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Special Project Title

Name

Special Project Advisor
Department

Academic Year

This special project involved recent upgrading of an automatic tablet dispensing system called
“Pharmachine”. Experimental study and modification has been performed on an existent vibrational
bowl feeder along with the design and construction of a new smaller one. A C-program has been
written to implement a 89C51 microcontroller circuit for doing number of tablets manipulation i.e.
counting, stock updating and displaying. Lower counting error at 0.01 %, for feeding rate of 850

tablets per minute, has been established using detector array concept incomjunction with pulse-

shaping techniques.

Webpages have been designed for both remotes controlling of tablet dispensing machines and
patients-drugs database management through Internet. Thus, simulating a real situation of all-service

automation via hospital intranet system, starting from showing patient’s i.d. card to request symptom

Pharmachine II1

Mr. Tanit Vuttisarut

Miss Sudarat Thangsatapronpun
Miss Unchalee Kumphan
Assist.Prof. Anupong Srongpapra
Applied Physics

2000

Abstract

diagnosis by a doctor, payment process and then receiving drugs.
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9 9
HemseeuIs I LLaZ NN TLYTasvesad MstisssadimesuFeningelumsud

[ o Y Jdetov v J d?
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carvirnid
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9/ 1 a Jda d CR A a Jd a J aa aa A o
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o o . ‘o [ 3 = &
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¥ ¥
v ¥ o o [ o a J o a
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LﬁﬁﬂuﬁﬂTu%’,slﬂ@E]ﬂLﬂ‘Nﬁﬂ?HZﬂTL‘ilf]ﬂ’ﬂilﬁl'lﬂﬁﬂﬂﬂl@\‘iﬁﬂ]ﬂiﬂﬂmﬂﬂﬂﬂﬂﬂ'l’clﬂﬂﬁi%ﬂ‘ijui\‘iﬂu
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wendey “gevwd wagzex hinldouduaomggueunhdygrawudisslindinausedu
d H v vt AL Gl 4 4 <
WSeuney “Amut” FIUATATINIINTUDAWUTIU Lmzm’mfmm@aﬂmaﬂuamuzmuqa
Y I e‘/ [ Y At [ @ = v Y =3
LLﬁ’Jﬂ%ZﬂQﬂﬂTW%‘uﬂﬁ%ﬂﬂﬁi‘gﬂgK\Hﬂﬁl'lﬂJﬂ']ﬂ’J'l‘lJﬁNﬁﬂfJ’q\iﬂﬂigﬂULLSQﬂuL‘LGEJ'UmEJ’U “gNAN
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77 HFIUMUINANNTULNANUTIUBAANIT mﬁm“lﬂ%z'luuaﬁmmmﬁqﬂ BTy IUNAIAN N
v @ Jy v ] ' [ 1 v ga {3 ] ' [
madnd liniueuseninssauanuaeandiudsaniue vounana lwunsailida o msy

o Y a = Aa v 1Y ~
mmz%11wmﬂﬂmﬂaﬂuﬁmmwWﬂwmmmﬂmmgﬂm 2P

2.2.5 wqyﬁsﬁmﬁ’n Microcontroller
2.2.5.1 Ins9ai9ued MCS-51
4 sy @ r/dg‘ o 9y
lulnsneuInsamesaizga MCS-51 Hdstunmewosyuny laseasuneluvesing
a t o < o
wessziimizsanudineluduiwy RoM tewesifluuuy EPROM 1nawesil RAM mo
7= 1< & s 1 [
T 128 lud 1nawest 256 lud fludu deswazBoaszdnu ldnndile laense wazdnung
] b4
YBIUA1 MUY gauentiaN Ay Yos MCS-51 Al
a 1

- UNUIEAIUI1 ROM 4K bytes

- Tmiaeaaus$ RAM 128 bytes



= Jd a o
- IWesN /O YU1A 8 Uf 4 WoSN
- 3 Timer 16 9% 2 a7

a Jdo Y t
- ENNSODUINBS SN LA 5 uras
- §199500aF AW S UaZ 19T RNV UTN
4 @ 1 o

- finesnounsuAinnsoSudedoyauuy Full Duplex AU
- Frndsanudliunsunieuenld 64 K
- aunsedszinanafiaviiald
- @A NHUA NS MUV b 210 AHe

nilsiginsmdsiunantszana 1 1uTnsiund vmeiamdae Clock 12 MHz

51l 33 LA VBITN 89C52

TylasnouTnsamesaszga Mes-siimidesiiumes socs2 Fadivironnuin
Talsunsuuudn 8 K EEPROM wieanuideyauudw 256 bytes Timers 3 416194904 1
TnsnouTnsamos 8052 Hazifiudegui 33

ANUNUYVDIV AN fidait

1. W3 0 (Port 0)

o 0 18uduit 32-39 409 MCS-51 unsalihuBunaerdna lduenantilums
Aadofunisanuiimeuendsldiiuan Address Bus 1oz Data Bus 8nAe

2. Wesn1(Port1)

wosn 1 launv i 1-8 Sluwesn 8 ia anunsodeiiaziialg Ao P1.OPI.L,.. etc
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3. WasN 2 (Port 2)
' H d' o a o
wosn 2 1dunwi 21-28 9291y 2 nihd Aeldduwesn 8 atulFiluvwenase
8 O Tlumsdramuasanusineuon
4. Wasn 3 (Port 3)
o TR R ] Y AA 3 ¢ a o )
wosn 3 lausnd 10-17 sxlFuaesnthnde Wunwesndunauazemine uazls

luaiuguaie $aa151ei 1

H a 4 v o
MTNT 1 el auanInNaIee YD INesN 3

a A Y Aa
iia 9 AYRINTICGY

Yo Y o
P3.0 RXD 5 udpyanianesneynsu

Y1 g 4
P3.1 TXD lgaatpyameanaineynsy

e B o a dv

P3.2 INTO dume T THiinwue N IAY0
P3.3 INT1 BUMOT NN BUBANIIGIOY]
P3.4 T; @atuLaal / ATl @97 0
P3.5 T A29u07 / AT Al 1
P3.6 WR daanadsudoyamirsnnuiimeuesn
P3.7 RD Faanueudeyaniiennudiniouen

5. PSEN (Program Store Enable)
PR ede ] 9 )
91 PSEN flumniidedayamoenion 29 snilszupaiivile MCS-51 Ao
Code Talsunsumouen Tasnadmissanuineusnilu EPROM 1 PSEN azaafiuvl
Output Enable (OE ) 484 EPROM
6. ALE (Address Latch Enable)
A s R Y o ' Y] = ¥
ipaninnesn 0 ausalfiiuandredumis wazandoya MCS-51 aziivn ALE 14
Y v
ufan 30 11392 19 Multiplex Fayaas Address Bus 494 Port 0 Tums 19amszuy MCS-51 Hu
wedodigunsafindedy Port 0 iviviiai Latch dayayims Address Bus tife MCS-51 dpan1san
9y
ARALMLIEANNIINEUDN MCS-51 92 dedyanr Address Bus 99NNIABUNI Port 0 910HU
" @ ¢ v I ' o A 9
waadannn ALE 11 Latch galnsainieuen T Address Bus ¥4 Port 0 134 Port 0

1#Ju Data Bus #® 11/
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7. E_A (External Access)

1 EA 18usandt 31 Swniifiunesn <17 axlduwes 8051/8052 iievenilies
Tdsunsunnnteanui ldsunsumely uadufluaedn “o” ervennld Mcs-51 i
Tlsunsulae srunavtsauii ldsunsumeusn@wn EA 1y <0 1 PSEN  aguen
fivh) Swvndlues 8031 wse 8032 11 EA  azidlu <07 wwwe w1z 16l Tusunsumiloe
anusimely uddldiued 8051/8052 Faiinteanuirilisunsumelunaz i EA  dlu
«0” 492 Disabled ROM neluuaz 928114 1156033910 EPROM A1UDALAU

8. RST (Reset)

3 RST I80R0 9 92 18lumssien MCS-51 Tagaz Ianfidhianin “17 sdaiios 2

= < d k7
Machine Cycles 3495 15a58 U 19

2.2.5.2 1n59@3 9 LCD
meluadl LSI Gwiwes HD44780 ymthfinaugy Tag LCD aziiogaisiu 16 11 A9

Ly

@139 2

A15197 2 LAAINIETYRNYBI LCD

Pin number Symbol Level /0 Function
1 Vss - - Power supply (GND)
2 Ve = \ Power supply (+5V)
3 Vee = = Contrast adjust
4 RS 0/1 I O=Instruction input

1=Data input

5 R/W 0/1 I 0=Write to LCD module

1 =Read from LCD

module
6 E 1,1-->0 I Enable signal
7 DB0 0/1 /0 Data bus line 0 (LSB)
8 DB1 0/1 1/0 Data bus line 1

9 DB2 0/1 1/0 Data bus line 2
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M3197 2 (610) UAANT RNV LCD

Pin number Symbol Level /0 Function
10 DB3 0/1 1/0 Data bus line 3
11 DB4 01 1/0 Data bus line 4
12 DB5 01 /0 Data bus line 5
13 DB6 0/1 /0 Data bus line 6
14 DB7 0/1 /O Data bus line 7(MSB)

uaazAwmianysInguu LeD. zliupamsalsz e SwmiwsneiEui 0x80 Awdae

0x81,0x82,0%83,0x84,0x85,0x86,0x87 uazluianaaziSuf 0xcO0 ATNAIY
1 Y r

0xc1,0xc2,0xc3,0xc4,0%c5,0xc6,0xc7 - v TUsHan 19 linsuaasmanesieaueaniuaadlu

MANUIN

2.2.5.3 KEYPAD 4x3

% a i d o 3 [ =
ANY ML VOIMIEIATN AR TN (Keypad) 91111693104 34

517 34 uetas KEYPAD #1911

@ ' [~ A Jd " v W {
anyagmsaemeluzidludindindenuasgui 35
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114

@3

EC P G
R B Y
B R E ARG kY

U 2

1 8 17 116

51 35 uamamsAefuvesaIn

2.2.5.4 TN 24C16 Serial EEPROM

2416 WuFwrmissnawiszinn nonvolatile asaiuiindeyauazasdoyalila
Tauliidos 19l e nmeludnilnssadruihy BEPROM (Blectrically Erasable Programmable
Read Only Memory) Sanuineanusuilu 256 Sevianua 8 udon 113 16 kBits(2kB) MIoN
wosany lulasaounsamesnsyiruife 2C demedyanudeudune SDA o
SCL AmumeVuvesin EEPROM fiaunsenisdldnninnundsesnsdaunsdoudoya
#9619 Microchip Suaadiaiadui Souasesenaaiiga. 1,000,000 %4 1Az
Sweisndmiliie szoznansaemdoyalilaslifinmsnlfeumlasmeldaniziaden

9 9

el dmSVveY Microchip Yuilananaena1iis 400 T uansuivesdnasgili 36

P p—
A 8{1vee
x
At iz T T
i} Q 71 twWP
&
Azl la 3 sl jsCL
a e m
wes (14 5[ 1s0a

5101 36 uarAsu v EEPROM (103 24C16
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2.2.6 TUsunsuniununIeds e
H 4 1 & o 9 o
Tulsunsuil9duns Control neeiteenazdiuTusunsuaen € Feazuinanudilom

' Y
(% ~

A v A o rulia) d'ds’c; s . [
deuguveellsunsunen C Aou Tagsuanmsfimuaidands lununlyeed in 7
~ 2 I<{ o " v 0,1’ o < 1 < A o’J’ dg‘ o Y {1
char M1 int Lﬂumuam’muﬂsumﬂummumu mu%m‘flumumﬂ HIDAUUUIUNY ﬂﬂﬁ

. Y Y 9 ra A A vy Qo a A '
unsigned VL’J“U'N'HHW‘WulﬂJ‘Wﬂ?imnﬂ‘iﬂﬂﬂﬂ'lﬂﬂ’lﬂﬁiaﬂﬂ me"lur’lmzwmimummﬂma 1

) = Slqs/, 1 =< [ I Y 1w ua/’ 1< LY a v 9’3
VDN 1nt ‘ﬂ&’i]llﬂﬁlﬁtm 255 914 255 19U char ‘HZLﬂu@’)ﬂﬂﬂ'@ﬂ@’)uﬂﬁuumuﬁﬁﬂﬂ"U‘iS Nﬂ?llﬂﬁ\‘i

W —128 D19 128 AeAI8E19N 1Y
unsigned register char ACCU;

3,' A A 9 tw < Ay [ . . c:y =] (="
nntiudiosudiddaTilsunsufezisudae function main() Melu function HagWuni
a5 deu s unsunEn ASM a7 @0 14 uns finAsIMIn1uELAIN HazdIgABNTTAIHUA
' i’] i L of Ssiret 9 v A ° = P
Al bit Tegez@euTududn ASM i mdasnTosineiine Weuddellsunsunim
ASM aslumnSeanined e 194 ASM "E EQU P3.5"; iludu uazvhevesiidalilsunsunin
gl g v 4
C NARTIIABIlANIBIATEINLNY ;
[l v v e 9 v
a5 dems Iedends liubsnsralfuegl9fide delay 1998 Tasnsiiou
' { ] P = 4
delay (FRgesN3) n5oe 18z 19ms i loop A& Tuntsau loop azldMefe while(Tou
£ v v [}
o) uaghdeemsmunuisuensd wudiunsdiiiliiedied w1l 2 ddede 1f iveu
A 5 Y 1 2 v A Y v [ 3 9 Jq ¥
19 else M50 switch(fauls) case A1 udaudazidonly sthary fdesmsntuguuelADIv
< A I = o dy
vyuidemilou port 3.2 W 0 Az isudsil
if (P3&0x04)==0)
{
P1=0x0f;
P1=0x0¢;
P1=0x0c;
P1=0x08;
}
9 EY d Y sq Y 1
ghezfiuomesnyuiasily delay 30
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s 1 a d
23 ¥ANMINNAIHIATE NEABUNIADS (Computer Network)

ad d
2.3.1 Sudswies (Web Server)
2 ad ¢ A a o Ao Y Ao 9 A v Yq o A
Sugsvnes As weindwdunimrhnsy wedszuranadeyandoswennglauins
a a1 ] =9 4 [ =3 Jv o ¥ Y
Sumesitialagrumeduusmes Haenduus1wesSURITouR T UIaNaNal (Mg
1] o a 3 v 7 [ [ o
Uszanaonzilunsdiuan Aum nielinseideyafld) wadnsezgndanduudedld
) o a a P <
TasuaaawaluSuusewefiiues wonnnauusInses sz liusnmslusumesiiauda
o L A [ 4 A ey <3 Yt Y
amsneveinnszend 19 lunsedemelussans nseduNIuLa ldonaly
< ad o a 3 a St a wva v ] a r'd
PUIFS V03 NI 0 AAAIUIUABNNIUADINUIZVVURUANITAINE %Y ADNWIADST
a 2 a o < a < 1
s2uvglng (Unix) Aeuiiamesmuld Windows 95/98, Aouiuavsn1eld Windows NT/2000
& o 1g o ad o ' < ad ¢
Fudu sendunsndludumdsvnes 1dun Tsunsuiaeaiiiswiies (Netscape Server) ag
a Jd I a I QAP T I~ o [
Tsunsudumesiindunesmsussiaos (IS Intermnet Information Server) WHAY 11Ty

=3 ad 24 o [ 1 1
TWunsuSudEinesndnuuussuuianmsae Tduans Bluaisisdnedis

~ I3 Aad 7 o a wAa a o
AT 3 LLﬁﬂ»ﬂI‘Ll‘jLLﬂSllL’J‘UL"Bi‘ﬂn’i}iV]‘V]N”Iu‘]_l‘uigUHﬂQUﬁﬂWiﬂJﬂﬂﬂﬂﬁJW’JLﬁﬂﬁ

310N o)
Thsunsuciudivioos szuulgiinms
Apache Unix / Linux
Netscape Enterprise Server 2.0 Unix 4668 Windows NT
Netscape FastTrack Server 2.0 Unix 102 Windows NT
Internet Information Server 3.0 L0 4.0 Windows NT
Internet Information Server 5.0 Windows 2000
Microsoft FrontPage Server 97 Windows NT/95/98 1taig Macintosh
O’Reilly Website Server 1.1 Windows NT/95/98
Personal Web Server 1.0 L48& 4.0 Windows NT/95/98
Purveyor Web Server Windows NT/95/98
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2.3.2 §1u°lsll®ga (Database)
9y A - ) A v o Jdo 9/ g/ o
gty (Database) AoumaunuYeyanlauduiUsiu Joyae9zlsznounivn’
9 b4
@ o Y Y a £Y 5 =
Snus (Hanw Inewazapnsengy), Aay Glaaynsuaziaversing ddeyamaiiaim
o SA 9/
wiusAuddoiuiiugudoya
A =2 = o Y o v o’dy [ a:’
diednyuNeINUFIUTBYA AI5IZNIIUMANNIUFIUAH
I3 v W ~ Y [ [
- MWSARRS (Character) ABAIEAHIHOINIZITIUSNBINMEBINGY, SANINTH
ne, fuaversia;. duay lne wazneanunedise # lutianunnees 1s
a d b 4 { A ' @ [} a <
- e (Field) fAovonldunudeyaiisluuimmiveuuasmiiouiy 1wy Waa
< < 1A A Y Qs}! k4 i
Salary fezfiuinmzaiiRudeuvesninnusianua iludu
J 4 a’g 1 dy
- 15nARdR (Record) fonvestoyn 1 o Milszneudielanaus 2 Haduull
@y degaveswiney 1 Auo199zilsznouday 1D, Name,Sumame,Salary 4ag

Position Lﬂuﬁu

=) 9y

d <3 1 @
- I (rite) fi uiludoyafudeyanansy isnassa wu Iadeyaveswiingu

L0 U

a o =0=1 a Jd Y JIa W or o @ 9 v Av & 9
UIEN BUY ABUNAUABILENT NI lmﬂmnmagawummuwwau L‘ﬂ‘uﬁu

TuTasgennfrivusenanisludiudien  Idesnuuunazianmalulatiiomsaa
1 @ % o o = A = o :ZJ
AeAuguteyadmiyTsunsunsemsesiie 5 gUuuy fell
1.) DAO (Data Access Object)
2.) ODBC (Open DataBase Connectivity)
3.) RDO (Remote Data Services)
4) ADO (ActiveX Data Object)

5.) OLEDB (OLE DataBase)

DAO
ai & A By M
DAO (Data Access Object) tHumaluladdwauniunuwensandogiudoyaves
4 A a v @ o 2 o
Microsoft Access 18 DAO iueathandf 19AndefiU Jet Database Engine Faflutariouriale
4949 Access 1inaniiautionld Access Wudaumniild pao 18suanuiisuey e

4
Swmdudedeund DAO AL AAABIRNIZAY Access TTUA IHAAAIUAGDIAY



ODBC
4 Y o v
ODBC (Open DataBase Connectivity) 1{11n159818A2 W@ 1150483 DAO eaateiifa
Aa 1 1 asl’ @ A ] =] J ad 4
fidndBmMZ Access W11 Iag ODBC gawauivens Igeulugduunlnadua-aivies
y a ' & < Y
(Client-Server) 1ng ODBC Haunsaaasegiudoya ldnategiuuy 49 ODBC iiluidiiondd
q' d’ [ 1 d' Y LK 3/ d‘ 1 4&1 v a W ;{ w d' =1
nanfiFoudesznitllsunsuildaegiugudeyanogiliomas (LTSN IATEIND
doandefugmdeyaveslulnsrennzdesadte ODBC emsiourelinudlsaie) woz
Y o = a T aliias: ciaiing
Tuflapfu opBe Wwaiipuniasgiunanildlunmsaadefugudoyadeduius

(Relational Database)

RDO
- PRy dg) A a 1w Y
RDO (Remote Data Object) iffumea TuTo8wanninu e msaadefiugudeyalugy
=3 d ad 4 3 X (] = o g ¥ Uy ' 1
wuy lnaldud-BsMes (Client-Server) iwuiRen iy ODBC ualdanlddeniumzazainni
¢4
msfnde ODBC lasass uennnil RDO fuvingaudugiuveya@eduius (Relational

Database) fitlunnalngl udlamsnonsdosnds

ADO

ADO (ActiveX Data Object) iflumaTula8lusldgan luInsyennldnannivuie

asdadegudoyansh I dWauasad@ou ldsunsuiednaeduszuugudoyauay
Y v 1 = 14 A A S ) i < ' ~
srupdeyaden luhagdiubued, sunm wieouldedwazainuazsinsindima lulad

9
@y lidzdli DAO, ODBC wisusiug RDO uenanil ADO Sefinrmbangudvisuin

[
% A

v ’ b4
o 19910 ADO Hluaseeief lTUFUAET (Language Independence) Y ldaunsaly

o

& 4 dy A [ ] 9/ P A Ad ¥ % o
mﬁmaz"hmﬂimﬁma ADO HIMUDUNU DL?J'J'I‘DZi%Lﬂi?NﬂJ@V]L’IJuﬂ']ET Visual Basic, Visual

] e g
C-++Visual J++ Y3017 VBScript AN

OLEDB
oLEDB Wumalulatfeenuuyinelulnsyedn esrelimsaadegiudeyann
Yszinnihldhelaelddumesmanfiesgluuu@en  Tusunsuwesdauinnensisms iy

foyanngudeyanietlszian Wu Access, Oracle, SQL Server n3ouslid dBase udoenglsh

' Y] 3 A aay n' " oy ¥ 40 Yo o A A o
ﬂquﬁlullﬁagﬁ']uﬂl@y’aﬂw?ﬁﬂ’]ﬁﬂ? ‘llmga‘Vleﬂmﬂﬂu‘UN ﬂ']\iﬂ']um@gaﬂclﬂfﬂ’]ﬂqcﬂlﬂu@uﬂu
o dA
fl

A9 SQL 11@3g1U LAng1e dBase ANy Inssadefiuand191n SQL Wudu



¥ ¢ a Y o ) Ao q YIq Y ¥ 2 dyyY ¥ Yo
u’e)ﬂmﬂgmﬂjmgammmm’a UQ@T%%ZN%@N@‘V]‘WWG’J’TPﬂ%’iﬂﬂ?'mﬁui‘ﬂ@ﬂﬂllﬂ 1NN

L]

a 3 { X
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program

#include "c:\mc51\8051io.h"
#include "c:\mc51\8051reg.h"
#include "c:\mc51\small\8051icd.c"

extern char register cputick;

char con[12]={0x21,0x48,0x28,0x18,0x44,0x24,0x14,0x42,0x22,0x12,0x41,0x11};
POl 2.3 -4 5 67 8- 9 “ g

/

char as[10]={0,"1','2";'3",'4",'6','6",'7 .'8'.'9'):

char converst[10]={0x30,0x31,0x32,0x33,0x34,0x35,0x36,0x37,0x38,0x39};

unsigned register char s[5],buffer[10},ch[5],flag1;

unsigned register int a,d,e,i,j,h,n,p,t,num,columm,row,val;

unsigned register int drug,ndrug1,ndrug2,ndrug3,ndrug4,ndrug5,total;

unsigned register char c;

main( )

{
serinit(9600);
i_LCD();
menu( );
delay(500);
chktotal _1( );
delay(500);
chktotal_2( );
delay(500);
chktotal_3( );
delay(500);
chktotal_4( );
delay(500);

while(1)

{

cputick=0;

if(c=chkch( ))
val=3;

else

{
show_select( );
delay(250);
clr();
t=0;
key();
val=_atoi(s);

switch(val)

{

case 1:

{
read( );
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program

show_total1();

delay(300);
break;
}
case 2 :
{
t=1;
add( );
show_total1();
delay(300);
break;
}
case 3 :
{
t=1;
Drug();
delay(300);
break;
}
case 4 :
{
total=0;
puttotal( );
show_total1();
delay(300);
break;
i
default :
{
ERROR( );
delay(250);
break;
}
}
}
}
menu( )
{
clr();
LCDWI(0x80);
LCDWD('M");
LCDWD('E");
LCDWD('N");
LCDWD('U');
}

chktotal_1()
{
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program

eiriy):
LCDWI(0x80);
LCDWD('K");
LCDWD('E");
LCDWD('Y");
LCDWD('1");
LCDWD(":");
LCDWD('C'");
LCDWD('H'");
LCDWD('E");
LCDWI{Cxc0);
LCDWD('C");
LCDWD('K");
LEDWD();
LCDWD('T');
LCDWD('O");
LCDWD('T");
LCDWD('A");
LCDWD('L");

}

chktotal_2()

{
clr();
LCDWI(0x80);
LCDWD('K");
LCDWDREEY,
LCDWD('Y");
LCDWD('2Y;
LCDWD("");
LCDWD('AY);
LCDWD('D");
LCDWD('D');
LCDWI(0xc0);
LCDWD(';
LCDWD('T");
LCDWD('O";
LCDWD('T");
LCDWD('AY;
LCDWD('TY);

}

chktotal_3( )

{
clr();
LCDWI(0x80);
LCDWD('K");
LCDWD('E");
LCDWD('Y");
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}

program

LCDWD('3";
LCDWD(":");
LCDWD('E"Y);
LCDWD('N');
LCDWD('T");
LCDWI(0xc0);
LCDWD('EY);
LCDWD('R");

chktotal_4()

{

clr();
LCDWI(0x80);
LCDWD('K");
LCDWD('E");
LCDWD('Y");
LCDWD('4";
LCDWD("");
LCDWD('CY);
LCDWD('LY;
LCDWD('E");
LCDWI(0xc0);
LCDWD(AY;
LCDWD('R');

show_select( )

{

}

clr();
LCDWI(0x80);
LCDWD('S");
LCDWD('E");
LCDWD('L";
LCDWD('E");
LCDWD('C";
LCDWD('T");

write( )

{

eewrite(0,buffer[0]);
eewrite(1,buffer[1]);
eewrite(2,buffer[2]);
eewrite(3,buffer]3]);
eewrite(4,buffer[4]);
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read( )

{
buffer[0]=eeread(0);
buffer[1]=eeread(1);
buffer[2]=eeread(2);
buffer[3]=eeread(3);
buffer[4]=eeread(4);

}

key()

{
s[0]="";
s[l='t
s[2]=" ',
s[3]=";
s[4]="";
p=1;
n=0;
while(p)

if((c=chkch( ))|(c!=0))

{

if(t==0)

{
delay(250);
s[0]=as{3];
p=0;

}

}

else

{
columm=0xef;
scan( );

}
}
}

scan( )
{

for(i=0;i<4;i++)

{
row=(columms<<i);
row|=0x0f;
PO=row;

if(PO!=row)

{
num="P0;
for(j=0:j<12;j++)
{
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if(num==con{j])

{
if(t==0)

buffer[0]=";
if(j<10)

{
delay(250);
buffer[0]=j;
s[0]=as|buffer[0]];
LCDWI(0x80);
LCDWD(s{0]);
delay(250);
p=0;
}
}

else

{
if(j<=10)
{

delay(250);

if(j<10)

{
buffer[n]=j;
s[n]=as[buffer[n]];

}

else

{
n=n-1;
s[n]=0x20;
n=n-1;

}
LCDWI(0x80);
LCDWD(s[0]);
LCDWD(s[1]);
LCDWD(s[2]);
LCDWD(s[3]);
LCDWD(s[4]);
delay(250);

++n;

if(n==5)

p=0;

}
if(j==11)

{
delay(250);
p=0;

}

}
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program

ERROR()

{

}

LCDWI(0x80);
LCDWD(EY);
LCDWD(RY):
LCDWD(RY):
LCDWD('0");
LCDWD(RY);

show_total1()

{

}

clr( );
LCDWI(0x80);
LCDWD('T";
LCDWD('O";
LCDWD('T");
LCDWD('A"Y;
LCDWD('L');
LCDWD(":");
LCDWI(0xc0);
LCDWD(buffer[0]);
LCDWD(buffer[1]);
LCDWD(buffer]2]);
LCDWD(buffer{3]);
LCDWD(buffer[4]);
delay(500);

write( );

puttotal( )

buffer[4]=converst[total%10];
buffer[3]=converst[(total/10)%10];
buffer[2]=converst[(total/100)%10];
buffer[1]=converst[(total/1000)%10];
buffer[0]=converst[total/10000];

show_add( )

{

clr();
LCDWI(0x80);
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}

program

LCDWD('AY;
LCDWD('D");
LCDWD('D");
delay(1000);

add()

{

}

ADDDRUG();
delay(250);

clr();

key();

d=_atoi(s);
e=d+total;
if((e<0)|(e>30000))
{

ERROR();
delay(250);

}

else

{
total=0;
total=e;

puttotal( );

ADDDRUG( )

{

}

clr();
LCDWI(0x80);
LCDWD('A");
LCDWD('D");
LCDWD('D");
LCDWD(' );
LCDWD('D");
LCDWD('R);
LCDWD('UY);
LCDWD('G");

Drug()

KDRUG( );
delay(250);
clire( );
ndrug1=0;
ndrug2=0;
ndrug3=0;
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}

program

ndrug4=0;
ndrug5=0;
ch[0]=";
ch[1]=";
ch[2]=";
ch[3]=";
ch[4]=";
if(c!=0)

{

gets();
drug=_atoi(ch);
}

else

{

key();
drug=_atoi(s);

count( );
if(ndrug1!=0)
{

drug=ndrug1;
ndrug1=0;
count( );

}
if(ndrug2!=0)
{
drug=ndrug2;
ndrug2=0;
count( );

}
if(ndrug3!=0)
{
drug=ndrug3;
ndrug3=0;
count( );

}
if(ndrug4!=0)
{
drug=ndrug4;
ndrug4=0;
count( );

}
if(ndrug5!=0)
{

drug=ndrug5;
ndrug5=0;
count( );

}
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program

gets()
{
for(h=0;h<5;h++)
{
if(h==0)
ch[0]=c;
else

chlh]=getch(putch());
if(ch[h]==0x0a)
h=5;
}
ch[5]="0%;
}
}

KDRUG()

{
clr();
LCDWI(0x80);
LCDWD('D");
LCDWD('RY);
LCDWD('U'");
LCDWD('G");

e

count( )
{
int b,1;

b=0;

I=0;

if(drug>total)

{
LCDWI(0x80);
LCDWD('N');
LCDWD('O");
LCDWD("");
LCDWD('D");
LCDWD('R");
LCDWD('U');
LCDWD('G");
delay(300);
drug=0;

}

asm " CLR P2.0";

while(drug!=0)

{
flag1=P3;
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program

if((flag1&0x04)==0x04)
{
delay(5);
a=0;
}
else
{
if(a==0)
{
--total;
--drug;
run( );
a=1;
!
}
if(c=chkch())
{
ch[b]=c;
if(ch[b]==0x0a)
b=5;
if(b==5)
{
ch[5]=0;
if(1==0)
{
ndrug1=_atoi(ch);
b=0;

}

if(I==1)

{
ndrug2=_atoi(ch);

}

if(I==2)

{

ndrug3=_atoi(ch);
b=0;

}

if(1==3)

{
ndrug4=_atoi(ch);
b=0;

}

if(I==4)

{
ndrug5=_atoi(ch);
b=0;

}

1++;
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}

program

}
else
b++;

}

}

asm t SETB P2.0":
puttotal( );
show_total1();

run( )

{

}

buffer[8]=converst[drug%10];
buffer[7]=converst[(drug/10)%10];
buffer[6]=converst[(drug/100)%10];
buffer[5]=converst[(drug/1000)%10];
buffer[4]=converst[drug/10000];

put();

put()

{

LCDWI(0x80);
LCDWD('D’);
LCDWD('RY);
LCDWD('U');
LCDWD('G');
LCDWD("");
LCDWD("");
LCDWD(' ";
LCDWD("Y);
LCDWI(0xc0);
LCDWD(buffer[4]);
LCDWD(buffer[5]);
LCDWD(buffer[6]);
LCDWD(buffer[7]);
LCDWD(buffer[8]);
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Features

* Low-Volitage and Standard-Voltage Operation
— 5.0 (Ve = 4.5V to 5.5V)
— 2.7 (Vgc = 2.7V to 5.5V)
— 2.5 (Ve = 2.5V to 5.5V)
— 1.8 (V¢ = 1.8V to 5.5V)
* Internally Organized 128 x 8 (1K), 256 x 8 (2K), 512 x 8 (4K),
1024 x 8 (8K) or 2048 x 8 (16K)
2-Wire Serial Interface
Schmitt Trigger, Filtered Inputs for Neise Suppression
Bidirectional Data Transfer Protocol
100 kHz (1.8V, 2.5V, 2.7V) and 400 kHz (5V) Compatibility
Write Protect Pin for Hardware Data Protection
8-Byte Page (1K, 2K), 16-Byte Page (4K, 8K, 16K) Write Modes
Partial Page Writes Are Allowed
Self-Timed Write Cycie (10 ms max)
High Reliability
-~ Endurance: 1 Million Write Cycles
— Data Retention: 100 Years
— ESD Protection: >3000V
* Automotive Grade and Extended Temperature Devices Available
¢ 8-Pin and 14-Pin JEDEC SOIC, 8-Pin PDIP, 8-Pin MSOP, and 8-Pin TSSOP Packages

Description

The AT24C01A/02/04/08/16 provides 1024/2048/4096/8192/16384 bits of serial elec-
trically erasable and programmable read only memory (EEPROM) organized as
128/256/512/1024/2048 words of 8 bits each. The device is optimized for use in many
industrial and commercial applications where low power and low voltage operation are
essential. The AT24C01A/02/04/08/16 is available in space saving 8-pin PDIP,
(AT24C01A/02/04/08/16), 8-Pin MSOP (AT24C01A/02), 8-Pin TSSOP
(AT24C01A/02/04/08/16), and 8-Pin and 14-Pin JEDEC SOIC
(AT24C01A/02/04/08/16) packages and is accessed via a 2-wire serial interface. In
addition, the entire family is available in 5.0V (4.5V to 5.5V), 2.7V (2.7V to 5.5V), 2.5V
(2.5V to 5.5V) and 1.8V (1.8V to 5.5V) versions.

Pin Configurations alin (IS9P
Pin Name | Function A0 1O gvce
A1C2 73wp
A0 - A2 Address Inputs A2]3 6[1scL
SDA Serial Data GND 4 i
SCL Serial Clock Input 8-Pin MSOP
WP Write Protect
A0 1 8[1vee
NC No Connect A1 2O 7Ewp
14-Pin SOIC A28 St
GND 4 5[1SDA
NC [ 1 14[INC
A0[]2 13[3vce 8-Pin PDIP 8-Pin SOIC
A1[]3 12 WP —
NCL 14 11EONC AoC]1 8 Ivee A0 1 8 [—1vee
A2[]5 101 sCL A0z 7Owe A2 7Ewp
GND 6 9[—1SDA A203 6 [dSCL A2 3 6[1scL
NC 7 8[INC GND [ 4 5[1SDA GND 4 5[—1SDA

ATNEL

2-Wire

Serial EEPROM
1K (128 x 8)

2K (256 x 8)

4K (512 x 8)

8K (1024 x 8)

16K (2048 x 8)

AT24C01A
AT24C02
AT24C04
AT24C08
AT24C16

Rev. 0180D-10/98



AIMEL

Absolute Maximum Ratings

Operating Temperature ................c.ococooevevee... -55°C to +125°C *NOTICE: Stresses beyond those listed under “Absolute
Maximum Ratings™ may cause permanent dam-
Storage Temperature ...........c.ccccceveveeveveeenenn. -65°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these orany
Voltage on Any Pin other conditions beyond those indicated in the
with Respect to Ground ............cooooiiieieiinncnne -1.0V to +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating
Maximum Operating Voltage............cccccoeviieeieicnii. 6.25V conditions for extended periods may affect device
reliability.
[-DC OutputiCurrent...l............liii i 5.0 mA
Block Diagram
VCC —»
GND ——»
WP
SCL START
STOP
SDA > LOGIC
SERIAL |gy
LOGIC
LOAD
DEVIGE comp DATA RECOVERY
ADDRESS
*| COMPARATOR LOAD | INC
A, 2=l ] L
Aq R/W DATA WORD e g EEPROM
A, > ADDR/COUNTER i
Y DEC | SERIAL MUX
Dy » Dour/ACK
—»  LOGIC
Doyr [

;I |

Pin Description
SERIAL CLOCK (SCL): The SCL input is used to positive

edge clock data into each EEPROM device and negative
edge clock data out of each device.

SERIAL DATA (SDA): The SDA pin is bidirectional for
serial data transfer. This pin is open-drain driven and may
be wire-ORed with any number of other open-drain or open
collector devices.

DEVICE/PAGE ADDRESSES (A2, A1, A0): The A2, A1
and AQ pins are device address inputs that are hard wired
for the AT24C01A and the AT24C02. As many as eight
1K/2K devices may be addressed on a single bus system
(device addressing is discussed in detail under the Device
Addressing section).

The AT24C04 uses the A2 and A1 inputs for hard wire
addressing and a total of four 4K devices may be
addressed on a single bus system. The AQ pinis a no con-
nect.

The AT24C08 only uses the A2 input for hardwire address-
ing and a total of two 8K devices may be addressed on a
single bus system. The A0 and A1 pins are no connects.

The AT24C16 does not use the device address pins which
limits the number of devices on a single bus to one. The
A0, A1 and A2 pins are no connects.

WRITE PROTECT (WP): The AT24C01A/02/04/16 has a
Write Protect pin that provides hardware data protection.
The Write Protect pin allows normal read/write operations
when connected to ground (GND). When the Write Protect
pin is connected to V¢, the write protection feature is
enabled and operates as shown in the following table.

2 AT24C01A/02/04/08/16 meseeessss—m—



: Part of the Array Protected

WP Pin I I

Status 24C01A 24C02 24C04 24C08 24C16
Normal Upper

ALV Full (1K) Full (2K) Full (4K) Read/ Half

¢ | Amay Array Array Write (8K)

Operation | Array

At GND | Normal Read/Write Operations

Memory Organization

AT24C01A, 1K SERIAL EEPROM: Internally organized
with 128 pages of 1-byte each, the 1K requires a 7-bit data
word address for random word addressing.

AT24C01A/02/04/08/16

AT24C02, 2K SERIAL EEPROM: Internally organized with
256 pages of 1-byte each, the 2K requires an 8-bit data
word address for random word addressing.

AT24C04, 4K SERIAL EEPROM: The 4K is internally
organized with 256 pages of 2 bytes each. Random word
addressing Chip Number requires a 9-bit data word
address.

AT24C08, 8K SERIAL EEPROM: The 8K is internally

organized with 4 blocks of 258 pages of 4 byies eaci. Ran-
dom word addressing requires a 10-bit data word address.
AT24C16, 16K SERIAL EEPROM: The 16K is internally
organized with 8 blocks of 256 pages of 8 bytes each. Ran-
dom word addressing requires an 11-bit data word
address.

Pin Capacitance(")
Applicable over recommended operating range from T, = 25°C, f = 1.0 MHz, V = +1.8V.

Symbol Test Condition Max Units Conditions

Cio Input/Output Capacitance (SDA) 8 pF Vo= 0V

Ci Input Capacitance (Aq, A, Ay, SCL) 6 | pF Viy=0v
Note: 1. This parameter is characterized and is not 100% tested.

DC Characteristics

Applicable over recommended operating range from: T,
Ve = +1.8V to +5.5V (unless otherwise noted).

40°C t0 +85°C, Vg = +1.8V to +5.5V, To = 0°C to +70°C,

Symbol Parameter Test Condition Min Typ Max Units
Veet Supply Voltage 1.8 5.5 \
Veer Supply Voltage 2.5 5.5 \
Vees Supply Voltage 2 515 \%
Vees Supply Voltage 4.5 5:5 \
lec Supply Current V¢ = 5.0V READ at 100 kHz 0.4 1.0 mA
lec Supply Current V. = 5.0V WRITE at 100 kHz 2.0 3.0 mA
lsg1 Standby Current V¢ = 1.8V Vin = Ve or Vgg 0.6 3.0 HA
lsgo Standby Current V¢ = 2.5V Vin =V or Vgg 1.4 4.0 HA
lsgs Standby Current V¢ = 2.7V Vin= Ve or Vgg 1.6 4.0 HA
lsgs Standby Current V¢ = 5.0V Vin = Vg or Vgg 8.0 18.0 HA
I Input Leakage Current Vin = Ve or Vgg 0.10 3.0 A
Lo Output Leakage Current Vout = Vegor Vss 0.05 3.0 HA
Vi Input Low Level™ -0.6 Vee X0.3 \%
Vi Input High Level™ Ve x0.7 Vee +0.5 \Y
Vorz Output Low Level V¢ = 3.0V lor = 2.1 mA 0.4 \
VoLt Output Low Level Vi = 1.8V lop =0.15 mA 0.2 v
Note: 1. V, minand V,, max are reference only and are not tested.
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AC Characteristics

Applicable over recommended operating range from T, = -40°C to +85°C, V. = +1.8V to +5.5V, CL =1 TTL Gate and

100pF (unless otherwise noted).

2.7-, 2.5-, 1.8-volt 5.0-volt

Symbol Parameter Min Max Min Max Units
fsaL Clock Frequency, SCL 100 400 kHz
tLow Clock Pulse Width Low 4.7 152 us
thicH Clock Pulse Width High . 4.0 0.6 us

t, Noise Suppression Time(" 100 50 ns
tan Clock Low to Data Out Valid 0.1 4.5 0.1 0.9 us
fur & i e tart - - b
to.sTa Start Hold Time 4.0 0.6 us
tsusta Start Set-up Time 4.7 0.6 us
tho.par Data In Hold Time 0 0 us
tsu.par Data In Set-up Time 200 100 ns
ts Inputs Rise Time® 1.0 0.3 us
el Inputs Fall Time(" . 300 300 ns
tsusto Stop Set-up Time 4.7 0.6 us
ton Data Out Hold Time 100 50 ns
twr { Write Cycle Time 10 10 ms
Endurance” | 5.0V, 25°C, Page Mode M 1M C‘:’;’;t;

Note: 1.

Device Operation

CLOCK and DATA TRANSITIONS: The SDA pin is nor-
mally pulled high with an external device. Data on the SDA
pin may change only during SCL low time periods (refer to
Data Validity timing diagram). Data changes during SCL
high periods will indicate a start or stop condition as
defined below.

START CONDITION: A high-to-low transition of SDA with
SCL high is a start condition which must precede any other
command (refer to Start and Stop Definition timing dia-
gram).

STOP CONDITION: A low-to-high transition of SDA with
SCL high is a stop condition. After a read sequence, the
stop command will place the EEPROM in a standby power
mode (refer to Start and Stop Definition timing diagram).

This parameter is characterized and is not 100% tested.

ACKNOWLEDGE: All addresses and data words are seri-
ally transmitted to and from the EEPROM in 8-bit words.
The EEPROM sends a zero to acknowledge that it has
received each word. This happens during the ninth clock
cycle.

STANDBY MODE: The AT24C01A/02/04/08/16 features a
low power standby mode which is enabled: (a) upon power-
up and (b) after the receipt of the STOP bit and the comple-
tion of any internal operations.

MEMORY RESET: After an interruption in protocol, power
loss or system reset, any 2-wire part can be reset by follow-
ing these steps:

1. Clock up to 9 cycles.

2. Look for SDA high in each cycle while SCL is high.

3. Create g start condition as SDA is high.



Bus Timing
SCL.: Serial Clock, SDA: Serial Data I/O

AT24C01A/02/04/08/16
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Write Cycle Timing
SCL.: Serial Clock, SDA: Serial Data /O

WORD n

twr()

STOP
CONDITION

START
CONDITION

Note: 1. The write cycle time tyg is the time from a valid stop condition of a write sequence to the end of the internal clear/write

cycle.
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Device Addressing

The 1K, 2K, 4K, 8K and 16K EEPROM devices all require
an 8-bit device address word following a start condition to
enable the chip for a read or write operation (refer to Figure
1).

The device address word consists of a mandatory one,
zero sequence for the first four most significant bits as
shown. This is common to all the EEPROM devices.

The next 3 bits are the A2, A1 and AQ device address bits
for the 1K/2K EEPROM. These 3 bits must compare to
their corresponding hard-wired input pins.

The 4K EEPROM only uses the A2 and A1 device address
bits with the third bit being a memory page address bit. The
two device address bits must compare to their correspond-
ing hard-wired input pins. The AQ pin is no connect.

The 8K EEPROM only uses the A2 device address bit with
the next 2 bits being for memory page addressing. The A2
bit must compare to its corresponding hard-wired input pin.
The A1 and AO pins are no connect.

The 16K does not use any device address bits but instead
the 3 bits are used for memory page addressing. These
page addressing bits on the 4K, 8K, and 16K devices
should be considered the most significant bits of the data
word address which follows. The A0, A1 and A2 pins are no
connect.

The eighth bit of the device address is the read/write opera-
tion select bit. A read operation is initiated if this bit is high
and a write operation is initiated if this bit is low.

Upon a compare of the device address, the EEPROM will
output a zero. If a compare is not made, the chip will return
to a standby state.

Write Operations

BYTE WRITE: A write operation requires an 8-bit data
word address following the device address word and
acknowledgment. Upon receipt of this address, the
EEPROM will again respond with a zero and then clock in
the first 8-bit data word. Following receipt of the 8-bit data
word, the EEPROM will output a zero and the addressing
device, such as a microcontroller, must terminate the write
" sequence with a stop condition. At this time the EEPROM
enters an internally-timed write cycle, tyg, to the nonvolatile
memory. All inputs are disabled during this write cycle and
the EEPROM will not respond until the write is complete
(refer to Figure 2).

PAGE WRITE: The 1K/2K EEPROM is capable of an 8-
byte page write, and the 4K, 8K and 16K devices are capa-
ble of 16-byte page writes.

A page write is initiated the same as a byte write, but the
microcontroller does not send a stop condition after the first
data word is clocked in. Instead, after the EEPROM

acknowledges receipt of the first data word, the microcon-
troller can transmit up to seven (1K/2K) or fifteen (4K, 8K,
16K) more data words. The EEPROM will respond with a
zero after each data word received. The microcontroller
must terminate the page write sequence with a stop condi-
tion (refer to Figure 3).

The data word address lower three (1K/2K) or four (4K, 8K,
16K) bits are internally incremented following the receipt of
each data word. The higher data word address bits are not
incremented, retaining the memory page row location.
When the word address, internally generated, reaches the
page boundary, the following byte is placed at the begin-
ning of the same page. If more than eight (1K/2K) or six-
teen (4K, 8K, 16K) data words are transmitted to the
EEPROM, the data word address will “roll over” and previ-
ous data will be overwritten.

ACKNOWLEDGE POLLING: Once the internally-timed
write cycle has started and the EEPROM inputs are dis-
abled, acknowledge polling can be initiated. This involves
sending a start condition followed by the device address
word. The read/write bit is representative of the operation
desired. Only if the internal write cycle has completed will
the EEPROM respond with a zero allowing the read or
write sequence to continue:

Read Operations

Read operations are initiated the same way as write opera-
tions with the exception that the read/write select bit in the
device address word is set to one. There are three read
operations: current address read, random address read
and sequential read.

CURRENT ADDRESS READ: The internal data word
address counter maintains the last address accessed dur-
ing the last read or write operation, incremented by one.
This address stays valid between operations as long as the
chip power is maintained. The address “roll over” during
read is from the last byte of the last memory page to the
first byte of the first page. The address “roll over” during
write is from the last byte of the current page to the first
byte of the same page.

Once the device address with the read/write select bit set
to one is clocked in and acknowledged by the EEPROM,
the current address data word is serially clocked out. The
microcontroller does not respond with an input zero but
does generate a following stop condition (refer to Figure 4).

RANDOM READ: A random read requires a “dummy” byte
write sequence to load in the data word address. Once the
device address word and data word address are clocked in
and acknowledged by the EEPROM, the microcontroller
must generate another start condition. The microcontroller
now initiates a current address read by sending a device
address with the read/write select bit high. The EEPROM
acknowledges the device address and serially clocks out
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the data word. The microcontroller does not respond with a
zero but does generate a following stop condition (refer to
Figure 5).

SEQUENTIAL READ: Sequential reads are initiated by
either a current address read or a random address read.
After the microcontroller receives a data word, it responds
with an acknowledge. As long as the EEPROM receives an

Figure 1. Device Address

acknowledge, it will continue to increment the data word
address and serially clock out sequential data words. When
the memory address limit is reached, the data word
address will “roll over” and the sequential read will con-
tinue. The sequential read operation is terminated when
the microcontroller does not respond with a zero but does
generate a following stop condition (refer to Figure 6).

1K/2K [M;DI of 1] OJA,IA,IAOITQZI
a« [aTol oA A frolpm

sk [1]o] 1]o[A]rt]rolrw
ek | 1]o]1]o]r2{ri|rolrm
Figure 2. Byte Write
s W
P R S
A i T
R DEVICE T o
T ADDRESS E  WORD ADDRESS DATA P
| Ve et e TN T HAIFRI L F1
SDALINEHHH I{ H_J
l (W EIRTRRN1%d) ) | 871 P |
L RA M L A A
S & g C c
5 BWK B B K K
Figure 3. Page Write
S w
5 R 2
A | T
R DEVICE T 0
ADDRESS E WORD ADDRESS (n) DATA () DATA (n + 1) \ DATA (n+3) P
l | P § =3 7Y § T T | BB 1 1 T T T T T | 1  § T T T T | £ 3
s0A LINE LH_HI | i 7. | [
| | 53y | It R o § PO 2o Rl Y el ek | | e ERCH ! Rty o i | } s N Al ) e |
L R A A A A A
s/ c 5 c c N (o
B BW K K K K K
(* = DON'T CARE bit for 1K)



Figure 4. Current Address Read

s AT24C01A/02/04/08/16

S
i R S
A E T
R DEVICE A o)
T ApDRESS D P
| R | { S ) B AN P R |
SDALINE‘ HIJ HI ju
1 1 ) Vil it il (et (e et ¢
M LR A DATA N
S s/ C 0
B BW K
A
C
K
s
i F
A E
R NEVICE A
Figure 5. Random Read
S w s
,I T ,I DEVICE E ?
R  DEVICE a7 WORD R ADDRESS A 0
T ADDRESS E ADDRESS n [ D P
T gt § J- ~1 & /Iggl ¥ T 1T 1T T@iwlr ¢
sonune [ LT LT \pariibd ik | § |1
L1 AW CATESI J=y L of I W W
M LR A M i A\ @ — T DATA n N
S S/ Cis SAC WS sStiC 0
I B BW K B BIK B B K 5
' c
DUMMY WRITE &
(* = DON'T CARE bit for 1K)
Figure 6. Sequential Read
R S
E A A A T
DEVICE A c c & o]
ADDRESS D K K K P
s N Wl Wl 1 =1 { P Pl i, B 2 ! g1 ( Lot Bl I A B T
i | L N i
P ence e Tt I B 1 [ | Sl { It oty oL CE i il Tt |l S T ) | S e e ] e |
RA DATA n DATA n + 1 DATA n + 2 DATA n + x
c
W K
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AT24C16 Ordering Information

twg (Max) | lgc (max) Isg (max) faax
(ms) (1A) (HA) (kHz) Ordering Code Package Operation Range
10 3000 18 400 AT24C16-10PC 8P3 Commercial
AT24C16N-10SC | 8S1 (0°C to 70°C)
AT24C16-10SC 14S
AT24C16-10TC 8T
3000 l 18 400 AT24C16-10P!I ; 8P3 Industrial
| AT24C16N-10SI ‘ 851 (-40°C to 85°C)
‘\ AT24C16-10SlI 14S
| AT24C16-10T! 8T
10 1500 4 | 100 AT24C16-10PC-2.7 8P3 Commercial
AT24C16N-10SC-2.7 831 (0°C to 70°C)
AT24C16-10SC-2.7 14S
AT24C16-10TC-2.7 8T
1500 4 100 AT24C16-10P1-2.7 8P3 Industrial
AT24C16N-10SI-2.7 831 (-40°C to 85°C)
AT24C16-1081-2.7 148
AT24C16-10TI-2.7 8T
Package Type
8P3 8-Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
851 8-Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC)
8T 8-Lead, 0.170" Wide, Thin Shrink Small Outline Package (TSSOP)
148 14-Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC)
Options
Blank Standard Operation (4.5V to 5.5V)
-2.7 Low Voltage (2.7V to 5.5V)
-2.5 Low Voltage (2.5V to 5.5V)
-1.8 Low Voltage (1.8V to 5.5V)
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AT24C16 Ordering Information (Continued)

 AT24C01A/02/04/08/16

twr (Max) lec (max) Isg (max) Fraax i
(ms) (nA) (nA) (kHz) Ordering Code Package | Operation Range
10 1000 4 100 AT24C16-10PC-2.5 8P3 ‘ Commercial
AT24C16N-10SC-2.5 831 (0°C to 70°C)
AT24C16-10SC-2.5 148
AT24C16-10TC-2.5 8T
1000 4 : 100 AT24C16-10P1-2.5 8P3 Industrial
AT24C16N-10S1-2.5 881 | (-40°C to 85°C)
AT24C16-1081-2.5 148
AT24C16-10TI-2.5 8T
10 800 3 100 AT24C16-10PC-1.8 8P3 Commercial
; AT24C16N-10SC-1.8 851 (0°C to 70°C)
‘ AT24C16-10SC-1.8 148
AT24C16-10TC-1.8 8T
800 3 100 AT24C16-10PI-1.8 8P3 Industrial
AT24C16N-10S1-1.8 8381 (-40°C to 85°C)
AT24C16-10S1-1.8 14S
AT24C16-10TI-1.8 8T
Package Type
8P3 8-Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
881 8-Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC)
8T 8-Lead, 0.170" Wide, Thin Shrink Small Outline Package (TSSOP)
148 14-Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC)
Options
Blank Standard Operation (4.5V to 5.5V)
-2.7 Low Voltage (2.7V to 5.5V)
-2.5 Low Voltage (2.5V to 5.5V)
-1.8 Low Voltage (1.8V to 5.5V)

AlmEL
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Packaging Information

8P3, 8-Lead, 0.300" Wide, Plastic Dual Inline 8S1, 8-Lead, 0.150" Wide, Plastic Gull Wing Small
Package (PDIP) Outline (JEDEC SOIC)
Dimensions in Inches and (Millimeters) Dimensions in Inches and (Millimeters)
JEDEC STANDARD MS-001 BA
400 (10.16) 1020 (.508)
1355 (9.02) *{ }‘A 073 (330)
PN i :
(A FEELE R |
280 (7.11) *r1 57 (3.99) .244 (6.20)
g 340 (6.70) BiRlk \Q o] = | 150(381) 228(579)
oTOoOg WT gl J
P oy
07:62) RER : -—{ L .050 (1.27) BSC
.210 (5.33) MAX —=| |- .100 (2.54) BSC
SEATING / 196 (4.98)
PLANE _$ 189 (4.80)
ik 083 (159
150 (3.81) '_H .015 (.380) MIN ) y______E (1.35)
115 (2.92) 022 (.559) m i
.070 (1. .070 (1.78) 014 (.356) :-—_——
045 (1.14) ofogas) § [
004 (-102)
.325 (8.26)
) .(3)00 (762) = REF e a 010 (.254)
0 re 007 (203
012(308) [ _EREF ;J\j’l ot AR
.008 (203) 050 (1.27) ‘_! | ?
| 430 (10.9) MAX 016 (.406)
14S, 14-Lead, 0.150" Wide, Plastic Gull Wing Small 8M, 8-Lead, 0.118" Wide, Miniature Small Outline
Outline (SOIC) (MSOP)
Dimensions in Inches and (Millimeters) Dimensions in Millimeters and (Inches)
.020 (.508) 0.40 (0.016)
013 (.330) ‘“’" i 025 (0010)
A\ oYy nnn
nannnnn 3,10 0.122)
158 (4.01) | .244(6.20) 2.90(0.114)
PIN{ IO 52(3.86) | 228(5.79) PINT [0 T
LR 11011 IR e, | woes(ooze)w
—.1 lf .050 (1.27) BSC
3.10 (0.122
2.90 (0.114) e
344 (8.74) 1.10(0.043)
337 (8.56) .068 (1.73) _ [0s7003)
t’ : ;‘ 053 (1.35)
iimiminin i 015 0005) |1
0.05 (0.002)
010(249) |}
{004 (-702) 0.23 (0.009)
{ 0.13 (0.005)
3.81
% REF .010 (.249) Lﬂwg)
;—.JJ‘—%.__[ .008 (-191) e
o0 1 27)4 l___f i
406) * Controlling dimension: millimeters
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 AT24C01A/02/04/08/16

Packaging Information

8T, 8-Lead, Plastic Thin Small Outline Package
(TSOP)
Dimensions in Millimeters and (Inches)*

ﬂ ﬂ ﬂ ﬂle T
O T
50 (.256)
625(216)
il l
ﬁ_H__ 0.30 (.012)
0.19(:008)
3.10(.122)
1.05 (.041) 2.90(.114) 1.20 (.047) MAX
080(033 (i
I
h
Ot
65(026)Bsc—| ’-015( ]
0.05 (.002)
i ﬂ
4.3(-169)
,Lﬂv _J’ 009(004
—‘\ 0.75 (.030) - f
gm:_: 0.45(.018)

*Controlling dimension: millimeters
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Features

¢ Compatible with MCS-51™ Products

° 8K Bytes of In-System Reprogrammable Flash Memory
* Endurance: 1,000 Write/Erase Cycles

* Fully Static Operation: 0 Hz to 24 MHz

* Three-level Program Memory Lock

e 256 x 8-bit Internal RAM

32 Programmable 1/O Lines

Three 16-bit Timer/Counters

Eight Interrupt Sources

Programmable Serial Channel
Low-power Idle and Power-down Modes

Description

The AT89C52 is a low-power, high-performance CMOS 8-bit microcomputer with 8K
bytes of Flash programmable and erasable read only memory (PEROM). The device
is manufactured using Atmel’s high-density nonvolatite memory technology and is
compatible with the industry-standard 80C51 and 80C52 instruction set and pinout.
The on-chip Flash allows the program memory to be reprogrammed in-system or by a
conventional nonvolatile memory programmer. By combiniig a versatile 8-bit CPU
with Flash on a monolithic chip, the Atmel AT89C52 is a powerful microcomputer
which provides a highly-flexible and cost-effective solution to many embedded control
applications.

L

®

8-bit
Microcontroller
with 8K Bytes
Flash
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The AT89C52 provides the following standard features: 8K
bytes of Flash, 256 bytes of RAM, 32 I/O lines, three 16-bit
timer/counters, a six-vector two-level interrupt architecture,
a full-duplex serial port, on-chip oscillator, and clock cir-
cuitry. In addition, the AT89C52 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port, and interrupt system to continue functioning.
The Power-down mode saves the RAM contents but
freezes the oscillator, disabling all other chip functions until
the next hardware reset.

Pin Description

VCC
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open drain bi-directional I/O port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs.

Port 0 can also be configured to be the muitiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode, PO has internal
pullups.

Port 0 also receives the code bytes during Flash program-
ming and outputs the code bytes during program
verification. External pullups are required during program
verification.

Port 1

Port 1 is an 8-bit bi-directional I/O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (1, ) because of the internal pullups.

In addition, P1.0 and P1.1 can be configured to be the
timer/counter 2 external count input (P1.0/T2) and the
timer/counter 2 trigger input (P1.1/T2EX), respectively, as
shown in the following table.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port 2

Port 2 is an 8-bit bi-directional I/O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (I, ) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, Port 2 uses strong internal pul-
lups when emitting 1s. During accesses to external data
memory that use 8-bit addresses (MOVX @ Ri), Port 2
emits the contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bi-directional I/O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins, they are pulied high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (I, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C51, as shown in the following table.

Port 3 also receives some control signals for Flash pro-
gramming and verification.

Port Pin | Alternate Functions
P1.0 T2 (external count input to Timer/Counter 2),
clock-out
’T’1 i1 T2EX (Timer/Counter 2 capture/reload trigger and
direction control)

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INT1 (external interrupt 1)

P3.4 TO (timer O external input)

P3.5 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)

P3.7 RD (external data memory read strobe)
RST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable is an output pulse for latching the
low byte of the address during accesses to external mem-
ory. This pin is also the program pulse input (PROG) during
Flash programming.

In normal operation, ALE is emitted at a constant rate of 1/6
the oscillator frequency and may be used for external

ANMEL 3
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timing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to external data
memory.

If desired, ALE operation can be disabled by setting bit O of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN
Program Store Enable is the read strobe to external pro-
gram memory.

When the AT89C52 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

Table 1. AT83C52 SFR Map and Reset Values

EA/VPP .
External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from extemal pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to V¢ for internal program
executions.

This pin also receives the 12-volt programming enable volt-
age (Vpp) during Flash programming when 12-volt
programming is selected.

XTALA
Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Qutput from the inverting oscillator amplifier.

| | J
OFgH ‘ | OFFH
OFOH B OF7H
00000000
0ESH OEFH
ACC |
gEoH | et ] 0E7H
0D8H ODFH
PSW
ODOH | 90000000 0D7H
ol T2CON T2MOD RCAP2L RCAP2H TL2 TH2 R
00000000 XXXXXX00 00000000 | 00000000 | 00000000 | 060000000
0COH 0C7H
0BeH = | 0BFH
XX000000 |
P3
OBOH | 44111111 0B7H
0A8H = ‘ OAFH
0X000000 |
P2
OAOH | 44111111 0A/H
SCON SBUF
98H | 00000000 |  XXXXXXXX s
P1
OH 41111111 i
o TCON TMOD TLO TL1 THO TH1 oL
00000000 00000000 00000000 | 00000000 | 0000CO00 | 00000000
o PO sP DPL DPH PCON s
11111111 00000111 00000000 | 00000000 0XXX0000
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Special Function Registers

A map of the on-chip memory area called the Special Func-
tion Register (SFR) space is shown in Table 1.

Note that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general return
random data, and write accesses will have an indetermi-
nate effect.

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke

Table 2. T2CON — Timer/Counter 2 Control Registe

1 AT89C52

new features. In that case, the reset or inactive values of
the new bits will always be O.

Timer 2 Registers Control and status bits are contained in
registers T2CON (shown in Table 2) and T2MOD (shown in
Table 4) for Timer 2. The register pair (RCAP2H, RCAP2L)
are the Capture/Reload registers for Timer 2 in 16-bit cap-
ture mode or 16-bit auto-reload mode.

Interrupt Registers The individual interrupt enable bits are
in the IE register. Two priorities can be set for each of the
six interrupt sources in the IP register.r

T2CON Address = 0C8H
Bit Addressable

Reset Value = 0000 0000B

& — e
Bit TE2 EXF2 RCLK TCLK | EXEN2 TR2 C/T2 CP/RL2
e 6 5 AN D 0

Symbol Function

TF2 Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when either
RCLK=10r TCLK=1.

EXF2 Timer 2 external flag set when either a capture or reload is caused by a negative transition on T2EX and
EXEN2 = 1. When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2 interrupt
routine. EXF2 must be cleared by software. EXF2 does not cause an interrupt in up/down counter mode
(DCEN = 1).

RCLK Receive clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock in serial
port Modes 1 and 3. RCLK = 0 causes Timer 1 overflow to be used for the receive clock.

TCLK Transmit clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its transmit clock in serial
port Modes 1 and 3. TCLK = 0 causes Timer 1 overflows to be used for the transmit clock.

EXEN2 Timer 2 external enable. When set, allows a capture or reload to occur as a result of a negative transition on T2EX
if Timer 2 is not being used to clock the serial port. EXEN2 = 0 causes Timer 2 to ignore events at T2EX.

TR2 Start/Stop control for Timer 2. TR2 = 1 starts the timer.

C/T2 Timer or counter select for Timer 2. C/T2 = 0 for timer function. C/T2 = 1 for external event counter (falling edge
triggered).

CP/RL2 Capture/Reload select. CP/RL2 = 1 causes captures to occur on negative transitions at T2EX if EXEN2 = 1. CP/RL2
= 0 causes automatic reloads to occur when Timer 2 overflows or negative transitions occur at T2EX when EXEN2
= 1. When either RCLK or TCLK = 1, this bit is ignored and the timer is forced to auto-reload on Timer 2 overfiow.

Data Memory

The AT89C52 implements 256 bytes of on-chip RAM. The
upper 128 bytes occupy a parallel address space to the
Special Function Registers. That means the upper 128
bytes have the same addresses as the SFR space but are
physically separate from SFR space.

When an instruction accesses an internal location above
address 7FH, the address mode used in the instruction

specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions that use direct
addressing access SFR space.

For example, the following direct addressing instruction
accesses the SFR at location 0AQH (which is P2).
MOV OAOH, #data

gHmwnims
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Instructions that use indirect addressing access the upper
128 bytes of RAM. For example, the following indirect
addressing instruction, where RO contains 0AOH, accesses
the data byte at address 0AQH, rather than P2 (whose
address is 0AOH).
MOV @RO, #data

Note that stack operations are examples of indirect
addressing, so the upper 128 bytes of data RAM are avail-
able as stack space.

Timer 0 and 1

Timer 0 and Timer 1 in the AT83C52 operate the same way
as Timer 0 and Timer 1 in the AT89C51.

Timer 2

Timer 2 is a 16-bit Timer/Counter that can operate as either
a timer or an event counter. The type of operation is
selected by bit C/T2 in the SFR T2CON (shown in Table 2).
Timer 2 has three operating modes: capture, auto-reload
(up or down counting), and baud rate generator. The
modes are selected by bits in T2CON, as shown in Table 3.
Timer 2 consists of two 8-bit registers, TH2 and TL2. In the
Timer function, the TL2 register is incremented every
machine cycle. Since a machine cycle consists of 12 oscil-
lator periods, the count rate is 1/12 of the oscillator
frequency.

Table 3. Timer 2 Operating Modes

RCLK +TCLK | CP/RL2 TR2 MODE
0 0 1 16-bit Auto-reload
0 1 1 16-bit Capture
1 X 1 Baud Rate Generator
X X 0 (Off)

In the Counter function, the register is incremented in
response to a 1-to-0 transition at its corresponding external

input pin, T2. In this function, the external input is sampled
during S5P2 of every machine cycle. When the samples
show a high in one cycle and a low in the next cycle, the
count is incremented. The new count value appears in the
register during S3P1 of the cycle following the one in which
the transition was detected. Since two machine cycles (24
oscillator periods) are required to recognize a 1-to-0 transi-
tion, the maximum count rate is 1/24 of the oscillator
frequency. To ensure that a given level is sampled at least
once before it changes, the level should be held for at least
one full machine cycle.

Capture Mode

In the capture mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 is a 16-bit timer
or counter which upon overflow sets bit TF2 in T2CON.
This bit can then be used to generate an interrupt. If
EXEN2 = 1, Timer 2 performs the same operation, but a 1-
to-0 transition at external input T2EX also causes the cur-
rent value in TH2 and TL2 to be captured into RCAP2H and
RCAP2L, respectively. In addition, the transition at T2EX
causes bit EXF2 in T2CON to be set. The EXF2 bit, like
TF2, can generate an interrupt. The capture mode is illus-
trated in Figure 1.

Auto-reload (Up or Down Counter)

Timer 2 can be programmed to count up or down when
configured in its 16-bit auto-reload mode. This feature is
invoked by the DCEN (Down Counter Enable) bit located in
the SFR T2MOD (see Table 4). Upon reset, the DCEN bit
is set to 0 so that timer 2 will default to count up. When
DCEN is set, Timer 2 can count up or down, depending on
the value of the T2EX pin.

6 AT89C52 mmrarmmewrmrrmr R SRR



Figure 1. Timer in Capture Mode
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Figure 2 shows Timer 2 automatically counting up when
DCEN = 0. In this mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 counts up to
OFFFFH and then sets the TF2 bit upon overflow. The
overflow also causes the timer registers to be reloaded with
the 16-bit value in RCAP2H and RCAP2L. The values in
Timer in Capture ModeRCAP2H and RCAP2L are preset
by software. If EXEN2 = 1, a 16-bit reload can be triggered
either by an overflow or by a 1-to-0 transition at external
input T2EX. This transition also sets the EXF2 bit. Both the
TF2 and EXF2 bits can generate an interrupt if enabled.

Setting the DCEN bit enables Timer 2 to count up or down,
as shown in Figure 3. In this mode, the T2EX pin controls

the direction of the count. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow at OFFFFH and set the
TF2 bit. This overflow also causes the 16-bit value in
RCAP2H and RCAP2L to be reloaded into the timer regis-
ters, TH2 and TL2, respectively.

A logic 0 at T2EX makes Timer 2 count down. The timer
underflows when TH2 and TL2 equal the values stored in
RCAP2H and RCAP2L. The underflow sets the TF2 bit and
causes OFFFFH to be reloaded into the timer registers.

The EXF2 bit toggles whenever Timer 2 overflows or

underflows and can be used as a 17th bit of resolution. In
this operating mode, EXF2 does not flag an interrupt.
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Figure 2. Timer 2 Auto Reload Mode (DCEN = 0)
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Table 4. T2MOD - Timer 2 Mode Control Register
T2MOD Address = 0CSH Reset Value = XXXX XX00B
Not Bit Addressable
- N A0 / b 2 T20E DCEN

Bit 7 |1 = ol g B2TR0T] |~ )/ efrmumao? 2 1 0
Symbol t Function
- Not implemented, reserved for future
T20E Timer 2 Output Enable bit.
DCEN When set, this bit allows Timer 2 to be configured as an up/down counter.
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Figure 3. Timer 2 Auto Reload Mode (DCEN =1)
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Figure 4. Timer 2 in Baud Rate Generator Mode
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Baud Rate Generator

Timer 2 is selected as the baud rate generator by setting
TCLK and/or RCLK in T2CON (Table 2). Note that the
baud rates for transmit and receive can be different if Timer
2 is used for the receiver or transmitter and Timer 1 is used
for the other function. Setting RCLK and/or TCLK puts
Timer 2 into its baud rate generator mode, as shown in Fig-
ure 4.

The baud rate generator mode is similar to the auto-reload
mode, in that a rollover in TH2 causes the Timer 2 registers
to be reloaded with the 16-bit value in registers RCAP2H
and RCAP2L, which are preset by software.

The baud rates in Modes 1 and 3 are determined by Timer
2’s overflow rate according to the following equation.

Timer 2 Overflow Rate

Modes 1 and 3 Baud Rates = 75

The Timer can be configured for either timer or counter
operation. In most applications, it is configured for timer
operation (CP/T2 = 0). The timer operation is different for
Timer 2 when it is used as a baud rate generator. Normally,
as a timer, it increments every machine cycle (at 1/12 the
oscillator frequency). As a baud rate generator, however, it

Figure 5. Timer 2 in Clock-out Mode

osc 2

—l DR ey e 120! e
: A{/ 7 (8-BITS) | (8BITS) [ T |

increments every state time (at 1/2 the oscillator fre-
quency). The baud rate formula is given below.

Modes 1 and 3 _ Oscillator Frequency
Baud Rate 32 x [65536 — (RCAP2H,RCAP2L)]

where (RCAP2H, RCAP2L) is the content of RCAP2H and
RCAP2L taken as a 16-bit unsigned integer.

Timer 2 as a baud rate generator is shown in Figure 4. This
figure is valid only if RCLK or TCLK =1 in T2CON. Note
that a rollover in TH2 does not set TF2 and will not gener-
ate an interrupt. Note too, that if EXEN2 is set, a 1-to-0
transition in T2EX will set EXF2 but will not cause a reload
from (RCAP2H, RCAP2L) to (TH2, TL2). Thus when Timer
2 is'in use as a baud rate generator, T2EX can be used as
an extra external interrupt.

Note that when Timer 2 is running (TR2 = 1) as a timer in
the baud rate generator mode, TH2 or TL2 should not be
read from or written to. Under these conditions, the Timer is
incremented every state time, and the results of a read or
write may not be accurate. The RCAP2 registers may be
read but should not be written to, because a write might
overlap a reload and cause write and/or reload errors. The
timer should be turned off (clear TR2) before accessing the
Timer 2 or RCAP2 registers.

| | ] & Ay . |
Wa\e. (& NN T
i NV 4
o
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JI e C/2 BIT
Piof” ) P : :
(T2) \ / = ) d\w
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Programmable Clock Out

A 50% duty cycle clock can be programmed to come out on
P1.0, as shown in Figure 5. This pin, besides being a regu-
lar I/0 pin, has two alternate functions. It can be
programmed to input the external clock for Timer/Counter 2
or to output a 50% duty cycle clock ranging from 61 Hz to 4
MHz at a 16 MHz operating frequency.

To configure the Timer/Counter 2 as a clock generator, bit
C/T2 (T2CON.1) must be cleared and bit T20E (T2MOD. 1)
must be set. Bit TR2 (T2CON.2) starts and stops the timer.
The clock-out frequency depends on the oscillator fre-
quency and the reload value of Timer 2 capture registers
(RCAP2H, RCAP2L), as shown in the following equation.

Oscillator Fequency
[65536 - (RCAP2H,RCAP2L)]

Clock-Out Frequency= T

In the clock-out mode, Timer 2 roll-overs will not generate
an interrupt. This behavior is similar to when Timer 2 is
used as a baud-rate generator. It is possible to use Timer 2
as a baud-rate generator and a clock generator simulta-
neously. Note, however, that the baud-rate and clock-out
frequencies cannot be determined independently from one
another since they both use RCAP2H and RCAP2L.

UART

The UART in the AT89C52 operates the same way as the
UART in the AT89C51.

Interrupts

The AT89C52 has a total of six interrupt vectors: two exter-
nal interrupts (INTO and INTT), three timer interrupts
(Timers 0, 1, and 2), and the serial port interrupt. These
interrupts are all shown in Figure 6.

Each of these interrupt sources can be individually enabled
or disabled by setting or clearing a bit in Special Function
Register IE. IE also contains a global disable bit, EA, which
disables all interrupts at once.

Note that Table shows that bit position IE.6 is unimple-
mented. In the AT89C51, bit position IE.5 is also
unimplemented. User software should not write 1s to these
bit positions, since they may be used in future AT89
products.

Timer 2 interrupt is generated by the logical OR of bits TF2
and EXF2 in register T2CON. Neither of these flags is
cleared by hardware when the service routine is vectored
to. In fact, the service routine may have to determine
whether it was TF2 or EXF2 that generated the interrupt,
and that bit will have to be cleared in software.

The Timer 0 and Timer 1 flags, TFO and TF1, are set at

S5P2 of the cycle in which the timers overflow. The values
are then polied by the circuitry in the next cycle. However,

the Timer 2 flag, TF2, is set at S2P2 and is polled in the
same cycle in which the timer overflows.

Table 5. Interrupt Enable (IE) Register

: ) ; (LSB)
|ET2 |ES | ET1 | EXt | ETO }Exo 1

(MSB)
( EA |-

Enable Bit = 1 enables the interrupt.

Enable Bit = 0 disables the interrupt.

Symboal Position Function
EA IE.7 Disables all interrupts. If EA =0,
no interrupt is acknowledged. If
[ EA = 1, each interrupt source is
[ individually enabled or disabled
| by setting or clearing its enable
bit.
- IE.6 Reserved.
ET2 IE.5 Timer 2 interrupt enable bit.
ES 1E.4 Serial Port interrupt enable bit.
ET1 IE.3 Timer 1 interrupt enable bit.
EX1 IE.2 External interrupt 1 enable bit.
ETO == Timer 0 interrupt enable bit.
EX0 {E:0 External interrupt 0 enable bit.

User software should never write 1s to unimplemented bits,
because they may be used in future AT89 products.

Figure 6. Interrupt Sources
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Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier that can be configured for use as
an on-chip oscillator, as shown in Figure 7. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left
unconnected while XTAL1 is driven, as shown in Figure 8.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Idie Mode

In idle made, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

Note that when idle mode is terminated by a hardware
reset, the device normally resumes program execution
from where it left off, up to two machine cycles before the
internal reset algorithm takes control. On-chip hardware
inhibits access to intemal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when idle mode is termi-
nated by a reset, the instruction following the one that
invokes idle mode should not write to a port pin or to exter-
nal memory.

Power-down Mode
In the power-down mode, the oscillator is stopped, and the

is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

Figure 7. Oscillator Connections
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Figure 8. External Clock Drive Configuration

NC) g7/ to1 § ATAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL

instruction that invokes power-down is the last instruction GND

executed. The on-chip RAM and Special Function Regis-

ters retain their values until the power-down mode is =

terminated. The only exit from power-down is a hardware F :

reset. Reset redefines the SFRs but does not change the

on-chip RAM. The reset should not be activated before Vg

Status of External Pins During Idle and Powe-down Modes
Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power-down Internal 0 0 Data Data Data Data
Power-down External 0 0 Float Data Data Data
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Program Memory Lock Bits

The AT89C52 has three lock bits that can be left unpro-
grammed (U) or can be programimed (P) to obtain the
additional features listed in the following table.

Lock Bit Protection Modes
Program Lock Bits
LB1 LB2
u Ve

P u

LB3
U
u

Protection Type

| No program lock features.

MOVC instructions executed
from external program

| memory are disabled from

| fetching code bytes from
internal memory, EA is
sampled and latched on reset,
and further programming of
the Flash memory is disabled.

Same as mode 2, but verify is
also disabled.

Same as mode 3, but external

% execution is also disabled.

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value and holds that value until reset is activated. The
latched value of EA must agree with the current logic level
at that pin in order for the device to function properly.

Programming the Flash

The AT89C52 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage
(Vcc) program enable signal. The Low-voltage program-
ming mode provides a convenient way to program the
AT89C52 inside the user’s system, while the high-voltage
programming maode is compatible with conventional third-
party Flash or EPROM programmers.

The AT89C52 is shipped with either the high-voltage or
low-voltage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.

Vpp =12V Vpp=5V
Top-side Mark AT89C52 AT89C52

XXXX XXXX - 5

yyww yyww
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AT89C52

Vop = 12V | Vpp=5V
Signature (030H) = 1EH | (030H) =1EH

(031H) = 52H | (031H) = 52H

(032H) = FFH | (032H) = 05H

The AT89C52 code memory array is programmed byte-by-
byte in either programming mode. To program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.
Programming Algorithm Before programming the
AT89C52, the address, data and control signals should be
set up according to the Flash programming mode table and
Figure 9 and Figure 10. To program the AT89C52, take the
following steps.
1. Input the desired memory location on the address
lines.

2. Input the appropriate data byte on the data lines.

3. Activate the correct combination of centrol signals.

4. Raise EA/Vpp to 12V for the high-voltage program-
ming mode.

5. Pulse ALE/PROG once to program a byte in the

Flash array or the lock bits. The byte-write cycle is
self-timed and typically takes no more than 1.5 ms.

and data for the entire array or until the end of the
object file is reached.

Data Polling The AT89C52 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written data on PO.7. Once the write cycle
has been completed, true data is valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.

Program Verify If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

Chip Erase The entire Flash array is erased electrically by
using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all 1s. The chip erase operation must be executed
before the code memory can be reprogrammed.

13
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Reading the Signature Bytes The signature bytes are
read by the same procedure as a normal verification of
locations 030H, 031H, and 032H, except that P3.6 and
P3.7 must be pulled to a logic low. The values returned are
as follows.

(030H) = 1EH indicates manufactured by Atmel

(081H) = 52H indicates 89C52

(032H) = FFH indicates 12V programming

(032H) = 05H indicates 5V programming

Flash Programming Modes

Programming Interface

Every code byte in the Flash array can be written, and the
entire array can be erased, by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

All major programming vendors offer worldwide support for

the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

1

Mode RST | PSEN ALE/PROG EANp P2.6 P2.7 ‘ P36 | P37
Write Code Data H L H12v L el H
N\ [/~
Read Code Data H ! H L L H
Write Lock Bit - 1 H L - HA2V H H | H H
gif o™ W L H/12V H B e
Bit-3 | H L H/12V H b
Po s a's'eNy |
Chip Erase CH ks 1) H/12V H iy
E3e80H0 f i
Read Signature Byte H L H H L B
Note: 1. Chip Erase requires a 10 ms PROG pulse.

14 ATB9C52 e T
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.

Figure 9. Programming the Flash Memory Figure 10. Verifying the Flash Memory
+5V +5V
AT87F52 T AT87F52 T
ADDR. A0 ATyl by Vee apDR. A9 - AT) oy Veo |
OOOQOQH/1FFFH PGM OOOOH/1FFFH | PGM DATA
P20 - P24 ' PO —— o B P20 - P24 PO = (USE 10K
A8 - A12 A8 - A12 PULLUPS)
—» P26 —»| P26
SEE FLASH | —»f P27 ALE [¢—— PROG SEE FLASH —> P27 ALE |«
PROGRAMMING PROGRAMMING
MODES TABLE | — | P3.6 MODES TABLE | — ¥ P36 e
—» P37 e Ul 4
o XTAL2 EA [—— V,Npp @ XTAL2 EA |«
3-24 MHz | 3-24 MHz I
e L NN &
XTAL1 RST [¢—— V,, J— XTAL1 RST [&¢—— V,
GND PSEN f— GND PSEN

.

Flash Programming and Verification Characteristics
TA = OOC tO 70°C, VC(‘ = 50 g 100/0

Symbol Parameter I Min I Max Units
Vpp" Programming Enable Voltage 1.5 | 125 Y
Ippt" Programming Enable Current ’ 1.0 mA
teoL Oscillator Frequency 3 J 24 MHz
e Address Setup to PROG Low 48tc L ’

teiise Address Hold after PROG g Bl |

o Data Setup to PROG Low 48t o 5 |
tetioy Data Hold After PROG 48t o1

tensn P2.7 (ENABLE) High to Vpp 48te o1 |

tehoL Vpp Setup to PROG Low 10 | us
tans ™M Vpp Hold after PROG 10 us
taian PROG Width 1 110 s
tavav Address to Data Valid 48t oL

taisy ENABLE Low to Data Valid 48tg oL

teies Data Float after ENABLE 0 48t o,

o PROG High to BUSY Low 1.0 ps
twe Byte Write Cycle Time 2.0 ms

Note: 1. Only used in 12-volt programming mode.

AIMEL 15
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Flash Programming and Verification Waveforms - High-voltage Mode (Vpp=12V)

P10 - P1.7 PROGRAMMING ; | VERIFICATION
P2.0 - P2.4 e e o e £ ADDRESS 7—*"’*?, ADDRESS  ——— i
e o < tavay
PORT 0 % DATA IN b ((DATAOUL b —
1 tvaL  ltawox < | ! i
LaveL [ ¢ lgHax |
ALE/PROG Sl
tshaL [ "Q Ko " tahst
e b ] e~ N oGiC 1
=il VR e e R, . > GO0 EMGRE o PR
) |
————— — — < t
P2.7 T : R telqu 4‘ <« EHaz
(ENABLE) | ‘ 2
‘ lavg) Py TR i
P3.4 J ; |
(RDY/BSY) 49 ~alsy Wf READY
e~ [t 4=

Flash Programming and Verification Waveforms - Low-voitage Mode (Vpp=5V)

P1.0 - P1.7 PROGRAMMING | | VERIFICATION
P2.0 - P2.4 ADDRESS b e Apopess | > ——
R o by B Y
PORT 0 | DATA IN Y “"DATA OUT | }- -
> tovar  toHox % '
taveL [ —* lanAx
ALE/PROG W) 3 ) Q|
t < > ‘
Ve ~loeHs 77 !
e - , | LOGIC 1/
EANpp RO I e T g e Jole g R S N R
e —t — «— t
P2 7 ‘ EHSH tELQVf“ « EHQZ
(ENABLE) ﬂ N |
oo, —> [« :
P34 } |
(RDY/BSY) \__Busy 1 READY
e e =

16 AT89C5?2 e T
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Absolute Maximum Ratings*

*NOTICE:  Stresses beyond those listed under “Absolute

Maximum Ratings” may cause permanent dam-

Storage Temperature ...............ccococcovveven... -65°C to +150°C | age to the device. This is a stress rating only and
‘ functional operation of the device at these orany

other conditions beyond those indicated in the

Operating Temperature....................cccceev.... -55°C to +125°C

Voltage on Any Pin

with Respect to Ground ...................cccocovven, -1.0V to +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating
Maximum Operating Voltage ................ccoocoeeveeeeo .. 6.6V conditions for extended periods may affect
i device reliability.
DC OUPUt CUITENE ot i 15.0mA |

DC Characteristics
The values shown in this table are valid for T, = -40°C to 85°C and V. = 5.0V + 20%, unless otherwise noted.

Symbol ] Parameter Condition Min f Max Units |
Vi Input Low-voltage (Except EA) -0.5 0.2 V0.1 v
Vi Input Low-voltage (EA) -0.5 | 0.2V-0.3 v
Viy Input High-voltage (Except XTAL1, RST) 0.2 V0.9 } Veet0.5 %
Viiii | Input High-voltage (XTAL1, RST) Q7Vec A\  Vect0s v
VoL Output Low-voltage!” (Ports 1,2,3) lou = 1.6 mA 0.45 v
Vo Output Low-voltage') o, = 3.2 MA | 0.45 v
(Port 0, ALE, PSEN) ;
Vou Output High~voltage_ lop = -60 PA, Ve =5V +10% 2.4 i \Y
(Ports 1,2,3, ALE, PSEN) on V5% 0.75 Ve v
loy = -10 pA i 0.9 Vg v
Voui Output High-voltage low = 800 pA, Voo =5V + 10% 24 Y
(Port 0 in External Bus Mode) oy = -300 pA 0.75 Vg v
lop = -80 pA 0.9 Ve ! v
e Logical 0 Input Current (Ports 1,2,3) | Vi = 0.45V ; -50 pA
Il Logical 1 to O Transition Current Vin=2V, Ve V: 5V + 1 0% -650 LA
(Ports 1,2,3)
I Input Leakage Current (Port 0, EA) | 0.45 < Vjy < Vg ; 10 A
RRST Reset Pulldown Resistor 50 : 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, T, = 25°C ‘ 10 pF
ch Power Supply Current Active Mode, 12 MHz ’ 25 mA
Idle Mode, 12 MHz 6.5 mA
Power-down Mode! Vg = 6V 1 100 pA
Voo =3V 40 pA
Notes: 1. Under steady state (non-transient) conditions, lor must be externally limited as follows:

Maximum Iy, per port pin: 10 mA
Maximum lg, per 8-bit port:
Port 0: 26 mA

Ports 1, 2, 3: 15mA

Maximum total Ig,_for all output pins: 71 mA
I lo exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.

2. Minimum V¢ for Power-down is 2V.

AImEL
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AC Characteristics

Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other
outputs = 80 pF.

External Program and Data Memory Characteristics

[ 12 MHz Oscillator Variable Oscillator
Symbol Parameter ) Min Max Min | Max Units
| gloL Oscillator Frequency : * ‘ 0 24 MHz
i ALE Pulse Width oy e ns
taviL Address Valid to ALE i;ow e | 43 toLo-13 ns
tLax Address Hold After ALE LOV\V/AV J 48 toLc 20 ns
Y ALE Low to Valid Instruction In e 233 4t o -65 ns
| tichi. ALE Low to PSEN Low ;‘ 43 tCLcLA-1 S ns
teLpH PSEN Pulse Width 205 BtgLc-20 ns
ipuv PSEN Low to Valid Instruction In - 145 tg o 45 ns
123 Input Instruction Hold after PSEN 0 0 ns
tpxiz Input Instruction Float after PSEN 59 tore-10 ns
faeer PSEN to Address Valid 75 torel-8 ’ ns
| taviv Address to Valid Instruction In 312 5t o 55 ns
toiaz PSEN Low to Address Float 10 10 ns
teln RD Pulse Width 400 Bte o-100 ns
t WR Pulse Width 400 Bte e -100 ns
T RD Low to Valid Data In 250 Bt o, -90 ns
i Data Hold After RD 0 0 ns
tohoz Data Float After RD 97 2t cL-28 ns
tipy ALE Low to Valid Data In &7 8tg c -150 ns
tavov Address to Valid Data In 585 Ot -165 ns
tuiwe ALE Low to RD or WR Low 200 300 3toLe-50 3tc o +50 ns
tavw Address to RD or WR Low 203 4te o 75 ns
oW Data Valid to WR Transition 23 ; tor ol -20 ns
TQVWH Data Valid to WR High 433 Tte o -120 ns
twhax Data Hold After WR 33 too-20 ns
i RD Low to Address Float 0 0 ns
b RD or WR High to ALE High 43 123 terc 20 toLcL+25 ns
18 ATE8SC52 vrwwmmrerrrrErE R




External Program Memory Read Cycle

ALE

PORT 0

PORT 2

AT89C52

T L e s
Eresinies ’//A - .
t o B e " leipn
AVLL : ; LLIV ;
—» lyp < f,
N =8 A .
N > teLy E1 N
J ¢ «—tpxav
== lpiaz t 1 i
¢ PXiz a——bl
LLAX i¢— | |

| | toxix—>  f¢— | |

St el = e . Ak e e e St s e i
A0S ATt INGTRIN o> K A0-A7T >
0 T s T e I i i Z
e~ My ————
A8 A15 A8 - AT5

External Data Memory Read Cycle

PORT 2

ety

ALE _J

¥

< tiov >
<« tRiRH —»
e tyw l

et ax—»

A 4

e tayu—»

v
= N B A

taiov [+ tRroz
taaz 41| t
R)! — > et tRrDx

N\

A0 - A7 FROM RI OR DPL{_ * ~——— DATA IN }>>(A0 - A7 FROM PCL >~ INSTR IN

e Laywe ———>

AN &

P2.0 - P2.7 OR A8 - A15 FROM DPH

A8 - A15 FROM PCH

AMEL
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External Data Memory Write Cycle

M e .
{3

HS : ‘ e
—> o iy
PSEN S 9
«— tuw ——se—tyown —
IR bty —l |
PEL tavwyx “"7 - —> ¢ twhox
= TG
,,,,, I P : ¥
PORT 0 A0 - A7 FROM RI OR DPL}< | DATA OUT ~ }< A0 - A7 FROM PCL —(INSTR IN
r—— tavwe =
PORTZ /}I P2.0 - P2.7 OR A8 - A15 FROM DPH < A8 - A5 FROM PCH
External Clock Drive Waveforms
L [ tcHex
fotox toich = “— topoL

0.2 Vge- 0.1V

0.45V
R S
teleL i
External Clock Drive
Symbol Parameter 1 Min Max Units
1/teLcl Oscillator Frequency 0 24 MHz
terol Clock Period 41.6 ns
terex High Time 15 ns
tolex Low Time 15 ns
teren Rise Time 20 ns
toheL Fall Time 20 ns

20 AT89C52 e SIS



Serial Port Timing: Shift Register Mode Test Conditions

The values in this table are valid for V. = 5.0V + 20% and Load Capacitance = 80 pF.

1 AT89C52

12 MHz Osc Variable Oscillator
Symbol Parameter Min j Max Min ' Max
tyixe Serial Port Clock Cycle Time 1.0 } 12t ¢,
5 i
tavxH Output Data Setup to Clock Rising Edge 700 | 10tg ¢ -133
tynax Output Data Hold After Clock Rising Edge 50 2t o -117 ]
tyrox Input Data Hold After Clock Rising Edge 0 0
txroy Clock Rising Edge to Input Data Valid l 700 10t ¢ -133
Shift Register Mode Timing Waveforms
INSTRUCTION 1/ ﬁ4h[ ;ﬁar_lh7#‘,r_8 |
ALE Ld Z91¢ Pl s GRREELGE D B
CLOCK | 1 | ’ A\ 7{,,,_.;; ‘L¥%
WRITE TO SBUE 2 \& Ve > Y5 6
v [t
OUTPUT DATA YA A AN
. CLEARRI | = (% _\%S(Epf‘{/_,\\'(&o‘ i 7 V;A@i*f\%}if/fgé‘/fE;\K\@_Liol\fi;x@dy\” -
A
INPUT DATA

AC Testing Input/Output Waveforms(!)

Voo~ 08V——

g4sy-——

Note: 1. AC Inputs during testing are driven at Ve - 0.5V
for a logic 1 and 0.45V for a logic 0. Timing measure-
ments are made at V,y min. for a logic 1 and V,_ max.
for a logic 0.

-0 W 0.9V
_ TESLRONT®Y
202 VNN

Float Waveforms("

Y

Vica —

Note: 1. For timing purposes, a port pin is no longer floating
when a 100 mV change from load voltage occurs. A
port pin begins to float when a 100 mvV change from

vl
L
S

B - 0.1V
"‘i‘VOL 0

Timing Reference

Points

the loaded Vg/Vg, level occurs.

AIMEL
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Ordering Information

AIMEL

Speed Power
(MHz) Supply Ordering Code Package Qperation Range
12 5V +20% AT89C52-12AC 44A Commercial
AT89C52-12JC 44 (0°C to 70°C)
AT89C52-12PC 40P6
AT89C52-12QC 44Q
i AT89C52-12Al 44;\ Industrial
AT89C52-12JI 444 (-40°C to 85°C)
AT89C52-12P| 40P6
AT89C52-12Ql 44Q
16 5V £ 20% AT89C52-16AC 44A Commercial
AT89C52-16JC 44y (0°C to 70°C)
AT89C52-16PC 40P6
AT89C52-16QC i 44Q
ATB9C52-16Al | 44A Industrial
AT89C52-16JI ‘ 444 (-40°C to 85°C)
AT89C52-16PI 40P6
ATB89C52-16Ql 44Q
20 5V £ 20% AT839C52-20AC 44A Commercial
AT89C52-20JC | 444 (0°C to 70°C)
AT89C52-20PC } 40P6
| ATB9C52-20QC | 44Q
AT89C52-20Al 44A Industriai
AT89C52-20JI > \ad (-40°C to 85°C)
AT89C52-20P) | 40P6
ATB9C52-20Ql | 440
24 5V + 20% AT89C52-24AC ' 44A Commercial
AT89C52-24JC 44 (0°C to 70°C)
AT88C52-24PC 40P6
AT89C52-24QC j 44Q
AT8YC52-24Al o 44A Industrial
AT89C52-24J1 ? 44 (-40°C to 85°C)
AT89C52-24P| f 40P6
AT89C52-24Q 44Q
Package Type
44A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44J 44-lead, Plastic J-leaded Chip Carrier (PLCC)
40P6 40-lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44Q 44-lead, Plastic Gull Wing Quad Flatpack (PQFP)

22
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Packaging Information

44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad
Flatpack (TQFP)

Dimensions in Millimeters and (Inches)*
JEDEC STANDARD MS-026 ACB

12.21(0.478)
PINTID — e — sQ
\\ f "1{ 11.75(0.458)

0.45(0.018)

0.30(0.012)

[ 1.20(0.047) MAX
1

0.20(.008) 7
0.09(003) ]

ﬁ’ “ Jﬁ“ 4

0.75(0.030) 0.15(0.006)

| e L A )

0.45(0.018)  0.05(0.002)

Controlling dimension: millimeters

44J, 44-lead, Plastic J-leaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)
JEDEC STANDARD MS-018 AC

.045(1.14) X 45°  PIN NO. 1
IDENTIFY

-012(.30%)

.045(1.14) X 30 45°
Pt
.008(. 403)

1656(16.7) 1 es0gi60
’s’ou'e 5) 5 L Tse0(150)
i
h

.032(813) |
~026(.660)

021(.533) |
013(:330) |

| .695(17. 7)
| 685(17.4) i
J ‘V '
©.043(1.09)
.020(.508)
.120(3.05)
.690(2.29)
.180(4.57)
.165(4.19)

.050(1.27)

..Ji
——i

- .022(.559) X 45° MAX (3X)

40P6, 40-lead, 0.600" Wide, Plastic Dual Inline
Package (PDIP)
Dimensions in Inches and (Millimeters)

| 2.07(52.6) |
2.04(51.8) PIN
1

566(14.4)

530(13.5)
%
OV OUOoOom YOO

|— 090(2.29)
1.900(48.26) REF MAX

220(5.59)
o el
PLANE 1~
065(1.65)
161(409 '-“-. 015(:387)
125(3.16) 022(559)
065(1.65) 0T4(356)
A110(2.79) 041(1.04)
1080(2.29) ooy
l'.590(15.0)
0 Rer
012(.305) )
1008(203) ooy
610(15.5)

44Q, 44-lead, Plastic Quad Flat Package (PQFP)
Dimensions in Millimeters and {Inches)*
JEDEC STANDARD MS-022 AB

13.45 (0.525)
*f1295(0506) "!
|

PINTID —._ [

\\j\
0.80(0.031) BSC —

L__ =
=

0.50 (0.020)

0.35 (0.014)

10.10 (0.394)
5,90 (0.386) °C

S
|

, r 2.45 (0.096) MAX
0.17 (0.007)

SR °°5’1/ Wi
\ ’j [., 1.03 (0.041) Eozs(o.oww;\x

0.78(0.030)
Controlling dimension: millimeters
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FAIRCHILD
SEMICONDUCTOR 1

MM74HC14

Hex Inverting Schmitt Trigger

General Description

The MM74HC14 utilizes advanced silicon-gate CMOS
technology to achieve the low power dissipation and high
noise immunity of standard CMOS, as well as the capability

to drive 10 LS-TTL

The 74HC logic family is functionally and pinout compatible
with the standard 74LS logic family. Allinputs are protected
from damage due lo stalic discharge by intemal diode

clamps to Ve and

loads.

ground.

September 1983
Revised February 1999

Features

B Typical propagation delay: 13 ns

B Wide power supply range: 2-6V

B Low quiescent current: 20 yA maximum (74HC Series)
B Low input current: 1 A maximum

B Fanout of 10 LS-TTL loads

Bl Typical hysteresis voltage: 0.9V at Voo = 4.5V

Ordering Code:

Order Number | Package Number Package Description
MM74HC 14M M14A 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120. 0.150" Narrow
MM74HC14SJ M14D 14-Lead Small Outline Package (SOP), EIAJ TYPE 11, 5.3mm Wide

MM74HC14MTC MTC14 14-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm Wide
MM74HC14N N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Devices also available in Tape and Reel. Specify by appending the suffix letter *X" to the ordering code.

Connection Diagram

Pin Assignments for DIR, SOIC SOP and TSSOP

Voo
s 13

hz

-

ln lw |9

Top View

W&SW

Logic Diagram

veo

H Vi Voo
)

! [ o] J_ L H v
L z . p

© 1999 Fairchild Semiconductor Corporation

DS005105.prf

www.fairchiidsemi.com
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MM74HC14

Absolute Maximum Ratingsote 1)
(Note 2)

—0.5to +7.0V
~1.510 Vg +1.5V
~0.5t0 Vg +0.5V

Supply Vollage (Vce)
DC input Voltage (Vyy)
DC Output Voltage (Voyr)

Clamp Diode Current (I, lok) 120 mA
DC Output Current, per pin (IgyT) +25 mA
DC V¢ or GND Current, per pin

(Ice) +50 mA
Storage Temperature Range (Tg7g) —65°C to +150°C
Power Dissipation (Pp)

(Note 3) 600 mW

S.0. Package only 500 mW
Lead Temperature (T,)

(Soldering 10 seconds) 260°C

DC Electrical Characteristics (Note 4)

Recommended Operating

Conditions
Min Max Units
Supply Voltage (Vcc) 2 6 \
DC Input or Output Voltage 0 " Negg ¥
(Vine Vour)
Operating Temperature Range (T,) 40 +85 °C

Note 1: Absolute Maximum Ratings are those values beyond which dam-
age to the device may occur.

Note 2: Unless otherwise specified all voftages are referenced to ground.

Note 3: Power Dissipation temperature derating — plastic "N” package: —
12 mW/°C from 65°C to 85°C.

Ta=25°C Ta=-401t085°C| To= -55to 125°C
Symbol Parameter Conditions Vee Units
Typ Guaranteed Limits
V1, Positive Going Minimum 2.0v 12 1.0 1.0 1.0 \
Threshold Voltage 4.5V 2.2 20 2.0 2.0 Vv
6.0V 32 3.0 3.0 3.0 \2
Maximum 2.0V 12 15 15 1.5 \%
4.5V 29 3.15 3.15 3.15 \Z
6.0V .2 42 4.2 4.2 \
Vo Negative Going Minimurn 2.0V 0.7 0.3 0.3 0.3 \2
Threshold Voltage 4.5V 1.8 0.8 0.9 0.9 \
6.0V 22 %2 1.2 du2 \%
Maximum 2.0v .7 1.0 1.0 1.0 Vv
4.5V 1.8 22 p.2 22 \2
6.0V 22 3.0 3.0 3.0 \
Vy Hysteresis Voltage Minimum 2.0v 0.5 0.2 0.2 0.2 \'2
4.5V 0.9 04 0.4 0.4 \
6.0V 1.0 0.5 0.5 0.5 \2
Maximum 2.0v .5 1.0 1.0 1.0 Vv
4.5V 0.9 14 1.4 1.4 v
6.0V 1.0 g 15 1.5 Vv
Vo Minimum HIGH Level Vin=ViL 2.0v 20 1.9 T8 1.9 v
Output Voltage lloutl =20 uA 4.5V 4.5 4.4 4.4 4.4 \
6.0V 6.0 5.9 5.9 59 \
Vin=ViL
llourl = 4.0mA 4.5V 4.2 398 3.84 37, v
lloutl = 5.2mA 6.0V 5.7 548 5.34 5.2 v
Vor Maximum LOW Level Vin=Vin 2.0v 0 0.1 0.1 0.1 Vv
Output Voltage llout| = 20 yA 4.5v 0 0.1 0.1 0.1 v
6.0V 0 0.1 0.1 0.1 v
Vin=Vin
llour| = 4.0mA 4.5V 0.2 0.26 0.33 0.4 v
llout]=5.2mA 6.0v 0.2 0.26 0.33 0.4 \
Iin Maximum Input Current | Vi =Vgg or GND 6.0V 0.1 +1.0 1.0 wA
lce Maximum Quiescent Vin=Veg or GND 6.0v 20 20 40 HA
Supply Current lout=0 pA

Note 4: For a power supply of 5V +10% the worst case output voltages (Vou, and V) occur for HC at 4.5V, Thus the 4.5V values should be used when
designing with this supply. Worst case Vyy and V,_occur at Ve = 5.5V and 4.5V respectively. (The Vi value at 5.5V is 3.85V.) The worst case leakage cur-
rent (I, Icc, @nd loz) occur for CMOS at the higher voltage and so the 6.0V values should be used.

www.fairchildsemi.com




AC Electrical Characteristics
Voo =5V, Ta=25°C, C = 15pF, t, =t =6 ns

Symbol Parameter Conditions Typ Guaranteed Limit Units

tor, toLH Maximum Praopagation Delay 12 22 ns

AC Electrical Characteristics

Ve =2.0Vto 6.0V, C_ =50 pF, t,= t;=6 ns (unless ctherwise specified)

Ta=25°C Ta=-401085°C [ T,=-55t0 125°C
Symbol Parameter Conditions Vee Units
Typ Guaranteed Limits
tpnr, tpLy | Maximum Propagation 2.0V [slo] 128 156 188 ns
Delay 4.5V 13 25 31 38 ns
6.0V 11 ey, 26 32 ns
trn, trie | Maximum Output Rise 2.0V 30 75 95 10 ns
and Fall Time 4.5V 8 15 19 22 ns
6.0V ¥ 13 16 19 ns
Cpp Power Dissipation (per gate) 27 pF
Capacitance (Note 5)
Cin Maximum Input Capacitance S 10 10 10 pF

Note §: Cpp determines the no load dynamic power consumption, Pp=Cpp Vee2 f+lee Ve, and the no load dynamic current consumption,
Is = Cpp Vee f+ lec:

Typical Performance Characteristics

Input Threshold, Vy+, Vi—, Propagation Delay vs
vs Power Supply Voltage - Power Supply
40
=
=1 w
£u ~ L
S . =]
: rrile :
=1 FEAL
P 7
w / ¥ 3
z Vr— £
1.0 S 1
E 9
z
0 0
28" 30 &b 3h ‘ig 29 38 M0 50 6O
POWER SUPPLY VOLTAGE (V) POWER SUPPLY VOLTAGE (V)
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MM74HC14

Typical Applications

Low Power Oscillator
R

MMZ4C18

lC

Note:

VT +

t4=RCin

Veo—Vr-—
ta=AC In~2C_YT—
Veo— VT4

1
{ 5

AC iIn YT+ MVee—Vr-)

V- (Veo—=VT4)

The equations assume ty+ t, >> tado + toat

www.fairchildsemi.com




Physical Dimensions inches (millimeters) unless otherwise noted

LEAD NG 1 1’

0.335 -0.344
18.509 - 8.738)

IDENT
01500157\
{3.810—3.988]
0.010-0.020 0.053 -0.069
(0.5 —0.508 <*5" ™™ r— {1,346 -1.753)
8° MAX TYP | 0.804-0.010
ALLLEADS {0192-0.254)
}——mﬁ’ v o
} T 1 !l h
I
0.008-0.010 i 1 i 0.014—0.020
3.008-0.0uy 8 | ; )
{0.203=0.258) ' 0016 -0,050 0 o < Aalhn vy il
TYP ALL LEADS 0.604 (0.406 —1.270 e . 0.008 o
.10 TYPALL LEADS Bl
ALLLEAD TIPS MaAmE
14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150” Narrow
Package Number M14A
14 3
1 7 =
0.384-0.402 o ;
3557 R g L] e 0.006-0.010
(10.0-10.2) I‘*\‘u,s)) T0.15-0.25) 1P \]
/ I g g e e \ 0.067-0.083 |
\_ 7 (1.7-2.1) f
[0.006(0.15) —t
SEATING PLANE o/ L hoh it ((01'_02‘59) TtP) —=1 l—
: (0-0.25)
0.016-0.031 [0
0.014-0.020 L B (0.4-0.8)
{0.35-0.50)

14-Lead Small Outline Package (SOP), EIAJ TYPE II, 5.3mm Wide

Package Number M14D

W14D (REV B)

www.fairchildsemi.com
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MM74HC14

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

14LD, TSSOP, JEDEC MO-153, 4.4MM WIDE

14

i,

043 Trp{) 5‘1
H !p |

| o

s N | Bt € 1

o TN |

T smrmm | oaadies

ALL LEAD TIPS

PIN #1 IDENT.

ALL LEAD TIPS NAY //« SEE DETAIL A
: 9 . ; 1,
1 St e

il

f
| GerrrEe s S e

ey [ ¥ £
L JL 0.10£0.05 3%
0.65 H— 019 - 03

0
0139 [A] 58 2.00°TOP & BOTTO

GAGE PLANE

1.2 MaX ]

NOTES:
A CONFORMS 70 JEDEC REGISTRATION MO-1S3 VARIATION AR
REF NOTE 6, DATED 7/93 1
B. DIMENSIONS ARC IN MILLINETERS \
C. DIMENSIONS ARE EXCLUSIVE OF BURRS, MOLD FLASH, SEATING PLANE

AND TIE BAR EXTRUSIONS ,_mo—l
DETAIL A

14-Lead Thin Shrink Smalt Qutline Package (TSSOP), JEDEC MO-153, 4.4mm Wide
Package Number MTC14
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.740 -0.770

(18.60— 19.56) =S
Sl g 0.090)
(" (e.z8)
14 |13] |1 11 l
AEEEmEE] i
[ ARER
) ; 0.250 £ 0.010
. k (6.350 £ 0.254)
PINNG.1 T AT \i FNND.1 ¥
1DENT GI 2 B3] 3] 5046 1] IDENT
0,092 0.036_Mex
{2.337) {0.762) oePTH
OPTION 1 0PTION 02
0.13520.005 0.300=0.3%0
Bt 0.060 e L
el — w2 VP bl 40 TYP e S
(3.683-5.080) ; | (1.524) AT gemowat R
| | \ 1 % §
| —
A A | B Vi 0.008-0.016
0.020 e f i §0°+4° TYP d (0.203 —0.405)
{0.508) T T | i v ; :
pff iz g ", caszoms ;
(3.175 -3.810) ! - \<"m | 0.280
00130023 1y || | = TT12)
03560584 " ! i g._;_{og xgg;)] m i KN
0.050 £ 0.010 e - b ¥AWAS T
a2 | LS T Fo zed) | e
[ oes +1.016)
{pass 1L 50 3oy
14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300” Wide
Package Number N14A
LIFE SUPPORT POLICY =

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the
body, or (b) support or sustain life, and (c) whose failure
to perform when properly used in accordance with
instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
user.

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

www.fairchildsemi.com

Fairchid does not assume any responsibiity for use of any dircutry described, no drcuit patent icenses are implied and Fairchid reserves the fight at any time without notice to change said circuitry and specifications
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LM2902,LM324/LM324A
Quad Operational Amplifier

Features Description
* Intemally frequency compensated for unity gain The LM324/LM324A,1.M2902 consist of four independent,
+ Large DC voltage gain: 100dB high gain. internally frequency compensated operational
* Wide power supply range: amplifiers which were designed specifically to operate
LM324/LM324A : 3V~32V (or £1.5 ~ 15V) from a single power supply over a wide voltage range.
LM2902: 3V~26V (or £1.5V ~ 13V) Operation from split power supplies is also possible so
* Input common-mode voltage range includes ground long as the difference between the two supplies is 3 volts to
* Large output voltage swing: OV to VCC-1.5V 32 volts. Application areas include transducer amplifier, DC
* Power drain suitable for battery operation gain biocks and all the conventional OP amp circuits which
now can be easily implemented in single power supply sys-
tems.
14-DIP

14-SOP

Internal Block Diagram

OUTH 4) ouTs
IN1 (- IN4 (-
INT(+) Q ING (+)
GND
IN2 (+) IN3 (+)
IN2 (-) IN3 (=)

ouT2 g) outa

Rev. 5.0

©2000 Fairchild Semiconductor International



LM2902,L M324/LM324A

Schematic Diagram

(One Section Only)

Vee O—

&

-

7T
L2
7N

i< {.av
;J &— Q19
Q20
r_K/_“ R1
Q2 Q3 b c1

IN (=) 8 i Qig

o—1Kor 4j’] g 2 oouteut

o Qi1 [

CD N (+) Qz1
o /¥t o jj
Q8 ol Q13 ?O‘ld 1)016
GND O— l/' 'j
Absolute Maximum Ratings
Parameter Symbol LM324/LM324A LM2902 Unit —l

Power Supply Voltage Vce +16or 32 +13 or 26 \Y
Differential Input Voltage VI(DIFF) 32 26 \Y
Input Voltage Vi -0.3 to +32 -0.3 to +26 V
Output Short Circuit to GND - Continuous Continuous -
Power Dissipation PbD 570 570 mwW
Operating Temperature Range TopPRr 0~+70 -40 ~ + 85 °C
Storage Temperature Range TSTG -65 ~+ 150 -65 ~ + 150 °c




LM2902,LM324/L M324A

Electrical Characteristics
(VCC=5.0V, VEE=GND, TA=25 °C, unless otherwise specificd)

i LM324 LM2902 :
Parameter Symbol Conditions Unit
Min.| Typ. Max. | Min. | Typ. Max.
Vem=0Vto Vee = 1.5V :
Input Offset Voltage Vio VOP) = 1.4V, Rs = 00 - 15 7.0 1.5 7.0 mV
Input Offset Current o - - 3.0 50 - 3.0 50 nA
Input Bias Current IBIAS - - 40 250 - 40 250 nA
Common-Mode
Input VIR) | Notet B et e o | = iy
Voltage Range
RLg e S0V TN 2 ol 5 A
(all Amps)
Supply Current Icc RL = w,VoC = 5V
(all Amps) - 0.7 1.2 - 0.7 1.2 mA
(Vce =26V for LM2902)
Large Signal Vce =15V, RL>2KQ 2 \ s V/
Voltage Gain SV Voe) = 1V't0 11V <ECELY ol mV
» Note1 RL = 2KQ 26 - - 22 - - \Y
g&?ﬁ;t Moildve 2y RL7 T \ o ANAN 22 [ [ - |V
Vo() | Vcce =5V, RL>10KQ - 5 20 - ) 100 mV
ST | CMRR 5 65| (75 1N 503 Bl - | B
Rejection Ratio
Power Supply
Rejection Ratio PSRR - 65 100 - 50 | 100 - dB
Channel Separation (OR f= 1KHz to 20KHz - 120 - - 120 - dB
Short Circuit to GND| - Isc - - 40 60 - 40 60 mA
Vi(#) = 1V, Vi) = OV _ :
ISOURCE | /¢ = 15V, VO(P) = 2V 20 40 20 | 40 mA
Vi(+) = 0V, Vi) = 1V ) i
Qutput Current \N VCG = 15V, Vo(p) = 2V 10 13 14 1 13 mA
Vi#) =0V, Vi) =1V 12 45 y : i E UA
Ve = 18V,Vo(R) = 200mV
Differential Input
Voltage VI(DIFF) - - vcec | - - Vce \

Note.

1. Vee=30V for LM324 , Vce = 26V for LM2902




LM2902,L M324/LM324A

Electrical Characteristics

(Vce =5.0V, VEE = GND, unless otherwise specified)
The following specification apply over the range of 0 °C < TA <+70 °C for the LM324 ; and the - 40°C < Ta < +85 °C for the
LM2902

LM324 LM2902 y
Parameter Symbol Conditions - - Unit
Min.|Typ.| Max. |Min. Typ.| Max.
Vicm =0V to Ve = 1.5V
Input Offset Voltage Vio Vo) = 1.4V, Rs = 00 - - 9.0 - - 10.0 mV
Input Offset Voltage AVIOIAT . - 170 : - 70 . wV/°C
Drift
Input Offset Current ho - - - 150 - - 200 nA
Input Offset Current Alo/AT . = 10 5 : 10 3 DA/ °C
Drift
Input Bias Current IBIAS - - - 500 - - 500 nA
Common-Mode
Input Voltage Range | ViR) | NoteT g8 - ¢ ¥cC-20 0 2 Meezd v
Large Signal Voltage Vee =15V, RL 2 2.0KQ \ 4 \ .
Gain SV Vo) =1V o 11V € 12 i
v Note1 RL = 2KQ 26 | - - 22 - - Vv
O(H
gﬁggt voltage () RU=10KQ | 27 |28 | - TR |\ v
Vo() | Vce =5V, Ri210KQ s 5 20 s 5 100 my
Vi(+) =1V, Vi) = 0V [ ¥
ISOURCE Vae =15V, Vo) =2y | 10 20 10 | 20 mA
Output Current v VAT e
I(+) =0V, Vi(-) = | =
ISINK Ve = 15V, Vo) = 2V 51| 8 5 (@B mA
Differential Input
Voltage VI(DIFF) z - 2 Vee . - Vee \
Note.

1. Vce=30V for LM324 , Vcg = 26V for LM2802




LM2902,L M324/LM324A

Electrical Characteristics
(Vce=5.0V, VEE = GND, Tao=25°C, unless otherwise specified)

o LMi324A ]
Parameter Symbol Conditions Py Typ M Unit
in. : :
Input Offset Voltage Vio \\ﬁg?g;omi’/vgg 3 3 gv sl se my
Input Offset Current o - - 3.0 30 nA
Input Bias Current IBIAS = - 40 100 nA
Input Common-Mode i : 7 Vce-1.5
Voltage Range IR ol vecs SOV C 5
Vce = 30V - 1.5 3 mA
Supply Current (All Amps) Icc TS, . Y 2 apy
Large Signal Voltage Gain Gv xg(cp):: ?://tSIﬁ\Z/ KQ 0 : iy
¥ Note1 RL=2KQ 26 - - V
O(H
Output Voltage Swing ) R =10 KQ 27 28 - \Y
Vo) | Vce =5V, Riz2 10 KQ - 5 20 mV
Common-Mode Rejection Ratio CMRR - 65 85 - dB
Power Supply Rejection Ratio PSRR - 65 100 - dB
Channel Separation cS f=1KHz to 20KHz - 120 - dB
Short Circuit to GND . Isc - - 40 60 mA
Vi) =1V, Vi) = 0V
ISOURCE V!c(;c) = 15V P\ 20 40 - mA
QOutput Current \\%2 : ?;/\’/V\'/(('))(:)LVZV 10 20 - mA
ISINK :
Vi(+) = 0v, Vi(-) = 1V 12 50 : UA
Vee = 15V, Vo(p) = 200mV
Differential Input Voltage VI(DIFF) 2 - F Vce Vv




LM2902,L M324/LM324A

Electrical Characteristics

(Vce =5.0V, VEE = GND, unless otherwise specified)
The following specification apply over the range of 0 °C < Ta <+70 °C for the LM324A

LM324A
Parameter Symbol Conditions Unit
Min. Typ. Max.
= Vcm =0V to Ve = 1.5V iy y
Input Offset Voltage Vio VoP) = 1.4V, Rs = 00 5.0 mV
Input Offset Voltage Drift AVIO/IAT - - 7.0 30 uv/ °C
Input Offset Current lo - - - 75 nA |
Input Offset Current Drift ANO/AT - - 10 300 |pA/°C
Input Bias Current IBiAS - - 40 200 nA
Common-Mode Input % ) Vce-2.0| .
Voltage Range Jey~T Vee = 30V ’ >
Large Signal Voltage Gain Gv Vce =15V, RL> 2.0KQ 1§ - - VimV
RL = 2KQ 26 - - Vv
x Vce = 30V
Output Voltage Swing Vo(p-p) RL = 10KQ 27 28 -
Vee =5V, R 10KQ - 5 20 mA
Vi) =1V, Vi) = 0V ¥
ISOURCE Voe =15V 10 20 mA
Output Current 7, Sy v
I(+) =0V, Vi) = i
ISINK | \/ 0 = 151 5 8 mA
Differential Input Voltage VI(DIFF) 5 - : Vce \ﬂ




LM2902,LM324/L M324A

Typical Performance Characteristics
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LM2902,L M324/LM324A

Typical Performance Characteristics (continued)
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LM2902,L M324/LM324A

Mechanical Dimensions
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Mechanical Dimensions (continued)

LM2902, L M324/LM324A
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LM2902,LM324/L M324A

Ordering Information

Product Number Package Operating Temperature

LM324N

14-SOP
LM324AN

0 =#70°C

LM324M

14-SOP
LM324AM
LM2902N 14-DIP

-40~ +85°C

LM2302M 14-SOP

11



ASCII TABLE

Dec Hx Oct Char Dec Hx Oct Char Dec Hx Oct Char Dec Hx Oct Char
0 0 000 NUL {null) 32 20 040 SPACE 64 40 100 @ 96 60 140 °
1 1001 50H ({start of heading) 33 21 041 ! 65 41 101 A 97 61 141 a
2 2002 3TX (start of text) 34 22 042 " 66 42 102 B 98 62 142 h
3 3003 ETZ {end of text) 3523 043 # 67 43 103 C 99 63 143 ¢
4 4 004 EOT (end of transwission) 36 24 044 § 68 44 104 D 100 64 144 d
5 5005 ENQ (enquiry) 37 25 045+% 69 45 105 E 101 65 145 e
6 6 006 ACE [acknowledge) 3B 26 046 ¢ 70 46 106 F 102 66 146 £
7 7007 BEL (bell) 39 4T 2 71 47 107 G 103 67 147 g
g 8 010 BS (backspace) 40 28 050 | 72 46 110 H 104 66 150 h
9 5 011 TAB {horizontal tak) 41 29408173 349 111NL 105 69 151 i

10 4012 LF (NL line feed, new line) 42 21 052 * R ~Ghel]2 ] 106 64 152 j
11 B 013 ¥T (vertical tah) 43 2B 083 + 7548 113 X 107 6B 153 k
12 C 014 FF (NP forw feed, nev page) 44 2C 054 , 76 4C 114 L 108 6C 154 1
13 D 015 CR (carriage return) 45 2T50550= 774D 115 It 109 6D 155 m
14 E 016 30 (shift out} 46 2E 056 . 78 4E 116 N 110 6E 156 n
15 [FE0178I [(shifo=in) 47 2F 057 / ewdpe 11 O Hid 6F 157 o
16 10 020 DLE (data link escape) 48 30 060 O 80 50 120 P 112 70 160 p
17 11 021 DC1 {device control 1) ABL3RL06] T B 5l 1 0 Ui 71 161 g
18 12 022 DC2 (device control 2) 50 32 062 2 B2 A50m122 R 1§ 72 162 ¢
18 13 0253 DC3 (device control 3) 51 33 063 3 Bomg3 123 § 115 73 163 s
20 14 024 DC4 [device control 4) 52 34 064 4 89 54 124471 116 74 164 t
41 15 025 NAE (negative acknowledge) 53 35 065 5 85 55 125U 117 75 165 u
22 16 026 SYN (synchronous idle) 54 36 066 6 86 56 126 V 118 76 166 v
23 17 027 ETE (end of trans. block) 55 37 067 7 8757 127 0 119 77 167 w
24 18 030 CAN (cancel) 56 38 070 8 88 58 130 X 120 78 170 x
25 19 031 EX  (end of medium) 57 39 071 9 g9#59¢131 ¥ 121599171 %
26 1k 032 SUB (substitute) 361 JW 072 S804 132 1 122 70 172 2
27 1B 033 ESC (escape) 59 3B 073 ; 9158133 [ 123 7B 173 {
28 1C 034 F§ (file separator) 60 3C 074 < 92 5C 134\ 124 7C 174 |
29 1D 035 G5 (group separator) 61 3D 075 = 835D 1351 125 7D 175}
30 1E 036 RS (record separator) 6z 3E 076 » 94 5E 136 4 126 7E 176 ~
31 1F 037 U8 (unit separator) §3-3Rc077.2 95 5F 137 127 7F 177 DEL





