNCTION*
MSG17: DCB “BACKUP FAILED ! *
MSG18: DCB '< USED R BREAK >'
F1_MSG: DCB 'F1:RUNNING FREQ'
DCB '[1.0 - 360.0 Hz}'
F2_MSG: DCB 'F2:ACCELERATION
DCB '[0.1-360.0 S] '
F3_MSG: DCB 'F3:DECELERATION'
DCB '[0.1-360.0 S]"
F4_MSG: DCB 'F4:TORQUE BOOST'
DEB '[0.0-30.0%] '
F5_MSG: DCB 'F5:DC BRAKE FREQ
DCB '[0.0 - 120.0 Hz]'
F6_MSG: DCB 'F6:DC BRAKE VOLT'
DCB '{0.0 - 30.0 %] '
F7_MSG: DCB 'F7:.DC BRAKE TIME'

DCB '[0.0-10.0S]"
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F8_MSG: DCB F8:MINIMUM FREQ.'
DCB '{1.0 -60.0 Hz}'
F9_MSG: DCB 'F9:MAXIMUM FREQ.'
DCB '[1.0 - 360.0 Hz}'
F10_MSG: DCB 'F10:V/F BASE FRQ'
DCB '[50.0 - 360.0Hz}'
F11_MSG: DCB 'F11:DC VOLTAGE '
F12_MSG: DCB 'F12:DC CURRENT *
NUM: DCB 3FH,06H,5BH,4FH, 66H,6DH, 7DH,07H, 7FH,6FH
CSEG AT 3200H
SIN:

DCW 0,114,229,343,458,572,686,801,915,1029
DCW 1144,1258,1372,1487,1601,1716,1830,1944,2059,2173
DCW 2287,2402,2516,2630,2744,2859,2973,3087,3201,3316
DCW 3430,3544,3658,3772,3887,4001,4115,4229,4343,4457
DCW 4571,4686,4800,4914,5028,5142,5256,5370,5484,5598
DCW 5712,5823,5940,6054,6167,6281,6395,6509,6623,6737
DCW 6850,6964,7078,7191,7305,7419,7532,7646,7760,7873
DCW 7987,8100,8214,8327,8441,8554,8667,8781,8894,9007
DCW 9121,9234,9347,9460,9574,9687,9800,9913,10026,10139
DCW 10252,10365,10478,10591,10704,10816,10929,11042,11155,11267
DCW 11380,11493,11605,11718,11830,11943,12055,12168,12280,12392
DCW 12505,12617,12729,12841,12954,13066,13178,13290,13402,13514
DCW 13625,13737,13849,13961,14073,14184,14296,14408,14519,14631
DCW 14742,14854,14965,15076,15188,15299,15410,15522,15632,15743
DCW 15854,15965,16076,16187,16298,16409,16519,16630,16741,16851
DCW 16962,17072,17183,17293,17403,17513,17624,17734,17844,17954
DCW 18064,18174,18284,18393,18503,18613,18723,18832,18942,19051
DCW 19161,19270,19380,19488,19600,19707,19816,19925,20034,20143
DCW 20251,20360,20469,20577,20686,20795,20903,21011,21120,21228
DCW 21336,21444,21552,21660,21768,21876,21984,22092,22199,22307
DCW 22414,22522,22629,22736,22844,22951,23058,23165,23272,23379
DCW 23486,23592,23699,23806,23912,24019,24125,24231,24338,24444
DCW 24550,24656,24762,24868,24973,25079,25185,25290,25396,25501
DCW 25607,25712,25817,25922,26027,26132,26237,26342,26446,26551
DCW 26655,26760,26964,26969,27073,27177,27281,27385,27489,27593
DCW 27696,27800,27903,28007,28110,28214,28317,28420,28523,28626
DCW 28729,28831,28934,29037,29139,29242,29344;29446,29548,29650
DCW 29752,29854,29956,30058,30159,30261,30362,30463,30565,30666
DCW 30767,30868,30969,31069,31170,31271,31371,31471,31572,31672
DCW 31772,31872,21972,32072,32171,32271,32370,32470,32569,32668
DCW 32767,32867,32965,33064,33163,33262,33360,33458,33557,33655
DCW 33753,33851,33949;34047,34144,34242,34339,34437,34534,34631
DCW 34728,34825,34922,35019,35115,35212,35308,35405,35501,35597
DCW 35693,35789,35885,35980,36076,36171,36267,36362,36457,36552
DCW 36647,36741,36836,36931,37025,37119,37214,37308,36457,37496
DCW 37589,37683,37776,37870,37963,38056,38149,38242,38335,38428
DCW 38521,38613,38705,38798,38900,38982,39074,39165,39257,39349
DCW 39440,39531,39622,39713,39804,39895,39986,40076,40167,40257
DCW 40347,40437,40527,40617,40707,40796,40886,40975,41064,41154
DCW 41243,41331,41420,41509,41597,41685,41774,41862,41950,42037
DCW 42125,42213,42300,42387,42475,42562,42648,42735,42822,42908
DCW 42995,43081,43167,43253,43339,43425,43510,43596,43681,43766

: SIN 0.0- 0.9
:SIN 1.0- 1.9
:SIN 2.0- 2.9
:SIN 3.0- 3.9
- SIN 4.0- 4.9
:SIN 50- 5.9
:SIN 6.0- 6.9
:SIN 7.0- 7.9
: SIN 8.0- 8.9
:SIN 9.0- 9.9
: SIN 10.0 - 10.9
- SIN11.0-11.9
- SIN 12.0 - 12.9
:SIN 13.0 - 13.9
: SIN 14.0 - 14.9
. SIN 15.0 - 15.9
. SIN 16.0 - 16.9
- SIN 17.0 - 17.9
: SIN 18.0 - 18.9
: SIN 19.0 - 19.9
- SIN 20.0 - 20.9
: SIN 21.0 - 21.9
- SIN 22.0 - 22.9
: SIN 23.0 - 23.9
- SIN 24.0 - 24.9
: SIN 25.0 - 25.9
: SIN 26.0 - 26.9
- SIN 27.0 - 27.9
: SIN 28.0 - 28.9
: SIN 29.0 - 29.9
: SIN 30.0 - 30.9
:SIN31.0-31.9
. SIN 32.0 - 32.9
- SIN 33.0 - 33.9
: SIN 34.0 - 34.9
: SIN 35.0 - 35.9
; SIN 36.0 - 36.9
- SIN 37.0 - 37.9
: SIN 38.0 - 38.9
: SIN 39.0 - 39.9
: SIN 40.0 - 40.9
: SIN41.0 -41.9
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DCW 43851,43936,44021,44106,44190,44575,44359,44423,44527,44611
DCW 44695,44778,44862,44945,45028,45111,45194,45277,45360,45442
DCW 45524,45607,45689,45771,45852,45934,46016,46097,46178,46259
DCW 46340,46421,46502,46582,46663,46743,46823,46903,46983,47062
DCW 47142,47221,47301,47380,47459,47537,47616,47695,47773,47851
DCW 47929,48007,48085,48163,48240,48317,48395,48472,48549,48625
DCW 48702,48778,48855,48931,49007,49083,49159,49234,49310,49385
DCW 49460,49535,49610,49684,49759,49833,49907,49981,50055,50129
DCW 50203,50276,50349,50423,50496,50568,50641,50714,50786,50858
DCW 50930,51002,51074,51146,51217,51288,51359,51430,51501,51572
DCW 51642,51713,51783,51853,51923,51992,52062,52131,52201,52270
DCW 52339,52407,52476,52544,52613,52681,52749,52817,52884,52912
DCW 53019,53086,53153,53220,53287,53353,53419,53486,53552,53617
DCW 53683,53747,53814,53879,53944,54009,54074,54138,54203,54267
DCW 54331,54395,54459,54522,54585,54649,54712,54775,54837,54900
DCW 54962,55024,55087,55148,55210,55272,55333,55394,55455,55516
DCW 55577,55637,55698,55758,55818,55878,55937,55997,56056,56115
DCW 56174,56233,56292,56350,56409,56467,56525,56583,56640,56698
SIN60: DCW 56755 ; SIN 60.0

’
| ***%%* ST BRUTINE *****x*

DELAY: CLRB WAIT TIME : DELAY 1 ms
] WT: CMPB  WAIT TIME,#8

INE I WT

RET
LDELAY:LD COUNTL,#20 : DELAY 20 ms
J LDELAY: LCALL DELAY

DINZW COUNT1,J_LDELAY

RET
; 3 3 3k 3 3 ok ok 3 ok 3 ok e ok gk 3k *k sk ok
CLRLCD: LD PTRI#LCDX

LDB  OUT#01H

STB OUT,[PTR1]

LCALL DELAY

LCALL DELAY °

RET
L2LCD: LD  PTR1#LCDX

LDB  OUT,#0COH

STB OUT,[PTR1]

LCALL DELAY

RET
WRTLCD: LD PTRI#LCDW

STB OUT,[PTR1]

LCALL DELAY

RET
SHOW_LCD:LD COUNT?2,#16 : SHOW MASSAGE

LSHOW: LDB

OUT,[PTR2}+

LCALL WRTLCD

- SIN 42.0 - 42.9
. SIN 43.0 - 43.9
. SIN 44.0 - 44.9
. SIN'45.0 - 45.9
- SIN 46.0 - 46.9
: SIN 47.0 - 47.9
; SIN 48.0 - 48.9
; SIN 49.0 - 49.9
: SIN 50.0 - 50.9
: SIN 51.0 - 51.9
; SIN 52.0 - 52.9
: SIN 53.0 - 53.9
: SIN 54.0 - 54.9
; SIN 55.0 - 55.9
: SIN 56.0 - 56.9
; SIN 57.0 - 57.9
: SIN 58.0 - 58.9
: SIN 59.0 - 59.9
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DINZ COUNT2LSHOW
RET

SHOW _DIR:CMPB DIR #0

JE REVD
LD  PTR2,#MSGS5
LCALL SHOW _LCD
RET

REVD: LD  PTR2,#MSGS6
LCALL SHOW_LCD
RET

’
s REERERERRKRRERR R R AR R AR AR R EEREREEER R KRR R XXX EXEE
’

iBEEP: ANDB IOPORT1,#11011111B ; BIT 6 LOW

LCALL DELAY
ORB IOPORT1,#00100000B ; BIT 6 HIGH

RET

?
- kgkgkkkkkkgg * *¥%
b

RUN_ENABLE: LDB IOPORT1,#11101110B ; RELAY CLOSED,ENABLE

LDB. RUN,#1
RET
RUN_DISABLE:LDB IOPORT1,#11111110B ; RELAY CLOSED,DISABLE
CLRB RUN
RET

>
v k¥kRERRREREE *¥
’

DISPLAY: LD PTRI#P2C : DOT1 ON , DOT2 OFF
LDB  OUT,#00000001B
STB  OUT,[PTRI]
DIVU DBW, #10 : DEVIDE BY 10
LD PTR1#P2A
ADD  DBWH#NUM
LDB  OUT,[DBWH] - - : GET REMAINDER FOR 1'st
STB  OUT,[PTRH"
CLR DBWH~
DIVU DBW,410 : DEVIDE BY 10
LD PTR1,#P1C
ADD DBWH,#NUM

LDB  OUT,[DBWH] ; GET REMAINDER FOR 2'nd
STB  OUT,[PTRI]

CLR DBWH

LDB  OUT,#00H

LD PTR1,#P1B : BLANK 3'rd

STB  OUT,[PTRI]

LD PTRL#P1A . BLANK 4'th

STB  OUT,[PTRI]

CMP DBWL,#00H . TEST AND JUMP IF ZERO
JE OUT_DISPLAY

DIVU DBW,#10 ; DEVIDE BY 10

LD PTR1,#P1B
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ADD DBWH#NUM
LDB  OUT,[DBWH] . GET REMAINDER FOR 3'rd
STB  OUT,[PTR1]
CLR DBWH
CMP DBWL,#00H - TEST AND JUMP IF ZERO
JE OUT DISPLAY
DIVU DBW,#10 - DEVIDE BY 10
LD PTR1 #P1A .
ADD DBWH#NUM
LDB  OUT,[DBWH] - GET REMAINDER FOR 4'th
STB  OUT,[PTRI]
OUT_DISPLAY:RET
; Skl sk dkiek
DISPLAY F: LD PTRI,#P2C - DOT1 ON , DOT2 OFF
LDB  OUT,#00000001B
STB  OUT,[PTR]]
DIVU DBW,#10 - DEVIDE BY 10
CLR DBWH
DIVU DBW,#10 - DEVIDE BY 10
LD PTR1#P2A
ADD  DBWH#NUM
iDB  OUT,[DBWH] - GET REMAINDER FOR 1'st
STB  OUT,[PTR1]
CLR DBWH
DIVU DBW,#10 . DEVIDE BY 10
LD PTR1 #P1C
ADD DBWH,#NUM _
LDB  OUT,[DBWH] - GET REMAINDER FOR 2'nd
STB  OUT,[PTRI] -
CLR DBWH
LDB  OUT,#00H
LD PTR1 #P1B - BLANK 3'rd
STB  OUT,[PTR1]
LD PTR1,#P1A - BLANK 4'th
STB  OUT,[PTR1]
CMP DBWL#0H - TEST AND JUMP IF ZERO
JE OUT _DISPLAYF
DIVU DBW#16~ - DEVIDE BY 10
LD PTRA#P1B
ADD  DBWH#NUM’
LDB  OUT,[DBWH] - GET REMAINDER FOR 3'rd
STB  OUT,{PTR1]
CLR DBWH
CMP DBWL,#00H - TEST AND JUMP IF ZERO
JE OUT DISPLAY _F
DIVU DBW#10 - DEVIDE BY 10
LD PTR1#P1A
ADD  DBWH#NUM
LDB  OUT,[DBWH] - GET REMAINDER FOR 4'th

STB  OUT,[PTR]]
OUT _DISPLAY_F:
RET



TR S W o Ampem L

o e MV bt - R - - T S
. "
- Las oo o T o P e — s my

o e
-

— e o e o

R OMAIT e TR ke e e

R il o R —

LDB
STB
DIVU
LD
ADD
LDB
STB
CLR
DIVU
LD
ADD
LDB
STB
CLR
LDB
LD
STB
DIVU
LD
ADD
LDB
STB .
CLR
CMP
JE
DIVU
LD
ADD
LDB
STB

RET

1DB
STB
DIVU
LD
ADD
LDB
STB
CLR
DIVU
LD
ADD
LDB
STB
CLR
LDB
LD
STB
DIVU
LD
ADD

DISPLAY_I: LD PTRL#P2C
OUT,#00000010B

OUT,[PTR1]
DBW,#10
PTR1,#2A
DBWH,#NUM
OUT,[DBWH]
OUT,[PTR1]
DBWH
DBW,#10
PTR1,#P1C
DBWH, #NUM
OUT,[DBWH]
OUT,[PTRI1]
DBWH
OUT,#00H
PTR1#P1A
OUT,[PTR1]
DBW,#10
PTR1,#P1B
DBWH,#NUM
OUT,[DBWH]
OUT,[PTR1}
DBWH
DBWL, #00H

OUT DISPLAY I

DBW,#10
PTR1,#P1A
DBWH,#NUM
OUT,[DBWH]
OUT,[PTR1]

OUT_DISPLAY_I:

DISPLAY V: LD PTRL#P2C
OUT, 4000000008

OUT,[PTR1)
DBW,#10
PTRL#P2A
DBWH,#NUM
OUT,[DBWH]
OUT,[PTR1]
DBWH
DBW,#10 _
PTR1#P1€”
DBWH,#NUM
OUT,[DBWH]
OUT,[PTR1]
DBWH
OUT,#00H
PTR1,#P1A
OUT,[PTR1]
DBW,#10
PTR1,#P1B
DBWH,#NUM

[l

. DOT1 OFF , DOT2 ON
; DEVIDE BY 10
; GET REMAINDER FOR 1'st
: DEVIDE BY 10
: GET REMAINDER FOR 2'nd
; BLANK 4'th
; DEVIDE BY 10
; GET REMAINDER FOR 3'rd

; TEST AND JUMP IF ZERO

; DEVIDE BY 10

; GET REMAINDER FOR 4'th

; DOT1 ON , DOT2 OFF
; DEVIDE BY 10

; GET REMAINDER FOR 1'st

; DEVIDE BY 10

; GET REMAINDER FOR 2'nd

; BLANK 4'th

s DEVIDE BY 10
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LDB  OUT,[DBWH]
STB  OUT,[PTRI]
CLR DBWH
CMP DBWL,#00H
JE OUT DISPLAY V
DIVU DBW,#10
LD PTRL#P1A
ADD  DBWH#NUM
LDB  OUT,[DBWH]
STB  OUT,[PTRI]

OUT _DISPLAY_V:
RET

b

Rl tad

; GET REMAINDER FOR 3'td

; TEST AND JUMP IF ZERO

; DEVIDE BY 10

; GET REMAINDER FOR 4'th

*
*
*

+ e e e e e e e e e e e e e ek ok e sk ok o ke ok ke ke ok ok
»

CAL _STEP F:CLR STEP F
LD RMSTEP_FL,HIGH_F
SUB  RMSTEP FLLLOW F
MULU RMSTEP_FL,#10
MULU TIME,T,#7813

L DIV: SUB RMSTEP_FL,TIMEL
SUBC RMSTEP_FH,TIMEH

JLT . OUT_CAL STEP F

INC  STEPF

SIMP L_DIV
OUT_CAL_STEP F:

ADD  RMSTEP_FL,TIMEL

ADDC RMSTEP FH,TIMEH
RET

; (HIGH F-LOW_F)* 10
; T*7813
; DIVIDE 32BIT BY 32BIT

>
; e 3 3 ke ok 3 o ok ke ok ok ko ok EXTINTI1 RUTINE ****%%x%kxkk k¥ %%

EXTINT1_ISR:PUSHA
INCB WAIT_TIME
CMPB RUN#1
JE RUNNING

; 1RUN, 0 STOP

READ_VDC: LDB AD_COMMAND,#00011000B ; START CHO ( VDC )

WAIT_VDC: NOP

1BS AD_RESULT,3,WAIT_VDC

LD VDC,AD RESULT

LDB AD_COMMAND,#00011001B ; START CH1 ( IDC)

SHR VDC,#6
SUB VDC,#511
READ IDC:
WAIT_IDC: NOP
JBS AD RESULT,3,WAIT_IDC
LD IDC,AD_RESULT
SHR IDC,#6
SUB IDC#511
POPA
RET

RUNNING: CMPB DIR,#0H
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JE REV
FWD: LD PIR3#PA
STB AX[PTR3]
LD PTR3,#FB
STB  BX,[PTR3]
LD PTR3,4PC
STB  CX,[PTR3]
SIMP CAL
REV: LD PTR3#PA
STB AX,[PTR3]
LD  PTR3,#PB
STB  CX,[PTR3]
LD PTR3,#PC
STB  BX,[PTR3]

<,

CAL: LDB AD_COMMAND,#00011000B ; START CHO ( VDC)

CAL_SET_F: CMP RUNFRQHIGH F ; CHECK UP OR DOWN
JNE  DOWN_SET F
UP_SET_F: ADD REMAIN FL,RMSTEP FL ; REMAIN = REMAIN+RMSTEP
ADDC REMAIN FHRMSTEP FH
SUB. REMAIN FL,TIMEL ; (REMAIN)Y/TIME
SUBC REMAIN FH,TIMEH
LT OUT_UP_SET F
INC SET F
ADD  SET F,STEP_F
SIMP  TEST_UP_SET_F
OUT_UP_SET_F:
ADD REMAIN FL,TIMEL
ADDC REMAIN FH,TIMEH
ADD  SET F,STEP_F
TEST_UP_SET_F:
CMP  SET FHIGH F
JH LIMIT HIGH F
LIMP CAL DEG
LIMIT_HIGH_F:
LD SET_F,HIGH_F
LIMP CAL_DEG

DOWN_SET_F: SUB REMAIN_FL;RMSTEP _FL ; REMAIN = REMAIN-RMSTEP
SUBC REMAIN FHRMSTEP_FH
JLT  OUT_DOWN_SET F
SUB  SET _F,STEP F
SIMP  TEST_DOWN_SET_F
OUT_DOWN_SET _F:
ADD  REMAIN FL,TIMEL
ADDC REMAIN FH,TIMEH
DEC  SETF
SUB  SET F,STEP F
TEST_DOWN_SET_F:
CMP ~ SET_F,LOW_F
LT  LIMIT LOW_F
LIMP CAL_DEG
LIMIT_LOW _F:

: SET_F <= HIGH_F

; SET_F>=LOW_F
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LD
LIMP

SET F,LOW F
CAL_DEG

YT T TTTY
>

'CAL_DEG: MULU DBWINT,SET_F,#36

DIVU
ADD
ADD
SUB
JLT
INC
SIMP

OUT_CAL_DEG:ADD RMDEG,#7813

DBWINT, #7813
DEG,DBWINTL
RMDEG,DBWINTH

RMDEG, #7813

OUT_CAL_DEG

DEG
TEST_DEG

TEST_DEG: CMP DEG,#3599

*%

- DEG = DEG + [( 36*SET_F )/ 7813]

AD_COMMAND,#00011001B ; START CH1 (IDC)

JH  RELOAD_DEG
LIMP CALM
RELOAD_DEG:LD DEG,#0
z *¥ dadarhd *kk
CALM: LD VDC,AD_RESULT
SHR  VDC#6
SUB. VDC#511
LDB
LD

VDC]

TEMP_M,#1000 ;M = [(SET_F/BASEFRQ)*(1,000-TBOOST) + TBOOST]*[360/

SUB TEMP_M,TBOOST
MULU DBWINT, TEMP_M,SET F

DIVU DBWINT,BASEFRQ
DBWINTL,TBOOST

ADD

MULU DBWINT,DBWINTL,#360
DIVU DBWINT,VDC
DBWINTL,#1000

CMP
JH
LD

RELOAD_M

TEMP_M,DBWINTL

LIMP FIND_SECTOR
RELOAD M: LD TEMP_M,#1000

»

; M <= 1000

. %
13

FIND_SECTOR:LD TEMP1,DEG

CLR
DIVU
CMPB
JE
CMPB
JE
CMPB
IE
CMPB
JE
CMPB
IE
LIMP

PTR3
TEMP1,#600
TEMPIL, #0

J_SECTORI
TEMPIL,#1

J_SECTOR2
TEMPIL,#2

J_SECTOR3
TEMPIL, #3

J_SECTOR4
TEMPIL, #4
J_SECTORS
SECTOR6
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J_SECTOR1: LIMP SECTORI1
J_SECTOR2: LIMP SECTOR2
J_SECTOR3: LIMP SECTOR3
J_SECTOR4: LIMP SECTOR4
J_SECTORS: LIMP SECTORS

SECTOR1: LD TEMP]PTR3

>

SHL
LD
ADD
LD
MULU
DIVU
LDB

LD
SUB
LD
MULU
DIVU
LDB -
ADDB

LDB
LIMP

SECTOR2: LD
SHL
LD
ADD
LD
MULU
DIVU
LDB
SUBB
LDB

LD
SUB
LD
MULU
DIvU
LDB
SUBB
SUBB

LDB
LIMP

SECTOR3: LD

SHL

TEMP1,#1
PTR3,#SIN
PTR3,TEMP1
DBW2L,[PTR3]
DBW2,TEMP M
DBW2,#1000
BX,DBW2LH

PTR3,#SIN60
PTR3,TEMP1
DBW2L,[PTR3]
DBW2, TEMP M
DBW2,#1000
AXDBW2LH

AX.BX

CX,#0
TEST_VDC

TEMPLPTR3

TEMP1,#1
PTR3 #SIN
PTR3, TEMP1
DBW2L,[PTR3]
DBW2,TEMP M
DBW2,#1000

AX#255
AX DBW2LH

; MULTIPLY 2

:Y=V6[110]
;Y=B

;*M

; DIV 1000

X=V4[100]

td

. Z=C=V0[000]

; MULTIPLY 2

1 Y=V2[010]
Y=A

' M

; DIV 1000

TEMP_SECTOR,DBW2LH

PTR3,#SIN60
PTR3,TEMP1
DBW2L,[PTR3]
DBW2,TEMP_ M
DBW2,#1000
CX:#255

CX DBW2LH

CX, TEMP_SECTOR

BX,#255
TEST_VDC

TEMP1,PTR3

TEMP1,#1

; X=V6[110]
; X=C

i *M

; DIV 1000

:Z=B[V7,111]

; MULTIPLY 2
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LD
ADD
LD
MULU
DIVU
LDB

LD
SUB
LD
MULU
DIVU
LDB
ADDB

LDB
LIMP

SECTOR4: LD
SHL
LD
ADD.
LD
MULU
DIVU
LDB
SUBB
LDB.

LD
SUB
LD
MULU
DIVU
LDB
SUBB
SUBB

LDB
LIMP

SECTORS: LD
SHL
LD
ADD
Lp’
MULU
DIVU

LDB
LD
SUB
LD

PTR3,#SIN

PTR3,TEMP1 ;Y=V3[0l1]
DBW2L,[PTR3] ;Y=C
DBW2,TEMP_M i*M
DBW2,#1000 ; DIV 1000
CX,DBW2LH

PTR3,#SIN60 '
PTR3,TEMP1 ;X=V2[010]
DBW2L,[PTR3] ;X=B
DBW2,TEMP_M J*M
DBW?2,#1000 ; DIV 1000
BX,DBW2LH

BX,CX

AX,#0 ;Z=A=V0[000}
TEST_VDC

TEMP1,PTR3

TEMP1,#1 ; MULTIPLY 2
PTR3,4SIN

PTR3,TEMP1 ;Y=V1[001]
DBW2L,(PTR3] ;Y=B
DBW2,TEMP_M ;*M
DBW2,#1000 ; DIV-1000
BX,#255

BX,DBW2LH
TEMP_SECTOR,DBW2LH
PTR3,#SIN60

PTR3,TEMP1 ;X=V3[011}
DBW2L,[PTR3) i X=A
DBW2,TEMP_M ;*M
DBW2,#1000 ; DIV 1000

AX #255

AX,DBW2LH

AX, TEMP_SECTOR

CX,#255 1 Z=C=V7[111]
TEST_VDC

TEMP1,PTR3

TEMPT 41 ; MULTIPLY 2
PTRY #SIN

PTR3,TEMP1 ;Y=V5[101)
DBW2L,[PTR3] ;Y=A
DBW2,TEMP_M ;*M
DBW2,#1000 ; DIV 1000
AXDBW2LH

PTR3,#SIN60

PTR3,TEMP1 ; X=V1[001}
DBW2L,[PTR3] ;X=C
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MULU DBW2,TEMP M
DIVU DBW2 #1000
LDB  CXDBW2LH
ADDB CXAX
’ LDB  BX#0
LIMP TEST VDC
SECTOR6: LD TEMP1,PTR3

?

*M
; DIV 1000

; Z=B=V0[000]

SHL  TEMPL# : MULTIPLY 2
LD PTR3,#SIN

ADD  PTR3,TEMPI Y =V4[100]
LD DBW2L,[PTR3] ;Y=C

MULU DBW2,TEMP M *M

DIVU  DBW2,#1000 : DIV 1000
LDB  CX,#255

SUBB CXDBW2LH

LDB  TEMP_SECTOR,DBW2LH

LD PTR3,#SIN60
SUB  PTR3,TEMP1
LD . DBW2L,[PTR3]

MULU DBW2,TEMP M

DIVU DBW2,#1000

LDB  BX#255

SUBB BX,DBW2LH

SUBB BX,TEMP_SECTOR

LDB  AX#255
TEST_VDC: LD IDC,AD_RESULT

SHR  IDC#6

SUB  IDC#511

CMPB WAIT_TIME,#8

JNE  J NO_TEST

CMP  VDC,#385

JH INC_OVER_VDC

CMP  VDC,#310

ILT INC_UNDER_VDE”

CMP  OVER_VDC#0

JNE  DEC_OVER_VDC

CMP  UNDER_VDC,#0

JNE  DEC_UNDER_VDC

LIMP TEST IDC
J_NO_TEST: LIMP OUT_TEST
INC_OVER_VDC:

LDB 'OVER_LED/#1

INC  OVER_VDC

CMP  OVER_VDC,#4000
TH J_ERROR1
LIMP TEST IDC

J_ERRORI1: LDB ERR#1
LIMP OUT ERROR
DEC_OVER_VDC:

X=V5[101]
; X=B

;*M

; DIV 1000

1 Z=A=V7[111]

; MAXVDC

: MIN vBC

;48
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DEC  OVER_VDC

LIMP TEST IDC
INC_UNDER_VDC:

LDB  OVER_LED#l

INC  UNDER_VDC

CMP UNDER_VDC,#4000 ;48§

TH J_ERROR2

LIMP TEST IDC
J_ FRROR2: LDB ERR#2

LIMP OUT_ERROR
DEE_UNDER_VDC:

DEC  UNDER_VDC

TEST_IDC: CMP IDC,#200 : 200 % RATING
JH INC_OVER 200
CMP  OVER_200,#0
INE DEC_OVER_200
LIMP TEST 150
INC_OVER_200:
LDB OVER _LED,#1
INC OVER_200
CMP  OVER_200,#10000 118
JH ] _ERROR3
LIMP TEST_150
J ERROR3: LDB ERR#3
LIMP OUT_ERROR
DEC_OVER_200:
DEC  OVER_200
TEST_150: -CMP IDC,#150 : 150 % RATING
JH INC_OVER_150
CMP  OVER_150,#0
INE DEC_OVER_150
LIMP OUT_TEST
INC_OVER _150:
LDB OVER_LED,#1
INC OVER_150
CMP  OVER_150,#60000 160 S
JH ] ERROR4
LIMP OUT_TEST
J ERROR4: LDB ERR#4
LIMP OUT_ERROR
DEC_OVER_150:
DEC  OVER_150
OUT_TEST: CMPB OVER_LED,#1
JE ON_OVER _LED
ORB I0PORT1,#00000100B~" ; OVER LED OFF
CLRB OVER LED
POPA

RET
ON_OVER_LED:ANDB IOPORT1,#11111011B ; OVER LED ON

CLRB OVER LED
POPA
RET

OUT_ERROR: LD ERR_CODE,#0AAAAH
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LD PTR1,#M_ERR_CODE
ST ERR_CODE, [PTR1]
LD PTR1,#M_ERR

STB  ERR,[PIRI]

RST 7 RESET SYSTEM

5
k%

o o oo e ke ok o o o o o o o ok ke ke ek ook ok
b

BREAK: LD DCFRQTMP_DCFRQ
LD DCVOLT,TMP_DCVOLT
LD DCTIME, TMP_DCTIME
CMPB RUN,#0
JE J_NOTRUN B
CMP  RUNFRQ,DCFRQ
JLE  BEGIN_STOP
LD T,DECTIME
DI
LD HIGH_F,RUNFRQ
LD LOW_F,DCFRQ
LCALL CAL STEP F
LD  RUNFRQ#0
EI
SIMP  BEGIN_STOP
J_NOTRUN_B: LIMP NOTRUN B
BEGIN_STOP: LCALL CLRLCD
LD  PTR2,#MSGI3
LCALL SHOW LCD
WAIT B: CLR DBWH
LD DBWL,SET_F
LCALL DISPLAY F
CMP  VDC,#00
TH J_USED_RBI
LCALL NOT_USED RB
SIMP ] WAIT B
J_USED_RBI: LCALL USED RB
J_WAIT B: CMP SET_F,DCFRQ
TH WAIT B
BEGIN_BREAK:DI

LD RUN,#0
LD TEMP_M,DCVOLT
EI

FIND_SECTOR_B:
LD  TEMPIL,DEG
CLR  PTR3
DIVU  TEMPL,#600
CMPB TEMPIL #0
JE J_SECTORI B
CMPB TEMPIL #1
JE J_SECTOR2_B
CMPB TEMPIL #2

JE J_SECTOR3_B
CMPB TEMPIL #3
JE ]_SECTOR4 B

CMPB TEMPIL #
JE J_SECTORS5_B
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LIMP SECTOR6 B

J_SECTORI1_B:L]MP SECTORI_B
J_SECTOR2_B:LJMP SECTOR2 B
J_SECTOR3_B:LIMP SECTOR3 B
J_SECTOR4_B:LIMP SECTOR4_B
J_SECTORS5_B:LJMP SECTOR5_B

,SECTORI_B: LD TEMPL,PTR3

SHL TEMPL,#1 ; MULTIPLY 2
LD PTR3,#SIN

ADD  PTR3,TEMP! ;Y=V6[110]
LD DBW2L,[PTR3] Y

MULU DBW2,TEMP M ) *M

DIVU DBW2,#1000 ; DIV 1000

LDB BX,DBW2LH

LD PTR3,#SIN6O

SUB  PTR3,TEMPI1 ;X =V4[100]
LD DBW2L, [PTR3] (X=A

MULU DBW2,TEMP M J*M

DIVU DBW2 #1000 : DIV 1000

LDB  AX,DBW2LH

ADDB AX,BX

LDB  CX#0 1 Z=C=V0[000]

LIMP OUT_FIND_SECTOR_B

SECTOR2_B; LD TEMPLPTR3

SHL TEMP1,#1 ; MULTIPLY 2

LD PTR3,#SIN
ADD  PIR3,TEMPI

MULU DBW2,TEMP M
DIVU DBW2,#1000
LDB AX #255

SUBB AX,DBW2LH .
LDB TEMP_SECTOR,DBW2LH

LD PTR3,4SIN60
SUB  PTR3,TEMPT

LD DBW2L,[PTR3]"
MULU DBW2,TEMP M
DIVU DBW2,#1000

LDB  CX#255

SUBB CX,DBW2LH

SUBB CX,TEMP_SECTOR

LDB  BX#255
LIMP OUT FIND SECTOR B

SECTOR3: B: LD TEMPI],PTR3

>

Y =V2[010]
LD DBW2L,[PTR3] Y=A

; X=V6{110]

;Z=B[V7,111]
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SHL
LD
ADD
LD
MULU
DIVU
LDB

LD
SUB
LD
MULU
DIVU
LDB
ADDB

LDB
LIMP

TEMP1,#1 ; MULTIPLY 2

PTR3,#SIN
PTR3, TEMP1 :Y=V3[011]
DBW2L,[PTR3] ;Y=C
DBW2,TEMP M L *M

DBW?2,#1000 - DIV 1000
CX,DBW2LH

PTR3,#SIN60

PTR3,TEMP1 1 X=V2[010]
DBW2L,[PTR3] :X=B
DBW2,TEMP M . *M

DBW?2,#1000 : DIV 1000
BX,DBW2LH

BX,CX

AX,#0 Z=A=V0[000]

OUT_FIND_SECTOR_B

,SECTOR‘}_B: LD TEMPLPTIR3

SHL  TEMP1,#1 ; MULTIPLY 2
LD - PTR3#SIN
ADD  PTR3,TEMP1 ;Y =V1[001]
LD DBW2L, [PTR3] ;Y=B
MULU DBW2,TEMP_M i *M
DIVU DBW2,#1000 : DIV 1000
LDB  BX#255
SUBB BX,DBW2LH
LDB  TEMP_SECTOR,DBW2LH
LD PTR3,#SIN60
SUB  PTR3,TEMPI ;X=V3[011]
LD DBW2L,[PTR3] ;X=A
MULU DBW2,TEMP M ;*M
DIVU DBW2,#1000 ; DIV 1000
LDB  AX,#55
SUBB AXDBW2LH
SUBB AX TEMP_SECTOR
LDB  CX#255 1Z=C=V7[111]
LIMP OUT_FIND SECTOR B
SECTORS B: LD TEMP1,PTR3
SHL  TEMPL#1 ; MULTIPLY 2
LD PTR3,#SIN
ADD  PTR3,TEMPI1 ;Y=V5[101]
LD DBW2L,[PTR3] (Y=A
MULU DBW2,TEMP M J*M
DIVU DBW2,#1000 ; DIV 1000
LDB  AX,DBW2LH
LD PTR3,#SIN60
SUB  PTR3,TEMPI1 ;X =V1[001]
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 X=C
*M
: DIV 1000

:Z=B=V0[000]

; MULTIPLY 2

;Y=V4[100]
:Y=C

V*M

; DIV 1000

:X=V5[101]
;. X=B

;*M

; DIV 1000

i Z=A=VT7[111]

LD DBW2L,[PTR3]
MULU DBW2,TEMP M
DIVU DBW?2, #1000
LDB  CXDBW2LH
ADDB CX,AX
LDB  BX#0
LIMP OUT_FIND_SECTOR_B
SECTOR6 B: LD TEMP],PTR3
SHL  TEMP,#1
LD PTR3,#SIN
ADD  PTR3,TEMPI
LD DBW2L,[PTR3]
MULU DBW2,TEMP M
DIVU DBW2,#1000
LDB  CX#255
SUBB CXDBW2LH
LDB  TEMP _SECTOR,DBW2LH
LD PTR3,#SIN60
SUB . PTR3,TEMPI
LD DBW2L,[PTR3]
MULU DBW2,TEMP_M
DIVU DBW2,#1000
LDB  BX,#255
SUBB BXDBW2LH
SUBB BX,TEMP_SECTOR
LDB  AX#255
OUT _FIND_SECTOR B:
CMPB DIR#0
JE REV B
FWD_B.LD PTR3,#PA
STB AX,[PTR3]
LD PTR3,#PB
STB BX,[PTR3]
LD PTR3,#PC
STB CX,[PTR3]
SIMP ] Bl
REV_B: LD PTR3,#PA
STB AX,[PTR3]
LD PTR3 #PB
STB CX,[PTR3]
LD PTR3,#PC
STB BX,[PTR3]
I Bl: LD SET_F,#0
LD DBWH,#0
LD DBWL,SET_F

LCALL DISPLAY_F

LD

COUNT1,DCTIME

MULU COUNT1,#100

ADD

COUNT1,#1

LCALL CLRLCD
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LD  PTR2#MSGl4

LCALL SHOW_LCD
WAIT_DCB:LCALL DELAY

CMP  VDC,#00

TH J_USED_RB2

LCALL NOT_USED_RB

SIMP  J_WAIT_DCB
J_USED_RB2: LCALL USED_RB
J_WAIT_DCB: DINZW COUNT1,WAIT_DCB
NOTRUN_B: LCALL RUN_DISABLE

LD  PTR3#PA

STB  RO,[PTR3]
LD PTR3,#PB

STB  RO,[PTR3]

LD PTR3,#PC

STB  RO,[PTR3]

LD DEG,#0

LD RUNFRQ,TMP_RUNFRQ
RET

’

*%

Hd

USED_RB: ANDB IOPORT1,#11111101B
RET

NOT_USED_RB:ORB IOPORT1,#00000010B

; USED R BREAK

; NOT USED R BREAK
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8XC196KB

ADVANCED 16-BIT CHMOS MICROCONTROLLER
ROMless OR ROM

Automotive

—40°C to +125°C Ambient | Dynamically Configurable 8/16-Bit

232 Bytes of On-Chip Register RAM Buswidth

8 Kbytes of On-Chip ROM (Optional) m Full Duplex Serial Port
High-Performance CHMOS Process B, Dedicated Baud Rate Generator
Reglster-to-Register Architecture m 1.725 ps 16 x 16 Muitiply

10-Bit A/D Converter with S/H m 3 ps 32/16 Divide

Five 8-Bit 1/0 Ports | 16-Bit Watchdog Timer

28 interrupt Sources m 16-Bit Timer

Pulse Width Modulated Output B 16-Bit Up/Down Counter w/Capture
m Powerdown and ldie Modes m Four 16-Bit Software Timers

m High Speed.l/O Subsystem @ HOLD/HOLDA Bus Protocol

The 8XC196KB 16-bit microcontroller comes with 8 Kbytes of on-chip mask programmable ROM or in ROM-
less versions. All devices are high performance members of the 8096 microcontroller family. The 8XC196KB is
pin-to-pin compatible and uses a true superset of the 8096 instructions. Intsi’s CHMOS process provides a
high performance processor along with low power consumption. To further reduce power requirements, the

processor can be placed into ldle or Powerdown Mode.

Bit, byte, word and some 32-bit operations are available on the 8XC196KB. With a 16 MHz oscillator, a 16-bit
addition takes 0.485 ps, and the instruction times average 0.375 ps to 1.125 ps in typical applications.

Four high-speed capture inputs are provided o record times when events occur. 4 + 2 high-speed outputs are
available for pulse or waveform generation. The high-speed output can also generate four software timers or
start an A/D conversion. Events can be based on the 16-bit timer or a 16-bit up/down counter.

Also provided on-<chip are an 8 channel, 10-bit A/D converter with Sample and Hold, a serial port with
synchronous/asynchronous modes and on-chip baud rate generator, a 16-bit watchdog timer, pulse width
modulated output with prescaler and an on-chip clock failure detect circuitry.
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[AUTOMOTIVE 8XC156KB

»

T————' PRODUCT DESIGNATIOR

L

PRODUCT FAMILY
CHMOS TECHNOLOGY

PROGRAM MEMORY OPTION:
0 = ROMLESS
3 = MASKED ROM

PACKAGE TYPE OPTION:
J =CERQUAD
N = PLCC - PLASYIC LEADED CHIP CARRIER

TEMPERATURE AND BURN OPTION:
A= =40 YO +125°9C AMBIENT
WITH INTEL STANDARD BURN

270679-3

{ Figure 2. The 8XC196KB Family Nomenclature

IARCHITECTURE

!The 8XC196KB is a member of the 8096 family, as
t such has the same architecture and uses the same
y instruction set as the 8096. Many new features have
t been added on the 8CX196KB including:

3
, CPU FEATURES

| Divide by 2 instead of divide by 3 clock for a 1.5%
] performance improvement

J Faster instructions, especially indexed/indirect data
§ operations

x

1.725 ps 16 x 16 muttiply with 16 MHz clock (is
§.25 us on the 8096)

Faster interrupt response (almost twice as fast)

i
]
!
. Powerdown and Idle Modes

£ 6 new instructions

8 new interrupt vectors/6 new interrupt sources
3

' PERIPHERAL FEATURES

E 6FR window switching allows read-only SFRs to be
written and vice-versa

‘Timer 2 can count up and down by external selec-
tion

-

SRR g GRS M S, o eemy SAREET Pl W 1 kT

L
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Timer 2 has an independent capture register on ris-
ing edges of (P2.7)

HSO line events are stored in a register
HSO has CAM lock and CAM clear commands

New baud rate values are needed for serial port,
which enables higher speeds in all modas.

Double buftered serial port transmit register (before,
only receive was double buffered)

Serial port receive overrun and framing error detec-
tion

PWM has a divide by 2 prescaler
HOLD/HLDA bus protocot

THERMAL CHARACTERISTICS

PLCC
1A 35°C/W
05c 12°C/W
Max Case o
Temperature 135°C

NEW INSTRUCTIONS

PUSHA PUSHes the PSW, IMASK, IMASK1 and
WSR (used instead of PUSHF when us-
ing, the new interrupts and registers)

POPA- POPs the PSW, IMASK, IMASK1 and

WSR (used instead of POPF when using
the new interrupts and registers)

PRELIMINARY
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IDLPD
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CMPL

§
1

t
BMOV
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Sets the device into idle or Powerdown

Mode. The instruction has the following
format IDLPD #key (where key = 1 for
idle and key = 2 for Powerdown. lilegal
keys are processed, but no action is tak-

en

Compare 2 long direct values. Only the

direct addressing mode is supported for
this instruction and the forrat follows the

CMP format.

Block move using 2 auto-incrementing

pointers and a counter. The instruction

has the following

format BMOV

IPTR.WwCNT. The {PTR is a long word,
with the low word being the address of
the source and the upper word being the
address of the destination. wCNT is the

number of words to be transferred.

. AUTOMOTIVE 8XC196KB
o ey
DJINZW* Decrement Jump Not Zero using a word
counter. The instruction format follows
the DJNZ instruction.
*See the Functional Deviations section for detalls.

SFR OPERATION

All of the registers that were present on the 8096
work the same way as they did, except that the baud
rate valus will be different on the 8XC196KB. The
new registers shown in the memory map control new
functions. The most important register is the Window
Select Register (WSR) which allows the reading of
the formerly write-only registers, and vice-versa.

PACKAGING

The 8XC196KB is available in 68-pin plastic leaded
chip carrier (PLCC) and 68-pin CERQUAD pack-
ages. Gontact your local sales office to determine
the exact ordering code for the part desired.
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Figure 3. 68XPin PLCC Package.
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PLCC Description PLCC Description
9 ACH7/PO.7/PMD3 43 READY
8 ACHS6/PO.6/PMD2 42 T2RST/P2.4/AINC
7 ACH2/P0.2 41 BHE/WRH
6 ACHO/PC.0 40 WR/WRL
5 ACH1/PO.1 39 PWM/P2.5
4 ACH3/P0.3 38 P2.7/T2CAPTURE/PACT
3 NMI 37 Vpp
2 EA 36 Vss
1 Voo 35 HSO.3
68 Vss 34 HSO.2
67 XTAL1 33 P2.6
66 XTAL2 32 P1.7/HOLD
65 CLKOUT 31 P1.6/HLDA
64 BUSWIDTH 30 P1.5/BREQ
63 INST 29 HSO.1
62 ALE/ADV 28 HS0.0
61 RD 27 HSO.5/HSI1.3/SID3
60 ADO/P3.0 26 HSO0.4/HS1.2/SID2
59 AD1/P3.1 25 HSLL1/SID1
58 AD2/P3.2 24 HS1.0/SIDO
57 AD3/P3.3 23 P14
. 56 AD4/P3.4 22 P1.3
: 55 AD5/P3.5 21 P12
1 54 AD6/P3.6 20 P1.1
' 53 AD7/P3.7 19 P1.0
. 52 ADB/P4.0 18 TXD/P2.0/PVER
§ 51 AD9/P4.1 17 RXD/P2.1/PALE
50 AD10/P4.2 16 RESET
49 AD11/P4.3 15 EXTINT/P2.2/PROG
48 AD12/P4.4 14 Vss
47 AD13/P4.5 13 VRerF
46 AD14/P4.6 12 ANGND
45 AD15/P4.7 1 ACH4/P0.4/PMDO
44 T2CLK/P2.3 10 ACH4/P0.5/PMD1

I Y
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Figure 4. PLCC Functional Pinouts
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PIN DESCRIPTIONS
;. Symbol Name and Function
xVee Main Supply Voltage (+5V)
' Vss Digital Circuit Ground (0V). There are three Vgg pins, all of which MUST be connected.

VRer Reference for the A/D Converter (+5V). VRer Is also the supply voitage to the analog portion

of the A/D converter and the logic used to read Port 0. Must be connected for A/D and Port 0

L to function.

' ANGND Reference Ground for the A/D Converter. Must be held at nominaily the same potential as

1 Vss.

i Vpp Programming Voltage for the EPROM Parts. it should be +12.75V for programming. This pin

Y was Vgg on 8X9X-90 parts. It is also the timing pin for the retum from powerdown circuit.
Connect this pin with a 1 pF capacitor to Vss and a 1 MQ resistor to V. If this function is not
used, Vpp may be tied to Vcc.

XTALY input of the Oscillator Inverter and the Internal Clock Generator

XTAL2 Output of the Oscillator Inverter

CLKOUT Output of the Intemnal Clock Generator. The frequency,of CLKOUT is %; the oscillator
frequency. It has a 50% duty cycle.

RESET Reset Input to the Chip. Input low for at least 4 state times will resst the chip. The subsequent
low to high transition resynchronizes CLKOUT and commaencss a 10-state time sequence in
which the PSW is cleared, a byte is read from 2018H loading the CCB, and a jump to location

<| 2080H is executed. Input high for normal operation. RESET has an internal pullup.

BUSWIDTH | Input for Bus Width Selection. If CCR bit 1 is a one, this pin selects the buswidth for the bus
cycle in progress. if BUSWIDTH is fow, an 8-bit cycle occurs. If BUSWIDTH is high, a 16-bit
cycle occurs. If CCR bit 1 is a 0, the bus is always an 8-bit bus. This pin is the TEST pin on the
8X9X-90 parts. Systems with TEST tied to Vo need NOT change.

NMi A positive transition causes an interrupt vector through external memory location 203EH.

INST Output High during an Extermnal Memory Read. indicates the read is an instruction fetch. INST
is valid throughout the bus cycle. INST is active only during external memory fetches, during
intemal EPROM/ROM fetchas INST is held low.

EA input for Memory Select (External Access). EA equal to a TTL-high causes memory accesses
to locations 2000H through 3FFFH to be directed to on-chip EPROM/ROM. EA equal to a
TTL-low causes accesses to these locations to be diracted to off-chip memory. EA =

+12.75V causes execution to begin in the Programming Mode. EA has an intemal pulldown,
so it defaults to execute from extemal memory, uniess otherwise driven. EA is latched at
reset.

1 ALE/ADV Address Latch Enable or Address Valid Output, as Selected by CCR. Both pin options provide
a latch to demuitiplex the address from the address/data bus. When the pin is ADV, it goes
Inactive (high) at the end of the bus cycle. ADV can be used as a chip select for extemnal
memory. ALE/ADV is active only during exteral memory accesses.
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PIN DESCRIPTIONS (Continued) .
Symbol Name and Function
RO Read Signal Output to Extemal Memory. RD is active only during extemal memory reads.
WR/WRL Write and Write Low Qutput to External Memory, as Selected by the CCR. WR will go low
for every external write, while WRL will go low only for external writes where an even byte is
being written. WR/WRL is active during extemal memory writes. i

BHE/WRH Byte High Enable or Write High Qutput as Selected by the CCR. BHE = 0 selects the bank
of memory that is connected to the high byte of the data bus. AD = 0 selects that bank of
memory that is connected to the tow byte. Thus accesses to a 16-bit wide memory can be
to the low byte only (AQ = 0, BHE = 1), to the high byte only (A0 = 1, BHE = 0) or both-
bytes (A0 = 0, BHE = 0). i the WRH function is selected, the pin will go low if the bus
cycle is writing to an odd memory location. BHE/WRH is only valid during 16-hit external
memory write cycles.

READY Ready Input to lengthen extemal memory cycles, for interfacing with slow or dynamic
memory, or for bus sharing. If the pin is high, CPU operation continues in a normal manner.
If the pin is low prior to the falling edge of CLKOUT, the memory controller goes into a wait
state mode until the next positive transition in CLKOUT occurs with READY high. When
extemal memory is not used, READY has no effect. The number of wait states inserted into
the bus cycle is controlled by the CCR.

HSI Inputs to High Speed Input Unit. Four HSI pins are available: HSLO, HSI.1, HSI.2, HSI.3.
Two of which are shared with the HSO Unit (HSI.2 and HSI.3). The HSI pins are also used
as the SID in Slave Programming Mode.

HSO Qutputs from High Speed Output Unit. Six HSO pins are available (HSO.0 through HSO.5).
HSO0.4 and HSO.5 are shared with HSI.

PORTO | 8-Bit High Impedance Input-Only Port. These pins can be used as digital inputs and/or as
analog inputs to the on~chip A/D converter. These pins are also used as inputs to EPROM
parts to select the Programming Mods.

PORT 1 8-Bit Quasi-Bidirectional /0 Port.

PORT 2 8-Bit Multi-Functional Port. All of its pins are shared with other functions.

PORT 3 and 4 | 8-Bit Bidirectional 170 Ports with Open Drain Qutputs. These pins are shared with the
muitiplexed address/data bus which has strong intemal pullups.

HOLD Bus Hold Input Requesting Control of the Bus. Enabled by Setting WSR.7

HLDA Bus Hold Acknowledge Output Indicating Release of the Bus. Enabled by setting WSR.7.

BREQ Bus Request Output. Activated when the bus controlier has a pending external memory
cycle. Enabled by setting WSR.7.
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Absolute Maximum Ratings*
—60°Cto +150°C

ELECTRICAL CHARACTERISTICS

Storage Temperature ..........
Voltage from Vpp or EA

ntel.

'v!;‘\fug._f‘ i firs %

AUTOMOTIVE 8XC196KB

NOTICE: This data sheat contains preliminary infor-
mation on new products in production. The specifica-
tions are subject to change without notice. Verify with
your local Intel Sales office that you have the latest
data sheet before finalizing a design.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the

; tOVggOrANGND............ -0.5Vto +13.0V
N "Operating Conditions” is not recommended and ex-
«Voltage on Any Pin ; o
- tended exposure beyond the “Operating Conditions”
to Vsg orANGND ............. 0.5V t? +7.0v may aftect device reliabilty.
This includes Vpp on ROM and CPU devices.
¥
 Power Dissipation.....cocvieeeeiiineincnees 1.5W
' OPERATING CONDITIONS
B
i Symbol Parameter Min Max. Units
3
f Ta Ambient Temperature under Bias —40 +125 °C
Voo Digital Supply Voltage 4.50 5.50 v *
£ VREF Analog Supply Voltage 450 550 \
. Fosc Oscillator Frequency 35 16 MHz
i -
NOTE:
i ANGND and Vgg should be nominally at the same potential.
13
t
¢ DC CHARACTERISTICS (Under Listed Operating Conditions)
| Symbot ) Parameter Min Typ Max Units | - Test Conditions
lec Ve Supply Current 50 70 mA | XTAL1 = 16 MHz,
. (—40°C to +125°C Ambient) Voo = Vpp = VRer = 5.5V
[ Ipp Powerdown Mode Current pA Voo = Vpp = Vpeg = 5.5V
lrer A/D Reference 5 mA | XTAL1 = 16 MHz,
g Supply Current Vee = Vpp = Vper = 5.5V
1
« |lhoe Idle Mode Current 10 35 mA | XTALT = 16 MHz,
Vcc = Vpp = VRer = 5.5V
toive Input Low Voitage ~0.5V +08 v
Vin Input High Voitags(1) 0.2 Ve +1.1 Voo + 05| V
: Vi1 Input High Voltage on XTAL1 0.7 Vo Ve + 05 V
ViHz Input on High Voitage 26 Vec + 05 V
E on RESET
Vou Output Low Voltage 0.3 V |loL = 200 pA
' 045 V lloL =32mA
f 1.5 V lloL=70mA
0 VoH Output High Voitage Veg — 03 V tloy = —200 pA
(Standard Outputs) Vco — 0.7 V |ioy = —32mA
! Veg — 1.5 V |log= —-7.0mA
Vou1 Output High Voltage Vo= 0.3 V jlon= —15pA
. (Quasi-Bidirectional Ve — 0.7 V llon= —30pA
¥ Outputs) Veg — 1.5 V loy = —60pA

PRELIMINARY

-

-



F TR P o 5o Y

o,

n
AUTOMOTIVE 8XC196KB Intel .

3
QC CHARACTERISTICS (Under Listed Operating Conditions) (Continued)

Symbol Parameter Min 1 Typ Max Units Test Conditions
Iy input Leakage Current +10 pA 0 < V|y<Vgc —03V
P, {Std. Inputs)

i Jun Input Leakage Current +3 pA 0 < ViN < VRer
] (Port 0)
r 0ol 1 to 0 Transition Curreft —800 pA Vin = 2.0V
{QBD Pins)
TR Logical 0 Input Current -50 pA VN = 0.45V
(QBD Pins)
-9 mA Vin = 0.45V

it Logical 0 Input Current

in Reset (ALE, RD, INST)

iz Logical 0 Input Current in —700 pA Vin = 0.45V
Reset (WR, P2.0, BHE)

HYST Hysteresis on RESET Pin 250 mv |,

Rpst Reset Pullup Resistor 6K 50 (1)

Cs | PinCapacitance 10 pF Frest = 1.0MHz
(Any Pin to Vgg)

{ NOTES: (Notes apply 10 all specifications) .
XTAL1. QBC (Quasi-bidirectional) pins include Port 1, P2.6, P2.7.

1. All ping except RESET and .
+ 2. Standard Outputs include ADO-15, RD, WR, ALE, BHE, INST, HSO pins, PWM/P2.5, GLKOUT, RESET, Port 3 and 4,
i TXD/P2.0 and RXD (in serial mode 0). The Voy specification is not valid for RESET. Ports 3 and 4 are open drain outputs.
3. Standard Inputs include HSI pins, CODE, % READY, BUSWIDTH, NMI, RXD/P2.1, EXTINT/P2.2, T2CLK/P23 and

T2RST/P2.4
4. Maximum current per pin must be extemnally mited to the following values if VoL is held above 0.45V or Von is held

¥ below Veg — 0.7V:
*  lop on Output pins: 10 mA
lor on QBD pins: self imiting
lor on Standard Qutput pins: 10 mA
5. Maximum current per bus pin (data and control) during normal operation is £3.2 mA.
6. During normal (non-transient) conditions the following total current limits apply:

oo -

. Port 1, P2.6 loL: 29 mA lon: is Self Limiting
] HSO, P2.0, RXD, RESET loL: 29 mA loH: 26 mA
¢ P25, P2.7, WR, BAE o 13 mA low: 11 mA
5 ADO-AD15 loL: 52 mA lon: 52 mA
RD, ALE, INST, GLKOUT low: 13 mA low: 13 mA

7. Typlcals are based on imited number of samples and are not guaranteed. The values listed are at room temperature and

s

VREF = Voo = 5V.

i
80
! ,0 o
; -
[ 60 /
50 — lee TYPICAL(7)
¥ ke /
s 40
i (mA) % /;j o tore MAX
: 20 ﬁ/’—; ____———"'_- e
' 10 el 1 boLe TYPICAL(7)
! lec MAX =388 xFreq+843 0 * I -
E :‘DLE#F?X;;-GIS:XF’B‘;;S'Z 4 MHz 8MHz 12MHz 168 MHz 270670-0
=2.5%Freq+8.
. ;ﬁ,‘is TYP=05 xrl:?eq+3.2
¢ Figure 5. lcc vs Frequency
;w
f
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. AC CHARACTERISTICS Over Spacitied Operating Conditions
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! Test Conditions: Capacitance load on all pins = 100 pF, Rise and fall imes = 10 ns, Fogg = 16 MHz
Tho system must meet these specifications to work with the 8XC196KB

; Symbol Parameter Min Max Units

Tavyv Address Valid to READY Setup 2Tosc — 75 ns

E T T ALE Low to READY Setup Tosc — 60 ns

; TyLYH Non READY Time ] No Upper Limit ns
1 Teux READY Hold after CLKOUT Low 0 Tosc — 30 ns(1)
Pl Tioex READY Hold after ALE Low Tosc — 15 2Tosc — 40 ns(1)
»: Tavay Address Valid to Buswidth Setup 2Tosc — 75 ns
i | TLigy ALE Low to Buswidth Setup Tosc — 60 ns
ToLgx Buswidth Hold after CLKOUT Low 0 ns

f Tavov Address Valid to Input Data Valid 3Tosg — 55 ns
TriDV RD Active to Input Data Valid Tosc — 23 ns

: Tciov CLKOUT Low to Input Data Valid Tosc — 50 ns
' | Tanoz End of RD to Input Data Float Tosg — 20 ns
t TRXDX Data hold after RD Inactive 0 ns
{ | FxraL Oscillator Frequency 35 16 MHz
} | _Tosc Oscillator Period (1/fxTaL) 62.5 286 ns
. TxHGH XTAL1 High to CLKOUT High or LOW(1) 20 110 ns
3 TelcL CLKOUT Period 2Tosc ns.
i | Tonel CLKOUT High Period Tosg — 10 Tosc + 10 ns
, TeuH CLKOUT Faliing Edge to ALE Rising -10 10 ns
3 TLicH ALE/ADV Falling Edge to CLKOUT Rising -15 15 ns
i TLHLH ALE/ADV Cycle Time 4 Tasc ns
; TuHLL ALE/ADV High Period Tosc — 10 Tosc + 10 ns
s TaviL Address Setup to ALE/ADV Falling Edge Tosc — 30 ns
i TLLAX Address Hold after ALE/ADV Falling Edge Tosc — 40 ns
i TuRL ALE/ADV Falling Edge to RD Falling Edge Tosc — 35 ns
! TaLcL RD Low to CLKOUT Falling Edge 4 25 ns
. TRLARH RD Low Period Tosc — 10 Tosc + 25 ns
. TRHLH RD Rising Edge to ALE/ADV Tosc Tosc + 25 ns

Rising Edge(3)

i TriLAZ RD Low to Address Float 5 ns
E' TLiwe j\LE/HJ—V Falling Ege to WR Fafling Edge Tosc —10 ns
TowL CLKOUT Low to WR Falling Edge 0 25 ns
TavwH Data Stable to WR Rising Edgs Togc — 23 ns
TeHwH CLKOUT High to WR Rising Edge -5 15 ns
TwiwH WR Low Period _ Tosc — 15 Tosc + 5 ns

S e e e % BT T Mo

e T A AT iy
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AC CHARACTERISTICS Over Specified Operating Conditions (Continued)
Test Conditions: Capacitance load on all pins = 100 pF, Rise and fall imes = 10 ns, Fggc = 16 MHz

The system must meet these specifications to work with the 8XC196KB

Symbol Parameter Min Max Units
TwHGAX Data Hold after WR Rising Edge Tosc — 15 ng
TWHLH WHR Rising Edge to ALE/ADV Tosc — 20 Tosc +10 ns
Rising Edgs(3)
TwHBX BHE, INST, HOLD after WR, RD Rising Edge Tosc — 15 ns
TWHAX AD8-15 Hold after WR/RD Tosc — 30 ns
4 Rising Edge .
¢! TRHBX BHE, INST HOLD after RD Rising Tosc — 10 ns
| Tanax ADB-15 HOLD after RD Rising Tosc — 25 -ns
NOTES:
. 1. Typical specification, not guaranteed.
2. Assuming back-to-back bus cycles.
Tosc = 62.5 ns at 16 MHZ, Tosc = 100 ns at 10 MHz: Tosc = 125 ns at 8 MHz.
{
i System Bus Timing
I :
¥
E >
1 XTALY / S/ \/
) Terer, Teuen Tener
E ckout N :j \ /‘
i ~peToom  =jl=Tuen )
; LHLH
i s ALE _/ /’ \
} b Tt Tus TrLru TRHLH —]
: % \
% RD . . Tz __~T=____-/ .
E [.— AVLL LLAX RLDV " RHDZ
H BUS ADDRESS OUT DATA )
{ T Tavov . { !
i ’ Tuw Twiwn Ty —=
R N/ .
E P Tavwm == Twox
i BUs == ADDRESS OUT X DATA X AboRess ouT
% |
; I me lo—— l
i BRE, INST ={_ VAUD r—
f . 270679-4
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ﬁeady/Buswidth Timing

Tose —™1
XTAL1 N/ \ /S /"

Teter Txnen ~wte— Tenet
cukaut ‘\_k—_f‘—\__/’__“l__/'_
J Teun fe— Ti1 vy
ALE f—\

3=

Ra S o e m ey ey

1 o Tyyy le= =] e Teryx
READY N Y
Tavyy Ty
Tavov — TeLox
BUS WIDTH N\ F
- Tugv |«
BUS ADDRESS OUT ) { DATA D)
t READ \ /
4 270679-5
£
?
F e e
I HOLD/HLDA Timings
F Symbol Description Min Max Units Notes
L4 ps————
1 THVCH HOLD Setup 1
F 80C196KB 75 ns
83C196KB 85
5 TCLHAL CLKOUT Low to HLDA Low -15 15 ns
. TcisRL CLKOUT Low to BREQ Low ~-15 15 ns
i THALAZ HLDA Low to Address Float
1 80C196KB 15 ns
E " 83C196KB 20
¢t | Tuasz ALDA Low to BHE, INST, RD, WR Float ns
"1 Towian CLKOUT Low to ALDA High -15 15 ns
¢ —
ToLerH CLKOUT Low to BREQ High -15 15 ns
THAHAX HLDA High to Address No Longer Float -5 ns
d  Thanev ALDA High to BRE, INST, RD, WR Valid -20 ns
il Tol CLKOUT Low to ALE High -5 15 ns

NOTE:
1. To guarantee recognition at next clock.
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TSN o

T CLXOUT -\ / \ ‘\ / \
Tiven y Thiven
HOLD
T * . LATENCY
TOLHAL i fotm Tetnan e

DA # AN N
] TowerL —={ [e— B Tosm Le—

B " \ ¢

THaLAZ —= I‘" Taaax —] fo—

|- ) o X
t Tuarez == [ Tuasgy —{ |e—
oo wsT ) - g = wa
§ RD, ¥R 3 :r'! ~ T v ¥
5 Teun
Hoowe /T s
i i " ' 27067927
3
¢ External Clock Drive .
¢ Symbol Parameter Min Max Units
! 1/T, XLXL Oscillator Frequency 3.5 16 MHz
i Txuxe Qsciflator Period (Tosc) 62.5 286 ns

TxHXX High Time Tosc — 51 ns
; T Twox Low Time Tosc — 51 ns
| TxLXH Rise Time Tosc — 73 ns
[ TxHXL Fall Time Tosc — 73 ns
3

EXTERNAL. CLOCK DRIVE WAVEFORMS
Txuxx
0.7¥¢c 0.7Vce
2706706
PRELIMINARY
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AC TESTING ANPUT, OUTPUT WAVEFORMS

AUTOMOTIVE 8XC196KB

FLOAT WAVEFORMS

2.4

-

2.0 2.0
Xo.a> TEST POWTS < 0.8

e

0.45
270679-7

AG Testing nputs are driven at 2.4V for logic *1” and 0.45V for a
*0". Timing ressurements are made &t 2.0V for a logic “1”

fogic
and 0.8V for loglc “0”,

VLoAD*0-15V Vou=0-15V
v TIMING “REFERENCE
Loap = bONTs  m
Vioap=0-15V oL #0.15V
270679-8

For #ming purposes a port pin is no longer floating when a 100
mV change from load voltage occurs and bagins to fioat when a
100 mV changs from the loading Von/Vor level occurs loy /lon

[

£ 15 mA.
: Conditi Signats:
ons:
[EXPLANATION OF AC SYMBOLS Conditio Sgrebs
Each symbol is two pairs of letters prefixed by “t” for '\',: b‘;’;iv / é':g'ffom cv:%ﬁn- W/ W

}ime. The characters in a pair indicate a signg! and
tits condition, respectively. Symbols represent the

ftime between the two signal/condition points.

SERIAL PORT TIMING—SHIFT REGISTER MODE
Test Conditions: To= —40°C to +125°C; Voo = 5.0V +10%; Vss = 0.0V; Load Capacitance = 80 pF

X— No Longer Valid D—Data
G—Buswidth Y— Ready.

Z— Floating

X— XTAU1

AC CHARACTERISTICS—SERIAL PORT—SHIFT REGISTER MODE

i

F

L]

¢

N

¥

§

f Symbol Parameter Min Max Unit

! txix  |Serial Port Glock Period®) 6 Tosc/4 Tosc ns

E TxixH |Serial Port Clock Falling Edge 4 Tosc—50/2 Tosc—5014 Togg+50/2 Togc—50( ns

x to Rising Edge(9)

; Tavxd | Output Data Setup to Clock Rising Edge 2Tosc—50 ns

! Tyxnax |Output Data Hold after Clock Rising Edge 2Tosc—50 ns

Txnqv | Next Output Data Valid 2Tosc+50 ns

. after Clock Rising Edge

{ {TovxH |Input Data Setup to Clock Rising Edge Tosc+50 ns
41 TxHox8) | Input Data Hold after Clock Rising Edge 0 ns

. {MTx1qz®|Last Clock Rising to Output Float Tosc ns

1

+ NOTES:

} 8. Parameter not tested.

5 9. Baud Rate Register > 8002H/Baud Rate Register = 8001H.

| 3

]

i

L3

f

L]
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§

E

3
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A to D CHARACTERISTICS

T

Thera are two modes of A/D operation: with and
without clock prescaler. The modes are shown in the
tabls below. In mode 2, with the clock presca!er dis-
abled the maximum XTAL1 frequency is 8.0 MHz.
Accuracy will degrade at higher frequencies in this
‘mode. The frequency divider option is provided to
obtain higher accuracy outside of the currently spec-
ified operating conditions.

§

T

-

intgl.

The converter is ratiometric, so the absolute accura-
cy Is directly dependent on the accuracy and stability
of Vrer. VRer must be close to Vg since it supplies
both the resister ladder and the digital section of the

converter.

>

A/D Converter Specifications

The spacifications given below assume adherence
to the operating conditions section of this data
sheet. Testing is performed in mode 2 with Vper =
5.12V and 8 MHz operating clock frequency.

, WAVEFORM—SERIAL PORT—SHIFT REGISTER MODE

:ﬁR'AL PORT WAVEFORM—SHIFT REGISTER MODE N
| [T e e
L L L L T U_ N U_
Tavxn—1 l" I T l" "xnovl‘"l I"Txuox Tz~ l‘
(0'3% D GEED D G D G D

A [
o0 @-@-@-@-@-@-@-@

Clock Prescaler ON Clock Prescaler OFF
10C24 =0 10C24 = 1
Mode 1— 158 States for Execution | Mode 2— 91 States for Execution
26.33 ps @ 12MHz 22.75 ps @ 8 MHz (Maximum)

%

NOTE:

E
?
1
|
|
|

i o T i e

T genATm W v,

14
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10C2.3 = 0, The No Sample and Hold feature is not available on the 8XG196KB device.
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\ Parameter Typical*(1) Minimum Maximum Units**
Resolution 512 1024 Level
9 10 . Bits
Absolutg Error 0 +6 LSBs
Full Scale Error 0.25 £0.5 LSBs
Zero Offset Error —0.25 £0.5 LSBs
Non-Linearity 15+ 25 0 +4 LSBs
Ditferential Non-Linearity >—1 +2 LSBs
" Channekto-Channel Matching +0.1 0 +1 LSBs
Repeatabitity +0.25 LSBs(1)
Temperature Coefficients:
Dffset 0.009 " LSB/C(1)
Fult Scale 0.009 Lsa/c(1)
Ditferential Non-Linearity 0.009 LsB/c(l)
Off Isolation —60 dB(1,2,4)
Feedthrough -60 ds(1.2)
Vcc Power Supply Rejection —-60 ds(1.2)
Input Resistance 1K 5K o
DC Input Leakage 0 3 pA
Sample Time (Prescaler on/off) 15/8 States (3}
Input Capacitance 3 pF
NOTES:

*These values are expected for most parts at 25°C but are not tested or guaranteed.

**An “LSB", as used here, has a value of approximately 5 mV. (See Automotive Handbook, for A/D glossary of terms.
1. These values are not tested in production and are based on theoretical estimates and/or laboratory test.

120G to0 100 KHz.

3. One state = 125 ns @ 16 MHz; 333 ns @ 6 MHz.
4. Multiplexer Break-Before-Make Guaranteed.

80C196KB FUNCTIONAL DEVIATIONS
The 80C{196KB has the following problems.

1. The HSI unit has two errata: one dealing with res-
olution and the other with first entries into the

FIFO.

The HSI resolution is 9 states instead of 8 states.
Events on the same line may be lost if they occur

faster than once every 9 state times.

There is a mismatch between the 9 state time HSI
resolution and the 8 state time timer. This causes
one time valus to be unused every 9 timer counts.
Events may recsive a time-tag one count later
than expected because of this *skipped” time val-

ue.

PRELIMINARY

It the first two events into an empty” FIFO (not
including the Holding Register) occur in the same
intemnal phase, both ars recorded with one time-
tag. Otherwisa, if the second event occurs within
9 states after the first, its time-tag is one count
later than the first's. If this is the *'skipped” time
value, the second event’s time-tag is 2 counts lat-
er than the first’s.
If the FIFO and Holding Register are empty, the
first event will transfer into the Holding Register
after 8 state times, leaving the FIFO empty again.
If the second event occurs after this time, it will
act as a new first event into an empty FIFO.
2. It an A/D conversion in progress is aborted by
starting a new A/D conversion, results of the sec-
ond conversion may be inaccurate.

15



UTOMOTIVE 8XC196KB

et i T

The work-around is to walit for the conversion in
progress to finish before starting the second con-
version. Polling or an interrupt wili detect the con-
version completion.

. If the unsigned divide instruction (word or byte) is
in the queue as HOLD or READY is asserted, the
result may be incomect. TechBit (MC1791).
(B-step only.}

el R R X Y R

DIFFERENCES BETWEEN THE
80C196KA AND THE 80C196KB

‘The 8XC186KB is ldentical to BXC196KA except for

the following differences.

u1. ALE is high after reset on the 80C196KB instead
of low as on the BOC196KA.

2. The DJNZW instruction is not guaranteed to work
} on the 80C196KB. (A-step only.)
13. The HOLD/HLDA bus protocol is available on the
3 BOC196KB.

éCONVERTING FROM OTHER 8096BH
'FAMILY PRODUCTS TO THE
800196KB

» The following list of suggestions for designing an
! 809XBH systern will yield a design that is easily con-
t verted to the B0OC196KB.

f 1. Do not base critical timing loops on instruction or
! peripheral execution times.

| 2. Use equate statements to set all timing parame-
i ters, including the baud rate.

8. Do not base hardware timings on CLKOUT or
} XTAL1. The timings of the B0C196KB are differ-
g ont thah those of the 8X9XBH, but they will func-

tion with standard ROM/EPROM/Peripheral type
s memory systems.

o

IR et g v
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4. Make sure all inputs are tied high or low and not
left floating.

5. Indexed and indirect operations refative to the
stack pointer (SP) work. differently on the
80C196KB than on the B096BH. On the 8096BH,
the address is calculated based on the un-updat-
ed version of the stack pointer. The 80C196KB
uses the updated version. The offset for POP[SP}
and POP nn[SP] instructions may need to be
changed by a count of 2.

6. The Vpp pin on the 8096BH has changed to a
Vss pin on the 80C196KB.

ey
-, NS >

OTHER DESIGN CONSIDERATIONS

(KB B-0 to KB C-1)

1. The NM! pin on the KB ROM (C-1) has a.weak
pulidown. ljy; ax is 100 uA. The KB ROM (B-0)
did not have a pulldown on NMi. If KB ROM (B-0)
designs have NMI tied to Vg, the NMI pin must
be tied to Vgg. If NMI is tied to Vgg or is floating,
it is okay.

2. The ALE, RD, and INST pins on the KB ROM
(C-1) have-stronger puilups during RESET than
on the KB ROM (B-0). j 1 is —7 mA on the KB
ROM (C-1) compared to —1.2 mA on the KB
ROM (B-0). Designs which pull these pins low to
enter ONCE mode must have strong enough pull-
downs to overcome the pullups.

3. Pin on the PLCC package on the KB ROM (B-0)
was the CDE pin. That function did not work so
the pin was assigned to Vgg. On the KB ROM
(C-1) this pin is tied directly to Vgs on the device
and MUST be tied to Vgg extemnally.

4. Several AC/DC specifications have changed:
(See Data Sheet Revision History; review them

carefully.)

PRELIMINARY I
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iDATA SHEET REVISION HISTORY

I

,This is the -005 revision of the 8XC196KB data
sheet and is valid for devices marked with a “F” or
+'G" at the end of the topside tracking number. The
following differences exist between the -004 revision
and the -005 revision:

W, All performance related data is now quoted at

i

v 16 MHz. The maximum clock rate has changed
[ from 12 MHz to-16 MHz

. Max power dissipation changes from 0.43W to
1.5W.

loc max has changed from 60 mA to 70 mA.

. lgg typlcal has changed from 40 mA to 50 mA.

. Iper typical has changed from 1 mA to 2 mA.

. lipLe has changed from 25 mA to 35 mA.

Viz min has changed from 2.4V to 2.5V.

Vou1 test condition for Vog — 0.3V has changed
from —7 pAta —15 pA.

. It has changed from —650 pA to —800 pA.
"10. h1 has changed from —1.2 mA to —9 mA.
"11. Iy now only applies to ALE, RD and INST.
112 Rpst max has changed from 100 KQ to 50 KQ.

i13. Added spec for RESET pin hysteresis and IjLa
for WR, P2.0, and BHE.

.14. Tayyv has changed from 2 Togc — 85 ns to
2Tosc — 75 ns.

i
+15. T yv has changed from Togc — 72 ns to Tosc
} - 60ns

+16. Taygy has changed from 2 Togc — 85 ns to
t 2Tosc — 75 ns.

£17. Taypv has changed from 3 Togc — 65 ns to
E 3 Tosc — 55 ns.

¢ 18. Fxtar max has changed from 12 MHz to
~ 16 MHz.

E19. Tosc min has changed from 83 ns to 62.5 ns.
20. TxncH min has changed from 40 ns to 20 ns.

N

or B -So-:--u..
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[
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21.

22,

23.

24,

25.

26.

27.
28.

29.

30.

31.

32,

33.

34.

35.

36.

37.

AUTOMOTIVE 8XC196KB

Z -

TeLLH min/max has changed from —5ns/15 ns
to —10 ns/10 ns.

TuHL min/max has changed from Tosc
+12nsto Togc £10ns.

TawviL has changed from Tosg — 20 nsto Tosc
— 30 ns.

TLLr has changed from Togg — 40 ns to Tose
— 35ns.

TRLcL min/max has changed from 5§ ns/30 ns
to 4 ns/25 ns.

TrLry has changed from Togc — 5 ns to Tosc
- 10 ns.

Triaz has changed from 12 ns to 5 ns.
TcHwH min/max has changed-from —10 ns/
10 ns to —5 ns/15 ns.

TwiwH min/max has changed from Tosc *
30nsto Tosg — 15 ns.

TwHax has changed from Tosc — 10 ns to
Tosc — 15 ns.

TwHH min/max has changed from Togg —
10ns/Tosc + 15nsto Togsg — 20ns/Tosc +
10 ns.

TwhHex has changed from Togsg — 10 ns to
Tosc — 15ns.

TwHax has changed from Tosc — 50 ns to
Tosc — 30 ns.

Tryax has changed from Tosc — 50 ns to
Tosc — 25 ns.

Functional deviation number 1 has been re-
moved (DJWZ is now functional).

Functional deviation number 3 has been re-
moved (SIO framing flag now works correctly).

Functional deviation number 5 has been re-
moved (SIO Ri now correctly generated).

. Functional deviation number 8 has been cor-

rected. The divide during HOLD bug has been
fixed.

. The section *'Other Design Considerations KB,

B-0 to KB C-1" has been added.

17



MOTDROLA Order this document
SEMICONDUCTOR TECHNICAL DATA by H11L1/D

&NE 600 ®®
& : X *
VDE ut CSA SETlI | SEMKO | DEMKO | NEMKO | BABT H 1 1 L 1
[IF(on) = 1.6 mA Max]
[ ]
6-Pin DIP Optoisolators H11L2
- {IF(on) = 10 mA Max]
LOg Ic OUtput ‘Motorola Preferred Device
The H11L1 and H11L2 have a gallium arsenide IRED optically coupled to a
high—spbéd integrated detector with Schmitt trigger output. Designed for
applications requiring electrical isolation, fast response time, noise immunity STYLE 5PLASTIC
and digital fogic compatibility.
. Guar?nteed Switching Times — tgn, toff < 4 4s
e Built-in On/Off Threshold Hysteresis Q
« High Data Rate, 1 MHz Typical (NR2) ‘ﬂ
» Widd Supply Voltage Capability 1
e Microprocessor Compatible Drive STANDARD THRU HOLE
o 7o ofrder devices that are tested and marked per VDE 0884 requirements, the CASE 730A-04
suffix "V” must be included at end of part number. VDE 0884 is a test option.
Applications
* Interfacing Computer Terminals to Peripheral Equipment SCHEMATIC
+ Digital Control of Power Supplies )
o Line iReceiver — Eliminates Noise ’ - 6
» Digital Control of Motors and Other Servo Machine Applications | ]
« Logi to Logic Isolator 2 —Ho5
« Logit Level Shifter — Couples TTL to CMOS 3°_=: o,
MAXIMUM RATINGS (T = 25°C unless otherwise noted) -
: Ratin Symbol Value Unit
[ - 9 ] y l [ l PIN 1. ANODE
INPUT LED 2. CATHODE
ReversLS Voltage VR 6 Volts 3. NC
Forward Current — Continuous I 60 mA & 835:,‘[%.0 LLECTOR
. ~— Peak 1.2 Amp
Pulse Width = 300 ps, 2% Duty Cycle : 3"0
LED Power Dissipation @ Tp = 25°C Pp 120 mw »ee
Derate above 25°C 1.41 mwW/°C
OUTPUT DETECTOR ”
Outptit Voltage Range Vo 0-16 Volts
Supply)/ohage Range Vce 3-16 Volts
Output Current ) 50 mA
Detector Power Dissipation @ Ta = 25°C Pp 180 mW
De{ate above 25°C 1.76 mwW/°C
TOTAL DEVICE
Total Device Dissipation @ Ta = 25°C Pp 250 mwW
Deyate above 25°C 2.94 mW/°C
Maxifnum Operating Temperature(2) TA -4010+85 °C
Storage Temperature Range(2) Tstg | ~551t0+150 °C
Sold?ring Temperature (10 s) TL 260 °C
Jsolation Surge Voitage Viso 7500 Vac(pk)
(Pk ac Voltage, 60 Hz, 1 Second Duration)1)
1. Isolation surge voltage is an intemal device dielectric breakdown rating.
For this test, Pins 1 and 2 are common, and Pins 4, § and 6 are common.
2. Reér to Quality and Reliability Section in Opto Data Book for information on test conditions.
Proterrad devices are Motorola recommended choices for future use and best overall vakie.
GlobalOploisolator is a trademark of Motorola, inc.
REV 1 ey
- @) MOTOROLA

® Maforola, Inc. 1995



L
H11L1 H11L2

s -ELE?TR!CAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)(1)

[ Characteristic symbol | Min Typ(1) Max | unit |
INPUT LED
Reverse Leakage Current (VR =3 V, R = 1 MQ) IR - 0.05 10 A
| Forvard Voltage (I = 10 mA) VE — 12 15 Volts
: (IF=0.3 mA) 0.75 0.95 -
| Cepacitance (VR=0QV, =1 MHz) C — 18 — pF
OUTPUT DETECTOR
Opérating Votiage Vce 3 — 15 Volts
Sugply Current (Ip = 0, Vo =5 V) icc(of) — 1 5 mA
Ouf!Jui Current, High (IF =0, VoG = Vo = 15 V) 10H — — 100 HA
COUPLED
Supply Current (IF = IF(on), VGG =5 V) IcC(on) — 16 5 mA
Ou@ut Voltage, Low (RL=270Q, Vcc=5V.lF= lf:(on)) VoL — 0.2 0.4 Voits
Threshoid Current, ON H11L1 IF(on) — 12 | 16 mA
(RL=270Q,Vcc=5V) H11L2 - - 10
Threshold Current, OFF H11L1 IF(off) 0.3 0.75 — mA
(RL=270Q, Vg =5V) H11L2 0.3 - -
Hyf’leresis Ratio (R =270 Q,Vog =5 V) IF(of) 0.5 0.75 0.9
i ) IF(on)
Isofation Voltage(2) 60 Hz, AC Peak, 1 second, T = 25°C Viso 7500 — - Vac(pk)
Tum=On Time ton — 1.2 4 ps
o . Ry =270 Q(3)
Fall Time Vog=5V., i — 0.1 —
Tum-Off Time IF =IF(on) toff — 12 4
— Ta =25°C
Ris Thme t, — 0.1 —

1{ Always design fo the specified minimum/maximum electrical imits (where applicable).
2;For this test, IRED Pins 1 and 2 are common and Output Gate Pins 4, 5, 8 are common.

3-;RL value effect on switching time is negligible.

3

b =14=0.01ps
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Figure 1. Switching Test Clrcuit
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TYPICAL CHARACTERISTICS
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Figure 5. Output Voltage, Low versus Load Current
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Figure 2. Transfer Characteristics for H11L1
[=)
&
3
% 1.6
o /
E’ 1.4 /7
TURN ON THRESHOLD
- E 1.2 ~
e 3 pd
2
"1 TURN OFF THRESHOLD T 08 -
ol P11 1 2 // NORMALIZED TO
re < os Veg=5Y
IF NORMALZEDTO +—{ < MO
FomATVee=5V T & A
To=25°C . I
9 8 8 10 12 4 £ % -5 0 25 5 7 10
Voe, SUPPLY VOLTAGE (VOLTS) Ta, TEMPERATURE (°C)
Figure 3. Threshold Current versus Supply Voltage Figure 4. Thrashold Current versus Temperature
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M OTOROLA Order this document
SEMICONDUCTOR TECHNICAL DATA . ‘ by MGW12N120/D

K
L]

Désigner's™ Data Sheet
insulated Gate Bipolar Transistor MGW12N120

ore Matarola Preterred Device
N-Channel Enhancement-Mode Silicon Gate
.

This Insulated Gate Bipolar Transistor (IGBT) uses an advanced IGBT IN TO-247
termination scheme to provide an enhanced and reliable high 12 A @ 90°C
voltage—-blocking capability. Short circuit rated IGBT's are specifi- 20 A @ 25°C
cally buited for applications requiring a guaranteed short circuit 1200 VOLTS
witHstand time such as Motor Control Drives. Fast switching SHORT CIRCUIT RATED

characteristics result in efficient operation at high frequencies.

o Industry Standard High Power TO—247 Package with
ISolated Mounting Hole

* High Speed Eqff: 160 pJ/A typical at 125°C

« High Short Circuit Capability — 10 pis minimum

e Bobust High Voltage Termination

i c

~ pT— Ty
w

]

E
| ,
CASE 340F-03, Style 4
E TO-247AE
MAIXIMUM RATINGS (T = 25°C unless otherwise noted)

{ Rating Symbol Value Unit
Collector-Emitter Voliage ’ VCES 1200 vde
Collector-Gate Voliage (RGE = 1.0 MQ) VCGR 1200 vde
Gfaie—Emmer Voltage — Continuous VGE +20 Vde
Collector Current — Continuous @ Tg = 25°C lcas 20 Ade

— Continuous @ Tg =80°C Icgo 12

E‘ — Repetitive Pulsed Current (1) icMm 40 Apk
Tatal Power Dissipatior @ Tg = 25°C Pp 123 Watts

,Derate above 25°C 0.98 WG
0Peraﬁng and Storage Junction Temperature Range Ty Tstg ~-5510 150 °C
Short Circuit Withstand Time tee 10 us

.(VCC = 720 Vde, VGE =15 Vde, Ty = 125°C, Rg =209)

Thermal Resisiance — Junction to Case — IGBT Rgyc 1.0 °CwW

¢ — Junction to Ambient RagaA 45
Maximum Lead Temperature for Soldering Purposes, 1/8” from case for 5 seconds TL 260 “C
Mounting Torque, 6-32 or M3 screw 10 Ibfsin (1.13 Nem)

(1) Pulse width is limited by maximum junction temperature. Repetitive rating.

Deslgner's Data for “Worst Cass” Conditions — The Designer's Data Sheet permits the design of most circuits entiraly from the information presented. SOA Limit
curvps — representing boundaries on device characteristics — are given to facilitate “worst case” design.

Pm(lund devices are Moatorola recommendad choices for future use and best overall value.

}
t

REV 1

G v @ MOTOROLA

[]
© Mgtorola, Inc. 1996
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MGW12N120

b ELE%TR!CAL CHARACTERISTICS (T, = 25°C unless otherwise noted)

]
[ , Characteristic J Symbol [ Min l Tvp | Max ] Unit ]
OFF GHARACTERISTICS .

Colléétor-to—Emitter Breakdown Voltage BVGES Vde
(VGE = 0 Vdc, I = 25 pAde) 1200 — —
Témperature Coefficient (Positive) — 870 — mv/°C

Emitter—to-Collector Breakdown Voltage (Vgg = 0 Vdc, Igc = 100 mAdc) BVEcs 25 — —_ Vde

i

Zerg Gate Vohiage Collector Current IcES pAde
(VGE = 1200 Vde, VGE = 0 Vdc) - - 100
(VCE = 1200 Vde, VGE =0 Vde, T, = 125°C) — — 2500

Gate—Body Leakage Cument (VGE = % 20 Vde, VoE = 0 Vdc) lges — —_— 250 nAdc

ON CHARACTERISTICS (1)

Colfector-to-Emitter On-State Voltage VGE(on) vde
(YGE = 15 Vdc, I¢ = 5.0 Adc) - 2,51 3.37
(VGE = 15 Vdc, IG = 5.0 Ade, T = 125°C) - 2.3 —

{VGE = 15 Vdg, I = 10 Adc) — 3.21 4.42
, :
Gate Threshold Voltage VGE(th) Vde
(VCE = VGE, Ic = 1.0 mAdc) 4.0 6.0 8.0
| Threshold Temperature Coefficient (Negative) —_ 10 — mv/°C
(Y
Forward Transconductance (VCE = 10 Vdc, Ig = 10 Adc) gfe — 12 - Mhos
DYNAMIC CHARACTERISTICS
lnpgn Capacitance Cies - 930 — pF
- - VCE =25 Vde, Ve =0 Vdc,
Output Capachiance (Vce 10 MEZE) Coes — 126 —_
Tra;mfer Capacitance Cres — 16 —
SWITCHING CHARACTERISTICS (1)
Tur:n—On Delay Time td(on) — 74 — ns
Rige Time {Vee = 720 Vde, I = 10 Adc, tr - a3 -
T VGE = 15 Vde, L = 300 pH _ .

Tum-Off Delay Time Rg =20Q, T, =25°C) td(off) ‘ 76

Faf Time Energy losses include "tail" t —_ 231 —_

TuEnTOff Switching Loss ’ Eoff — 0.55 1.33 mJ

TuEn—On Delay Time . td(on) — 66 —_ ns

Rige Time (Vce = 720 Vde, Ig = 10 Ade, tr — 87 —

. VGE = 15 Vdg, L = 300 pH — .

Tu‘?n—Off Delay Time Rg=20Q, T = 125°C) td(off) 120

Fa? Time Energy losses include “tail” ¥ -_ 5§75 -

Tuim-Off Switching Loss Eott — 1.49 — md,

Gate Charge Qr —_ 31 — nC

(Voo =720 Vde, I = 10 Ade, Q — 13 —
E VGE = 15 Vdc) 1
E Qo — 14 -
INTERNAL PACKAGE INDUCTANCE

lmfemal Emitter Inductance LE nH

{Measured from the emitter lead 0.25” from package to emitter bond pad) — 13 —

(1) Pulse Test: Pulse Width <300 ps, Duty Cydle < 2%.

Motorola TMOS Power MOSFET Transistor Device Data
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4 .
{ MGW12N120
; TYPICAL ELECTRICAL CHARACTERISTICS
F
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E Figure 1. Output Characteristics, Tj = 25°C Figure 2. Output Characteristics, Ty = 125°C
; —
[} w
24 T T T g 3.8 ]’ l
i + Vce=10V > LT
T 1| 250us PULSEWIDTH / u 36 » =104
z ! 5 34 v
7 o
2l A z 32
= i A 75A ~~
5 : 7 E s0pA
o e _ Ty=125°C—#4 3 1
S ,// .é 2.8 p
2 LY oo & 26 ™
o vg 25°C s > 5A ~
2 ! 5 . ™~
C § 4 g 24
(&
o s 8 22~ Z%Ep: PULSE WIDTH
> >
0 I Ry Wtativas
r 5 7 g 1 13 15 = -50 0 50 100 150
! VGE, GATE-TO-EMITTER VOLTAGE (VOLTS) T, JUNCTION TEMPERATURE (°C)
£
§ Figure 3. Transfer Characteristics Figure 4. Collector-to-Emitter Saturation
Volitage versus Junction Temperature
1600 o 16 T
g N ; =
B
N\ (= !
g 200 N - § 12 Y s |/
by el Cies § Qy Q2
g z
E ‘a0 E 8
210 |
S i b\ e /
o AN ol /
400 N = 4
{ Coes S / Ty =25°
' N — ul Ic=10A -
' O—Clres P~ — = 0 VGE=15V
. 0 5 10 15 20 25 0 5 10 15 20 25 30 35
. GATE-TO-EMITTER OR COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) Qg. TOTAL GATE CHARGE (nC}
A
: Flgure 5. Capacitance Variation Figure 6. Gate—~to—Emitter Voitage versus
: Total Charge
£
1
¥
L
{
—
otorola TMOS Power MOSFET Transistor Device Data 3



4

u&?w 2N120

TOTAL SWITCHING ENERGY LOSSES {mJ)

TOTAL SWITCHING ENERGY LOSSES (mJ)
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Figure 9. Total Switching Losses versus
Collector-to—Emitter Current
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Figure 8. Total Switching Losses versus
Case Temperature
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Figure 10. Maximum Forward Drop versus
Instantaneous Fotward Current

100

— VGg=15V

[~ Rge=200Q

Ic, COLLECTOR-TQ-EMITTER CURRENT (A)

[~ Ty<125°C

0.1 Ll L L1t}

1 10

100 1000 10000

VCE: COLLECTOR-TO-EMITTER VOLTAGE (VOLTS)

Figure 11. Reverse Bilased
Safe Operating Area

P B

Motorola TMOS Power MOSFET Transistor Device Data



15
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