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| FLOOR CLEANER ROBOT

’ Miss. Kanlayanee Boonsattha
5 Miss. Kanchana Nudraksa
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2nd Semeter , Education Year 1998

Abstract
This thesis discribes a project of the floor cleaner robot . At theend of the project,

the robot will be able to move in random direction . It can turn left or turn right when it
crash an object by using micro-switchs as the sensors to send signal to the controller.The
robot can back to the battery charging station automatic by using ultrasonic as a navigator
when its battery downs to a preset level.



MUY

unfnge
Abstract
M1317gy
sty gUam
MSUYAITN
undi 1 umh
11 yalszasnveslaseau
1.2 ndnmsuazmshauvesiusuagaiu
1.3 ﬁauﬂsznanﬁfugm
1.4 nalnvesn1sindeuiivesfuaudgad
1.4.1 s:unnmﬁ?weaﬁuauﬁam’!u
unii 2 gaadh Teiiansuaayed
2.1 gand lyilaunudloTedidinnsn
2.2 adauazdITy
2.3 demsflumsifadadedaiiy
w3 luasaeuTnsamed
3.1 Aueauliaves MCS-51
3.2 AWNUIVIVBI MCS-51
3.3 Tassadrameluves MCS-51
3.4 Tminesianiaed
3.5 Tassaduneia
3.6 Tassadamsduwaeifua
3.7 nguedalu MCs-51
3.8 Adfalu MCs-51

II
I

VII

v 00 3 A WN

12
12
13
14
19
19
20
22
24



t

Uil 4 299suazMIiu
4.1 NeImAdFygUNfIueud
< <
411  NTTANLAABS
A woa 4
412 v luluambaiod luvusiees
413  29950519R2100 40 kHz |
414 NITNIMUIWU
42 2esmasudyguiinafuoud
4.3 29958 unNAluMIHaunandanavIn
] aa 9/ v 4 4 a
4.4 2vsuazdiinedesiuiimniuuniaes
45 maiauveamatuneme’
0 A o
45.1 MsuveRduemes
452 mMImuAuAITIWBIABT
453 myeenuvuMarmMsadNIzUUYUIATeU
4.6 daununulaonsiflulasaeunsames
4.6.1 Flow chart MaRINITHINU

UM 5 NITNANDUAZHANIINADDY

*
- T

5.1 msiaaIransnanesluglvesdyguiiganid
501 HANSNIARBIYBINIATINIAIYITUUMADS
512  FamsnaaBveImasufisausua
P a d
unil 6 agiuazIngal
MARUIN
AaanssuIsmd

1BNA15H19D3

31
31
32
33
33
34
37
40
42
46
46
49
50
46
46
54
54
54
56
66



P -

nsvgyzUaw

= L 4 4 4 Ll
3171 1.1 uaraeszuudmndsuvesjusuAgaiy.

1 4
1.2 4@AINITATI9NY - v we I uIUA

1%
=i

1%
[l
=

1.3 nameInssadrevesiusudgadu

ean
e
.

1.4 uaaslassadrevesusudgadudiuds

v A o o
1.5 lLfWNIﬂix‘tﬁﬂx‘t‘l]ﬂsnﬂii]ﬂ‘lﬂiiJu‘Uﬂm@i

aan
[l
=$h.

ean
=h.

1.6 uanslassadiavesusudgeiuvas v uuAnes

e
c
.

2.1 uaasdygdnysivesgandileiamsmaduvesuuudie

3.1 uaasdmmisvvesl lulasaeuInsames MCS-51

e
[l
=h.

(%}
=2
=h.

3.2 uaaslaswwdumeludilulasasulnsanes MCS-51

¥
33 uﬂﬂﬂiﬂiﬁﬂ%‘lﬁ‘ﬂu? #AIUTINIMUAYBI MCS-51

1%
=
=h

e
e
=h.

3.4 upunmuaasmieanudiidmiwiudeyanisludyl Mcs-s1

v v ¥
3.5 yaaamiagm s idmimiudeyadia lmeslugifisaesdan

ean
 mdl
=

e
=
.

3.6 waaantenuswosTlsunsuusnsdwaessUAuAaz ¥l

3.7 S9@es IFNWNNE E

et
=
=.

3.8 Seames IFnumnIe IP

r-L%
e
=.

esh
=
=33

3.9 yaamulganu i miulssaanauuuyauy

eon
=
=.

4.1 vaenleezuasumsiiauludiuvesmana

42 19NTAUVARDS

e
|l
=h.

43 2995 InTumadiaiad huusiaes

&N
=
=$h.

4.4 299505198210 40 kHz

%]
=8
2.

s
=
=5h.

4.5 1INIUTAU

4.6 MI¥eudsTzninled cMos fu'led TTL

as
el
=,

4.7 2995 lumadwazaufineIves

&an
5.

9y
4.8 HAAIAMNUINITAARINT IUAAATDI AT

au
=
=

00 O O W



— e g

——

g

U

\%

]
o fod

49 naavaeslumesudyguidauoud

{ o o

7 4.10 199IAMATVLATANAINTWLAIAS

< - - aa o
4.11 UTAINY ﬂ']ﬁﬂﬂlﬁ\?llﬂ1ﬂﬁ°ﬁllmﬁﬁ]5

g aa o v d
4.12 AFUDIRDTULUTURMANANTTIT

o sY  Ad v da o
413 MImuguaTNeiaeidITRadIs lugaty

7 4.14 uaanasludiumuguueaed
] t 4
3 415 naaiussumIniaveslulnsaeulnsames

5.1 R uANE 4 MHz

5.2 ﬁ'q;nunmmm?i 40 kHz

53 Fognuiimusesniussdu

5.4 dyanadiidvnmsianseunuaduseidaiy
5.5 dygairuseuuenildaf 1 uaz 2

5.6 fyguiiialdnanuAinnestufing

o o a
5.7 dyanuemiyavesaruend

4 o d o v [y (4
5.8 dyanaueninaniesds lifsneuinsaaes

[ i [y t o Jo o
5.9 Fygnail lAnnmIianssamIUaRUTeSAITY

.
o <

7 5.10 Foyanuiirestuendldan 1 uay 2

*
o’ =

5.11 dggnuiiialdenmsiuiesduainga

# 5.12 dognaueminavesavivend

o

o o A

] a 4
5.13 daygnaeminanezds judiaeuinsames

]
o =y

5.14 ﬁqn,npmﬂ'lﬁﬂmmi‘Eﬂﬂ'i'aum'luﬁﬂ‘awe?ﬁﬁn

14
o o)

5.15 dyanudimusetusudldai 1 uaz 2

5.16 dyanuiialdninnisiueesBudinga
o o a

5.17 Fagnaueminavesdruend

o o - 1 o o
5.18 dygnauemnafiesds ludneuinsames

36
39

41
43
45
46
51
52
53
54
54
55
55
56
57
57
58
58
59
60
60
61
61
62



M3ty glam

31fi L1 noassyuuduaieuvenjuoudgadu

sl
oA
7

d '
1.2 unasmioada - varveauoud
1.3 unas Inssadvenjuoudgadu
1.4 ugaslasaadnvesfjusudgadud iy

L4 L A
M 1.5 uraslansadnvsunisanfwuames

4 .
1.6 UAAININIUUAIABTVBIHUBUAGARY

M 2.1 usasdgygdnyaivesgani lailiansundaveiiuudng

M 3.1 uaasdwnsywessi b lasasu Insaines Mcs-s1

3.2 naalnneademoludl uInsneu Insames Mcs-51

3.3 umaslassadiomizonand nlanuayes MCS-51

3.4 ununmuaasmizsawdidmiufudeyanioludl mcs-s1
3.5 uﬁmnu’qummihﬁmi"mﬁvﬁ'agnﬁa‘lﬂmo‘lu%ﬂv‘fwmdm
3.6 uaaamizsanudwesIlsunsuuinsdumes S laudnsyiia
3.7 SPonmed 1Fenunme IE

3.8 Fomans ey

3.9 uaasmiganuiidmivilsyuonauuuyiu

4.1 vaenlaszunsunisvieludauysannds

o
42 29TFAUVANSS

P - o ay .
43 owsIuTumﬁmauan‘hmmaf

o
4.4 19559RD 40 kHz
4.5 1IN ITIAY
4.6 M3I¥euABIENIe lod CMoOs fu'led TTL

o ' s dd
4.7 'm]ﬂumﬂmunzmumﬂm%q

] »
i 4.8 HTAIA WS msmmnﬂuamwas’msv

-

o0 N (=, (9] v, ] PN w :2

-

W W W W W W WON NN e e et et et ek e
WM b WD = O VNN O O 00 AW



- w A

o ———

Vil

MIVYAIY

a15197 3.1 WlnsneuInsamesuuulAniiuaszga MCs-51
M3eh 32 uaasdayndnyel $o uazdumismeqfidieglu SFR
M9 3.3 wanenguitdendamand

M131eH 3.4 uansnguitdameassnmans

m3ed 3.5 uansnduirdundoutiedeyalu Mcs-s1

msndl 3.6 umasngudidundeutedeyalu Mcs-s1

a3ed 3.7 uemnguiduadeudiedeyalu MCs-51
M3 3.8 pamsnguidadunsiiuvesldsunsy
aM3nd 3.9 uaalnguidimugudrumhauvesTusunsy
A ndl 3,10 naasnguiidsdszaanaunuyau

o . o o o [ o
3N 4.1 uraveminad 1 uag 2 fide ludwneuInsaaes

15190 42 uaashianenisaiesufiaud s dadh lausu

13
18
25
26
27
27

28
28
30
38
41



S wha M

3
;

A
YNN 1
YN
} 4

‘luﬂﬂqﬁuﬁmﬂiuiaﬁ'lﬁ’ﬁmm5'1mﬁ’mmuazﬁumm“lu%‘im]szﬁﬁ'ummuu‘uﬁm
Suotrann uswldimsihlylaseeuTnanefinlfnusudunseddiilmarnsia sild
1 4
frmvdhuuusaTuld afeeuasaanmoazlssndandeanunnud wazlulassani

d v o ° o 4 v { o
doumy  18imai'lyInsneuInsanesunlszgndidiiuniesgadu  Tasfinisvhaiuuazais

4 42 o
maau‘nuu%sgﬂmuﬂuﬁ'wklniﬂsﬂeuimamas

d
1.1 9ailszmnvealnsany

. mainnuﬂuﬂmuﬁngmluua%ﬂaaumawaﬂmﬂﬂmn‘lﬁ'

p—

2. MuIIn ‘li'ﬂﬂuﬂumﬂﬁi’]uﬂﬂﬁﬂqﬂ ﬂﬂ‘l]‘lﬂ‘iﬂllﬁﬂlﬁﬁ]iuﬁ%ﬁﬂ'lﬂ'li‘lﬂi ﬂllﬂﬂlﬁﬂilﬂﬂqﬁlﬂﬂ

Lnmes g ausudiuseuiife
3. Amamsdszgndlfougaadi lsdansnadaes

4 FnurduadimaassunziannnistszandifonluTasaeuTnsanesiNendugunis

e veajusudgadu
ar ° d
1.2 n@HMsuazmMIaMOUveIueHAgaA Y

Y] o [] J [} d" -~ [] u’q’: d‘ d'
ndamsuaznsiuvesjuouagadululasenuil fie  YusuauuIzTUNIUATEUN

. o ¥ A . v 0 Q¥ 1 ¢ A 4 4 aa
agnasuasy liliateudfiesiinisgad uaz‘nﬂnuuﬂuﬂmmsmﬂaau'ﬂna'u'naﬂaanﬂmn"lﬁ'
a &' A ° 9/ a [ v v o A A 9/ 1 o
TagnsandaaruesNoeimiNnlunsas ey nuﬂumumﬂﬂmnmu‘lﬂ udadadiudu
wm'lnﬂn"l,uiﬂsﬂauimmaai =1;amlluTﬂSﬂauT‘niamasm“sﬂummuﬂumiwnamas M
‘lnnuﬂuﬂmmsmaﬂww Ao viedudunth mnh]mniam"l,ﬁwﬂuﬂmﬂu"lﬁ"luﬂsmmu

vgﬂ‘nwmmﬂwuwemmmaq !.1?18!110!.!.‘1]%!.%@5‘1114']?’] 12 haw‘lmﬂuzmawwﬂ"lﬂnn‘umuu



T T

o 3’ a * 0 o A A ; ¢ 1 AZ 9/ o ] g3 =
Uuﬂuama%ms‘luuumﬂﬂﬂummaa 115@11ﬂ1ﬂ']ﬂ'3']ﬂ']‘1’]ﬂ\3b13 ﬁ?ﬂ“ﬂﬂﬂﬂﬂzuﬂ?'lilﬁ'llniﬂ

[
=

o Y @ s v oo 4 a ° 4 L v o« wa & voA
nay lﬂmmxmua‘n‘mammﬂmasua:mnﬁ*}mmmﬁmasmHmﬂﬂuaﬂ luua PIATANINUD

¥ ¥
Iasssmuitduivas dusudiezamsoti 1§l udsadszsriuldeSwmmaissasd

ar a 9 o 9 ¢ o 3 4‘1 o o o ¢ A 3 P o
ndevndus Idd liusudve usniuaunsunfoufindy ludidwmisnaswesizie
o [ wa Aot 4 A P @ a v A 3 o 4
uunaes idelarsaluid  Tashidausudveusszannsanieud Wiiumindainga
a Q’d’ = 9) o a a Ia q): o o o o A o ]
puames Idieniu 191 18Tins 1gaair Tetlanswaduresdads ndniwunned mehids
as o [ @  as 9 o d' ° [} 9 d’ a da ; 4'4
Fugnavendumisesdaiues Iiusudnswidumidldilafauuaneiiiand  uasiie
s ot 9/ o ar a [} a o a g [} a 9 as
fjusud IRasesudyyiufignawaniins wumaes Aozduiludunaldiuuins
aouTnsalaey ezt lszunanaudade ldmnnunisdunames iusudiadoud luu
a E ad o a o A 3 o as o ot J < °
demai 18 1sunsu Blunsdifddunalidfuandniu vdwniudrusudveusinezh

s = o a oo gy A s o 2 9
ﬂ'ﬁglﬂiﬂul!ﬂlﬁﬂiuax“fnﬂ']5'3\1‘lﬂﬂﬂFJUQ@llﬂulﬂ 1UDHITUUALIADTIULIRUUAD

, 2
1.3 mautszneuniugv
b 4 Q v a P « 3 o 1 dﬂ
LluTasaoulnsaaed aszna MCS-51 Hmihniniuaumanteuive s usuAgafuiy

) ¥
woe TaehluTnsenuiliniflulnsnouInsamasiues 8051

1

o o a Y A o & 9 da o o A ¥ o
2. 2astunene’ wwiludvimihfidusioulidenaaiunamesnyuie 1 usudga

thundoud ldaui Tusuns w14

[
[ o

+ ¥ v
3. maduwaziudynns Adusuduazidsesiimiwuamey  Taemaiudynn
¥
s ] s ' a L4
vosdausudiuszudiudunaves lulasneuInsames
9 ] Qs 3 4 2 Yy 9 s ] L4 o
4. Tassrhansgrevesdfusudaadu  gresnuuulddundwesdausud 1
LY L o ; = A 4 ] o
dnwaie 18 yaz Idilaesdondnlunstuwniou Taslinisdafissislunsnsda
1 (R dy 9 0 o Qs 1 J 9/ o
- 5. dauveuvasnielildesdfun nemes uazasvsludnfusud wlfuuameivia
a o a Q7 . K] y
12 Taad 7 wend) wasfidudSuusswunnuuames il 5 Taad Medluunasssvifes
] ¥
Tun Tulnsaeulnsaaes uazaseshldvifess Tad
’ 1 ¥ v ]
6. in3vegadu 1 1dvinsanas 1aide IdvhmhAdudainisgadu

' a 5/ o a
7. ﬁ?ﬂﬂﬂﬁ?ﬁﬂiﬂjﬁ"!ﬂi WULIURAIABT



- I w— - e .

A A ] d
14 f'lﬂvlf'lﬂﬁ!ﬂﬂﬂu'ﬂ“llf)dﬁuﬂuﬂ

d' a a [ o [ 5 9 as 4’ 9
lumsesnuuunsiaiiouiuaznisnssmvesiusudgaduiu  szldnsduniou 3 de
o '-Q Y] a 4 Y] ¥ 4’ 1 a) s

Tagezdl 2 dandnnantuunuuamesidudendnfldlunstundou uazdnuilsdenldvielu
LY 2 o P LY A'I ] o v : 9/ d =a
nsnsivesfusug Tasuamesniflunisduniouuouagaduiu 519z ldueimeiaia
o P4 Y o w o @ A a4 a T ) o
ATueIAn3 (DC Motor ) Hluduiidsassdalunistuniou Taohzdnegiudednsdrouazdns

¥21 daas dasgli 11

degaomngs

a4 d a
AVUDIADT TUA

Iileananielu

donanniFlunisvuniou

a LY A ' - 4 t ’
709 1.1 nerasszuudumdeuvesiilsudgadu

dy P Yt o Y o w & P ' a3
TulassuiisufeniddFueamesiudumdalunsdumndouusud Adennsin
) [ d & d)/d =1 < a o =4 o [ ) 9/
dnyuziduvemeames¥aaliAe  NarmSfiasTuaziinesngs  mwsaldiunszuanseld
wesnam lduuames Wuumdssie W ifuavueud wozsdmansamuiidalumsdulfgs
J = rad { 1 :‘i ° °o_
ylfenlddenisidenld Aduemessiieiiiflomangniolu  Foevilduamesimasiuns
o { o J: 1Y ‘o 4 g ¥
Juge wosluvmnsiminemestiulillsznoudhdudedunden Afsausalfifleana iean
=4 A o o 2 4 Hf
anuFwasiuidlumstuniouiullsnld
1 2 A 3 o v ::’ a J
uazludivesmsvaunandafiavnevssuouagaduil szl InsaTadiiiu
4 o = 2 a :’f = [ t 4 A 3 oo
uyeiasety  lagezriimsdads lulasadad $seuq davesuoud devuoudislasu
a e o a S o a : 9 ] [ a Y o 7 1
dafavaenee lsuadadiviinisdads uazezdeauiudunaldduaeuInsamesines
9 o [l L4 7 4' o dy 3 dy o -~ a 9 v a P
Tdsunsulvidmjusudgaduindeunifeadhe B, oeonds wfedumbhawsdunai ldnn

MIYUTIRT IUAWNUIA Y



TR T -

—

- SmTe

— -

3 ¢
1.4.1 SLUUM SIBUIVBIRUUAGARY

4 o sy & e Y VY 099y 9 &
lumsifervesdijuoudgaduil  saunsohiddismsihiddedranianaguly

k4
a

% 9 Y a g ul: 9 o o d 3 9 o v o I~
UYNHUI Lm:aaaﬂm\mumgullﬂmwm Tm'ﬂﬂ’nms’mmmsHuumﬁmaauuummmu f

o L a dy 9/
sz i enusoianisaen 1é

4 9 4
1R8IH18 QeIYN

N ci dy g/ 1 I'd
glhﬂ 1.2 ua@adnisiay 3y — 431 UaIUEURA

z [~ ! o ! J o
ngthiueziiu1d3 sanseildusudmuisadede 1ddaenishivdened

k4 k4
yamyuldanh uazdemedudreiumpundunds uazluieudvaiuiusifamnsadh

¥ } 4
Thiusudideannldwuiu  TagshIvdednonyu lifembwaz Iddemaduvaniumyundy
[ & dw 3 Sldy A A 3 dg 1o o o o

wis Flunmdoatuseyldide limalendedaladu Adusgiumsimuanaidmuall

TuTdsunsaniuies



dy A - ) o N A = ' gj . N ) - o N
wnansiidwenarsianubidnsunislynuiionsfinwimtu lueugalnilulsdsslosununisan

lunsdllas visdu dnnanuilndaudadliemuazneseadaiauaivetenarsynasaminisintuly



wnansiidwenarsianubidmsunislnuiionsfinwimiu lueugnlnilulsdsslosuaunisan

lunsdllag visdu Bnnamuilndaudadlienuasnesedaiuaivetenarsynasaminisintuly



il

UNN 2

a a d
gandlatianauafuyes

afugaadrTeiin ( Ultrasonic ) mueds afwidssifinaudgufiunifiquyudesld
' 13 4 ]
tu Taoa lluds quyndlaundees 18Gwdssqedufivessinn 15 kiz My udhiieng

o 1 i i 1 J
galeseg o1z lddwdseiifinamdgeanit 20 kiz duly

A 9 d'l 1 9 a 9)cd 1 A daa ° 9
aungRinsiuenaud gaadilaiin ez Wuaduniifemaiidn
3 a 4 é Qe 4 \ é
runsadnduded lduthmnefidesms Mlasnwes  Suiluguouivesndiuesianils
i 4 da 4 & A d A 4 " « dqw
gendunfinaudgeu anwelefufedsduas Snamenduenniveulla ( Yeanld
9 I3 ]
@oniuesnin ) vewa I uiiades gu AAUAWD 300 Hz luema ezliaaimuenans
é L] 1 H ' o [ o~ Q‘I
dszam 1 was ey FzenniivedilieatudsesnunndduiadosTasia lin
s adussnuufve A uusnvasIiuiindes FhldiAamsnszaehismevesniu ud
4 3 L] v - Ll 1] , 1 4
Hmwdgeiumnesgludiugandileda sdiudu aduaawd 40 kHz sxiinwenadulu
=1 a o ] 3 & d v v A Yo a A AJ
pmAfisalszina 8 Tafwasminiu Fudnndigdlavesdanldiuliadssnauat a9
d' < (3 n: 4' < v ) - d' & a 1 o a
adwdsees Lidms@euuuiiveny Tasesnuuiludwaug nie fisuSendudn psiifisnie

TGK]

msifamevesndwdeiugandleda mitsnihhidouldnaredie wu il
v . * ( .
19 lwnsesnrunuszering ( Ulasonic Remote Control ), 1A38ed1gunsal ( Ultrasonic
o y:’ @ o 4=l' 4' a a o a ‘i
Cleaner ) Tagvilshihduiinawige |, wSesianrwnunesiaglasduna ssosnamndu
9 s A s < ° a9 Y ¥ A ° t s
azeunduin , wIeviamudnuaziwmuildfemaa , 1Flwelesmdwmisedoazuns
M 1 Q'l 1 Hs J o ’ 4
daulusume, I¥mageunissavess Wudu Tasanwddlduduns1¥au wu dadu
idosdouAumeniueimauds awdh ldidnersinaegifisahiifin 50 kHz  mszawd
a 4 .4 a A oo 4 & cq Y v & a4
Agevundriiemsszganfuntudouiuannin  dhildszdusnuuswesndudisafitzes
[ L d [ 9 [ P ] 9 u.d ° z o
vueenll anasednniass daumsidaudmunsunng Hdeensialimsdug ne1s
¥awalugis 1 MHz 89 10 MHz vaghanuddlu GHz Afldmulunaisg msldaun

L 4' ‘f - A ] * 1]
anaeisdwaumeri lildena



-

o —

WP T APTR N ge— e w——

] @ Y > o 2 o a
gnssifimunsonlamdsauingldulfindundinuna Tasnsdu  Feesdhldifa
aawdsi gaaiiladla asznghlluernmeald wieudamdsumenalfindiundanu
1 ¥ .
Tugduldiu figeiFondu nwunaiiadt  « gaafladansunduses
. Y S ~ a ¢ a J a Y &
( Ultrasonic Transduser ) Iuilegiiugaadludiansmadaures ivarouuuiudundnnsh
19 nuudidion1diuann 1Aun
ad a . . & ' [
1 uundloTeSi@nnSn ( Piezoelectric Transduser) Fawiadllunszndtandsnulsith
o [ aa o EIE &
fumdsauna Taoaauds lauuudnasiisgainil
~ . . é A L.
2 puuunillaaasn@n ( Magnetostrictive Transduser ) autasluuisenitanda
] L d
auluvania fudwmismmemvswnumanficauvaalaiuy
ad a .. a& 1 [
3wy BidnTasaain@w ( Electrostrictive Transduser ) Flashanszndrtewdau

I fundanunn

A d 23 A g o
2.1 vmuamaqsasuumﬂﬂhmanmﬂ

[ 9 o a « 1 ad " n’ P |
muludigaadr laiianswdured nuudleledidonsa  sxilsznoudissuaisigsiiing
a & aa a 1 : 9 4: 9 1 ‘:

maoy FdA TansRunwegiweanh Melddemodeenuiiunnesyr  Fumision
k4 1 4
fin wesyuilsznudueg Tasnalddalalwamaevfhnsluesasuveuiudifismieassiu
9 A: o 2 a @ o v = A‘A q 9 o'/ t.s'u ° 1 .Y
du Fumnwniingnisdameluditiednd e hildmsdususiiuinueg1dTumn
=\ @ o o 4‘4 ] I'd P
niznunsziouninnouen  dnainwziiuzinsinszueniifiduruguinaunziinaw
galszma 1892 .5 wuRwes Auminiifuseudla finzunssAnegiieIiniuganirly
a SJ P [ o o o o t e @ P
fin Whumisenninyesdlaldlasnzain frdanwimneinlone AalsAsalItnenINALHD
o 9 A a o o = 9/ v 2 A v o @ [ P a a '
il Fad  dmsuutde wezdevmildadudidanidias dewdngui 2 viiTna
o o [~ 1 ] é t.s'A @ e o s t;; Y
P8ANNNAINT U ITvmilsnAatiudids  auanii@dlaoms llvesgaad Tyilians g
a ad a d 1
Auvesuuuidlaladidansa Afefidmudmuidassgann ewgels 100 wazTevin
ualuvaeniuiietu audumuni aduezaaas

v ¥ Y b d

[ [ d
disfidyanuusiudiunanaisudfidaiaevesiumsiysilin - ezviilddums Ins

»
smananseterlufiemalasmunnavesdyananiug ldidanssaomalagseufadiu
3

o

] [
= P

P - s @ o le o - o o < a =
adwidsaniimudidninudygeaniueenltl  Taenaqlil mdweusrdnm Nesnunssan

v 1 4 2
sz 10 % vesddelWihfdewdhld uddduerdrmerqeqa lanlssuuiidedie:



S e RS W A

1 i Qf i & 1 o ﬂy
AIUBVBITUYIUATINUAL 1116?1‘15!11111‘1.5' mrﬁummﬁma ARAINTITUTIAVDIVUNITIVI

v U

¥ v [y . 1 4 '
iniuq doufimdemawdoun fduednmezasasiniifinn  lwiwesndududie I

A'( ~ Aa ) [ A 4 : =Y 9/ a y:? 1
ﬂaumownmmnﬁsqﬂummnﬂwuu‘v YOIYUMITIYIUN !‘U'lil'liwﬂﬂﬂimﬁ'lﬂﬂﬁﬂ‘l‘ﬂ

a o o~ & -] J ] : 3 Y

n uazmﬂﬁqwmnmﬂumﬁmmmamnm1ﬂsaummﬁawmmnum‘lﬁ
\i

2 2 fdaaziisy

Taswalluds neuaare sl udnyusYeIdIae-Tu Iddewuude
n) uuudldwazdisusgludufsaiu
v) nuuendIdaazdaTuduauazda

b 4
o4

v 4’ 9/ a o o 1 o &R J < a -
ualuTassnuiis 1§l uadisesuuuusndiduazfulvenadunseriaill
1 4
mniy
#2604 ( Transmitter ) fogaad Taiiamsnuaduyed figneenuueizes meliulas
Foygnes WA lfuddasuesseenuudundwdsdn gaadladn wihivesdaddniieg
fu lulasTru
#1510 ( Reciever ) ﬁaqaa%’1‘Icvﬁﬂmmﬁﬁawas’ﬁgﬂaammuuﬂﬁﬁmffﬁuﬂm
atudvstusani Tuiin fnannsznudaiuldesnuiiudaenainih wimvesdaiuis
adaee fudlu drlwa
Ao v @ o = o s ° < A Iy Qs o o
msfidaduazdasy tanyazadiogiy lulns TiuuazdrIne dimaVoudganual ves
a a 2 -~ a s 9 P s [] o v 3 A
g1 laflansmadugeiSalsudioy mudnsazmiiivenlu iy fuudadanitiou
Fogoueliu TulasTriu Fwaadldduuud 1 Tupld 21 uanimideady ndou

a

L4 L4 : L L4 1 Q- L] L] & o 3
Fudnutlveateiasuasdads ifhluTas Inuniedi Insesielaesraniialilos dwuni 2
uaz 3 UAIREURISANTEeI1 Tx ( transmiter ), Rx ( receive ) fnuegdls  Junsniinig
Yo o P - o : - t 9 o o o 1 oA 9 (XY
Waysnuaifmbeuswiu Amned mhewesdiuuasddeiisenuuuanlilFaugin
P} 9/ - o v a A o o fda v o W 13 3 a s d a
dimhmmieutu  udssiifscfydnuciaatudadwiniu Aduduendt nouads
I
wehtuthuuudaiuniedds uoslaumniAafioafeiunn suaunsaiunldnumu

fu'laTagasslunarsg msldau



o wm T WD R Ser e e W

= e R -

1 Q o 3 A H E.) A’
mmﬁvaaﬂmmmmaﬂummﬁ?iwuui FufuauanInaa N EITNIAVIIFUTITINI

P . 9 v
nnuuq drufddemnisuq nmmmmgmzaﬁmﬁmmﬁmn Turueandudubie 1
ﬂﬂulﬁUQ"nnﬂ'J'lilﬂﬂ‘Nﬂ'Uﬂ'J']iJﬂ?T‘Hl!uu‘lf ﬂlfN‘lfuﬁ'lﬂ‘If'i']llﬂ Hnﬂ’m"ﬂ'ﬂﬂﬁiuﬁ']ijﬂqq{’)‘lﬂ

-~ o a 3
n uﬂ:‘;lﬂﬂﬂﬁgmu'lﬂllli~'iﬂu‘INll‘U11'1ﬂlﬁﬂ‘UuU’lﬂif]iJ‘U’J"'N'dBQ‘UBQWJHHLEN“!%

2 2 faauazfiasy

Tardalluds namaauwedesutimmdnusyedan-iy 18avauuufe

) nuudadeazdivegludufnaiu
v) uunnondsdaazdrfudiunuarda
xmﬂluTﬂstuLs1'lﬁ“lwimﬂmwanmmmnmﬁaxmwmwanmammuwuﬂu
¥
MU
e . =3 o a s A P 14
%114 ( Transmitter ) Aogaai1l¥iANIINARAAYDT NYABDAULLINIZ o lviuilas

Foyga i Wudaiuesee nuitlunfudediu gaadTaila mhiivesdadelendieq

fiu d1lne

@ e . -~ 9 a o o e & P

Fa30 ( Reciever ) Apaaadiliiansuaduveiignesnuumanlivimiiulas
advdsasusaatr Taiin nennssmudaiulfeenuududane mimvesdaiuds
adoq fulu luTasTru

Ao v o o o o [y o < o = @ o C4

asfdanzdaiy Tanuuzatoty Tulns Thuuazd Ine Selmssuaganyel ¥es
g/ < a gt a - o L | s ' v v da

gaad Tailansuadugeisulomion awdnyusnimues iU fuitudadaniion
Sodawaidiy ulasiiy Suwaedldfuund 1 Tugdi 21 udflmisdounady fidou

o

ﬁaﬁnmfww‘?aﬁﬁmmzﬁada @l Tas Tnumdad Tneednalaedunilelilias Fauvufi 2
a3 ueix%uuﬁ’aé’nusdadw Tx ( transmitter ) , Rx ( receive ) ffiuegaan lumsdisions
“hfﬁwan‘ywﬂmuauﬂuuu AMg 13 nmﬁwaamsmm"mmmammunﬂ?’t“l*ﬁa'mﬂnu
sefinhaunilouiu um~mwuaamaﬂﬁmmmﬂummmmu Ffludauendn namada

o as o o a 1
wasumﬁmwummmemm uﬁzuﬂﬂlﬁUUﬂﬂﬁ'lﬂﬂﬂQﬂuﬂ'lﬂ wmmmmm‘hmwmu

fu'ldTasasslunasg arsldau



10

3
A o v

Taoall gaadludln nawauwed Aldimiwfusslisaond TTeuuud 1A

o A

Q’I L] ; L 4 Qs 1] 1 $
Aonswd 23 kHz vuldoude 40 KHz uanwuufuvesfil juhliniwd 40 kHz 9

- 9 o P o a Aa 1
uun‘lvnumanﬁ INTICUNFNNNANIT

UyuN A2 a1su
= Cer
2 Tx % Rx

. O= O
a v o [ 9 - a 4 v
g‘ﬂ"ﬂ 2.1 Llﬁﬁﬂﬁﬂgﬁﬂ‘Hﬂ!"USQSﬁﬁS'II‘BuﬂTﬁ'Iuﬁﬂ’JWSSLLU‘UWN‘]

9/ LY 12 a a dar 1 w o
2 3 YemisdlumisiFnuganilaiansiuaduwesaiaumsaIsy

¥ []
Jomstlunisldangan Tafiamsuadusesdads uasdy unefissagiduin

} 4
malumsiFauldaai
1 linas et aduses 1d5unisnszunnnieananiige mMefesiulassademelu

Hliadnntomald
- (e'; 4'4 o * : [} ] @ o 1 &
2. NIUAAAFBIN NNveiuediy PTEMITONUUTIAURAATEUADTTUT A 1A Ty

¥ ]
20 Thad  aviunnavesdgapaideuldfudmsundugesinsegmoluiadiida
o &
guil
At 4 Ad o o 9 ] ~ - oo ~
3. Ads Teuuud (mnuaidaiuannsohauldessiidsziminmgaga yuee nsa

a 4 Aq o ' o s - - ' - a a
Auwes 40 kHz naviedusgnag il Wusslianufanawliiu 1 KHz uaslind



T wee fm @ v oww

Twr e T ™,

1

@ a0 H a o e o
dseae 4.5 kHz gmsudidaiazesiinounudlssang 5 kHz @MTUAIsy asimu
T a o o 9 t o t o 9 &' A;A'l 9 [} v a v
1A ueunudvesnasussadandididuiniies  Mailvelvuule'lddn nsmadnwes

4
o o o a

[ .
#5U sz wisasuaunuandesnuIn ﬂﬂ')"luﬁﬂ’ll‘lfﬂ{ﬂ?ﬁﬂll%

. gaugiinslFnuvesdmsuaduresaasegluyie 20 8 60 esrurnFeod

¥

o a da 1 LY a a P 2 o + -] A, -
. TRNTIUNRUYBTAITINALTY ﬂ:lmﬁﬂ'lﬂ‘nﬂﬁ"lﬂﬂﬁﬂﬂull']ﬂ ARTIND NARUNUIJLLSUVU

nauunu veaddslilszine 30 e mmuswesndwdeafigndivenliizoa
asvinuuauAuYszina 10 wdwa lushweudeadu  SeduFosiudunluiusiidies
v o o A g
wullnnuuauauvesdaiulllszana 30 s avwlhmievinaussdun1dnezan
¥ v
as nauwauaulszna 10 wduaswdssdu  daiulumslfauidunsaiug
=i t < 913 LY ar t * =i * 9/ s
szoz Innlunlowds SwmsnaewIdnidaiuunsaans sglunuaiisnsudimauinn
a ] [~ A 9 o s ' A a
fige sdwlsfawlunsdiiegluteservezdionun anduldmnnamiss mswadude
¥ [ 1
Saadrlwiln cansoazveusudwme , Auuazingiieglutes hidadwdeudqlim

da7uldnmoniena

Clunmsldausisuezdssiidaumu asvuutuarsuierimdulvaa awilsnd

udrddmmudaiinsiinieglusaen 10 99 100 Alaleu wazflunsldend
Fygnusuniugs msidnasdiflsmwdmmugedamiss ielddadedinamlags

a a
HAzUUDURNUBLUAY



ol o r———

12

UNN 3

Tulnsnaulnsames
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256 Tud
migaudidhmiuTusunsuuazaId (Program Memory Uag Data Memory) L8R
vInfiuedieas 64 nlalud
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Device ROMilesa EPROM ROM | RAM 8-bit 16-bit Interrupt
Version Version Bytes | Bytes VO Timer/ Sources/
Ports Counters Vectors
8051 8031 - 4K 128 4 2 6/5
8051AH 8031AH 8751H 4K 128 4 2 6/5
8751BH
8052AH 8032AH 8752BH 8K 256 4 3 8/6
80C51BH 80C31BH 87C51 4K 128 4 2 6/5
83CS1FA 80C51FA 87C51FA 8K 256 4 3 1477
R3IC51FB R0CS1FA 87C51FB 16K 256 4 3 i477
83C51GA 80C51GA 87C51GA 4K 128 4 2 87
83CI153A 50C152JA - 8K 256 5 2 19711
- 80C152B - - 256 7 2 19711
83C1521C 80C1520C - 8K 256 5 2 19/11
- 80C152JD - - 256 7 2 19711
83C451 80C451 - 4K 128 7 2 6/5
83C452 80C452 87C452P 8K 256 5 2 9/8

a1519h 3.1 luTasnouTnsameSuuudwaoaluaszga MCS-51

3.2 M HIvIU99 MCS-51

11 T I 4 I3 -t o ' 47 P | o
dinrnvuinsaneiassgan MCS-51 NAUUBTWUAUNUIVIHUFIUNIHUBUAU

Aaaasiugl 3.

317 3.1 ueasdmmdsvvssl luTasneuInsames MCS-51

PI.O/ARXD A4 10
PALUTXD g 11
PAL2INTO A 12
PIINNT d 13
£3.4/TQ a 14
P3SMt 415
PI.EMWR
£3.7/RD
XTAL2
XTALT
VSS

USd0UNICTOL
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3.3 Insearramaluues MCS-51
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—gEl 1T '
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, l
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i * $3C154 and B3C1S4D ondy,
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TFH 80H
o y
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00H
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Power Control

1 H ° ] (] d‘d [l
a19799 3.2 urasdydnel Fo uazdwmisd q Atleglu SFR

Symbol Name Address
*ACC Accumulator OEOH
‘B B Register OFOH
*PSW Program Status Word 0DOH
SP Stack Pointer SIH
DPTR Data Pointer 2 Bytes
DPL Low Byte 82H
DPH High Byte $3H
*PO Port 0 80H
*Pl Port 1 90H
*P2 Port 2 0AOH
*P3 Port 3 0BOH
1P laterrupt Priority Control 0B8H
~E Interrupt Enable Control 0A8H
T™OD Timer/Counter Mode Control 89H
*TCON Timer/Counter Control 38H
*+T2CON Timer/Counter 2 Control 0C8H
THO Timer 7 Counter High Byte SCH
TLO Timer/Counter 0 Low Byte 8AH
THI Timer/Counter | High Byte 8DH
TL! Timer/Counter | Low Byte 3BH
+TH2 Timer/Counter 2 High Byte 0CDH
+TL2 Timer/Counter 2 Low Byte 0CCH
+RCAP2H T/C 2 Capture Reg. High~ 0CBH
+RCAP2L Byte 0CAH
*SCON /C 2 Capuwre Reg. Low 98H
SBUF | Byte 99H
PCON Serial Control 87H
Serial Data Bufter

ar

o
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aunsodnuamahauiuandeiu 18t 4 gdumawssumnzaulundazau

3.6 Inssadunsdumesfln

MCS-51 ausafudanusunes$1a 185 5 via Tasvududyanadumessuai
ifnninmieusn 2 ¥ilauasdifiannneludvsn 3 via zﬁaﬁﬁ'ﬂmmﬁumaﬁﬂﬁsﬁﬁifu
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. . . - * M a_ o ’ * J g -
(interrupt service routine) ﬂi)g“lunmtm'nnmmunmma 9 wagnuwaaﬂgﬂpmauma{

21 P STC T Y ITE T N J—

3 o
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COH Rirll PusdiTisrimidsdam
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coisH 71 smedA R Tmer 1
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3GIEH 0 e Tonar 0
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So0cH - = dwsalimanit o
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mansadeniafigly Mcs-51 gadwmesTia Tasdyanusuaes s afinain 14

(Tt
y

TagmsdmussmdmualuiiamesiFawame E usannilfimnsonaugudduany

g lumsasuaussdedyyudumes s aves Mcs-51 18803 maesFanmuame p

3.6.1 maedlfniuame IE (nterrupt Enable - Register) hisdfoynldly

seAutianagn 3.7

///////

- Brzl ES snL uxJ ETO

in Foiin

IE7  EA ¥nuquniimeumisodygadumei iknmun
o: MCs-51 o= hinoucnuosotiyy e umoiiale q sy
Livissoumupwadyg adumef fﬂﬁmia:sﬁm:qnmunuIﬂmsamnﬂmﬁ'ﬁmﬁ’ﬂn’mqummwﬂum
dodynadumeditndiogluitmne ilisudu

IE6 - Tignimusmslfnu@hied 1319 Mes-siueilni q Tusuiam)

B EI2 AIvRUMIRBELDIRORYY S UM FiAvot Inded2 doitn overflow (Hnmzlu Mcs-$1 vswediisl
Inthuedz mww s0s2)

[E4  ES AuRuN e LMy s wme Il vomaindomoynay
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El  ETo ALRUMIROUMIDIReR B une A ves Imiwefo Woitn overow

E0  EX0 mMunuNImpuMueIRedyy b ume ffudnuonyiing

nnays  hilafinugummoumpsiodyyuiuneiifusasin Saulfu 1 mnsfeygnalt MCS-St apumiBn

dyopeBumei e mindAutiu o mnedshitd Mcs-s1 aoumusmtmUBUmeT IR HAn Ty
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ga k4 . s . g 2 9 > oA
3.6.2 iwmaﬂwmmmz IP (Interrupt Priority Reglster)lﬁnm‘uﬂuuallmuizﬂUUﬂ

AeglN 3.8

PS L JTI D\’] PTO

i) Fon

P7 - TignAmunnisidau e Mes-st ol 1 lusuma

P6 - NigndmuanislFau Gl Mes-s1weflmi o luswan

iP5 PTZ fnuadidunnuddylumsaoumuasiedygubumaiivivodnlme {2

™4 PS fmuadrunnudnay lumnsumuesodygadume v vomedadomoynsu
P3 PTI fmuaduanuddy lumsan ueuswodynpadumeiidvesIndedl

i7) PX1 Amuaddrnuddy lumsao ymuowodyy b ume ffiansusnyiial

Pl PTO fmuaduanudhsg lunimovmiswsdyyadumafitivesindiuat

i) PX0 fmuaddunnuddglunmovauswedygrudumeifuanmienyilno

wuang  aludafidndiduanudhdnvosdygadumofithudaryida mndiu 1 neds Amualildduenudhdgg

mindiu 0 mnefaidmuabiSduanndidgh

v a aa oq
3141 3.8 S3aemed 15ROy 1P

3.7 nguAdalu MCS-51

Ardanlgaruaumsihiauves MCS-51 U 2 dsziande Mdsndsinsdeyaduiiy

v
@

P Y v o o vy 9 P e

mstie 18 IRkadn uozdrdad higesntsfeymnduiiums Ardefigesnisdoyaesiiisiu
¥
msindedoyaldnawitac

3.7.1 SimsdhfadoyalnansaDirect Addressing) HudTmsdmuadumismiag

o o @ a ] o ¥ U Addy 3

mwdilasaseluiide  vinambsmmdiiamuisedidlasislediumiag

aawsidmiuiudeyaria lnoluduiiou 128 Tudusn  uazmiasnaud

o [ [~ 9/ d‘ [ a 3 [] e o [ -3 Y Y d'

dsuwnvdoyanegmeusndilsaunimiisanusidmsunudeyanislugyn

T3 maes 1Fawane

312 38madhisdeyalasdou (ndirect Addressing) uiinsiihisfeyalagnis

t o ] ] ° [l o ey o a» M P} Add, [T

deu TasmdwmiimizsaudinzegludTmaesianizunds Hufedtiles1den

aa a’{] ar dyo 1 t o 1 o = WJ -
‘luiﬂﬁlﬂﬂil HUAIFAUHTUINUINITUE 'Hu’)Uﬂ')'liﬁl'l‘ﬂﬁ'llﬂiﬂhﬁﬁu‘lﬁﬂﬂ
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[ ° o o { o o a gy d
wisanuiidmiuwnudeyenlfinudoyaniauTnu 128 ludawar 128 Tud

v
=y U

z ] o Y] =1 9 a sa P o
i samianieanusidmiwnudeyanegniousniil Semasinmuisminn

g/ s Jo v ] o < a dy

1udrsdumisveamizsnmsiiail

-F3maes 1F 0 1 RO,R1 veaudazagu

a o .

S3aaeT 1#91mM1e SP (Stack Pointer)

-$3ames 199w DPTR (Data Pointer)

Yo v a 2 aa /A d 1. ' ' o v
nsl$3Emsrhdsdeyalasmdenil Smassnnum A wmismizenidnedes
szymseanune@” Binanih dsdaedi

MOV A,@RO

MOVX @,DPTR,A
3.7.3 Iamadedegalyidmaesl¥a1alY Register Instruction)foyadidsinis
wegluitmasilFiunaly RoOR? vewdazagy Simmeingnidenldouluvne
: ° -~ - T & al - -
in Taslumsiemeds q Fgesasivasunguitmasingnidenlfiuninda

o LCBY
RSO,RS1 luFvaimes 1¥a1ummie PSW 184
3.7.4 IEmadhdedeyaluifame finmzvaaiam 1 (Register Specific) AL
dewes  Mcs-s1 svsyy Pudaddesduiumstudeyalusimmeidalea i
t 4 3 1 t 4
ACCUMULATOR,DPTR,SP Aanuluswan1de(op-code) vossrdadszinnil Mcs-51
¥ ] b4

wf Ideshdeslsmnaraduitameidila  Aremailidalunquiltehidesuen
° [] aa I 9 ° a'/ dy [ ] ]
AuniavessTames 191 amediasiludssislame i
MOV  Afidata
MOV DPTR#data

Y] 0 qw te 9 o t As 7 & o o Q M .‘.’

vindedieits hisulludessyydmmisitaines ADPTR lusWasmdsvesidons

b 4 v

asdedinla msw MCS-51 sznsmuesiniluiTaimeinasaninsiavesdida

3.75 Emudidadoyatfiminuamalagnsa (Immediate Constants) Hun1sfimua
3 ] ] * ¥

asyaldiudidelaosass deyaMmimmnlszinanalumdsszsgaumassadidons

¥ » ]

UsrdeelfinTeaning “# szymideyahidesns wu

MOV  A#100

3.7.6 3EmadidateyalanldiaF198s (ndexed Addressingi¥oyaiiléiiasdae

» v
suuiivzdudeyaiioglumizenusidmsudiu TusunsumelunSenisuendum

¥ ¥ [ ]
nugalszasinudndsyouuuifi Wide 19 lunsdanmadeyomin B3lumie
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o s é 1 ) o 3 o y 4

aamt dinfuldsunsudedeya igomeoudbifindsnu lunmsviouvessided
} 4

198195351 v 19 1vesTdmans Iz DPTR uazPC usaufum S smany A
4'( 4’ o o ] ] e a o =1 9 P 4 9 s 3 t g 4
maar'hluamunuwaqﬂmummmmmnmwagammmaga‘lﬁ' AUIUATT AL T
#l¥mmme DPTR,PC szdpaiiduifusumdsdureaniaeninus daufiude
yahdeans dauAwesiimaes A wwiiludufendeyanieglumizeaaiusiisy
MOV A,@A+DPTR
MOVC A,@A+PC

— 4 ﬂdarw 44 * ° o o W o
AImeTInsd1deyadt tdudlinlFlunquirdimusuiwunshauvesTlsunsy

@ Qs ° { 3 v + o é
TasmsteruldTdsunsunse Taadhu lviaunidumisla q luniisaaur
A wndumfuRa e luTtmaes [¥ueme DPTR fuSomaes A aeaa
b4

8t s il
IMP @A+DPTR

A 2 aa Y 2 ¥ ' ' ] a
11]37]7'1'1]ﬂ\i')'ﬁﬂ'ﬁﬂﬂﬂ\ﬁlﬂi&ﬁ!lﬂﬂﬂw 9 uﬁ'ﬁﬁﬂ‘l'ﬂﬂ&'ﬂﬂ1'3ﬂ\37'|ﬂﬂ$lﬂﬂﬂ1]ﬂ\1

nquidwosidwaaznguadiensi q

3.8 Aelu MCS-51

] E 4 4
mdaanualu Mcs-51 mwrantaiiulsainnamdnyasnisiiausail

3.8.1 ngafidmundlnmans(Aritmetic Instructions) Wunguidanadamand

< <4 o < . & A
fanua Fulsznsylifisdmdelunsmn au qu s sashdlumamusdeyalu
mizsanuirdmiuiudeyaialimeludl  Taoli3Eamrhdsfoyafiestinnduiun 14

nasIsaandluasien 3.3
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uennar Tnun 1
el [udin mahau Ufianis
Dir Ind Reg Imm | (US)
ADD A,<byte> A=A+ <byte> / / / ! 1
ADDC A, <byte> A=A +<dyte>+C / / / 1
SUBB A, <byte> A=A-<byte>-C ! / / 1
INC A AmA+1 Accumulator only 1
INC <byte> <byte> = <byte>+ 1 / I / l / | 1
INC DPTR DPTR = DPTR+1 Data Poinzer oaly 2
DEC A A=A-1 Accurulator only 1
DEC <tyte> <hyte> = <pyte> - 1 / | f l / [ 1
MUL AB BA=BxA ACC and B only 4
DIV AB A =Int [A/B] 4
B = Mod{A/B] ACC and B only
DA A Decimal Adjust Acumslstor only 1

19199 3.3 nasnquirdendlamaniues MCS-51

{ L Qe -y A
Joyoiidludadnusioye) mnesdadoyavine 8 da Feunsaldiinsdhdaldss

- - a~id o - Y
IRYINITENANYITUYUNUFUAVDIANY

3.8.2 NGUAMTINIATINMIEANS (Logical Instruction) Ysznou Tudsagusiidems

¥ ] j2
ATINAIAAT 15U AND,OR, Exclusive-OR,Complement sanieidedmsudeuliadoyalinie

¥ v 13
e @ o Lo

d1 wFemavnTlasriuia carry flag 130 lif 14 vennniidalimdsienfildlunsadude

ya 4 dauuuas 4 daan (SWAP) dwaasluaised 3.4
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udrinserTrun nalfians
e [udin mnhau (us)
Dir Ind Reg Imm
ANL A,<byte> A=A AND. <byte> / / / / 1
ANL <byte>.A <byte> = <byte>. AND . A / 1
ANL <byte>, #data <byte> = <byte>, AND. # data / 2
ORL A, <byte> A=A.OR. <byte> / / / ! 1
ORL <byte>, A <byte> = <byte>. OR . A / 1
ORL <byte># data <byte> = <byte>. OR . # data / 2
XRL A. <byte> A =AXOR <byte> / / / / 1
XRL <byte> A <byte> =<byte>.XOR. A ! 1
XRL <byte># data <byte> =<byte>.XOR.# data / 2
CRL A A=00H Accumulator only 1
CPL A A=NOT.A Accumulator only 1
RL A Rotate ACC Left 1 bit Accumulator only 1
RLC A Rotate Left through Camry Accurnutator only 1
RR A Rotate ACC Right 1 bit Accumnulator only 1
RRC A Rotate Right through Carry Accumulator only 1
SWAP A Swap Nibblos in A Accumulator only 1

M3N 3.4 UARINGUAFINNATINANAATVBI MCS-51

3.8.3 ngumdundeudedoya (Data Transfer Instruction) Alumdeilddmiuns
4 4 o 3 g o v o A
waoudedeya e ldluninideyaildvinmsdszanana lifu iomizeanusnsos
a & A Ay ¥ a Aa s A A o & o & o
TavTnaunin  wiafedodeynlidatmmedifolrzuaonn  lssnndidndideduiiu
Y . A s v 1o v e - AY v aa o
asvihauluniimeeimsduinin  wumdlunsgunionsideshaufituees
& v ¥y ' »
AB mnTu midslunquildunisesniflungueifades q fail

nquidedmiundeudedeyalumizenudrdmiududeyanielusl

[
s Qs

q
[ - ) A 9/ 9/ ] e a o g 9 a
qllﬂ'lﬂ'lfhﬂ71]1?!1’1?]11&']&11?]1&1’1“111“113Elﬂ'J']llﬂ'l‘CT']ﬂ‘iUlﬂU’UﬂEﬂﬂ']ﬂUﬂﬂ'!ﬁJ

-fl

v 1 L4
- nquidedmsunioudredeyaninmiemmsidmiwiu Tsunsuitemolunay
mouendl

* ' b4 .
nquided miuedsudredeyans 3 nquiidaasluasiei 3.5,3.6 uazs.7
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MT1991 3.7 yansnguidundoudadeyalu MCS-51

uomastr Inua na
sHieri Juiin nIsMaTY MGME]
Dir |Ind |Reg ' Imm | ms(US)
MOV A <sre> A =<src> / ! / / 1
MOV <dest> A <dest>=A / / / 1
MOV <dest> <src> <dest> =<src> / / ! / 2
MOV DPTR idatal6 DPTR~16 bit immediate constant / 2
PUSH<sre> INC SP:MOV “@SP":<src> / 2
POP<dest> MOV <dest> ."@SP™:DEC SP ) 2
XCH A.<byte> ACC and <byte> excliange data / / / 1
XCHD A,@Ri ACC and @Ri exchange low nibbles / 1
13197 3.5 uamanquidundeudiedeyalu MCs-51
YUIALDAIATE svnii Tudln msfiiu NaN§IRMI(LS)
8 1im MOVX A,@Ri Read external 2
RAM @Ri
8 1im MOVX @RiA Write external 2
RAM @Ri
16 din MOVX A,@DPTR Read external 2
RAM @DPTR
16 iia MOVX @DPTRA Write external 2
. RAM @DPTR
M3 3.6 uanenguidundsuiedeyalu MCS-51
st Tuiin IRELALRI nandfdanis(us)
MOVC A,@A+DPTR Read Pgm Memory at(A + DPTR) 2
MOVC A.@A+PC Read Pgm Memory at{(A +PC) 2
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3.8.4 nquidalunismauguamunisvieuvealdsunss  ( Program  Control

3 ] v y
Instructions ) iufdeiilflunsmunuddunishouseslsunsy lunguideiigaus

soniiuidefinsuguirdunsiuvesTsunsuTadidou luas lifidowly  vildnns

4 .9 Poad v 1
AouTdsunsuazaintu fidslunquili 2 dszaniiduanslumsied 3.8 uavs.9

swril Tudin msmau nanluams(us)
JMP addr Jump to addr 2
IMP @A + DPTR Jump to A+DPTR 2
CALL addr Call subroutine at addr 2
RET Return from subroutine 2
RETI Return from interrupt 2
NOP No operation 1
M3 3.8 uamnguideddunsiauves Tl sunsulu MCs-51
ueAIATa THUA e
swaiilutn 13y Ugiians
Dir | Ind | Reg {Imm (1LS)
JZ ret Jump if A=0 Accumulator only 2
JNZ ret Jump if AZ 0 Accumulator only 2
DINZ <byte>ret Decrement and jump if not zero / / 2
CINE A,<byte>,ret Jump if A # <byte> / / 2
CINE <byte>#dataret | Jump if <byte> #data / / 2

A1 3.9 uaasnguidnsugudwunisiaues Tusunsulu Mcs-51

3.8.5 nguMmdaduiunisyszaianauuuydu (Boolean Instruction)MCS-51 a1

- R o A
annsofiay lunslsensanauyuyduds hifiluluTas Tdsrasesviadu  nsilszunana

1 4 [
upidl Blddmivamumedunsugulasmme SaildMes-si munzaudmivsioenithl

18nrunuensala q 1deed
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msﬂs%naNmmuuﬁm"rﬂumsﬂs U?ﬁﬂﬁﬁ?ﬂ'ﬂﬂﬂﬂ'ﬂﬂ'\ﬂ 11a Tﬂuwmuumm
e 1 Un ﬁms‘uﬂsomaHammuﬁné'wmnmuﬂﬁuaﬂ ﬂﬂ?ﬂﬂ'ﬂlﬁﬂu% ag‘umm

ReafumbenamirdmimfudeymiaimeluSuns Al maes Fmummeinga

Aaaaeluglh 3.9
Diract it Addresses

AAM Bvis
3vie (MS3) (1S3} Address (MS3) (Lsg)

[ —
ren A iL OFrH

OFoH F?[F:‘:[FS[HEF:[FZ[F:[FO g

zrn |ielrsirolrcrelsalrs T2
2en [7T|78|7s|re|7a|r2]r: | e CEQH ETjEi[ES[Ea[ESJEzlallsc ACC
20+ |&F|se|sclec|ea|salss a2
2CH a7 |68 (55]62 8352 (51 |22 opet |37 |os|o s[cefesjoz]oi]oa]rsw
28H - {57 |sz|s0|sc|s3(sa |56 (=2
2AM |57{58|53(52|353|52]%: |50 oser | - | -] - ]ac[ss[aﬁfsglss P
29H AF [eE[eDjaC e8| 2A eg a3
28H (47 |a6{a5[2a|23]ez)eas |eo cS0H ar[ss[es[ac,aa[az]srjsc P2
274 |2F|3g]|anf{ac]3a{3a]39]2e
264 [37(35]35|32[22{32]35113 0A8H AF[ [ ]nc[As}AA As|aaf 1€
25k |25|22]20|2c{28[2a )25 |22 )
2eH [27)25|25|2¢[23]22]2: | 25 0AQH Arj;\elAs!m[Aa[Azlmjac Pz
2324 IS(12110]1C{181 A 1212
224 |i7lisfisfiefrz]iz]itfic ssr |oF|se[s0]sc[sa]oa]ss [9ascon
21H cF{cs oBfccloslcalce|cs
20H 07"05 osl|oc]eaicziciico 304 97[95,95194193[92[91 Iso PI
PH T "
'§H TIAURGTLTNIUNIILY RAO-3T7 naunm 2
:é: FRaagTieTunTi 70-37 Ana 2 asH |z= ISE[S cc,as}aA[sglaa TCeN
gg:: TimmeRINwiNy A0-37 Azum
Pl [T e ———— | eoH |e7as|as|a<[as[a2]z1[a0] £2

st e ndAuSagant iy

U0 3.9 uamamidsarwsrdmimlszuaanauuuydu

(7)) vioniPamatifeinmsuiess

missanuduaadlugln 39 eziuldegluudasiaveamizsanusdmsy
mudeyafilftudeyanalyl w dwmis 208-2FH nasfildifuSsamefldnwameiiaan

Awmdsaadiaganailu o (Aueaesaluaguiiu 00008 13 10008)
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¥

Tumsdszanananuuyduez 19mdeyasinnissniuswia 1 damariilaglunis

¥

Uszaranatilszneudae

- 1mALia

a Jda
- 1naesiia
- nszhMId AT sRsaaT sen IR ulia carry flag

- £ U o v A dg s -

- asdvaeurazdayazdu livhnuludiuduves Tusunsudiuduraruzsvesiia
- indpududoyasening cary flag funuoA N

[ ¥ [ ]
Adarisnunlundudidalszanananuuyduswasddumsied 3.10

sHailluiin v nalgiAnIs(us)
ANL C,bit C = CAND.it 2
ANL C, /bit C = C.AND.NOT.bit 2
ORL C,bit C = C.OR.bit 2
ORL C, /it C = C.OR.NOT.bit 2
MOV C,bit C = bit 1
MOV bit, C bit= C 2
CLR C C=20 1
CLR bit bit= 0 |
SETB C C =1 l
SETB  bit bit= 1 1
CPL C C = NOT.C 1
CPL  bit bit= NOTbit 1
JIC rel Jump if C = 1 2
JNC rel Jump if C = 0 2
JB bit, rel Jump if bit= 1 2
JNB bit, rel Jump if bit= 0 2
JBC bit, rel Jump if bit= 1 ;CLR bit 2

3199 3.10 naranguidalszananauuuydy
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a a 1 a [] l.l o QIT o a dao ot é as \.lll
NUINIUAU  NBUNSYNA ']J‘U‘Uqaﬁi'l FUANTIUTAAUYBIAIAY  INOAIAYTITUDIN

v 0 ¥
Tagesfizeesuazdrufinitesdade Wi

4.1.1 195 ¥nauunnes

[] [
~

H ° 3 a [} o 1 o
2stiszdiursesiivhwimlunmsdauuaaeiilfludiusndiifivuie 12 Taod

: 1 [ ; 1 H : ] [ 1 ° 3 1 1 o é
fu3fad1nI s aen Bnse T Tasfiswinsaean indszunat 9.6-9.8 12ad Feeaunso

uaaegifuedases lAvingUn 4.2

12V 5V
5V § -
5V
5V LED
100 k slk To Controller
3
2
100 k

i
v/

Ik
|

P o =
E‘LITI 4.2 UOANTIYALUAIADT

' v
Asiaveasesiu Alinsld eestuend Lm3il dwmdhiidudanSeudeuuss
s ai ar s d' 3 " d' d‘u 1 L 14 d' : 3
quvsuames nuussaumsaamll  Tasluvasinusmes faliaunnndiamsias iy
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ISRO:

ISRI:

MAIN:

ORG  0000H
LIMP MAIN
ORG 0003H
LCALL I_INTO
RETI

ORG 0013H
LCALL I INTI
RETI

j¥*%%+ INITIAL SET **#**

ORG  0200H
LCALL DELAY2
MOV  DPTR#0003H
MOV  A#8AH
MOVX @DPTR,A
MOV  DPTR#0002H
MOV  A#08H
MOVX @DPTR,A
MOV  DPTR#0000H
MOV  A#0AOH
MOVX @DPTR,A
MOV  IE#10010101B
SETB ITO

CLR ITI

MOV  P1#00001010B
SIMP §

¥¥4%X DELAY TIME | ms *****

;¥*4+% PROGRAM CONTROL ROBOT **#*#

; A=0/P B=l/P C-UP=I/P C-LOW=0Q/P

; USE PORT A FOR SEND SPEED

; FORWARD



o m— = =

———

Lol N

DELAYO: MOV
DELO02: MOV
DELO!: DINZ
DINZ
RET
;e**e% DE] AY
DELAY1: MOV
DEL13: MOV
DELI12: MOV
DEL11: DINZ
DINZ
DINZ
RET
jerr** DELAY
DELAY?2: MOV
DEL23: MOV
DEL22: MoV
DEL21: DINZ
DINZ
DINZ
RET
sexexk DE] AY
DELAY?3: MOV
DEL33: MOV
DEL32: MOV
DEL31: DINZ
DINZ

R1,#02H

R2#0FFH
R2,DELO]
R1,DELO2

/
TIME 125 ms ****+*

R1#01H

R2#0FFH
R3,#0FFH
R3,DELI1
R2,DELI12
R1,DELI13

TIME 500 ms *****
R1#04H

R2#0FFH
R3#0FFH
R3,DEL21
R2,DEL22
RI1,DEL23

TIME 1 sec *****
R1#08H
R2#0FFH
R3#0FFH
R3,DEL31
R2,DEL32
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DINZ RI1,DEL33
RET

;##++% MOTOR CONTROL *****

FORWARD: MOV P1,#00001010B
LCALL DELAYI
RET

TURNRIGHT: MOV  P1,#060001001B
LCALL DELAY1
RET

TURNLEFT: MOV Pi,#00000110B
LCALL DELAY1
RET

BACKWARD: MOV P1,#00000101B
LCALL DELAY3
MOV  P1,#00000110B
LCALL DELAY1
RET

;¥eeex INTERRUPT SERVICE FOR IE] *#***#

I_INTI: MOV  DPTR#0001H

CHECK_IN: MOVX A,@DPTR
MOV  0050H,A
MOV A #00H
MOVX @DPTR,A
LCALL DELAYO
MOVX A,@DPTR

; RECIEVE I/P SCAN 5 KEY PASS PORT B
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CINE A,0050H,]_INTI

;#x%¢x COMPARE SWITCH EQUAL 0 OR NOT **#***

CHECK_SW2: MOV

ANL
CINE

CHECK_SWO01: MOV

ANL
CINE
MOV
ANL
CINE

RO,A

A,#00000100B
A#00H,BACKWARD
ARO '
A#000011000B
A#00H,CHECK_SW34
A,RO

A,#00000011B
A#OOH,TURNRIGHT

LCALL FORWARD

RET

CHECK_SW34:MOV A,RO Y

I_INTO:

ANL

A #00011000B

CINE A#00H,TURNLEFT
LCALL FORWARD

-~ RET

;#+s+++ INTERRUPT SERVICE FOR IEQ *****

MOV DPTR,#0000H ; USE PORT A FOR SEND SPEED

MOV  A#OAOH

MOVX @DPTR,A
MOV  P1,#00001010B

LCALL DELAY2

LCALL I INT1

MOV  P1#00000000B ; STOP
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LCALL DELAY2
MOV DPTR#0002H
MOV  A#01H
MOVX @DPTR,A
LCALL DELAYO
MOV  A#00H
MOVX @DPTR,A
LCALL DELAY3
MOV DPTR.#0002H
MOVX A,@DPTR
JZ  1INTO

MOV DPTR#0003H
MOV  A#82H
MOVX @DPTR,A
LCALL DELAY?2
MOV DPTR,#0002H
MOV  A#00H
MOVX @DPTR,A
LCALL DELAY?2
MOV DPTR,#0003H
MOV A#SAH
MOVX @DPTR,A
LCALL DELAY2
MOV DPTR#0002H
MOVX A,@DPTR
JZ LINTO

MOV DPTR#0000H

; SEND 0001 OUT PORT C-LOW

; SEND 0000 OUT POPT C-LOW

; DELAY TIME = lsec

; RECIEVE SIGNAL PASS PORT C-UP

; A=0/P B=I/P C-UP=0O/P C-LOW=0O/P

; A=O/P B=L/P C-UP=I/P C-LOW=0/P

#xxx COMPARE SIGNAL FOR DETECT PATH *****

; USE PORT A FOR SEND SPEED
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CHO:

CH1:

CH2:

MOV  A#0AOH
MOVX @DPTRA

MOV  DPTR#0002H

MOVX A,@DPTR . RECIEVE SIGNAL PASS PORT C-UP
ANL  A#00110000B . DETECT DATA 2 BIT PORT C-UP
CINE A#00000000B,CHO ;IF A=B=0 DO FORWARD

LCALL FORWARD

LCALL L INTI

SIMP AGAIN

CINE A#00110000B,CHI  ;IF A=B=1 DO FORWARD

LCALL FORWARD

LCALL L INTI

SIMP AGAIN

CINE A#00100000B,CH2 ;IF A>B (A=1,8=0) DO TURNLEFT
LCALL TURNLEFT

LCALL I INT!

SIMP AGAIN

CINE A#00010000B,I INTO ;IF A<B (A=0,B=1) DO TURNRIGHT
LCALL TURNRIGHT

LCALL I_INT!

SIMP AGAIN

END
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80C51-L/ 80C31-L

CMOS SINGLE-CHIP 8 BIT 3V-MICROCONTROLLER

¢ 80CS51-L~ CMCS SINGLE-SHIP 8-BIT MICROCONTROLLER with factory mask-programmabie ROM
¢ 80C31-i.- CMCS SINGLE-CHIP 8-BIT CONTROL-ORIENTED C2U with RAM and 170

* 80CS1-L/C31-L: 0 TO 8 MHz, YCC=2.7VTO 6V

FEATURES

* POWER CONTROL MCOES - * BOCLEAN PROCESSCR
¢ 128 x 8 BIT RAM * 5 INTERRUPT SOURCES
* 32 PROGRAMMABLE /0 UINES * PROGRAMMASLE SERIAL PORT
* TWO 16-8IT TIMER/COUNTERS ¢ 64X DATA MEMCRY SPACE
* 84K PROGRAM MEMCRY SPACE * TEMPERATURE RANGE: 0 TO 70°C
* FULLY STATIC DESIGN
* HIGH PERFORMANCE SAX VI CMCS

PROCESS

DESCRIPTION

oxTrratar

MHS’s 80C51 and 80C31 are hign
pericemance CMQOS  versions of
the 80S51/8031 NMQS singie chip
abituCandisrranufadLuedLLshga
seff-aligned silicon gate CMOS
process (SAJIVI).

The fully static cesign of the MHS
8CCS1/80C31 aliows o recuce
System power consumption by
binging the clock frequency down
to any value, even OC, without loss
of cata.

The 80CS1 retains all the-features
ot the 8051 4K bytes of RCM;
128 bytes of RAM; 32 /O fines: two
16 bt tmers; a S-source 2-jevel
interrupt structure: a full duplex seral
ports. and. on-chip oscitator and
dock Greuits.

In acdition, the- 80CS1 has two
software-selectabte modes of
recuced activity fox further recuction
N power consumption. n the idle
Mode the CPU s frazen while the-
the- nterupt system continue ta
function. In the Power Down Mode
the RAM s saved and afl other
The 80C31 is identical to the 80CS1
excerX that it has no on-chip ROM.



= e AR T

e TREERERE . WIS VRETEE. TR TR TR TR T

e

piainhdihasianiul e ast bl

80CS1-L/80C31-L

Fgure 2. Configurations
INQEX
P10 G‘T_\J_IO‘:; VCC  CORNER
PL1 42 33 1 0.0
P12 d 3 38 u] POt
P1.3 g4 37h Po2
P14 5 36 HPa3
P1S g6 35 H Po4
P15 d7 34 5 POS
PL7d8 33 P06
RsTde 3 32peor
PIOMXD 410 2 31gEA
PRAMDO 4N § 30pAE
PI2INTO 12 § 29pPSEN’
PA3ANTT 413 A 287P27
P.4/10 ] 14 A1 P26
P35M1 d15 26 5 P25
PIEMR 16 25 P2.4
P3IRO 417 24 P23
XTAL2 ] 18 3h P22
XTAL1 J 19 22 1 P21
Vss 4 20 215 P20
I |
Pn

Cragrams zre for pin reference only.
Package szes are not 10 scaje.
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IDLE AND POWER DOWN
OPERATION

Fgure 3 shows the memal idie and Power Down clock
comiguation. As illustrated, Power Oown operaton
stops the csdllator idie mode coeration allows the
interruct, senal port, and timer blocks to continue to
function while the ciock to the CPU is gated oft

These specal modes are acivated by saitware via the

Specal Funcuon Regstes, its haroware address is 87H.

PCCHN is nat bt acdressable.

Pgure 3. kie and Power Down Hardware

PCON: Power Control Register
(MS3)

(LS3)
svod - | - | - [eFi]ero] po | o |

Symbal Position Name and Function

SMOD PCCN.7T Oouble Baud rate bit When set
lo a 1. the baud rate is doublea
when the serial port s being

. used in either modes 1,2 or 3.

- PCON.6 (Reserved)

- PCON.S (Reserved)

- PCON.4  (Reserved)
GFt PCON.3 General-purpose flag bit.
GF0  PCON2 General-purpcse flag bit.

PO PCCON.1 Power Down bt Setting this
bit activates power down
operation.

oL PCCN.Q lde- moce bit.Setting this bt
activates idle mode cperatiort
if 1's are written to PO and lOLatﬂ'reéme&ne.

PO takes precedence. The reset value of PCON is
(OXXX0000).

= M



- mm wo

Porlin  pm v G e -

il

ABSOUUTE MAXIMUM RATINGS®
AMcient Temgerature Uncer Sias:
Commercat .................. 0¢Cto70°C
Incustnal ................. -40°Ct035°C
Stcrage Temeeratue .. ....... ... -33°Ct0+~150°C
Vcltage enVCoOVSS .ol -0.3Vio+ 7Y
Voltage ca Any Fin toV SS..... -0.5V tovee +0.5v
Power DISSIDatON ... 1we

" This value 1s Based on the maxmum zlicwatle gie
lemcerature and e thermal resisiancz of the

80Cs1-L/80C31-L

*NCTICE:

Stressas Gt orabcve (Rose hsied uncer Absciule Maxi-
mum AsunGs” may cause cermanent Camsags (0 e
c2vice, This 1s a Siress ing cnly and funchonal coera-
acn ofthe gevice atthese orany Qner Cancitens 2ogve
incsa ingicated in the cperanenal secens of dns sce-
cheaticn 15 not imched. Exoosure 10 sosclute maxi-
mum cung ccaditons may affect cevce retagiity.

package.

OC CHARACTERISTICS '
TA=-40"Ct0 85°C;VCc =2.7V10 6V:VSS =0V: £=0t0 5 MHz
Symbot Parameter Min | Max Unit Test Conditions
ViL Input Low Voltage -05 0.2vee \
-0t
VIH Inout High ‘foitage 02¥cc | vee v
{Exceot XTALS 2nd AST) ~0.9 =03 |
VIH inout Hign Vcitage to AST for Reset 07vec | vee v
+0.5
VIH2 Input Hign Votage To XTAL 1 Q.7vce ' vee v
i <03
VPD Power Down \cltage ToVee n PO Mogel 2.0 6.0 v
vCL Qutcut Law Voltage (Pons 1. 2. 3) | 0.45 v iOL =15mA (ncte 1)
vCLUi Outout Low Vottage Fort 0, ALE,PSEN | 0.45 v | IOL=32mA (ncte 1)
\CH Quteut Hign Voitage Ponts 1, 2. 3 0.Svee v | iIOH =~1i0ua
2.4 v iICH =~80uA
Voo =V=10%
VCHI Quteut Hign Voltage (Port 0 1n External a.svece ' v ICH=-40uA
in Externat Eus Mcae), ALE, FSeN
2.2 ’ Y CH==~400uA
Vee=V=10%
i Logical O ingut Current Ports 1.2.3 ! -30 uA Vin=0.45V
Il Incut Leakage Current *=10 uA 0.45 <Vin <Vcc
ITL Logreal 1to O Transttion Current -300 uA Vin=2Qv
(Ports 1,2.3)
ICCPC | Power Supoly Curent 50 10 pA VCC=2QVio 5.3V
(Power Dawn Mode) (ncte 2)
RRST RST Pulidown Resistor 30 150 KQ -
e Capactance of VO Bufter 10 pF | fc=1MHZTA=25°C
Note 1:

Capactive loaging on Fonts 0 and 2 may cause
Spunous noise culses to be: superimpased on the
VOLS of ALE and Forts | and 3. The noise is due to
extemal bus cacactance discharging into the Port 0
and Port 2 pins when hese pins make 1-t0-0

transitions during bus operations. In the worst cases
(capactive oading 100 pF), the noisepulsecn the ALS
line may exceed 0.45V with maxi VoL peak 0.6V,
A Schmitt Trigger use is not necessary.
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Table 1. MCS®-51 Instruction Set Cescription

ARITHMETIC OPERATIONS
Mremonic Byte Cyc
ADD ARn ACd registes 10 Accumulator i 1
ACO Adirect Acd direc; byte to Accumulater 2 1
ACO ABRi Acc indirect RAM to Accumulatcr 1 1
ACO A 3date Acd immediate data to Accumulater 2 1
ACCC * ARn Acd regisief to Accumulater with Carry ! 1
ACCC Adirecs ACGC cirect byte to A with Canry flag 2 1
ACCC AR Aca indirect RAM to A with Carry ilag 1 1
ACCC A#cata Acd immediate cata to A with Cany flag 2 1
SUES ARn Suttzc ragister from A with Barrow 1 1
SUEs Adirect Sucract cirect byte from A with Eomcw 2 1
Sues ABRI Suttrac inditect RAM frem A with Scrrow 1 1
suss A #data Suttrex immed. cata from A with Borrow 2 1
INC A Increment Accumulator 1 1
INC Rn Increment cegister 1 1
INC direct Increment direct tyte 2 1
INC @Ri Incment indirect RAM 1 1
INC OFPTR Inciment Data Fonter 1 2
Dec A Cecrement Accumulator 1 1
OeC Rn Cecrement register 1 1
Dec girect Cecement girect tyte 2 1
CeC BRi Decement indirect RAM 1 1
MUL AB Muttioly A& 8 ’ 1 4
oV A8 Owvge Aty 8 1 L4
DA A Decmal Acjust Accumulatee $ 1
LOGICAL OPERATIONS
Mnermonic Destination Byte Cyc
ANL ARn AND reqister to Accumulater 1 1
ANL Adirec: AND girect tyte to Accumutator 2 1
ANL AQRI AND indirect RAM to Accumutator 1 1
ANU Asdata AND immeqiate cata to Accumulater 2 1
ANL direct A AND Accumutater to direct byte 2 1
ANL direcz#cata  AND immediate cata to direct byte 3 2
CRL AfRn CR register to Accumulator 1 1
ORL Agirect OR areqt byte to Accumulater 2 1
ORL ACRI CRindirect RAM to Accumulater i 1
CAL Addata CR immediate data to Accumulator. 2 1
CAL diret A CR Accumuiater to drect byte 2 1
CRL crect#cata CRimmediate data lo direct byte 3 2
XRL ARn Exclusive-OR register to Accumutatoe 1 1
XRL Adiect Exclusive-OR direct byte to Accumulator 2 1
XRL A@Ri Exclusive-CR indirect RAM to A 1 1
XRL Addcata Exciusive-CR immediate data 1o A 2 1
XRL diret A Excusive-CR Accumulater to diret byte 2 1
XRL direct#cata  Exclusive-CR immediate cata to Jirect 3 2
R A Ceear Accumuiator 1 1
A A Cemplement Accumulator 1 1
AL A Rotate Accumutator Latt 1 1
RLC A Aotate A Left through the Cany fiag 1 i
AR A Rotate Accumutator Right 1 1
RRC A Rotate A Right through Cany flag 1 1
SWAP A Swep nibbles within the Accumuiator 1 1
»4
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Tabte 1. (Cont)
DATA TRANSFER -
Mnemonic Byte Cyc
MGV AAfn Mave register to Accumulator 1 1
MOV Acirec: Mgcve direct byte to Accumulater 2 {
MOV ABRi Mcve indirect RAM to Accumulaicr i i
MoV A¥data Maove immegiate gata 0 Accumuiatar 2 H
MoV 8nA Mcve Accumulator to register 1 t
MOV © Ancirect Mave direct byte to register 2 2
MCv An,#data Mcve immediate data io register 2 1
MOV girect A Mcve Accumulator to cirect tyte 2 1
MCvV cirectRn Move register to cirex Syte 2 2
MOV girec.direct Mcve girect byte to cirec: 3 2
MQv direcL@Ri Move indirect RAM to girect byte 2 2
MoV direct#data  Move immediate cata to direct byte 3 2
MOV 2RiA Mcve Accumutator to indirect RAM 1 1
MQv GRi.girect . Mcve direc byte to indirect RAM 2 2
MoV BRi.#cata Mcve immedizate cata to indirect RAM 2 1
MQv CPTR#data 16 Load Data Pointer with a 16-bit constant 3 2
MOVC ABA+CPTR  Move Coce byte relative to OPTR to A 1 2
MOVC ARA+PC Mave Ccde byte relative to FC to A 1 2
MGVX ABRi Mcve Extemal RAM (8-bit addr) to A 1 2
MCVX ARQCPTR Mave Extemal RAM (16-bit addr) to A 1 2 .
MQVX TRIiA Mave A to Extemnal RAM (8-bit addr) 1 2
MGCVX ZTCPTRA Move A 1o Extemal RAM (16-tit acdr) 1 2
PUSH cirect Push direct byte cnto stack 2 2
FCP direct Pop direct byte form stack 2 2
XCH ARn Excrange regisier 'mith Accumulator 1 1
XCH Adirect Exchange direct byte with Accumuiztcr 2 1
xcH ASRi Excange indirect RAM with A 1 1
XCHD A @RI £xcnange low-crer mibble ind RAM with A 1 i
BOOLEAN VARIABLE MANIPULATION
Mnemonic Description Byte Cyc
R C Clezr Cany flag 1 i
(@83} ot Clear direct bt 2 1
S8 C Sat Cany flag 1 t
SET8 ot Set cirect Bit 2 1
crL c Comglement Carry flag ! 1
L olid Complement airecs 5 2 1
ANL Sit ANO cirec? it to Cary flag 2 2
ANL Clet AND compiernent ct cirect bit to Cary 2 2
CARL Gt OR cirect bit to Canry flag 2 2
QAL Cibit QR complement of girect bit to Carry 2 2
MQV Cho Mave cirect bt to Camry flag 2 1
MQV ot.C Move Cany flag to cirec: bit 2 2
PROGRAM AND MACHINE CONTROL
Moermonic Description Byte Cyc
ACALL adar 11 Absohste Subroutine Call 2 2
LCALL acdr 16 Lang Subroutine Catt 3 2
RET Retum from subroutine 1 2
AETT Retum from interrupt 1 2
AIMP acar 11 Absciute Jump 2 2
LimP aadr 16 Long Jumg 3 2
SUMP red Short Jurmp (retative addr) 2 2
JMP @A+CPTR Jurmp indirect refative ta the CPTR 1 2
JZ ret Jump i Accumulator is Zero 2 2
JNZ ref Jump it Accumuiater is Not Zero 2 2
Jc red Jurno it Cany Htag is set 2 2
JNC ret Jumo i No Canry flag 2 2
SHMHS
nis .
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Table 1. (Cont.)

PRCGRAM AND MACHINE CONTRCL (cont.)

Mnemonic Description Byte Cyre

J8 bitrel Jumo i arrec: 3it set 3 2

JNB ort.rel Jump if arec Sit Ngt set 3 2

J8C titcel Jumg i crect Sitis set& Clear it 3 2

CoME Agitec el Camoare crect 10 A&Jumg if Not Zquat 3 2

CJNE A #qaatarel Como.immeq.to A&Jump f Not Equat 3 2

CJNE Bn #daiarel  Como.immed.to reg &Jump «f Not Equal 3 2

CINE Bli#cala.ret Como.immed. !0 nd.&Jumo if Not Equal 3 2

QINZ An.ret Cecrement register & Jump if Nct Z2r0 2 2

GINZ cirect. rel Cecrement cirect & sump if Not Z2r0 3 2

NCP No cperatcn 1 1

Notes o data.addressing modes:

Rn - Working cegister RO-A7

direct - 128 nternal RAM lecations. any /O port. control of status register

2R - Indirect nternal RAM locauan accressed bty register RO cr R1

#data - 3-bt constant inctuded n Instruction

#data 16 - 16-tit constant nctuded zs bytes 2 & 3 af instrucion

bt - 128 software flzgs. any O pin, control or status tit

Notes on program addressing modes:

adcr 16 - Cesunation acdress !or LCALL& LIMP may te anywhere within the §4-k program memary
acdress soacs

Adcr 11 - Cestination aacress ‘or ACALL & AUMP will be wrhin the same 2-k sage of program
mermory as ihe ficst byte of the follcwing instucion

rei - SUMP ang zli cenciienal umos incude an 8-bit offsat tyte. Range 1s +127 -i28 Gytes
rerative {C first Syte of the following msuucucn.

All mnemorucs ceoynghted * intel Carooration 1979

| o]
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SWITCHMODE™ Pulse Width
Modulation Control Circuit

The TL494 is a fixed frequency, pulse width modulation control circuit

designed primanly for SWITCHMODE power supply ccntrol.

On-Chip Error Amplifiers
® On-Chip 5.0 V Reference
Adjustable Deaatime Control

Undervoltage Lockout

Complete Pulse Width Modulation Control Circuitry
On-Chip Oscillator with Master or Slave Operation

Uncommitted Qutout Transistors Rated to 300 mA Scurce or Sink
Output Control for Push—Pull or Single-Ended Operation

TL494

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUIT

SEMICONDUCTOR
TECHNICAL DATA

-

D SUFFIX
PLASTIC PACKAGE
CASE 7518
(SO-16)

¥
\{: ¢ N SUFFIX
PLASTIC PACKAGE
CASE 648

PIN CONNECTIONS

|
i ‘l?’r‘mv C o lNo::mnv
MAXIMUM RATINGS (Full operaring ambient temperature range applies. ! ot : |nw(
unless ctherwise noted.) m::n.u; E E st l:;ul
Rating i Symbol | TL494C , TL494l | Unit | ComoenPWN 1 mr,;
- H Camp tnout -2 = Vet
Power Suoply Voitage vee 12 Y 1 Saaaume == Outout
- - ', Contrat U 131 Conrar
Callector Qutput Voltage T 42 Y i —
Yoz ; . Cr 2 121 Ve
Caollector Qutput Current Ty lc2 200 | mA Frii] i1 c2
(Each transistor) (Note 1) ’ ] L.
; Grouna! ” 10) E2
Amptifier Inout Voltage Range VIR -2.31t0 +42 iV ] —
Power Dissipation @ Ta S 45°C . Pp 1000 | mw L] 21
]
Thermal Resistance. i Rgya | 80 O Too View
Junction-to-Amoient : ] !
: |
Operating Junction Temoerature coTe 125 I ¢ 1
Storage Temperature Range i Tsfg | -331t0 +125 i ORDERING INFORMATION
Overatng Ambient Temperarure Range | Ta | I C ' ! Operating
. TL494C i Oto +70 ’ '[ Device | Temperature Range: Package
TL4941 ' i -2510 -85
i PTLeCD | o SO-16 |
. ; : e o ‘'a=07lo+/U"
Deraung Ambient Temperature Ta | 45 ¢ C | TLesaCN | Slastic
NOTE: 1. Maxmum tRemal limits must 2 goservea. y p
i TLSS4AIN  F Tp =3 -~25%1t0 +85°C Plastic

3-716
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TL494
RECOMMENDED OPERATING CONDITIONS

Characteristics i Symbol { Min Typ i Max ] Unit
Power Supply Voltage | ve¢ | 7O 15 | 20 Y
Catlector Qutput Voitage Iveivea | - 30 w0 | v
Collector Oumut Current (Eacn transistor) | Ictlcz - -+ 20 | mA
Amoiified Input Voltage Vin -0.3 - ivgg-201} v
Current Into Feedaback Terminat Ity - - i o3 i mA
Referance Qutout Current Iref - - ' 10 ! mA
Timing Resistor RT | 1.8 30 500 | k@
Timing Cabacttor Cr 0.0047 Q.001 . 10 ! uF
Oscillator Frequency fosc 1.0 4 | 200 | kHz

-~ -ELECTRICAL CHARACTERISTICS (Vg = 15 V. C1 = 0.01 uF, RT = 12 k(1. unless otherwise noted.)

For tycical values Ta = 25°C. for mirvmax values T is the operaing ambient ;emperature range that applies. unless otherwise noted.

Characteristics | Symbol Min | Typr ! Max | Unit
REFERENCE SECTION
Reference Voltage (I = 1.0 mA) | Viet 475 | 30 | 325 v
Line Regulation (Voe = 7.0 Y 1o 40 V) | Regiine - | 20 |} 25 mv
Loag Regutation (g = 1.0 mA to i0 mA) | Regoaqg | - | 3¢ | 18 mv
Short Circuit Output Current (Vegf = 0 V) Toasc | 15 | 35 5] mA
OUTPUT SECTION
Collector Oft-State Current ’ IC(oth) i - 20 1 100 | pA
(Voo =40 V. Vg =40V) I | ' E
Emitter Otf~State Current l Ig(otty ! - - -1C0 uA
YoC =40V, Vo =40V, VE=0 V) ‘ |
Collector—-Ermutter Saturation Voltage (Note 2) ! \
Common—Emitter (Ve = 0 V. I = 200 mA) Vsat(C) - 1.1 1.3
Emiter-Foilower (Vo = 15 V. Ig = =200 mA) Vsat(E) - 1.5 ! .3
QOutout Contral Pin Current i
Low State (Voc £0.4 V) locL - 0§ - RA
High State (VOG = Vref) locH - 02 | 33 mA
Qurout Voitage Rise Time te ns
Common—Emitter (See ngre 12) - 100 | 200
Emitter—Follower (See Figure 13) - 100 ¢ 200
Qutcut Voltage Fall Time i ! : . ns
Ccmmon—Emitter (See Figure 12) ! i - boo25 . 100
Emutter—Fotlower (See Figure 13) ' - e ' 100
NOTE: 2. Low cuty cycle culse tecnmicues are used cunng test [0 maintamn juncion temperature as cfose 12 amoient temperature as cassiole.
3-717
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TL494
ELECTRICAL CHARACTERISTICS (Vog = 15 V. C1 = 0.01 uF. R = 12 k), untess otherwise noted.) -
For typical values Ta = 25°C. for mirvmax vaiues TA 1S ihe ogerating amoient temperature range that appiies. unless otherwise noted. -
: Characteristics ' Symbel Min  + Typ | Max ! Unit

{

ERROR AMPLIFIER SECTION

4
inout Offsst Voitaga (VQ (Pin 3) = 2.3 V) I vio - 1 20 | 10 ]
i Input Cttset Current (VO (pin 2) = 2.5 V) T - [ 50 | 20 . A |
input Bias Currert (¥ iFin 3) = 2.3 g - 1 =01 | -10 | uA
Input Common Mode Voltage Range (Vog = 20 V, T = 25°C) vica -0.3to V2.0 v
Coen Lcoo Voltage Gain 13V =3.0V.VQ=0.5Vi0 3.3 V. R =20k |  AvoL 70 I s | - Ffz
Unity—Gain Crossover Frequency (VO =0.5 V10 3.5 V. R = 2.0 k) fc~ - | 350 ! - nm
Phase Margin at Unity=Gain (Vg =0.5 V10 3.5 V. Rt = 2.9 kQ) om - i 635 } - : ceﬂ
Common Made Rejection Ratio (Ve =40V | CMRR 65 I 80 | - T @
Power Supply Rejection Rano AV =33 V. Y0 = 2.3 V. R = 2.0kQ) PSAR - ‘ 100 } - i a8
Output Sink Current (YO (pPin 3y =0.7¥) to- 0.3 ! 0.7 - " mA
Outout Source Current (Vg (pin 3; = 33 V1 10~ 2.0 ¢ =0 - " mMA
PWM COMPARATOR SECTICN (Tast Circutt Sigure 1)
! Input Threshold Voltaga {Zaro Duty Cycla) VTH - J .3 4.5 : \" i
+ tnput Sink Currant (Vipin 3) = 07 V) S 03 | o7 -, mA |
DEADTIME CONTROL SECTICN (Test Circurt Figure 11)
Input Bias Current (Pin ) (Vpjn « =0V 10 5.25 V) ; 8 (OoT) - | -20 | -0 uA '
Maximum Duty Cycle. Each Ouicut, Push—-Pull Moas | DCmax | i 2
(VPin 4 =0 V. CT = 001 uF. F = 12 ki) 45 i 48 ! s
IVPin 4 =0 V. CT = 0.001 uF A7 = 20 kel - 45 30
Input Thresnold Voitage (Pin 4) i Vih i ! v
iZero Duty Cycle) ' - | 23 | a3
(Maximum Duty Cycte) I f 0 i - i -
OSCILLATOR SECTION
Fraquency (CT = 0.001 uf. AT = 30 k1) [ fose - | a0 ; - “Hz
Standard Deviation of Frequency” {Ct = 0.001 uF. Rt = 30 kt2) ! ctosc - ; 3.0 § - ]
Frequency Change with Yoltage (Vo = 7.0 V12 20 V. Ta = 25°C) Algge (AVI - i 0.3 - *
Frequency Change with Temperature (ATA = Tigw 9 Thigas , Mese 1AT) - ! - 12 >
(CT=0.01uf Ry =12 k) i 1
UNDERVOLTAGE-LOCKOUT SECTION
Turg_;OrfTﬁreshold (Vg increasing. lrgf = * 9 MA) Y/ 35 5.23 79 v ol
TOTAL DEVICE
Stanaby Suoply Current (Pin 6 at Yegj. All cthar inguts ang outsuls open) ‘} Hoto] . i mA
Voo =15Y) | - 5.3 H 10
(Vcc =40 i - 700 15
Average Suppty Current } i mA
(CT = 0.01 uf. Ry = 12 KL Vipin 4y = 20 V) { - 7o 0 -
(Vee = 15 V) (See Figure 12) ; !

* Stangard cevianon is a measure cf tne@ 5:ansNCal GISINCULSN ADOUT tNe Mean as Cenvea from e femuia. ¢ _

3-718
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Figure 1. Representative Block Diagram

Qutput Centrot Veo
o [*]
13
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[
5 ! , l ’ f—I \ ‘/_ta_o__
: | Oscilator o Qf—— ; L/ __‘DOH ary 9
-:‘Tg i3 [ ! Flig— i ! Aef—o———0
< Cr = i Ceadtime- Flco l T . é
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- i i
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! | . Leexout = ! Aaference |
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xl]z I3 5] 116 P14 T
Q [¢] [l o] Gnd
Error Amp Feedback F'WM Errcr Amp Ret. -
1 Comoarator inout 2 Outut -
This device contains 16 active transistors.
Figure 2. Timing Diagram ’
Capacitor Cy L . R
Feeaback/PWM Comp. 7‘ }_ 7 1‘ 71‘74 7‘: / }<
Deaqtime Controt ) ; ; ! L
: i |

Flip—Flap
Clock inout
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Qurout Q1
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Outout Q2
Emutter

Qutout
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TL494
APPLICATIONS INFORMATION

Descripticn

The TL494 1s a fixed-frequency pulse wioth modulation
control circuit. ncorporating the primary building blocks
required for the control of a switching power supply. (See
Figure 1.) Aninternal~linear sawtooth oscillator is frequency—
programmable by two external comoonents, RTand CT. The
approximate oscillator frequency is determmned by:

fose = =
AT «Ct .

For more information refer to Figure 3.

Outout pulse width modulation is accomplished by
comoarison of the positive sawtooth waveiorm across
capacitor CT to either of two control signals. The NOR gates.
wnich drive outout transistors Q1 and Q2. are enabled only
winen the flip-flop clock—inout line is in its low state. This
haopens only during that portion of time when the sawtooin
voitage is greater than the contro! signals. Therefore. an
increase in control-signal amplitude causes a corresponding
linear decrease of output pulse width. (Refer to the Timing
Diagram shown in Figure 2.}

The control signals are external inputs that can be fed into
the deadtime control. the error eémplifier inputs. or the
feedback input. The deadtime conirol comparater has an
effective 120 mV input offset wnicn limits the minimum output
deadtime to approximately the first 4°% of the sawtooth—cycte
time. This would result in a maximum duty cycle on a given
outout of 96% with the output control grcunded. and 8% with
it connected to the reference line. Additional deadtime may
be mmposed on the output by setting the deadtime—control
nput to a fixed voltage, ranging between 0 V10 3.3 V.

Functional Table

InpuvOutput | Qutput Function Iﬂ“-‘-
Controls ! fosc
Grounaged ‘ Single-anded PAM @ Q1 and Q2 1.0

3 Vet Push-puli Oceranon 0.5

The pulse. width modulator comparator provides a means
‘or the error amplifiers to agjust the output pulse width from
-re maximum percent cn—time. established by the deacume
=antrol input, down to zero. as the voitage at the feeaback sin
sanes from 0.5 V to 3.5 V. Both error amplifiers have a
common mode input range from -0.3 V tc (V¢ - 2V). and

may be used o sense power—sugply outpui Ve
current. The error-amplifier outputs are active ~igh
ORed together at the noninverting input cf the zul
modulator comparator. With this cenfigurausn,
that demands minimum output on time, comina:s
the loop.

When capacitor CT is discharced. a zosve culsg g °©
generated on the output of the deaotime csmczraiCr. anicn -
clocks the pulse—steering flip—flop and innitiis ng Titow i
transistors, Q1 and Q2. With the outzut—c2ntrc: csnnscisd o
the reference line. the pulse—steering flic~fico cirecis the
modulated puises to each of the two JuiTlt ransistors
alternately for push~pull operation. The outpL: recusncy s
equal to halt that of the oscillator. Qutput arve c2n 2is0 te
taken from Q1 or Q2, when single—2nogs ccsraticn &Th 3
maximum on-time of less than 30% is rec.ifec. 73S s
desirable when the output transiormer hes = ringtack-—R-
winding with a catch olode used fcr snugzing. Mren ~crer  §
output—drive. currents are reguired icr 3 }
operation, Q1 and Q2 may be connected :a 2&- d
output-mode pin must be tied 0 ground c zisazis ‘he 3
flip~flap. The autput trequency will now be equa! 0 tnat =i the
oscillator. .

The TL494 has an internal 5.0 V referencs cznzze of
sourcing up to 10 mA of load current for externz: tias cirsuls. |
The reference has an internal accuracy of =3.0%s »vth a
typical thermal drift of less than S0 mV over zn cerzung
temperature range of 0% to 70°C.

g

.
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Figure 3. Oscillator Frequency versus
Timing Resistance
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Figure 4. Open Loop Voltage Gain and
Phase versus Frequency
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Figure 5. Percent Deadtime versus
Oscillator Frequency

) : S A — — -
z ] - R R |
z deg =BV @ 3 fpHE P vt e T il |
5 AWp=3ddV g g 16 ||<l : B »; P— ' ) =1 '
ot ALz20T ) F g P bt Crsag0teR /i
2z : L] = i e U A
= ! 0w g 2 - — - m .
EN i - T TR S N
- 7 W = - N ) M N T S
i ' 0'15‘35 23.0!“ bl [ R
s T 1600 =S L IR T LA A i T
T > C ] N s é Zg'.g : —01uF + ] |
<2 ' U L N A N
] - 0] i R STTRE i ; : i
< i = st it i i . o

; N LI L i |

‘2 10 120 1.0k 10k 100k taM 300k 10k ik Renk 366«
!, FREQUENCY Hz) fage, OSCILLATOR FREQUEMCY (Hz)
Figure 7. Emitter~Follower Configuration
Figure 6. Percent Duty Cycle versus Output Saturation Voltage versus
Deadtime Control Voltage Emitter Current
=3 n 18 :
2N b I A = i : f
2 =~ , . ; I !
= ) \ R b ' Veg=1i5V ! g ’ ¢ !
. cC - : i
2 2 N Voe = Yot h- N ]
z 4\\‘ : : < Cr=00tuf = = ! ! /
z . i Gr=10k2 ERRE
b | ! 2. C7=0001uF | S .. ! . /
i T D Ar=30K2 z '3 ; , X
\ y = . / | '
= : \ : % i ' i '
s . t I \ ; i ;_; 1.3 ! - - i
: P N b 8 12— ; —
2 i Pl ! ] > ] i
£, i N, o i ;
- 3 19 r] 3.0 13 ] ;00 200 0 200
VpT. DEADTIME CONTROL VOLTAGE {1V} Iz SMITTZA CURRENT 'maA)
Figure 8. Common-Emitter Configuration ‘
QOutput Saturation Voitage versus Figure 9. Standby Supply Current
Collector Current versus Supply Voitage
Y
i ! i ' 39 i i f
z . i i | J———
P P z —
| ! 1 | Z 70 /
: ' -l =B [ ! |
| ! i ; ' / 1 g 3.0 - -
| ! | i S 3, [ i |
i i i | > 3 H
; i ! / l ! E 0 f I :
P i | A 10} ' ‘ :
2 ., ! i
) ' l | - :’; [ i i '
, I . VA !
9 iC0 i) 3C0 <60 ? XY 10 13 2 3 30 i3 B!
I¢. COLLECTOR CURRENT imA) Y. SUPPLY VOLTAGE W
3-721

MOTOROLA ANALQG IC DEVICE DATA



Figure 10. Error—Amplifier Characteristics
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Figure 11. Deadtime and Feedback Control Circuit
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Figure 14. Error—Amplitier Sensing Techniques
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Figure 21. Pulse Width Modulated Step—-Down Converter
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Test Conditions ' Results
Line Regutation Vin=80VtoddV ' 3.0mv  0.01%
) Load Reguiation ' Vin=126V.10=02mA 0200 mA | 3.0mvy  0.02%
! Output Ripple Vin = 12.6 V. Ig = 200 mA 0mVop PAR.D.
f Shon Circurt Curreat | Viq= 126 V. R =0.1 0 250 mA
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SN54/74LS365A » SN54/74L.S366A
SN54/74LS367A « SN54/74LS368A

SN54/74LS365A
HEX 3-STATE BUFFER WITH
CO_!VIMON 2-INPUT NOR ENABLE
vee B2

[is1 (51 [s] [ia] [zl [l [l [o

v

T Gl G Tl BT Gt L] Ll

Ey GND
TRUTH TABLE
_ lNP_l‘JTS QUTPUT
Ey]Ez| D
Lt L
L{L|H H
H| X | X (Z)
X H} X (D)
SN54/74L.S367A

HEX 3-STATE BUFFER
SEPARATE 2-BIT AND 4-BIT SECTIONS

vee g

mmmm%mmm

Fr Eal |

L_L_JL_H_L_J

TRUTH TABLE

"ND

INPUTS
o}

OUTPUT

Irer |mi

L
H H
X

SN54/74LS366A
HEX 3-STATE INVERTER BUFFER
WITH COMMON 2-INPUT NOR ENABLE
Vcc g

[ie] [1s] fie] [il [re] [l o] [

e

L L] e L LJUL_IU

&1 GND

TRUTH TABLE

— ‘NP_UTS OUTPUT

E1}| E2| D

LlLfL H

L{L|H L

Hi XX @

X|H|X (2)
SN54/74LS368A

HEX 3-STATE INVERTER BUFFER
SEPARATE 2-BIT AND 4-BIT SECTIONS

vee &

[is] [is1 [ia] [wa] [iz] [ir] o] [o]

mpogBanEnEaEnyn

TRUTH TABLE

-|inP
"i UTS | outpuT
ElD
LitL H
L H L
H}X [ra)
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SCHMITT TRIGGERS
DUAL GATE/HEX INVERTER

The SN54LS/741.813 and SN54LS/74LS 14 contain logic gates/inverters
wnicn accept standard TTL input signais and provice standard TTL outout
levets. They are capable of transforming slowly changing input signals into
sharply definea. jitter-iree outout signals. Additionaily, they have greater noise
margin than conventional inverters.

Eacn circuit contains a Schmitt trigger followed by a Darlington level shitter
and a pnase splfitter dnving a TTL totem pole output. The Schmitt trigger uses
positive feedback to effectively speed-up siow input transitions, and provide
aifferent input thresnoid voltages for positive and negative-going transitions.
This hysteresis between the positive-gong and negative-going input
thresnolds (typicaily 800 mV)is determined internally by resistor ratios and is
essenually insensitive to temaerature and sucply voltage variations.

LOGIC AND CONNECTION DIAGRAMS

SNS54/74LS13
vee

D] [l %] ] [l [3] (51

BN

=———2%
[T =~
G L) g L Y e 1]

N0

vee SN54/74L514

[1e] [is] [io] [o] (ol (o7 (51

P
B P o

L el e LIt 1

D,

SN54/74L813
SN54/74L.514

SCHMITT TRIGGERS
DUAL GATE/HEX INVERTER

LOW POWER SCHOTTKY

;

14

J SUFFIX
! CERAMIC
NEL caseszos

N SUFFIX
PLASTIC
CASE 646-06

/ D SUFFIX
@ Slelle

i CASE 751A-02

ORDERING INFORMATION

SNS4LSXXJ Ceramic
SN7ALSXXN  Plastic
SN74LSXXD  SQIC

R -
GUARANTEED OPERATING RANGES
Symoot Parameter | Min Typ ] Max Unit
e Suoply Voltage 32 1.3 3.0 5.5 v
T 473 5.8 5.25
TA Qoerating Amoient Temperature Range | S =35 25 125 *C
[ 7 0 25 70
'O | Outout Current — rign | 5474 ~0.4 mA
ol Qutout Current — Law | o3a 20 mA
Te 8.0

FAST AND LS TTL DATA
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SN54/74LS13 « SN54/74LS14

t
E
P,
. DC CHARACTERISTICS QVER QPERATING TEMPERATURE RANGE (uniess otherwise soecified)
1 Limits
E 1 Symbol Parameter Min Typ Max Unit Test Conditions
VT- Posiuve-Going Thresnold Voitage 1.5 2.9 v Vee =50V
[IA N Negauve-Going Thresncld Vatace 0.6 1.1 \ Ve =50V
VT--VT- | Hysteresis 0.4 0.8 v Ve =5.0V
t |VIK Input Clamo Dioge Voltage ~0.65 | -1.5 v Voo = MINL iy = =18 mA
! Outout HIGH B res )3 N | 0 1A, Vin =V
Vo utout Valtage Ve = MIN, =-400 pA. ViN = V|
| o] 7a -7 14 cc OH ! L
54,74 0.25 Q0.¢ v Vee = MIN, lgL = 40mA, Viy =2.0V
] VoL Qulput LOW Vaitage < ce o N
| 74 0.35 0.5 \ Voo = MIN, g = 8.0 mA, ViN=20V
LT inout Current at Positive-Going Threshald ~0.14 mA «| Voc=3.0V.Vin=VT,
r Inout Current at Neganve-Gaing Thresnnid -0.18 mA Vee =350V Vin=VT-
' 0 | 20 | uA | Vog=MAX.Vn=27V
J iH Input HIGH Current
| 0.1 mA Voo =MAX. V=70V
! L Input LOW Current -0.4 mA Voo = MAX. Vin =04V
E' 08 Short Circuit Current (Note 1) -20 100 | mA | Voo =MAX. Voyr=0V
Power Suoply Current
LS13 2.9 6.0
Totai, Qutgut HIGH .
E Ice LS4 8.6 16 mA VEC = MAX
LS13 4.1 7.0
Total. Qutout LOW
x LS1e 12 21

Nota 1. Notmoi

re than one outout snouid be snored at 3 tme. Nof for more tnan 1 seccna.

AC CHARACTERISTICS (Tq = 25°C) ,
Max
Symbol Parameter LS13 Ls14 Unit Test Conditions
PLH Prooagaton Defay. Inout to Qutout 22 22 ns Veg =350V
OHL Propagation Delay. Inout to Cutout 27 22 ns CL=15¢F

1V
16V
VIN g \o.a v
ov \
-t -~ "
vout

Figure 1. AC Wavetorms

FAST AND LS TTL DATA
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V. OUTPUT VOI TAGE (VOLTS)

V. THRESHOLD VOLTAGE (VOLTS)
A V[ IYSTERESIS (VOLTS)

V7, THRESIIOLD VOITAGE (VOLTS)
AV, HYSIENESIS (VN 1S)

SN54/74LS13 « SN54/74LS14

’ Vec=5v ) 1 i i !
I TA335°C : ' | | 1
! i
4 ' M i H
N | N |
A | |
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L P l
b b I !
2 -
N I |
R L |
T T ]
N | b I
Poob o e
0 ! ! ; ;
0 04 0.95 12 18 2
Vin. INPUT VOLTAGE (VOLTS)
Figure 2. V|N versus VoyT Transfer Function
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Figure 3. Threshold Voltage and Hysteresis
versus Power Supply Voltage
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Figure 4. Thrashold Voitage Hysteresis
versus Temperature
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SN54/74LS390 » SN54/74L.S393

SNS54/74L.8390 +5

SN54/74L.8380 BCD SN54/74L.S393
TRUTH TABLE TRUTH TABLE TRUTH TABLE
(Input on CPq; Qg CP1) (Input on CP1)
QUTPUTS QUTPUTS ouUTPUTS
COUNT COUNT COUNT
Q3{Q2§Q4 | Qo Q3} Q2] Q4 Q3| Q2{ Q1| Qg
0 L{L] L} L e 0 Lj Lt 0 Ll L[ L] L e
1 LyLjtL H 1 LiL{H 1 L L|]L}H
2 LiLI[|H L . 2 LiH}L 2 L LIH L
3 L{H|H 3 L] LIH]H
3 L L{H H 4 H Ll
4 LI H L L 4 LiHL L
3 LIH]LIH 5 LiHL H
§ |L|n|H|L A S B T
; ; *L‘ *L‘ f SN54/74L.5390 «10 (50% @ Qq) PRI VS B
9 HiL|ola [ TRUTH TABLE g H{LfL|H
{input on CP4, Q3 to CPq) 10 HiLlinlL
OUTPUTS " HlL|HIH
COUNT
AHFRE
0 LybiLb 14 [ HIHIH]|L _J
! LiLiHL 15 H{H{H]|H
2 L|H L} L
H{H
i :_" Ll t H = HIGH Valtage Level
5 L L LiH L = LOW Voltags Lavel
6 L L|H}H
7 LIH|LYIH
8 LI H|HI]H
9 H] L LIH
GUARANTEED OPERATING RANGES
Symboal Parameter ] Min Typ Max Unit
vee Supply Voitage 34 4.5 5.0 5.5 v
4 4.75 S.0 5.25
Ta Ovoeratng Amoient Temperarure Range 34 -55 25 125 :C
~2 0 25 70
IoH Qutout Current — Hign sere | -0.4 mA
oL Qurput Current — Low 3e . 4.0 mA
T4 8.0

FAST AND LS TTL DATA
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SN54/74LS365A « SN54/74L.S366A
SN54/74L.S367A « SN54/74L.S368A

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE {unfess otnerwise specified)

Limits
Symbel Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
VIH Input HIGH Vottage 2.0 v All Inputs
54 0.7 Guaranteed Input LCW Voltage for
ViL Input LOW Voitage - ) \ All Inputs
Vik Inout Clamp Dioge Yoltage -0.65 | -1.5 ' Veo = MIN, iy = =18 mA
54 2.4 3.4 v VoE = MIN, I = MAX, Viy = V)
cc S1QH =  VIN = VIH
VOoH Qutout HIGH Voitage e v i v or Viy_per Truth Table
54,74 0.25 0.4 v loL=12mA Ve =Veg MIN.
VoL Outout LOW Voitage ViN =V or Vi
74 0.25 0.5 v do =24 mA ser Truth Table
oy 4y] Outout Gif Current HIGH 20 uA Voo =MAX. Voyt =27V
‘ozL Qutput Off Current LOW -20 HA Voo = MAX. Yoyt =04V
20 HA Voo =MAX, VN =27V
hH ‘nput HIGH Current ce
0.1 mA Voo =MAX . VIN=T7.0V
inout LOW Current
E Inouts -0.4 mA Vee = MAX, ViN =04V
Vee =MAX, Vin=0.5V
e O Inouts -20 HA Either £ Input at 2.0 V
Voo =MAX VN =04V
-04 mA Both E Inputs at 0.4 V
los Short Circurt Current (Note 1) -40 -225 mA Voo = MAX
Power Supply Current
e LS365A, 367A 22 mA Vee = MAX
LS366A, 236BA 21
Note 1: Not more than one output snould be snortea at a tme, nor for more man 1 seceng.
AC CHARACTERISTICS (T4 =25°C. Ve =5.0V)
Limits
LS365A/LS3IETA LS366A/LS368A
Symbol Parameter Min | Typ | Max | Min | Typ l Max | Unit Test Conditions
tot 10 L 18 7.0 15
1PHL Prooagaton Delay %0 22 12 18 ns G\ =45 oF,
Ry =667 Q2
P7H 19 5 18 35 -
tP7L Outout Enable Time 24 20 28 e ns
tPHZ - 30 32 =
BLz Qutput Disanie Time e 35 ns CL=5.00pF
FAST AND LS TTL DATA
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DUAL DECADE COUNTER,;
DUAL 4-STAGE
BINARY COUNTER

The SN54/74L.83%0 and SN54/74L.5393 each contain a pair of high-speed
4-stage ripple counters. Each half of the LS390 is partitioned into a
divide-by-two section and a divide-by five section, with a separate clock input
for each section. The two sections can be connected o count in the 8.4.2.1
BCD code or they can countin a biquinary sequence to provide a square wave
(50% duty cycle) at the final output.

Each haif of the LS393 operates as a Modulo-16 binary divider, with the last
three stages triggered in a ripple fashion. In both the LS390 and the LS393,
the flip-flops are triggered by a HIGH-i0-LOW transition of their CP inputs.
Eacn half of each circuit type has a Master Reset input which responds to a
HIGH signal by forcing all four outputs to the LOW state.
¢ Dual Versions of LS290 ana LS293
o .S390 has Separate Clocks Allowing +2, +2.5, +5
* Individual Asynchronous Clear for Each Counter
* Typical Max Count Frequency of 50 MHz
¢ input Clamp Diodes Minimize High Speed Termination Effects

CONNECTION DIAGRAM DIP (TOP VIEW)

SN54/74L.5390
Voo CPp MR Qg TPy O Q O

[16] [is] [1e] [a] [re] [] [io] [51

)

CPg MR Qy CPy 0 Q3 GNO
NOTE:
The Flatpax version
SN54/74L5393 nas ine same pinouts

. {Gonnecuon Diagrami as
Vce CP MR Qp 0Oy Q Q3 w6 Cual In-Line Pacxage.

[1e] o] [12] [l [rol (5] 61

~

RERE

3
T MR Qg

IR RERE
a 0

SN54/74L.S390
SN54/74LS393

—

———

DUAL DECADE COUNTER;
DUAL 4-STAGE
BINARY COUNTER

LOW POWER SCHOTTKY

12 J SUFFIX
CERAMIC
CASE 620-09

b —
7y

16

N SUFFIX
\ PLASTIC
CASE 648-08

ﬁ D SUFFIX
o soic
1

CASE 7518-03

.-,, J SUFFIX

CERAMIC
CASE 532-08

Vs
s

\ PLASTIC

? N SUFFIX
‘ I CASE 646-06

D SUFFIX
1d SQIC

CASE 751A-02

ORDERING INFORMATION

SNS4LSXXXJ  Ceramic
SN74LSXXXN Plasoc
SN74LSXXXD SOIC

FAST AND LS TTL DATA
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SN54/74LS390 » SN54/74LS393

LOADING (Note a)

PIN NAMES
HIGH Low
cP Ciock (Activa LOW going ecge)
Input 10 +16 (LS393) 05Ul 1ouL
_ C_Tso Clock (Actve LOW going ecge)
4 Input to + 2 {.S380) 05Ul LouL
CPy Clock (Active LOW going edge)
Input to +3 {5390} 0.5 U.L. 15Ul
MR Master Reset (Agtive HIGH) inout 0.5 UL 025 UL
Qp-Q3 Flip-Fiop outputs (Note 0} 10uU.L. 5(2.5) UL
NOTES:

a' 1 TTL Unit Load (UL} = 40 uA HIGH/1.6 mA LOW.
b} The Output LOW dnve tactor is 2.5 U.L for Miiary 1321 ana 5 U.L for Commercual (74)

Temperature Ranges.

FUNCTIONAL DESCRIPTION

Each half of the SN54/741L.5393 operates in the Modulo 16
binary sequence, asindicatedin the + 1 6 Truth Taole. The first
flio-flop is tnggered by HIGH-to-LOW transitions of the cP
inout signal. Each of the other flip-flops is tnggered by a
HIGH-to-LOW transition of the Q output of the preceding
tlip-flop. Thus state changes of the Q outputs do not occur
simultaneously. This means that logic signals denved tfrom
comoinations of these outputs will ba subject to decoding
spikes and. theretore, should not be used as clocks for other
counters, registers or flip-flops. A HIGH signat on MR forces
all outputs to the LOW state and prevents counting.

Each halt of the LS390 contains a +35 section that is
ingependent except for the common MR function. The +3

section operates in 4.2.1 binary sequence, as shown inthe +5
Trutn Table. with the third stage output exhibiting a 20% duty
cycie when the input frequency is constant. To obtain a +10
funcuon having a 50% duty cycle output, connect the input
signal to CP 1 and connect the Q3 output to the CPg input: the
Qg output provides the desired 50% duty cycle output. If the
inout frequency is connected to CPg and the Qg output is
connected to CP1, a decade divider operating in the 8.4.2.1
BCD code is obtained, as shown in the BCD Truth Table. Since
the flip-flops cnange state asynchronously, logic signals
denved from combinations of LS3390 outputs are aiso subject
to decoding spikes. A HIGH signat on MR forces all outputs
LOW and prevents counting.

SN54/74LS390 LOGIC DIAGRAM (one halt shown)

3
c?y
K CP U K CP J K CP J d K CP
Co Q Co o Co Q o
MR ‘Dcﬁ
Qp Qy Q2 Q3 L.
SN54/74L5393 LOGIC DIAGRAM (one hait shown)
e ,
! | l
K cP J K CcP J £ CP K CP J
C C C
0 Q 0 Q ’_c 0 Q “ Q
YR [ l
Qg Q Q2 Q3
FAST AND LS TTL DATA
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e

; OC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE {unless otherwise soecifieq)

' Limits
Symbol Parameter Min Typ [ Max Unit Test Conditions
3 . Guaranteed Input HIGH Voitage tor
ViH Input HIGH Voltage 2.0 v All Inputs
. 54 0.7 Guaranteed Input LOW Vottage for
[ vIL Input LOW Voitage - o8 v All inputs
ViK Inaut Glamp Diode Vottage ’ -0.85 | -1.5 V| Voo =MINjy=-18mA
' 54 25 3.5 Vo | Ve = MIN, Ign = MAX, Vi = V
cCc= +1OH = « VIN = VIH
| Vor Qutput HIGH Voltage 7a 27 v v or Vi_ per Truth Table
54,74 0.25 0.4 v oL = ¢.0 mA Vce =Voe MIN.
VoL Qutout LOW Voitage VIN= VL or VY
74 0.35 0.5 v loL =8.0mA per Truth Table
20 HA \ =MAX,ViN =27V
IH Input HIGH Current ce ‘
0.1 mA Voo s MAX. Vi =7.0V
MR -0.4 mA
f Input LGW Current CP.CP -16 | MmA | Voo =MAX, V=04V
L 0 cC N
CP, -24 | mA
‘os Short Circuit Current (Note 1) ~20 -100 mA Voo = MAX
ice Power Supply Current 26 mA l Voo = MAX
Note 1: Not more than one output snould be snartad at a 1me, nor for more than t second.
AC CHARACTERISTICS (Tp = 25°C. Vo = 5.0 V)
Limits
Symbot Parameter Min Typ | Max Unit . Test Conditions
Maximum Clock Frequency
IMAX &P 10y 25 35 MHz
. Maximum Clock Frequen
MAX P 100 Y 20 MHz
{-TRY! Prooagaton Detay, 12 20 a
BHL CP10Qq LS393 13 20 s
PLH _— 12 20
oL ’ CPgt0Qg LS390 13 20 ns
. [ K
PLH l CP10Qy L5393 X gg ns
oL = CL=15pF
PLH = - 37 €0 .
1oL ' CPgtoQa LS390 19 60 ns
P == 13 21
oL CP1toQy LS3%0 14 21 ns
PLH == 24 39
N~ CP1w0Q3 LS390 26 39 ns
toLH — 13 21
i~y PitoQs LS3%0 " 21 ns
(SHL MR to Aay Outout LS390v393 24 39 ns

FAST AND LS TTL DATA
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AC SETUP RECGUIREMENTS T4 =25°C. Vg =35.0Y)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Y] Clock Puise Wigth LS393 29 ns
Ny CPg Pulse Width 1.S390 20 ns
a3 CP Pulse Widtn LS390 0 ns Voo =350V
Y MR Pulse Wigth LS390/393 29 ns
ree Recovery Time L.S390/393 23 ns

AC WAVEFORMS

Figure 1

MR &MS
13v i 13V

-— [

ce
N< t3v

Figure 2

“Tha numoer cf Ciccx Puisas raquirsq Between (ow,_ 270 1o 1 Measurements can oe cetermined from the aopreonate Truth Table.

FAST AND LS TTL DATA
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m SEMICONDUCTOR l-__-?

TECHNICAL DATA

6-Pin DIP Optoisolators 4N25A
Transistor Output 4N26
- 4N27

These devices consist of a gallium arsenide infrared emitting diode optically coupled
to a monolithic silicon phototransistor detector. 4N28

.p
2
N
o

® Convenient Plastic Dual-in-Line Package

® Most Economical Optoisolator

® High Input-Output Isolation Guaranteed — 7500 Volts Peak .

® Meets or Exceeds All JEDEC Registered Specifications 6-PIN DIP

® UL Recognized. File Number E54915 Q) OPTOISOLATORS

® VDE approved per standard 0883/6.80 {Certificate number 41853}, with additional TRANSISTOR OUTPUT

approval to DIN IEC380/VDE0806, IEC435/VDEO080S, IEC65/VDEOS60, VDE110b, covering
all other standards with equal or less stringent requirements, including IEC204/
VDEO113, VDE0160, VDE0832, VDE0833, etc. ——583
Special lead form available (add suffix “T” to part number) which satisfies VDE0S83/
6.80 requirement for 8 mm minimum creepage distance between input and output
solder pads.
® Various lead form options available. Consult “Optoisolator Lead Form Options” data
sheet for details.

[

CASE 730A-02

MAXIMUM RATINGS (Ta = 25°C unless otherwisa noted) PLasTic
[ Rating ( Symbol [ Vaiue l Unit _]
INPUT LED SCHEMATIC
Reverse Voltage VR 3 Volts
Forward Current — Continuous g &0 mA
LED Power Dissipation @ Tp = 25°C Pp 120 mw
with Negligible Power in Qutput Detector - '
Derate above 25°C 1.41 mWiC © 6
OUTPUT TRANSISTOR N
Collsctor-Emitter Voltage ) Vceo 30 Voits 2 L ———0F§
Emitter-Collector Voltage . VEcO 7 Voits 4
jo—
Collactor-Base Voltage vVeeo 70 Volts
Coltector Current — Continuous ic 150 mA
Detector Power Dissipation @ Tp = 25°C Pp 150 mw
with Negligible Power in Input LED
Derate above 25°C 1.76 mwrC 1. L€D ANODE
2. LED CATHODE
TOTAL DEVICE LNC
Isolation Surge Voltage (1} Viso 7500 Vac 4 EMITTER
(Peak ac Voltage, 60 Hz, 1 sec Duration) 5. COLLECTOR
6. BASE
Total Device Power Dissipation @ Ta = 25°C Pp 250 mw
Derate above 25°C 2.94 mwWrC
Ambient Operating Temperature Range Ta -55t0 +100 *C
Storage Temperature Range Tsig -55t0 +150 *’C
Soldering Temperature (10 sec. 1/16” from case) Tsol 260 ‘c

(1) Isolation surge voitage is an internal device dielectric braakdown rating.
For this test, Pins 1 and 2 are common, and Pins 4, S and 8 are common.
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4N25, 4N25A, 4N26, 4N27, 4N28

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

[ Characteristic [ Symbotl L Min T Typ L Max [ Unit ]
INPUT LED
Forward Voltage {lg = 10 mA) Ta = 25°C VE — 1.15 1.5 Volts
TA = —55°C - 13 —
Ta = 100°C - 1.05 -
Reverse Leakage Current (Vg = 3 V) IR - —_ 100 BA
Capacitance (V = 0V, f = 1 MHz) Cy -— 18 _— oF
OUTPUT TRANSISTOR .
Collector-Emitter Dark Current 4N25,25A,26,27 Iceo - 1 S0 nA
[VCg = 10V, T = 25°C 4N28 - 1 100
(Ve = 10V, Ta = 100°C) All Devices IceO - 1 - BA
Collector-Base Dark Current (Vcg = 10 V) Iceo — 0.2 — nA
Collector-Emitter Breakdown Voitage {ic = 1 mA)} VIBRICEO 30 45 - Voits
Collector-Base Breakdown Voltage (I = 100 pA) V(BRICBO 70 100 — Volts
Emitter-Collector Breakdown Voltage {Ig = 100 pA) VIBR)ECO 7 7.8 — Volts
OC Current Gain (Ic = 2mA, Vcg = 5V) hgg -_ 500 — —
Collector-Emitter Capacitance {f = 1 MHz, Vcg = 0) Cce - 7 — pF
Collector-Base Capacitance {f = 1 MHz, Veg = 0} Ces — 19 —_ pF
Emitter-Base Capacitance {f = 1 MHz, Vgg = 0) Ces _ 9 - pF
COUPLED
Output Collector Current (I = 10 mA, Veg = 10V) o} mA
4N25,25A.26 2 7 —
4N27,28 1 B -
Collector-Emitter Saturation Voltaga (Ic = 2 mA, Ig = 50 mA) VCE{sat) — 0.15 0.5 Voits
Turn-On Time {Ig = 10 MA, Vge = 10V, R = 100 Q) ton — 28 - HS
Turn-Off Time {Ig = 10 mA, Ve = 10V, R = 100 1) toff - 45 — Hs
Rise Time (I = 10 mA, Ve = 10V, R = 100 1) t - 1.2 — us
Fall Time {Ig = 10 mA, Voe = 10V, R = 100 QD) tf - 1.3 — us -
Isolation Voltage {f = 60 Hz, t = 1 sec) Viso 7500 - - Vac(pk)
Isotation Resistance (V = 500 V) Riso 101 - - n
Isolation Capacitance (V = 0V, { = 1 MHz) Ciso - 0.2 -— pF

TYPICAL CHARACTERISTICS

i 10 106 1000
I5. LED FORWARD CURRENT (ma)

Figure 1. LED Forward Voltage versus Forward Current
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Ic, OUTPUT COLLECTOR CURRENT (NORMALIZED}

10 T
11T + =+ -
NORMALIZED T0: ——- T+
T 1T f=10mA 1
tpptren 7
i AR HIE
. A
}/
Z
o1 -
— Il
Y A
1
1
T -
on 05 1 2 5 10 2 ]

If, LED INPUT CURRENT (mA)
Figure 2. Qutput Current versus Input Current
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Figure 5. Dark Current versus Ambient Temperature
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Figure 7. Turn-On Switching Times

4N25, 4N25A, AN26, 4N27, 4N28
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I¢, TYPICAL COLLECTOR CURRENT (mA)

4N25, 4N25A, 4N26, 4N27, 4N28

Vg, COLLECTOR-EMITTER VOLTAGE (VOLTS)

Figure 9. DC Current Gain (Detector Only)

* ¥, VOLTAGE [VOLTS)

. Figure 10. ‘Capacitances versus Voltage
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Figure 11. Switching Times

OUTLINE DIMENSIONS

;""n’f““ STREL:
CONPGITION PIN 1. AMOOE
1 CATHQDE

L EMITTER
$ COULECTOR
§ Bast

1
i
. —c =t
b 3 an
FHue® [11e@[40@]

0 m
Fannea® 1120 @]

CASE 730A-02
PLASTIC

NOTES.
1. DIMENSIONING AND TOLERANCING PER ANS!
Y14.5M, 1982,
2. CONTROLLING DIMENSION: INCHL.
2. OiM L TO CENTER OF LEAD WHEN FORMED
PARALLEL.

MRLLIAETERS INCHES

oo | N | wax | M [ MAX
A | 813 | 8 [ o0 | 03%0
8 | 610 | 68 1 0240 | 0260
¢ | 299 | so8 {o1s [ 020
D | o4 | o050 T 0016 j-0020
€ | 102 | V77 | oo | oo
G 25485C_ ' 01008SC

J o2 [ ox [ oo8 | 0012
X | 038 | 254 | 0015 } 0100
1 182 85C 0.30

M| & 1 Lo is”
N | 250 | s i 0100 | 0150
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