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Abstract

This project presents on principle of controlled speed 3-¢ induction motor by variable voltage
and variable frequency at constant ratio of voltage to frequency. The pulse width modulation
(PWM) signals are created by microprocessor No. 8031 in MCS-51 family from regulating
patterns and then producing those this pattern can reject the low-harmonic in the output voltage of
PWM inverter. After that, the PWM signals are transferred to gate drive power mosfets in inverter
circuit. Finally, the signals from inverter circuit are used for adjusting the speed of induction
motor.

In the last of thesis is test of property and drive of inverter which the result is compatible to

it’s thesis.
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o o a wa 4 o) 1 (] @
nosimed luneialdreesianlnd (Dead Time) Wudmswlumsilosiu
v d‘:ly v - A Ao a d a o o 1 o’: 3 d”
lmiu‘ﬂuﬂx‘UﬂﬂﬂTJLWUQ?fuﬂWﬂUUﬁ?!ﬂu (PWM) 9ULIDSINBTINIUHY VNNLWT\ST’N
3 yd a o o 4 o a o E @ [
msfnwnsaiiiiumsadisduneswesuuRuguvssficuududy  Felaoialuee lutden

[N d *d a S d Ay A ' a Aov a d .
l‘lfﬂul'mimﬁ)i‘lmﬂ 6-Step NNHINTICNUBAININANYUANAVUAUDY

[ o d
Nuuaududuresines (PWM Inverter)
o a d a o o [l Y a d q4 a
Tassadvesfiduudududunesines ludiuvewsduadsenauiso1sna
o o q ¥ @ Ada Loty A & ' o Al Y
wioeesidulaTeahIfussduvesddteniinned liorvmusonrunguuseiudd |
) ’q ¥ o Qs a’: a or I'd Y
uazitlumsanvuia LC Rames 1ddnas Aniunnwduazussiuemiynyeussduyagiu
[ = @ o A ) 1 = - = o =y
aunsanugy lasldmatnvesiduudidudsegludiuvesdunesines mailafiduuan
3 & qv o ¢ da @ /s o do w4 Y 1o e
wutiszMussruomyniliosdlsenoues luidaddududniovas  uaswuasvsans
o A' ;g [ q’: QR - = a' v s/ Yt L] d'
Ayl aniuddilgmivesmsgafovesmsaings udse e 1ddludwainm

o o q ¥ J a v A o
m 'wﬂﬂmsmwmuqmmaﬂﬂﬂgm NINITTINBUUDINDIA
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2.4.2 BUNBINB IUVVNWAINIUATZUE (Current Source Inverter)

o o a 4 o L 5

NIINAVBIBUNBTABTUVVUNAWIWATZUE (Current Source) uanelugil 2.10

L A dd a 4 4 [ a o

wilsznoy i niamesiSadvhomesiamnsonuguiaveusdlavinzeilidudn
o v [} M 1o o 3 19 & 1% v o 9
wosvialugdosynsuey ud Wlidunudszyasvueddan eadundsiionszualy
o a o o 2 9 1 9 a o o ) as
fudunesines  FududeunndnussTnseadian1ar9s0nsunefne SuuUS 00T Iy

] a s o a a S A o Y o =1 -
uazludmvesgadunesineiveil InsamesiNedhmihiniuguassuaiansonldou
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vosussruemymesiigUiadilndgllend  Guiludeuandranauuusiouseiuluses

4 ; o 1Y I'4 LYY I'4 A = o
voegnau) wenvnll ussAunAeynssduiaalln ennmsnouduands
waaelugdi 2.

Faudheidermnnosi ldnanudrdmiusunenineideunssud (Current
fed inverter) uAnBIiIdesIRABNINAAD FrennuSveduneTneiRTs0U SR ARy
dadaz lmuseauldluaniizg1$ vaa ms’\’mﬁﬂszuﬁTﬂaﬁadNﬁauﬁqﬂﬁﬂzm

Vet a a '3 [y dy Adda da o o o o

Tinmsasuiuanludurosines duazusna Tl vuIAveI R T AR B USALALS LazauR
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Uszguosmsnouluanozing ilddunesmesuuviisoudrefisimung msnevauss
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voulafniinoudrduazinn Tudeeidymvesmsladesnmii Inand
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3.1 uni
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HAUUDADUBUIB TN TIUBUND MO T FTANTINYBIB U NS UUUT OIS IAY
a ¢ & 4 ay o ¢ da & /v A du o 3 Y
Tasgunesineiuuute Idussduemnmniiosdisznouas luliaddududniosas o
1 {o o ¢ a 4 4 '
TFan1ddludmanuddnihldnesasudugs uazanilam mnsziouvomedn dau
a Y o Ao a d A Y] ) ¢ 4
matialumsahadyanuniduudududie 19 Microprocessor 11105 8031 Aszga 51 &9
[ J = o = a o 4
Wl lns Tswasesving 8 in vulludntugy Taesidaniegliuuvesdunesines

921435 SPWM Inverter (Sinusoidal Pulse Width Modulation)

3.2 madialumsaiadeyana PWM
o { 3 é y o o 4
doana PWM 719 cPU aretiuin Fwldlulasesomil yeddruesgiladu
(waveform) Ao

}
(1) 1cycle finanua 30 pulses.

@) SandusEng v/ wedhudadu (af)
T (el

(3) AMWDV04 input port A A 1TaYTua lARaud 15-99 Hz.

~ - 4

o [ { o
831915 set pattern 19 IAmilougaduves PAO - PAS fagilil 3.1 fee'ld

o A g o oy
tyiywmﬂamﬂwmmmv!wmimmmmi

deidgylumsatiegiladulugilyes PAO - PAS fie

(1) PA2 ieiflousy PAO Aoaviramu 120 sarm

(2) PA4 119910 PA2 (11 120 89eN

(3) PA1 N1 PAO 92ndU phase IHIALINY PA3 fiU PA2 Uag PAS 11 PA4 fivg
nauwanu

@) PAO - PA2 I8dsgtlanagalugilii 3.1 Fududyanaly 1wl

038539
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dypailifonlivenesizdoeszielutii Q voe phase v ## ON uaz Q,
°_ o ' o ] v o
fdese OFF vdsslimsmiswnan mnzminesueala liamnse oN-OFF 18et1eriu
~ o A o o a o = o Ag
ffula e ldliToma oN wientu dufia oN wleufusziRamsdnlensduidues
o a ,d o o a’: ' ] { a {

unseivisaes Insudilamiiife wldiu oFF viglusisfifansadouanizms
o ] g o [~ el &
191U Be9ziiluns OFF Frvmzitunarlif tsec. Taodang Softare

MIVGIWVDY pulses TunAnzg1vsudazme Wovhnsvneudanzuaaslddegy
- t o ] 4 1 1 o [] ] P=} [} [ o’;‘ 9
7 10 Tasmsuiadlu n 99 Felundazgaeeeiiaasdon 4 529 G 4 Sraden) Tanuaszdes

= ) A
184290
a o ' 1 4 g
(1) anzaInsveergesn 1 lufisife 158
@) Yoyoildadraunnivesrredenti 1
Y

(3) anzaIndvesrietesd 2 luitiae 208

@ doyailFadranarvesedosd 22

] v ¥
(5) anmzaInduesrietood 3 uiiiife 250
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(6) SoyanlFadrenavestasdont 3

v y ¥V
(N ez Ingvesrietesh 4 Wufitiae 2AH

®) doyanldasrunarnsstadonii 4

LA

PA(=+1}

714 3.2 uansg1/ndu Dead Time

-
-

‘o=t
0=g3

0ouLn101(1511)

00100101{251t).

001010012911

00LU1010 (2:A41
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o
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3.3 LAANFINVDY pulse
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; b4
=t ] * ar

o ' A o S & a a

g 1 munmvesgdadulanioed 30 939 asiufelimua 240 gn il
s o [ [ [V 1 = a A ¢ & 9
Yoya 240 ganmmsoaiedyin PWM 14 Taouaazyaezll 8 In vse 1 Tuv Geazdes

b4
14 RoM $1u2m 240 ga Wlddoyamaniuasluludumis 82011 - s2r00
3 a o o '
ieannzainggn Inandh 1y address §uoams1a g address fozfidoyana

1 a ° ¥ o [~ { o o e
Wlleg Bmsdrnnilesiifiiundanuidnansdunadoyamdii

117 3.4 uamsgndudygaves UV,W

317 3.4 uaaslWivuAdY fundamental ¥9IARY PWM 1a8N1559153187 DC U9

“

PAO, PA2, PA4 Tu31/% 3.1 19 voltage u,v,w ¥4 output terminal 494 Inverter 9% ldaums
L d

=4 M
JUAD

u = ACos[Mt]+A+B . (1)
v = ACos[t-(273)TT]+A+B  rorrreeereenns )
w = ACos[Dt+Q2AB)T]+A+B  ceereetreereeen, ?3)

Taoht A= Amplitude Y94 Sinewave Lwiﬂzﬁmmﬁwﬁmﬁummﬁ

'
Ao o do

- B = flusneii sxgnldifludoyafiduiusfuanudmioudu®
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M3nh 3.1 uaasdretedoyaildlumsadeanud

8201 | 15| 8221 | 15 | 8241 | 15 | 8261 | 15 [ 8281 | 15 [82A1| 15| 82C1 | 15 [ 82El | 15
8202 (OD| 8222 | 1 | 8242 | 8 [8262| 5 [8282( 2 [82A2|0D| 82C2 | 1 |82E2| 8
8203 |29 8223 | 29 | 8243 | 26 | 8263 | 26 | 8283 [ 1A | 82A3 | 1A | 82C3 | 1A | 82E3 | 29
8204 |2A1 8224 | 6 | 8244 | 23 [ 8264 [ 1A | 8284 | 11 | 82A4|2A | 82c4 | 6 |82E4 |23
8205 (25| 8225 | 25 | 8245 | 25 [ 8265 | 16 [ 8285 | 16 [82A5] 19 | 82C5 | 19 | 82E5( 19
8206 | 6 | 8226 | 2A | 8246 | 11 [ 8266 | 1A | 8286 | 23 | 82A6] 6 | 82C6 | 2A | 82E6 ) 11
8207 [2A] 8227 | 2A | 8247 | 2A | 8267 | 2A [ 8287 | 2A [ 82A7 | 2A | 82C7 | 2A | 82E7|2A
8208 | 1| 8228 [OD | 8248 | 2 | 8268 5 [8288| 8 [82A8| 1 | 82C8 | 0D | 82E8 | 2
8209 |15 8229 | 15 | 8249 | 15 | 8269 | 15 | 8289 | 15 | 82A9| 15 | 82C9 | 15 | 82E9 | 15
820A( 8 | 822A | 1 | 824A | OD [826A| 2 [828A| 5 [82AA] 8 |82CA | 1 |82EA|0OD
820B |29 | 822B | 26 | 824B | 26 | 826B | 26 | 828B | 1A [82AB| 1A | 82CB | 29 |82EB | 29
820C }23 | 822C | 6 | 824C | 2A [826C | 11 [828C | 1A |82AC| 23 | 82CC | 6 |82EC|2A
820D | 25| 822D | 25 | 824D | 25 (826D | 16 (828D | 16 [82AD| 19 | 82CD | 19 |82ED]| 19
820E (11| 822E | 2A | 824E | 6 [ 826E | 23 (828E | 1A [82AE| 11 | 82CE | 2A | 82EE] 6
820F |2A] 822F | 2A | 824F | 2A | 826F | 2A | 828F | 2A | 82AF | 2A | 82CF | 2A [ 82EF | 2A
8210 | 2| 8230 (OD | 8250 | 1 [8270| 8 [8290| 5 [82B0| 2 | 82D0 | OD | 82F0 | 1
8211 (15| 8231 | 15 | 8251 | 15 | 8271 | 15 | 8291 | 15 [ 82B1 | 15 | 82D1 | 15
8212 (5| 8232 | 2 | 8252 /0D (82721 1 [8292( 8 [82B2| 5 | 82p2 | 2
8213 129) 8233 | 26 | 8253 | 26 | 8273 { 26 | 8293 ] 1A [ 82B3 | 1A | 82D3 | 29
8214 |1A| 8234 | 11 | 8254 | 2A [ 8274 | 6 (8294 | 23 | 82B4| 1A | 82D4 | 11
8215 (25 8235 | 25 | 8255 | 16 [ 8275 | 16 | 8295 ( 16 [ 82B5| 19 | 82D5 | 19
8216 [1A| 8236 | 23 | 8256 | 6 | 8276 | 2A | 8296 | 11 | 82B6| 1A | 82D6 | 23
8217 (2A| 8237 | 2A | 8257 | 2A | 8277 | 2A | 8297-| 2A | 82B7 | ZA | 82D7 | 2A
8218 [ 5| 8238 | 8 [ 8258 | 1 |8278 | 0D 8298 | 2 [82B8| 5 | 82D8 | 8
8219 | 15] 8239 | 15 | 8259 | 15 | 8279 | 15 [ 8299 | 15 | 82B9| 15 | 82pD9 | 15
821A( 2 | 823A | 5 [825A | 8 |827A| 1 [829A| 0D |82BA| 2 [82DA| 5
821B [ 29| 823B | 26 | 825B | 26 [ 827B | 1A [829B | 1A |82BB| 1A | 82DB | 29
821C | 11| 823C [ 1A | 825C | 23 [827C| 6 [829C|2A |82BC/| 11 | 82DC | 1A
821D | 25| 823D | 25 | 825D | 16 | 827D | 16 (829D | 16 |82BD| 19 | 82DD | 19
821E (23| 823E | 1A | 825E | 11 | 827E | 2A {829E| 6 |82BE| 23 | 82DE | 1A
821F |2A| 823F [ 2A | 825F | 2A | 827F | 2A | 829F | 2A | 82BF [ 2A | 82DF | 2A
8220 | 8 | 8240 | 5 | 8260 8280 | OD [82A0( 1 [82CO| 8 | 82E0 | 5

2
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a ¢ o
nnaumsdeduezlFlumsiinneideyaiios i lumsadedyga PwM Tae

aseiin1sandetiede i
A=34
B=1
Mt=6°,18°,30°,42°,54°,........... ,342°,354° (uiiehag 12 vamm Fanua 30 19,

30 90 A9 $1UF Ve 1 laifa)

d' o ) o =1
135199 3.2 uaaelilsunsuniyn BASIC umsfiuanns1ag vesavs i
b 13
Tuaums 1-3 uenanilde lduaanasinnsAiuan uazadasedoyavesmsenud
v
aamo lail

\ﬂ,

#1519 3.2 uaas TUsunsun181 BASIC \

PWM NO KEISAN
10 FOR X=6 TO 354 STEP 12
20 Z=120%3.14159/180
30 Y=X*3.14159/180
40 D=7? (A1 Amplitude ¥99A7AL)
50 A=(D-1)/2
60 B=1
70 U=A*COS(Y) + A+ B
80 V=A*COS(Y-Z)+ A +B
90 W=A*COS(Y+Z) + A +B
100 PRINT X ; INT(U+0.5); INT(V+0.5); INT(W+0.5)
110 NEXT X
120 END

[ P ' 1 (SR o 1

(1) 9 =0 ~ 360 BIFN HUIFNAL 120 DIAT FIUAALTINSITINIYI AU

& ' ' (-3 ! | { o r A
NAANYBUUADT Y INISATUINAIYOY sinewave (611-.1‘]5'3\1‘71 1790 - 120 B9f11 RIUWHUING

4
AA9 AD 6 23711) ﬁwnmsum"lﬁ' 6 Tasunsu
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1 d { ‘é [:] L.
) uiadlu 6 Talsunsy Tdsunsui 1) uaasmsilSouiion uy,w Felidwuio

T 0o W 23 =1 d‘ é d‘ Y [
wv>w 759500aeves [Usunsy dwumsulSouisuvinaszaoulyl Feezipedsany

MsimuaRUIIveE9gey Huds Tsunsuf (1) uwv>w VHUIAYDY pulse TTANBUA

{ a ¢ ] v { ' | Y ' ] { ) Ve
U7 3.3 unzannisaIng vesyaedesi 1 fiawiidy 15H , $rdesit 2 finuidy 29H |

¥39808h 3 UAUMAY 25H , ¥298089 4 Hauviny 2AH dmsu11sunsy block 11 2 9gildn

15H, 26H, 25H, 2AH audau

[ ] ] A
@) jUeFueiimsfmuinnunaivestisdes Taahvanugaei 2 Tasluni

AR deadtime 1@UIN1VBIEIN 4 I3 IUNYINVI HATINVBUBVNIAIVDIFERET 1 - 4

32U NIAUAT Amplitude

v (4) mmﬂmumaﬁaga%ﬂﬁ 1 vzosueldaene' s
ADDRESS DATA
8211 15 ; @1 switch YT 1
8212 05 ; PYNAYDITIWOUT 1
8213 29 ; @AY switch YOI¥29T 2
8214 1A ; YNV GOUT 2
8215 25 ; AN switch YBIFNT 3
8216 1A ; YNNG 3
8217 2A; AATE switch YBIT9T 4
8218 05 ; UNAYBITITOLT 4

]
A o

\

y v
(Y

& ¢ ] o !
ievinaguiinds deya 8 lusibyte) Arzgaiinnly sistiloannldTnmsade pulse

VoA o o | { -] J o @
vo332149 1 Tuihueadeaiu msedeyavesdaed 2 - 30 fezgnasieiu'ld Taserdondn

1T MIASNUBINTT TN 3.3
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A15199 3.3 LAAIAI9E14 Pattern 499198171 19114115 ON-OFF 984 Power Mosfet

Block No.| %3¢ | 8361 | A1910MIAMS | 10U1301v8992300Y An13e Switching A 14 umsAmus
U VW[ 1| 23] 4 oupuuaznsaSouiiounves U,v,w
1|6 [8]27 10|96 s |1 UsV>W 4

2| 18 | 87 |36 |12 |12 |51 |24 3 00010101=15H

1 313 (84 [45| 6 (6 |39]39] 6 00101001=29H

4| 42 | 78 |54 3 | 3 | 24|51 12 00100101=25H

54 |16 | 1| 1|8 |6l 19 00101010=2AH
6 166 |63 |71 | 1| 1|8 |62]19 V>UsW

71 78 | 5478 3|3 |2a]51] 12 00010101=15H

2 8] 9 |45 | 8 | 6 | 6 | 39|39 ]| 6 00100110=26H

910236 |8 |12 12|51 [24] 3 00100101=25H

10114 | 27 (8 (19|19 (62| 8 | 1 00101010=2AH
11126 | 198 | 271962 8 | 1 V>W>U

12| 138 | 12 [ 87 [ 36| 12|51 (24| 3 00010101=15H

3 13150 6 |8 [45 | 6 {3939 6 00100110=26H

14162 3 [ 78 (54| 3 (24|51 ] 12 00010110=16H

15|74 | 1 |71 |6 | 1| 8 |62]19 00101010=2AH
16|18 | 1 {63 | 71| 1| 8 {62]19 W>V>U

171198 3 [ 54178 | 3 |24 |51 ] 12 00010101=15H

4 18210 6 | 45| 8 | 6 | 39|39 6 00011010=1AH

1922212 |36 | 87| 12|51 |24 3 00010110=16H

20234 | 19 | 27 |89 |19 62| 8 | 1 00101010=2AH
211246 | 27 | 19 [ 890 | 19 | 62 | 8 | 1 W>UsV

22| 258 [ 36 | 12 | 87 {12 | 51 | 24 | 3 00010101=15H

5 23270 { 45 | 6 | 84 | 6 | 39 [ 39| 6 00011010=1AH

241282 | 54| 3 [ 718 3 |24 |51 12 00011001=19H

25294 63 | 1 |71 ] 1| 8 |6 19 00101010=2AH
26306 (71 (1 {6 | 1| 8 |62] 19 U>W>V

271318 | 78 | 3 |54 | 3 | 24| 51| 12 00010101=15H

6 2833 (84 | 6 | 45| 6 | 39|39 ] 6 00101001=29H

29| 342 | 87 | 12 |36 | 12 | 51 | 24 | 3 00011001=19H

300354 [ 89 |19 |27 {19 ]| 62| 8 | 1 00101010=2AH
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3.2.1 Voltage Vector Rotation °lugilmmmﬁﬁ
o ey é = <
AIUAAY Voltage Vector Rotation Iujimsseuda Fudlumainiildluns
° o v a day y
AN UA Switching sequences 191u Voltage Source Inverter matailldanuazanlumsly

o @ 0=y A =y L L I y
Amuaianazmsaing Fuiuluawiouvesmsnyuuans lddedred1ede 1o

—
i 4
—E— ls' J>~ S~[—_©
by o] O
|
[/ I | D
H ’ C

Three -phase
a.c. motor

T W
Ss, __S_JL_S_,J m;\@\
A A

! v

IEK :1:< JLJI lw

L/ a{\' JL

Tr. Tr. '/ .
& :’1\ 2 Ddta St.xr )
i : connection connection

] 4 a Jda
110 3.5 uaasTasaardeiuginues 3 ausad Sunesines
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a S 1 a 4 et a J4A 1 a ¢ 14
1ng1lil 3.5 vwudBunesinesll 3 ang fie S1, S2 uaz S3 uazusazaINToLN

1 4 3/ [ 4 L 4 E 4
Y2170 n3edIay fegivauan (ON) 51 Ifanziuiiu 1 unzvray (OFF) 511 an1e

q’: o (Y n’; v as a do y
Ty 0 muuﬁﬁeﬁﬁmaztmnmqnu 8 ﬁﬂ']')g‘llﬂ\iﬂ'liﬁﬁﬂ‘lfﬂ\iﬁ

St S2 S3
(D 0 0 0
) 0 0 1
3) 0 1 1
“4) 0 1 0
&) 1 1 0
6 1 0 0
(7 1 0 1
® 1 1 1

M3 8 annzi anzusnfvanzgaie ez lildnssualvadhg
semed dufunts 3 44 U, V, W fia agj“luﬁm'azafa Voltage 178311 (GND 430 E) 399114
HRIIMYEY Voltage naneilugud dau 6 anmzmsainsfindefuanslumseanse
$10 Voltage ithgivesueine? fauaslugyi 3.6

nmfusesfinsenisngid Voltage Vector Rotation 91nlugilfi 3.6 15119unu
31if fip U, v, W dmsudnmizmsaing s1, $2 uag $3 audidy dauaaslugildi 3.7

FuMTINTHuAnaeiy 8 an1g aunse plot luTneedAMa (000) uag (111)
wamedarna s s iMAee 6 uanadaraenan JATIABIAGIAATEY Cube
VAL 1 miae drfirmeveadulsziidhuga 000) uag (111) Tugyl (@) fee 145U

waaalugy (b)
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- (:li
| ek F=
! 2y I v
‘ /n:n'.n !NH
V% \

' |
TNY
Uty i
(HM

(b)

(i

U7 3.7 (a) Binary States v03g1nsalaindnuansluunu 3 i@
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MANUIN N,

Tdsunsunanlumsldau

DPL: EQU 82H

DPH: EQU 83H
STACK: EQU 81H
PORTA: EQU OFCO0H
PORTB: LEQU OFCOIH
PORTC: EQU OFC02H
PORTP: EQU OFCO3H

R7: EQU 07H

3k i 3k e e s e ok o ok o 3t e e 3 PROGRAM CON"]‘RQL SPEED MOTOR e 2404 e o e N e afe g e oheofe ot ke

ORG 8100H
MOV STACK #30H
MOV DPTR #PORTP
MOVX  A#82H
MOV @DPTR A
MOV R7 #00H
MOV DPTR #8201H
MOV RO #00H
MOV RO#04H
MOV R1#05H

MAIN: MOV RS #1EH

LOOP: MOV A #00H
MOVC A @A+DPTR
XCH ARG

ANL ARG



E2

DELAY:

DELAY1:

PUSH DPL
PUSH DPH

MOV DPTR #PORTA

MOVX  @DPTR,A
MOV ARG

MOVX  @DPTR,A

POP DPH
POP DPL
INC DPTR
MOV A @O0H

MOVC A @A+DPTR

DEC A
INZ DELAY
INC DPTR
DINZ  RO,LOOP
MOV  RO#04H
PUSH DPL
MOV  DPL,#0FH
MOV  A#OH
MOVC A@A+DPTR
DEC A
JNZ  DELAYI
POP DPL

INZ RS5,LOOP
MOV  DPL#0IH
DINZ RIMAIN

MOV  RI#05SH



PUSH DPL
PUSH DPH

MOV  DPTR#PORTB
MOVX A@DPTR
POP  DPH

POP  DPL

CINE  AR7,ACC
MOV  R7.A

SIMP  MAIN

ACC: IC ACC

INC R7
INC DPH
SIMP  MAIN

DCC: DEC R7
DEC DPH
SIMP MAIN

‘END



Tsunsuueraema

CPU "8051.TBL"

HOF "INT8"
ORG 8100H
COMMAND : EQU  OFAOOH
READ_BUSY: EQU OFAO1H
WRITE_DATA: EQU  OFAO2H
READ_DATA EQU  OFAO3H
PORTA: EQU  OF800H
PORTB : EQU  OF801H
PORTC: EQU  OF802H
PORT_CTRL: EQU  OF803H
STACK : EQU  81H
DPH: EQU  83H
DPL: EQU  82H
ACC.7: EQU OE7H
B: EQU  OFOH
R3: EQU  03H
;******************** MAIN PROGRAM %% % % % % 3k % % % % %k % % 3% %k % 5 % 5%k % %
MOV STACK, #30H ;LOAD STACK POINTER
LCALL INIT_LCD
LCALL CLR_LCD

;¥kkkxxkkkxkxkx SCAN FUNCTION START # %% %% % %% % % % % % £ % %
; SCAN KEY START
; REG = RO,R2,DPTR

START_PROG: MOV DPTR, #PORT_CTRL ;:SET MODE 8255
MOV A,#82H
MOVX @DPTR, A

SCAN_START: MOV RO, #4 ; COUNTER SCAN COL1-COL4
MOV R2,#11101110B

SCAN_START1: MOV A,R2
MOV DPTR, #PORTC
MOVX @DPTR, A
MOV DPTR, #PORTB
MOV X~ A,@DPTR
A, #0FH

CJINE A,#0FH, CHK_START
SJMP NO_START

CHK_START: NOP

CJINE A,#00001110B,NO_START ; ROW 1
MOV A,R2
CJNE A,#01110111B,NO_START ;COL 4
SJIMP START

NO_START: MOV A,R2

RL A



MOV R2,A

DiNZ RO, SCAN_START1
S JIMP SCAN_START
;REKEXRkk kXX k Rk k%% %%%x FUNCTION START #¥kkkkkkokkk k%% %% %k k%

; DISPLAY TITLE
; REG = RO,A,DPTR

START: LCALL CLR_LCD

MOV A, #S0H

MOV DPTR, #COMMAND

MOVX @DPTR, A

LCALL WATTBF

MOV RO, #8

MOV DPTR, #TITLE
T1.1: MOV A, #00H .

MOVC A,@A+DPTR

LCALL WRITE

INC DPTR

DINZ RO, T1.1

MOV A, #0COH

MOV DPTR , #COMMAND

MOVX @DPTR, A

LCALL WAITBF

MOV RO, #8

MOV DPTR,#TITLE+8
T1.2: MOV A, #00H

MOVC A,@A+DPTR

LCALL WRITE

INC DPTR

DINZ ROLB\&

sREEx Rk kkkxkk*%* SCAN FUNCTION SET FREQUENCY # %% %% % % % % % % % ok & & %
; SCAN KEY SET FREQUENCY
; REG = RO,R2,A,DPTR

SCAN_SET: MOV RO, #4 ;COUNTER SCAN COL1-COL4

MOV R2,#0EEH

SCAN_SET1: MOV A,R2
MOV DPTR, #PORTC
MOVX @DPTR, A
MOV DPTR, #PORTB
MOVX A,@DPTR
ANL A,#OFH
CJINE A,#OFH,CHK_SET ;CHECK KEY SET
SJIMP NO_SET
CHK_SET: NOP
CJINE A,#00001101B,NO_SET ;ROW 2
MOV A,R2
CJNE A,#01110111B,NO_SET ;COL 4

SIMP SET_FREQ



NO_SET: MOV A,R2

* RL A
MOV R2,A
DJINZ RO, SCAN_SET!
SJIMP SCAN_SET

JEEXERER Rk Rk xkx*x %% FUNCTION SET FREQUENCY %% %%k %k ok k ok k k% Kk % %

b

3
' DISPLAY SET FREQUENCY
; REG = RO,R3,R4,R5,A,B,DPTR

SET_FREQ: LCALL CLR_LCD
MOV A, #80H
MOV DPTR, #COMMAND
MOVX @DPTR, A
LCALL WAITBF
MOV RO, #
MOV DPTR, #FONT_SET
DIS_SET: MOV A,#00H
MOVC A,@A+DPTR
LCALL WRITE
INC DPTR
DINZ RO,DIS_SET
MOV A, #0C6H
MOV DPTR, #COMMAND
MOVX @DPTR, A
LCALL WAITBF
MOV RO, #2
MOV DPTR, #FONT_HZ
DIS_Hz: MOV A, #00H B
MovC A,@A+DPTR
LCALL WRITE
INC DPTR
DJINZ RO,DIS_Hz
MOV A, #0C4H
MOV DPTR, #COMMAND
MOVX @DPTR, A
LCALL WAITBF
LCALL SCAN_FREQ
PUSH DPH
PUSH DPL
MOV A,#0C4H
MOV DPTR , #COMMAND
MOVX @DPTR, A
LCALL WAITBF
POP DPL
POP DPH
MOV A,#00H
MOVC A,@A+DPTR
MOV R3,A
LCALL WRITE
MOV B,RS ;CALCULATE
MOV A,#10
MUL AB

MOV R6,A



MOV
LCALL
LCALL

PUSH
PUSH
MOV
MOV
MOVX
LCALL

MOV

LCALL

MOV
MOV
MOVX
LCALL
POP
POP
MOV
MOVC
LCALL

MOV
ADD
MOV

RO, #2
DELAY
SCAN_FREQ

DPH

DPL

A,#0C3H

DPTR, #COMMAND

.@DPTR, A

WAITBF
A,R3
WRITE

A, #0C4H
DPTR, #COMMAND
@DPTR, A
WAITBF

DPL

DPH

A,#00H
A,@A+DPTR
WRITE

A,R6
A, RS
R6,A

skkkkkkkkkkkkkkxkk%¥%%x SCAN FUNCTION

; SCAN FUNCTION
; REG = RO,R2,A,DPTR

SCAN_FUNC:

SCAN_FUNC1:

CHK_FUNC:

SET:

RUN:

STP_INC_DEC:

DEC:

MOV
MOV

MOV
MOV
MOVX
MOV
MOVX
ANL
CJINE
SJIMP

NOP
CJINE
MOV
SJIMP
CJINE
MOV
SJIMP
CJINE
MOV

MOV
CJIJNE
INC

INC,DEC, RUN, STOP

RO, #4
R2, #0EEH

A,R2
DPTR, #PORTC
@DPTR, A
DPTR, #PORTB
A ,@DPTR
A, #OFH

A,#0FH, CHK_FUNC

NO_FUNC

A,#00001101B,RUN

R1,#20H
DEC

A,#00001011B,STP_INC_DEC

R1,#30H
DEC

A,#00000111B,NO_FUNC

R1,#40H

A,R2

;CALCULATE

LEE R EEEEREREEEEEEREE S E ]

;ROW 2

sROW 3

;ROW 4

A,#11101110B,INC ;COL 1

R1



INC:

SET_RUN_STP:

NO_FUNC:

. CHK_FUNCTI :
KEY_SET:

KEY_RUN:
KEY_DEC:
KEY_INC:

KEY_STP:

T_END:

T _ENDI1:

SJMP
CJINE
INC
INC
INC
SJIMP
CJINE
INC
INC
INC
INC
SIMP
MOV
RL
MOV
DJNZ
SIMP

MOV
CJINE
LIMP
CJINE
LIMP
CJINE
LIMP
CJINE
LIMP
CJNE
LCALL

MOV
MOV
MOVX
SETB
MOVX
CLR
MOVX

MOV
MOV
MOVX
LCALL
MOV
MOV
MOV
MOVC
LCALL
INC
DJINZ

MOV
MOV
MOVX
LCALL
MOV
MOV
MOV

CHK_FUNC1
A,#10111011B,SET_RUN_STP
R1

R1

R1

CHK_FUNC1
A,#01110111B,NO_FUNC

R1 '

R1

R1

R1

CHK_FUNC1

A,R2

A

R2,A

RO, SCAN_FUNC1

SCAN_FUNC

A,R1
A,#24H,KEY_RUN
SET_FREQ
A,#34H,KEY_DEC
SEND_DATA
A,#41H,KEY_INC

"DEC_FREQ

A,#43H,KEY_STP
INC_FREQ

A,#44H, SCAN_FUNC
CLR_LCD

DPTR, #PORTA
A,#00H
@DPTR, A
ACC.7
@DPTR, A
ACC.7
@DPTR, A

A, #80H
DPTR, #COMMAND
@DPTR, A
WAITBF

RO, #8

DPTR, #TAB_END
A, #00H
A,@A+DPTR
WRITE

DPTR
RO,T_END

A, #0COH
DPTR, #COMMAND
@DPTR, A

WAITBF

RO, #8
DPTR,#TAB_END+8
A,#00H

;COL 3

;COL 4

;ROW 2, COL

;ROW 3 ,COL

“ROW 4,COL

sROW 4 COL

;ROW 4, COL

; ENABLE=0
;ENABLE=1

s ENABLE=0



MOVC A,@A+DPTR

LCALL WRITE

INC DPTR

DJNZ RO,T_ENDI
LIMP START_PROG

JkXkkkkkxkkkkkkkkxx* SCAN FREQUENCY VALUE #*kkkkkkkkkkkkkkkkdx

5 SCAN FREQUENCY VALUE SUBROUTINE
; REG = RO,R1,R2,A,DPTR

SCAN_FREQ: MOV RO, #4
MOV R2,#0EEH
SCAN_FREQ1: MOV A,R2
MOV DPTR, #PORTC
MOVX @DPTR, A
MOV DPTR, #PORTB
MOVX A,@DPTR
ANL A, #0FH
CJINE A,#0FH,CHK_VALUE
SJIMP NO_FREQ
CHK_VALUE: NOP
N_789: CINE A,#00001110B,N_456 ; ROW1
MOV R1,#10H
SJIMP N_741
N_456: CJNE A,#00001101B,N_123 ; ROW2
MOV R1,#20H
SJIMP N_741
N_123: CIJINE A,#00001011B,NN_O ; ROW3
MOV R1,#30H
SJIMP N_741
NN_O: CJINE A,#00000111B,NO_FREQ ; ROW4
MOV R1,#40H
SJIMP N_741
N_741: MOV A,R2
CJNE A,#11101110B,N_8520 ;COL1
INC R1
SJIMP FREQ_VALUE
N_8520: CJNE A,#11011101B,N_963 ;COL2
INC R1
INC R1
SJIMP FREQ_VALUE
N_963: CJNE A,#10111011B,NO_FREQ ;COL3
INC R1
INC R1
INC R1
SJIMP FREQ_VALUE
NO_FREQ: MOV A,R2
RL A
MOV R2,A
DINZ RO, SCAN_FREQ1

SIMP SCAN_FREQ



FREQ_VALUE: MoV
NUMBER_O: CJNE
MOV

MOV

RET

NUMBER_1: CIJNE
MOV
MOV
RET

NUMBER_2: CJNE
MOV
MOV
RET

NUMBER_3: CJNE
MOV
MOV
RET

NUMBER_4: CJNE
MOV
MOV
RET

NUMBER_S5: CJNE
MOV
MOV
RET

NUMBER_6: CJNE
MOV
MOV
RET

NUMBER_7: CIJNE
MOV
MOV
RET

NUMBER_8: CJNE
MOV
MOV
RET

NUMBER_9: CJNE
MOV

MOV

TURN_N: RET

g kFkEkxxxkkkkxxxk%* WRITE LCD SUBROUTINE %% % % % % % % % % o % % % % % % % % %
WRITE LCD 1 CHAR.

IN = DPTR
REG = DPTR,A

?
3
2
b

A,R1
A,#42H,NUMBER_1
R5,#0

DPTR, #TAB_NUMBER

A,#31H,NUMBER_2
R5,#1
DPTR, #TAB_NUMBER+1

A,#32H,NUMBER_3
RS, #2
DPTR, #TAB_ NUMBER+2

A,#33H,NUMBER_4
R5,#3
DPTR, #TAB_NUMBER+3

A,#21H,NUMBER_5
R5, #4
DPTR, #TAB_ NUMBER+4

A,#22H,NUMBER_6
R5,#5
DPTR, #TAB_NUMBER+5

A,#23H,NUMBER_7
RS,#6
DPTR, #TAB_NUMBER+6

A,#11H,NUMBER_S8
R5, #7
DPTR ,#TAB_NUMBER+7"

A,#12H,NUMBER_9
R5,#8
DPTR, #TAB_NUMBER+8

A,#13H, TURN_N
RS, #9
DPTR, #TAB_NUMBER+9



WRITE:

(kR EkkEkkkkRRRx kKRR WAIT

PUSH
PUSH
MOV
MOVX
LCALL
POP
POP
RET

; WAIT BUSYFLAG
; REG = DPTR,A

WAITBF:

PUSH
PUSH
MGV
BUSY:
MOVX
JB
POP
POP
RET

DPH

DPL

DPTR, #WRITE_DATA
@DPTR, A

WAITBF

DPL

DPH

BUSYFLAG SUBROUTINE ***%kksdkkkkkkkk k%

DPH

DPL

DPTR, #READ_BUSY
A,#00H

A,@DPTR

ACC.7,BUSY

DPL

DPH

(RRRRKKkRKR KKk kR kkkkk%%% CLEAR LCD SUBROUTINE skkskskkkkkkkkkkk k% %

; CLEAR LCD

; REG = DPTR,A

CLR_LCD:

PUSH
PUSH
MOV
MOV
MOVX
LCALL
POP
POP
RET

DPH
DPL
DPTR, # COMMAND
A,#01H
@DPTR, A
WAITBF

DPL

DPH

pREkkkkkkkkkkkkkkkk¥ INITIAL LCD SUBROUTINE %% % % % % % % k % & % & % % % %k k %

; INITIAL LCD

; REG = DPTR,A

INIT_LCD:

PUSH
PUSH
MOV
MOV
MOVX
LCALL

MOV
MOVX
LCALL
POP
POP
RET

DPH

DPL

DPTR, #COMMAND
A,#38H
@DPTR, A
WAITBF

A,#0CH

@DPTR, A
WAITBF

DPL

DPH



;E¥kkkRkkFkkkkkxx CHECK KEY NUMBER SUBROUTINE **% %% % kkk®kkkk k&% %
; CHECK KEY NUMBER

; IN = A

; REG = A,DPTR

CHK_N: NOP

N_0: CJNE A,#0,N_1
MOV .DPTR, #TAB_ NUMBER
RET

N_1: CJNE A,#1,N_2
MOV DPTR, #TAB_NUMBER+ 1
RET

N_2: CJNE A,#2 ,N_3
MOV DPTR, #TAB_NUMBER+2
RET

N_3: CJNE A,#3,N_4
MOV DPTR, #TAB_NUMBER+3
RET

N_4: CJNE A,#4 /N_5
MOV DPTR, #TAB_ NUMBER+4
RET

N_5: CIJINE A,#5,N_6
MOV DPTR, #TAB_NUMBER+5
RET

N_6: CINE A,#6 ,N_7
MOV DPTR, #TAB_NUMBER+6
RET

N_7: CJNE A,#7,N_8
MOV DPTR, #TAB_NUMBER+7
RET

N_8: CIJINE A,#8,N_9
MOV DPTR, #TAB_NUMBER+8
RET

N_9: CJNE A,#9,N_ 0
MOV DPTR, #TAB_NUMBER+9
RET

;ERRkRE LR kKRR kkkkk%x*% FUNCTION INC FREQUENCY #¥**kkkkkskkkkkskkok &k %
s INC FREQUENCY

; IN = R5,R6,R7

; REG = R5,R6,R7,A,DPTR

INC_FREQ: MOV A,R6
CJNE A,#99,CONT_INC
MOV RO, #2

LCALL DELAY



CONT_INC:

INC1:

INC2:

LJMP

LCALL

MOV
CJINE
MOV
LCALL

MOV
PUSH
PUSH
MOV
MOV
MOVX
LCALL
POP
POP
MOV
MOVC
LCALL

INC
MOV
LCALL
PUSH
PUSH
MOV
MOV
MOVX
LCALL
POP
POP
MOV
MOVC
LCALL
INC
LJIMP

MOV
CJINE
MOV
LCALL-

INC
MOV
LCALL
PUSH
PUSH
MOV
MOV
MOVX
LCALL
POP
POP
MCV
MOVC

SEND_DATA
FIND_F10_1

A,R5
A,#9,INC1
RO, #1
DELAY

DPTR, #TAB_NUMBER
DPH

DPL

A, #0C4H

DPTR, #COMMAND
@DPTR, A
WAITBF

DPL

DPH

A,#00H
A,@A+DPTR
WRITE

R7

A,R7
CHK_N

DPH

DPL
A,#0C3H
DPTR, #COMMAND
@DPTR, A
WAITBF
DPL

DPH
A,#00H
A,@A+DPTR
WRITE

R6
SCAN_FUNC

A,R5
A,#0,INC2
RO, #1
DELAY

RS
A,R5

CHK_N

DPH

DPL

A,#0C4H

DPTR, #COMMAND
@DPTR, A
WAITBF

DPL

DPH

A,#00H
A,@A+DPTR



LCALL WRITE

MOV RO, #2
LCALL DELAY

INC R6

LJIMP SCAN_FUNC

JERERKXKEK KR RKEX KX E xRk k%% DEC FREQUENCY ** ¥k kkkkkrfxkkkkkkkkk*
; DEC FREQUENCY

; IN = R5,R6,R7

; REG = R5,R6,R7,A,DPTR

DEC_FREQ: MOV ALR6
CINE A, #00H, CONT_DEC
MOV RO, #2
LCALL DELAY
LIMP SEND’_DATA
CONT_DEC: MOV RO, #1
LCALL DELAY
LCALL FIND_F10_1
MOV A,R5
CINE A,#0,DEC_1
MOV DPTR, #TAB_NUMBER+9
PUSH DPH
PUSH DPL
MOV A, #0C4H
MOV DPTR , #COMMAND
MOVX @DPTR, A
LCALL WAITBF
POP DPL
POP DPH
MOV A, #00H
MOVC A,@A+DPTR
LCALL WRITE
DEC R7
MOV A,R7
LCALL CHK_N
PUSH DPH
PUSH DPL
MOV A,#0C3H
MOV DPTR, #COMMAND
MOVX @DPTR, A
LCALL WAITBF
POP DPL
POP DPH
MOV A, #00H
MOVC A,@A+DPTR
LCALL WRITE
DEC R6
LJIMP SCAN_FUNC
DEC_1: DEC R5
MOV A,RS

LCALL CHK_N



PUSH DPH

PUSH DPL
MOV A, #0C4H
MOV DPTR, #COMMAND
MOVX @DPTR, A
LCALL WAITBF
POP DPL

POP DPH

MOV A,#00H .
MOVC A,@A+DPTR
LCALL WRITE

DEC R6

LIMP SCAN_FUNC

;********************** FIND NUMBER *®*k%kkkkkkkkkkkkkkkhkkkkx
; IN R6
: REG = R4,R6,R7,A

FIND_F10_1: CLR C
MOV A,R6
MOV R7,#00H
MOV R4,#10

INC_D: INC R7

SUBB A,R4
JINC INC_D
ADD A,R4
DEC R7
MOV R5,A
RET

(RRkkRkkRkkkkkkkkkk FUNCTION SEND DATA **kkkxkkkkkkkkhkkkkk
; SEND DATA OUT PORT_A

.; IN = R6

; REG = R6,A,DPTR

SEND_DATA: MOV A,R6
MOV DPTR, #PORTA
CLR ACC.7 ; ENABLE=0
MOVX @DPTR, A
SETB ACC.7 ;ENABLE=1
MOVX @DPTR, A
CLR ACC.7 ; ENABLE=0
MOVX @DPTR, A
LJIJMP SCAN_FUNC

;kkkkkkxxkxxkkkxxx*x DELAY SUBROUTINE ##k%kkkkkkkkkkkRkkRX%*
; IN = RO

t; REG = RO,R3,R4

DELAY: PUSH R3
DELAY1: MOV R3, #00
DELAY2: MOV R4, #00

DJINZ R4.,$

DJINZ R3,DELAY2



DJNZ RO,DELAY1
POP R3
‘ RET

s¥kkkkkk kb kkkkkkkkkkkkkkdk TABLE *kkkkkkkkkkkkkkkkkkkkkhkk k¥

TITLE: DFB "AC ADJUST SPEED "
FONT_SET: DFB "SET-FREQ"
FONT_Hz: DFB "Hz"
TAB_NUMBER: DFB "0123456789"
TAB_END: DFB "% STOP * MOTOR %"

END

¥Fkkkkddkkkkkkkkkkkkkkkbkkkbkkkkkkkkkkskkkkkkhhkkkkhkkkkkkhkkkkkkkkkkkkk*x
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- Arithemetic and Logic Unit (ALU)
- Program counter (PC)
- Stack pointer (SP)
- Working registers
- Clock Timing Circuit

- Interrupt Circuit

Arithmetic and Logic Unit

Accumulator

Working Register (s)

Stack Pointer

Program Counter

Clock Circuit Interrupt Circuit
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ALU Timer/Counter 1/C
Port
Accumulator
Register (s) 1O
Port
Internal
ROM
Internal
Interrupt
RAM
Circuit
Stack Pointer Ciock
Cirzuit
Program Counter

U7 2 uamsvdenlaezunsuveslulnsnenInsames

Tulnspeulnsamesozsenev e

- ALU

wenfynes (ACC)

=SA |4
0103

usuMo U (Internal RAM)

AUNAWDUIADS (SP)

- BUIMBUBATON (Internal ROM)

TWsunsuaniines (pc)

loTonweasa (1/0 Port)
- 19958UADTING (Interrupt Circuit)
- ’Ni)‘iﬂéi’)ﬂ (Clock Circuit)

5y s ¢ s ¢
- Indwesinniiees (Timer and Counter)



Tassairameluves MCS-51
MCs-51 linaluTad luniswdmiuuuy NMOS iaz CMOS 1UB3 8032 Las 8052
921l ROM BASIC agawluSeazadn dwmiullsunsumesnezd@oulsunsudon iy

#n Tassadumeludmiuwed sos1 dwaadlugtii 3 () uaz 3 o)

POO-PO7  P20-P27
A44
af

-
|
|
|
I
i

Bt

4
1
I
!
I
|
|
I
l
I
l

-

A
~rrfy— - -

A
P30-P37

© 83C154 ond B3C154D only.

3U7 3 ugasInssadneluves Mcs-si



8 {58 8 [ as” 8 ] a9 TRES
P 1€ T™MQOD TCON
3 ]CO' FER K Register Regrster Fegister Register
A 3 Interrupt Registers Timer Contrct Registers
Register Register
TR g T 8 | 8a 8 [ a0 8 |88
3th Regrsters THO TLo THI U
Counter Counter Counter Ceunter
Time:/Counter Registers
3 [ 96° 8 | 99 8 | a7 8 | po-
7F SCON SBUF PCON PSW
Pegister Register Register Register
Senal Data Registers Flags
Generat-
Purpose
Ared 8 :[ 81
Stack
Pamnter
30
2F 8it 7F
Address Bit Acdresses for this RAM Ares Only
20 Arca 00
1F Register
Bank
18 3
17 Register 38 |83 ] 8 | 82 16 T nNoAadress
Bank Data Pointer ‘
P t
10 2 DPH opL S il
OF Register
Bank
08 )
07 R7 s [ so- 8 | s0° 8 [ a0° 8 [ 80"
06 R6 Port 0 Port ] Port 2 Port3
Register 0s RS Latch Latch Lateh Lateh
Bank 04 R4
o] 03 R3
( 2 {
g2 R1 Number of L Direct Eyte Acdress
} Eits * Incicates Bit Addressaole
00 RO
Byte Iriwenat
Aodresses RAM

Y

FFF

00

o f [ Py 1 [ °
5'1_";: 4 (EAINTIUMHINANNG YBITITRDIANY HASHUILAIIUDY




AAHHIN AL

1A599U

Uszneumaq veq

a3y

NAREE|

13

YOIl

RRRHY]

1 Tng

lter

ower fi

337 P



172995 Dead Time

&
P}
v

te Drive

3
i

J &

1129975 ¢

3

v



512493 Inverter

“

sUAduesa



L4

aluTnsneulnsaaes

Uy

7
<



MANUIN Q.

L4

SGEG!

voginsal



DATA SHEET

October 1992

86C31/80C51

CMOS SINGLE-CHIP
8 BIT MICROCONTROLLER

« 80C31/80CS51:070 12 MHz
80C31/80C51-1: 070 16 MHz
€0C31-S/80C51-S: 0 TO 20 MHz

80C31/BOCST1L: 0TO6 MHZWITH 27 V< Ve <6V
BOCS1F : 80C51 WITH PROTECTED RCM

FEATURES

POWER CONTROL MODES

128 x 8 BIT RAM

4 K BYTES OF ROM (80C51)

32 PROGRAMMABLE VO LINES
TWO 16 BIT TIMER/COUNTER

64 K PROGRAM MEMORY SPACE
FULLY STATIC DESIGN

BOOLEAN PROCESSOR

5 INTERRUPT SOURCES
PROGRAMMABLE SERIAL PORT

64 K DATA MEMORY SPACE
TEMPERATURE RANGE : COMMERCIAL,
INDUSTRIAL, AUTOMOTIVE AND MILITARY

INTRODUCTION

MHS's ECC31 arnd 8CC51 are high performance CMOS
versions of the £031/6051 NMOS single chip 8 bit uC
and are manufaCiured using a salf-aligned silicon gate
CMOS process (SAJLVI).

The fully siatic Cesign cf the MHS 8GC31/80C51 allows
lo reduce system power consumgtion by bringing the
clock frequency down to any value, even DC, without
ioss of data.

The 80C31 retzins ail the features of the 8651 : 4 K
bytes ot RCM ; 128 bytes of RAM : 32 /O lines ; two 16
bit timers ; 2 5-source, 2-level intemupt structure ; a full

duplex seral port ; and en-chip cscillator end clock
circuits. .

In addition, the 80CZ®1 has two software-
selectable modes of reduced aciivity for furiher
reduction in power consumption. In the icle Mode the
CPU s frozen while the RAM, the timers, the senal pon,
and the interrupt system continue to funciicn. In the
Power Down Mode the RAM is saved and all other
functions are inoperative.

The 80C31 is identical to the E0CS1 except ihat it has
no on-chip ROM.

The informauion consained herem is sutject to change without notce. No resoansibilily s assumed by MATRA MHS SA for using $his oublicsoon andfor
circunts descnbed Keren ; nor Ior sny possible nfringements of patents ar other nghts of third parties wiuch may result from s us2.

BOC31/Rav.1.0



80C31/8CCS1

INTERFACE

PIN CONFIGURATION

I INDEX
fod 1 40 [JvCC CORNER
Pag 2 39 BP0
P2d 3 3 peot
P13 4 37 0 P02
PrLag s 36 {3 P03
PL5C 6 35 pPod
Psd 7 3¢ D POS
mrg s 2 Bros
AST g 3 - 32 OPo7
PACRXD g 10 8 npea
PlLUTXD d 11 3 0 pALE -80C31/80C51
P32aNT0 d 12 = 29 D PSEN
PAVINTI O 1 2 28 pP27
PuTod 1 =1 27 QP26
.71 18 25 P2
PrewR d 16 25 O P24
P.2AD0 Q 17 FZ ¥ o Lo X!
XTAL2 O 18 3 DhP2
XTALY O 19 2 Pt
vss d 20 21 JP2o
[o/{ N LCC

P13P12 Py Pig NCYec

‘ﬂdhﬂﬂﬂﬁ

i1

. /« 43 42 4 0 29 318 37 ,
PisCd 1@ T3 Pu
Pig T3 2 [—L: Pos
Pircc 3 31 'c: Pos
RST — 4 0 Po
Po iy S 20C31/80CS T - 29;:3 &5
NC ] 5 28 =3 NC
Pn 3 7 27!:] ALE
Pm o 8 25 PSEN
Py 3 9 ?-S’-E: P
Py o 10 24 P
P 11 l: Pag

12 13 ¢

23
.17.3:92‘321&!

UU T T

Px?n?/‘; VssHC P Py P Py Py
f\

Flat Pack

Oiagrams are for roterance onty. Package sizes are not to acate.

Flgure 1.

i

MS

<
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80C31/80CS51

ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS®
Ambiant Temperature Under Bias :

C = commercial 0Ctc70°C
1 =indUStAal ...cerereenceenereeaereeeneee -40°Clo+85°C
Storage Temperature.. -85'Cto +150°C
Vokage on Vee 10 VSS.recerereerannenes -05Vio+7V

Vottage on Any Pin to Vss........ ~05VtoVec+05V

Pewer Dissipation........ccooeeeeeecveeseeeneereneisrenene
" This value s ased on the maumum allowaole die
temoecature and ina thermal resistance of the packaga

DC CHARACTERISTICS

* Notice

Stresses at or above those listed under ° Absolute
Maximum Ratings’ may cause penranent damage to
the device. This is 2 stress -ating only and functional
operaticn of the device at these or any other conditions
above those indicated in the operational sections of this
specification is rot imolied. Expcsure to absolute
maximum rating concitions may affect device reliability.

Ta=010+70C; Vec=5V£20%:Vss=0V;F=0{F16MH:
Vec=5V£10%;Vss=0V;F=161020 M:1z
Ta=-401085C;Vec=5V+10%:Vss=0V;F=0to T6 MHz.

SYMBOL PARAMETER MIN MAX UNIT | TEST COND(TIONS |
viL Input Low Voltage -05V | 02VCC 3
C -0
VIH | Input High Voltage 0.2VYCC |vcC + 05 v
(Except XTAL and RST) +0.9
VIH1, | Input High Voltage 0.7 VCC {VCC - 0.5 v !
(RST and XTAL1) |
VOL | Output Low Vohage 0.3 v IOL = 100 pA !
{(Perts 1, 2, 2and 3) 0.45 v IOL = 1.6 mA (note 3)
1.0 v IOL=3.5mA
VOL1 | Output Low Vottage 0.3 v 10L = 200 pA
{Port 0, ALE, PSEN) 0.43 v JOL = 3.2 mA (note 3)
1.0 v ICL = 7.0 mA
YCH | Output High Vohage Pors 1, 2, 3 Vee - 0.3 v ICH =~ 10 1A ;
Vee - 0.7 v 10H = - 30 pA
Veo- 1.5 v IOH = - 60 yA L
VCC=5V10%
VOH1 | Output High Voltage Vec - 0.3 v IOH = ~ 200 pA
{Port 0, ALE, PSEN) Voo — 0.7 v IOH = - 3.2 mA
Vee - 1,5 \ IOH=-7.0mA
VCC=5V+10%
H. Logicat 0 Input Cumrent (Poris 1, 2, 3) C :—-50 HA Vin=0.45V
1 ,-80
] Inout Leakage Current (Port 0, EA) +£10 LA 0.45 < Vin < VCC J'
L Logical 1 to 0 Transiion Current -850 A Vin=20V |
| (Ports 1,2, 3) i
IPD Power Down Current | 5 . owA VCC =20Vio6V i
; i | (ncte 2) :
SRST ! AST Pulldown Resistor i 30 b o150 e :
C!O | Capacitance of 1/O Butfer i 10 | pF fe=1MHz, Ta=25°C
iCC | Power Supply Cument l ! (notes 1, 2)
Active Mode 12 MHz | 20 | mA
16 MHz ! bo2s b oma
20 MHz ! bz mA
Idle Mode 12 MHz , R
20 MHz : 8 ¢ mmA

80C31/Rev.1.0
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80C31/80C51

* Notice
Stresses abova thoss iisted urider * Absolute Maximum

ABSCLUTE MAXIMUM RATINGS®
Ampbiant Temperaturs Under Bias :

A = AUIOMOLVE ... -40°Cto+125°C Ratings® may cause permarent camage to the device.
Storage Temperature..........e.ee........ -65Cto+150°C This is a stress rating only and functional operation of
Voltage on Any Pin o Vss -05VieVCC+05V the device at these or any other conditions above thase

indicated in the cperational sections of this specification

Voltage on Ve 10 VSS weereerereeeecennennn. ~05Vic65V

Powar Dissipation 1w is not implied. Exposure 1o absolute maximum rating
conditions for extended periods may affect device
reliability.

DC CHARACTERISTICS

Ta=-40°10125°C;Vec =5V =10 % Vss=0V;F=01012 MHz

SYMBOL PARAMETER MIN MAX UNIT TEST CONDITIONS
viL Input Low Vokage -05Vv |0.2VCC v
-0.1
VIH | Input High Voltage (Except XTAL1, RST) | 02VCC |[VCC+05] Vv
+09
VIH1 Input High Voltage (XTAL1, RST) 0.7 VCC |[VCC+05 \
VOL | Output Low Vohage 03 v 10L = 100 pA
{Ports 1, 2, and 3) 0.45 v IOL = 1.6 mA {note 3)
1.0 A IOL=3.5mA
VOL1 | Output Low Voltage 0.3 \ I0L =200 pA
(Port 0, ALE, PSER] G.45 I0L =32 mA (note 3)
1.6 iOL=70mA
VOH | Output High Voltage (Ports 1, 2, 3) Vee - 0.3 v JOH =~ 10 pA
!‘ Vee-0.7 v iCH = - 30 pA
i Vee - 1.5 \ IOH = - 60 pA
i VOH1 [ Cuput High Vohage Vec-0.3 v I0H = - 200 pA
| (POﬂ 0in Extemal Bus Mode, ALE, PSEN) Vee - 0.7 v ICH=-32mA
! Vecc-1.5 v IO0H = - 7.0 mA
oL Logical 0 Input Current Ports 1, 2, 3 ~-75 pA Vin =045V
i ITL | Logical 1 to O Transition Cument - 750 PA® | Vin=20V
| (Ports 1, 2, 3)
Il Input Leakage Currert (Port 0, ER) =10 pA 0.45 < Vin < VCC~
i RRBST | AST Pulldown Resistor 30 150 kQd
i cio Sin Capacitance 10 pF Test Freq = 1 MHz,
{ 1 Ta=25C
i IPD Power Down Current 75 PA VCC=2Vio535V i
i {note 2)
i IcC Power supply current
! Active mode 12 MHz 21 mA | VCE =55V (notes 1, 2)
| ldle mode 12 MHz 7 mA VCC =35.5V.(nctes 1, 2)

61
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8oc3a1/80C51

ABSOLUTE MAXIMUM RATINGS®

* Notice
Stresses above thosa listed under * Absolute Maximum

Ambiart Temperature Under Bias:

M SMIRALY cececacererenensssssosneneasases -55'Cto+125°C Ratings® may cause permanent damage to the device.
Storage Temperature ....... ...—65Clo+150°C This is a swess rating only and functional operation of
Voltage on Any Pinto Vss 0.5V VCC+0.5V the device at these or any other conditions above those
Voitage 0N VEe 10 VSS ccerrmneaccasinannes -0.5Vt065V incicated in the operational sections of this specification
Power Dissipation 1w is not implied. Exposure to absolute maximum rating

DC CHARACTERISTICS

conditions for extended period may affect device
reliepility.

Ta=-55°10 125°C:VSS=0V ;VCC =5V 1

% :F=01012MHz

EYMBOL PARAMETER MIN MAX UNIT TEST CONDITIONS
i VviL Input Low Voltage -05V |02 (\)1(130 v
1 ViH Input High Vottage (Except XTAL1. RST) 0.2VCC |VCC-05 v
: ~0.9
VIH1 Input High Vohage { XTAL1, /ST 0.7 VCC | VCC +0.5 Y
vOL Output Low Voltage {Ponts 1. 2, 3) 0.45 \ iOL = 1.6 mA (note 3)
VOL1 | Output Low Voltage (Port 0, ALE, PSEN) 0.45 v 0L = 3.2 mA {note 3)
VOH | Output High Voliage {Ports 1,2, 3) 2.4 v {OH =~ 60 HA
VCC=5V+10%
0.75 VCC vV, {OH =-25 pA
0.9 VCC Y IOH = — 10 pA
VOH1 | Output High Voltage 2.4 v {OH = ~ 800 pA
{Port 0 in External Bus Mode, ALE, PEN) VCC=5V£10°%
0.75 VCC \ IOH =~ 200 pA
0.9vCC v 'OH =- 80 pA
(1R Logical 0 Input Current Ponts 1,2, 3 -75 uA Vin=0.45V
L Logical 1 to 0 Transiton Current ~-720 WA Vin=2V.
{Pons 1,2, 3)
U Input Leakage Currem {Pert 0, EX) =10 uA 0.45 < Vin < VCC
RAST | AST Pulldowt Resister 30 150 kQ
cio Pin Capacitance 10 pF Test Freq = 1 MHz,
Ta =25°C
PO Power Down Current 75 wA VCC=2V10535V
(note 2)
ICC Power supply current
Active mode 12 MHz 21 mA VCC = 5.5V (notes 1, 2)
L idle mode 12 MHz 7 mA | vCC =55V (notes 1,2)

80C31/Rev.1.0
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ABSOLUTE MAXIMUM RATINGS*
Arrbiam Temp=rature Under Bias ;

C = ccmmercial 0'Clo70°C
= indUstrial .o.oeeeeeeiremecececresnens -40°'Cto+85°C
Storage Temperature ..........cceeveeaens -85 Clo+150°C
Vottage on Ves 10 V5SS ueieerecenensnens -05Vio+7V

Vcitage on Any Pin to Vss ........ ~05VioVec+0SY
Power Dissipation 1w
** This value is based on the maximum atlowatls die
temperature and the thermal resistancae of the package

DC CHARACTERISTICS

80C31/80C51

* Notice

Stresses at or zbove these listed under * Absclute
Maximum Ralings’ may cause permanent damage to
the device. This is a suess rating only and functonal
cperation of the Cevice at thesa or any other conditions
above those indicated in the operational sections of this
specification is not implied. Exposure to absolute
maximum rating conditons may affect device reliability.

Ta=-40°10385°C;Vec=2.7V108V VSS=0V ;F=0tod MHz

SYMeoL PARAMETER MIN MAX UNIT TEST CONDITIONS
viL Input Low Voltage ~-03V 0.2V v
-0.1
ViH Inout High Yohage 0.2Vee | Vec+0.5 v
(Except XTALs and RST) +09
ViH1 Input High Voltage to RST for Reset 0.7Ves | Vec+05 \
VIH2 | Input High Voltage 1o XTAL1 0.7 Veo § Vec +0.5 N
VPD Power Down Voltage to Ve in PD Mode 2.0 6.0 ¥4
VOL | Output Low Voltage ! 0.45 10L = 800 A (note 3)
(Ports 1,2, and 2)
YCL1 | Output Lew Vottage 0.45 v 10U = 1.5 mA (note 3)
(Port 0, ALE, PSEN)
VOH | OQuwmput High Voltage Pons 1,2, 3 0.9 Ve vV tOH =~ 10 pA
VCH1 | Ouput High Voltage (Port 0 in Extemal | 6.9 Vee v IOH.= - 80 pA
Bus Mode), ALE, PEN
L Logicai 0 Input Current Perts 1, 2, 3 C -2 A
! .-80 Vin =045V
| Input Leakage Current =10 A 0.45 < Vin < VCC
ML }Logical 110 0 Transition Current -850 2A Vin=20V
(Peris 1.2, 3)
120 Power ODcwn Current 50 uA Vee=20Vio6V
(note 2}
ARST | RST Pullcown Resistor 30 150 0 A
Ci Capactiance of VO Butier w0 | oF fo= 1 MHz, T4 = 25°C |
MAXIMUM lcc (mA)
OPERATING (NOTE 3) ] IDLE (NOTE 4)
FREQ VCC arv | 5V ; 6V 2.7V 5V 6V
1 MHz " 0.8mA 1.5 mA ‘ 1.3mA 100 pA 200 A 1 mA
5 MHL fmA 1 3amA T 10mA 1.2mA 3.5mA 3.8 mA
£0C31/Rev.1.0



MHS C51 INSTRUCTION SET

MHS C51

Interrupt Response time : Refer to Hardware
Cescription Chapter.

Instructions that Affect Flag Settings (1)
INSTRUC. FLAG INSTRUC. FLAG

C OV AC C ov AC

ADD X X X CLRC o}

ADOC X X X cCcPLC x

suss X X X ANLChit X

MUL 0 X ANLC/bit X

Div 0 X ORLC, bit X

0A X ORLC, bit X
RRC X MOV C, bit X

RLC X CINE X

SETBC 1

(1) note that operations on SFR byte address 208
or bit addresses 208-215 (i.e., the PSW or bits in
the PSW) will also affect flag settings.

Note on instruction set and addressing modes :

Rn ~ Register R7-R0 of the currently
selected Register Bank
direct - &-bit intemal data location's address.

This could be an intemal Data RAM
location (0-127) or a SFR (ie., VO
port, control register, status register,
etc. (128-255)).

2 Ri ~ 8-bit intemal data RAM location
(0-255) addresses indirectly through
register R1 or RO.

# data -~ 8-bit constant included in instruction.

#data 16 - 16-bit constant included in
instruction,

addr 16 - 16-bit destination address. Used by
LCALL & LUMP. Abranch can be
anywhere within the 64K-byte
Program memory address space

addr 11 — 11-bit destination address. Used by

ACALL & AUMP. The branch will be
within the same 2K-byte page of
program memory 2s the first byts of
the fallowing instruction

rel - Signed (two’s complement) B-bit
ofiset byte. Used by SUMP znd all
conditionnal jumps. Range is~128 to
+ 127 bytes relative 10 first byte ot~
the following instruction.

bit ~ Direct Addressed bit in intemal Data

._AM or special Function Register.

OSCIL.

MNEMONIC DESCRIPTION BYTE PERIOD

ARITHMETIC OPERATIONS

ADD A Rn Add register to 12
Accumutlator

ADDA, direct  Add direct byte to 12
Accumulator

ADDA @RI Addindirect RAM 1o 12
Accumulator

ADDA #ata Add immediate data 12
to Accumulator

ADDCA,Rn  Add register to 12
Accumutator with
Carry

ADOCA direct  Add direct byte to 12
Accumulator with
Cany

ADOCA, @Ri  Add indirect RAM to 12
Accumutator with
Camy

ADOCA, #data  Add immediate data 12
to Acc with Carry

SUBBA Rn  Subtract Register 12
from Acc with
borrow

SUBB A direct Subtract direct byte 12
from Ace with
borrow

SUBB A @Ri Subtract indirect i2
RAM from ACC
with borrow

SUBB A #data Subtract immediate 12
data from Acc with
borrow

INCA Increment 12
Accumutator

INC Rn Increment register 12

INC direct Increment direct 12
byte

INC ©Ri Increment direcs 12

DECA Decrement 12
Accumulator

DEC An Decrement Register 12

DEC direct Decrement cirect 12
byte

DEC @Ri Decrement indirect 12
RAM

Table 10 80CS1 Instruction Set Summary.

Prog. GudesRev.1.0




MHS C51

OSCIL. OSCIL.
MNEMONIC DESCRIPTION BYTE PERIOD MNEMONIC DESCRIPTION BYTE PERIOD

ARITHMETIC OPERATIONS (continued) LOGICAL OPERATIONS (continued)
INC DPTR Increment Data 1 24 ALA Rotate Accumulator 1 12

Pointer Leit
MUL A8 Muttiply A & 8 1 48 RLCA Rotate Accumulator 1 12
DAA Decimal Adjust 1 12 Cany

Accumuiator ARA Rotate Accumulator 1 12
LOGICAL OPERATIONS Right
ANL A An AND Register to 1 12 RRC A Rotate Accumulator 12

Accumulator Right through the
ANL A, direct AND direct byte to 2 12 Carry

Accumulator SWAP A Swap nibbles within 1 12
ANL A, @Ri AND indirect RAMto 1 12 the Accumulator

Accumutator
ANLA #cata  ANDimmedatedaa 2 12 DATIIRANSPER N

10 Accurnulator MOV A Rn Move Register to 1 12
ANLdirec, A AND Accumulatorto 2 12 Accumutator

direct byte MOV A Move directbyteto 2 12
ANL direct, #data AND immediatecata 3 24 direct Accumutator

to direct byte MOVA @Ri  Move indirect RAM 1 12
ORL A, Rn OR register to 1 12 to Accumulator

Accumulator MOV A 7data  Move immediate 2 12
ORL A, girect CR direct byte to 2 12 data to Accumulator

Accumulator MOV Rn, A Move Accumulator i 12
CRLA, ERi ORindirect RAMto 1 12 tc register

Accumulator }40V Rn, direct  Move dGirectbyteto 2 24
ORL A, #data ORmmedatedatato 2 12 register

Accumutator MOV Rn, 7data  Move immediate 2 12
ORL girect, A OR Accumulatorto 2 12 data to register

. Giectbyte MOV diect, A Move Accumulator 2 12

ORL agirect. #data O%_tn;ana:;te data 3 24 to-direct byte

{0 dir C] . s N
XARL A fin Exgiusive—OR ] »: MOV direct, Rn h;::grga:ter to 2 24

fiﬁ‘:‘zgt o Z:Pe\éxdimt ‘l;«:x;\;!e directbyteto 3 24
XRL A, direct s:tiﬁt;ﬁng;;g: 2 12 MOV direct, @Ri Move indirect RAM 2 24
XALA @RI Exclusive-OR 112 , to dipgemoyts,

indirect RAM 1o MOV direct, Move immediate 3 24

Accumulator #data data to direct byte
XRL A #dzta Exclusive-OR 2 12 MOV @RI, A Move Accumutator 1 2

immediate data to to indirect RAM

Accumutator
XAL direct. A Exciusive-OR 2 12

Accumuiator to

cirect byte
XRLU airect, 7dzta  Exclusive-OR 3 24

immediate data to

direct byte
CLRA Clear Accumulator 1 12
CPLA Complement 1 12

Accumulator

s
“_‘( Il{h

Prog. GuiderRev.1.0




MHS CS1

OscCiL.
MNEMONIC DESCRIPTIONBYTE PERIOD

OScCiL. |
DESCRIPTION BYTE PERIOD

MOV €Ri, direct

MOV €Ri, #data

MOVDFIR #ktaib

MGVCA @A0PTR

MOVCA, @A+PC

MOVXA, @Ri

MOVX A, @OPTR

MOVX2Ri, A

MOVX SOFPTR, A

PUSH direct
PQP girect

XCH A Rn

XCH A, direct

XCHA @RI

XCHD A, &Ri

DATA TRANSFER (continued)

Move direct

by to indirect
RAM

Move
immediate data
to indirect RAM
Load Data
Pointer with a
16-bit constant
Move Code
byte relative to
DPTR to Acc
Move Code

- byte relative to

PCto Acc
Move Extemal
AAM (8-bit
addr) to Acc
Move Extemal
RAM (16-bit
addr) to Acc
Move Acclo
Extemal RAM
(8-dit addr)
Move Acc to’
Zxtemal RAM
{16-bit addr)
Push direct
byte only stack
Pop direct byte
from stack
Zxchange
register with
Accumulator
Exchange
direct byte with
Accumulator
Exchange
indirect RAM
with
Accumulator
Exchanga
lowerder Digit

" indirect RAM

with Acc

2

24

12

24

24

24

24

24

24

24

24

24

12

12

12

12

MNEMONIC

BOOLEAN VARIABLE MANIPULATION

ClRC Clear Cany 1 12

CLR bit Clear direct bit 2 12

SETBC Set Cany 1 12

SEIB bit Sat direct bit 2 12

crLC Complement 1 12
Camy

CPL bit Complement. 2 12
direct bit

ANLC, bit AND direct bit to 2 24
Cany

ANL C, /it AND 2 24
complement of
direct bit to Cany

ORL C, bit OR direct bit to 2 24
Camry

-{ORL:C, /bit OR complement 2 24

of direct bit to
Cany

MOV C, bit Move direct bit to 2 12
Camy

MoV bit, C Move Carry 0 2 24
airect bit

JC rel Jump it Carry is 2 24
set

JNC rel Jump if Carry not 2 24
sat

JB bit, rel Jump if direct 3it 3 24
is set

JNB bit, ret Jump if direct Bit 3 24
is Not set

J6C bit, rei Jump if direct Bit 3 24
is set & clear bit

PROGRAM BRANCHING

ACALLX addr11  Absolute 2 24
Subroutine Cali

LCALL addr16 Long Subroutine 3 24
Cafl

RET Retum from ! 24
Subroutine

RETI Retum from 1 24
interrupt

AIMPaddr11 Absolute Jurnp 2 23

LIMPaddr16 Long Jump 3 24

SIMP rel Shont Jump 2 24
{relative addr)

Prog. Guide/Rev. 1.0
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MHS CS5¢

OSCiL. OSCIL.
MNEMONIC DESCRIPTION BYTEPERIOD MNEMONIC DESCRIPTION BYTE PERIOD
PROGRAM BRANCHING (continued) FRCGRAM BRANCHING (continued)
JMP @A+0PTR Jump direct 1 24 CJNE An, #data, rel  Compare 3 24
relative to the immediate to
DPTR register and
JZrel Jump if -2 24 Jump if Not
Accumulator is Equal
2ero CJNE @RI, #data, rel Compare 3 24
JINZ rel Jump i 2 24 immediate to
Accumulator is indirect and
. not Zero Jump if Not
| CNJE A, cirect. el Compare direct 3 24 Equal
! byte 10 Acc and DUNZ Rn, rel Decrement 2 24
i Jump if Not register and
| Equal Jump if Not Zero
| CINE A, 7data, rel Compare 3 24 JNZ direct, rel Decrementdirect 3 24
[ immedialte to Acc byts and Jump i
; and Jump if Not Not Zero
1 Equal H NCP No Qoperation 1 12

Prog. Guae/Rev.1.0
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80C31/80CS51

INSTRUCTION OPCODES

MHS C51 INSTRUCTION SET DESCRIPTION

ARITHMETIC OPERATIONS
MNEMONIC

ADO A, Rn
ADD A, direct
ADD A, @Ri
ADD A, #data
ADOC A, Rn
ADODC A, direct
ADOC A, @Ri
ADDC A, édata
suss A, Bn
sus8s A, direct
suss A, @Ri
SuBB A, data
INC A

INC An

INC direct
INC QRi
INC DPTR
DEC A

OEC” Rn
DecC direct
DEC @R
MUL AR

o AB

DA A
LOGICAL OPERATIONS
MNEMONIC

ANL A, Rn
ANL A, direct
ANL A, @RI
ANL A, #data
ANL direct, A
ANL direct, #data
ORL A, Rn
ORL A, direct
ORL A, @RI
ORL A, #data
ORL direct A
ORL direct, #data
XRL A, An
XRL - A, direct
XRL A, ORi
XRL A, #data
XRL direct, A
XRL direct, #data
CLR A

CcPL A

AL A

RLC A

RA A

RRC A
SWAP A

DESCRIPTION

Add registrer to Accumulator

Add direct bytes to Accumulator

Add indirect RAM to Accumulator

Add immediate data ot Accumulator
Add register to Accumulator with Carry
Add direct byteto A with Cany flag

Add indirect RAM to A with Carry flag
Add immediate data to A with Carry {lag
Subtract register from A with borrow
Subtract direct byte from A with Borrow

Subtract indirect RAM from A with Borrow”

Subtract immed. data from A with Borrow
Increment Accumulator
Increment register
Increment direct byte
Increment indirect RAM
Increment Data Pointer
Decrement Accumulator
Decrement register
Decrement direct byte
Decrement indirect RAM
Multiply A& B

Divide A by B

Decimal Adjust Accumulator

DESTINATION

AND register to Accumulator

AND direct byte to Accumulator

AND indirect RAM to Accumulator
AND immediate data to Accumulator
AND Accumuttaor to direct byts

AND immediate data to direct byte
OR register to Accumutator

OR direct byte to Accumulator

OR indirect RAM to Accumulator

OR immediate data to Accumulator
OR Accumutator to direct byte

OR immediate data to cirect byte
Exclusive-OR register to Accumulatér
Exclusive-OR direct byte to Accumulator
Exclusive-OR indirect RAM to A
Exclusive-Of immediate data to A
Exclusive-OR Accumulator to direct byte
Exclusive-OR immediate data to drect
Clear Accumulator

Complement Accumulator

Rotate Accumulator Left .
Rotate A Left through the Cany flag
Rotate Accumutator Right

Rotate A Fiight through Carry flag
Swap nibbles within the Accumulator

BYTE CYC

b fh e e ma ed b N) mh ad ek d b ah oh ek b b b b b b A s

cYc

w
»--A—d——ﬂ—umm—am—umw—-m-umm-m_.a et et N et e D) e D) e R R = N = RO —a DD —

Rt N T ST |\ QPP SRR
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80C31/80C51

ARITHMETIC TRANSFER
MNEMONIC DESCRIPTION BYTE
MOV A, An Move register to Accumutator 1 1
MOV A, direct Move direct byte to Accumutator 2 1
MOV A, @R Move indirect RAM to Accumutator 1 1
. MOV A, #data Move immediate data ‘o Accumulator 2 1
MOV Rn, A Move Accumulator to register 1 1
MOV Rn, direct . Move direct byte to register 2 2
MOV Rn, #data Move immediate data 10 register 2 1
. MOV direct, A Move Accumulator 10 direct byte 2 1
F MOV direct, Rn Move register (o direct byte 2 2
MOV direct, direct Move direct byte to direct 3 2
MOV direct, @Ri Move indirect RAM 10 direct byte 2 2
MOV direct, #data Move immediate data to direct byte 3 2
MOV @RiA Move Accumulator to indirect RAM 1 1
MOV @R, direct Move direct byte 1o indirect RAM 2 2
MCvV @R, #data Move immediate cata io indirect RAM 2 1
MOV DPTR, #data 16 Load Data Pointer with a 16-bit constant 3 2
Move A, @A + DPTR Move Code byte relative to DPTR to A 1 2
MOVC A @A +PC Move Code byte retative to PC to A i 2
MOVX A, @RI Move Extemal RAM (8-brt addr) to A 1 2
MOVX A, @DPTR Move extemal RAM (16-bit addr) 1o A 1 2
MOVX QR A Move A to Extemal RAM (8-bit addr) 1 2
MOVX G0DPTR, A Move A to Extemal RAM (16-bit 2ddr) 1 2
PUSH direct Push direct byte onto stack 2 2
POP direct Pop direct byte from stack 2 2
XCH A, An Exchange register with Accumutator i i
XCH A, direct Excnange direct byte with Accumulator 2 1
XCH A @RI Exchange indirect RAM with A 1 1
XCHD A 2RI Exchange low-order nibble ind FAM with A 1 1

BOOLEAN VARIABLE MANIPULATION

MNEMONIC DESCRIPTION 8YTE

| CLR c Clear Carry flag 1 :
CLR bit Clear direct bit 2 1
SETB C Set Cany flag 1 1
SETB bit Set direct Bt 2 1
CPL C Complement Canry flag 1 !
CPL bit Complement direc: ot 2 1
ANL C, bit AND direct tit to Cany flag 2 2
ANL C/bit AND complement of direct bit 1o Carry 2 2
ORL C.bit CR direct bit to Carry flag 2 2
ORL C.bit CR complement of direct bit to Carry 2 2
MOV C.bit Move direct bt 1o Carry flag 2 1
MOV sit, C Move Carry flag to direct bit 2 2
PROGRAM AND MACHINE CONTROL
MNEMONIC DESCRIPTION YTE cyc
ACALL addr 11 Absolute suoroutne Call 2 2
LCALL addr 16 Leng Subreutine Calt 3 2
AET Retum from sucrcutne 1 2
AETI Return lrom inteupt 1 2
AJMP addr 11 Absoluta Jump 2 2
LIMP addr 16 Long Jump 3 2
SUMP rel Short Jump (relative addr) 2 2
JMP QA+ DPTR Jumo indirec: relative 1o the DPTR 1 2
JZ rel Jump it Accumutater is Zero 2 2
JNZ rel Jump i Accumutator is Not Zero 2 2
JC cel Jump # Carry flag is sat 2 2
JNC rel Jumo d No Canry fiag 2 2

i
[]
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80C31/8CC5 1

PROGRAM AND MACHINE CONTROL (cont.)
MNEMONIC DESCRIPTION BYTE cyc
J8 bit, rel Jump if direct Bit set 3 2
JNB bit, rel Jump i direct Bit Not sef] 3 2
JBC bit, rel Jump i direct Bit is set & Clear bit 3 2
CJINE A, direct, rel Compare direct 10 A & Jump  Not Equal 3 2
CJUNE A, #data, ref Comp. immed. to A & Jump if Not Equal 3 2
CJUNE An, #data, rel Comp. immed. to reg & Jump if Not Equal 3 2
CJUNE @Ri, #data, rel Comp. immed. %0 ind. & jump if Not Equal 3 2
DINZ . An, rel Decrement register & Jump if Not Zero 2 2
DUNZ direct,.rel Decrement direct & Jump if Not Zero 3 2
NOP No operation 1 1

Notes on data addressing modes :

Rn — Working register RO-R7

direct - 128 intemal RAM locations, any VO port, control or status register

2RI - Ingirect internal RAM location addressed by register RO or R1

#cata - 8-bit constant included in instruction

#data 16 ~ 16-bit constant included as bytes 2 & 3 of instn:ction

bit - 128 software flags, any VO pin, control or status bit

Notes on program addressing modes :

addr 16 — Destination address for LCALL & LIMP may te anywhere within the 64-k program memory

address space
Adcr 11 ~ Destination address for ACALL & AJMP will be within the same 2-X page of program
memory as the first byte of the following instrucicn
re! ~ SUMP and all conditional jumps include an &-bit ciiset byte. Range is + 127 — 128 bytes

relative to the first byte of the following instruction.
All mnemonics copynghted” Intel Corporation 1879
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80C31/80C51

INSTRUCTION OPCODES IN HEXADECIMAL ORDER

HEX NUMB. MNEM. OPERANDS HEX NUMB., MNEM. OPERANDS
CODE CF CO0E Of *
BYTES BYTES
00 1 NOP 33 1 RLC . A
01 2 AIMP code addr 34 2 ADDC A, #data
02 3 LIMP code addr 35 2 ADDC A, data addr
03 1 AR A 36 1 ADDC A @RD
04 1 INC A 37 1 ADDC A @R1
05 2 INC data .ddr 38 1 ADDC A RO
c6 1 INC @RO 39 1 ADDC Al Rt
07 1 INC @R1 3A 1 ADOCC A R2
08 1 INC RO 38 1 ADDC A R3
09 1 INC R1 3C 1 ADOC A R4
0A 1 INC R2 30 1 ADDC A RS
08 1 INC A3 3E 1 ADOC - A Rs"
cC 1 INC R4 3F 1 ADDC A R7.
18} 1 INC RS 40 2 JC code addr
.CE i INC RS 41 2 AJMP  code sddr
- 0F 1 INC R7 4 2 ORL data addr A
10 3 JBC bit addr, code addr 43 3 ORL Jata addr, #data
11 2 ACALL  code addr 4 2 ORL Al #cata
12 3 LCALLR: code addr 45 2 ORL A data addr
13 1 RC A 4 1 ORL A QR0
14 1 DEC A . 47 1 ORL A @Rt
15 2 DEC data addr 4 1 ORL A RO
16 1 DEC @Ro 49 1 CRL A
17 1 DEC B@R1 4A 1 ORL A 82
18 1 DEC RO ] 3 1 ORL A A3
15 1 DEC A1 4 1 ORL A Ra..
1A 1 DEC R2 40 1 oRL A RS
18 1 DeC R3 4E 1 ORL AL R6
1C 1 DEC R4 K 1 ORL A R7
10 1 DEC RS g 2 JNC coge eddr
1E 1 DEeC R6 51 2 ACALL  code addr
1F 1 DEC R7 32 2 ANL cata addr, A
20 3 J8 bit addr, code addr‘j 33 3 ANL data addr, #data
21 2 AJIMP code addr 54 2 ANL A #data
22 1 RET 35 2 ANL A data addr
23 1 AL A 1 26 1 ANL A @RO0
24 2 ADD A data 57 1 ANL A @R1
25 2 ADD A data addr 58 1 ANL A RO
26 1 ADD A ©R0 39 1 ANL A Rl
27 1 ADD A @R1 5A 1 ANL A R2
28 1 ADD A RO s 1 ANL A.R3
29 1 ADD A R1 3 1 ANL A R4
2A 1 ADD A R2 2 1 ANL A AS
28 1 ADD A A3 3¢ 1 ANL A A6
2C 1 ACO A R4 F i ANL A R7
2 1 ADD A RS 80 2 JZ ~>ode acdr
28 1 ADO A RSB 51 2 AIMP wode adde
2F 1 ADD A R7 62 2 XRL cata addr A
30 3 JNB bit, addr, code 63 3 XARL cata aodr, #data
31 2 ACALL  adar 64 2 XRL A acata
32 1 RETI code addr 35 2 XARL A. data addr

i

£
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80C31/80C51

HEX NUMB. 1ANEM. OPERANDS HEX NUMB. MNEM. OPERANDS

CODE OF ccee OF
BYTES BYTES

66 1 XRL A @R0 59 1 suBss A, R1

67 1 XRL A, @R1 9A 1 suBs A R2

68 i XRL A RO 98 1 sues A, R3

63 1 XRL A, R1 9C 1 suss A, R4

6A 1 XRL A R2 8D 1 SuBs A, RS

68 1 XRL A R3 Qg 1 suss A, R6

€C 1 XRL A R4 SF 1 sues A, R7

60 1 XRL A, RS AO 2 ORL C, bit addr

6E 1 XRL A R6 Al 2 AIMP code addr

6F 1 XAL A R7 A2 2 MOV C, bt agdr

70 2 JINZ code addr A3 1 INC DPTR

71 2 ACALL  code addr Ad 1 MuL AB

72 2 ORL C, bit addr AS resarved

73 1 JMP @A + DPTR A6 2 MQV @R, data addr

74 2 MOV A, #data A7 2 MOV @R1, data addr

75 3 MQvV data addr, #data A8 2 MQV RO, data addr

76 2 MOV @R, #data A9 2 MOV R1, data agdr

7 2 MOV @R1, #data AA 2 MOV R2, data addr

78 2 MOV RO, #data AB 2 MOV R3, data addr

79 2 MOV R1, #data AC 2 MOV R4, data addr

7A . 2 MOV A2, #data AD 2 MOV RS, data acdr

78 2 MOV R3, #data AE 2 MOV RS, data addr

7C 2 MOV R4, #data AF 2 MOV R7, data aadr

70 2 MOV RS, #data BO 2 ANL C, bit addr

7€ 2 MOV R6, #data 81 2 ACALL code adde

7F 2 MOV R7, #data B2 2 CcPL Bit 2ddr

80 2. SUMP code addr 83 1 cPL C

81 2 AJIMP code addr B4 3 CIUNE A, #data. code addr

82 2 ANL C, bit addr 85 3 CUNE A, c=ig addr, code ader

83 1 MOVC A QA+ PC 86 3 CUNE @ RO, #data, code accr

34 1 o AB 87 ) CUNE @R1, ddata, code 2o

85 3 MoV data 2ddr, data addr | es 3 CJNE RO, #datz, code addr

86 2 MOV data addr, @R0 Bg 3 CJINE R1, #data, code addr

87 2 MOV data addr, @R1 BA 3 CJNE R2, #data, code addr

88 2 MOV data addr, RO 88 3 CINE R3, #data, code addr

89 2 MOV data addr, R1 BC 3 CJNE RS, #data, code addr

8A 2 MOV data addr, R2 B0 3 CINE R4, #data, code aadr

€8 2 Mov data addr, R3 BE 3 CJNE RS, #data, code addr
.8C 2 MOV data addr, R4 8F 3 CINE R7, #data, code addr !
80 2 MOv data addr, RS co 2 PUSH  data addr i

8E 2 MOV data addr, R6 C1 2 AJMP code addr

8F 2 MOV data addr, R7 Cc2 2 CLR bit addr

o0 3 MOV DPTR, #data Cc3 1 CLR Cc

g1 2 ACALL  code adddr c4 1 SWAP A

92 2 MOV bit addr, C Cs 2 XCH A, data addr

93 1 MOVC A, QA + DPTR Cs 1 XCH A, €R0

S4 2 suBs A, #data C7 1 XCH A, GR1

g5 2 suBs A, data addr C3 1 XCH A, RO

96 1 SUBB | A, @Ro (03] 1 XCH A, R1

97 1 suss A, QR1 CA 1 XCH A R2

98 1 suges A, RO [01:] 1 XCH A, B3
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HeEX NUMB., MNEM. OPERANDS HEX NUMB.
CO0E OF CoCE OF MNEM, OPERANDS
BYTES BYTES
cc 1 XCH A R4 ES 1 VOV, A, RO
co 1 XCH A, RS E7 f MOV A, @R1
g 1 XCH A, R6 ES 1 MOV A, RO
CF 1 XCH A R7 £9 ! MOV A At
[04] 2 POP data addr EA 1 MQv A R2
D1 2 ACALL  code adgr EB 1 MOV A, A3
D2 2 SETB bit addr EC 1 MOV A R4
03 1 SETB c €D 1 MOV A A5
D4 1 DA A EE 1 MOV A 86
03 3 DJUNZ cata adcy, cod2 aoar EF 1 MOV A R7
C6 1 XCHD A @R0 i F0 1 MOVX  20PTR,A
G7 1 XCHD A eR1 F1 2 ACALL  code acdr
08 2 DJINZ RO, code adcr F2 1 MCVX @RO, A
09 2 DJUNZ A1, code adadr F3 1 MOVX B8R, A
DA 2 DJINZ R2, code addr F4 1 CPL A
08 2 DUNZ R3, code addr F5 2 MoV data addr, A
DC 2 OJNZ R4, code addr F6 1 MOV 2R0, A
[a}0] 2 DUNZ RS, code addr F7 1 MOV 2R1, A
CE 2 DJUNZ R6. code addr F8 1 MOV R0, A
CF 2 DJUNZ A7, code addr F9 1 MOV "1, A
[SI¢] 1 MOVX A, ©0PTR FA i MOV R2. A
£1 2 AJMP code addr F8 1 MOV R3. A
e2 1 MQOVX A €RO FC 1 MOV A4, A
z3 1 MOVX A, @R1 ! FD 1 MoV RS, A
c4 i CLR A ' FE i MOV R8, A
£5 2 MOV A, daa addr i FF 1 MOV R7.A
ORDERING INFORMATION
i R
!i p
. A s
| Q 0 -t
i L J §0C31 -S
! 1 v 80Cs1 -1 :D
; M T 80CS1F XXX /B 'R
i S— - e T —— S— — E—
! ] ‘ i
i ! i i :
i Temperaiure Range Package Type Part Number ! Blank : 12 MHz version
i clank : Commercial P : Plastic DIL  80C51 Rom 4 K x 3 : -1:161 i
| 1:incustnal S:PLCC  80C31 ExemalRom o o e version
; M : Miltary D:Cerdip  80CS51F Secret ROM : ~L: Low power
! L:ina-8I" A:LCC version : 4B Milhz Proc}am
" Q:Com«Bl" J:Jleaded LCC ' - MHnany Fregram.
A Auicmotive  F: Quad Flat Pack Customer Som Code : R Tace and Reel
V: S Quad Flat Pack (1.4 mm) {8GC31 only) D Dry Pack
T : T Quad Flat Pack (1.0 mm)™
* 8 Bum-n
' 7 Preuminary
W M 20C31/Rev 1 0
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Data Sheet No. PD-9.4588

INTERNATIONAL RECTIFIER | JK2R

REPETITIVE AVALANCHE AND dv/dt RATED®
HEXFET*TRANSISTORS

N-CHANNEL

IRFP4A50
IRFPA51

IRFPAas52
IREFP<153

500 Voit, 0.40 Ohm HEXFET
TO-247AC (TO-3P) Plastic Package

The HEXFET technology is the key to International
Feclifizr’s advanced line of power MOSFET transisiors.
The 2!liciant geomelry and unique processing of the
HEXFIT dasign achieve very low on-stale resistance
combined with high transconductance and great device
ruggedness.

Tha HIXFET transistors also fealure all of the well
2stabiished advantages of MOSFETs such as voltage
toatrel, very last swilching, ease of paralleling, and
‘empseralura stabilily of the elecirical parameters.

They zre well suited for applications such as swilching
power supplies, molor conlrols, inveriers, choppers,
sudio zmguifiers, and high energy puise circuits. :

Product Summary

Part Numbar vVns foSion) n
{RFPASO 500V 0.40¢2 19A
1REP4ST <50V 0.4002 A
IRFPI92 506V 0.200} 12A
IRFP15] 450V 0.0 124

FEATURES:

B Isolasled Ceniral Mountirg Hole
i Repelitive Avalanche Ralungs
Bl Dynamic dv/dt Rating

H Simple Drive Requiremenits

K Ease of Paralleling

CASE STYLE AND DIMENSIONS
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IRFP450, IRFP451, IRFP452, IRFP453 Devices

Absolute Maximum Ratings
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IRFP450, IRFP451, IRFP452, IRFP453 Devices

Source-Drain Diode Ratings and Characteristics
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IREP450, IRFP451, IRFP452, IRFP453 Devices
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IRFP450, IRFP451, IRFP452, IRFP453 Devices >
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IRFP450, IRFP451, IRFP452 IRFP453, DeVIces
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QUAD 2-INPUT “NAND” SCHMITT TRIGGER

The MC 140838 Schmitt trigger is constructed with MOS P.channel
and N-channe! enhancement mode devices in a single monolithic
structure, These devices find primary use where low power dissi-
pation and/or high noise immunity is desired. The MC140938 may
be used in place of the MC14011B quad 2-input NAND gate for
enhanced noise immunity or to “square up” slowly changing
waveforms,

o Supply Voitage Range = 3.0 Vdc to 18 Vac
e Capable of Driving Two Low-Power TTL Loads or One Low-
Power Schottky TTL Load Over the Rated Temperature Range

o Triple Diode Protection on AN Inputs
e Pin-for-Pin Compatible with C04093
e Can be Used to Reptace MC140118
o Independent Schmitt-Trigger at each Input

MAXIMUM RATINGS® (Voitages Referenced 1o Vgs)

Symbol

Parameter Vatue Unit

Voo OC Supply Vohage ~0.5t «18.0 v

Via: Yout | tnput or Output Voltage (DC or Transient)

-0.510Vppn +0.$ v

fin- lout | 19put or Output Currant (DC or Transient). per Pin =210 mA
Po Power Dissipation, per Packaget 500 mw
T‘!ﬂ Storage Temperature -6510 + 150 °C
Ty Load Tomperature (8-Second Sotdering) 260 *C

“Maximum Ratings are those vatues beyond which damage 10 the Jewce May Oca.
1Temperature Derating: Plastic “P and D/OW™ Packages. - 7.0 mW=C From 65°C To 125°C

Ceramic “L™ Packages: - 12 mWrC From 100°C To 125°C

Ta

L SUFFIX
CERAMIC
CASE 632

P SUFFIX
PLASTIC
CASE 646

D SUFFIX
~- SOIC
d CASE 7514

ORDERING INFORMATION

MC14XXXBCP Piastic
MC14XXXBCL Ceramic
MC14XXXBO SOIC

S5 10 125 C lot all pachages

EQUIVALENT CIRCUIT SCHEMATIC
(1/4 OF CIRCUIT SHOWN)

This device contains protection circuitry to guard against damage due to high
static voitages or electric fields. However, precautions must be taken to avoid
applications of any vollage higher than maximum rated voltages to this high-
impedance circuit. For proper operation, Vi and Vgt should be constrained
to the range Vgg, < (Vi of Vout) < Vpo-

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.

LOGIC DIAGRAM
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ELECTRICAL CHARACTERISTICS (Vottages Referenced 10 Vgg)

Voo ~55°C 25°C 125°C
Characteristic Symbot | vgc - Unit
Min Max Min Typ # Max Min Max
Output Voltage “0" Level 5.0 — 0.05 —_ 0 0.05 — 0.05
Vin = Vpp or 0 Vou 10 — 0.05 — 0 0.05 — 0.05 Vde
15 —_ 0.05 — 0 0.05 - 0.05
"1" Leve! 50 495 — 495 5.0 — 4.95 —
Vin = 0 0r Vpp VOH 10 | 9.95 - 9.95 10 —~ | 995 | — vdc
15 14.95 —_ 14.95 15 —_ 14.95 _—
Output Drive Current
(VOH = 2.5 Vdc) Source s0 | -30 | — -24 -4.2 —~ | -7 -
(VOH = 4.6 Vdc) 'eT] 50 | -064 - -0.51 -0.88 -— -036| — mAdc
(VoH = 9.5 Vde) 10 -16 — -13 -225 - -0.8 -
(Vo = 13.5 Vdc) 15 -42 — -34 -88 — -2.4 -—
(VoL = 0.4 Vdc) Sink 50 | 064 — 0.51 0.88 - 0.36 -
(VoL = 0.5 Vdc) ot 10 16 - 1.3 225 - 0.9 - mAdc
(VoL = 1.5 Vi) 15 42 - 34 8.8 — 24 -
Input Current tin 15 - =0.1 —_ =0.00001} =0.1 — =1.0 | pAdc
tnput Capacitance Cin -— —_ —_ —_ 5.0 7.5 — — oF
(Vin = 0)
Quiescent Current Iop S0 — 025 - 0.0005 025 — 75 | mAdc
{Per Package) 10 —_ 05 —_ 0.0010 0.5 - 15
15 -_— 10 - 0.0015 1.0 — 30
Totat Suppty Current”*t r 5.0 T = (1.2 yAkHZ) T 4 Ipp sAdc
{Dynamic plus Quiescent, 10 IT = (2.4 uAKHZ) [ + IppD
Per Package) 15 IT = (3.6 uA%HZ) 1 + Ipp
(C = 50 pF on all outputs, all
butfers switching)
Hysteresis Voltage VRt 50 03 20 0.3 1.1 20 0.3 20 Vdc
10 1.2 34 1.2 1.7 34 1.2 34
15 1.6 50 1.6 21 5.0 1.6 5.0
Threshold Voltage
Positive-Going VTe S.0 22 36 2.2 29 36 2.2 3.6 Vdc
10 a6 7.1 46 59 7.1 4.6 741
_ 15 68 108 68 8.8 108 6.8 10.8
Negative-Going Vr- 50 09 2.8 09 19 28 09 28 Vdc
10 25 52 25 39 52 25 52
5 15 40 74 4.0 58 7.4 4.0 74

#Data tabelied “Typ” is not 1o be used tor design purposes but is
intended as an indication of the IC's potential performance.

*"The formutas given are for the typical characteristics only at 25°C.
1To calcutate total supply current at loeds other than 50 pf:
1T(CY) = 11(S0 pFY + (Cy - 50) Vi

where: 17 is in uA (per package), C{ inpF. V « (Vpp ~ Vgsg) in votis,
{in kHz is input frequency, and k = 0.004.
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MC140838B

SWITCHING CHARACTERISTICS {C = 50 pF, T4 = 25°C}

Voo
Charascteristic Symbot Vde Min Typ & Mex Unit
Output Rise Time ITLH 50 - 100 200 ns
10 — S0 100
15 - 40 80
Output Fall Time TTHL 5.0 —_ 100 200 ns
10 —_ 50 100
15 — 40 80
Propagation Delay Time 1PLH. WPHL 5.0 —_— 125 250 ns
10 — 50 100
15 - 40 80
but is | d as an indi of the IC's potential performance.

#0ata labeled “Typ™ is not 10 be used for design purp.

FIGURE 1 — SWITCHING TIME TEST CIRCUIT AND WAVE FORMS
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FIGURE 2 — TYPICAL SCHMITY YRIGGER APPLICATIONS
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MC140938B

FIGURE 3 —~ TYPICAL OUTPUT SOURCE
CHARACTERISTICS TEST CIRCUIT
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FIGURE 4 — YYPICAL OUTPUT SINK
CHARACTERISYICS TESY CIRCUIT
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MC140498
MC14050B

HEX BUFFER

The MC140498 Hex Inverter/Buffer and MC140508 Noninverting
Hex Buffer are constructed with MOS P-Channel and N-Channel
enhancement mode devices in a single monalithic structure. These
complementary MOS devices find primary use where tow power dis-
sipation and/or high noise immunity is desired. These devices provide
logic level conversion using only one supply voltage, Vpp.

The input-signal high level (V1) can exceed the Vpp supply voltage
for logic tevet conversions. Two TTL/OTL loads can be driven when
the devices are used as a CMOS-10-TTUDTL converter (Vpp = 5.0
V, VoL € 0.4 V. IgL & 3.2 mA).

Note that pins 13 and 16 are not connected internally on these
devices; consequently connections 10 these terminals will not affect
circuit operation.

High Source and Sink Currents
High-to-Low Level Converter

Supply Voltage Range = 3.0V 10 18V
Vin can exceed Vpp

Meets JEDEC B Specifications
improved ESD Protection On All inputs

MAXIMUM RATINGS1 (Vottages referenced to Vgg)

Characteristic Symbol Value Unlt
OC Supply Vottage Voo ~0510 418 vde
nput Vohtage (DC or Transient) ViN - 0510 +18 Vde
Output Voliage (DC or Transient) Vouq |-0510 Vpp + 05 Vdc
Input Current (DC or Transient), per pin lin =210 mA
Qutput Current (OC or Transient), per pin lowt + 45 mA
Power Dissipation, per Package? [} mw
(PlasicCeramic) 825
(SOIC) 740
Storage Temperature Tsig -65% +150 ‘c
Lead Temp {8-Second S¢ ing) T 260 C

2Temperature Derating: See Figure 3.

TMaxemum Ratmgs are those values beyond wikch damage (0 the device may occur.

L SUFFIX
) CERAMIC
CASE 620

P SUFFIX
1 PLASTIC
CASE 648

16 D SUFFIX
. SOIC
CASE 7518

ORDERING INFORMATION

MC14XXXBCL Ceramic
MC14XXXBCP Plastic
MC14XXXB0 SOIC

Ta = ~55'C 1o + 125'C for ait packages

MC140498

LOGIC DIAGRAM

NC = Pin 1316 NC = Pin 13,16
Vgg = Pin8 Vgg = Pin8
Voo = Pinl Vpp = Pin1

PIN ASSIGNMENT

[ voo ~ E]
E Outy Outg E
E ing, ing E]
[€ous we[1)
(e]we owe 2]
(o wng 1]
(]w oug| 0]
E vss ing 3
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MC140498B « MC140508B

ELECTRICAL CHARACTERISTICS (Vottages referenced to Vgg)

2 The tormulas grven are for the typical charactensics only at « 25°C
3 7o calctuste total supply current at 10ads other than 50 pf
HICL) = (50 pF} + (CL ~ 50} Vix
Whete: I7 &5 in uA (per Package). Ci inpF. V = (VDD - Vgg) m volts, [ n kHZ  input frequency and & ~ 0 002

This device contains circuitry 10 protect the inputs against
damace due to high static voltages or electric fieids refer-
enced to the Vgg pin only. Extra precautions must be taken
to avoid applications of any voltage higher than the maximum
rated voltages 10 this high-impedance circuit. For proper oper-
ation, the ranges Vgg < Vin s 18 V and Vgg < Vo <

VpD are recommended.

Unused inputs must always be tied to an appropriate logic {
voltage level (e.g.. either Vgg or Vpp). Unused outputs must

be left open.

Q 1400

Voo -55°C +25°C +125°C
Characteristic Symbol | vde Min Max Min Typ! Max Min Max | Unit
Output Voltage “0" Level VoL 5.0 —_ 0.05 — 0 0.05 — 0.05 Vvdc
Vin = VoD 10 — 0.05 — 0 0.05 — 0.05
15 —_ 0.05 — 1Y 0.05 — 0.05
“1" Leve! VOH 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin = 0 10 9.95 - 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0" Leve! viL Vdc
(Vo = 4.5 Vdc) 5.0 —_ 1.5 —_ 225 1.5 —_ 1.5
(Vo = 9.0 vdc) 10 -— 3.0 -— 4.50 3.0 —_ 3.0
(Vo = 13.5 vdc} 15 — 4.0 — 6.75 4.0 — 4.0
“1"Level | Viy Vde
(Vo = 0.5 Vdc) 5.0 35 —_ 3.5 2.75 —_ 3.5 —_
(Vo = 1.0 Vdc) 10 7.0 —_ 7.0 5.50 — 7.0 -
(Vg = 1.5 Vdc) 15 1 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(VOH = 2.5 Vdc) Source 5.0 ~1.6 — -126 1. -25 —_ -1.0 -
(Vo = 9.5 Vdc) 10 -16 - -130 -26 _ -1.0 —_
(VOH = 13.5 Vde) 15 -47 — -3.75 -10 — -3.0 —
(VoL = 0.4 Vdc) Sink 100 S0 3.7 - 32 6.0 - 26 —_ mAdc
(VoL = 0.5 Vdc) 10 10 - 8.0 16 - 6.6 —_
(VoL = 1.5 vdc) 15 30 — 24 40 19 —_
tnput Current [ 15 -— =0 — 20.00001] =201 — = 1.0 | pAdc
input Capacitance (Viq = 0) Cin — — — — 10 20 — — | pF
Quiescent Current (Per Package) oo S0 - 1.0 — 0.002 1.0 -_ 30 nAdc
10 - 20 —_ 0.004 20 —_ 60
15 _ 40 — 0.006 4.0 — 120
Total Supply Current 2,3 3 5.0 IT = (1B uAKHZ) 1 + Inp pAdC
(Dyramic plus Quiescent, 10 1T = (3.5 uAKHZ)  + IpD
per package} 15 T = (5.3 pAKH2) 1+ Ipg
(Cg = SO pF on all outputs, alt
butters switching
1 Data lapeied “Typ™ &5 not 10 be used for design Out o5 & as an of the IC's potental performance.




MC14049B ¢ MC140508

AC SWITCHING CHARACTERISTICS! (C; = 50 pf, To = +25°C)

Voo
Characteristic Symbol | Vdc Min Typ2 Max Unit
Output Rise Time LY ns
tTLH = (0.7 ns/pF) C + 65 ns 50 - 100 160
T = (0.25 nspF) C + 37.5ns 10 - 50 80
71 H = (0.20spF) C + 30ns 15 —_ 40 60
Output Fall Time THL ns
(THL = (0.2 nspF) C + 30ns 5.0 —_ 40 60
ITHL = (0.06 as/pF) C 4+ 17 ns 10 —_ 20 40
T4 = (0.04 ns/pF) G| + 13 ns 15 — 15 30
Propagation Delay Time PLH s
PLH = (0.33nspF) C + 63.5ns 1 5.0 — 80 140
tpLH = (0.19 ns/pF) C_ + 30.5ns 10 -— 40 80
pLH = (0.06ns/pfF)C| + 27 ns 15 — 30 60
Propagation Delay Time PHL ns
PHL = (0.2 ns/ipF) C + 30 ns 5.0 — 40 80 °
tPHL = (0.1 ns/pF) C + 1Sns 10 —_ 20 40
1pHL = (0.05 nsipF) G + 125 ns 15 — 15 30
1 The formulas given are 107 the typical characienstics only at 25°C.
zDauhbehd"Typ'(snollobeosodludesign but s ded as an indication of the IC's pert

Vos = Vox ~ Vpo

0 o 160
g Vs = S0vae | / = Vgs = 15V __|
€ _10 —1T} § L~
£-w 7 2 1 ]
= ] P —
£ A A g e
=1 -2 r3 4
b 1T V 3 o Vg = 10Vdc
"g . ; 80 - GS
3 — 3l VGs = 10vae ‘.;’ /,//
2 = gL L4 | Moimmlmenion | |7
3w )z L
& VG = 15V Masimum Current Level ] 4 VGs = 50 Vde
-5 7] [ ; Ll
210 ) <60 —a0 =20 o 0 20 0 60 80 0
Vps. DRAIN-TO.SOURCE VOITAGE Vdc" Vp_. DRAIN-TO-SOURCE VOLTAGE (Vo)
FIGURE 1 — TYPICAL OUTPUT SOURCE CHARACTERISTICS FIGURE 2 — TYPICAL OUTPUT SINK CHARACTERISTICS

Q197



]

MC14049B e MC14050B
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FIGURE 4 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
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