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ABSTRACT

The design technique for controiling the solar tracking solar cell panel using microcontroller
is presented in this project.the proposed system mainly consists of a microcontroller MCS5I,
mutipurpose relay board and DC motors with gearbox. In addition,this technigne is also applied and is

expected tobe useful in other application, such as, for some appliance,for industrial machine etc.
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Smuan daladusuna daladueninn luvasile ADC/DAC deamstoyaniuquiNeditiua
° ] o { o ’ a ' w
Iviauiiunees ADc nie pac ifudu deyaluluddeinde deyanmhmsmenensdata) ras
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o lmiadon (Real-time clock;RTC): PCF8583 PCF8593,PCF8598 41 T56¢
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a o
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& c4 1
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= XTALL™
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2. ¥l scL dlu “1 dmSunrstleudyanaunin Tuvaziinn SDA fauilu <0~ o
1%
3. miattushldan scL aduunfianugidiuaesn “omilowdy
= ¢ Y a a o o
Tuyazimsdsdoyanoin “1” duasudsil
1. e SDA Tnednidiu “1” dmunsdedeyaania <17
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2.l scL dlu “1 dmSunsdeadaygnamnitn lusazia SDA Hsauiiu “17eg

v
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Yulnsneulnsaaes MCS-51

3.1 aauiiAvesluinsneulnsames

s [V

auauiiam lvesluTnsaeu nsames ﬁiwaztﬁaﬂﬁmmmﬁaiﬂé
- unasnell +5 v
- fimieanu$1 11sunsy (Program Memorry) v41a 4 fla luddmSuwes 8051 8031
1Az 8032 ‘lajﬁﬁﬁaﬂmm%mﬂi‘: dau 8032 Imueanuiiae 8 Alalud
- findasanudidmSuiudoya ( Data Memory) vuta 128 Tud dmfy 8052 e 256
lud
- miasanuidmsu sunsuuaseidn (Program Memory 1482 Data Memory 48n91AAY

(] a

theag 64 i la lug)
- e lFnaiesiigadssua 1 ps Wevinuiinud 12 MHz
- §i Timer/Counter Y118 16 Da 2 9 (w51 8052 & 3 4g) i 1d 4 Tnua
v a das 9 1 I'd
- SUBUABT NI 1 6 unes 5 w3
=} S o Y9/ 8 a’/‘ Y t = 1Y Y
- UWDINIUMIUBYADUNTY (UART) 2 WOsH wefuuazdelunaufeanula (Full Duplex)
dengtuvunsdedeyald 4 Tnua

v ¥
- figrdelun1svii AND,OR #1358 COMPLEMENT laviauuy 8 dauaz 11a

3.2 Tnssadanaluves MCS-51

Mcs-51 Tdma Tu Taglunsefauuy NMOS wag CMOS a3 8032 Lag 8052 931 ROM
BASIC agneluisaain gmduTsunsuwesiezdouTilsunsudsannndn  Taseads
dm3u wed 8051 fwansluglii 3.1 (n) waz (v) ungmissanuiuie ldUsznoumsdiou

T1lsunsy



PO 0-P0 7 P20-P27
AAMAAAAA AAAAAAAA
vee YVY XYy vy rrrrRrrvr
vss l DRIVERS l l DRIV

PORT 0

ERS J
<

@f}

PORT 2 RO
LATCH RWK}:,
ZX
7 PROGRAM
ADDR

@ REGISTER

)

<:{> RAM ADOR
o REGUSTER

ACC STACK BUFFER
POINTER
J g PC
lNCREMEN~<:{>
PCON SCON TMOD TCON
TMP 2 TMP 1 T2CON THO TLO TH1 s
REGISTER TL1 TH2* JL2* RCAP2H*| PROGRAM
RCAP2L*| SBUF IE P COUNTER
INTERRUPT SERIA
WACHDOG"* PORT AND TIMER
BLOCKS
_/\( :‘l N DOPTR Q::}
PSEN< 5
TIMING | = &1
et
ALbe AND |32
EA—— CONTROL| X )
RST-» "
—{>—
—i—

S

314 3.1 (n) 8051 wdenlavzunsuVEI MCS-51
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s[ss* BlAS* 8 | 8 8|88*
P IE T™MOD TCON
8 | EO* 8 | FO* Register Register Register Register
A B Interupt Registers Timer Control Registers
Register Register
Math Registers 8 | 8C 8 | 8A 8 J 8D 8 [ 8B
THO TL0 THI TH1
Counter [ Counter Counter l Counter
Timer/Counter Registers
7F
Gengeral- 8 {98* 8 [ 99 8 ] 87 8 | Do*
Purpose SCON SBUF PCON PSW
Area Register Register Register Register
30 Serial Data Registers
&* Bt 7F it Addresses for this RAM Area
Address On]y
20 | Area 00 8 l 81
1F Register
Bank Stack
18 3 Pointer
17 ReglsEer T
Bank
10 g 8 ] 83 | 8 ] 82 16 ] No Address
OF Register DP
Bank H DPL Program Counter
08 1
07 R7
06 R6
Register gi gi 8 ]80* 8 [90* 8 |Ao* 8 IBO*
B%“k 0 r3 Port 0 Port 1 Port 2 Port 3
02 RZ Latch Latch Latch Latch
01 R1
00 i Direct Byte Address
e 4 [T Number of | indeates Bt
i 1 Bits Addressable

5031 () Fumriave S30aumesaa q

P10
P1.t E
P12 A
P13 g
P14 g
P15 g
P1.6
32
AST
PRO/RXD ]
P3.1XD
P32/INTO
P33/NTH
P340 ]
P3SITL
PASWR
P3.7IRD
XTAL2
XTAL1
V33 g

[\ @hwc
2 39  POO
3 38 K PO
4 75 P02z
5 36 H PO3
6 35 1 PO4
7 34 1 POS
8 33 7 PO6
9 & a2hHPO7
10 & 31QEA

11§ 30pAE

12 g 29 3 PSEN
13 # 28he27
14 27T P26
15 26 5 P25
16 25 H P24
17 24 P23
18 23h P22
19 22 P2t

20 21 G P20

51/l 32 m3danavves MCS-51

000

ROM
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3.3 Wosnved 8051
8051 51l Tnsnou InsaaesauIn 4091 Fellarane it
- Vee (¥140) @9 + 5V
- Vss (11 20) (§114%1 GND
-PORT 0 (¥132-39) Stimun 8 Tafe (P0.0-P0.7) 31 1A39ar$191L Open Drain Bi-

directional Aduteradlug1lf 3.3

ADDR/DATA CONTROL
Vce

Reap g EE\ 5

LATCH | :

X

PO.X
PIN
SET H
INT.BUS D ¢ N
WRITE i rox 2\ [J
LA : Yo 1
0 . 4 mux

TO aR
LATCH ]

|
READ W\J

PIN

A.Port 0 Bit

133 Tnssadrs wosn o (Bm)

9

- wotn 0 (1 32-39) Haviua 8 T Ao (P0.0-P0.7) 1Fauld 2 wihiise daeans 1
wazadiesn ltniheanuineuendeiimsSeudeyandumieanudin
UBAAILANR8Y1 Control 931 3.3 Uszaeuuazdnnifinidaniiiiane duwesn vo
grdoems Iy uyanesndesdeansn « 1 « JfFmesni wwinald O YO |
D-FF iy =0 911 FET faansilanuy OFF dyanuiildemdunnwesn PIN wo’

» PO.X PIN) 92 19Fanau READ LATCH iiognnsg§uil Tri-State Buffer 211
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v
o a

- Wetn 1 (1 1-8) fiviavua 8 9n Ao (P1.0-PL7) §lassadendie wosn 0 usey 14

anuduniuneTuwaswunu (internal Pull Up Reggister) 1 Insaeri19Asgalinz.4

READ i Vee
LATCH - ] ; §
§ [ INTERNAL

= ’ PULL-UP*
INT.BUS D" Q :
WRITE F1X i P1X

LATCH .Z PIN
TO w0 I
LATCH ] =

v

"2
READ N
PIN

B.Port 1 Bit

511 3.4 Tnseasheveswesn 1 (Jn)

- wedn 2 (n 2128) Hfteviun 8 Tin Ao (P2.0-P2.7) Hlnssadrendis PORT 0 Tl
FET frandaferdiudaduuuldnnudumuyagwuny (Interal PullUP) wesnil
e 2 nihise aunseldifiunesndmSudueansa 8 Gauu (As-A15) uazily
10 wesnlFuialy WewlFoudubunanesn desdsanin « 1 snfiwednd

Aowietiaiu R FET ogluaniaz OFF Awaasluglin 3.5

g/ 9
- wedn 3 (1 10-17) st 8 a Ao (P3.0-p3.7) 1l Inseadhendie wosw 1 weinil

) { 9/ o e =31 a H 3
smthidu vo wedn e e snildlu /o PORT Adsasdn « 1 « uAnesniiuay
P=1 9 4' f % H

& v o s ¥
Santhiinilsfe defaguniuquesnun wazSudyanandn |y dyaiudis a ldadl

O



16

ADDR/DATA  CONTROL

Vce

READ INTERNAL
LATCH j/‘ PULL-UP*

—~

- PN |
INT.BUS D ¢
WRITE P2X
LATCH

TO w0
LATCH i
READ ]
PIN :

C.Port 2 Bit

s1/i1 3.5 Tnssadhavesnesn 2 (Gn)

P3.0/RXD (Serial Input Port) ifuwiidsudeyauvueynsu
P3.1/RXD (Serial Output Port) ifuait 1§ dsdoyauvueunsu
P3.2/INTO (External Interrupt) 195udayanaidiadanag annieuen
P3.3/ INT 1 (External Interrupt) 195 udyanadadaniznaneuen

P3.4/T0 (Timer/Counter 0 External Input) W15udayanandn11de1993 Timer/Counter 0 A¥MYM

LV a o dy A v a sy ¢
vy lnfavesdyau T1 dnSedygnaniini 1

|

: (% Qs o é ~ a
P3.5/T1 (Timer/Counter 1 External Input) €131 iyﬂg"nmﬁ’h"lﬂm Timer/Counter 1 H¥NUNITNWNIU

I=1
Wmusu TO

P3.6/WR (External Data Memory Write Strobe) Wdgyananiugums@sudoya ludizeni

[

rdmsudeyanieusn 8051

P3.7/RD (Extemal Data Memory Read Strcbe) Wiy rauniunun1se udeyannmiieniud

) v 9
ﬁ?ﬁiﬂﬁl@%ﬁﬂ’]ﬂu@ﬂ
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filnnoaAna Iy NszaeuImmImAnszl
17

Tnssai19ve4 Wesn 3 uaasaaziii 3.6

INTBUS —
WRITE

TO
LATCH

READ
PIN

ALTERNATE
INPUT
FUNCTION

s1li3.6 Tnserdeveanesn 3 (ia)

- ALE (91 30) fluandsa Tasudmsvidlumsuaaduoamsa’lusdr (A0-A7) fideeen
y 14
11910 (No3N 0) Foyanaiivzuonfininn q 2 a5 Tu 1 unsBuleda (1/6 veedayan

IR

- PSEN (1 29) unilddealasudminemdeoyasn Program Memory M1ouan
$4 b4
(miseausnlszion ROM EPROM) dajanmiiszdennnu 2 aseluudazuussu

T b4
lesiRauaatiiunise 1 Intemal Program Memory 3¢ laifidgygnaosniianit
P vy a 9 a i P ' 1
- EA (1 30) hileuasin © 0 “ WnNNFNYILOIUAIIN Program Memory 119
Aa ] n’l’ v 9 9/ oyt 7 < ' a
UDATWINTUU megﬂﬂaumaamﬂ “ 1+ fozow lsunsunmeluaw

I

=] a a3 < 4 a { 3 v
- RST (11 9) W sFadfgessidaldfdedie fouasin « 1 « Whuifilegiies 2

b

aa a g 1

uurdulafa WodRggnTdadia1e q luSTmaesla q exlifdsAs Table 3.1
9 a a Y (] a <«
- XTALI (¥ 19) 13veasanoamouen lnadudunadigisesadiames

- XTAL2 (%118) ¥henaasanousnlaofiudunadigrssesadames

45713



I
A

L5V

=AY

8.5k

7137 mydeaSdinliiy sos1

3.4 10TAINTUYIUUINA VB 8051
asAesadudygnanikmliedaaeny 2 juuy Aeuvumeluuasaeueniaasis

185107 3.8

QUARTZ J/ c,
CRYSTAL _L
OR CERAMIC &7
RESONATOR \_-r/ o

XTAL2
MCS-51

HMOS
OR CHMOS

XTAL1

Vss
|

(a) Using the on-chip Oscillator

CLOCK
SIGNAL

MCS-51
HMOS
OR CHMOS

XTAL2

XTAL1

‘[————v Vss

A. HMOS OR CHMOS

270251-12

18
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MCS-51
HMOS
OR CHMOS
EXTERNAL
CLOCK  coeseens | ¥TALD
SIGNAL
XTAL1
Vss 270251-13
B. HMOS Only
MCS-51
HMOS
OR CHMOS
(NC) XTAL2
EXTERNAL
CLOCK XTALY
SIGNAL v
g2 270251-14
C. CMOS Only

) Using the External Clock

3UN3.8 190sardedeynan W 1ve 8051
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U Qs

3.5 fadeyauauaan@ing (CPU Timming)

{SLJSZ salss| ss|ss| st s2| sal s4f ss| ss
P1P2iP1 P2|P1 P2|P1 P2iP1 P2|P1 P2|P1 P2|P1 P2{P1 P2{P1 P2{P1 P2{P1 P2

XTAL) UQM"MWMMWWMML L

ME ] X | 1 M - A Ea—
READ OPCODE. e «p NEXT :
OPCODE ¢
(DlSCARD) — READ NEXT OPCODE AGAIN.
¥ WL /A '

(A) 1-byte, 1:—cjc1e instruction, e.g., INC A.
READ OPCODE.

—

READ 2NC BYTE.
| 5

{—— READ NEXT OPCQODE.

(B) 2-byte, 1<cycle instruction, e.g., ADD A, #data’

READ OFCOOE. :
f_ p g R READ NEXT OPCOOE AGA!N
: OPGODE (DISCARD)
: r
] ) ]

151[52133134[ss|55[s1]sz[sslsA;Lssfss

(C) 1-byte, 2-cyce instruction, e.g., INC DPTR.

~8 (F%\?X())Pcooe ! READ NEXT OPCODE AGAIN ——-!
READ NEXT S NOFETCH. | |
OPZO0E I(DISCARO). ARl 0\ 4 |
1 g '
R ; ¥ I

¥ .
[s1{s2[s3|st]ss|se| st]s2] s3] s4]ss]ss

| i
DATA

(D) MOVX (1-byte, 2-cycle). | AOOR | ;
: A o

ACCESS EXTERNAL MEMORY

51/ 3.9 dummasinuvesi

A 3 [ o 0’1’ =3 a [ 1
FNYI RUN ﬁ)?ﬂﬂ'ﬂilﬁﬁl‘ﬂ')ﬂll 12 MHz a9UY a9 12 gnagnuiinauniIng (/12)*12=1 uS) N

v
1 uau lyAa ADAMITTIN LA S1 %uﬁﬂ S6

] 3 14 3
117 3.9 (@) ustems e INT A Fufludide 1 ludihaou i melu 1 uudulmda
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o o o o & o o d o =14 P
107139 (b) uaRIMITUYesAIde ADD A #Data Fuilufids 2 ludvhenuadelu 1wy
layfa

p . o & & 8 b - -
3171 3.9 (¢) uermamsThaTvesd¥s INC DPTR Fudufids 1 lud aavianuasely 2 uudu

lasiAa

{ o o Q'I é o t;l 1 o = =Y
317 3.9 (d) uasmsThauvesiide MOVX Fuiludda 1 lud uavhanaas 9ty 2 undulnda

E MACHINE CYCLE ONE MACHINE CYCLE
o1 | 2| s3] | s 6| 2| s]ss]|ss
el 2B \/Zz28y
T A e Zeh—
RO . l - ! L (A)
I : i ! X WITHOUTA |
MOV
P2 pcnomX, PCHOUT Y' porouT X | PCHOUT X7| poHouT Y IPCHOUT
T
o o g R R oy e g )
| .
| BT/ 50, [
PCL OUT PCLOUT pCLOUT PCLOUT
YALIO VALID VALID VALID
' CYQLE >t croLe2
s1 |2 || 4] 5] s 51|9§3319[ss[ss'
xe — A\|
L N I W2 A
RD + ' = !
| : I ! ! ! )A
!
P2 "CHMYI poour Y | oeHouroRPzOUT X ; poHOUT | lPcHOUT Raaa
7
(ST ()T H{5x
fo .
PCLOUT "ADOR OUT PCLOUT
VALID /T VAUD VALD

51 3.10 rresRIIMIMsARFRAUHIBAINGIMEUER

517 3.10 (a) Sudana maaﬂmmmmma’wmﬂmﬂwmamumm Program Memory 8

Auen faviu ﬁmmwmwazﬁwr%@wu OP-Code 970 Program Memory fifie PSEN Faozuoniid

os/’ a o 3 o Hq Yt Y o
2 aselu 1 wdulaeda doiudo granldeudeynanin Program Memory 9 19dqanm PSEN
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317 3.10 (b) Wudsnmvesdyanafinudestumseudoyann Data Memory Tao1d

4

Yoy RD (019a31 18418 9 d1mseudeyann Program Memory 92 lddayg s PSEN uag

v
Qs ~

15814303910 Data Memory 92 1¥dayanat RD daudayans ALE Aodgygaiildluns Latch

5]

Address AQ-A7 1U1B9)

3.6 Mmanyalszianvesniaanud

AU 19y MCs-51 fied@aufiu 2 wila fie Program Memory 1n% Data Memory
Fafhumbeanuiilditu Tusunsudsauussgogludu 8051 daufiilu Program Memory ffe
ROM w11 4 Alaludiuies uadiluwes 8052 $ie RoM vua 8 Alalud dwaaslugulil 3.11

wag N3.12

FFFF W FFFF
60K
BYTES
EXTERNAL 64 K
FAAAYIN o BYTES
1000 EXTERNAL
AND
OFFF
4K BYTES
o INTERNAL | e

g1z AefuanudicmsunulysunsudimSuiwes 8051

FFFF 3 FFFF
56 K
BYTES sa K
EXTERNAL 4
— OR—* BYTES

200G EXTERNAL

FFF Gk
1 8KBYTES |
0000 INFERNAL 0000

51 3.12 Faeasirhennudewsuduldsunsuchwsue 8052



] o ] o f S Y o
Data Memory Wumissanuhitfifudoyamizeanuil aunsodeudeynaslyl unzdrude

& v o a o [ Jd o o
yasennld Fufumiwanuinehdiides 128 Tud dwmsuiwes 8051 uag 256 lud dmsy

4 t 1 o a A a d o ~ ~
1wos 8052 daumiasanuinieuendnd 64 flalud Awaaluzli 2.13 wazh 3.14

FFFF
INTERNAL
FF SFR |
S

DIRECT Bgl'xl'::'(s

ADDRESSING EXTERNAL
80 ONLY — AND—
7F DIRECT &

INDIRECT
00 | ADDRESSING 0060

51 3.13 famhenud1d1v3U Data Memory (/o3 8051
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NquHVeI ADC uaz DAC

4.1 ﬂqyaﬂlad Data Acquisition and Conversion

T v v
gﬂuuuﬁaumpm"Mﬁmmwmﬁmmzﬁuma“lummﬂszﬁnuuuﬂzagiugﬂmmﬁmqmﬁ

v oA A a t oo . 2 v a o [ v v
seifinsmTefiGuniidyamoutaen (Analog signal) Fauaaumsiue dyy i Invhaandiaun
Uszuana (Process) e liTgUiuimnzaunszshluumeaentiupwdiomatinuay

o [ aa Yo o d!, & v aa
gunsallszinanadygian@saea ldunswanntumn wesnawunlugduuuataea ms
< kY & o o S a a a J @ g =
Uszanuveya demsuazmathiauenszinldheuasiivsednsnmnnnd suiunmsufou
¥ [ » s .
uvuvesdoyanas (Conversion) Telfinaminiiuduwn lugdit 41 dudredruaasssuunay
Ha @ S/ aa a Y [} .dy =
auiilamsdszanamndeyalussyudiaen  Tuszuufionndiudeduidumsdouamma
A9ATH (Physical process) Tudnwaizla q Aamy iy anwdu gumgll segnidenliidius gl
‘ﬂmummmmaq (Fygueuiann) IﬂemﬂumwaswmmﬁummmwfmnmﬂamuwNma
I ammm”&ﬂﬁmm“aﬂﬂsu'lwaﬂiusﬂuaw‘umﬂ'ﬂmmwfmﬂau Tamassdndisimid
USuusedoygin wu 29959610 uesiawes Sludu ADC ﬂ:ﬁmmﬁtﬂﬁaugﬂﬁmmmmam
aonifludtaea falszuranamandaea (Digital processor) 13U AouNAAes 9iansiudoya
mammuamanmﬂaauﬂaumagiuiﬂzmmmﬁmmmamaemTﬂeJ DAC ietloundyldai
auaslfeundasmemeonn 1uszuvwwagammﬂszmawaiunmﬁmﬁuﬁaw 7 doya
o vd UIRE) s/ @ o v o v Y 3 3 9/
1A ADC i ldiSamen lideeld ADC nae q avnnuueniudwmiudeyaudnsya udez 14
ABNIULNIAT (Timesharing) Tas 1935 Multiplexing (3% 4.1) 2995 quArvE AT ALAT (Sampling
and hole,S/H) 92¢ (Sample) ¥1InvosdgaueuIannuIaeiy (Hold) 1lusrvaziiesods
- Y Y e *

apc SyhlaAsuldidudyanafdeeauBoudeoudadesqudyanalny  weimed lisufu
#vald ADC AiflanwSagesanme {oynATmeaizgndsrel1fs System bus wazgayszuana
Tﬂaﬁaﬂszmawawaﬁ"lﬁ'mmmsﬂszmawai]g:gﬂfhﬂﬁ‘uaaﬂmgﬁmﬂﬁﬂuﬂé”m‘f]u'c?qgapmem

a8 DAC 10 1AIUANAINTTUNIABAM Y893ZLY Analog actuator

42155 Sampling
o/ 4 aa n’; g/ Y ] & [ 4
lumsuasdygnaownendiudyauftaeaiu ADc szdosidinasimiialunssa
é v % \ Q’Il 3 Qs o 1 d' o/ o
msgernnamanmniuiusgiunaw q Jods 5y arwazBuavesmsn/Geudaan G

aa a a = [ =1 o CRl 4
Avaeala) mauavesmanlaoudyana wazanuslumsinuvesgUnsaisawdy q A



25

o < [ dvfg (5% v v o A
fnuaanuiivesmsulasdyanaiiiusgiumsdszgad IFaummzediuasanuuiuim

v
ABDINTT

Signal
Transducer >l conditioner 4
——q
-—>
L Anal SMH
E 1 mun !?;(er circuit
§ — T E
S — (g ADC Digital
) output
g L Control
S logic

) aa

o da
3l 4.1 szrumugundnslszaanaveyauuUATIAea

51 4.2 error 210N 33A1H Aperture time

k4 v

1 o [ 3 . 2 o
Frnmlumalasdyainumss 0195end1 Aperture time Fenunuie laenalyl
v A a v v k4 @ [~ a 3 v
winedsrnamnaany hiwdusuanlumsiauazdseulananfeanudanain (error) AoA

Jalalugli 4.2 dygnuewaon V(o T8asimsulasu dvdt Tug3e Aperture time, T, lagieaq

mylasulasouraenazsinny Av 1ufe

av(t)
AV =T,—= 4.1
7 dt e

v [ ' t4 [
gofumnoan apc Flumsnlfoudganalusana T, ddygualseai lde1vszasey

o g

o 1 1 é T 4 % o L A 3 a é’ ‘é s 4
snavesdyanaeaenm ladmiislusiewail uazdaiiddouazsiagnniiifenganiy



g o

v Q’J’ d' o/ Qaaq Y Qs tﬂ' a 1 A r
wouhhnsdudiulididyanufiaenszassfurnavesdygnueneniiifnatiudE ons

a { a 4 yl o 1 S o a 4 d
anuAANEARIAATLT Aperture time error  Anetslunsfidygadunaiiiugilnauane
o = A a a @ o g
SasmsilAsuntasvesgndusziiageganssSnugadaununmsey q aguilag (Zero

crossing) L@y Aperture time error fio
Bl ;s

1 a a s 1 <3
LAY AMANUEANAIRTIV (€) AAIINBATITIUVBIVUIAUANTLNG ﬁﬂ

£= %ﬂa (4.3)

o 5’ B d. s Jd d' a ad y‘:lij 1Y aa 1= é

faiu mndesmaasudyanaudugdaoianwd 1 Aladin Widudygudsaon 10 Ua 59
9

voulaanuRanaia lufun e mas®ea (Resolution) Av 1/2'° LSB #3® 1.001 Adtiunm

B 9/ v v
Aperture time 92A8408 1499

£ 0.001

PrRCE Tk 48 v

=1 ' o a a "o a s a 1 a =
et dyann 1 Aladsyn sz hilinnuigedess ud ADC Mlddeamsnanlumsnlaoulu
a o A asd Ay to <
nan 32 i Tuiud Wiluswe 10 fa F3aui luduiluszdeld ADC anuEagedomsidnns
v o 2 1 (- { 4 q’/} o 3
duuazasmdaana Famsduuazassdayana fill Aperture time Yoo ) Huihlddheuazsaign

AN

4.3 MsganazImdeyass (Sample and Hold) 18y Aperture error
£
1 i o L J U ) A Qs U 1 A
Jesduuazasmeziimaquidyanadune  unsasidygariu 1 lugeamield

L [] @ 05/’ @ Y] ° 5 v
FedulngezldmadszqussduinWBludunvlsegnsalnad Aperture time ¥09015gUMOZAI
v = g A 1w = ' [ K2 1A & d? (5 da o
AT EYYITY ﬂm’mmummquammﬂm'ﬂum‘uﬂ‘iz*gm!,mﬂu%umm‘ﬂqum%uagﬂmmumm
t a o . . s v oW [} & i
AL IUMI NG (Switching time) Tumsquiyaaewiasnagnduiiuszes q dnsd
H 1 1 ar v LY 3 a P o
agln 43 msquazdiunidadodagueuiasnlusimnadududieingivinanda
< 1 @ a o o 4 Y
ﬂ'ﬂﬂJLﬁ’Jqq Nﬁ“U'fNﬂ'ﬁf!hﬁﬂluﬂg'lmgl‘]ﬂﬂ'NNﬁ'JﬂzLﬁﬁ@uﬂﬁﬂ?ﬁﬂmﬂ!ﬂ?uﬁﬂlumu"m‘iwaﬁuﬂu a7 0y
v £ | @ { v @ v
Fuanuewaen Feezldiludygainueagan (Modulate) sEriNvLIuRadiudyauem
=9 v = ”  Jdw A d'. T v t
aonlasaiiouhdyanueuasnsmnuuiadauaaddugn - 43@)  Tgmnineannigu
@ 3 a v =y T o vy = A o :/l = [ [ a
ﬁmuq,nmuumimummﬂ@milz"hmﬂﬁmagaLﬁﬂ“lﬂmaﬁtymwmuugmﬂaﬂuﬂamnrf]uﬁmmu

o =4 d? 1 d'. [ =3 ¥ t Y Y v d' d‘d
AABUAD VUDHNUANDYOITYYIDU swaennnufvesmsquna 13 “idag nasitiasil



anuduazed udlad iy £, hgudesasimsduhidesndi 2f, udadyanaudend ez dunse

[ y
wasunduinldesuanlasliguienvazBoanionamen 11

4.4 Quantizing Theory
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KT,
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Tj = Absolute temperature YB4508AD

q = Electron charge (1.602X 10 °C)

v 1
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a t o W
nsuFawes Wy wes LM336 aunsalfuvuiaves v, 18

+Vce
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Q1
Q3 Q2
R3

!

gﬂ‘ﬁ 4.14 1397 Band gap voltage reference

4.10 1499 Digital to Analogue Converter (DAC)
Y ¢ o w A o Yaa a 4 A [ d A
DAC Tulugnasaldwaivhliavaeaneuniwesaunsayeu Tostuginsainieaeese
WI0BNDY 9 #28819013 19U DAC Ao uLEaIHaLUIRN N sTUUF AT IFee dudu uaz
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fid1fiey DAC dafludmilszneufididnylu Apc Hldiuegluilegiu
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4.10.1 DAC #uY Binary weight ladder
M33A2995 Binary weight ladder fidnuazaugilfl 3.15 a3nd S, - S, zqnaugy e /
Ta dresiansnoa eda/mousswuthedudfiulesidaaesniaAI R, 2R 4R...., 2n)R A18619

Sulunsd DAC uuw 4 5 195G meedisiu 100D, 20602, 30k€2, 40k uag 80kC2 Hudu

R
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MSB bit 3 2R ) :
V' VIV out

bit 2

__________________ -
bit 1 > N\
——o//

=

LSB bit 0

517 4.15 ADC uuy Binary weight ladder
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4.10.2 DAC #UU R-2R ladder
=1 9 . % Y1 aa & v =] [ a
fau1 DAC 1Y Binary weight 921913 Gmaesies 4 A1 Aau udlumssaa DAC
dy a A a v S 1 a 1 Aa v oA o
wufivudlleddefundc Sullymdwennlumswisedd jUluuunanhRemsvaNasUUy R-
v H dy < ' a 4 o 1 [ a 1w 1
2R fagift 4.16 Tunestwiuheindezdade s sdud198dofigees ladder niode ladder
o o de N2 < : ; yvh_'wd g ~a ¢
a9ng R 2R 9zifiu 183 | switch input resistor (2R) MBI lziAUgURSITMADITENINA
1 Aa o o [ & 4 o o A o =
#o R-2R Ty nszuaezntuneulludas 2:1 Fudeandesfusraluud dwaaslugif
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4 2

/’__ _______ fo_l\/\/\’_r__—' h b € out
5 “G"
4-bit 7 g -

register "1

./ <
MSB| bit3 l 2R

EES———— SR 3 A4
o 5/0—’\/\/\/—‘

bit 1

LSB| bit0

51/ 4.16 1395 DAC w1 R2R 1A 4 1in

21 I 1/2 /4
—_—

—_—  —» —

Vref R R R R
1‘! %m %zr{ %m \%m izrz

511 4.17 29053Fafiliamnes (Resistive Ladder)
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4.10.3 Inverted R/2R ladder DAC
f ‘ Qs v o
ANUAULMITANITUVUT 12 ATEAU R-2R ladder adudaingozdadeyl R AUAT1IALAL
v v
SUWAYDS Summing amplifier wnueziiu v Fiden15lunsvi Dac Tuasessaumsizaing

o ] d‘ o : g 0. L] & 1] 3
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2R o— -
—0
+
< ws D
2R o
AV 4
. &
2R o

o—’\}&\,—o—b»o
B\

2R

NVVV

A4

31/ 4.18 7995 Invert R-2R ladder DAC

4.11 Analog to Digital Converter

[ o =t s a Yt = 3 t
ANYMUSYDINTIAWITLLY DAC Uraguy meuauiﬁmmm"lnmmmmzmuimg%z

aglugiueeessw

4.11.1 Basic conversion method
ad 174 % aa \ ‘i’ o <
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o

wisnansuansluzli 4.20 fuseduduna v, inaniussiuduya v, udussdudunaszidiuas

Y a s/ v

=N Y d ad 3/ A v Y a v
N 1 910UNA V, BNV, LLﬁ'JL?J'lﬂ“r‘gﬂﬂzLﬂu 0 'Jﬁﬂ?ﬂ!,ﬂaﬁ"ll@igﬁﬂ@ LL‘Nﬂu@W@@ﬂfﬂggﬂLLﬂi?n
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¥ = 2 1 [} a I3 = & Y T ' @ a
1Al a53nU8Y ADC ﬂawmmmmﬂﬂqmmﬁuﬂisfmﬁ "l‘umi a, LW?)‘IWN’L’I@N'R’H’JNLLNG}NGH

4 . & 4 o
WA V_iasA1h Quantize IdnTsqarheosn 0.5 LSB FuTewiiluaumsld

[ Vi - sz ajzl
i=1

( 0.5L5B (4.11)

) Vo

=

Vr

51/ 419 3msug ey ADC

Vo

Vi-v2

gﬂﬁ 4.20 Tranfer function Y83 Comparator

4.11.2 Sucessive Appoximation ADC
¢ *
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tONOUNA V Lmﬂ‘vgmz"lﬂmuﬂu SAR (Sacessive Appoximation Register) saufiuled MsI

] ¥ v Y
(Midium Scale Integrated circuit) 7l l@sumsoenuuuREieimrhni lasmwg
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Analog Analog
input, Vi reference, Vr
- DAC
Digital
output
(SAR) Successive
Approximation
Clock Register and control

571 4.21 udenlmezun331U89 Sucessive appoximation ADC

Tugtfi 422 uanslniisleezunsuaes ADC Aiszduounen 1 uag 2 is2AL 1 clock 11
o L 0 ! a ) a 4 o I~ =2

'l 1 gnegvi 1 MSB (Most Significant Bit) (4 ) flu 1 daudadutienaiiu 0 DAC wuldsu
©1AgATDY SAR iHuewasnuSoufvuiudygnemoenduns SwamsuSounsuninoy
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| 1 1 o
P 0 Time

1 422 Fayarauda1ves SAR

9 o w & o Qs (3 A [ a 9/ nﬂ.
PARTIOR| 9\‘L"53ﬂ'l’iﬂu&ﬁ'mi‘ljﬂ'liwﬂﬁﬁﬁmuiy"lm ADTYYIUDUIDNDUNA %wmmwiu

] A o 4 @ ! ra 1 d' 1% aa
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w1ARAIr e nNYUALNNDa udtnauuee Iednasenunludnuuzeynsy 2995 DAC wuy
v v v
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4.11.3 Paraliel (Flash) ADC
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D 1SEC
STATUS
ASO

AS1
STOP_FLAG
A12 FLAG

A34 FLAG

DARK_FLAG
UP_DOWN

SW1
SW2
SW3
Sw4
DELTA
DELTAI
DARK

LM:

D _LIGHO 0:

BIT
BIT
BIT
BIT
EQU
EQU
EQU

EQU
EQU

- EQU

EQU
BIT
BIT

BIT

BIT
BIT

-15361
30H
38H
39H
5

‘A12_FLAG = 1 A1>A2
-A12_FLAG = 0 AI<A2
‘A34 FLAG =1 A3>A4

‘A34 FLAG =0

pPl.2

P12

P1.4
P1.5

6

7

090H :Contant

ORGO

SIMP MAIN
ORG 0003H
LIMP INTO_INT

MOV SP,#128-32
-CLR STOP_FLAG
LCALLM STOP
LCALL INIT_RS232
MOV TMOD,#21H
MOV AH#P'

LCALL SEND
LCALL REC
LCALL SEND

SIMP LM

MOV A#0AH
LCALL SEND

SETB EA

SETB ITO

SETB EX0

MOV R3#5

MOV R4,45

MOV RS #5

MOV R6,#5
LCALLDELAY_ 18
LCALL ADC_READ

;Equ 0 When A1>A2



INB ADC_ERFILAG.DDP1

MQV AH#'E'
LLCAILL SEND
SIMP D LIGHO 0
CPAA: LIMP CPA
DDPI: LCALL SHOW

LCALL CK DARK
JNB DARK FLAG,CPAA

CPAI I: / INB SW2 TURN]
LCALLM_DOWN
FraT o IB SW2,THN1

LCALLM STOP

LCALLDELAY 18

INB SW2, TIJRN]1
TNNI: LCALLM DOWN

Yf'\AY' s hAhl/

AR G i R ILELE

MOV A #1)
LCALL SEND
IR DARK FLAG,CPAT 0
LCALLM STOP
MOV RS 45
CPAT 2: LCALLCK DARK
JB DARK FLAG,CPAI 1

D‘n\l7 DL (DAT1 D
PN T8O I3 B

SIMP CPA

TURNT: - MOV A#X
LCALL SEND
CLREA

TURNTI 2: LCALLM_UP

AT 0117"\
JIND 3WL,D

LCALLDELAY 1S
SETB EA
TIRNT (- 1.CALLM 1P
JB SWI,TUR
1L.CALLM_STOP
LCALLDELAY 1S
INB SW1 TURN?2
TUR: LCALLM UP
MOV A#1
LCALL SEND
I.CALL CK DARK
JB DARK_FLAG,TURN1 0

TATT A C’F D
L e YE O

MOQV R6 #5
TURNI1 3: LCALL CK_DARK

b g 8 Ah’T‘Y

B nA«r,_ FLAG TUR ‘\,10{‘;
DINZ R6,TURNI1 3



TURN2:

TT1:

TT2:
TT3:

CPA:

D LIGHI:
]

A

D LIGH2:

D LIGHO:

D LLI:

D LL2:

D_LIGHOA:

SIMP CPA

: MOV A#Z'

- LCALL SEND
LCALLM_DOWN
LCALLDELAY 1S

MOV R6.#30
LCALL M DOWN
MOV A#D'
LCALL SEND
LCALL DELAY 1S
DINZ R6,TT1
LCALLM STOP
MOV R6,#20
LCALL CK_DARK
JB DARK_FLAG,TT2
DINZ R6,TT3

LCALL CP_AIA2

CIJNE A#DELTA,D LIGHI
SIMP D_LIGH0

JC D LIGHO

JNB A12 FLAG,D LIGH2

DJNZ R3,D_LIGHO
LCALL TURN_UP
LIMP D LIGHO0 0
DJNZ R4,.D_LIGH0
LCALL TURN_DOWN
LIMP D _LIGHO 0

. LJMP D_LIGHO 0

LCALL ADC READ

LCALL SHOW

LCALL CP_A3A4

CINE A #DELTALD LLI

LIMP D LIGHO 0
JC D LIGHOA
JNB A34 FLAG,D LL2
DJNZ R5,D_LIGHOA
LCALL TURN LI
LJMP D LIGHO 0

DJNZ R6,D_LIGHOA
LCALL TURN_RI
LIMP D_LIGHO 0

)

If A<#DELTA

JIf A1 > A2 Then A12 FLAG



LLP:

.
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=
)
.L):)

LR4:

LCALL REC
LCALL SEND
CINE A#W'LR1
LCALL M_UP
SIMP LLP

CINE A#Z'LR2
LCALLM DOWN
SIMP LLP

CINE A#A'LR3
LCALLM LI
SIMP LLP

CINE A #D',LR4
LCALLM RI
SIMP LLP

CINE A#'SLLP
LCALLM STOP
SIMP LLP

éHOW:

ADC RE:

PUSH 0
MOV A,#DH
LCALL SEND

MOV RO#ADC_BUFF+1
MOV A,@RO

INC RO

LCALL HEX_ASCCI
MOV A,ASI

LCALL SEND

MOV A,ASO

LCALL SEND

MOV A#"

LCALL SEND

CJNE RO#ADC_BUFF+5,ADC RE
POP 0

RET

TURN UP:

UPO:

UupP2:

JNB SW1,UP2
LCALL M_UP

JNB SW1,UP2
LCALL M UP

MOV A#U'

LCALL SEND

LCALL ADC_READ
LCALL CP_AlA2
CIJNE A #DELTA,UP1
SJMP UPO

JNC UPO

LCALL DELAY 1S
LCALLM STOP



RET

TURN_DOWN: JNB SW2,DOWN2
LCALLM DOWN
DOWNO: INB SW2,DOWN2
LCALLM DOWN
MOV A #D'
LCALL SEND
LCALL ADC READ
LCALLCP AlA2
CIJNE A #DELTA,DOWNI
SIMP DOWNO
DOWNI: INC DOWNO
LCALL DELAY]
DOWN2: LCALLM_STOP
RET

TURN_RI: INB SW3,RI2
LCALLM RI

RIO: JNB SW3,RI2
LCALLM RI
MOV A#L
LCALL SEND
LCALL ADC READ
LCALLCP A3A4
CINE A#DELTALRI1

SIMP RIO
RII: INC RIO
LCALL DELAY]I
RI2: LCALL M _STOP
RET
DELAY1:  PUSHO
PUSH 1
MOV R0.#200
DYY: MOV R1.4#0
DINZ R1.$
DINZ RO.DYY
POP |
POP 0
RET
TURN_LI: INB SW4,LI2
LCALLM LI
LIO: INB SW4.LI2
LCALLM LI
MOV A#R'
LCALL SEND

LCALL ADC READ



LI1:
LI2:

LCALL CP_A3A4
CINE A #DELTALLI
SIMP LI0

INC LI0
LCALLM_STOP

RET

FINE LIGHT:

FINETI:

ACALLM UP
IBSWL$
ACALLM_STOP
ACALL DELAY 1S
ACALL M_DOWN
MOV R7.430
ACALL DELAY 1S
DINZ R7.FINE]
LCALLM STOP

RET

:DARK_FLAG = 1 (DARK) =0 (NOT DARK)

CK_DARK:

DARKO:

DARKI 0:

DARK2_0:

JC DARK3

DARK3_0:

DARK4 0:

DARKI:

DARK2;:

PUSH 0
PUSH 1

MOV RO,#2

MOV R1.#1

MOV A,ADC BUFF+1
CLR C

SUBB A #DARK

JC DARK]1

MOV A, ADC_BUFF+2
CLRC

SUBB A #DARK

JC DARK2

MOV A, ADC_BUFF+3
CLR C

SUBB A #DARK

MOV A, ADC BUFF+4
CLR C

SUBB A #DARK

JC DARK4

LCALL DELAY 1S
LCALL ADC_READ
DJNZ RO,DARKO
SETB DARK FLAG
POP 1

POP 0

RET

DINZ R1,DARK1 0
SIMP NOT DARK
DJNZ R1,DARK2 0

:Delay 1 secound



SJIMP NOT DARK
DARK3: DINZ R1,DARK3 0

SJMP NOT _DARK
DARKA: DINZ R1 DARKA4 0
NOT DARK: CLR DARK FLAG

POP 1

POP 0

DT
N

A12 FLAG =1 A1>A2
;A12 FLAG =0 A1<A2
QUTPUT =A =DIF OF A1,A2

CP_AlA2: MOV A, ADC BUFF+1

I D

hsAN O

SUBB A,ADC_BUFF+2

178 MDA
J i i

SETB A12_FLAG
LFT

CPAl: CPL A
INC A

CLR A12_FLAG

DET

ANis i

ZA'M_FI,AG =1 A3>A4
:A34_FLAG = 0 A3<A4

.QUTPUT =A =DIF OF A2 A/
CP_A3A4: MOV A,ADC_BUFF+3

crp o

N AvAN

SUBB A,ADC_BUFF+4

T MDA
g i

i I

SETB A34 FLAG

DT
iNii

CPA3: CPL A

INC 2

CLR A34 FLAG

PET

ivi i

DELAY 1S PUSH 0
MOV R0.#100

neEwvi. AN TN HLIICLT Y 1CE
iJil L k. IVAINS ¥ A XA,ii L AARF A4 S} L)

MOV TLO#LOW D ISEC

T TDN
JiL ki LAV

INB TF0,$

AT D TN
(292 L )

CLR TRO

NIN7 RN NEV1
P LVE S L ) .‘A\U’L.Ji_/ i s

POP O

DET

AWis &




"o

ri ey
UL

n
MOV R0, #60

AMATT MO AV 1C
AN LM 17N 1O

DINZ RO.DEMI

nND N
LuL v

RET

SETB P0.0

TP DN 1
~

Liax Lt V.1

RET

CLR P0.0
SETB P0.1
RET

SETI &2

CT'D DN 7
[

LaN L V.

RET

CLR P02

QT DN 12
OEIUIU.J

RET

M_STOP:

MOV P0,#0
REY

JINPUT A
;OUTPUT AS1,AS0

IIEX_ASCCI:

ASCODE:

A

Uoil Avoe

ANL A #0FOH
SWAP A

LCALL ASCODE
MOV AST.A
POP ACC

ANL A #0FH
LCALL ASCODE
MOV ASO.A
RET

INC A

MOVC A,@A+PC

RET

DB 0123456789 ABCDEF'

SN Interrupt Service Rutine-

INTO INT:

ACALLM STOP
MOV AH#A’
LCALL SEND
CLR IE0

RETI



INCL "RS232.ASM"
INCL "PCF8591 1.ASM"

DC_BUFF EQU 32H ;Used 32H-37H

ADC ERFLAG BIT OH
SDA BIT P1.0
SCL BIT P11
’Reg A

Output ADC BUFF+1 = Output Chennel 1

; ADC BUFF+2 = QOutput Chennel 2

; ADC_BUFF+3 = Output Chennel 3

. ADC BUFF+4 = Output Chennel 4

ADC " ERFLAG 0=0OK 1=ERROR

ADC READ: PUSH 0
CLR SDA ;Start
NOP
NOP
CLR SCL
NOP
MOV A #10010000B ;Address Byte
LCALL ADC WR
IB ADC_ERFLAG,ADC EX
MOV A,#00000100B ;Control Byte
LCALL ADC WR
JB ADC _ERFLAG,ADC EX
CLR SDA
NOP
NOP
SETB SCL ;Stop
NOP
NOP
SETB SDA
NOP
NOP
CLR SDA ;Start
NOP
NOP
CLR SCL
MOV A,#10010001B ;Address Byte
LCALL ADC_WR
JB ADC_ERFLAG,ADC EX
MOV RO, #ADC BUFF
SETB SDA

ADCI: LCALL ADC RD
MOV @RO0,A
INCRO
CINE RO#ADC BUFF+4 ADCI1

MOV RO,#8



ADC2:

ADC EX:

LCALL SETB_SCL
MOV C,SDA

RLC A

LCALL CLR_SCL

DJINZ R0,ADC2

MOV ADC BUFF+4,A

LCALL SETB_SCL

LCALL CLR SCL

CLR SDA

NOP

NOP

SETB SCL :Stop
NOP

NOP

SETB SDA

SETB SCL

SETB SDA

POP 0

RET

;\DC__WR:

ADC WRI:

ADC WR2:

PUSH 0
MOV RO,#8

RLCA

MOV SDA,C

LUALL SETS-SCH
LCALL CLR SCL
DJINZ RO,ADC WRI1
SETB SDA ;Chack Acknowlage
LCALL SETB_SCL
MOV C,SDA

It L CLR SCE

JC ADC WR2

CLR ADC_ERFLAG
POP O

RET

SETB ADC ERFLAG
POP 0O

RET

ADC RD:

ADC_RDI:

PUSH 0

MOV RO #8

LCALL SETB_SCL

MOV C,SDA

RLCA

LCALL CLR_SCL

DINZ RO,ADC RD1

CLR SDA ;Send Acknowlage
LCALL SETB_SCL



LCALL CLR_SCL
SETB SDA

POP 0

RET

SETB_SCL: SETB SCL
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NQOP
RET

CLR_SCL: CLR SCL
NQOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NQP
NOP
RET
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Features

* Compatible with MCS-51™ Products

» 8K Bytes of In-System Reprogrammable Downloadable Flash Memeory
— SPI Serial Interface for Program Downloading
— Endurance: 1,000 Write/Erase Cycles

* 2K Bytes EEPROM
— Endurance: 100,000 Write/Erase Cycles

* 4.0V to 6V Operating Range

 Fully Static Operation: 0 Hz to 24 MHz

Three-Level Program Memory Lock

256 x 8-bit Internal RAM

32 Programmable I/O Lines

Three 16-bit Timer/Counters

Nine Interrupt Sources

Programmable UART Serial Channel

SPI1 Serial Interface

Low Power Idle and Power Down Modes

Interrupt Recovery From Power Down

Programmable Watchdog Timer

Dual Data Pointer

* Power Off Flag

e o @ o © o o o o &

Description

The AT89S8252 is a low-power, high-performance CMOS 8-bit microcomputer with
8K bytes of Downloadable Flash programmable and erasable read only memory and
2K bytes of EEPROM. The device is manufactured using Atmel's high density nonvol-
atile memory technology and is compatible with the industry standard 80C51 instruc-
tion set and pinout. The on-chip Downloadable Flash allows the program memory to
be reprogrammed in-system through an SPI serial interface or by a conventional non-
volatile memory programmer. By combining a versatile 8-bit CPU with Downloadable
Flash on a monolithic chip, the Atmel AT89S8252 is a powerful microcomputer which
provides a hightly flexible and cost effective solution to many embedded controf appli-
cations.

The AT8958252 provides the following standard features: 8K bytes of Downloadable
Flash, 2K bytes of EEPROM, 256 bytes of RAM, 32 I/O lines, programmable watch-
dog timer, two Data Pointers, three 16-bit timer/counters, a six-vector two-level inter-
rupt architecture, a full duplex serial port, on-chip oscillator, and clock circuitry. In
addition, the AT89S58252 is designed with static logic for operation down to zero fre-
quency and supports two software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters, serial port, and interrupt sys-
tem to continue functioning. The Power Down Mode saves the RAM contents but
freezes the oscillator, disabling all other chip functions until the next interrupt or hard-
ware reset.

The Downloadable Flash can be changed a single byte at a time and is accessible
through the SP1 serial interface. Holding RESET active forces the SPI bus into a serial
programming interface and allows the program memory to be written to or read from
unless Lock Bit 2 has been activated.

AIMEL

8-Bit
Microcontroller
with 8K Bytes
Flash

AT89S8252
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Pin Configurations

PDIP
(e
T2)P1.0(]1 40[1vece
(T2EX) P1.1C]2 39{3P0.0 (ADO)
P12(]3 38[1P0.1(ADY)
P13ila 3717 Pn2(AD2Y
SS)P14at]s 36{1P0.3 (AD3)
(MOsIP15(]6 35[1P0.4 (AD4)
Mso)P16 (17 34|) P05 (ADS)
(SCR) FiTiy8 33(3F0.6 (A0B)
RST[]9 32[1P0.7(ADT)
(RXD) P30 (] 10 31[1EANVPP
(TXD) P31 11 30 [] ALE/PROG
(iNTO) P3.2 (] 12 29|1PSEN
(INT1) P33 (13 28[1P2.7 (A15)
(TO)P3A ] 14 27{1P2.6(A14)
mupasias ELIRER YIS K
(WR) P361] 16 25{1P2.4(A12)
(RD) P3.7 (] 17 24[1P2.3(A11)
XTAL2 (] 18 23|3P2.2(A10)
XVALY (1Y 22) V20 (AY)
GND (] 20 21[1P2.0(A8)
PQFP/TQFP
= 5 R
B BE 22822
e e Y B R
aocaaa Z oo oo
nAaQ[ROoaAaEnno
IITIIA335833
{MOoSPIE T 31110 4aD4)
(MISO) P1.6 (]2 321 P0.5 (ADS)
(SCK) P1.7({3 31]1P0.6 (ADS)
RST(]4 30{7P0.7 (AD7)
{RXD) P30S 24{ 1 EANVPP
NC[]6 28|INC
(TXD) P3.147 27 {1 ALE/PROG
(INTO) P3.2(7]8 26[] PSEN
(iNTT)P3.3[]9 25[1P2.7(A15)
(Toy P34 ({10 24[1P2.6(A14)
T P61 2311P2.6(A13)
il gLl Tay R T gl
|SESgSESEEEAEE SRR EARE)
OCNN-QO OO ~-NOY
mo2dZZaaaan
FEEEERL ¢ -
g~ 22Ecg

Pin Pescription
Vee

Supply voitage.

GND

Ground.

Port 0
Port 0 is an 8-bit open drain bidirectional I/O port. As an

outnut port, each pin can sink eight TTL inputs. When 1¢
are written to port 0 pins, the pins can be used as high-
impedance inputs,

Port 0 can also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode, PO has intemal pul-
lups,
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s5niasSeReR

nnocanNQonnon

cwTeNTIoYT e
(MoSHP1.507 o 39{1P0.4 (AD4)
(MISO)P1.6]8 38|71 P05 (ADS)
(SCK)P1.7 ]9 37| P0.6 (AD6)
RST [ 10 36{71P0.7(AD7)

{RXD) P3.0 (111 3s [ Eavee
NCT112 3aline
(TXD) P3.1] 13 33[J ALE/PROG
(INTO) P32 14 32[1PSEN

ANT)P3.3(]15 310 P27 (A1S)
{T0) F3.4 (3 6 305 F2.6{Ai4)
(T1) P35 ]17 917 P2.5(A13)
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Port 0 also receives the code bytes during Flash program-
ming and outputs the code bytes during program verifica-
tion. External pultups are required during program verifica-
tion.

Pori i

Port 1 is an 8-bit bidirectional /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.

Some Port 1 pins provide additional functions. 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.

ATO0SS252 Si———————
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Block Diagram

<

Vvvvyvvv

'
)

=
'

st

\

.
: [ PORT 0 DRIVERS PORT 2 DRIVERS
GND | 7 Y 7 X
ND | ‘ ;
i ) i {
Lo | e e
—.i— ; A 4 Y i
= RAM ADDR. PORT 0 PORT |
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Furthermore, P1.4, P1.5, P1.6, and P1.7 can be configured
as the SPI slave port select, data input/output and shift
clock input/output pins as shown in the following table.

Port Pin Alternate Functions
P1.0 T2 (external count input to Timer/Counter 2),
clock-out
P1.1 | T2EX (Timer/Counter 2 capture/reload trigger
| and direction control)
P1.4 SS (Slave port select input)
P1.5 MOSI (Master data output, slave data input pin

. for SPI channel)

P1.6 l MISO (Master data input, slave data output pin
| for SPI channel)

4 N
|

i SCK (Master clock output, slave clock input pin

P1.7

, for SPI channel)

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

Port 2

Port 2 is an 8-bit bidirectional /O port with internal putlups.
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 intemal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
extemnal 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 bidirectional /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 pulled 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 AT89S58252, as shown in the following table.

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

4-108

Port Pin Alternate Functions
P3.0 RXD (serial input port)

’“P3.1 o TXD (serial output port) -
P3.2m . INTO (external interrupt 0) -
P3.3 i INTT (external interrupt 1)

P34 | TO(tmerOexternalinputy |
P3.5 T1 (timer 1 external input)

P3.6 | WR (external data memory write strobe)
P3.7 EL RD (external data memory read strobe)
RST

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

ALE/PROG

Address Latch Enable is an output puise 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 tim-
ing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to external data mem-
ory.

If desired, ALE operation can be disabled by setting bit 0 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 AT89S8252 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.

EANVpp _

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external 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 execu-
tions. This pin also receives the 12-volt programming
enable voltage (Vpp) during Flash programming when 12-
volt programming is selected.

ATBIS8252 mrrrrrrrr s T
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XTAL1

Input to the inverting oscillator amplifier and input to the

internal clock operating circuit.

XTAL2

Output from the inverting oscillator amplifier.

OF8H

OFOH

OE8H

OEOH

0D8H

0DOH

0C8H

0COH

0B8H

0BOH

OABH

OAOH

98H

90H

88H

80H

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 indeterminate

effect.
Table 1. AT89S8252 SFR Map and Reset Values
OFFH
B
00000000 OFTH
R 7 ARG\ | Ny,
OEFH
[N AN A A > ~ SILW - = s = —
ACC
00000000 | .
S — 4 B S - k. “; B BB L2 TR B s e R S— b b SRR
‘ ODFH
PSW SPCR
00000000 000001XX Sitie
T2CON T2MOD RCAP2L RCAP2H T2 TH2 -
00000000 | XXXXXX00 | 00000000 | 00000000 | 00000000 | 00000000
0CTH
P
XX000000 Ll
P3
11111111 087H
IE SPSR
0X000000 DOXXXXXX OAFH
P2
11111111 AT
SCON SBUF oFH
00000000 |  XXXXXXXX
P1 WMCON
11111111 00000010 il
TCON TMOD TLo A THO TH1 -
00000000 00000000 00000000 | 00000000 | 00000000 | 00000000
PO SP i DPOL DPOH DP1L DP1H SPDR }“ PCON | 87H
11111111 00000111 | 00000000 | 00000000 | 00000000 | 00000000 | XXXXXXXX | OXXX0000 |
4109
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User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke
new features. In that case, the reset or inactive values of the
new bits wili aiways be 0.

Timer 2 Registers Control and status bits are contained in
registers T2CON (shown in Table 2) and T2MOD (shown in
Table 9) 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.

Watchdog and Memory Control Register The WMCON
register contains control bits for the Watchdog Timer
(shown in Table 3). The EEMEN and EEMWE bits are used
to select the 2K bytes on-chip EEPROM, and to enable
byte-write. The DPS bit selects one of two DPTR registers
available.

Table 2. T2CON—Timer/Counter 2 Control Register

SPI Registers Control and status bits for the Serial Periph-
eral Interface are contained in registers SPCR (shown in
Table 4) and SPSR (shown in Table 5). The SPI data bits
are contained in the SPDR register. Writing the SPI data
register during serial data transfer sets the Write Collision
bit, WCOL, in the SPSR register. The SPDR is double buff-
ered for writing and the values in SPDR are not changed by
Reset.

Interrupt Registers The global interrupt enable bit and the
individual interrupt enable bits are in the IE register. In addi-
tion, the individual interrupt enable bit for the SPI is in the
SPCR register. Two priorities can be set for each of the six
interrupt sources in the IP register.

T2CON Address = 0C8H Reset Value = 0000 0000B
Bit Addressable
e e e e i e i ey e e
TF2 EXF2 RCLK TCLK EXEN2 | TR2 | CrT2 } CPIRL2 }
Bit 7 6 5 , 4 3 | 2 j 1 i 0 g
Symbaeol ! 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=10or 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
oleared by software EXF2 does not cause an interrupt in up/down counter mode (DCEN = 1).
RCLK Receave clock enabee When set, causes the serial port to use Timer 2 overfiow pulses for its receive clock in senal port
Modes 1 and 3. RCLK = 0 causes Timer 1 overflows to be used for the receive clock.
TCLK Transmit clock enable. When set, causes the serial port to use Timer 2 overflow puises for its transmit clock in serial port
Modes 1 and 3 TCLK 0 causes Timer 1 overflows to be used for the transmit clock.
EXEN.: Timer 2 exiernal enable When sel, allows a capiure or reioad to occur as a resuit of a negahve 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 otart/Stop controi for Timer 2. TR2 = 1 starts the timer.
CiT2 Tmer or counter select for Tcmer 2 C/T 2 0 for nmer funcnon Cfl' 2 = 1 for external event counter (fallmg edge tnggered )-
CP/@ { Capture/Reload select. CP/RL2 = 1 causes captures to occur on negatwe transitions at T2EX if EXEN2 = 1. CP/RL[2 =0
; causes automatic reloads to occur when Timer 2 overflows or negative transitions occur at T2EX when EXENZ2 = 1. When
i either RCLK or TCLK = 1, this bit is ignored and the timer is forced to auto-reload on Timer 2 overflow.

AT89S8252
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Dual Data Pointer Registers To facilitate accessing both
internal EEPROM and external data memory, two banks of
16 bit Data Pointer Registers are provided: DPO at SFR
address locations 82H-83H and DP1 at 84H-85H. Bit DPS
= 0 in SFR WMCON selects DP0 and DPS = 1 selects
DP1. The user should always initialize the DPS bit to the

Table 3. WMCON—Watchdog and Memory Control Register

appropriate value before accessing the respective Data
Pointer Register.

Power Off Flag The Power Off Flag (POF) is located at
bit_4 (PCON.4) in the PCON SFR. POF is set to “1” during
power up. It can be set and reset under software control
and is not affected by RESET.

WMCON Address = 96H Reset Value = 0000 0010B
R — r —— : e et —
PS2 PS1 i PSO i EEMWE | EEMEN DPS ] WDTRST WDTEN }
i TEETRSSHE SR (ST ”'T:“ SRRSO T e ’ S . ,i - i ,1 s e - |
Bit 7 6 5 1 4 ; 3 ! 2 i 1 0 {
Symbol Function
PS2 | Prescaler Bits for the Watchdog Timer. When all three bits are set to “07, the watchdog timer has a nominal period of 16
PS1 ! ms. When all three bits are set to “1”, the nominal period is 2048 ms.
PS0 k 7
EEMWE | EEPROM Data Memory Write Enable Bit. Set this bit to “1" before initiating byte write to on-chip EEPROM with the
“ MOVX instruction. User software should set this bit to “0” after EEPROM write is completed.
EEMEN Internal EEPROM Access Enable. When EEMEN = 1, the MOVX instruction with DPTR will access on-chip EEPROM
mstead of external data memory. When EEMEN 0 MOVX w1th DPTR accesses external data memory.
DPS Data Pointer Register Select. DPS 0 selects the ﬁrst bank of Data Painter Reglster DPO, and DPS = 1 selects the
second bank DP1
WDTRST Watchdog Tmer Reset and EEF’ROM Ready/Busy Flag. Each time thls blt is set to “1” by user soﬂware apulseis
RDY/BSY | generated to reset the watchdog timer. The WDTRST bit is then ‘automatically reset to “0” in the next instruction cycle.
E The WDTRST bit is Write-Only. This bit also serves as the RDY/BSY flag in a Read-Only mode during EEPROM write.
| RDY/BSY = 1 means that the EEPROM is ready to be programmed. While programming operations are being executed,
‘! the RDYIBSY bit equals “0” and is automatlca“y reset to “1” when programmmg IS oompteted
WDTEN [ Watchdog Timer Enable Bit. WDTEN = 1 enables the watchdog timer and WDTEN =0 dlsables the watchdog t|mer

ANNEL
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Table 4. SPCR—SP! Contro! Register

SPCR Address = D5H eset Value = 0000 01XXB
SPE = SPE | DORD MSTR | CPOL | GCPHA = SPR1 | SPRO |
Bit 7 : 6 . 5 4 | 3 ‘ 2 : 1 0

Symbol . Function

SPIE

SP! Interrupt Enable. This bit, in conjunction with the ES bit in the IE register, enables SPI interrupts: SPIE = 1 and ES
L= 1 enable SPI mterrupts SPIE 0 dtsables SPI lnterrupts

SPE SPl Enable SPI = 1 enables the SPI channel and oonnects SS MOSI MISO and SCK to pins P1 4, P1 5 P1 6 and
P1.7. SPI = 0 disables the SPI channel.

DORD 5 Data Order DORD = 1 seleds LSB ﬁrstdata transmnssnon DORD O setects MSB f rst data transmussnon

MSTR Master/Stave Select MSTR = 1 selects Master SPt mode MSTR 0 selects Stave SPt mode

CPOL i Clock Polarity. When CPOL = 1 SCK is high when idle. When CPOL 0, SCK of the master devrce is low when not
! transmlttmg Please refer to hgure on SPI Ctook Phase and Potanty Controt

CPHA . Clock Phase. The CPHA bit together wnth the CPOL blt controls the clock and data relatlonshlp between master and
i stave P|ease refer to ﬁgure on SP! C\ock Phase and Potanty Controt

- s

SPRO SPI Clock Rate Select. These two blts control the SCK rate of the devnce conﬂgured as master SPR1 and SPRO have

SPRA1 : no effect on the slave. The relationship between SCK and the oscillator frequency, Fagc, is as follows:
| SPR1 SPRO SCK = Fpgc. divided by
; 0 0 4
0 1 16
I 1 0 64
f 1 1 128

Table 5. SPSR—SP! Status Register

SPSR Address = AAH Reset Value = 00XX XXXXB
[ i T T A 7 I T
| SPIF I wcCcoL ! — — — | — ! — i — |
SRR, U oo I R . — 4 . | y | |
Bit 7 1 6 1 5 g 4 3 | 2 | 1 1 0 |
Symbol | Function
SPIF - sPI Interrupt Flag. When a serial transfer is complete, the SPIF bit is set and an interrupt is generated if SPIE = 1 and

| ES =1. The SPIF bit is cleared by reading the SP!I status register with SPIF and WCOL bits set, and then accessing
- the SPI data reg'ster

WCOL ~ Write Collision Flag. The WCOL blt is set if the SPI data reg|ster is wrltten durlng adata transfer Durlng data transfer
. the result of reading the SPDR register may be incorrect, and writing to it has no effect. The WCOL bit (and the SPIF
| bit) are cieared by reading the SPI status register with SPiF and WCOL set, and then accessing the SPi data regisier.
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Tabie §. SPDR—G&P| Data Register

| SPDR Address = 86H

Reset Value = unchanged

T
sPDe | SPDS

SPDR

SPN2 *"' SPD1 T

T T

sPDN |

T
|
F - |
| 7 6 5 | 4

' Bit

T
|
!

- e
|
!

3 2 1 | 0

Data Memory—EEPROM and RAM

The AT89S58252 implements 2K bytes of on-chip EEPROM
for data storage and 256 bytes of RAM. The upper 128
bytes of RAM occupy a parallel space to the Special Func-
tion Registers. That means the upper 128 bytes have the
same addresses as the SFR space but are physically sepa-
rate 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 0AOH (which is P2).

MOV 0AOH, #data

Instructions that use indirect addressing access the upper
128 bytes of RAM. For example, the following indirect
addressing instruction, where RO contains 0AGH, accesses
the data byte at address 0AOH, 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.

The on-chip EEPROM data memory is selected by setting
the EEMEN bit in the WMCON register at SFR address
location 96H. The EEPROM address range is from 000H to
7FFH. The MOVX instructions are used to access the
EEPROM. To access off-chip data memory with the MOVX
instructions, the EEMEN bit needs to be set to “0”.

The EEMWE bit in the WMCON register needs to be set to
“1” before any byte location in the EEPROM can be written.
User software should reset EEMWE bit to “0” if no further
EEPROM write is required. EEPROM write cycles in the
serial programming mode are self-timed and typically take
2.5 ms. The progress of EEPROM write can be monitored
by reading the RDY/BSY bit (read-only) in SFR WMCON.
RDY/BSY = 0 means programming is still in progress and
RDY/BSY = 1 means EEPROM write cycle is completed
and another write cycle can be initiated.

In addition, during EEPROM programming, an attempted
read from the EEPROM will fetch the byte being written
with the MSB complemented. Once the write cycle is com-
pleted, true data are valid at all bit locations.

Programmable Watchdog Timer

The programmable Watchdog Timer (WDT) operates from
an independent oscillator. The prescaler bits, PS0, PS1
and PS2 in SFR WMCON are used to set the period of the
Watchdog Timer from 16 ms to 2048 ms. The available
timer periods are shown in the following table and the
actual timer periods (at V¢ = 5V) are within £30% of the
nominal.

The WDT is disabled by Power-on Reset and during Power
Down. It is enabled by setting the WDTEN bit in SFR
WMCON (address = 96H). The WDT is reset by setting the
WDTRST bit in WMCON. When the WDT times out without
being reset or disabled, an intemal RST pulse is generated
o reset the CPU.

Table 7. Watchdog Timer Period Selection

AIMEL

WDT Prescaler Bits Period (nominal)
PS2 PS1 PSO

0 0 16 ms
0 1 32ms

o 0 1 p I 0 64 ms
0 1 1 128 ms
1 0 0 256 ms
1 0 1 512ms

| N I<A N A 1024ms

A~ O® A  2048ms
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Timer 0 and 1

Timer O and Timer 1 in the AT8988252 operate the same
way as Timer 0 and Timer 1 in the AT89C51, AT89C52 and
ATB89C55. For further information, see the October 1995
Microcontroller Data Book, page 2-45, section titled,
“Timer/Counters.”

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 8.

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 fre-
quency.

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 fre-
quency. 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 cycls.

Figure 1. Timer 2 in Capture Mode

Table 8. Timer 2 Operating Modes

RCLK +TCLK | CPRLZ | TR2 | MODE
: 0 | 1 | 16-bitAuto-Reload
= ,
i _=0 | 1l 16-bit Capture
L X b ! Baud Rate Generator
% X o { o)

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 I-
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 9). 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.

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

0sc sz NN,
, ilr cm2=o0 :
{ g
| CONTROL ! ‘ L OVERFLOW i
{ C/T2 =1 TR2 — A |
DA“- S J ! | ; vV |
T2 PIN CAPTURE B N r;):>_,,;
' |
RCAP2H | RCAP2L | |
TRANSITION g
o ‘ | } INTERRUPT
TEX PN [J——s o |—— o1 o . EXF2
| conTROL
N2
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OFFFFH and then sets the TF2 bit upon overflow. The over-
flow also causes the timer registers to be reloaded with the
16 bit value in RCAP2H and RCAP2L. The values in
RCAP2H 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

Figure 2. Timer 2 in Auto Reload Mode (DCEN = 0)

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.

osC > =12 -
C/m2 =0
G O—r——»{ THe }—
]I CONTROL /\ /\ OVERFLOW
T P TR2 —
] & oo RELOAD Y
T2 PIN TIMER 2
INTERRUPT
RCAP2H | RCAP2L
< a TF2 T
TRANSITION
DETECTOR
T2EX PIN [ J—— % oo - EXF2
|  conTROL
EXEN2
Table 9. T2MOD—Timer 2 Mode Control Register

T2MOD Address = 0C9H Reset Value = XXXX XX00B
Not Bit Addressable

I — - — = | - T20E | DCEN |

’},..v - - B g s - i re i = : s o S S i .Aj

Bit | 7 | 6 5 4 3 ! 2 ! 1 T 0 !

Symbol } Function
— Not implemented, reserved for future use. |
T20E Timer 2 Output Enable bit.
DCEN When set, this bit allows Timer 2 to be configured as an up/down counter.

AINEL
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Philips Semiconductors Product specification

8-bit A/D and D/A converter PCF8591

1 FEATURES
e Single power supply

Operating supply voltage 2.5 Vto 6 V

L ow standby current
Serial input/output via 12C-bus

¢ Address by 3 hardware address pins 3 GENERAL DESCRIPTION

 Sampling rate given by 12C-bus speed The PCF8591 is a single-chip, single-supply low power

« 4 analog inputs programmable as single-ended or 8-bit CMOS data acquisition device with four analog
differential inputs inputs, one analog output and a serial 12C-bus interface.

Three address pins A0, A1 and A2 are used for
programming the hardware address, allowing the use of
Analog voltage range from Vgs to Voo up to eight devices connected to the 12C-bus without
On-chip track and hold circuit additional hardware. Address, control and data to and from
the device are transferred seriaily via the two-ine
bidirectional 12C-bus.

Auto-incremented channel selection

8-bit successive approximation A/D conversion
Multiplying DAC with one analog output.

The functions of the device include analog input
multipiexing, on-chip track and hold function, 8-bit
2 APPLICATIONS analog-to-digital conversion and an 8-bit digital-to-analog
conversion. The maximum conversion rate is given by the

e Closed loop control systems
maximum speed of the 12C-bus.

o Low power converter for remote data acquisition
e Battery operated equipment

e Acquisition of anaiog vaiues in automative, audio and
TV applications.

4 ORDERING INFORMATION

TYPE PACKAGE
NUMBER NAME DESCRIPTION VERSION
PCA8591P DIP16 plastic dual in-line package; 16 leads (300 mii); long body SOT38-1
PCA8531T 5016 plastic small outline package; 16 leads; body width 7.5 mm SOT162-1

w
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Philips Semiconductors

Product specification

8-bit A/D and D/A converter PCF8531
6 PINNING
SYMBOL | PIN DESCRIPTION
AINO 1
AIN1 2 analog inputs
AIN2 3 (A/D converter) ano T U 7] Yoo
AIN3 4 ;
15| AouT

e z amt [2]
A1 6 hardware address ANz [3 ] 14] Veer
A2 7 ANg 4] 13] AGND
_Vss _ 81 neg'ative.‘supply !gltage a0 2 N T_{] EXT
SDA 9 12C-bus data input/ouiput

4 Al | 6 11} OSC
SCL 10 | I2C-bus clock input
OSC 1" oscillator input/output A2 |7 10§ SCL
EXT 12 extemnal/internal switch for oscillator Vss E 3 | SDA

inpgt 7280959.1

AGND 13 analog ground
VRer 14 voltage reference input
AQUT 15 analog output (D/A converter) Fig.2 Pinning diagram.
Voo 16 positive supply voltage

1998 Jul 02



Philips Semiconductors

Product specification

8-bit A/D and D/A converter

PCF8591

7 FUNCTIONAI DESCRIPTION
7.4 Addressing

Each PCF8591 device in an 12C-bus systemis activated by
sending a valid address to the device. The address
consists of a fixed part and a programmable part.

The programmable part must be set according to the
address pins A0, A1 and A2. The address always has to
be sent as the first byte after the start condition in the
12C-bus protocol. The last bit of the address byte is the
read/write-bit which sets the direction of the following data
transfer (see Figs 3, 15 and 16).

MSB LS8
1 0 Q0 1 1 A2 | A1} AC jR/W

. A V)
~ v

fixed part programmable part 7Z80880

Fig.3 Address byte.

1998 Jul 02

7.2 Control byte

The second byte sent to a PCF8591 device will be stored
in its control register and is required to control the device
function.

The upper nibble of the control register is used for enabling
the analog output, and for programming the analog inputs
as single-ended or differential inputs. The lower nibble
selects one of the analog innut channels defined by the
upper nibble (see Fig.4). If the auto-increment flag is set
the channel number is incremented automatically after

each A/D conversion.

If the auto-increment mode is desired in applications
where the internal oscillator is used, the analog output
enable flag in the contro! byte (bit 8) should be set. This
allows the internal oscillator to run continuously, thereby
preventing conversion errors resulting from oscillator
start-up delay. The anaiog output enable flag may be reset
at other times to reduce quiescent power consumption.

The selection of a non-existing input channel results in the
highest available channel number being allocated.
Therefore, if the auto-increment flag is set, the next
selected channel will be always channel 0. The most
significant bits of both nibbles are reserved for future
functions and have to be set to 0. After a Power-on reset
condition all bits of the control register are reset to 0.

The D/A converter and the oscillator are disabled for power
saving. The analog output is switched to a high-impedance
state.



Philips Semiconductors Product specification

8-bit A/D and D/A converter PCF8591
MSB LsB
o | x | x| xfol] x| x]|x CONTROL BYTE

T | =
A/D CHANNEL NUMBER:

00 channel 0
01 channel 1
10 channei 2
1 channel 3

AUTOINCREMENT FLAG:
(switched on if 1)

L. ANALOGUE INPUT PROGRAMMING:

00  Four single ended inputs
AINQ ————————— channel 0
AIN1 ————————— channel 1
AIN2 ————————————— channel 2
AIN3 —————————— channei 3

01 Three differential inputs

AINO

channel 0
AIN1T —

channel 1

AIN2 .
AING -

channel 2

10 Single ended and differential mixed

AINQ ——— channel 0
AIN1 ————— channe! 1

AIN2
>—— channel 2

AIN3

11 Two differential inputs
AINO 3
AIN1 ~

AIN2 ——1>
channel 1
AIN3 ~

ANAL OGUE OUTPUT ENABLE FLAG:
(analogue output active if 1) 7280861

channel 0

Fig.4 Control byte.
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Philips Semiconductors Product specification

8-bit A/D and D/A converter PCF8591

8 CHARACTERISTICS OF THE 2C-BUS

The 12C-bus is for bidirectional, two-line communication between different ICs or modules. The two lines are a serial data

sl

iine (SDA) and a seriai clock iine (SCL). Boih lines musi be connecied io a posiiive supply via a puii-up resisior. Daia
transfer may be initiated only when the bus is not busy.

8.1  Bit transfer
One data bit is transferred during each clock pulse. The data on the SDA line must remain stable during the HIGH period

GF the dock Diilen a8 S antoe ir M Pote Boa o8 ALS 0 B8 e Pl i i 4 s e ekl T
Ol Ule QIOCK puIsSe as Cnanges in e aata ine at unus uime wii e elpreled as a conuon signai.

1 1 1 A
s /i N -
/=i A gt \
| | '
i i i
il 2 o i ST~ W
SCL 1/ \ 1/ \
| | |
{ dataline | change |
{ stable; | ofdata |
! data vaiid 1 aliowed 1 MBCE27

Fig.11 Bit transfer.

8.z  Start and stop conditions

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the data line, while the
ciock is HIGH, is defined as ihe siari condition {S). A LOW-i0-HiGH wansition of the data jine while ihe clock is HiGH, is
defined as the stop condition (P).

B g

-
NN e N/
SDA SDA
l \ B, / - \ | / t
{ { l I
| | f O\ ! |
1 | [ | -
scL , | \ \ scL
1S Py
START condition STOP condition

MBC622

Fig.12 Definition of START and STOP condition.
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8-bit A/D and D/A converter PCF8591

8.3  System configuration

A device generating a message is a ‘transmitter’, a device receiving a message is the ‘receiver’. The device that controls
the message is the ‘master’ and the devices which are controlled by the master are the ‘slaves’.

SDA
] | [ 1 |
MASTER SLAVE MASTER
TRANSMITTER/ szséét\\//EER TRANSMITTER / @ R’K‘SSJ‘ETF;ER TRANSMITTER /
RECEIVER RECEIVER RECEIVER

MBAGOS

Fig.13 System configuration.

8.4  Acknowledge

The number of data bytes transferred between the start and stop conditions from transmitter to receiver is not limited.
Each data byte of eight bits is followed by one acknowledge bit. The acknowledge bit is a HIGH level put on the bus by
the transmitter whereas the master also generates an extra acknowledge related clock pulse. A slave receiver which is
addressed must generate an acknowledge after the reception of each byte. Also a master must generate an
acknowledge after the reception of each byte that has been clocked out of the slave transmitter. The device that
acknowledges has to pull down the SDA line during the acknowledge clock pulse, so that the SDA line is stable LOW
during the HIGH period of the acknowledge related clock pulse. A master receiver must signal an end of data to the
transmitter by not generating an acknowledge on the last byte that has been clocked out of the slave. In this event the
transmitter must leave the data line HIGH to enable the master fo generate a stop condition.

i el /

not acknowledge
N

I

f

I

| )

, —_—
|

DATA OQUTPUT

DATA OUTPUT Jl_\
BY TRANSMITTER
|
|
I
|
|
|

BY RECEIVER
acknowledge
SCL FROM
MASTER I ! ® - M
Lf—J clock thlse for
STABT acknowledgement
condition

MBC602

Fig.14 Acknowledgement on the 12C-bus.
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8-bit A/D and D/A converter rCrao51

3.5 #C-bus protocoi

After a start condition a valid hardware address has to be sent to a PCF8591 device. The read/write bit defines the
airecon of the Tolicwing single or muttiple byte data transfer. For the format and the timing of the start condition (S), the
stop condition (P) and the acknowledge bit (A) refer to the 12C-bus characteristics. In the write mode a data transfer is

4 1 A e fea~y A 4, ~d -ttt Ap £ e o~ Anda fen £
terminated oY sendir g cithera SOp COP wdition or the start condition of the next Gawa van3icr.

Acknowledge Acknowledge Acknowiedge
from PCF8591 from PCF8591 from PCF8591
/4 . N
S ADDRESS 0 A CONTROL BYTE A DATA BYTE A PS
f 8 S
N=0to M
DATA BYTES 280853
'ig.15 Bus protoco! for write mode, O/A Conversion.
AcRnoawladyge ACKnowisdge G acknowlsdge
from PCF8591 from master
, ; l
S ADDRESS il A DATA BYTE A LAST DATA BYTE 1 P
. +
7280969
N=0toM
DATA BYTES
Fig.18 Bus protocoi for read mode, A/D conversion.
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Dwg. No. A-8594

Note that the ULN20xxA series (dual in-line
package) and ULN20xxL series (small-outline
IC package) are electrically identical and share
a common terminal number assignment.

ABSOLUTE MAXIMUM RATINGS
Output Voltage, V
(ULN200xA and ULN200xL) ........ 0V
(ULN202xA and ULN202xL) ........ 5V

L) TR o) [T (R —— 0V
Continuous Output Current,

L 500 mA
Continuous Input Current, | S 25 mA
Power Dissipation, P

(one Darlington pair)...........c...... 10W

(total package) .........cooeeeeeance See Graph
Operating Temperature Range,

Ty e -20°C to +85°C
Storage ‘l'emperature Range,

T -55°C to +150°C

HIGH-VOLTAGE, HIGH-CURRENT
DARLINGTON ARRAYS

Ideally suited for interfacing between low-level logic circuitry and
multiple peripheral power loads, the Series ULN20xxA/L high-voltage,
high-current Darlington arrays feature continuous load current ratings
to 500 mA for each of the seven drivers. At an appropriate duty cycle
depending on ambient temperature and number of drivers turned ON
simultaneously, typical power loads totaling over 230 W (350 mA x 7,
95 V) can be controlled. Typical loads include relays, solenoids,
stepping motors, magnetic print hammers, multiplexed LED and
incandescent displays, and heaters. All devices feature open-collector
outputs with integral clamp diodes.

The ULN2003A/L and ULN2023A/L have series input resistors
selected for operation directly with 5 V TTL or CMOS. These devices
will handle numerous interface needs — particularly those beyond the
capabilities of standard logic buffers.

The ULN2004A/L and ULN2024A/L have series input resistors for
operation directly from 6 to 15 V CMOS or PMOS logic outputs.

The ULN2003A/L and ULN2004A/L are the standard Darlington
arrays. The outputs are capable of sinking 500 mA and will withstand
at least 50 V in the OFF state. Outputs may be paralleled for higher
load curreni capability. The ULNZ023A/L and ULN2024A/L will
withstand 95 V in the OFF state.

These Darlington arrays are furnished in 16-pin duai in-line piastic
packages (suffix “A”) and 16-lead surface-mountable SOICs (suffix

ease of circuit board layout. All devices are rated for operation over the
temperature range of -20°C to +85°C. Most (see matrix, next page) are
also available for operation to -40°C; to order, change the prefix from
“ULN” to “ULQ".

FEATURES
& TTL, DTL, PMOGS, or CMOS-Compatible Inpuis
B Output Current to 500 mA

= Output Voltage to 95 V

LUV D20

B Transient-Protected Outputs

x = digit to identify specific device. Characteristic shown applies to family of
devices with remaining digits as shown. See matrix on next page.

198yg ejeq
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HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS
DEVICE PART NUMBER DESIGNATION
VCE(MAX) 50V 5V
lcm AX) 500 mA 500 mA
Logic Part Number
5V ULN2003A* ULN2023A*
TTL, CMOS ULN2003L* ULN2023L
6-15V ULN2004A* ULN2024A
CMOS, PMOS ULN2004L* ULN2024L
* Also available for operation between -40°C and +85°C. To order, change
PARTIAL SCHEMATICS prefix from “ULN" to “ULQ".
ULN20x3A/L (Each Driver)
—>+—o COM
————0 25
.y .
: Y <
: 1 | %7 = R
WS : =
T S PP - -:1_ . = 20
O
s SUFFIX‘A', R = 60°C/W
o
@15
Dwg. No. A-9651 a \ \
> o
= \
ULN20X4A/L (Each Driver) 5 ™~
3 <
g N
= 05 AN
—>—o COM w SUFFIX 'L, R 5 = 90°C/W
P |
10.5K _K—_H 2
AN : =
: — 3 <)
: 72¢ | % I 3 © 25 50 75 100 125 150
' A=W = AMBIENT TEMPERATURE IN °C
T H__ti-- - Dwg. GP-006A

Dwyg. No. A-3898A

X = Digit to identify specific device. Specification shown applies to family of
devices with remaining digits as shown. See matrix above.

115 Northeast Cutoff, Box 15036

Woarcester, Massachusetts 01615-0036 (508) 853-5000
Copyright © 1974, 1398 Allegro MicroSystems, Inc.




2003 TarU 2024
HIGH-VOLTAGE,
HIGH-CURRENT
DARILINGTON ARRAYS

Types ULN2003A, ULN2003L, ULN2004A, and ULN2004L
ELECTRICAL CHARACTERISTICS at +25°C (unless otherwise noted).

Test Applicable Limits
Characteristic Symbol Fig. Devices Test Conditions Min. Typ. Max. | Units
Output Leakage Current |  Icgx 1A All Ve =50V, Ty =25°C — <1 50 pA
Vg =50V, Ty = 70°C — <1 100 pA
1B ULN2004A/L | Veg=50V, To=70°C,V|y=10V — <5 500 HA
Collector-Emitter VCE(SAT) 2 Al lc =100 mA, Ig = 250 pA — 09 11 v
SaturationVdltage I = 200 mA, Ig = 350 A — 11 13| v
Ic =350 mA, Ig = 500 pA — 1.3 1.6 \Y
Input Current linany 3 ULN2003A/L | Viy=3.85V — 093 135| mA
ULN2004A/L | Vin=5.0V — 035 05 mA
Vin=12V — 10 145] mA
liNn(OFF) 4 All lc =500 A, Tp = 70°C 50 65 — HA
Input Voltage ViN(©ON) 5 ULNZ003A/L | Vcg=2.0V,Ic =200 mA — — 2.4 v
Vee =2.0V, Ic =250 mA — — 27 \'
Vce =20V, I =300 mA — — 3.0 v
ULN2004A/L | Ve =20V, lc=125mA — — 50 \Y
Vece=2.0V, Ic =200 mA — — 6.0 \
VCg=20V, Ic=275mA — — 7.0 \
Vce=2.0V, Ic=350 mA — — 8.0 Vv
Input Capacitance Cin — All — 15 25 pF
Tum-On Delay tpLy 8 All 0.5 Ento 0.5 EquT — 025 1.0 us
Tum-Off Delay tpHL 8 All 0.5 Ento 0.5 Egyrt — 025 1.0 us
Clamp Diode IR 6 Al VR=50V, Tp=25°C — — 80 uA
Leakage Current VR =50V, T = 70°C _ _ 100 pA
Clamp Diode Vg 4 All ig = 350 mA — 1.7 20 Vv
Forward Voltage

Complete part number includes suffix to identify package style: A = DIP, L = SOIC.

www._allegromicro.com



2003 tarU 2024

HIGH-VOLTAGE,
HIGH-CURRENT

F LV 4 %

DARLINGTON ARRAYS

Types ULN2023A, ULN2023L, ULN2024A, and ULN2024L
ELECTRICAL CHARACTERISTICS at +25°C (unless otherwise noted).

Test Applicable Limits
Characteristic Symbol | Fig. Devices Test Conditions Min. Typ. Max. Units
Output Leakage Current | Icex 1A All Ve =95V, Ty =25°C — <1 50 LA
Veg =95V, T =70°C — <1 100 uA
1B ULN2024A/L | Vo =95V, T4 =70°C, V|y=1.0V — <5 500 HA
Collector-Emitter VCE(SAT) 2 All Ic =100 mA, Ig = 250 pA — 0.9 1.1 A\
Saturation Voltage Ic = 200 mA, Ig = 350 A — 14 13
Ic =350 mA, Ig = 500 pA — 1.3 1.6 \%
Input Current lingony 3 ULN2023A/L | Vin=3.85V — 093 135 mA
ULN2024A/L | Viy=5.0V — 035 05 mA
ViN=12V — 10 145 mA
liN(OFF) 4 All Ic =500 pA, Tp =70°C 50 65 — pA
Input Voltage VIN(ON) 5 ULN2023A/L | Ve =2.0V, Ic=200 mA — — 24 "4
Vce=2.0V, lc =250 mA — — 27 \
Vece=2.0V, Ic =300 mA — — 3.0 \'%
ULN2024A/L | V=20V, c= 125 mA — — 5.0 4
Vce=2.0V, Ic=200 mA — — 6.0 \"
Ve =2.0V,1c=275mA o 42 70 \%
Vece=2.0V, Ic=350 mA — — 8.0 4
Input Capacitance CiN — All — 15 25 pF
Turm-On Delay tpLH 8 All 05 Ent0 0.5 Eqyt — 025 10 us
Tum-Off Delay tpHL 8 All 0.5 Ejn to 0.5 Egyt — 025 10 us
Clamp Diode IR 6 All VR=95V,Tp=25C — — 50 A
Leakage Current VR =95V, T =70°C _ _ 100 vy
Clamp Diode Vg 7 All g =350 mA — 1.7 20 Vv
Forward Voltage

Complete part number includes suffix to identify package style: A = DIP, L = SOIC.

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000




2003 tHrU 2024
HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

TEST FIGURES
FIGURE 1A FIGURE 1B FIGURE 2
oren  Vce opeN Ve OPEN
lcex

Dwg. No. A-9729A Dwg. No A-9730A Dwg No. A-8731A

FIGURE 3

FIGURE 4

FIGURE 5

OPEN
o

o OPEN

Dwg No. A-G732A Dwg No A-9733A

FIGURE 6 FIGURE 7 FIGURE 8

+S0V
Vh
INPUT
Dwg. No. A-9735A Dwg. No. A-9736A ULN20X3* 35V puLsE 30 188 O
. GENERATOR O
ULN20X4* 12V wg} = 10KHz
=S50 M0 I o

* Complete part number includes a final letter to indicate package.

X = Digit to identify specific device. Specification shown applies to family of devices with remaining digits as shown.

www_allegromicro.com
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HIGH-VOLTAGE,
HIGH-CURRENT

DARLINGTON ARRAYS

Types ULN2023A, ULN2023L, ULN2024A, and ULN2024L

ELECTRICAL CHARACTERISTICS at +25°C (unless otherwise noted).

Test Applicable Limits
Characteristic Symbol | Fig. Devices Test Conditions Min. Typ. Max. Units
Output Leakage Current lcex 1A All Vee =95V, Tp=25°C — <1 50 LA
Ve =85V, T =70°C — <1 100 pA
1B ULN2024A/L | Veg=95V, T4 =70°C,Viy=1.0V — <5 500 pA
Collector-Emitter VCE(SAT) 2 All Ic =100 mA, Ig = 250 pA — 0.9 14 V.
Saturation Voltage I = 200 mA, lg = 350 A — 11 13V
Ic =350 mA, Ig = 500 pA — 1.3 1.6 \%
Input Current lingony 3 ULN2023A/L | Vin=3.85V — 093 135 mA
ULN2024A/L | Vin=5.0V — 035 05 mA
ViN=12V — 10 145 mA
liN(OFF) 4 All Ic =500 pA, Tp =70°C 50 65 — LA
Input Voltage ViNON) 5 ULN2023A/L | Veg=2.0V, Ic =200 mA — — 24 \"4
Vee =20V, Ic =250 mA — — 27 \
Vee=2.0V, Ic =300 mA — — 3.0 v
ULN2024A/L | Vee=20V,lc=125mA — — 50 \
Vee=2.0V, Ic=200mA — — 6.0 Vv
Ve =20V, 1c =275 mA — — 70 \Y
Ve =20V, Ic =350 mA — — 8.0 \"4
Input Capacitance Cin & All — 15 25 pF
Tum-On Delay tPLH 8 All 0.5 Ep to 0.5 Eput — 025 1.0 us
Tum-Off Delay tpHL 8 All 0.5 Ejy 10 0.5 EquT — 025 10 us
Clamp Diode IR 6 Al VR=95V,Tp=25C — — 50 pA
Leakage Current Vg =95V, T =70°C _ _ 100 pA
Clamp Diode Vg 7 All Ie =350 mA — 1.7 2.0 \
Forward Voltage

Complete part number includes suﬂ*ix to identify package style: A = DIP, L = SOIC.

115 Northeast Cutoff, Box 15036, _
Worcester, Massachusetts 01615-0036 (508) 853-5000






