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INFUSION PUMP

Miss Suchada Taechotirote

Mr, Sutee Vajchapraukpitak

Miss Sopa Popongpun
Abstract

Nowaday it is necessary to control flow rate of Sodium chioride and another type of

solution before injection. Therefore infusion pump have to be used. An user can set Total
volume and flow rate for each case of patients in suitable way. This equipment is controlled
by Microprocessor MCS-51 by programming for controling motor driving. MCS-51 will be linked
with a motor when MCS-51 receive input from an user, it will order motor fo rotate and press
tube of solution . So that solution in a tube can flow in each rate that set by an user. If solution
can‘t flow or occlusion occur , infusion pump will alarm with siren sound and RED LED will be
lighted. When the delivered volume equal the total volume that set by an user, infusion pump
will alarm and  YELLOW LED will be lighted . In normal working . GREEN LED will be lighted all
time for show that infution pump is flowing . If infution pump work compiletely or work in error
state (occlusion) or stop button is pressed , GREEN LED will deodorize . Thersfor this equipment

is very useful for each case of patients.
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gindwezgndssanluntonedn 0 uaz 8 Tnunszdeasnlumonein 2

2. 1§5u-dedoyariu Data Memory n3ald5utiayann Program Memory

3. 185u- a\wauamummasntﬂamulunimmuumﬂunmam'mmuao Program Memory n38
Data Memory Aguan
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-Port 1 \Uuwainsuiuouim 8 in Aem P1.0 v P1.7 (271-918) P1.0 nuadaldn 0 a9
wadn 1 FoTutin Least Significant Bit wazdin P1.7 nanedednfl 7 zeewein 1 Julun
in Most Significant Bit laseds9raanedn 1 usazinfiagy

READ
LATCH Ivec -

|

| [ INTERNAL
INTEUS | L) PALLUP®

P1xX9
WRITE LATCH |
LATCH ]
READ | j l |
PN |
B.Port 18t
1 2

3Uf 28 lasea$1ewas Port 1

dauil 1 Ao Port 1 Lateh lugufi 25 Fedimavinemuinilondandi 1 goonedn 0 Iuguil 27 daufi 2

5 & - ' - & 2. v o

A9 Port 1 Driver ugUfl 1.5.Port 1 Driver fzilfnsun usiaegiUn Interal Pull Up wadn 1 ezl dvimiindi

Dusrdu-dedayamniu foyandesansmionein 1 szgn Latch Likdagnaseanlunsusiaze daufiessmu

foyauilunowain 1 szdeadew 1 Wdmndnzesnedn 1 derew wheld FET agludnniz oFF new

fiasiuudadildoya 0 deaanaAagi D-FF szl FET agludnniz ON  Amiudndygrianieuendagn

ad & o o~ v ' ' o & o o Y ) o

afie  fezgnameesasnsd  laglianleiidnnzeesasindyanafidnanavesls deyana iy

Fou 0 awe

-Port 2 WeinmuIWIWIA 8 TnApmn P2.0 fiv P2.7 (unwn 0 fuln 7roawedn 2)lAseairenes

woin 2urasinfinegy

1 vee
READ - 1
LATCH 1 INTERNAL  »
R PULL-UP®
1
1
INTBUS p P2xQ Blied
WRITE LATCH |
™ CL Q| 1 | D"
LATCH 1
1
o4
PIN
C.Port 2 Bit

o w
U 29 laseasnanas Port 2
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Snwalaseaesmiloniunein ousnaeiuiluwedn 2 Wunna driver axldiuifing 2anwus

w11 e ' 3 - o v o ¢+ R ¢ & o e '
1. WdeAsumiomiteanadineueniideamsfase  Adundeililn 8 TnunzasAtsiiunm
2. 1iluwadnivnazdedoyanunienen

a o a o o ¢ e v o
-Port 3 ADY1 P3.0 £9 P3.7 3881 10-17AHR1AU Wﬂﬁﬂ“utﬁiﬂﬂﬁq\lﬂﬂjﬂ

J
5Uf 30 Taseashenas port 3

daudt 1lugUiludan Latch  FagaiBeusndanan '3 no Intemal Bus Fondoutuwosninuaz
Wodn 392 Intemal Pull Up agyndn usiwadn 3 dusazinestdlumaiomdulilaoldddoniuumaioem
'luﬁ'?wﬁ 2 ﬂxﬁﬁ’tgt‘g'ltﬂ Alternative Output Function ﬁﬁ%"’mmmﬂﬁ?u Timing and Control deyQyite Alternative
Output Function L‘ﬂué’tgtg'\:uﬁa'manluﬂsrﬁf‘ﬂﬁ'wa%n 3 ﬁwom’luﬂoﬁﬁ'uﬁuua:qm Alternative Input Function
Lﬂuqﬂﬁammé’:ymnru‘hJLﬁ"la'mi"iumumsﬁ'muumﬁmfu uraziingaawedn 3 fileiaudunonrsuselud

e

#1 PORT 1 n‘gﬁﬁ%umaﬁoﬁi’uﬁmu
P3.0 10 ~ rD DuaildFusayauuuennsy
P3.1 11 ™D {Wumilddefayauuuasna
P3.2 12 INTO UnFudgygrautadinizainaieuen
P3.3 13 INT1 Wuiudgaaiadomizainaieuen
P3.4 14 T0 Briudtyaai1luéines Timer/Counter 0
P3.5 15 T1 3rSudtyaoudUeaa9s Timer/Counter 1
P3.6 16 WR mﬁ'tutg'lmmuaumsliauﬁ'amu'l'ﬂﬂé'emhzim'mﬁ’m’muan 8051
P3.7 17 RD tdyaaAIuANntIeMisyaiiiludimiasandinienen 8051

d “ a
RITWN 1 mswuammsﬁ'mumuﬂaﬁﬁuwmwaa PORT 3
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Szl diins5iBnnainenuaes 8051 #ign RST melu 8051 axfiAamuniuse
SEWINTWMAUNTTIIA (Ground)  drllendyafianiizasin 1 Wnlufieil exdivans
Hilnmainutes 8051  Amiudeaansarasufiudsey (Capaciter) NMeusnsEninem
RST fulwides +5 Tari  weliAamsiiindlasalonlnidodliiu sos1  dasend
Power on reset M33iEnezilimuiainesan audsulududmibsclumaesusely

REGISTER CONTENT
PC 0000H
ACC O0H
B : O0H
PSW 00H
SP O0H
DPTR 0000H
PO-P3 OFFH
P 00H
IE 0X0000008B
T™OD OCH
TCON S O0H
T2CON 00H
THO O0H
TLO OOH
TH1 O0H
TLA 00H
TH2 00H
1 TL2 00H
- RCAP2H OOH
RCAP2L OOH
SCON 00H
SBUF Indeterminate
IOCON O0H

4 = J =3
AI5197 2 AIT1AITRIT I MRaTiaARnS T8N 8051

& 3 v o 5 & 4 &
Tumssitdeanenn (UuAessiameiniognedrodieduganisiign  lusiaimes SBUP iaduds
msSiEnesfiAnliniuen uazwasnezeginaniizasin 1 nnineaeanaiiidyyineesy RST 10w High oy

WHedmyoufian RST nauilu 0 Aszasnainnisilin 8051 sziSuinemwenAdonagiu Program

Memory H7UMM0 0000H tW31ZAEBYTSAL8S PC (Program Counter) Bela@aunsolusunsnfiazvineangn
o 0 o~ & v v g vd e ' S - -

wWasnlwiOu oooor savugldezspadanlusunsaanitulifisiumis 0oook Tuiesaslalasasafiamesuuy

3 . o v o . ] & ¢ P
vaaAe (Single Board Microcomputer) aziilusunsafidewinuliisasinsiunis 0000H iFeninneiines

TUsunsn (Monitor Program) szmApssun1snauiwiin (Keyboard) WazudminanwfIudana (Display)

Wuy 7 Segment

-ALE

Address Latch Enable 1nitasdedtygaifidianad 176 wingesdygiuniiniainsaadia
W dygmitszdiesnarasaian sniuuaTmesmsinseiumizeanitdmiy
fsyaniouen 8051 dynadiezldvaniugunsal 8051 TousRd Ui Active (1Tn
apn 1)wiimsdefoyanitu 8 Tnarvspssunimiisaninitnieuen 80517Ra9n13
Aassaanluniawein o gunsalaeuenezlidyyiailunis Lach  Foyalilamizwedn
0 szdvAEUIMiITANSeenH Bt Tzt n Feluanseniwedin o eldFy
~dedpyanuniisanadinieuen dyaan ALE szdnansadediiugunsal TIL 9iia Ls
16t 8 Suwn
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3 J =3 v o 13 -3 5 ¥
Program Store Enable (Unz11i 29 1iuniazlnasin 1 usszdeanin 0 WaABINITEM
ANAY (Fetch Instruction)  Tlazsinluvivemansinmibagaadrd msulusunsunievuen
3 v . "J 3 1 . L] ar “w e J
8051 lunsdifiewmaddufvagluniisanasidmivlusunsumelu  udrdygus
TRT: o o Y ' o o o ver o
srliliAsuaninidu 0 11 PSEN fanansaseludsmsnymees TTL #iia Ls 1At 8 Suyn

External AccessiUuznit 311 TugBunnitsotinluginess Timing and Control tiomy
Aumsaudygu PSEN  dlandygamein o wluit EA R waneialusunsalu
FUMHI0000H §9 OFFFH Airsamslivineugniiulinieuen 8051 szdesaiwdyyn
PSEN penlusineusnifiorinnis FETCH Ardathaminem  uaddygnufiteulisn Ea
Iu1 naneaailusunsuludumie 000oH s oFfFH  gatiulinnelu 8051 ns
rnemlusiumismiioanasdaeitassmArdsne 79 Rom nolu 8051

Funft 19 piitessed iy B1ge0 Inverting Amplifier  (99s8ensuuudenunduiid
fyqia)  fssneumunesessimaed aolugusziinaesnelusesseadiained
NAND Gate szviminfiluasassensuvuniumasesdgaafazaivaalifiniseeddian
wioli Agwiudtygn PD 28e3aimes PCON driasnalddyeyroin@ng (Clock Signal)
nnmekeninindyyinuing AuANNIIIIULEY 8051 Alvllondymraudreand
Qm{ uatssonisidesanddiamainielu  AlWse Crytal nIaasdnislaminaiaegy
il A BimesiuaesmasiiAnissana 20 PF

vee
TOINTERNAL )
TIMING cms\ ‘
R¢
: 4000
Vss .
----------- XTAL1-—===[ JXTAL2-==-~=-
80Cs1 4 L QUARTZ CRYSTAL
+—1—— ORCERAMIC
—{D}——‘ RESONATOR
L4 B
Ct = c2

U7 31 Jsvsasadiaimesniely 8051
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o & - ) ) o %
=XTAL2 L‘{]uﬂ']'n 18 U']%Lﬂui}ﬂLi]'m‘qﬂﬂi)\ﬂdil'ivﬂ'lﬂI.I.U'UﬂﬂUl.ﬂﬂﬂtyty’lm Yllhzﬂﬂutﬂu’)\mi

poadiames (BuwnAem xtaLt)  dezldfyqramiRmnisinanainamouen A Un

ar v wg " vou o Y
FygramiAnmees 8051 udlivaseriassliudrlondygramifnieinaienenin
#finn XTAL 1 ez

NC —— XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL
s

o d e o o
E‘J“ 32 8051 ““1\11“Tﬁﬂ tgtyjltlmu'lﬂ'lnﬂ'l‘ﬂuﬂn

4.3 S3d1masuas 8051

wiigAINHdEes 8051 wisaniln 2 uuuAe wiagANSrdmsulUsuns(Program Area)
1 o ot © e 1 5 :
waz  MHIEAIINSIE IS U UTEYE(Data Area) AuudmstulnozunsxgUsalui

OFFF
FFFF FFFF .
INTERNAL
60K p
ms' 'Esl,, SFRs 64K
64K ORECT BYTES
o+ BYTES ADORESSING EXTERNAL
1000 EXTERNAL 80 | ONY .
7F ANOW+ B -

OFFF

AKBYTES okt !

INTERNAL ADORESSING !
0000 0000 00 0000

-

. s

3U# 33 TAsuNTHATHYBINUIBAIIHAT 8051

"
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misaadtdmiulUsunsnumiasradad 8051 1 mduiulusunsunwiadesit 8051
wtrmdnEdlanlideeld 8051 nlafin1sian (Reset) 8051 wniliigumimiemanddolulusunsa
Fwied 0000H 1ariem 1 AndefiesiniTamed pc FdsunielusunsafiAfaawiagmunnsfnds
dold  dumisgavingesniisANadAe FFFFH mizrgaaindmivlusunsail  asnsofiezdenliindu
wisawdnfeglun 8051 niemeuen 8051 AlE mirgaadigegadmiulusunsnnienen 8os1 st
64 Alalug  rlanansoldom Tatdhenirerne mizernadtludaed 8051 dwniaswmdoyaldediaden
Tignansadondoyadiluldsznimaiem

mhgaudndmiuoya L{Iunmum'mmneos1‘lﬁé'miumumawnvauasumwnmmu i
Arwindmivieyad 2uvy  wuunileiizua 128 ludognialu 8051 wmﬂmwmanuu'unmavuuwm
64 Alalud doosefisdadluneuan 8051 mizemnadmeludiunie o fa 7R awnsadnedels
Tasase unwmamwmmuwm 80H 69 FFH uutﬂusnamasﬁqnuuwmu (Specual Function Register, SFR)
mirsanuitmeludaeilfidusianefdmivnuwanizad

mhgauidmiuteyamelu 8051139 00H fe 07FH dransaudssanliin 3ngu Ae

1. Register Blank 0.3 aa‘lum&'wmwm’wﬁwshuwﬁoﬁ 00H 9 1FH mizgAadRasusnann
4 4; gmaz 8 UG waazyALTIIENTI BANK unaslusln 1 BANK azildorasdiawmadin RO, R1, R2, R3 R4,
R5,R6 uaz R7 snammmmumwan‘lmm‘lm mwmsmmuumfﬂiuns;ﬂmamm..mn uazIdames
mmffmtﬁuﬁaﬁnnu‘lum BANK m'i'lm'mawmLiﬂn'lm'mﬂa.. BANK (W% Tnamimnuﬂiuﬂamas PSW
Fovnanifeesll  deiinsninniariae 1as 8051 wziiunns 1 wiidiaed Ro §9R7 i BANK 0 80334
we% RO 84 R7 luusas BANK wuazsredsluniasanudrdmiudeyameln 8051 dsluanang

$Famed gruntonsiaandn
BANK O BANK 1 BANK 2 BANK 3
RO 0 8 10 18
R1 1 9 11 19
R2 2 A 12 1A
R | 3 - B 13 18
R4 4 c 14 . 1C
RS 5 D 15 iD
R6 6 E 16 1E
R7 7 F 17 1F

o v a o - v
a1Tefl 3 msrednedelumizsanuindmiudeuaninlu sos1

e



2. Bit Address Area  \Jumiagaaenlndaeiunis 20H 9 2FH nibrsAEswAaztn udaeres
ieANd TN s EsnTanTedey niamAndn 1 nis o Tlasnslusunsamuiaies  waazdn
uaou"aga‘lumiwn'nuéwd'zeif aefiArasdtunsssol Memory Map wWuinfi 7 raamibisaruda ludrune
ofH szfidndiumiadun 7FH Wwes luguiedel dnametodusisuniiemiieansiidiniuioya
et 8051 Fausazdnludunisiuaziinduangu 16 desldilluasrdeluidedaniaiudoyainiu

MAMNUIVEITN, #———  7FH

' - 1 -
| MAUMUINUIY <——— 2¢H| 7F | 7E | D | 7 | 78 | ™A

| ||| w|lm|nlna
200 | e6F | e | 60 | 6c | 68 | e | @9
ﬁognmuh 8051 2cu| 67 |68 | o5 | ea | e3 | 62 | @&
28H | sF | sE | 50 | 5c | 5B | sA | s | s8

AT INTY

g|8|3|d

9
a8
&
b
™
[*]
8
@
8

294 | 4F 4E 40 4C 48 4A 49

&

284 & 48 45 44 43 42 41 40

TH 3F 3€ 0 3c B8 3A k4 38

28H b1 g 38 35 34 33 32 n 3o

25H

R

2E 0 2C 28 2A 29 28

24H z 26 25 24 23 22

Fa]

234 | 1F 1€ 10 1c B 1A 1 k]
22H w 18 15 “ 123 12 i) 10
21H | OF (] (¢} oc 08 CA 09 o8
20H o oe, 08 04 03 02 at [+
1FH |-~

Bank 3
184
T

Bank 2
0H
OFH

Bank 1
08H
OTH

Bank 0 .
O00H

J 1 o
51Ul 34 wARSATIRILKUITBILAALTN
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[ 9 i - i A’ Ve -~
3. Scratched Pod Area  \UMZ988IMUIEAITHNSIAIUNKS 30H S97FH nutgANIdeieslddmiy
“w Qll L3 -« -~ 1 o 1 ; - -t [l v o -] - w
iutoyamlu d133awmas Stack Pointer Frandmirganudidd erdssszioliliianindeunuesedoya
suazrrlrnisrnengeslusunsuiananals

«
. &

ﬂWﬂlﬂ’Tiﬂ\]Fl"lﬁ'O‘l%ﬂ’lHN%’Jﬂ Q:ﬁF.I'lEJEU'IEIﬂ'ﬁli\‘l'l%ﬂ%ﬂﬂ’ﬁfl"l\ﬂ“ﬂﬂ\lI.I.Giﬁ:ﬂ']ﬁ\'l.l% 8051 e

° & o & o a . o . adctd ¢ v & o

Andomas 8051 1lumdonifiuszAnSawnnsinemgenin  Iuasil 8051 vinmezdistdimes Amietiiniy
4 o 4 ' . ' -~ a a -

danz (Aag) TuAaTuszwImsAmIn ww e (Cany) nipezldifan BANK weesicimeinmelu 8051

v cSa o o ' o (Y . ' e
818 3351m0TiiAD Porgram Status Word (PSW) fizuia 8 dnusazinldifudamensrinemene 7lisgy

(MSB) (LSB)
[ov | Ac | r0 [ RSt [ R0 [ ov | — | P |
-Symbol Position Name and Significance Symbol Position Name and Significance
cY PSW.7  Canyflag. ov PSW.2  Overflow flag.
AC PSW.6  Auxiliary Carry fiag. (For - PSW.1  Userdefinable flag.
BCD operations), P PSW.0  Partty flag.
FO PSW.5 Flag O (Available to the Set/cleared by hardware
user for general purposes). each instruction gyc/:!e to
; . indicate an odd/even
RS1 PSW.4  Register bank select in an oagl
RSO PSW.3  control bits 1 & 0. Se/ Rumbe' of*one”bitsinthe |
cdeared by software to ccumulator, ie., even
determine working register parity.
bank (see Note). Note : ]
The contents of (RS1, RSQ) enable the working
register banks as follows :
(0.0)—Bank 0  (0OH-07H)
(0.1)—Bank 1 (08H-OFH)
(1.0)-Bank2 (10H=-17H)
(1.1)-Bank3  (18H-1FH)

o
3UN 35 Program Status Word (PSW)

PSW.0  Gin 0 Beniwmn3aim Onfiesueninluitaines  Accumulator n3e33dmes A # 1 (Ju
dmaninded WulusSaae A mun 8 Infirog 361 wazdl 0 0g 5 A Aexvialvin
PSW.0 AT 1§l Accumutator T 1 agiliudnwang fesrinlitnidsisndu o

psw.1  On 1 Oniilaifinisldom

psw.2  {n 2 GnilSeni overflow Flag  (Wudnfiveniimssmaniwinlmidasimatuluszning

MR RanaldwsmaiiAaendn 6 Weadn 7 fisslogiidariimedn
Wuvu Signed Integer

PSW.3 , PSW.4 (Tuiinii 3 uazdnd 4 v 2 fnitacldomsniuwiedumvenisusildsiame
RO f9 R7 uBANK 18 daadhadu dn 4 uazdn 3 fiAUT 10, WumsideniTdres
BANK 2 manganainluswasmdorandifisnededs RO fazdnedamiasanadn  anelu

AIUNUY 10H

n 5 Seni SnewnuszaedTudnigldmansaldddoimuaalidu o nis 17lalae

o . o & A ‘e va Ja ]
AnsreurseAndsauaz iy lntinidAndasuwudas

PSW.5
= J - . o«
niadssloaddmdulunnsde
gouzzaslusunsaszninasennisinawaaslusunsutas(Subroutine)
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PSW.6 Tn 6 58ni1 Auxiliary Cany Flag Wwinflddmiuiiudimeniatuszninnisdwinlag
s‘f'mﬂ&tﬁuﬁ‘mm*fitﬁmmsa’m’:mumﬁn stuludedin 4

psw.7 {in 7 Senin Cary Flag JuiinfivendouenmsAwiunwadaraasaadnduwinli
Aammatuwndald  wWwnisuinan 2 Swawidmeiuudnadnsimannnit 255 fez
ynltifasmatuiiisenen Accumulator fivnisuanitssnsaiiuoyaldifies 8 dnuin
vnuazyilwSniaiandu 1

4.4 nguAdalu Mcs-51

-~ W g ! ] ) :‘l o !.l : g .
lwihdaRezrenanfafissndinimu  AMditdmuauniainiuges MCS-51 & 2 Usztan A
A

¢ & ool v ¢« o ) v o s oM v v s a ¢ U aw +
Ardefinaenistayamndiunaieilauadng  wazAidenlinaonisioyasnainnig Adeinesnistoys
o« (=3 e :
fuinfvteyanalaigaei

ag v o v o o
FEnrsuiedoyaluAds
-58nsisrfednyalagnse (Direcct Addressing) \IWigimuasi umbsmiasanudilagaslumg
-38nasidraedeyalagnivean (Indirect Addressing) \IwiSn1siinfutagalasAsunieniisAax
. ) - v b s aad ] et - - g- 1 ' .
dnezagluitawmasianzusy wnAsisnesldaluiianaefidumdaunimizannads
od v 9 v aa < A % A v o v " -et -
-38msidrfedayaluiimansldomlrenalu (Register instruction) dayafisanisazeyniiained
1ommll RO-R7 moousazngasiamesignidanidomluomzun
“3Emmiadvdayaluiiainsianizaacdndy (Register-Specific) AAIUNATEINDI MCS-51 9z
ssyliudridesdnitunisiuienswilaimedaala tiw Accumulator, DPTR, SP MCS-51 az3la
ez Uszinananuiidmeiaile
a & e £ v o &
-58nmisrfissayandimiaiaclassse (Immediate Constant) Wumsimmuatayaldfiuddelaeass
& X 4 ! - v o S v
noRinouldiASamane “#” ssynindeyaniaedns
P Y ) o Jv o ol v 3 v & v 4
—aé'msmﬁauayafna!ﬂ’m%wm (Indexed-AddreSsing) fananlFismssidauuuiezilindoyad
] . - & [
sglumbeanairdmiuiulusunsyailanionouenduriniu  yauszaedilidaldlunada
1w o 3 g o~ o ¢ v ' Tat e v oo
madeyafiiulilumbisansdidmiuiulusunsnBefoyalaigymioustlfingem nsdredees
| ar 1 4 é -
1¥Amessasimeslfoans DPTR nia PC inmanduAlusSanesd A tiadiuns

A1alu Mcs-51 -
fdoranaalu MCs-51 anansauaniludszumaudnvaznisieuldaed
-nq’uﬁ’;ﬁ'(mwnrﬁnmﬂn{ (Arithmetic Instruction) UsznoumeA1a9luAIIUIN AU ABE MITINMIA
FolumsiiuAdoua

-AGNAAINATISNATAAT (Logical Instruction)  UsznausengaAtdomonsInAaad Ww  AND,
OR, Exclusive-OR , Complement T33MaA1dadmIunsiiautindoyalunedensamnlaghwin
Carry Flag n3olanle

-nguA1doARENETaYR (Data Transfer Instruction) 1iflevndayatldannisuszananaluifiuds
mhormuininalaviuanie niaesheseyslusiitamed welssuiaua
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-ngnArdlun1sATURNE1AUNTTINe BB lUSUNSH (Program Control Instruction) ngungoLLIeen
Lfluma\mmuﬂua'\mumim\nufmauwaﬂuua"'luuwauh ynlinsifeulusunsuazaananntu

-ngnAGIAMIUNTUszaIaNALULYAY (Boolean Instruction) MCS=51 fAnansaiiAslums
ﬂi.,mauau.UUUauﬁﬂuﬂu‘luhsfﬂsmamasuuﬂau mMsUsEaanaLUUR I AT usumesu
rumulngianz Soiilk Mcs-51 tanzandmiufieninluldiugunsaising qliTuedod

andamnefldtu Mes-51 siuaasliluasefinmanuan seninenaaiAdng N8 MCS-51
fRlAnaaIuaa sEanImindayasie 'ﬂ\JLuﬂuTUiLLnimwamunumﬂmm‘lmmumﬂaaomi
dmiui3asruaumstdasazatslagld Microcontrolier Th8enlswainnas Single Board Aot

4.5 nstaanldwasnyas 8031
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4.6 N5 lUNaINYDS 8255

S1YALBUANITIRLS Y 1YBY 8255

3’ o A ' hd 1 A’ 4 [} R
Tndauttasfiosamiiisesnudazaizes 8255 dedenamdiezivsslonilunmadsusodiy
) 3 o ] v 2 *» -
szuuUEY8Y CPU umlw ET-Board Maldlafimssa 8255 lildidentdowSeuiasuas

1A 7880 8255 AN

p0-D7 : Wudetoyaduwm/eniwnuuy 2 firn1e (Bi-Directional Bus) sxilunteduaestaya
STNIUNBINAT 889 8255 NuUddayanes CPU

CS (Chip Select Input) : \fpmiantuzasiniu 0 CPU_ szAansafiszsrunIeBondayaiu
8255 &

RD (Read Input) : WHomiiddnmuzanindin 0 wazdyqnn cs fasSmiu o feyanss 8255
Usnggazuuliatoya , CPU flezanansasudoyaseniyle (lunsaedonesandyaouil
qzfiolen CPU Wundn)

WR (Write Input) © \Hagifigouzaainidn 0 uazndgyaia cs daadmdn o deyanszuuls
Fayaszsgnidsuidiluss 8255 1o

A0-AT (Address Input) : szilludarimmuanisidenliTRameinnelu 8255 FogzndmBenends
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Reset : \fipriaianiuzln 1 8255 szagluanniziilinynwaingss 8255 sxgninlviogln
Inupduyn

PAO-PA7,PBO-PB7 : tdtyqoinaniiazgnisidunadn 1,0 swia 8 dn lddediugunsalnenen
fu

pco-pC7 : MAnymuignidiluwadn 1/0 tura 8 dniduideniu PAO-PA7 uaz PBO-PB7 UANGN
sosmdanamaiaansawissandu 2 nqun  Tasusazngufizwie 4 Snngauanecly
ATUAN PBO-PB7 uazngaii 2 1dAiunu PAO-PA7

mMiss 8255 WhAUTTULYES CPU vinezsaaandygs AO-A7 90 CPU  aaaasvalitadse
Fuanoudenwain usiiessnn 8255 fin1 Address Input aguUA7 2 11 (A0,A1) dolnouniud A0,A1 Aezse
nlneasefiu A0A1 9nUauamasd wnde 8255 niwdasldAuennsaneinde 4 A1 (2°) dmdygudn
6 W (A2-A7) axirlunemsiaievindtynaudandw (Chip Select) un 8255
dumannAll 8255 fiwainusmasdeyfi 10H, 11H, 12H uas 130 Beddnilefiansnsnasnsia

weininaitlauanssogy

cPy A7 A6 A5 A4 A3 A2 Al AO
l SELECTCODE = 0 0 O | O O X X
Al Gl
A6 ———(Goa
A5 ———————— (1 G2B
8255
A7 | C
AD B
A2 A |
Yo [O——————(] 5
. &
Al Al
9
AO AOD

3UT 37 $UudARGE2993N1908AIHANTSLADN Port ARAGBNUYEY 8255

sia'lﬂmaznsi'nﬁﬁwa:Lﬁaﬂuaou.siazﬁnnaﬁﬁama%muauﬂwsLﬁmﬁ'aoﬁ'um‘sﬁ'w'mm 8255
& w [ v’ &
e 3 Ipaauaznslusunsaliagiulnamsrelanoseluitds



CONTROL WORD

D7 D6 D5 D4 D3 D2 o} Lo

GROUFP B

PORT C (LOWER)
1= INPUT
0 = OUTPUT

PORT B
> 1= INPUT
O = OUTPUT

MODE SELECTION
> 0O =MODE O
1=MODE 1

GROUFP A

PORT C (UPPER)
> 1= INPUT
0 = OUTPUT

PORT A
= 1=INPUT
O = OUTPUT

MODE SELECTION
00 = MODE O
O1=MOCDE 1
1X = MODE 2

MODE SET FLAG
1= ACTIVE

J 1 o o
E'IJVI 38 Eﬂllﬁﬂ\ﬁ'lﬂﬂ&lﬁﬂﬁllﬂﬂzUﬂ'Ila\!%ﬂﬂtﬂﬂ%ﬂ?ﬂﬂﬂﬁﬂd 8255

Register 1/0
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5.3 WUIAANRYINUNITHI Y BSLAT BN LEWaua TUTunsH

5.3.1 umﬁn?umsaanuuufdsunsuwa"n

R ek SEd
o L

o~ a a & '[ v a I -1 H a_a ' .
fi'\YﬁUlﬁ‘iﬂ\]ﬂ']Uﬂ‘Nﬂqia:ﬂ'lﬂlﬂsa\’“ \iataan 'Ulﬂ'ﬂa"ﬂu'\lnaa'ﬂl{l“uUU 15 nagmAAD 1 CC WIAN

3 U e o - as . 4 & o ) J
mﬂmua:‘luﬂﬁmmmumsmﬂutﬂsunwmmm d7M3U Flow Chart llﬂﬂ\iﬂ"li‘MﬂW%ﬁﬂ\’lﬂ%a\‘luﬂﬂdlﬂﬂﬂﬂﬂ‘l\]%



FLOWCHART MAIN PROGRAM

0l

[ sonfangn Motor ganmy p1.z(n)]

RuransAlAumizem
Byt #1 (THLOW) « 3000H
Byte 84 (TBHIGH) = 3001H

L&
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I dafinds Orive Motor ganmag P1 .Z(L)l

l Aesnfausmnnln Flowng aenme Mo(n)l

[ fasndenga Motor anma P1 .2(H)]

I darrdesulnl Flowng onnmg PAO(L) l

Tidnds Stan
# Port P1.5(L) 7

Yoo

o - ‘-
T8 fdulskridy

Ya

| desndingm Motor gonmma P1.2(H) l

Mie

Ya
h 4
[ AN TTUneminTuEn 1 ves I

7 umunewia = 15 nem 7

Yoo

\ 4
< v d e
[ ARHNIUY eg BUAN 1 co I

i

ce WiuTsmairiuf Set
Voiume 137

Y

Fﬁhﬁiﬂi Rowing BoNTE PA.o(m

4000/X Puise 7

Yes

# Sensor \ AN
P1.2(H) 7

No

I Aasndangm Motor sanm P1.2(H) ]

Eﬁ'ﬂfauﬁnnn\ﬂ Occtusion+SP BBAMY PA.2(H)I

I deneasu 1o Fowing sanvma PA.O(L) }

Tonds Stan iR
# Port P1.5(1) 7

Yen

[ dusfeunmln COMPLETION+SP pBTa PA,1(H) ]

Flowing AedaTt 1 mishe Aol
o Time bese = 24000 Puse/Men

v .
——-[ﬁ«i-ufai‘u\ﬂ Ooctueion+SP BBNTNY PA.2(L)]




sapgunrsmislagldlusunsa Device
) ’ & . o & ° a1 &
drglatoud x= 11 mizhr Tusunsutlazvinemlaefidraunisiteuassie lUi

24000 (250)

x 17 (96)

lod 250

REUN ———” = 22 g 8

nindain 22%96= 2112 (D)
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0000 93 UAINITWUAT CC NT0UUAT Time Base ndanduwidniduniatwuuasends Snsdimamusn
Time Base wasUImanlu cc wuliluiTaimes (5ldAn Time Base sl cPu  Tdlunisiudeudiou sy
Fnmiadimaiiwn sewmedezgndilinauasngamalanliFuidoan cPu dwAwadiuls uu
&1 cPU Awaaildimemsviausaznaavineii 10 Wad we CPU WuWadnes Time Base 18 1 AezluanAnluisy
W TAUAT 10 a0 1 Tawmedinendud o Wunw  @edluiSamosianasenmis o cpU Resdy Drive
Admitononry Load At walaluiulutamesmmas  Resiamediiuiesiud 10 1480 Dutduid
TWideeq dmSinasfiduin  dosfiad 90 SENSOR 181 19MATY 15 nem  CPU nuzluamAluilaimes
AfurUTnasiglimeliae 1 AovzasrluiSmmeiidas 1 ynaSiitinaden SENSOR ATy 15 Wad
(15 wea) oA luSSamesanasauinde o fuzudnonavendleillnAugmeinnsinuaaysalan  uazilides
Sosvengly '
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FLOWCHART luUsunss DEVIDE

nriAe 7

Yes

A 4

uemTINCE 08
\luunacos Byte A R1
\utmne Byte gt R2

' v A 06 ]
>

Ne

-

ARATLAANAS 1
AR X 89 1

Yes

v

RuAIEmAeT RS Ju 1

uagoionn
AMIX T

Yes

s

Yes

(RusieARd R3 Tu 1

P

y

wInA" e A1 A A1
"IN Byte Qo A R2

fuslu R3

“eMTI e 96

tiuAmpdnslumizen i
Byt Awitulu TBLOW
Byte geutulu TBHIGH
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5.3.3 uuIAalunrsasnuvulUsunsunisna switch
J °. U = et
B NATHS 0aRA1Y80USNIASUAEBRIINITINA (Volume & Rate)
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FLOWCHART luUsunsa1 INC/DEC

START

No
SW LAY SW an SW ENTER
No No
anns (L) ? anna (L) ? ann@ (L) ?
Yes Yes
l |
v
- 1 & }
No IRHATTU 1 SAAIRY 1
TuWsunsudan
DEVIDE
y A4
AUINIRY LA
300 ms 700 ms
Y ) 4
SW i SW AR
gnna (L) ? onna (L) 2
Yes . Yes
- 1 & ]
INHATIU 1 No aaA89 1
A A 4 ~
AUIAT PUINTRT
50 ms 50 ms
y

L]

Flow Chart Nudalugreawiln Flow Chart  WEAINANNTSYINNUEBING 3 Switch dMSULARZSwitch

sgnasliliaansadiamIsaamidualadmiy  sdhoduiatfitsesiimaanaiains (Set Volume)isn

dansaEinAlamoun 0-9999 mi sziiwiudwan 4 nan mafudwsssudenlusunsuldriimsiinAfias
[ o -~ y s ] r - - 4 a
nan TasSuanndnmiienew wiiinwwniamednisatansaldlalu eT-Board WUnITdwnes 8 Unidiatfinan

-~ & v e ] X
970 0 Wi 255 fAezidn Aenunannisiaulusuusuazannnsouaaslane Flow Chart Aelud
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FLOWCHART lUsunsunmsifisan

Yes

¥

a 1w 4
INHAMANNUIBEU 1

nanwwin

Ve No———|  Display CC 7‘1 LCO
Ny 107

3

- v o £
WARAMANEUTI 1
EnRnanmiig=0

- ~ v &

winsnandost 1
inAmandu=0
\Enpmanmiie=0

nandoe
U 107

N

\ 4

Yes

v

AR 1
\inAmdndan=0
@nAmaniy=0

EnAmanmie=0

Yes

v

IENAMANRU=0
\EnAmandoe=9
\EnAmandv=9

Display 9999 # LCO

inAmanmite=9
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TunstianSanms  (Increase Volume) 3sldmanmsifieanunsfingnsin1sing (Increase Rate of
Flowing) WABATIN1SINALIENIAUA 0-200 mizhr  IRUUANISIENUSHAIATAMNSAEN ARIUA 0-0999 m!
v a L o~ ] 1
dwmnannisaauSanasnlandanmnAsiuusilunisandian

-
5.4 N15LYN Display LCD iNaUFRIHR

Position 1 2 3 4 5 6 7 8 8- 10 11 12 13 14 15 16 17 18 19 20
1-line 00]01}02|03|]04405[08|07|08]09|0CA|0B|OC|OD|OE]|OF|10]| 11|12} 13
2-line 40| 41| 42143 )| 44| 45| 46147 | 48| 40| 4A 4B | 4C | 4D | 4E | 4F | 50| 51 61| B3

J 1 13 ar
ATI9I9 4 RITTIUARIATUNUIANG ) YN8 LCD 2 USiNA
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N1INNaDd

o v
6.1 NISNAKEIN 1 ﬂ"l?El'i’JilﬂﬂUﬂ’J'lNﬂﬂElENﬁ8\1'1\1'\17 SENSOR

Tudaousnuagnianaans 1rdasmuaunisiiansazats Tdinntmanndludauges sensor dew lay
wenenaly sensor aseduneminlily Taeldaseisesilunnenlnsa #eil LD Iuariuuazsde anneld
swivnsswzaniunds  Yewlidsasludeldmasuuasmadiinem  dlidmeminmeaasnizning
LED Ma3uuazsnde LED exiu-dvduygnadkaasa  wadidnemimesasafmilsuiieslsandudygio
szning LED vilFu-donulalls (feaedldesadalaalaunsedug  Usinghidygio puise Audnelwifinin
LED snansans1aduneaiiliese uadedl Noise Unaging fomadafiuuszy ( Capaciter ) uianinlu (Ranses
dgnsunamean  wangsiilanuiienaassldesliimealuides  wusingind puse e dnan
unsndeudu Puise nan Faerwinliiiaanadanaiaiuld d1uaald counter Wu Pulse Soudtgmilasld ic
SCL 4528  flaae Pulse Iudaaaaiidaents [as SCL 4528 Rasvinenmuuu Non retrigable Apas Trig 1
dyeytu Pulse 218% Hocil Pulse 17 Baidmann Noise fiavlal Trig Bn

femmo Gy b \omm

3U# 46 sUuansANaEnUnSzes Puise NRTT9SUlS

WENTINUKLAI2993 Sensor Tisudenld output f‘;‘lﬁ'zxmzﬁﬁnﬂﬁﬁﬁdnutﬁudwauniws'l'aomsﬁﬂ'(ﬁ'
output AlATAIN Seidyguissimndue  Tretdenld Transister wed ¢ 458 andrendua
Fygra Taeldesuremainomesssesluudaluduges Sensor e ridyarnuAiinu v+ senanen output
1 6 189 IC 7413YnINIAANTT Bias Transister Ml Transister IWuuazAnszudnasnn Collecter Tufann
Emitter il v #iqa B (Iwgud (Ground) insnzi3euidifounas Short Circuit  usned output Ailluaufion
6 mlildaiusa  Bias Transister & Tran/sistei'/ﬁx'l‘hiﬁ'!ﬂi:uﬂ Wisuiadawin High Impedance F‘l’ﬂmﬁqn
B 39gel1¥ output figa B 1Tuuan Seilieansanduadyaols

nasniinliimanadasludines Sensor ud1  ArvuamaasiludIuAIUAN Motor tiiBvaAy
Motor Inluugaiaminnda thafieeinliansazatenesldmunafingsinis lassfanfiszaiuna Motor
Treld Pulse Width Modulation (PWM) tiesenniundnnisfivie dheaanszuaiierinacmn Transister sz
Jums Switching udadorinlnlaisesld supply Aftowialngann  Ussloniflanaasdnisauiuanadises
Motor Tﬁ’[nﬂﬁuwﬁnlum‘mqum Motor SIRNAYALAZ Supply I Motor SANAANIE  WhABEMIUTUAINE
489 Puise fi’mm
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9INN1INARBIATBIAIUANMT INAsaza e unasaLTona i Usingidadingaiiiig 2083
o o a1 - o o YMev o o o -~ “ o
sensor fitsudanly ezifiudn Sensor AldaasaRrTIsUnaminlaads laofinsininsesudenin Aadaludeda
Fulaifilynusegla  ladiueeeees Sensor Yinowmlauas Alanunmaaseludimaes Motorlagwenanu
midfiezAruas Motor lasdnduszdndnmlasdanldnisaiuaa Motor wuu Pulse Width Modulation (PWM)
wdaunae Pulse Width Modulation %4 5@ snsavsuanudlaminasins lasnisuusi R vary vinlvnas
A « v & . o (Y &
On-0ff 1577% YilimsAIuAnawsanAaziBeatn Motor sznauuaznyanyulinxfiTieInts tuiuga
] E) o [
¥19m89 Pulse MLSIAIAINALS

J ¥ J ] | [
6.2 MInNA’asn 2 m‘:mwaaumwgnnawaotnsaaaﬂtﬂu1ﬂn1ufﬂsunwmﬂa

nUsERIANITNAADY

WersndaugANgnAes gesmavnemeesialasraulnsaaad Fudulumaiisudoulysunay,

wials

JEmsnaaas '

N siaqammfmna"atﬁ'ﬂﬁ'um%'m Infusion Pump laslWa minindawais1desaas Pump 1
RANY Motor

2. N Switch [UALATEY 98 LCD 92U ngAIn “ ENTER TOTAL VOLUME *

3. tinAn ToTAL vOLUME Tasnatu A waz V swdrfidmualiluaisis udanads
ENTER 98 LCD 9Us1nA191 “ ENTER FLOW RATE”

4. \inAn FLow RATE Tasnatn A was V dwidsrdwileinassudosusa nadu
ENTER

5. 1A30992USINQUILE LCD 91 “FLOWING ........ ml "

8. Jutaa1 witdizeanarinalui m TuiinAraslusnmalIsuisunuAmdntitudes
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ATV UANNANITNAREIN 2

FLOW RATE SIMIUNBRATINATT FIMIUNEAINNIINARDY
(mizhr) A (N wan)
RATYQYININ Scope AITUIUNEATINNTTHY
(nem) (nom)
40 10 10 12
60 15 15 16
80 20 20 20
100 25 25 27
120 30 . 30 33
140 35 35 39
160 40 40 42
180 45 45 48
200 50 50 52

ASATRITIHIUNEATIONFIBY
1591071 1 millilite (mi) = 15 drop
$751n13lMa FLOW RATE mi/hr sinsn1svinlwaglugy drop/minute

FLOW RATE mi/hr = FLOW R ( i )
OW R mi/hr = FLOWRATE (————
60Minutes
. \ SYae 15Drops
L MINNEAYBIURAT FLOW RATE Aimeld =  FLOW RATE * (=)
60 Minutes

FlowRate  Drops
4 Minute

a o
ﬂ?llu 8370’7‘)'0&13!7'77"53?3\15! oUN 2

o
.~ °

QINHANTTNARBIABWT 2 Hipgdtuaiuneminenn Sensor wazdnyryieu-Drive Motor 90 PWM Taeld
Oscilloscope 3= lAHANITNARDINATITUNMIAMIA UWARIIT MCS-51 EHNTRNIMAHAAIRUsunINTTagn
gnees wiennanaasdlasniaiunemitezfanuanaiaiatuAeineminfnaszinn 2-4 vea e
sngafarnmininda adudmusziounasiu Mechanic AarTmunmndes Tuussaeznaiaaelaiuin vinld

noanninasenan laguselnxdaegaslan
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6.3 MINAAT 3 INBATIVTIURAINANGBY YBINTTHIIUYBILATEY Infusion Pump

InUszaeAnIITNARGY
\NemTIedaugANNgnaBa 299MTHNTHIBAASEN Infusion Pump AaATINTINAA T
36mnaass
1. Set A1 Total Volume 1#Lvifiu 250 mi
2. Set AN Flow Rate BATIHNT ATHATIN
3. Uaselnealdnnguzaiaiiuian 30 wi
4. AesamarfineasanaiusRdseiloaramindn mi udrAmanieansuln mishr
5. WufinAfilaasluansunanimaass udIAMINNISASINIRANATR

L J
f1sduNInuanITNaaash 3

FLOW RATE Unaslu 1 7l YSumstilaninn1sin ARTIATIHHANAIR
(mi/hr) (mi) Tu 1 dalas (mi) (%)
40 40 40.6 1.5
60 60 58.8 2.0
80 80 80.8 1.0
100 100 '105.0 3.5
120 120 115.2 4.0 )
140 U0 G5 136.0 2.86
160 160 155.0 31 -
180 180 173.3 3.7
200 200 195.0 2.5

ayduazivrsainanisnaaainaun 3

& & o ed al - o -

w1 wInsmuRrmialiarsazatelaoldlulrsreulnsamedin fanuiianataegindanin
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walunensusndudinisiawanafiisenia 3 Wedlandeieensuls urdeasdssliulpliiaTeedimainnm
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ATANUIN
pump.ist pump.ist
8051 Cross-Assembler (1.3} (C) 1987, 19839 Binary To;hnolog¥ 8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Toghnclogg
age age
pump. asa pump. asm 9
2200 1 ORG 2200H 2249 €292 S8 PWM: CLR PULSEWIDOTH ; drive so
EQCO= 2 [es] EQJ OEOCOH tor .
EdC1= 3 READBUSY EQU OQEOCIH 2248 209151 60 CHECKTBH: 18 TIMEBASE , CHECXTBL
EQC2= 4 WRITEDATA EQU  0EOC2H 224€ 200153 61 J8 01H, COUNTTB
E0C3= 3 READDATA EQU  OEOC3H 2251 209003 62 CHECKSEN: JB SENSOR, LOOPN
EQE3s 8 CTRL EQU  OEQE3H 2254 0222€E 63 L FLAGSEN
EOEO» 7 PORTA EQU  OEQECH 64
3000 8 TBLOW EQU  3000H 2257 0292 65 LOOPN: SETB PULSEWIDTH
3001= 9 TBHIGH EQU  3001H 2259 0202 €6 SETB 02H
0090= 10 SENSOR EQ P1.0 2258 309003 67 JNB SENSOR , COUNTSEN
0091= 1" TI! 13 EQU P11 2258 0222CE 68 (W), 4 CHECKSTOP
0092« 12 PULSEWIDTH EQU  P1.2 [3:]
00932 13 INCSW EQ P1.3 2261 08 70 COUNTSEN: INC RO ; detect 1
0094z 14 DECSW EM P14 sensor
0095= 15 ENTERSW £  P1.5 2262 €202 14! CLR 024
0096= }g STOPSW EQU P1.6 228? BSOF67 72 CJUNE R0,#15,CHECKSTOP ; 15 drop
z{n
18 ; 2267 7400 73 MOV A, #00H
------ 2269 F8 74 v RO,A
19 ;ussnmsnsas  MAIN program sszssssssxsseses 226A BE0106 75 CJNE R6,#1 ,LOOPE
Annunn 226D BF0007 76 CJNE R7,#0,L00PF
29 2270 022270 7 L LASTOROP
2200 122607 21 START: LCALL INITLCD ; set inft 78
ial LCO 2273 1€ 79 LOOPE: DEC R6
22 2274 022308 80 Lie COUNTCC
2203 1223C4 23 LCALL SETPORT ; set P1 g 81
PORTA(0/p) 2277 1F 82 LOOPF: DEC R7
24 2278 7EFF 83 HOV RE,#OFFH
2206 D292 28 SETB PULSEWIDTH ; stop mot 227A 02230E Sg LJtP COUNTCC
or 8
2208 1223CE 26 LCALL SETVOLUME ; set tota 2270 49 86 LASTOROP: INC R1
votune 227E B93A18 87 CJNE R1,#3AH,DISPCCI
2208 1225C8 27 LCALL DELAY2 2281 0A 88 INC R2
28 2282 7930 89 Mov R1,#30H
220€ 00 29 WAIT1: NOP 2284 BA3A12 90 CJNE R2,#3AH,0ISPCC3
220F 309SFC 30 JNB ENTERSW, WALT1 2287 08 91 INC R3
2212 1224E0 3 AEK: LCALL SETRATE ; set flow 2288 7A30 92 MoV R2,#30H
rate ml/h 228A 7930 93 MoV R1,#308
2215 1225C8 32 LCALL DELAY2 228C BB3A0A 84 CINE R3,#3AH,DISPCC3
33 228F oC 95 INC L1
2218 00 34 VAIT2: NOP 2290 7830 96 MoV R3,#30H
2219 309SFC 35 JNB ENTERSV,WAIT2 2292 7A30 97 MoV R2,#30H
221C 800002 36 CJNE RS, #0,0EVI 2294 7330 98 MOV R1,#30H
221F BOF1 37 SJmP AEK 2236 8C3A00 99 CJINE R4, #3AH,DISPCC3
38 2299 122338 100 DISPCC3: LCALL DISPLAYCC
2221 122611 39 DEVI: LCALL DEVIDE ; calculat 229C 022360 101 L COMPLETE
e for drop's delay 102
2224 7C38 40 Hov R4, #30H 229F 0201 103 CHECKTBL: SETB 14
2226 7B3¢ 41 MOV R3,#30H 22A1 2091AD 104 JB TIMEBASE , CHECXSEN
2228 7A3% 42 MoV R2,#30H 22Ah C2M 105  COUNTTB: CLR 01H
222A 7938 43 MoV RY,#308 22A6 8DO01E 106 CJINE RS, #9,L.00PG
222C 022332 23 Lime DISPCC2 22A9 CSFO 107 XCH A,B
45 22AB B40017 108 CJNE A, 40,L00PH
222F 90E0E0 46 MAIN: MOV DPTR,#PORTA ; move dro 22AE CSFO 109 XCH A,B
p's deta 2280 903000 119 MoV DPTR, #TBLOW
2232 7400 47 MoV A, #00H ; from mem 2283 EO m MOVX A,e0PTR
r 2284 FD 112 MoV R5,A
234 FO 48 HMOVX €0PTR A 2285 903001 113 MoV DPTR, #TBHIGH
2235 903600 49 v DPTR, #TBLOV ; low byte 2288 EO 114 HOVX A,80PTR
to RS 2288 FSFO 115 v 8,A
2238 €0 S0 MoVX A,G0PTR 2288 309216 116 JNB PULSEWIDTH, OCCLUSION
2233 FD S1 v RS,A 228E 022249 17 [, Py
2232 903001 52 mv DPTR, #TBHIGH ; high byt
e to
2230 EO 53 MOVX A,80PTR
223€ F5F8 54 MoV 8,A
2240 2091FD S5 TBASE: I8 TIMEBASE, $
2243 SOEQES 56 v DPTR,#PORTA ; set PA.O
L2265 7401 s7 v A, #01H ;( flowing
D .
2248 Fo 58 HOVX @OPTR,A
L]
1 2
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8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Te?hnologg 8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary To;hnolo
age age
pump. asm pump. asm
118 177
22C1 1D 119 LOOPG: DEC RS 2338 Co082 178 DISPLAYCC: PUSH oPL
22C2 022251 120 e CHECXSEN 233A C083 179 PUSH DPH
121 233C 7400 180 MoV A, #0COH
22C5 CSF0 122 LOOPH: XCH A,B 233E 90E0CE 181 MoV OPTR , #COMMAND
22C7 15F8 123 DEC 8 2341 FO 182 MovX €0PTR ,A
22C9 7DFF 124 Hov RS, SOFFH 2342 1226C7 183 LCALL WAITBF
22CB 022251 128 L CHECKSEN 2345 EC 184 MoV ARG
126 2346 122687 185 LCALL WRITE
22CE 309623 127 CHECKSTOP: JNB STOPSW,LOOPI 2349 EB 186 Mv A,R3
2201 022248 128 Lie CHECKTBH 234A 122687 187 LCALL WRITE
129 2340 EA 188 v A,R2
2204 D292 130 OCCLUSION: SETB PULSEWIDTH ; stop mo 234E 122687 189 LCALL WRT
tor 2351 E9 190 v ARl
2206 0ECED 13 MoV OPTR, #PORTA 2352 122687 1 LCALL WRITE
2209 7484 132 MoV , #04H 2355 746D 192 Mmv A, #6DH
2208 FO 133 HOVX eDPTR A 2357 122687 193 LCALL WRITE
220C 2095FD 134 JB ENTERSV, $ 235A 746C 196 MoV A, #6CH
220F 1225C8 135 LCALL DELAY2 235C 122687 185 LCALL ITE
22€2 3096FD 136 JNB ENTERSV, $ 235F 780€ 196 MoV RO, 24
22E5 SOERED 137 v DPTR, #PORTA 2361 74A0 197 LOOPM: MOV A, $0ACH
2268 7468 138 v A, #00H 2363 122687 198 LCALL WRITE
22EA FO 139 MOVX €0PTR A 2366 D8F9 199 0JUNZ RO,LOOPM
22EB 022248 140 L E 2368 D083 200 POP OPH
141 236A 0082 20 PoOP oPL
22EE 300200 142 FLAGSEN: JNB 02H, CHECKSTOP 236C 22 202 RET
22F1 022261 143 L COUNTSEN 293
144 236D S0EQEQ 204 COMPLETE: MOV OPTR, #PORTA
22F4 1225C8 145 LOOPI: LCALL DELAY2 2370 7402 205 MoV ,#O2H
22F7 3096FD 146 JNB STOPSV, $ 2372 FO 206 MOVX €DPTR,A
22FA D232 147 SETB PULSEWIDTH 2373 70C0 207 MoV RS, #0COH
22FC 0EGED 148 HOV OPTR, #PORTA 2375 75F0SD 208 MoV 8,
22FF 7440 149 MV ,#90H 2378 €201 209 CLR 01K
2361 FO 150 MOVX €0PTR A 237A 2091F0 210 JB TIMEBASE, S
2302 209§FD 151 JB ENTERSV, $ 237D €292 211 Pl : CLR PULSEWIDTH
2305 1226C8 152 LCALL DELAY2 237F 209110 212 CHECKTBH1: JB TIMEBASE , CHECKTBL1
2308 309€FD 153 JNB ENTERSW, $ 2382 20011F 213 JB ' 1
2308 022240 154 (W], 4 E 2385 309002 214 CHECKSEN1: UNS SENSOR, SILEN
155 2388 0292 21§ SETB PULSEWIDTH
230E€ 09 156  COUNTCC: INC R1 238A 3039602 216 SILEN: JNB STOPSW,LOOPJ
230F B33A1A 157 CJNE R1,#3A4,DISPCCY 2380 80F0 217 SJie CHECKTBH1
2312 0A 158 INC R2 218
2313 7930 159 Hov R1,#30H 238F 1225C8 218 LOOPJ: LCALL DELAYZ
2315 BAIA14 160 CJNE R2,#3AH,DISPCCY 2392 3096F0 220 JNB STOPSW, $
2318 08 161 INC R3 2395 0292 221 SETB PULSEWIDTH
2319 7A30 162 MOV R2,#304 2357 S0E0E0 222 v OPTR , #P0RTA
2318 7930 163 MoV R1,#30H 239A 7400 223 MV A, #00H
2310 883A0C 164 CJNE R3,#3AH,DISPCCY 235C Fo 226 HOVX 0PTR A
2320 0C 165 INC RG 2330 8023 225 s sTOP
2321 7830 166 MoV R3,#30H 226
2323 7A30 167 MoV R2,4304 233F D201 227 CHECKTBL1: SETB 01H
2325 73930 168 MoV RT,#30H 23A1 2091E1 228 Js TIMEBASE , CHECKSEN1
2327 BC3A02 169 CINE R4, #3AH,DISPCCH 23A4 €201 228 COUNTTB1: CLR 01H
232A 8009 170 sie DISPCCY 23A6 B80000C 230 CJNE RS, #0,L00PK
171 23A9 CSFO 231 XCH A,B
232C 122338 172 DISPCC1: LCALL DISPLAYCC 23AB 840008 232 CJNE A,#0,L00PL
232F 0222CE 173 L CHECKSTOP 23AE CSFO 233 XCH A,B
174 2380 70C0 234 . MoV RS, #0COH
2332 122338 175 DISPCC2: LCALL DISPLAYCC 2382 75F0SD 238 MoV 8,#50H
2335 02222F 176 Ly MAIN
.
3 4
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8051 Cross-Assembler (1.3) (C) 1987, 1983 Binary Teghnologg
age

pump, asm
2385 10
2386 022385
2389 CSFQ
2388 15F0
238D 70FF
238F 022385
23C2 8OFE

23C4 759478
23C7 90EOE3
23CA 7483
23CC Fo
23C0 22

2360 90E6CO
Fo

2386 1226C7
23E7 ggZGFB
2368 122687
A3
23EF DBF9
23F1 B00A

23F3 30930C

24682 200409
2405 %EFFBS

26409 7E00
2488 8001

2600 OF
240€ 09
240F 893A24
2612 oA

236
237
238
233
240
261
242
243
244
248
248

LOOPX: OEC RS
[, 4 CHECKSEN1
LOOPL: XCH A,B
DEC B
MoV RS, #0FFH
8], 4 CHECKSENt
STOP: SJP $
sanennussns * SETPORT " ssnsunansanusessay
SETPORT: MOV Pt,%784 ;011110118
MoV OPTR, #CTRL
Hov A, 8834
MOVX &0PTR,A
RET
seapnnnnnas “ SETVOLUME “ amsssswssssssave
SETVOLUME: MOV RO, 420
MoV R, #30H
MoV R2,#30H
MoV R3,#30H
MoV R64, #30H
MoV RS,#0
MoV 6,#
MoV 7,80
MoV A, #0COH ;DD RANMs
v PTR , #COMMAND
MOVX @0PTR,A
LCALL  WAITBF
v OPTR, #TAB
DISENTERV: MOVX A, 80PTR
LCALL WITE
INC DPTR
DJNZ RO, DISENTERV
s BISPLAYY
SCANSWV1: JNB INCSW, INCVOL
SCANSWV2: UNB DECSV,DECVOL
SCANSWV3: J8 ENTERSW, SCANSWV1
RET
DISPLAY?: LCALL DISPVOL
SJP SCANSWV1
INCVOL: JB 04H,COUNTV
CJNE R6,#0FFH,REGIS
INC R7
Hov RG,#00H
ShP COUNTV
REGIS: INC R6
COUNTV: INC R1
CINE R1,#3AH,DISPLAY2
INC- R2

8051 Cross-Assembler (1.3)

pump, asm

2613 7930

24615 BA3AIE

2418 08

2419 7A30

2418 7930

2410 BB3A1E
[

26421 7830
24623 7A30

7930
2427 BC3A0C

29§

DISPLAY2:

INCAGAIN:

LOOPS:

DISPLAY3:

DECVOL:

REGIS2:

REGIST:
COUNTVI:

ZEROSETV:

(C) 1987, 1989 Binary Technology
P 6

age
R1,#30H
:g,m,nlsmvz
R2,#30H
R1,#30H
:E.M,DISPLAYZ

R3,#304
R2,430H

0
DISPLAY2

DISPLAY3
DISPVOL

OELAY1
INCSW,LO0PS
SCANSWV2

<

INCVOL

DISPVOL
gELAYZ

INCAGAIN

04H
RE,#9,RECIS1
R7,40,REGIS2
ZEROSETV

R7

R6, #OFFH
COUNTVT

R6

Rt
:;,RFH,DISPLAH
R1, 439K
;l;,ﬂFH,DISPLAM
R2,#3SH

R1,%39H
R3,#2FH,DISPLAYS
R4

R3,#38H

R2,#3SH

R1,#39H

R4, #2FH, DISPLAYS
R4, #30H

R3,#30H
R2,#30H
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8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Te:hnolog; 8051 Cross-Assembler (1.3)  (C) 1987, 1989 Binary Technology
age Page 8
pump. asA pump. asn
2482 7930 354 v RY, #30H 24F3 FO 413 MOVX €OPTR A
2486 8000 355 sJwe DISPLAY4 24F4 1226C7 416 LCALL WAITBF
356 24F7 0083 415 PoP OPH
2488 4OOF 357 DISPLAY4: JC OISPLAYS 24F9 D082 416 poP oPL
2488 1224A0 3s8 LCALL 0ISPVOL 24FB EQ 417 DISENTERR: MOVX A, 80PTR
2488 1225€1 359 LCALL DELAY3 24FC 122687 418 LCALL WRITE
248E 309403 360 DECAGAIN: JNB DECSW,LOOPS 24FF A3 419 INC DPTR
2491 0223F9 361 L SCANSWV3 2500 D8F9 420 DJINZ RO,DISENTERR
362 2502 8000 421 e DISPLAYRY
26434 D3 363 LOOPS: SETB [4 622
24635 8083 364 s DECVOL 2504 122581 423 LCALL DELAY1
365 2507 30930C 424 SCANSWR1: JNB INCSV, INCRATE
2497 12246A0 366 DISPLAYS: LCALL DISPVOL 250A 309438 425 SCANSWR2: JNG DECSW,DECRATE
249A 1225FB 367 LCALL DELAYSL 2500 2095F7 426 SCANSWR3: JB ENTERSW, SCANSWR1
2490 C3 368 CLR c 2510 22 427 RET
248€ BOEE 369 SJiP DECAGAIN 428
370 2511 12257F 429 DISPLAYR1: LCALL DISPRATE
26A0 C082 k14! DISPVOL: PUSH OPL 2514 80F1 430 SJP SCANSWR{
24A2 C083 372 PUSH OPH 431
26A4 7480 373 MoV A, #80H ;00 RAMs 2515 00 432  INCRATE: INC RS
00H 2517 08 433 INC R1
24A6 90E0CD 374 MoV DPTR, #COMMAND 2518 BI3A10 434 CJNE R1,#3AH,DISPLAYR2
24A9 FO 375 MOVX OPTR,A 2518 0A 435 INC R2
24AA 1226C7 376 LCALL  WAITBF 251C 7930 438 MoV R1,#30H
24AD 7456 377 MoV A, #56H v 251E BA3A0A 437 CINE R2,#3AH,DISPLAYR2
24AF 122687 378 LCALL  WRITE 2521 98 438 INC R3
24B2 744F 379 MOV A, #UFH izom 2522 7A30 439 MoV R2,#30H
24B4 122687 380 LCALL WRITE 2524 7930 440 mv R1,#30H
2487 744C 381 MoV A, #4CH H 2526 883302 441 CJINE R3,#33H,DISPLAYR2
2489 122687 382 LCALL WRITE 2529 8000 442 s DISPLAYR2
24BC 7462€ 383 v A, #2EH . 443
248E 122687 384 LCALL WRITE 2528 400F 444 DISPLAYR2: JC DISPLAYR3
24C1 EC ™ 385 MoV ARG 2520 12257F 445 LCALL DISPRATE
2402 122687 386 LCALL WRITE 2530 122581 446 LCALL DELAY1
24C5 €8 387 MOV A,R3 2533 309303 447 INCAGAIN1: JUNB INCSW,LOOP?
24CE 122687 388 LCALL  WRITE 2536 022504 448 L SCANSWR2
24C8 EA 389 MoV A,R2 449
24CA 122687 390 LCALL  WRITE 2539 03 450 LOOP7: SETB 4
24CD E9 39N v AR 253A 800A 451 sJ INCRATE
24CE 122687 392 LCALL  WRITE 452
24D1 7460 393 MoV A, #60H ;e moa 253C 12257F 453 DISPLAYR3: LCALL DISPRATE
2403 122687 394 LCALL  WRITE 253F 1225C8 454 LCALL DELAY2
24D6 746C 395 Hov A, #6CH i | oa 2542 C3 455 CLR c
2408 122587 396 LCALL  WRITE 2543 BOEE 456 s INCAGAIN1
2408 0083 397 POP OPH 457
2400 0082 398 POP orL 2545 BD0002 458  DECRATE: CJUNE RS, #0,DECREASE
240F 22 299 RET 2548 8013 259 SIMP ZEROSETR
00 68
401 ; 2564A 10 461 DECREASE: DEC RS
—— 2548 19 462 COUNTR: DEC R1
402 senanunnuny * SETRATE * ssamsssnssszussenss 254C B92F16 463 CJNE R1,#2FH,DISPLAYRG
P 254F 1A 464 OEC R2
403 2550 7939 465 MoV R1,#39H
24E0 7814 404 SETRATE: MOV RO, 920 2552 BA2F10 466 CJNE R2,#2FH,DISPLAYRS
24E2 7938 405 v R1,#30H 2555 1B 467 DEC R3
24EL 7A38 406 Mov R2,#30H 2556 7A39 458 Mov R2,#33H
24E6 7830 407 MoV R3,#304 2558 7939 469 v R1,#3%H
24E8 7D00Q 408 MoV RS,#008 255A BB2F08 470 CJNE R3,#2FH,DISPLAYRG
24EA CO082 409 PUSH OPL 2550 7830 471  ZEROSETR: MOV R3,#30H
24EC €083 410 PUSH OPH
“alaEE 74C0 411 MOV A, #OCOH ;D0 RAM=
24F0 90E9CO 412 MoV DPTR, #COMMAND
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8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology 8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technclo
.Page 11 Page %
puRp. 28M pump. asn
2626 B30806 590 CJNE RO, #0,L00P8 649
2629 75Fe60 591 mov 8,#36 2688 880002 650 SNODATA1: CUNE R3,#0,L00PC
262C A4 592 MA AB 268E 800F 651 I MOVDATA
2620 8873 593 sie KEEPDATA 652
594 2690 09 653 LOOPC: INC R1
262F 75F#60 535 LOCoPB: MOV 8,#36 2691 1B 654 DEC R3
2632 Ab 596 ML A8 2692 80F2 855 S ADDOATA
2633 F9 697 MoV R1,A 856
2634 AAFE 598 v R2,8 2694 BB0002 657 SNDDATA2: CJUNE R3,#9,L00P0
2636 E8 §99 v A,R0 2697 8006 658 Y, 4 MOVDATA
2637 75F 860 500 MoV 8,#36 653
263A COFO 601 PUSH 2693 0A 660 LOOPD: INC R2
263C 8SDFO 602 mov B,RS 269A 7900 661 MoV RY,#0 °
263E ASFO 603 MoV RO,B 269C 1B 662 DEC R3
2640 DOFQ 604 POP 8 2690 80E7 663 siip ADDDATA
2642 A4 605 ML AB 664
2643 BLOGOI 606 CHECKA: CJUNE A, #0,LOWBYTE 268F €9 665  MOVDATA: MOV ARl
2646 CSFO 607 XCH AB 26A0 8AFQ 666 v | 8,R2
2648 B40WOS 608 CJNE A, #0 ,HIGHBYTE 26A2 C082 667 XEEPDATA: PUSH DPL
2648 CSFQ 609 XCH A8 26A4 C083 668 PUSH oPH
264D 8037 610 SJmp ADDDATA 26A6 903000 669 v OPTR, #TBLOW
611 26A3 FO 670 HOVX @OPTR ,A
264F 18 612 LOWBYTE: DEC RO 26AA ESFO 671 Hov A,B
2650 14 6§13 0EC A 26AC 903001 672 MoV OPTR, #TBHIGH
2851 8048 614 S CHECKRO 26AF FO 673 HOVX @OPTR A
615 26B0 E9 674 MoV AR1
2653 C5F¢ 6156 HIGHBYTE: XCH A,B 2681 D083 675 POP OPH
2655 18 617 DEC RO 2683 0082 676 POP DPL
2656 15F0 618 DEC 8 26BS 00 677 POM: NOP
2658 74FF 618 MoV A, #OFFH 2686 22 678 RET
265A 8000 620 SJHP CHECKRO 679
621 680 ;
265C BS#OES 622  CHECKRO: CJNE RO,¥0,CHECKA || ===
265F 0B 623 INC R3 681 sassusnsses " WRITE ASCII TO LCD * swauns
2660 COF0 626 PUSH aEnane
2662 80FQ 625 Mmv B,RS 682
2664 ABFQ 626 MoV R0,8 2687 €082 683 WRITE: PUSH oPL
26668 DOFQ 627 POP 8 2689 €083 684 PUSH OPH
2668 CSFQ 628 XCH . A, 2688 90E0C2 685 MoV OPTR , AR ITEDATA
266A B4G002 629 CJNE A, #0,LO0PXCH 268BE FO 686 MOVX SOPTR,A
266D 8004 630 SJP 26BF 1226C7 687 LCALL WALTBF
631 26C€2 0083 688 PoP OPH
266F CSFO 632  LOOPXCH: XCH A,B 26C4 0082 683 POP OPL
2671 80D0 g.’;z sJe CHECKA 26C6 22 290 RET
31
2673 CSF0 635 LOOPQ: XCH A,B 692 f
2675 COF0 636 PUSH 8
2677 FSF¢ 637 MoV B,A 693 junswasunensn " WAIT BUSY FLAG “ sssasssan
2679 C3 638 CLR c anuns
267A 98 633 Suss ARO 694
2678 ESFO 640 mv A.B 26C7 €082 695 WAITBF: PUSH oPL
267D 08F0 641 POP 8 26C9 €083 636 PUSH OPH
267F 5662 642 JNC CHECKA 26C8 90E0CH 697 Hov OPTR, #READBUSY
2631 C3 643 CLR (4 26CE E0 698 RDY1: MOVX A,@0PTR
2682 SC 644 susg A R4 26CF 20E7FC 699 JB ACC.7,ROY1
2683 4001 645 Jc ADDDATA 26D2 0083- 700 POP OPH
2685 18 46 INC 26D4 D082 701 PoP OPL
2686 BSFFE2 647  ADDDATA: CJNE R1,80FFH, SNODATA1 2606 22 702 RET
2689 8609 648 [ 4], 4 SNODATA2 703
704 :
705 suanannsnganns * SET LCD " s=ssusawssssuss
RAREE
706
2607 €082 707  INITLCD: PUSH DPL
o
.
1 12
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8051 Cross-Assembler (1,3) (C) 1987, 1983 Binary Technology 8051 Cross-Assembler (1,3) (C) 1987, 1989 Binary Technolo?y
Page 3 Page 18
pump. asa pump, asm
255F 7A39 472 Mmv R2,#30H 5§31 H DELAY 2
2561 7934 473 Mmv R1,#30H Ennan
2563 8000 474 sJie DISPLAYRS 5§32
475 25C8 €082 533 DELAY2: PUSH DPL ;100ms
2565 408F 476 DISPLAYR4: JC OISPLAYRS 25C0 €083 534 PUSH OPH
2567 12257F 477 LCALL DISPRATE 25CF 758382 63§ oV OPH, #130
256A 1225€1 478 LCALL DELAY3 2502 758282 536 LOOP3: MOV DOPL, #130
2560 309483 479 DECAGAIN1: JNB DECSW,LOOP8 2505 00 537 LOOP4: NOP
2570 022540 480 (W], 4 SCANSWR3 2506 DS82FC 538 0JNZ DPL,LOOPS
481 2509 DS83IF6 539 DJINZ OPH,LO0P3
2573 03 482 LOOP8: SETB c 250C 0083 540 POP oPH
2574 84CF 483 b8, 4 DECRATE 25DE 0082 541 POP oPL
484 25E0 22 §42 RET
2576 12257F 485 DISPLAYRS: LCALL DISPRATE 543
2579 1225FB 486 LCALL DELAYS 544 ;
257¢C €3 487 CLR c ———
257D BOEE 488 SJP DECAGAIN1 545 ; DELAY 3
489 nsn
257F €082 490 DISPRATE: PUSH DPL 846
2581 C083 491 PUSH DPH 25E1 €082 §47  DELAY3: PUSH OPL ;390ms
2583 7480 492 MoV A, #80H ;00 RAM= 25E3 €083 548 PUSH OPH
00H 25E5 7802 S43 MoV RO,#2
2585 9eE0Co 493 MoV DPTR , #COMMAND 25E7 7S83FF $50 K1: MOV OPH, #255
2588 FO 494 MovX TR, A 25EA 7582FF 651 K2: MOV DPL, #255
2589 1226C7 495 LCALL WAITBF 25eD 00 5§52 X3: NOP
258C €8 496 MOV A,R3 25EF DS82FC 5§53 DJINZ DPL,K3
2580 122687 497 LCALL WRITE 25FY D583F6 §54 DJINZ DPH, X2
2590 EA 438 MOV A,R2 25F4 D8F1 555 DJNZ RO,X1
2591 122687 493 LCALL  MWRITE 25F6 0083 $56 POP OPH
2594 E9 500 Hov AR1 25F8 0082 557 POP oPL
2595 122687 501 LCALL ITE 25FA 22 558 RET
2598 7460 502 v A, #60H ;ams 559
259A 122687 503 LCALL ITE 560 5
2530 746C 504 oV A, #6CH il || eem—-
259F 122687 505 LCALL WRITE 561 5 DELAY 4
25A2 742F 506 MoV A #2FH ;% /. TIL]
25A4 122687 S07 LCALL ITE 562
25A7 7468 508 MoV A, #68H ;e ha 25FB €082 563 DELAY4: PUSH DPL
25A8 122687 509 LCALL WRITE 25FD C083 564 PUSH OPH
25AC D083 510 POP OPH 25FF 758301 565 MoV OPH,
2SAE D082 511 POP oPL 2602 758201 S66 X4: MOV orL, &1
2580 22 S12 RET 2605 08 567 KS: NOP
513 2606 D582FC 568 DINZ OPL XS
514 1 2609 DS83F6 $69 0JNZ DPH, X4
——— 260C D083 570 POP OPH
515 : DELAY 1 260E D082 571 POP oPL
sennn 2610 22 5§72 RET
516 573
2581 C082 517 DELAY1: PUSH DPL ;750ms S74 ;
2583 Co83 518 PUSH EHpppepepyg AN 1/ Y
2585 7864 519 v RO, #100 575 3 DEVIDE
2587 7583FF 520 LooP: MOV DPH, #255 P
25BA 7582FF 521 LOOP1: MOV DPL, #255 576 ;wns PROGRAM (24,000 /RATE} = (250/RATE). (9
2580 00 522 LOOP2: NOP 6) sem
2S8E 0S82FC 523 DJNZ DPL,LOOP2 S77
25C1 0583F6 524 DJINZ DPH,LOOPY 2611 800003 578 DEVIDE: CUNE RS, #0,LO0PA
25C4 DBF1 525 BJINZ RO,LOOP 2614 022685 579 (W], 3 POH
25C6 Des2 526 POP OPH §80
25C8 o2 s27 POP oPL 2617 7800 581 LOOPA: MOV R3,400H
25CA 22 528 RET 2619 ED 582 Hov A,RS
529 261A 75F002 583 v 8,#2
530 : 261D 84 584 oIv AB
—— 261E fC 585 MoV RG,A
261F 80F0 586 Hov 8,RS
£ 2621 74FA 587 Hov A,#250 ; 100 HZ TIMEBAS
2623 84 588 oIV AB
2624 ASFO 589 Hov RO,8
-
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8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology flagsen = 22EE 142 63
Page 13 highbyte = 2653 616 608
pump, asa incagain = 243E 316 325
incagaint = 2533 447 458
2609 CO83F 708 PUSH OPH incrate = 2516 432 424 451
2608 S0EQCO 709 MoV OPTR, #COMMAND ;FUNCTION S incsw = 0093 13 277 316 4246 447
ET incvol = 2402 285 277 320
260E 7438 710 v A,#38H ;2 LINE DIS
PLAY
26€0 FO 711 MOVX e0PTR A
26E1 1226C7 712 LCALL WAITBF
26E4 740C n3 HOV A, #0CH ;DISPLAY O
N OFF CONTROL
26E6 FO 714 MOVX 60PTR A
26E7 1226C7 718 LCALL WAITBF
26EA 7406 716 MoV A, #6 ;ENTRY MODE
SET
26EC FO rake HMOVX ®OPTR A
26ED 1226C7 718 LCALL VAITBF
HmZEFO 7401, 73 v A4 ;CLEAR AND
26F2 FO 720 HMOVX ®OPTR,A
26F3 1226C7 721 LCALL WALTBF
26F6 0083 722 POP DPH
26F8 D082 723 POP oPL
26FA 22 724 RET
725
728 H M
727
26FB 20484E54 728 TAB: DB * ENTER TOTAL VOLUME °
26FF 45522054
2703 4F5A414C
2707 20564F 4C
2708 55404520
270F 2028484E 729 0B “ ENTER FLOW RATE *
2713 54455220
2717 4B4CAFST7
2718 20524154
271F 45202020
730
0000= 731 END
8051 Cross;Assembler (1.3}  (C) 1987, 1983 Binary Te:hnolog1y 8051 Cross-Assembler (1.3)  (C) 1987, 1989 Binary To;:hnologx
age age
pump. asm pump, asm
adddata = 2686 647 610 645 855 663 inittcd = 2607 707 21
aek = 2212 31 37 K1 = 28E7 550 555
checka = 2643 606 622 633 842 k2 = 25EA 551 554
checkrd = 265C 622 B14 620 k3 = 25€D 552 583
checksen = 2251 62 106 126 125 k& = 2602 566 569
checksenl = 2385 214 228 237 242 kS = 2605 567 568
checkstop = 22CE 127 68 72 142 173 keepdata = 26A2 667 593
checktbh = 2248 88 128 lastdrop = 2270 86 77
checktbhl = 237F 212 a7 toop = 2587 520 52§
checktbl = 229F 103 &0 loopl = 25BA 521 524
checktbli = 239F 27 212 P loop2 = 2580 522 523
command = EOCO 2 181 267 376 412 433 709 loop3 = 28502 536 539
corplete = 236D 206 101 loops = 2506 537 S38
gountcc = 230E 156 80 84 loopS 2 2444 319 316
countr = 2548 462 loopf = 2494 363 360
countsen = 2261 70 67 143 toop7 = 2539 450 447
counttb = 22A4 165 81 toop8 = 2573 482 479
counttbt = 23A4 228 03 toopa = 2617 581 578
county = 240E 292 285 289 loopb = 262F 595 590
countvl = 2460 337 33 loopc = 26380 653 650
ctrl = EOE3 & 250 loopd = 2699 660 657
decagain = 248E 360 369 loope = 2273 79 75
decagaint = 2560 479 488 loopf = 2277 82 76
decrate = 2545 458 425 483 {oopg = 22C1 119 106
decrease = 254A 481 458 tooph = 22CS 122 108
decsw = 0094 16 278 360 425 479 loopi = 22F4 145 127
ecvol = 2450 327 278 364 loopj = 238F 219 216
detayl = 2581 S17 35 421 446 loopk = 238S 236 230
delay2 = 25C8 533 27 32 135 145 152 219 toopt = 2389 233 232
323 454 toopm = 2361 197 199
delay3 = 25E1 647 353 478 toopn = 2257 85 62
delayé = 25FB 563 367 486 loopq = 2673 635 630
devi = 2221 39 36 {oopxch = 266F 632 629
devide = 2611 578 39 Lowl = 264F 612 606
disenterr = 24FB 417 420 nain = 222F 46 176
dissenterv = 23EA 21 274 movdata = 265F 665 651 658
dispcct = 232C 172 157 168 1646 169 170 acctugion = 2204 13¢ 11§
dispcc2 = 2332 175 &b pom = 26BS 877 579
dispcel = 2299 100 87 9% 9% 93 L porta = EOEQ 7 46 s6 131 137 148 204
displayl = 23FD 282 275 222
display2 = 2436 313 293 286 300 305 3N pulsewidth = 0092 12 25 59 65 116 130 147
display3 = 2447 322 313 M a5 22
displayé = 2486 357 338 341 345 350 355 pwm 3 2249 59 117
displayS = 2497 366 357 pwml = 2370 211
displaycc » 2338 178 100 172 17§ rdyl = 26CE 698 699
displayrl = 2511 429 W21 readbusy = £0C1 3 697
displayr2 = 2528 4hb 4346 437 4 442 readdata = E0C3 5
displayrd = 253C 453  L4h reqis = 2400 291 286
displayré = 2565 476 463 466 470 474 regist = 245F 33 328
displayrS = 2576 485 476 regis2 = 245A 332 329
disprate = 257F 430 429 445 453 477 485 scanswri = 2507 424 428 430
dispvol = 24A0 371 282 314 322 358 366 scanswr2 = 250A 425 448
entersw = 0095 15 30 3 134 136 181 183 scanswr3 = 2500 426 480
13 14
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pump.ist pump.iet
gcanswi = 23F3 277 279 283
scansw2 = 23F6 278 317 18
scansw3 = 23F9 279 361
sensor = 0090 10 62 67 24
setport = 23C4 249 23
setrate = 24E0 404 3
. setvolume = 23CE 258 26
silen = 238A 216 - 214
86851 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technologg
Page
purp. asa
shddatat = 2688 650 647
snddata2 = 2694 657 648
start = 2200 21
stop = 23C2 2646 225
stopsw = 0096 16 127 146 216 220
tab = 26FB 728 270
< = 2240 65 140 154
tbhigh = 3001 9 52 113 &7
thtow = 3000 3 43 110 669
timebase = 0091 11 85 60 106 210 212 228
waitl = 220€ 29 30
wait2 = 2218 34 35
waitbf = 26C7 695 183 269 376 414 495 687
712 NS ns
write = 2687 683 185 187 183 191 193 195
198 378 38¢ 382 384 38 388 330 392
96 396 418 497 489 501 503
505 507 509
writedata = E0C2 4 685
zerosetr = 2550 471 459
zerosety = 247C 351 336
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PRELIMINARY I

DATA SHEET

AUGUST 1988

- 80C51-L/ 80C31-L

CMOS SINGLE-CHIP 8 BIT 3V-MICROCONTROLLER

* 80CS51-L~ CMOS SINGLE-SHIP 8-BIT MICROCONTROLLER with factory mask-programmabile ROM
* 80C31-L- CMOS SINGLE-CHIP 8-BIT CONTROL-ORIENTED CPU with RAM and 1/0

® 80C51-L/C31-L: 0TO 6 MHz,VCC=2.7VTO 6V

FEATURES
* POWER CONTROL MODES * BOOLEAN PROCESSOR
© 128 x 8 BIT RAM © 5 INTERRUPT SOURCES .
¢ 32 PROGRAMMABLE 1/0 LINES °* PROGRAMMABLE SERIAL PORT
* TWO 16-BIT TIMER/COUNTERS * 64K DATA MEMORY SPACE
* 84K PROGRAM MEMORY SPACE * TEMPERATURE RANGE: 0 TO 70°C
* FULLY STATIC DESIGN

* HIGH PERFORMANCE SAJI VI CMOS
PROCESS

DESCRIPTION

»20.227

T

MHS's 80CS51 and 80C31 are high
performance CMOS versions of

#_w k3

the 8051/8031 NMOS singie chip
8 bits Cand is manufactured usinga
self-aligned silicon gate CMOS

process (SAJIVI).

The fully static design of the MHS
80CS51/80C31 allows to reduce
system power consumption by
bringing the clock frequency down
to any value, even DC, without loss
of data.

The 80CS51 retains all the features
of the 8051: 4K bytes of ROM;
128 bytes of RAM; 32 {/O lines; two
16 bit timers; a 5-source 2-level
interrupt structure; a fult duplex serial
port; and on-chip oscillator and
clock circuits.

In addition, the 80C51 has two
software-selectable modes of
reduced activity for further reduction
in power consumption. in the Idle
Mode the CPU is frozen while the
RAM, the timers, the serial port, and
the interrupt system continue to

3
[R1222)

no-nr

Fgure 1. Biock Diagram

"

function. In the Power Down Mode
the RAM is saved and all other
functions are inoperative.

The 80C31 is identical to the 80CS51
except that it has no on-chip ROM.

DET7/TET™

n-1
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80C51-L/80C31-L

Figure 2. Configurations
PLO fT \_J40]

AP R 15 1o
P1.3 44 37 =
P14.d5 36 3
P15 36 35 L=
P16 47 34 7 POS A
P1.7 d 8 - 33 j PO6 '8
RSTJ9 & 32ppor v
PO d10 & 31fEa 80CatLsB0CsIL 13
PRIMXD 411§ 30RALE H
P32/NTO 412 g 29 f PSEN e
PR3/NTT J13 7 28K par 8
P3.4/T0 J 14 27 5 P26 %
P35I 15 26 1 P25 u
P3.6/WR 16 25 b P2.4 ]
P3.7/RD 17 24 P23 1%
XTAL2 18 23 5 P22 o
XTALY J 19 22 1 P2.1 N W \ W L

VSS 420 21 7 P20 22 230 1248 28) i2m! lars lom

Pin
Pachage sires are nacyerence ont
IDLE AND POWER DOWN PCON: Power Control Register
OPERATION (MSB) (LSB)

Figure 3 shows the internal Idle and Power Oown clock
configuration. As illustrated, Power Down operation
stops the oscillator. idle mode operation allows the
interrupt, serial port, and timer biocks to continue to
function while the clock to the CPU is gated off,

These special modes are activated by software via the

Special Function Register, Its hardware address i 87H.

PCON is not bit addressable.

Figure 3. Idie and Power Down Hardware

pvodf - T - T IGFllGFOIPDlqu

Symbol

Posttion

Name and Function

SMOD

GF1
GFO
PD

DL

PCON.7

PCON.6
PCON.5
PCON.4
PCON.3
PCON.2
PCON.1

PCON.C

Double Baud rate bit, When set
to a 1, the baud rate is doubled
when the serial port is being
used in either modes 1,2 or 3.

(Reserved)

(Reserved)

(Reserved)

General-purpose flag bit.
General-purpose flag bit. )
Power Down bit. Setting this
bit activates power down
operation.

lde mode bit.Setting this bit
activates idie mode operation,

if ¥'s are written to PD and IDL at the same time.
PD takes precedence. The reset value of PCON is
(OXXX0000).

2 e VHIS
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80C51-L/80C31-L

Tabie 1. Status of the external pins during Idle and Power Down modes

Mode Program Memory | ALE | PSEN PORTO PORTY PORT2 PORT3
Idle Internal 1 1 Port Data Port Data Port Data | Port Data
idle External 1 1 Floating Port Data Address Port Data

%%ww%r Internal 0 0 PortData | PortData | PortData | Port Data

E%V‘;’ven' External 0 0 Floating | PortData | PortData | Port Data

IDLE MODE STOP CLOCK MODE

The instruction that sets PCON.Q is the last instruction
executed before the Idle mode is activated. Once in
the Idle mode the CPU status is preserved in its
entirety: the Stack Pointer, Program Counter, Program
Status Word, Accumulator, RAM,and all other registers
maintain their data during !dle. &ble 1 describes the
status of the external pins during idle mode.

There are two ways to terminate the Idle mode.
Activation of any enabled interrupt will cause PCON.O
to be cleared by hardware, terminating Idle mode.
The interrupt is serviced, and following RET!, the next
instruction to be executed will be the one following
theinstruction that wrote a 1to PCON.O.

The flag bits GFO and GF1 may be used to determine
whether the interrupt was received during normal
execution or during the Idle mode. For example, the
instruction that writes to fCON.O can also set or clear
one or both flag bits. When Idle mode is terminated by
an enabled interrupt; the service routine can examine
the status of the flag bits.

The second way of terminating the Idle mode is with a
hardware reset. Since the oscillator is still running, the
hardware reset needs to be active for only 2 machine
cycles (24 oscillator periods) to complete the reset
operation.

POWER DOWN MODE

The instruction that sets PCON.1 is the last executed
priorto entering powerdown.Once in powerdown,the
oscillator is stopped. The contents of the onchip RAM
and the Special Function Register is saved during
powerdown mode. A hardware reset is the only way of
exiting the power down mode. The hardware reset
initiates the Special Function Register (see Table 1).

In the Power Down mode. VCC may be lowered to
minimize circuit power consumption. Care must be
taken to ensure the voltage is not reduced until the
power down mode is entered, and that the voltage is
restored before the hardware reset is applied which
frees the oscillator. Reset should not be refeased until
the oscillator has restarted and stabilized.

Table 1describes the status ofthe external pins whilein
the power down mode. it should be noted that if the
power down mode is activated while in external
program memory, the port data that is held in the
Special Function Register P2 is restored to Port 2.1fthe
data is a 1, the port pin is held high during the power
down mode bythe strong pullup,T1,shown in Figure 4.

n-3

Due to static design,the MHS 80C31/C51clock speed
can be reduced until 0 MHz without any data loss in
memory or registers. This mode allows step by step
utilization, and permits to reduce system power
consumption by bringing the clock frequency down to
any value. At 0 MHz, the power consumption is the
same as in the Power Down Mode.

80C511/0 PORTS

The /O port drive of the 80C51 is similar to the 8051.
The /O buffers for Ports 1,2.and 3 are implemented as
shown in figure 4. )

When the port latch contains a 0,all pFETS in figure 4
are off while the nFET s turned on.When the port latch
makes a 0-to-1transition, the nFET turns off. The strong
pullup pFET, T1, tums on for two oscillator periods,
pulling the output high very rapigly. As the outputline is
drawn high, pFET T3 turns on through the inverter to
supply the IoH source current. This inverter and T3
form a latch which holds the 1and is supported by T2.
When Port 2 is used as an address port, foraccess to
external program of data memory, any address bit
that contains a 1 will have his strong pullup turned on
for the entire duration of the external memory access.

When an I/O pin on Ports 1,2, 0r 3 is used as an input,
the user should be aware that the external circuit must
sink current during the logical 1-to-0 transition.
The maximum sink current is specified as ML under
the D.C.Specifications. When the input goes beiow
approximately 2V,T3 turns offto save ICC current.Note,
when returning to a logical 1, T2 is the only internal
pullup that is on. This will result in a slow rise time if
the user's circuit does not force the input fine high.

Flg. 4.170 Butfers in the 80CS1 (Ports 1, 2,3)
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80C51 PIN DESCRIPTIONS
vss
Circuit ground potential

vce ..
Supply voltage during normal, Idle, and Power Down
operation.

Port 0

Port O is an 8-bit open drain bi-directional I/O port.

Port O pinsthat have 1's writtentothem float,and inthat
state can be used as high-impedance inputs.

Port O is also the multiplexed low-order address and
data bus during accesses to external Program and
Data Memory.In this application it uses strong internal
pullups when emitting 1°s. Port 0 aiso outputs the

code bytes during program verfication in the 80C51.

External pullups are required during program
verification. Port 0 can sink eight LS TTL inputs.

Port 1

Port 1is an 8-bit bi-directional /O port with internal
pullups. Port 1 pins that have 1's written to them are
pulled high bythe internal pullups.andin that state can
be used as inputs. As inputs, Port 1 pins that are

externally being pulled low will source current (liL,

on the data sheet) because of the internat pullups.

Port 1also receives the low-order address bytes during
program verification. In the 80C51, Port 1 can sink/
source three LS TTL inputs. It can drive CMOS inputs
without external pullups.

Port 2
Port 2 is an 8-bit bi-directional /O port with internal

pullups. Port 2 pins that have 1's written to them are *

pulled high by the internal pullups.andin that state can
be used as inputs. As inputs, Port 2 pins that are
externally being pulled low will source current (lIL, on
the data sheet) because of the internal pullups. Port 2
emits the high-orderaddress byte during fetches from
external Program Memory and during accesses to
external Data Memory that use 16-bit addresses
(MOVX @ DPTR). In this application, it uses strong
internal pullups when emitting 1's. During accesses to
extemal Data Memory that uses 8-bit addresses
(MOVX @ Ri), Port 2 emits the contents of the P2
‘Special Function Register.

it also receives the high-order address bits and controt
signals during progam verification in the 80C51.
Port 2 can sink/source three LS TTLinputs. It can drive
CMOS inputs without external pullups.

Port3

Port 3 is an 8-bit bi-directional /O port with intemal
pullups. Port 3 pins that have 1's written to them are
pulled high bythe internal pullups,andinthat statecan
be used as inputs. As inputs, Port 3 pins that are
externally being pulled low will source cumrent (lIL, on
the data sheet) because of the pullups. it also serves
the functions of various special features ofthe MCS-51
Farnily, as listed below.

80C51-L/80C31-L

Port Pin Alternate Function

P3.0  RXD (serial input port)

P31  TXD (serial output port)

P3.2 INTO (external interrupt O)

P3.3 INT1 (external interrupt 1)

P3.4 TO (Timer O external input)

P3.5 Ti(Timer 1 external input)

P3.6 WR (extemnal Data Memory write strobe)
P3.7 RD (external Data Memory read strobe)

Port 3 can sink/source three LS TTLinputs. It can drive
CMOS inputs without external pullups.

RST

A high level on this for two machine cycles while the
oscillator is running resets the device. An internal pull-
down resistor permits Power-On reset using only a
capacitor connected toV¢C.

ALE

Address Latch Enable output for latching the low byte
of the address during accesses to external memory.
ALE-is activated as though for this purpose at a
constant rate of 1/6 the. osciltator frequency except
during an external data memory access at which time
one ALE pulse is skipped. ALE can sink/source 8 LS
TTL inputs. It can drive CMOS inputs without an
external pullup.

PSEN

Program Store Enable output is the read strobe to
external Program Memory. PSEN is activated twice
each machine cycle during fetches from external
Program Memory. (However, when executing out of
external Program Memory, two activations of PSEN are
skipped during each access to external Data
Memory). PSEN is not activated during fetches from
internal Program Memory. PSEN can sink/source 8 LS
TTL inputs. it can drive CMOS inputs without an
external pullup.

EA

When EAis held high, the CPU executes out ofinternal
Program Memory (uniess the Program Counter
exceeds OFFFH). When EA is held low, the CPU
executes only out of external Program Memory.
EA must not be floated.

XTAL1

Input to the inverting amplifier that forms the oscillator.
Receives the external oscillator signal when an
external oscillator is used.

XTAL2
Output of the- inverting ampilifier that forms the
oscillator, and input to the intemal clock generator.

This pin should be floated when an extemal oscillator
is used.
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* OSCILLATOR CHARACTERISTICS

XTAL12nd XTALZ are the input and output respectively,
of an inverting amglifier which is configured for use as
an on-chip oscillator, as shown in figure 5. Either a
quartz crystal or ceramic resonator may be used.

To drive the device from an external clock source,
XTAL1 should be driven while XTAL2 is left

80C51-L./80C31-L

unconnected as shown in figure 6. There are no
requirements on the duty cycle of the external clock
signal,since the input to the internal clocking circuitryis
through a divide-by-two flip-flop, but munimum and
maximum high and low times specified on the Data
Sheet must be observed.

J.___CIT__—L XTAL2
'[ I 1 XTAL1

I vss

e

Figure 5. Crystal Osclllator

NC —~—— XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL

Figure 6. Extemal Drive Configuration
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ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias:
Commercial .........cc.oentts 0°Cto70°C
Industrial ................ -40°Cto 85°C
Storage Temperature .. ........... =~ 65°Cto+150°C
Voltage onVec toVSS .o ovveeeeanne -0.5Vto+7V
Voltage on Any PintoVSS..... -0.5V toVee +0.5v
Power Dissipation .........cooiiiiviiiiiiiiiann we

*This value is based on the maximum aliowable die
temperature and the thermal resistance of the
package.

80CS51-L/80C31-L

*NOTICE:

Stresses at orabove those listed under "Absolute Maxi-
mum Ratings” may cause permanent damage (o the
device. This is a stress rating only and functional opera-
tion of the device at these orany otherconditions above
those indicated in the operational sections of this spe-
cification is not implied. Exposure to absolute maxi-
mum rating conditions may affect device refiability.

DC CHARACTERISTICS
TA=-40°Ct085°C;VCc=2.7Vto 6V;VSS=V; F=0to 6 MHz
Symbot Parameter Min Max Unit Test Conditions
ViL Input Low Voitage -05 02Vce v
-0.1
VIH Input High Voltage 02vee ! Vee %
(Except XTALs and RST) +0.9 +0.5
VIH1 Input High Voltage to RST for Reset 0.7vee vee '
+0.5
VIH2 Input High Voltage To XTAL 1 0.7vee vee Y
+0.5
VPD Power Down Voltage To Ve in PD Mode 20 8.0 \'
VOL Output Low Voitage (Ports 1,2, 3) 0.45 v IOL=1.6mA (note 1)
VOL1 Qutput Low Voitage Port 0, ALE, PSEN 0.45 \" IOL=3.2mA (note 1)
VOH Qutput High Voltage Ports 1,2.3 0.9vVce \' IOH=~10ua
2.4 v IOH=-60pA
Vo=V 10%
VOH1 Qutput High Voltage (Port 0 in External | 0.9Vce \Y IOH == 40uA
in External Bus Mode), ALE, PSEN
2.4 Y {OH=-~400pA
. Vee=5x10%
o Logical O Input Current Ports 1.2,3 ~50 wA Vin=0.45V
I Input Leakage Current * 10 uA 0.45 <Vin <Vce
ITL Logical 1to 0 Transition Cutrent -500 pA Vin=2.0v
(Ports 1,2.3)
ICCPD | Power Supply Current 50 10 pA vee=20Vto 5.5V
(Power Down Mode) (note 2)
RRST RST Pulldown Resistor 50 150 kQ
ClO Capacitance of /O Buffer 10 pF fe=1MHz,TA=25°C
Note 1:

Capacitive loading on Ports © and 2 may cause
spurious noise pulses to be superimposed on the
VoLs of ALE and Ports 1 and 3. The noise is due to
external bus capacitance discharging into the Port O
and Port 2 pins when these pins make 1-t0-0

transitions during bus operations. In the worst cases
(capacitive loading 100 pF),.the noise pulse on the ALE
line may exceed 0.45V with maxi VOL peak 0.6V.
A Schmitt Trigger use is not necessary.

78



80CS51-L/80C31-L

EXTERNAL CLOCK DRIVE CHARACTERISTICS (XTAL 1)

Variable Clock
) freq=0to 6 MHz
Symboal Parameter Min Max Unit
TCLCL Oscillator Period 166 ns
TCHCX High Time 20 ns
TCLCX LowTime 20 ns
TCLCH Rise Time 20 ns
TCHCL Fall Time 20 ns
vee-08VL . . = — J\ _— ?\er
0.7vCe
045V Nalain N
TOLEX |
TCLCL =
AC CHARACTERISTICS

(TA=-40°Cto 85°CVcc=2.7Vio 6V, Vss=0V)
(Load Capacitance for Port 0, ALE, and PSEN =100pf; Load Capacitance for All Other Qutputs = 80pf).

EXTERNAL PROGRAM MEMORY CHARACTERISTICS

Symboi Parameter Min Max Units
TLHLL ALE Puise Width 2TCLCL-40 ns
TAVLL Address Valid to ALE TCLCL-55 ns
TLLAX Address Hold After ALE TCLCL-35 ns
TLLNV ALE to Valid instr In 4TCLCL - 170 ns
TLLPL ALE to PSEN TCLCL-25 ns
TPLPH PSEN Puise Width 3TCLCL-35 ns
TPLIV PSEN to Valid Instr In 3TCLCL-220 ns
TPXIX Input instr Hold After PSEN 0 ns
TPXIZ Input Instr Float After PSEN TCLCL- 20 ns
TPXAV PSEN to Address Valid TCLCL-8 ns
TAVV Address to Valid Instrin STCLCL-220 ns
TPLAZ PSEN Low to Address Float 0 ns

See next page for External Data Memory Characteristics.
=z VHS
n-7 i



EXTERNAL DATA MEMORY CHARACTERISTICS

80CS51-L/80C31-L

Symbol Parameter Min Max Units
TRLRH RD Pulse Width BTCLCL-100 ns
TWILWH WR Pulse Width B8TCLCL-100 ns
TLLAX Data Address Hold After ALE TCLCL-35 ns
TRLDV RD to Valid Data In 5TCLCL- 165 ns
TRHDX Data Hold After RD 0 : ns
TRHDZ Data Float After RD 2ICLCL-70 ns
TLLDV ALE to Valid Data In 8TCLCL-150 ns
TAVDV Address to Valid Data In gTCLCL~ 165 ns
TLLWL ALEtOoWR orRD 3TCLCL-50 JTCLCL+50 ns
TAVWL Address to WR or RD 4TCLCL-130 ns
TQVWX Data Valid to WR Transition TCLCL-60 ns
TQVWH Data Setup to WR High 7TCLCL-150 ns
TWHQX Data Hold After WR TCLCL-~50 ns
TRLAZ RD Low to Address Float 0 ns
TWHLH RD or WR High to ALE High TCLCL~40 TCLCL + 40 ns
MAXIMUM Icc (mA)
Operating (Note 3) Idle {Note 4)
Freq.VcC 2.7V 5V eV 27V ' . &V
1 MHz 0.8 mA 1.5 mA 1.8 mA 400 pA 800 pA 1mA
6 MHz 4 mA 8 mA 10 mA 1.2 mA 3.5 mA 3.8 mA
Note 2: Note 4:
Power Down IcC is measured will all output pins die Icc is measured with all output pins

disconnected; EA=Port 0=V XTAL2 N.C.; RST=
Vss

Note 3: >

Icc is measured with all output pins disconnected;
XTAL1 driven with TCLCH, TCHCL =15 ns, VIL=Vgs +
0.5V;ViIHVCC -0.5V; XTALZ N.C.; EA=RST=FPort 0=
VC%. lce would be slightly higher if a crystal oscillator
used.

EXPLANATION OF THE AC SYMBOLS

Each timing symbol has S characters. The first

character is always a ‘T’ (stands for time). The other

characters, depending on their positions, stand for the

name of a signal or the logical status of that signal.

The following is a list all the characters and what they
- stand for.

disconnected; XTAL1 driven TCLCH, TCHCL=5 ns,V|_
=Vgg +0.5V; ViH=VcC - 0.5V; XTAL2 N.C.; Port O =
VCC: EA=RST=Vgs.

EXAMPLE:

TAVLL=Time for Address Valid to ALE low.
TLLPL=Time for ALE low to PSEN low.

A: Address.

C: Clock

D: Input data.

H: Logic level HIGH.

I: Instruction (program memory contents).
L: Logic level LOW, or ALE.

P: PSEN

Q: Output data.

R: READ signal. M

T: Time.

V: Valid.

W: WRITE signal

X: No longer a valid logic level.
Z: Float.
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AC TIMING DIAGRAMS

EXTERNAL PROGRAM MEMORY READ CYCLE

} 12 TCLEL }

P
TPLPHV__

TUAXS o e TPV = Rz
TAVLL e | ol |
sorro NSTRIN C won INSTRIN D! AO-AT >—.—

TAVIV e}

e ADORESS AB-A1S
porr2 RS2 N

X
4

\ /

ADORESS AB-A1S

o] TRLAH -
TRHOZ
TAVWL N /|
oV TS TULAX e % TRHOX ol et
<N
PORTO 0.0 ATA IN D> /<
- TRAZ
PoRT2  ADRESS . XA f AQORESS A8-A1S OR SFR-P2 N

EXTERNAL DATA MEMORY WRITE CYCLE o I K
N2 NS I

= —— st

- i TWUIWH R
) TAVWL j\k /|
g~ TLLAX & T oV TOVWH TWHOX -]
PORTO AO-AT 0Ty OUT
R SA-P2 ; ADDRESS AS-A1S OR SFR-P2 P
POAT2
AC TESTING INPUT/OUTPUT, FLOAT WAVEFORMS
INPUT/OUTPUT ' FLOAT
- FLOAT
voemasy _X a2vcc-0s- | X % vor-a1v /- VLOAD +0.1V
TEST POINTS \ VLOAD
046V| oavce-ot | 4-/voucuv N \‘ VIOAD =01V

AC inputs during testing are driven at Vcc — 0.5 for a logic “1° and 0.45V for a logic *0°. Timing measurements arer
made at VIH min for a logic "1" and VIL max for a logic “0”. For iming purposes a port pin is no longer floating when
a 100 mYV change from load voltage occurs and begins to float when a 100 mV change from the loaded VOH/VOL

level occurs. lol/loH 2 £ 20 Ma.
>4
ne »= VHS
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SERIAL PORT TIMING - SHIFT REGISTER MODE
A.C. CHARACTERISTICS:
(TA=0°Cto 70°C:VSs =0V:VCC = 2.7V to 6V; Load Capacitance =80 pF)

Symbol Parameter Min ) Max Units

TXLXL Serial Port Clock Cycle Time 12TCLCL us

TQVXH Output Data Setup to Clock 10TCLCL-133 ns
Rising Edge

TXHQX Output Data Hold After Clock 2ICLCL-117 ns
Rising Edge

TXHDX input Data Hold After Clock Rising Edge 0 ns

TXHDV Clock Rising Edge to Input Data Valid 10TLCL-133 ns

SHIFT REGISTER TIMING WAVEFORMS

[ /A~ N Uzl SH-IT0 | \\ * |
nnnnarnananannnnnnnd
|-<-rxuu.-—' B
ol Ll ViU WA N PehN o TN 1aY L
| e mox

QUTPUTOAIA p oY= T QRTIA ANIRY o — === (i a2 0L/
- i
T S -
rouTOwA D @ CD @ T @ I @), &5 @6 C0. 60 & @ O
i

I.T.l SETR
QAR R




80C51-L./80C31-L

CLOCK WAVEFORMS
INTERNAL STATE ¢ STATE 5 l STATE 8 I STATE 1 l STATE 2 STATE 3 STATE 4 STATE § |
aocx mln mln mlpz mlpz mln mln m‘ln mIPz
XTAL2
pROGRAM ACTNATED OUANG TH
e e EXECUTION OF A MOVX INSTRUCTION
FEEN Y
o —Joaml 1 ecLour | OATA peLout J oama L] POOUT |
SAMPLED SAMPLED. SAMPLED
FLOAT 2= T l | e
£2 (EXT) _____..l INDICATES ADORESS TRANSITIONS |
READ QYCLE
RD
] 1
0OH IS EMITTED PCL OUT (IF PROGRAM *
DURING THIS PERIOD MEMORY IS EXTERNAL)
of [ =B [om |
out }__4..__.&0“_5&&;_.4
£ | INOICATES DPH OR P2 SFR TO PCH TRANSITIONS L 08
WRITE CYCLE
wr
L [ PcL ouT (EVEN  PROGRAM
MEMORY IS INTERNAL)
ro OPLORR \R_T—"L
.t : QAT U ! POL OUT (IF PROGRAM
e} P | * INDICATES DPH OR P2 SFR TO PCH TRANSITIONS [LMEMORY IS EXTERNAL)
PORT QPERATION
wov PORRS OLD CATA | NEW DATA by oris S en
MOV OEST PO [:] J:EI
MOV DEST, PORT (P1.72P3) A po s saweeD
(INCLUIOES INTQ.INT.1.TQ.TY) ;1 @_
SERIAL POAT SMIFT CLOCK ALP!.P:IP‘NSSM.ED :;GPZS‘:A?PLE)
R:gosm 4 ] L - r-
IRXD SAMPLED

This diagram indicates when signals are clocked internally. The time it takes the signals to propagate to the pins,
however,ranges from 25 to 125 ns. This propagation delay is dependent on variables such as temperature and pin
- loading. Propagation also varies from output to output and component. Typically though (TA =25°C fully loaded)

RD and WR propagation delays are approximately 50 ns. The other signals are typicaily 85 ns. Propaganon delays
are incorporated in the AC specifications.
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Table 1. MCS®°-51 Instruction Set Description

ARITHMETIC OPERATIONS
Mnemonic
ADD ARn -
ADD Adirect
ADD A @RI
‘ADD Adtdata
ADDC ARn
ADDC A direct
ADDC A @RI
ADDC A #data
suges ARn
suBB A.direct
suBB A@Ri
suss A #data
INC A
INC Rn
INC direct
INC @Ri
INC DPTR
DEC A
DEC Rn
DEC direct
OEC @Ri
MUL AB
Dv AB
DA A
LOGICAL OPERATIONS
Mnemonic
ANL ARn
ANL Adirect
ANL A@Ri
ANL A#data
ANL directA
ANL direct #data
ORL ARn
ORL Adirect
ORL A@Ri
ORL. A#data
ORL direct A
ORL direct #data
XRL ARn
XRL A direct
XRL A@Ri

1 XRL. A #data
XRL direct,A
XRL direct,#data
CLR A
CPL A
RL A
RLC A
RR A
RRC A
SWAP A

Description

Add register to Accumulator

Add direct byte to Accumulator

Add indirect RAM to Accumulator

Add immediate data to Accumulator
Add register to Accumulator with Carry
Add direct byte to Awith Carry flag

Add indirect RAM to A with'Carry flag
Add immediate data to A with Carry flag
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

incriment indirect RAM

Incriment Data Pointer

Decrement Accumulator

Decrement register

Decrement direct byte

Decrement indirect RAM

Multiply A& B

Divide Aby 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 Accumulator to direct byte

AND immediate data to direct byte

OR register to Accumulator

OR direct byte to Accumulator

OR indirect RAM to Accumulator

OR immediate data to Accumulator

OR Accumulator to direct byte

OR immediate data to direct byte
Exclusive-OR register to Accumuiator
Exclusive-OR direct byte to Accumulator
Exclusive-OR indirect RAM to A
Exclusive-OR immediate data to A
Exclusive-OR Accumulator to direct byte
Exclusive-OR immediate data to direct

- .Clear Accumulator

Complement Accumulator

Rotate Accumulator Left

Rotate A Left through the Carry flag
Rotate Accumulator Right

Rotate A Right through Cary flag
Swap nibbles within the Accumulator

_.._...a_._;_a_ammx\)—AMA(‘JMN—‘N—‘UNM—“N—‘g

._._._._.N_._‘._._.N_._.N._AN_AM_.M_.M._AM_-‘ﬁ

_A‘;,‘;_‘A.;.AN..;_._.-:._A_A__._A.‘_A_A_._A_;_A.A%

_‘_._‘_._._._.,\,_‘_._._._.N_._‘_._‘ﬁ,\,_._._....‘.g
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Table 1. (Cont.)

DATATRANSFER
Mnemonic Byte Cyc
MQV ARn Move register to Accumulator 1 1
MOV Adirect Move direct byte to Accumulator 2 1
MOV A @RI Move indirect RAM to Accumulator 1 1
MOV A #data Move immediate data to Accumulator 2 1
MOV RnA Move Accumulator to register 1 1
MOV Rn.direct Move direct byte to register 2 2
MOV Rn,#data Move immediate data to register 2 1
MOV directA Move Accumulator to direct byte 2 1
MOV direct.Rn Move register to direct byte 2 2
MOV direct,direct Move direct byte to direct 3 2
MOV direct, @Ri Move indirect RAM to direct byte 2 2
MOV direct#data  Move immediate data to direct byte 3 2
MOV @RI,A Move Accumulator to indirect RAM 1 1
MOV @Ri,direct Move direct byte to indirect RAM 2 2
MOV @Ri #data Move immediate data to indirect RAM 2 1
MOV DPTR#data 16 Load Data Pointer with a 16-bit constant 3 2
MOVC A@A+DPTR  Move Code byte relative to DPTR to A 1 2
MOVC A@A+PC Move Code byte reldtive to PCto A 1 2
MOVX A @RI Move External RAM (8-bit addr) to A 1 2
MOVX A@DPTR Move External RAM (16-bit addr) to A 1 2
MOVX @RiA Move A to External RAM (8-bit addr) 1 2
MOVX @OPTRA Move A to External RAM (18-bit addr) 1 2
PUSH direct Push direct byte onto stack 2 2
POP direct Pop direct byte form stack 2 2
XCH ARn Exchange register with Accumulator 1 1
XCH A direct Exchange direct byte with Accumulator 2 1
XCH A @RI Exchange indirect RAM with A 1 1
XCHD A @RI Exchange low-order nibble ind RAM with A 1 1
BOOLEAN VARIABLE MANIPULATION
Mnemonic Description Byte Cyc
CLR C Clear Carry flag i 1
CLR bit Clear direct bit 2 1
SETB Cc Set Carry flag 1 1
SETB bit Set direct Bit 2 1
CPL C Complement Carry flag 1 1
CPL bit Compiement direct bit 2 1
ANL Chbit AND direct bit to Carry flag 2 2
ANL C1bit AND complement of direct bit to Carry 2 2
ORL Clbit OR direct bit to Carry flag 2 2
ORL C.1bit OR complement of direct bit to Carry 2 2.
MOV Cibit Move direct bit to Carry flag 2 1
Mov bit,C Move Carry flag to direct bit 2 2
PROGRAM AND MACHINE CONTROL
Mnemonic Description Byte- Cyc
ACALL addr 11 Absolute Subroutine Call 2 2
LCALL addr 16 Long Subroutine Call 3 2
RET Return from subroutine 1 2
RETI Return from interrupt 1 2
AJMP addr 11 Absolute Jump 2 2
LIMP addr 16 LongJump 3 2
SJMP rel Short Jump (relative addr) 2 2
JMP @A+DPTR Jump indirect relative to the DPTR 1 2
JZ rel Jump if Accumutator is Zero 2 2
INZ rel Jump if Accumulator is Not Zero 2 2
Jc rel Jump if Camry flag is set 2 2
JNC rel Jumpif No Carry flag 2 2
>a
n-3 i M‘B
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Tabie 1. (Cont.)
PROGRAM AND MACHINE CONTROL (cont.)
Mnemonic Description Byte Cyc
JB bit.rel Jump if direct Bit set 3 2
JNB bitrel” ~ Jump if direct Bit Not set 3 2
JBC bit.rel Jump if direct Bit is set & Clear bit 3 2
CJNE Adirectrel Compare direct to A&Jump if Not Equal 3 2
CJINE A ftdata rel Comp.immed. to A&Jump if Not Equal 3 2
CJINE Rn.#datarel  Comp.immed.to reg &Jump if Not Equal 3 2
CJINE @Ri.#data.rel Comp.immed.to ind.&Jump if Not Equal 3 2
DINZ Rn,rel Decrement register &Jump if Not Zero 2 2
DINZ 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 internal RAM locations, any I/O port, control or status register
@Ri - Indirect internal RAM location addressed by register RO or R1
#data - 8-bit constant included in instruction
#data 16 - 16-bit constant included as bytes 2 & 3 of instruction
bit - 128 software flags, any I/O 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 .
Addr 11 - Destination address for ACALL & AJMP will be within the same 2-k page of program
memory as the first byte of the following instruction .
rel - SJMP and all conditional jumps include an 8-bit offset byte. Range is +127 -128 bytes

relative to first byte of the following instruction.

All mnemonics copyrighted © Intel Corporation 1979

b4 3
n-14 9] .
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Table 2. Instruction Opcodes in Hexadecimal Order

Hex Number Hex Number

Code of Bytes Mnemonic Operands Code of Bytes Mnemonic Operands
00 1 NOP 33 1 RLC A
01 2  AJMP. code addr 34 2 ADDC A ftdata
02 3 LIMP code addr 35 2 ADDC A.data addr
03 1 RR A 36 1 ADDC A@RO
04 1 INC A 37 1 ADDC ABR1
05 2 INC data addr 38 1 ADDC ARO
06 1 INC. @RO 39 1 ADDC ARt
07 1 INC @R1 3A 1 ADDC AR2
08 1 INC RO 38 1 ADDC AR3
09 1 INC R1, 3C 1 ADDC AR4
0OA 1 INC R2 3D 1 ADDC AR5
08 1 INC R3 3E 1 ADDC AR6
oC 1 INC R4 3F 1 ADDC AR7
0D 1 INC RS 40 2 JC code addr
Oe 1 INC R6 41 2  AJMP code addr
oF 1 INC R7 42 2 ORL data addrA
10 3 JBC bit addr,code addr 43 3 ORL data addr.#data
11 2  ACALL code addr 44 2 ORL A #data
12 3 LCALL code addr 45 2 ORL A.data addr
13 1 RRC A 46 1 ORL A@RO
14 1 DEC A 47 1 ORL A@R1
15 2 DEC data addr 48 1 CRL ARO
16 1 DEC @RO 49 1 ORL ART
17 1 DEC @R1 4A 1 ORL AR2
18 1 DEC RO 4B 1 ORL AR3
19 1 DEC R1 4C 1 ORL . AR4
1A 1 - DEC R2 4D 1 ORL ARS
18 1 DEC R3 4E 1 ORL AR6
1C 1 DEC R4 4F 1 ORL AR7
1D 1 DEC RS 50 2 UNC code addr
1E 1 DEC R6 51 2  ACALL code addr
1F 1 DEC R7 52 2  ANL data addrA
20 3 J8 bit addr,code addr 53 3  ANL data addr#data
21 2 AMP code addr 54 2 ANL A#data
22 1 RET 55 2 ANL A.data addr
23 1 RL A 56 1 ANL A@RO
24 2 ADD Adata 57 1 ANL A@R1
25 2 ADD A data addr 58 1 ANL ARO
26 1 ADD A@RO 59 1 ANL AR1
27 1 ADD A@R1 5A 1 ANL AR2
28 1 ADD ARO 5B 1 ANL AR3
29 1 ADD AR1 5C i ANL AR4
2A 1 ADD AR2 50 1 ANL ARS
28 1 ADD AR3 5 1 ANL ARG
2C ¢ 1 ADD AR4 5F 1 ANL AR7
20 1 ADD ARS 60 2 Uz code addr
2€ 1 ADD ARS 61 2 AMP code addr
2F 1 ADD AR7 62 2 XRL data addrA
30 3 JUNB bit addr.code addr 63 3 XRL data addr#data
31 2 ACALL code addr 64 2  XRL A #data
32 1 RETI 65 2 XRL A,data addr

n-1s5
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Table 2. (Cont.)
Hex Number . Hex Number
Code of Bytes Mnemonic Operands Code of Bytes Mnemonic Operands

66 1 XRL A@RO 99 1 suBs ARt

67 1 XRL . -A@R1 9A 1 sueB AR2

68 1 XRL ARO 98 1 SuBB- AR3

69 1 XRL ARt 9C 1 suss AR4

6A 1 XRL. AR2 D 1 suBs ARS

68 1 XRL AR3 9E 1 sues ARG

6C 1 XRL AR4 oF 1 SuBs AR7

6D 1 XRL ARS A0 2 ORL Cbit addr

6E 1 XRL ARG Al 2 AIMP code addr

6F 1 XRL AR7 A2 2 MOV C.bit addr

70 2 JUNZ code addr A3 1 INC DPTR
4! 2 ACALL code addr A4 1 MUL AB

72 2 ORL C, bit addr A5 reserved

73 1 JMP @A+DPTR AB 2 MOV @R0,data addr
74 2 MOV A #data A7 2 MOV @R1,data addr

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

76 2 MQV @RO0,#data A9 2 MOV R1,data addr

77 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 R2.#data AD 2 MoV RS5,data addr

78 2 MOV R3,#data AE 2 MOV R6,data addr

7C 2 MOV R4, #data AF 2 MOV R7datd addr

7D 2 MOV RS.#data BO 2  ANL Cbit addr

7€ 2 MOV R6.#data Bt 2  ACALL code addr

7F 2 MOV R7#data B2 2 CPL bit addr

80 2  SJMP code addr B3 1 CPL C .
81 2 AJMP code addr B4 3 CJINE A #data,code addr
82 2  ANL Cbit addr 85 3  CINE A.data addr,code addr
83 1 + MOVC A@A+PC B6 3 CINE @RO0,#data,code addr
84 1 Div AB B7 3 CINE @R1,#data.code addr
85 3 MOV data addrdata addr 88 3 CINE RO,#data.code addr
86 2 MOV data addr,@R0O B89 3 CINE R1,#data,code addr
87 2 MQV data addr@R1 BA 3  CINE R2.#data,code addr
88 2 MQV data addrRO B8 3 CJNE R3,#data,code addr
89 2 MOV data addr.R1 BC 3 CINE R4, #data,code addr
8A 2 MOV data addrR2 BO 3 CINE RS, #data,code addr
88 2 MOV data addrR3 BE 3 CINE R6,#data,code addr
8C 2 MOV data addrR4 BF 3 CINE R7#data,code addr
80 2 MQV data addr.RS Co 2 PUSH data addr

8E 2 MOV data addrR6 1 2  AMP code addr

8F 2 MOV data addrR7 Cc2 2 CLR bit addr

90 ¢ 3 MOV DPTR #data C3 1 CLR C
N 2  ACALL code addr C4 1 SWAP A

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

93 1 MOVC A@A+DPTR C6 1 XCH ABRO

94 2 suss A #data c7 1 XCH A@R1

95 2 sSuss Adata addr c8 1 XCH ARQO

96 i suBB A@RO Cc9 1 XCH AR1
97 1 SUBB A @R1 CA 1 XCH AR2

98 1 sues ARO cB 1 XCH +AR3

e =« NHS
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Table 2. (Cont.)
Hex Number Hex Number
Code ofot“MnemonlcOperands Code O'ByteeMnemonlcOperands
cC 1 XCH AR4 E6 1 MOV A@RO
CD 1 XCH- ARS E7 1 MOV A @R1
CE 1 XCH AR6 E8 1 MOV ARO
CF 1 XCH AR7 E9 1 MoV AR1
Do 2 POP data addr EA 1 MOV AR2
D1 2  ACALL code addr EB 1 MOV AR3
D2 2 SETB bit addr EC 1 MoV AR4
D3 1 SETB C ED 1 MOV ARS
D4 1 DA A EE 1 MOV AR6
D5 3 DINZ data addr,code addr EF 1 MOV AR7
D6 1 XCHD A@RO FO 1 MOVX @DPTRA
D7 1 XCHD A@R1 F1 2 ACALL code addr
D8 2 DINZ RO.code addr F2 1 MOVX @ROA
D9 2  DINZ R1,code addr F3 1 MOVX @R1A
DA 2  DINZ R2,code addr F4 1 CPL A
DB 2 DUNZ R3.code addr F5 2 MoV data addrA
DC 2  DINZ R4.code adar F6 1 MOV @ROA
DD 2 DIUNZ R5,code addr F7 1 MOV @R1A
DE 2 DINZ ~ R6,code addr F8 1 MOV ROA
DF 2 DINZ R7.code addr F9 1 MOV R1.A
EOQ 1 MOVX A@DPTR FA 1 MOV R2A
E1 2 AMP code addr B 1 MOV R3.A
E2 1 MOVX A@RO FC 1 MOV R4.A
E3 1 MOVX  -A@R1 FD 1 MOV RS.A
E4 1 CLR A FE 1 MoV R6.A
E5 2 MoV A, data addr FF 1 MOV R7A
R
P
S
D 80C31
i J 80C51 XXX
Temperature Range Part Number Customer Rom Code Low Power
blank: Commercial 80C51Rom 4K x 8 (80C51 only) Supply Version
I: Industrial 80C31 External Rom
Package Type
P: Plastic
S:PLCC
D: Cerdip
R:LCC
J:Jleaded LCC

== MNHS
nir i
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MOTOROLA

MC145288B

DUAL MONOSTABLE MULTIVIBRATOR

Separate Reset Available
Diode Protection on All Inputs

Triggerable from Leading or Trailing Edge Pulse
Supply Voltage Range = 3.0 Vdc to 18 Vdc

Capable of Driving Two Low-power TTL Loads or One Low-power
Schottky TTL Load Over the Rated Temperature Range

Pin-for-Pin Replacement with the MC 145388

The MC145288 is a dual, retriggerable, resettable monostabie
multivibrator. It may be triggered from either edge of an input pulse, and
produces an output pulse over 3 wide range of widths, the duration of |
which is determined by the external timing components, Cx and Ry.

MAXIMUM RATINGS® (Voltages Referenced to Vgg)

L SUFFIX
CERAMIC
CASE 620

P SUFFIX
PLASTIC
i CASE 648

D SUFFIX
" S0
CASE 7518

ORDERING INFORMATION

MC14XXXBCP Plashc
MC14XXXBCL Ceramic
MC14XXXBD SOIC

Ta = -55 1o 125 C for alt packages.

Symbol Parametes Value Unit
Vpp [OC Supply Voltage ~0510 +180 v
Vin. Vout | Input or Output Vohagae (OC or Transient) -0.5t0 Vpp 0.5 v
Yn. lout {Input or Output Current (DC or Transient). per Pin =10 mA
Pp Power Dissipation, per Packaget 500 mw
Taig |Storage Tempersture ~ 68510 - 150 °C
T Lesd Temperature (8-Second Soldering) 260 *‘C
“Maxmum Ratngs are hose vahues beyond whsch damage ©© he device may 0cowr.
tTemperatre Deratng: Plastc “P angd DDW™ Packages: - 7.0 mW"C From 65°C To 125°C
Ceramic "L” Packages: - 12 mW"C From 100°C To 125°C
ONE-SHOT SELECTION GUIDE
1000ns Tus I0Ons 100us 1tTms 10Oma 100ms 1t 108
MC1as208 < = - l
MC145368 x ¥ 23 he
MC145388 |2 P +—0
MC145418 P $ mun.
" ;

“LIMITED OPERATING VOLTAGE (2-6V)

Total Qutput Puise Wiith Range ¢—————————>
Recommended Puise Widin Range S

BLOCK DIAGRAM

Cxt
X Ay

oo

a2 S_—)
azﬁ>> b33
e M

Vpp = Pin 16
Vgg=Pin 1, Pin 8, Pm 15
Ry and Cx sre external components

50



, ' MC14528B .

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Characteristl Symbot | 10O - 2 12°C Unit
it < m
eris 4 Vde Tiin | Max Min Typ# | Max | Min | Max )
Output Voitage “0" Level 50 —_ 0.05 _ 0 0.05 - 0.05
Vin = Vpp or 0 vou 10 — | o005 - 0 005 | — [ 005 | vac
15 —_ 0.05 —_ 0 0.05 —_ 0.05
“1" Level 5.0 495 - 4.95 5.0 - 495 —
Vin = 0 or Vpp VoH 10 {995 | — 9.95 10 — 9985 | — | va
15 1495 | — 14.95 15, — 1495 | —
Input Voltage “0" Level
(VO = 4.5 0r 0.5 Vdc) Vi 5.0 — 1.5 —_ 2.25 15 -— 15 vdc
(VO = 9.0 or 1.0 Vdc) L 10 — | a0 = 4.50 30 | — | 30
(VO = 13.5 or 1.5 Vde) 15 - 4.0 —_ 6.75 4.0 — 4.0
“1 Level
(VO = 0.5 or 4.5 Vdc) S0 3.5 - 35 275 — 3.5 -
(VO = 1.0 or 9.0 Vdc) ViH 10 [ 70 = 7.0 5.50 — {70 | — | Ve
(VO = 1.5 0r 13.5 Vdc) 15 11 —_ 11 8.25 - 1 —_
Output Dnive Current :
(VOH = 25 Vde) Source 50 ~-12 - -t0 o A - -07 -
(VOH = 46 Vdc) IOH 50 | -064) — -051 | -088 — | -0386| — [madgc
(VOH = 9.5 Vdc) 10 -1.6 - -13 -2.25 _ -09 -
(VOK = 13.5 Voc) : 15 [ -42 ) — -34 - 88 — | -24| —
(VoL = 0.4 Vdc) Sink 50 | o84 | — 0.51 0.88 — (o036 | —
(VoL = 05 Vdc) 1oL 10 1.6 - 1.3 225 - 0.9 — | made
(VoL = 1.5 Vdc) 15 42 — 34 8.8 — 24 |
Input Current hn 15 — =01 - =0.00001| =0.1 —_ =1.0 | pAdc
Input Capacitance Cin - - — - 5.0 7.5 E —1 pF
(Vin = 0) =
Quiescent Current oo 5.0 - 50 — 0.005 5.0 — 150 | wAdc
(Per Package) 10 —_ 10 - 0.010 10 - 300 -
15 - 20 — 0.015 20 -—_ 600
**Total Supply Cumment at an external I -~ HICL, Cx) = |(C + 0.36CX)Vpp! + 2x10~ 8 pAdc
load Capacttance (Cp) and at RxCx(Vpp~ 22 x 10-3
external tming capacitance (Cx). where: It n uA (per circuit), C| and Cyx in pF. Ry in megohms,
use the lormula ~- Vpp = Vdc. !in kHz is input frequency.

#Data labetied "Typ™ is not 1o be used lor design purposes but s
ntended as an indication of the IC's potential performance. PIN ASSIGNMENT

“*The lormulas given are for the typical characteristics only at 25°C.

Tiis device conteins protecticn circuitry 0 guard against damage due tu fugh

static voltages or electric fislds. However, precautions must be taken to avord
Of any voitage higher than maxtmum rated voltages to this high-

tmpedance circuit. For proper operstion, Vi, and Vout shouid be constrained

1o the range Vgg < (Vip o Vo) € Vpp.

Unused inputs must always be tied to an appropriate logic voltage leve! (e.g..

either Vgg or Vpp). Unused outputs must be left open. -




- L 3
SWITCHING CHARACTERISTICS™ (C = 50 pF. Tp = 25°C)
Cx Rx Voo
Char-ciarltlkf Symbol oF n vac Min Typ # Max Unit
Qutput Rise and Fall Time L. - - -3
TEH. THL = (1.5nspF)Cy + 25 ns THL S0 - 100 200
T TTHL = {0.25nsDF) Gy + 125ns 10 - 50 100
TLH- [THL = {0.55nspF) €t « 9.5ns 15 - 40 80
Tum-Oft, Tum-On Delay Tne — Aor 810 Q or O PLH. 15 50 ns
PLH- tPHL = (1.7 nspFIC +» 240 ns PPHL 5.0 - 325 650
tPLH. tPHL ® (0.66 nspF) C + 87 ns . 10 —_ 120 240
PLH. PHL = (0.5 nspF)C + 65ns 15 - 90 180
Tum-Off, Tum-On Delay Time —A or B to Qor 5 PLH. 1000 10 ns
LM PHL = (1.7 nsPFYC « 620 ns tPHL s0 - 705 —_
PLH. 1PHL = (0.66 ns pF) C + 257 ns 10 — 20 -
tPLH. tPHL = (0.5 nspF) C » 185ns 15 — 210 -
Input Puise Wicth— Aor B wH 15 se 50 150 70 - ns
10 75 30 _
15 55 30 -
N Wi 1000 10 5.0 - 70 — ns
10 N 30 -
15 & 30 -
Output Pulse Width — Q or O W 15 5¢ 50 - 550 - ns
{For Cx - 0.01 uF use graph for appropriate Vo level ) 10 - 350 -
15 - 300 -
Output Puise Width — Q or O w 10,000 13 5.0 15 30 45 s
{For Cx : 0.01 uF use tormula: 10 0 50 S0
tw = 02 Ry Cx Ln[Vpp - Vssin 15 15 55 95
Pulse Width Maich between Circuils in the same package 1 - 12 10,000 1C 50 -— 60 25 .
10 - 8.0 35
15 _ 8.0 35
Reset Propagation Detay — Reset 10 Q or O PLH. 15 5¢ 5.0 - a2s €00 ns
1PHL ' 10 - 90 225
15 — 60 170
1000 10 5.0 — 1000 - ns
7 10 - 300 -
15 - 250 -
Retngger Time ty 15 50 5.0 0 - - ns
0 0 - -
15 0 — -
1000 10 5.0 0 = - s
10 0 - -
15 [} —_ -
External Timing Resistance Rx —_ - — 50 - 1000 (1]
¢ =s1ema! Tining Capacitance Cx —_ - - No trmts* uf
1 Ry 1sin Ohms, Cy is in fareds. Vpp and Vgg m volts, PW,, i in seconds.
° W Cyx>> 15 uF. Use Discharge Protection Diode Dy, per Fig. 9.
**The tormulas given are for the typical charactenstics only st 25°C
o#Data labetied “Typ™ 13 not to be used 10r design purposes but s FUNCTION TABLE
as an of the IC's e had - N T H
inputs Qutpufs |
Reset A B Q a
H S H I S
H L N N T
H & L Not Triggered
H H W Not Triggered !
- H LH\ H Not Triggered
H L LHS Not Triggered !
L X X L H o
NS X X Not Triggered: |
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MC14528B )
FIGURE 1 — OUTPUT SOURCE CURRENT TEST CIRCUIT FIGURE 2 — OUTPUT SINK CURRENT TEST CIACWUIT
VYoo . Voo
Tu T 10
‘oL
A Q }==0 Open .—o—O—.
Vou
—o—{ 8

J— Vou
&—0— Resst & —O—O—. .
'
s i vgs o

0 Open

FIGUAE 3 — POWER DISSIPATION TEST CIACUIT ANDO WAVEFORMS

Voo

e 1uf
sooef 7= (o Ig":“"

> >
Ay S o Ny
xe $x
Cx Cx’

it

|

CLI 20 ns r— —_— r—:on.
e v

9o% l oo

*

[
it

10% ov

%

Duty Cycte « 0%

{
f

FIGURE &4 — AC TEST CIRCUIT

Wi INPUT CONNECTIONS
“Cx = 18 oF CHARACTERISTICS | Reset A []
c ) ':: : ;50‘:'“ :::.N-VuL."rLM, il oo | ser | voo
":.- ! WLM-?:L: TTLK, TTHL voo ves rc2

‘w

wiring, ono Lixture Daresitic.
NOTE AC test waveforms G2 - [ J
for PGY_PG2, ane PGl on

e S

o,
)

Puise > 1 PLH(ALPHLIAY tw »G3 | rc1 | eG2
Genaevator
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TYPICAL APPLICATIONS

FIGURE 7 — RETRIGGERABLE
MONOSTABLES CIRCUITRY
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$G15254/SG1527A
$G25254/562527A
SG3525A/563527A

PULSE WIDTH MODULATOR CONTROL CIRCUITS

The SG1525A/1527A series of pulse width modulator control-
circuits offer improved performance and lower external parts
count when implemented for controlling all types of switching
power supplies. The on-chip +5.1 volt reference is trimmed to-
= 1% and the error amplifier has an input common-mode voltage
range that includes the reference voltage, thus eliminating the
need for external divider resistors. A sync input to the osciilator
enables multiple units to be staved or 8 single unit to be syn-
chronized to an external system clock. A wide range of dead time
can be programmed by a single resistor connected between the
Ct and Discharge pins. These devices also feature built-in soft-
start circuitry, requiring only an external timing capacitor. A shut-
down pin controls both the soft-start circuitry and the output
stages, providing instantaneous turn off through the PWM latch
with pulsed shutdown, as well as soft-start recycle with longer
shutdown commands. The under voltage fockout inhibits the out-
puts and the changing of the soft-start capacitor when Vg is
beiow nominal. The output stages are totem-pole design capable
of sinking and sourcing in excess of 200 mA. The output stage of
the SG1525A series features NOR Logic resulting in a low output
for an off state while the SG1527A series utilizes OR Logic which
gives a high output when off. The devices are available in Military,
Industrial and Commercial temperature ranges.

® 8.0 to 35 Volt Operation
® 5.1 Volt = 1.0% Trimmed Reference

PULSE WIDTH MODULATOR
CONTROL CIRCUITS

SHICON MONOUTHIC
INTEGRATED CIRCUITS

J SUFFIX
CERAMIC PACKAGE
CASE 620-02

N SUFFIX
PLASTIC PACKAGE
B CASE 648-05

PIN CONNECTIONS

@ 100 Hz to 400 kHz Oscillator Range INV. In E g :]
. Input | 1 6| Vet
® Separete Oscillator Sync Pin
o N.Linout [7] 5] vee
® Adjustable Dead Time Control
® Input Undervoltage Lockout Sync E 14 Outpur 8
® Latching PWM to Prevent Multiple Pulses 0SC. Output E Evc
° Pulse-by-Pulse' Shutdown ¢r E E Ground
¢ Dual Source/Sink Outputs: = 400 mA Peak
AT [:5: E]Oulput A
FUNCTIONAL BLCCK DIAGRAM Discharge [Zf ~ w  [iddShurdown
Vnu To tnternal ] Soft-Start E ECompanutien
v Circwitry Under
ce (3 m Vohage- (Top View)
Ground(12) Lockout
05¢ Output () - e
“SiGR
"7(e) o ORDERING INFORMATION
cr(s) Tempersture
o] ge(7 Device Range Packsge
s N\ SG1625A0 ~65to +125°C | Ceramic DIP
Y SG1527A) | - 6510 +125'C | Ceramic DIP
NV
. Ereo? SG2525A)- | ~2510 +85°C | Caramic DIP
¥ SG2525AN —-25t +85°C | Plastic DIP
Soh Sani(8 SG2527AJ - | -2510 +85°C | Csramic DIP*
s0a SG2527AN —25t0 +85°C | Plastic DIP
Shusewn((0) SG3525AJ 0to +70°C | Ceramic OIP
SG3525AN Oto +70°C | Plastic DIP
SG3IS27AJ 0to +70°C | Ceramic DiP
, i SG3527AN Oto +70°C | Plastic DIP

MOTOROLA LINEAR/INTERFACEDEVICES
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* SG1525A, SG1527A, SG2525A, SG2527A,

MAXIMUM RATINGS (Note 1)

SG3525A, SG3527A

L.

Rating Symbol: Velve Unit
Supply Voltage R Vee +40 Ve
Collector Supply Voltage Ve +40 Ve
Logic inputs - -0.310+5.5 v
Analog inputs - 031w Ve
Qutput Current. Source o Sink - o +500 mA
Roference Output Current lref 50 mA
Osciliator Charging Current = 5.0 mA
Power Dissipstion [Plastic & Cersmic Packsge) Po mw
Note 2. Tp = +25°C 1000
Note 3, Tp=+25°C - 2000
Thermal Resismnce Junchon to Air RgJA 100 °C/W
Plastic and Ceramic Package
Thermal Resismance Junction to Case Rayc 60 °C/W
Plastic and Ceramic Paciage
Op g Junciion T Ty *150 eC
Storage Temperature Range  Ceramic Package Tsig -65 10 +150 °C
Plasuc Package -5510+125
Lead Temperstwe {Scidenng. 10 Seconds) Tsolder +300 C
NOTES:
1. Vaiues beyons wivch damage may ocuf =
2. Derste 31 10 mW/*C for saabesnt temperatures above *50°C
3. Dermta st 16 mW/°C for case mimperstures above +25°C
RECOMMENDED OPERATING CONDITIONS
L %
Cherscteristic Symbol Min. Max, Unit
Supply Voltage vee +8.0 +35 Vde
Collector Supply Voltage V¢ +4.5 +35 Vde
Qutput Sink/Source Currem g mA
(Steady Stase) [+} 2100
{Paak) o 2400
Relerence Load Current lraf o] 20 mA
Osciliator Frequency Range fosc 0.1 400 tHz
O:zziitator Timing Resistor . Ay 20 150 1]
Caciltator Tirusg Capaciior ] Cr 0.001 0.2 uF
Deachime Resisior Range Rp v} $00 n
Operating Ambient Temperature Renge Ta oc
L. SG1525A, SG1S27A -85 +128
5G2525A, SG2527A -25 +85 R
S5G3525A, SGIS2TA ] +70

B s



SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A .

ELECTRICAL CHARACTERISTICS (Vec = +20 Vde, TA = Tiow to Thigh {Note 4], unless otherwise specified)

SG1526A/2528A 8G3525A -
SG1627A/2627A $G3IB27A .
Cherscteristic Symbol Min l Typ I Max Min r Typ Max Unit
REFERENCE SECTION
Reference Output Voltage (T4 = +25°C) Vret 5.05 5.10 5.15 5.00 5.10 5.20 Vde
Line Regulation (+B.0 V< Ve <. ¢35 V) Regling — 10 20 - 10 20 mv
Load Regulation (O mA < I, € 20 mA} Regioad - 20 50 — 20 50 mvV
Temperature Stability AVigi/AT. - 20 50 -— 20 50 mv
Totat Output Variation AVt 5.00 - 5.20 4.95 - 6.25 Vdc
Includes Line and Load Regulation - 4
over Temperature '“ ‘
Short Circuit Current Isc - 100 - 80 100 mA
(Vo= OV, Ty= +255C) f EIAEN
Output Noise Voltage Vn - 200 = 40 200 | pVems
(10 Hz < 1< 10 KkHz Ty= +25°C)
Long Term Stability (T 3= +125°C) {Note 5) S - 20 50 —_ 20 50 mV/khe
OSCILLATOR SECTION (Note 6. unless otherwrse specified)
Initiat Accuracy (T j = +25°C) - — 220 6.0 - *20 *6.0 %
Frequency Stability with Voltage Maee ‘s +0.3 +1.0 - *1.0 +2.0 «
(*80V Vee<+35V) AVee
Frequency Stability with Temperature - Moge' — +3.0 6.0 — *3.0 *6.0 %
STEV VS
Minimum Frequency (R = 150 k), Ct = 0.2 uF) frin - _ 100 - —_ 100 Hz
Maximum Frequency (Rt = 2.0 kN, Ct 2 1.0 nF) fmax 400 - - 400 - - kHz
Currant Mirror (Igy = 2.0 mA) - 1.7 2.0 1.7 2.0 2.2 mA
Ciock Amplituda - 30 35 - 3.0 35 —_ v
Clock Width (T ) = +25°C) - 0.3 0.5 1.0 0.3 0.5 1.0 us
Sync Threshold v— 1.2 2.0 28" 1.2 2.0 28 v
Sync Input Current {Sync Voltage = +3.5 V) - — 1.0 2.5 - 1.0 2.5 mA
ERROR AMPLIFIER SECTION (Ve = #5.1 V)
tnput Offset Voltage vio - 05 5.0 — 20 10 mv
Input Bias Current hg -— 1.0 10 - 1.0 10 uA
Input Offser Current ko - — 1.0 - - 1.0 uA
DC Open Loop Gain (Ry 3 10 MM) AvoL &0 75 - 60 75 — a8
Low Leve! Output Voltage Vou — 0.2 0.5 - 02 05 v
High Lovel Output Voltage = Vou kX ] 6.6 — s 5.6 - v
Common Mode Rejection Ratio CMAR 60 75 - 75 - dB
ISV Vems+sia v
Power Supply Rejection Rato = PSARR 50 60 — 50 60 -— a8
(+8OVE Voo € #35V)
PWM COMPARATOR SECTION
Minimum Duty Cycle DCmin — -— 4] - - 0 %
Maximum Duty Cycle DCrmax 45 49 .|~ 45 49 - <
tnput Threshold, Zero Duty Cycle (Nate 6) M 0.6 09 - 0.6 0.9 - v
input Threshold, Maximum Duty Cycie (Note §) VIH - 33 36 - 33 s v
Input Bins Current g - 0.05 1.0 - 0.05 1.0 A
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SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A *

ELECTRICAL CHARACTERISTICS (Continued)

S§G1626A/2626A 5G3525A
S8G1627A/2827A §G3627A
Characteristic Symbol | Min | Typ | Max | Min | Typ [ Max | unmr
SOFT-START S§ECTION .
Soh-Start Current (Vgnydown =0 V) - 25 50 80 25 50 80 »A
Soft-Start Voltage (Vghurown = 20 V) - — | o0a 0.6 - 0.4 0.6 v
Shutdown Input Current (Vsnadown * 2.5 V) - - 04 1.0 - 0.4 1.0 mA
OUTPUT DRIVERS (Each Output. Vg = +20V)
Qutput Low Level VoL v
Ugink ® 20 MA) - 0.2 0.4 - 0.2 0.4
{lgink = 100 mA) - 1.0 2.0 - 1.0 2.0
Output Migh Lavel | VoH v
llgource = 20 mA) 18 19 - 18 19 -
(lgource = 100 mA) 17 18 - 17 18 -
Under Voliage Lockout (V8 end V9 = High) VuL 6.0 1.0 80 8.0 7.0 8.0 v
Collscior Laskage, V¢ * 35 V (Note 7) ICi1eak) —_ - 200 - - 200 nA
Rise Time (Cy_ = 1.0 nF, T = 25°C) tr -— 100 600 - 100 600 ns
Fall Time (C = 1.0 nF, T = 26°C) t - 50 300 - s0 300 ns
Shutdown Delay tds — 0.2 0.5 — 0.2 05 us
(Vsp=+3.0V.Cg5=0,T;2+25°C)
Supply Current, (Ve = +35V) icc - 14 20 - 14 20 mA
NOTES:
4 Tiow = =65°C for SG1525A/1527A
-26°C for SG252502527A
0°C for SGIS25AISZTA
Thigh = 4 125°C for SG1626A1527A
+85°C for SG2525A'252TA
+70°C for SGIS25AIS2TA 4
5. Since long term sability cannct be messured on esch device befors shipment, this specificstion is an engineering estimate of sversge stability
from fot to ot

& Tosted ot foe: = 40 kHz (7 = 16 k01, CT = 0.01 4F.Ap = 0.0
7. Appiies to SG1525A/2625A/3525A only, due to polarity of output pulses.

APPLICATION INFORMATION

functions: the PWM latch is immediately set providing
the fastest turn-off signal to the outputs; and § 150 A -
current sink begins to discharge the external soft-start

SHUTDOWN OPTIONS
(See Biock Disgram, front page)

Since both the compensstion and soft-start terminals
{Pins § and B) heva current source pull-ups, either can
readily accept 8 pull-down signal which only has to sink
2 maximum of 100 uA to turn off the outputs. This is
subject to the added requirement of discharging what-
ever sxternsl capacitance may be sttached to thesa pins.

An alternate spproach is the use of the shutdowrr
circuitry of Pin 10 which has been improved to enhance
the available shutdown options. Activating this circuit
by applying a positive signal on Pin 10 performs two

capacitoz. If the shutdown commaend is short, the PWM
signal is terminated without significant discharge of the
soft-start capacitor, thus, sllowing, for example, a con-
venient implementation of pulse-by-pulse current fim-
iting. Holding Pin 10 high for a longer duration, how-
ever, will ultimately discharge this external capacitor,
recycling slow turn-on upon release.

Pin 10 should not be left flosting &s noise pickup could *
concsivably interrupt normal operation.



SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A °

TYPICAL CHARACTERISTICS

FIGURE 1 —'SG1525A OSCILLATOR SCHEMATIC
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SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A .
L4
. 1
FIGURE 7 — §G1526A/2628A/3625A
OUTPUT SATURATION CHARACTENISTICS
A/ l J'2!)1V
. cc= +
g ‘-‘j"— =5t .
21
8
= . /,
g 2
g2 A
24« ,_.—-—-' r I .
2 L e ve-vow
5 l.. 44111 .
&g 1/ Sint Sat. (Vo)
A [
001 002 003 DO50. N 0.7 &3 05.67 lo.
ig. BUTPUT SOUKCE OR SIKX CURRENT (AMPS)
FIGURE 8 — SINGLE ENDED SUPPLY FIGURE 9 — PUSH.PULL CONFIGURATION
a1 )
*Vaupply To Output Fihet “Veupply .
R1
RY
il . ct
ve . o1 T4
= " |
AM1Y c2
SGI1525A SG1525A
LI
a2
gnd ona ° n3
12 =
lo 4 .
For single-ended supplies, the driver outputs sre gvoundod.‘ In conventional p;th-pull bipolsr designs, forward base
The V¢ tarminal is switched to ground by the totem-pole drive is controlied by A1-R3. Rapid turn-off times for the
source transistors on aiternate osciltator cycles. powar devices sre achieved with speed-up capacitors C1
and C2.
FIGURE 10 — DRIVING POWER FETS FIGURE 17 — ORIVING TRANSFORMERS IN A
O——¢ NALF-BRIDGE CONFIGURATION
*Vaupply - - ’_] ) -
TJ
J3, g I3 " - n 2 (4]
ve .®_J 2m
o 9!! JEE ]
SG1525A
[+} 5
Gna 34 -
;3- E $n2 cz
- <4
L - r...f,:,
The low source impedance of the output drivers provides tow pmtuundwmuunbodﬁwndincﬂybyma S$G1525A. |
rapid charging of power FET input capacitance while mini- Automatic reset occurs gurina dogdﬂmo. when both ends of the

) P primary are swirched 10 9




102

- - e e e e e St

SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A

~gm@ = =—na®0O

0000 Romo 4
. o ? 100 ]
O A
e jI:aom
Comp
2 108 L
My oo A
2= 1{+)
31} Ey
1 1
. oH— Bo = ;
7™ lo? o 2 s \
ol d




National
Semiconductor

N Corporation )
'LM741/LM741A/LM741C/LM741E Operational Amplifier

General Description
, The LM741 series &re general purpose operational amphfi-
ors which feature improved performance over industry stan-
gards like the LM709. They are direct, plug-in replacements
' for the 709C, LM201, MC1439 and 748 in most applications.
: The amplifiers offer many features which make their apph-
' cation nearly foolproof: overioad protection on the input and

output, no latch-up when the common mode range is ex-
ceaded, as well as freedom from oscillations.

The LM741C/LM741E are identical to the LM741/LM741A
except that the LM741C/LM741E have their performance
guaranteed over a 0°C to +70°C temperature range, in-
stead of —55°C to + 125°C.

|
_Schematic and Connection Diagrams (rop views)

OFFSET NULL

[T U —

7
o - VO
os 09 012 Q13
1\Aou
at 2} WVERTRG 28
NPUT 3y -
R? ats ]
S, 45K
Q3 T so0f[ ra > Ry
AT et t o
l/—ﬁ> 6
1—{:07 a1s Sadad
1\1 S R0
& 50K
-P,—KOW
e Q10
os\L .2 Qtt ozz\' I Q20
' N : rgl N
S _OFFSET
L/ ’_'—!FW 3 - 4
Rt SRS <R2 R4 < d
tx 3 0K $1K 5K $ ox i: W
4 -
TUP:/”H—!
Duakin-Uine or S.0. Package
U
OFFSET NULL —{1 g—NC
INVERTING INPUT —§ 2 v
(6) outPuT
NON=INVERTING —{ 3 ¢ F-output
(5)OFFSET MULL PUT
e S b~ OFFSET NULL
. TUnesa-2 . L. . e TUM/EIA1-3.
Order Number LM?“R, LII741AH, _ Order Nusnbes LM741CE LM74 1CM,
LM741CH or LM741EM LM741CN o LMZ41EN"
See NS Package Number HOSC"

See NS Package Numbes JO8A, MOSA or NOBE-

2447 °
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pectrical Characteristics mote 3) (Continued)
/7 .
' - . 4
parameter Conditions LM741A/LM741E LM741 LM741C Units
. Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
—
v Voitage Swing Vg = 20V
AL 10kQ £16 v
AL > 2kA +15 v
Vg = 15V ’ .
Ry = 10k = +12 1 £14 +12 | t14 v
RL 2 2kQ +10 | *+13 +10| %13 \%
a2 Short Circuit Ta = 25°C 10 25 35 25 25 mA
ot Tamin < Ta < Tapax 10 40 mA
~ron-Mode Tamin < Ta < Tamax Y
cton Ratio ‘Rg € 10K, Vom.= 112V 70 | 90 70 | 90 d8
Rs < S0k, Vo = 12V | 80 | 95 d8
< Yoltage Rejection | Tamin S Ta S TAMAX:
o Vg = +20VtoVg = £5V
Rg < 500 86 96 dB
Rg £ 10k 77 96 77 96 dB
raent Response Ta = 25°C, Unity Gain
& ime 025| 08 0.3 03 ns
Nershoot 60 | 20 5 5 %
cowdth (Note 4) Ta = 25°C 0437} 15 MHz
= Aste Ta = 25°C, Unity Gain 0.3 0.7 0.5 0.5 Vips
ooty Current Ta = 25°C 17 | 28 17 | 28 | mA
ww Consumption Ta™= 25°C
Vg = 20V 80 | 150 mw
Vg = 15V 50 85 50 85 mw
NT41A Vg = +20V
Ta = Tamin 165 mw
Ta = Tamax 135 mw
MIIE Vg = 120V
T TA-'T” 150 i SRR < 1 InwWe
- | Th = Taoe———— 150 - - -1 mw-
M741 Vg = +15V
Ta = Tamn 60 | 100 mW.
Ta = Tamax 45 75 - mw
Wb 1 For operation st e d temp s, thase devices must be derwted besed on thermal resistance, and T; max. (isted under “Absolute-Masimuan -
) Ty = TA 4 (PP :
Thermal Reslstance Cerdip () oI (N} TOS () SO-8 (M)
# 4 Lunction to Ambient) 100C/W 100°C/W 150°CrW 195°C/W
oz tunction 10 Case) NA N/A eorcrw N/A

W 2 For supply voltages less than 2 15V; the sbsokute mudmum input voage is equsl 10 the supply volage.
e 2 Unigss otharwise specified, these specifications spply for Vg = 115V, -55C < Ty s'+1mnmu1uﬂnn.Funm70CMuE.m
L SaAcsons e Imitsd © 0°C < Ta £ +70°C.

~  Wie & Casculated vaiue from: BW (MHZ) = 0.35/Rise Time(usk-
S % For milary speciications see RETST41X for LM741 and RETSTAIAX fr LMT41A:

P
i
PSS
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LM741/LM741A/LM741C/LM741E

Absolute Maximum Ratings

If Military/Aerospacs specified devices are required, contact the National Semiconductor Sales Otfice/Dl
avallabliity and specifications.

(Note 5)
LM741A
Supply Voitage 22V
Power Dissipation (Note 1) 500 mwW
Ditferential Input Voitage 30V
Input Voltage (Note 2) 15V
Output Short Circuit Duration Indefinite
Operating Temperature Range -55°Cto +125°C _
Storage Temperature Range —65°'Cto +150°C
Junction Temperature 150°C
Soldering Information
N-Package (10 seconds) 260°C
J- or H-Package (10 seconds) . 300°C
M-Package
Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 215°C

. LM741E’
22V

500 mW
+30V
.+ 15V
Indefinite
0"Cto +70°C
—-65°Cto +150°C
100°C

260°C
300°C

215°C
215°C

LM741
122v

500 mwW
+30V
15V

Indefinite

-55°Cto +125'C
~65°Cto +150°C
150°C

260°C
300°C

215°C
215°C

*‘ }
.;l’

e

-

B -]
s

Jil"

Ul74t']

18y q

500 my

+30v
185y

Indefinag !
0°Cto +78
-85'Cto "i

100°¢
1

260°C ™

300°c

215°C -
215C

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” (Appendix D) for other methods of sokse

surface mount devices.

Electrical Characteristics note 3)

Parameter Conditions LM741A/LM741E LM741 LM741C 1
Min | Typ| Max | Min | Typ | Max | Min | Typ [ Max
Input Offset Voitage Ta = 25°C q ‘,3‘
Rs < 10k0 10 | 50 20 | 60 |4
Rg < 500 08 | 30 1
Tamin S Ta < Tamax
Rg < 500 4.0 1
Rs < 10k 6.0 75 |
Average Input Offset 15 J
Voltage Drift ’
input Otisat Voitage Ta = 25°C, Vg = 220V
Adustment Range £10 +1§ £15 !
- Input Offset Current Ta.> 25:C 3.C 30 20 | 200 20 200
Tanin £ Ta < Tamax 70" 7] 85 | 500 300
Average Input Offset 0.5 J
Current Drift ) :
Input Bias Current Ta = 25°C 30 | 80 ~80 | 500 80 | 500!
TaMINS TaA S TAMAX. . 0.210 1.5 0.8
input Resistance Ta = 25°C,Vg = 220V 1.0 | 6.0 03§ 20 0.3 20 |
Tamin < Ta < Tamax. 05 '
Vg = +20V ’ :
Input Voltage Range Ta = 25°C +12 | =13 i
Tamin < Ta € Tamax +12 ] 213 !
Large Signal Voltage Gain | Ta = 25'C, Ay 2 2k b
Vg = 220V,Vgo = 215V | 50
Vg = +15V,Vg = +10V 50 | 200 20 | 200
Tamin S Ta < Tamax. )
AL 2 2k, H
Vg = £20V,Vp = +15V | 32
Vg = 215V,Vp = +10V 25 15
Vg = $5V,Vp = +2V 10

105



nnAnsINdsenA
ve - . & ' a - 1 E 3
uauauamg‘,‘lwmﬂsnm UnzU RaaANIANEIEINAD Avsa U
¢ ¢ a P ca a a - «
1. BIRTHNRATART \AAUSEIATS 27199MUSNYN nATEnElaAnsatAad

2. wgdndwa woude wnAnwSgaaln meigadidanseiad

< “ o 1 a a.
3. HIYNHA lﬂﬂ']ﬁ%q‘ﬂ Utinen 29 ﬂ'\ﬁ"lﬁ’l’)ﬁ?ﬂiiNﬁ:UUH'}UﬂN



g b W N =

[o2)

UFIUIUNTH

. DON LANCASTER, “TTL COOKBOOK”, HOWARD W. SAMS & CO., INC.

. JACOB MILLMAN, ARVIN GRABEL, "MICROELECTRONICS”, McGRAW-HILL INC.

. MOTOROLA, “CMOS APPLICATION-SPECIFIC STANDARD ICS*, MOTOROLA INC. ,1991

. MOTOROLA, “LINEAR AND INTERFACE INTEGRATED CIRCUITS®, MOTOROLA ING. ,1985

. SAVANT, RODEN, CARPENTER, “ELECTRONIC DESIGN CIRCUITS AND SYSTEM”, THE BENJAMIN/CUMMINGS

PUBLISHING COMPANY, LTD.

. STEPHEN R. FLEEMAN, “ELECTRONIC DEVICES”, PRENTICE HALL INC.

7. Yy susnsaneday, ave udegseAal, iuns gn, sudy gaxdalnda, s1Runs asArEnaeA,

9.

“A151997% 2807, gan. AMRNANN Physics Center

- Usian§ Usseiund, Yewed uindy “glauaznisussgndldomlulasnaulnsaiass Mcs-517

- a o L4 -3
dmnfinwzian
HA. AWAIN LRMEIATIH |, “n1snaaeinlasreulnsaiass McsS-51"

10. quaik Sundod, “lulasaoulnsaaasdmiegr 80517 lasimsastiannisinendesmiuas





