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Abstract

This project is Survey Vehicle. Which had driven by 2 DC Motors. The car can move
relate to the unit control base such direction and speed, when the car had a problem unit control
base will received image problem from the car. This project has successfully been designed with

the combination of analog circuit and digital circuit as well as the overall system.
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Controller) , 8253 (Timer&Counter) IazARUATIBAIRTARElUTI 100H-3FFH 9zlFamdiu
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MYRUNDIA msldau

000H-01FH @IA7UAN DMA 1 ,8237A-5
020H-021H Interrupt mask register

022H-03FH g ) @anrunu 8259
040H-043H (I AazA U

060H lne (@n onaz dn 1)

060H-06FH fmuquwesaviulazAduesna 8255
070H-07FH Real Time Clock,Nmi ¥893¢U1
080H-09FH DMA page register 74LS162
0AOH-0BFH AINIVANUBUINDS SWH 2 8259 (enaw)
OF0H indosuunlas T sigmaes

OF1H Sidnuunles Tusivaiyes
OFSH-OFFH s Taslsvayes

1FOH-1F8H a1iafan

200H-207H IR UNNAB YT

278H-27FH iseemuTuLILINS A 2

2F8H-2FFH T TR EFLE L)
300H-31FH n1ialys Ia Indprototype)
360H-36FH anuld

378H-37FH iasesiuRIUNe e 1

380H-38FH spLc, ludadeTaslud 2
3A0H-3AFH luddalag Tud 1

3BOH-3BFH suathnes TuTuTasunaznsosiul
3COH-3CFH aqu’ld

3DOH-3DFH auatines auazasmiln

3FOH-3F7H fMmuauaan lasi

3F8H-3FFH nesAaYNINI

a v ¢ A, I
MINN 3.1 !!ﬁﬂﬂﬂ]‘ﬂ‘lﬁ]u‘ﬂﬂiﬂﬂﬂ]!lﬁudﬂ]\it‘]
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Y A v A (% d
3.2 ToyiiBIn N IN UNBIAUIN

s WX Ghlly WSS R : ¢ a
WOIAVUIU( Parallel port) U9ATATENI WOTAINTOINUN ( Printer port) WOTAUUIUDLIMS
U [~ a ' g o a $i s
tgneadayavesnasaflumnuuu s lunsdsdedeyanhiunisdedeniuszuu
linTagase Hdasimstieneadeyagindimstigneadoyauuuaunsnlszany 8-10 w1
wazlimsiszuranadeyauing 8 Tn @unuueBuyn//eWiwnueiiad (PC /0) 1ziims

[ Q’ A o @ o Y 1 A
%mmmawmmnwaimmum"h 381U Ao

Address Notes:

3BCh - 3BFh Used for Parallel Ports which were incorporated in to Video
Cards and now, commonly an option for Ports controlled by

BIOS. - Doesn't support ECP addresses.

378h - 37Fh Usual Address For LPT 1

278h - 27Fh Usual Address For LPT 2

v

9199 3.2 uamn13%’n%aaaﬁaﬁﬁm%’uwe§mmum

' (2

s Aaaa s ad X Y o A daa I
U‘]ﬂi'lu‘\l@\jv‘lﬂiﬂmu1uﬂzuiﬂﬁmaigﬂ 367 FATANDINITINILIVIVVIDUUBDNTAITIAD IS

U

v
-7 L 1 - ‘é
Ll@ﬂ!ﬂ‘iﬁ‘ﬂ@\i‘)’l\iﬁ'?ﬂEHUW@S‘{@]‘U‘LHH ll@ﬂlﬂimliﬂ%zgﬂﬁﬂﬂ’ﬂl!@ﬂlﬂiﬁﬂﬂﬂ (Base address) %

ad I'd ;’,’ Y
eI sEneualY
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Address Port Name Read/Write
Base + 0 Data Port (SPP) Write

Base +1 Status Port (SPP) Read

Base +2 Control Port (SPP) Write

Base +3 Address Port (EPP) Read/Write
Base +4 Data Port (EPP) Read/Write
Base +5 Undefined (16/32bit Transfers) -

Base + 6 Undefined (32bit Transfers) -

Base +7 Undefined (32bit Transfers) -

: o a dJ ° (Y] (v d
A9 3.3 HAAIFIUHUIVDIBUNN/AD MY NVBINT (PC 1/0) SHTUNTUND TAUIU

d s 1o ] @ ° { '
1. MA3a1n03 (Data register) BYAUNUIBAAS ANAN (Base address) MM 1Wau0E1

Tl

Offset Name Read/Write Bit No. Properties

Base +0 Data Port Write (Note-1) Bit 7 Data 7 (Pin 9)
Bit 6 Data 6 (Pin 8)
Bit5 Data 5 (Pin 7)
Bit4 Data 4 (Pin 6)
Bit3 Data 3 (Pin 5)
Bit 2 Data 2 (Pin 4)
Bit 1 Data 1 (Pin 3)
Bit 0 Data 0 (Pin 2)

~ Y A d
MINN 3.4 LN G IVENN DY
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(Y] d "o ' @ £ o E
2. MAAAIDNNDS (Status registers) 8gAUNUMBAIATANANVINUUY (Base address+1) 111111

figedrafen

Offset Name Read/Write Bit No. Properties

Bage+ 1 Status Port Read Only Bit 7 Busy
Bit 6 ek
Bit 5 Paper Out
Bit4 Select In
Bit3 Kot
Bit 2 IRQ (Not)
Bitl Reserved
Bit 0 Reserved

A v AA d
MINN 3.5 LT IANTIVTLIND I

d - 1o ] 1Y
3.A9UINTA59e1AdS (Control register) 1ZAYAMWNUNBAIATANANUINADY (Base address+2)

miihnemaziveu

Offset Name Read/Write Bit No. Properties
p
Base +2 Control Read/Write Bit 7 Bit 7 Unused
Bit6 Unused
Bit5 Enable bi-directional
Port
Bit 4 Enable IRQ Via Ack
Line
Bit 3 Select Printer
Bit2 Initialize Printer
(Reset)
Bit 1 Auto Linefeed
Bit 0 Strobe

a aa P
M1319N 3.6 uamﬂauima‘mamas
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:/l 1 A o 4 o P [
NNASITENINNTINTaRTe(Boot-up) BIOS %zmmsmmﬁauqﬂﬂituma‘li’ 1

1 ] 4 o ] o o c;
wosavuuegfidwmialny wesausnezgndmua iy LPTI uazwesadideszgn

° 4 &£ o ] [ ' S w Y
dmualiidu L2 1115009 &9 BIOS sifuduniaeamsTrdnveudaznesanae lUd

Start Address Function

0000:0408 LPT1's Base Address
0000:040A LPT2's Base Address
0000:040C LPT3's Base Address
0000:040E LPT4's Base Address (Note 1)

M99 3.7 uaﬂw‘mmﬁawe%ﬂmum
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ZE
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384
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JUN 3.1 LEAINI T TIVABVFIUHHIND INVUIY

A ) = ny & ' o ' A
'inﬂz‘l]‘ﬂ 31 ‘U@?J”ﬂ‘YI'Nﬂﬂll 1'3 AD 378H lﬂUﬂWllﬂﬂlﬂiﬂﬂﬂﬂﬂJ@Q LPTI fBARATON

K ;
oY NG e SR

EA

IS

un

n"ﬂu

s ' s S o a 1y 3 1 A aa A Ay A
ﬂum!ﬂﬂqg'] WoseUDd LPT nugiauuu thn@JTifWW’W]@ 1@ LI UINATDINKIATOIU lll“

LPT2-4

(TestPort.cpp)

A o ' J Y = J
'ﬂi@fﬂ‘uﬁ‘0@]S’J%Wlmu\‘i‘UBQW’E]iﬁﬂllﬂ%Wﬂﬂ151‘11EJLII‘}J’J'!!ﬂS'MG]i’J%ﬂE]‘lJW’EJS@
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3.4 MSIFNUNDIAUMIN
o 1Y [ o a 4
dmfunedavumuuuinagu msswdeya gldannsmhmesaguynnnnesa
@ 4 ] 1 ] =1 o o [
aadaiazweianouInsanldausuadeya daumsidoudeya aunsnimeiaaidii
[ o 9 o 3}3 d a 9 o ]
SunefanaulnsaldmesanauTnsamusaiduldnanesadunnuaziomn) AnuIves

@ 4 § a = [ 1
nedyanuuunes avuziivifinayiemie (Direction) f4A13199 3.8

Pin N o|PinNo SPP Signal Direction Register
(DType25) (Centronics) In/out Hardware
1 1 nStrobe In/Out Control

2 A Data 0 Out Data

3 3 Data 1 Out Data

4 < Data 2 Out Data

5 S Data 3 Out Data

6 6 Data 4 Out Data

7 7 Data 5 Out Data

8 8 Data 6 Out Data

9 9 Data 7 Out Data

10 ‘ 10 nAck In Status

11 11 Busy In Status

12 12 Paper-Out PaperEnd In Status

13 13 Select In In

14 14 nAuto-Linefeed In/Out Control

15 32 nError / nFault In In

16 31 nlnitialize In/Out Control

17 36 nSelect-Printer In/Out Control
18-25 19-30 Ground Gnd

M5190 3.8 uanatRyME TR IMUBIND AU
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v ' rl Y s
AIDYWNIIAD LBITUNDIAUUIU
B o fasad (15
AT DI Desal § 3
A D 02 2 Dl 14
SA DY L f1sad 153
SA B TalE D4 & Dzt 14}
A D ps g e
SH0T £ Qe Batoh 83
i 7 o7 Data? ($1
Crseonna) D¢ 3 A e
3 DE
10W Hese b
W Ho i
TS
Y]
12
VR
HLX )
vl
m
KNE]

10R Base -

TALN244

: v d y U
514 3.2 uaasniseiolFnuwe s UMM AR E

11 Busy e * D7
10 Ack+ +DB
12 Paper Qut D5
13 Select+ +D4
17 Select Printers 0.C. x(} +D3 8 Inputs
16 Inite 0.C. .02
14 Alto Unefeed ot D1
7 Strobe e~ 0.C 9<} +D0

74L.505 Hex Inverter
Open Collector

y v d { o A
517 3.3 uaasmseelfnumasnunie Sudeyaving 8 In

46200
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45
s

s 4 \ele: 3
118usy¢——71\’ 1B —6——-—°D?
10 Ack 2Y 2B 1—0——‘D6
12 Paper Out*——% gY 3B —13—-——'05
13 Select+———4Y 4B =/ D4
1A L___, D3 8 Inputs
7415157 54 —f,l——’DQ :
3A T—‘*D‘I
9 48 /00
1 Strobee—A/B
15 G
—E_
= GMD
8

y g d i o a v Aa <]
51 34 samsmisaelinunasnumio SudeyavINa 8 TN HUUNAANAN

a VoW d
3.5 M5 el sunsNAANBNUNDIN VN
o A o 1 a (Y Ia 'd o A A 4' £ a '

WOS AULILITNANY BT UReINDRUNI N BUNNIBINNNAIOUY  ADINBARINITAAAD

o { a ' 4 a 7 o o ] 3
20 M UALOAATATIADIN1TANABRIY 11DABINITAAABALNES HULIUTUANINUNTUA
sndnedenslouTdsunsuitedsainedn <17 oen liynninvasnesn Data Y89 LPTI 1Az
1 U 4 [ a CaXl o
SUAIIINNB AV ULAT AU NIABS HILUMANBS A Status Y84 LPTL amnsnien usunsu
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&
U

3.5.1 mMu1 QBASIC

[ Clel o 7 [ d
n1‘smﬂwagaaaﬂ"lﬂmwamwm

OUT &H378 &HFF

v ) 9y
Tagfi  &H  fwasaiumneieduavgudunn
378 funeamsauess 3mads Data dMSU LPT1

rr fudeyagudunniiaedn “11111111" lugiuaes
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m3e 1M IdeyaINHE SAUIY
Temp=INP(&H379)

Tash  INP() Hlusmdedmsunmsemdeya
379 ifludumiweamsavesidmans STATUS dmsy LPTI Tuday

JIUAUNN

Temp Hudulsildfudoyaiisnidnnnesavuu

LY

3.5.2 MmM¥1 ASSEMBLY

N Y g ¢
n1mam‘uagaaan"lﬂmwasﬂmum

mov dx,378h

mov al,ffh

out dx,al

d
139 14AIUBYAN VD TAVMIY

mov dx,37%h

in al dx

3.5.3 Mu1 PASCAL

Vi 1R [ d
nseeAdeyaven lFanesnuniu
Port[378H] :=FFH

n1TBIUMRYaYINIB SAUIY

Temp :=Port[379H]
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1919913 MCS -51

4.1 danvaslulnsneulnsamas 8051

v, o dmsuuwase i (+sv)
v, : dwmfudensng

Pai Aa a a 2 ' a
Po  : ifluvwesa 0 wes 8051 filvua 8 daviladesiiani Fwaazda

a o

4 v
awsosmualdiduldi B unanaziednadminlfausialinndesns hdugua

q

o 9 A v = v a n’/’ J a P ﬂ o '
i’f'uJ']‘iﬂVl'ﬂﬂTﬂfJﬂTi&‘UfJu‘U@ll”ﬂ 12 Ul‘]JfN‘lJWLl‘LI Taouaaziaiiios UBIANAWATINITNAD

waugunsal TTL nuw LS 18 s &1 wazdatiuulddaynu Multplex sznindyyiudaya

[ (2

AUdYYIM Address 8 Tanisn lunsaildnuaeawiiniouen

o

Pl . fluviwesa 1 ves 8051 v 8 da  wilAa@fiAMINUY Quasi bi-

£
Y v a

) - &4 v - o o Qo o
directional FutgazTammsasmualdiduldndunauazimdyadminldaun limn

q

£y

b4
doesmsliiliuguns ansaildTasnis@vudeya «1» Tdedardu uazannsoseveiy
ginsal LS TTL 14 442
P2 o fuvmesa 2 ves 8051 viia 8 1 YHATEINANIMUY Quasi bi-
4 ¥ B @ 4 dy 4 Ju/ o Y Aq Yo a
directional IFUIALINUNWBTH 1 UBNIINHNBIA2HIW M It d oy Address 8 Tavuu Tu
Aadqy v B Ay ' b - 4F Hq @
ast ldnileanusinienen lunsnisne Address nuwANNTIVUIR 16 T At UVZRTS
v ° Y] ny 14 =l 9 = J ° Y a a
wiheanuimguen szdedluiinsdeudeyala q lifinesa 2 sxshldifaswianaia
o | ¥
M3 14
P3  : Puunesa 3 vee 8051 IR 8 U FTAABINANINILY Quasi bi-

: : T %, ¢ 7 N/ & 4 NP & A
directional IFUIAYINUVUINBIH 1 UATWOTH 2 UANDITH 3 UITUNUINNAHAINIT NN 2.1
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P3.0 R x D (dwmusudeyanuueunsy)

P3.1 T x D (dmsudidoyauuueyns)

P3.2 INTO (VB uIRABs SWsin1ouen 0)

P3.3 INT1 (ViBunesSwiniouen 1)

P3.4 TO (VIBUWAVDA Timer 0)

P3.5 T1 (VIBUNAVD Timer 1)

P3.6 WR (d@mudyanalsuniteanuiifeyanisusn)
P3.7 RD (dwiudnnueuniisanuieyanisuen)

a

M9 4.1 RNNHIABUDIVIA 9 VB3 PORT 3

[ 3 d‘l a 9 o @ U 2 n o =} 9 A '4 ° 9 °
feriu lielinslddyanadinan Sehinsdsudeya lufinesa 3 sz linsviam
184 8051 AaWaIA 1A
[~ o v A o L9 a 2 '
RST - dnndmsuSivanishuves 8051 Tasnisldasdnuiaudunaiedn
1198 2 %39 Machine Cycle
I =q o P2 A A ] '
ALE o adunalFlunmsaiuagumsuangueavy wese 0 Welimsldaumniiie
A1UIINYUBN
[ ‘é 9 a 1 v o d'l
PSEN : fhundyanaiesesuedadentasauiillsunsuniousn iilelulns-
Aasu NN AR INIT o W UIEAINS TS U NN IBUeN
EA  : fuwnlddwmsuidenmfaseniteausildsunsumeusnnsenialu
v 4 A 9 a U ] ° Aa
luTasasuInsames Tashlviasin 0 sze1unUlsAINd sunsuUNMOUDN LazaBan 1 92
g1uneaui dsunsuniely
XTALL: 91919899058 uian1un 91999018 uveq 8051

XTAL2: ‘UTE)@ﬂ‘Uﬂﬂ?ﬂ%iﬁ?!ﬁﬂﬂ’ﬂuﬁ’éﬁﬂa\iﬂWTH‘Ui’N 8051
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plo:cl N BwNe
P11 O O PO.0 (ADO)
P2 O] 3 PO ADY)
P13 O M P02 (AD2)
PL4 O O P03 (AD3)
P15 O S FO.4{AD4)
P16 O M P05 (AD5)
Pi7O A P06 (AD)
RESET 0 P07 {AD7)
[RXD) P30 M EANDD
(TX0)P31 O 1 ALE/PROG
(NTO) P32 O -1 PSEN
(NT1} P33 O o P27 (A15)
(T0) P34 o TV P26 [A14)
{TP3I5 o S P25 (A13)
(W) P36 O M P2.4[A12)
(RD) P37 O S P23 (A1)
¥TAL2 O P22 [A10)
XTAL1 O o P21 (49)
GND O N P20 (48]

3N 4.2 M5 U1v84 8051

4.2 a1aveAu1U99 8051
AaNna 1A 8051 aziianudsa s eeniluaesdiu - Jdun wuaeaus
o [ ' 5. Yo @ ] [ 1 " @
dmiuTdsunsuazmiteanmiidmsumudeya Taslviaueaaazaumng - 64
Alalud ludnveanizsanus Tusunsuazdudunilsanus dmsus e 1uR o)
v Y
Tag# 8051 azlddyg i PSEN Jumisgnuviniu ndnireauiideyaves 8051 9za1u1sn
' A n v Y @ o @ PR ] a 9q 9 v
e unaziou 14 lasl9dana RD noz WR awdwy uaedielsnan gloamnsasiuniag
anuir ldsunsuuazmizsnamditeyadwaedu’ld Tasthdaa RD ey PSEN 1ndaidh
;)
295 AND GATE dwsvadwdmapalunissiunuignnudt  uenandiniisanuh
[ ] [~ [ { { 4
Tusunsudatiseeniumeuenuazmoluves 8051 dwaaslugii 42 59943 Tasgali
4.2 waaaniea s ldsunsulunsaindenldvilsanuiimevenuaznely  ludiudy
-~ ' & ' 5 q Aa A o ' A
fladludiuniivesniea s TUsunsumelunivuie 4 flaludues 8051 drufimiea:
' o v Y = ' o 4‘1 A va 1 ’
Wumireanuiimensn daudmunieuaasntiioanui Usunsuiedenliaadeniae

7
ANNTIMYUD NNINUA
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FFFF:

1000

OFFF

0000

o FFEF
60 KBYTES
EXTERNAL
7 — OR —)
:AND.
4KBYTES
INTERNAL i 0000

B4KBYTES
EXTERNAL

JUN 4.2 amardaen 38 sun suue 8051

dmsuniheauibeyaues

' ° PEY) - a £ o A 2 W )
wiganuimeuenuaas Bawuaniiovesgii 4.3 dadlvue 64 Alalud daumiaenam
Soyanoluunas idwdhovesg 43  Tasmissaausineluves 8051 utisesmilu

1 1 1 " o d' a Y . &
aeadau ldun dauvesniaeaawiideyaiiannsod1984LY Direct 1102 Indirect FaTluuin

ks Jd o ] o P 9 Aa |y B A ] d" ~ a &0
128 hJ@] ﬂUﬂu’Jﬂﬂ'J’lllﬁ]’m@N@\i1ﬂmW'ISU°U°U Direct m’e)cluﬂ’mu%zxstm’e)mmuwun1 SFR

8051 ensauusesnumeusnuazmelulay

Y
(Special Function Register) Tagozuana lelﬁlﬁdﬁ

80
7F

0

INTERNAL

SFRs

DIRECT
ADDRESSING

‘ONLY

> —AND——)

DIRECT

ANDINDIRECT

ADDRESSING

FFFF

-booe

64KBYTES
EXTERMAL

U9 4.3 uamaniienNus 1ol avRe 8051
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v’ ¥
Tudvesmiearmifoyanielufidedauy direct 12 Indirect MUITAWIIO

' n v ] @ dl =1 = % dy
HUN98N lﬂ 3a7U @N!Lﬂﬂ\ﬂui‘ﬂﬂ 4.4 Taglsoazidonnll

1 o

d2ufl 1 o091 Register Banks 0-3 Fagfidmmisaamirdeyaniolu daud 00H S 1FH
s0u 32 Tud Taeszutiseenifugn ganz 8 Tudimau 4 9a Fudazyaszivesen
i1 RO 719 R7 vziilu Register fi 199111 Tauile 8051 gn3ia Register Bank 0 9zgnifieons
daufl 2 5001 Bit Addressable Arca Faflunn 16 ludidmmiamizearmsiteya 204
9 2FH iuﬁauf:mmmﬁnzé'wSqﬁagaqﬁzﬂuszﬁuﬁ@ﬁa 128 10 Taomsdreda

9
e lagasaluanyazie Aad e 00H 99 7FH

Byte T
“address Bitaddress

grid

General
purpose
RAM

2Fl 7F [ 7E |70 |7C| 7B | 7A |79 | 78
2Ef 77| 8|5 | a3 |2 |70
20] 6F | &€ 6| o8 | 64" [ 63 68:
2¢| 67 | 66 64|63 )62 |61]60
281 5 | 5€ 5|58 | 5. |59 58
24| 57| 56 ‘53153 | 52 | 51 50
59 | oF | aE ac |48 | 4 [us] a8
28| 47 | 46 | 55|44 43 | 42| a1
22 | 3F |3 |30 |3c| B[ 3|3
26|37 |36 |35 |34]33]32 |3
25| 2F | 2e|2p | 2C| 2B | 2a |29
24| 27 |26 |25 [24.|23 |22 |2
123 1116 JL.1E 110D JI1C: 118 19 | 18:
22:0 17 | 18 |15 |14.]33
21| oF | 0E.| .00 |oC | 0B
L—20 |07 | 06| 06]|.04] 03

Bank 3
1% Bank2

slalgial8

Bit-addressable locations
>

SB|g||s

08:

SIE ||
2

0F Bank 1

07 Defaultregister
no hank for R0-R7
FAM

JUN 4.4 samantreanud e yamaly

daufl 3 150091 Scratch Pad Area 92086 dumisdaus 308 f9 7FH dafunioumio

mmﬁvﬁ'ammaiwaunﬂswm FEldans0l$1dInasausniniifemuisa e

9

<
ﬁll'JEJﬂ’Nl]iﬂ"Ui’)?JﬁUi!’Jiu‘llf’fTﬂi‘Uﬂﬁ!ﬂ’U‘U’e)llﬁHlJ‘U Stack ]ﬂﬁ?ﬂ

g

a

ludauveanheanuiideyamelufilddredauiny Diect ifissedudsnisiizon

SFR Fududrudmsuiunedmuamsihauneluves 8051 dananlugilii 4.5
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(] Aa Y ' q’: ° v 2
Tudruvesusnadiazivug 128 ludualuns ldauiiuls Idmmzd v ssaueras

v k4 Y ¥V v
Wlugdd 4.50niu magldredumisuenmilenniitiuee lddoyaiimaehild Taoud

E4
=1

o i a 9 Ao
avdumsez i
2 o [ a 4
ACC : flu Acamulator FuiuFiawesdmsumsdszanananaadasans
nazaedn TaedldansadredeIilugdnunvesludnsessauiala
A dAa o % Y @ ° @ A ;w 9
B - uSimeeslieudmsulFiumdlunsguuiems uenaniisalfifiu
A ) v a v 9 Y
TvamesdmsunuWndeyala
A 4 A o
PSW : 1flu33mmes Program Status Word n3euwanzuaaanIuznIsiILYes

o ol é a L
8051 AIMTUNINTIVABUFIIZ BTV 9T 19azIDon T UM 1IN

8 Bytes
B FF
Fo 8 7.
E6 EF
‘E0| ACC E?7
D8 DF
D || PSWET D?
C8 | T2CON™ | ToHODE? | RCAR2L®! | RoARZH | TLof? & 1Eki CF
co C7
= | = | ; BF
Bu| 3 ‘7.
Ag | UEE | ; ' AF
Ao | B2 A7
gg | SEON' | SBUF SF
g0-| P : a7
83 TCON‘"’. TMODH'? TLo TLA TH1 : aF
80 =0 Sp DPL DPH PCON' | o5
T BitAddressabie
Notes: 1. 3FRs.convering mode or control bits
2. ATBICER milly

g‘ﬂﬁ 4.5 UEANTIEALIDEA VDY Special Function Register
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aa o o @ J ] o 9 o 1Y g
ﬁ]usfﬂﬁmaimwsuwmammmamma‘lummumimmmu Stack

9
DPTR : Husamesvuia 16 9 Tasuvauily 8 davunay 8 daae IMdmsu%

Aundsveaniisanwsideyanisueansediniunseuaisedeyavesniiiennui

Tilsunsy
PO Hhusamesdmiunesa 0 ved 8051
Pl hisSmmesdmiunesa 1 vea 8051
) hisamesdmsunesa 2 ved 8051
P3  : WuSSmeesdmSumwesa 3 ves 8051
IP iHhisdmmesdmsusmuadiduanuddyueansduines suiives 8051
IE iHhisTmaesdmsusmuanssunie isun1ssumessniive 8051
a < o 1Y § .
T™OD : 1fluFimees dmiunununiIves Timer/Counter Y84 8051
TCON : iluSimaesdminAIUANNITMHINIUYES Timer/Counter Y83 8051
T2CON: 15 Tmens a5 uaIuANNIIRINIUYE Timer/Counter 2 U8 8052
THO s imans s uifiudeyaves Timer/Counter 0 8UALIY
TLO HhisimaesdmsuiRudeyaves Timer/Counter 0 8Tan1
THI dustaaes dnsuiAudoynves Timer/Counter 1 811U
gyl | usames dmTpiAudeyauee Timer/Counter 1 80AA1
I A < q & Loy y S
TH2 nJui%m@msmmmﬂmwamm Timer/Counter 2 8UALUUD 8052
TL2 {husimaesdmTuinudeyaves Timer/Counter 2 8TATNVDY 8052
RCAP2H : 111 Capture Register U89 Timer/Counter 2 8UALUVDI 8052
scoN : dlusimeesdmiumuaumssudideyauuueynsuued 8051
g aa O D T N, Ay v v v
SBUF Husdmaes dmsunuindeyad Idonmssuadsyauuua YN TNV
8051
PCON : {husimmesdmsualuguassiauves 8051 Mumeanunis l¥miael
h

Y v
Tudiuvesssmaes SFR  Hauisonezsedeluszauiald Iaedwmiian1ssnesa

[

9
seduiauans 3 luaseae 1dl
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55”.5‘ Bitaddress:
-addressF -

FO[F?]FelrF5 | F4 | F3|.F2 |[-:F1[.Fo|B

E0[E7] E6 ] E5 | E4 | E3 [ E2 | .E1 ["E0:| ACC

DO ] |D5] D4]D3[D2] - [ DO]|RSW

B8[= ] -] - [ BCIBBlBA BI | BE| P

B0[B7] 66 [ B5] B84 | B3 [ Be [ B1] BO| R3

AE[AE] -1 -TACTAB| AA AS] AB]IE

A7 T As [ Aas ] A4 | A3 [ A2 | AL A | P2

99 nol hit addressable | SBUF
agl9F [9E [ 90| oC [ 9B | 9A [ 99:] 98 | SCON

30{87 [ 96 [ 95 94 | 93 |92 [-91 ] 907} Pi

8D nothit addressable THI1
8C not bitaddressable THO
88 notbitaddressable B e &
BA nothitaddressable TLO
89 — nothitaddressehle _ TMOD
3s[8F [ 6 {60 | 8 | 88 [ BA | 8971788 | TCON
87 notbit addressable PCON
83 nothitaddressahle: DFH
87 nothitaddressable DPL
81 nothitaddressable sp

80067 [.36.[ 85 [ 84 | g3 | s2 {81 | 8a.| PO

! o a [ d
514 4.6 nemedhumiin 381983501 TAVed3dMAD S SFR

4.3 TIMER

&1 Timer 0199130118018 o TudludamdvlastndeiFssfulaot Clock 1Husuna
dmsuewnaiioennonilidiaslidaziazganisdie 2 Ansamsdenddvasdans
717 4.7 $7d Clock 15710 v aeUF s AIwRYBS Clock fioenanieAnAG T Y
gAML 2 uaz;mﬁwwﬁazdaﬁuﬂﬁﬂﬁaaﬂﬁa‘ﬁﬁm nardyanufioenunzgnmnday 2
50 farfu driiAUrlaeldeeg n Stages v msdanmunin1g 2 1o rdna Suge qathe
Y94 Timer 111 Overflow Flip-Flop 1130 Flag nazezlfierdnaeenuuiontsimiiu overflow
iy dududniuuuy 16 Oa @vddraedsdesy 16 @) 19959V URaIs 0000H fia FFFFH
e Wataeli/deusin FEFEH 154 00000 92 1%1a Overflow 88037

winsangy 4.7(n) W 3-bit Timer Tagvlddvasiudazdeziin Q uwenu D ¥4

anvendudunisldfunaeiuy  Divide-by-two Mode Iagaamdvesdyniud Idan
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WaUaedudazdngiisnmsaemndaananniadidmn ey ludee 111 3e Q= 1,
Q,=1, Q, = 1) nazilasunduuuiiu 000 921%ia Flag 0on1 aanaaslugdn 4.7(v)

v A

Tu Mcs - 51 vziidriunaegnieludn fufluwes 8051 nie 8031 vzdl 2 ¢ Ae
. R 'Y g s A A A 2 o oA y aa P A
Timer o 482 Timer 1 UARUTIHIVS 8052 9 TINUBNNTIAIAD Timer 2 TVMABTAN 9 NNYI
Y] Y ] u Yo A & 3 1 Ada P o Y R 9
Fpafun51d Timer naael@aamsdl 4.2 FAUINIIAADTVINAITINIINNINIUDYA
Y
seduiialddae wene1niida Timer awnsaldiiludiiu (Counter) ladndie Tasms

TusunsulusImass TMOD

Titner Flip Flop (3)

“Flag"

Flip-Flop

D &f D o D Qf D Q
c'°°k——C> 6 '_‘C> QD '—C> Q1 _—c> 62—[. """ ]
LSE MSB “Flayg"

- el R . WE T
%(LSBT) : _ , ’

1 1 1
1 1 1
1 1 1
: | ;
1 : I ; 1 : 1 i I_—t_
{ § » ] 1 1 1 1 1 1 1
= b ; | ! : ; ; ' :
- N\, ¥4 woml :
%()\ASB T T T I 1 1 —‘+—"
coti b 0 1 NDNBYRISILA AN -
1 ' v 1 ) ] 1 [ 1 1
Flag l \
Flag is Set on-7-to-0.
Tirner Overflow
(V)

. s
517 4.7 Seenme NI Timer
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Fimees Wi Funa AMN5081989
gunaiie
TCON Control 88H Yes
TMOD Mode 89H No
TLo Timer 0 Low-byte 8AH No
TL1 Timer 1 Low-byte 8BH No
THo Timer o High-byte 8CH No
TH1 Timer 1 High-byte 8DH No
T2CON* Timer 2 Control C8H Yes
RCAP2L* Timer 2 Low-byte Capture CAH No
RCAP2H* Timer 2 High-byte Capture CBH No
TL2* Timer 2 Low-byte CCH No
TH2* Timer 2 High-byte CDH No

* 1luue3 803278052

. L
M99 4.2 FDeneasn 17Ty Timer

4.3.1 Timer Mode Register (TMOD)

(g

Tay 4 Savuezdunisnauay Timer 1 dau 4 daa1992iun15AIUAN Timer 0 AIWNUIBVR

d < A 4 1 ' ' A
#153maes TMOD 1153 mapsmuAY Timer vzuiseaniiu 2 nqu nquaz 4 Ia

1 Aa =1 & o aa ‘{dy v A 0 ' Y o A 0
!l@]ﬁgﬂﬂﬂiuﬂ']iw'ﬂ 43 cmmsilﬂmmm‘ﬂuﬁ’am’e)ﬂﬂ”limxﬂuﬂﬂﬂﬁﬁ’a Time/Counter N1N1U

TuTnuale nazidly Timer 5o Counter S3ainas TCON luamwnsaselsunsudn 1 luszau

A & o > A T
018 (Not Bit-Addressable) damslFauiinez Tdsunsuih ladudsaludumiausuduves

Tusunsu




19 ¥o Timer AUNUY

7 GATE 1 Gate bit 8105719939291 1ife INT1
iU High

A C/T 1 ifluiiaiien Counter / Timer
1= ‘1‘135/1"151‘14 Counter
0= ‘1%’!14_'11 Timer

5 Mi 1 Mode bit 1 (AR5 5-3)

4 Mo 1 Mode bit 0 (90113 5-3)

3 GATE 0 19 Gate U84 Timer o0

2 C/h 0 {iniaen Counter / Timer U84 Timer 0

1 Mi 0 Timer 0 M1 bit

0 Mo 0 Timer 0 Mo bit

A1919% 4.3 35515 TMOD (Timer Mode)
Mi Mo Mode AUNNY

0 0 0 14159 Timer U 13-bit (8048 Mode)

0 1 1 4134 Timer HUY 16-bit

1 0 2 clci’ﬁﬂu Timer U 8-bit Auto-reload Mode

1 1 3 Split Timer Mode : 1180 Timer 0 ®9 il
Timer 8 Tia@IA3AD TLo Hay THo Tng Tl
Timer 1

MT97 4.4 7191 Timer Tn3ae4 q
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4.3.2 Timer Control Register (TCON)
=) S d' D . . é
F3amef TCON Husiamesnuenaniuzuazaluauia Timer o g Timer 1 g I8

A ad de Y KX 9 v o a 1Ny
INAITNN 4.5 TITAVTUTWTAUVINIVBYATEAVUA lﬂ

16 ¥o ANUIDA ANNNNIY

A J J x
TCON.7 TF1 sFH Jauranuaadnis Tees 11advues Timer 1

92 Set 18 Hardware 1102 Clear Teg Software

TCON.6 TR1 sEH 1aA21ANN13UA-11A Timer 1 Set 40 Clear

Ta® Software

TCON.s TFo sDH uanuansns Tornes 1Wadues Timer o
TCON.4 TRo sCH an1f1N131aA-1a Timer o
TCON 2 IE1 sBH Sauranuaadn1ssumessnien INT1 92

Set 1a® Hardware 4213130 Clear Vlﬁlﬁ’m

Software

TCON.2 IT1 sAH fadonsilavesdaanudumessniiandy
MassnNa1euen INT1 @130 Set 1A Clear

ulﬁlﬁ}’w Software

TCON.1 IEo goH SaunanaaIn1ssUmes swIn INTo

TCON.0 ITo ssH Tafenyiinvesdaanusumes sniiandy

INBISNNAYUBA INTo

¥ a d.
A15197 4.5 LEAIn NHHINLLA A= TN UDI59e1985 TCON (Timer Control)
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: i T THE -
(M) Mode 0 Crerflow
Flag
Timer Clock ——={ " TLx =T w  TFx
(1) Mode 1 Ovetflow
Flag
Timer Clogk ——————»{  TLz, +1 TFx
A Crverflow
Reload .
Flag
THx
(F) Mod= 2
Tirner Clock ———= T4 | THI ——=
Tirner Clock = » TLO » TFO
Crerlom
Flag.
1112 Fose el THO : TF1
P . HOU'EIT]U'J-"‘
v(_d»} Mode 3 Flag

=n.

1

(=]

4.8 N15711914U84 Timer 1M 1HUAA1S
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4.3.3 Timer Mode And Overflow Flag
(%014 Timer o 1A Timer 1 92dpa1453manse TLx uaz THx Tage x vziiludrven
' o A &
31511 Timer o 139 Timer 1 M31% Timer aunsalFanldnareTnua dwaalugiln 42
sz Inuanisinuld TasnsTusunsulusimaes TMOD
13-Bit Timer Mode (Mode 0)
¥V
o A o &
nsviedu T 0 feduns1e Timer nuw 13 a danslugyd 4.8(0) daazld s
[ 9y v
Sataues TLx Taoliaule 3 Safimie nae 8 9a ves THx msvhawmluTnuail eliaves
@ < a ' @ ' 4 @ a
TLx 1iulawdu <17 nadaezds Clock 1 gnlif THx duasuazdiodudiu <1 yada uoy
= [V~ a a d?l
lagunawiily <07 921Aa Overflow Flag INAYY
16-Bit Timer Mode {(Mode 1)
o dy =1 g o U o a é
msveuluTnuadivzmiioutunisyauluTuue 0 udily Timer nuy 16 Ua ¥
v Q‘ 3 1 il ‘ﬁ' a &’y d‘l =) d'
MsTUILSUGILA 0000H,0001H,0002H 1508 q Hazezifia Overlflow YU iieliman/avu
< [V A 2 J dy a 3 A
910 FFFFH 1511 0000H faguil 48() duiflumisiam Overflow Flag nagaiagiiatuluda
aa 7 &£ ' A 9
TFx U945 900-1185 TCON HiaInInsuiazlsualslusunsy
E4 '
13196 Timer finvesingaqa (MSB) fefniia 7 veq THx daudadige (LSB) fie
' Y
$in 0 ved TLx 14 LSB az4ilu Toggles iiloNdayanadunadin gnusaig 2 duiuaznu
n MSB 92 Toggles §90A 12 mAvB A MBUNAMIIAIY 65,536 (2°) 1Az Timer T0d
J Y U [ 3 o "
Wosh (TLwTHY aunsosmmazenlddaenis Tsunsy dufuaunsoihlszgndld
n vy Y
U ldaudaanis
8-Bit Auto — Reload Mode (Mode 2)
o = d 1 2 i 9 . 4
n3vhenduTime 2 Sondned1aniledn 8-bit Auto  reload Mode Tagld Timer lud
S < " a A 2k 92 A A d' <
&1 (TLx) 1914 Timer 10y 8 9a e luddARa Overflows nieMamsn/asundasan FFH ity
1A s [~ ) 4 )
00H 953013 Tnaasiiay Buludgs (rao Thn 13 ludd (TLx) Soziludusuduves
Y ] k4
nsrfuassde’ly denldaudugunadiaunsalusunsuld mshonlulnuatinaads
317 4.8(7)
Split Timer Mode (Mode 3)
k4
n1ssamduTiua 3 5 @ Timer 1 92 139191 &3 Timer o vznenidlu 2 63 daaz 8 da
&8 TLo 1o THoli® Timer 1A Overtlows 9zimsiwaia TFo naz TF1 Awaadlugild 4.8(9)
v
A1sienduinug 3 @ Timer 1 vzhignldudinamnsoadadld Timer 1 Tl
° 4‘{ 9) ' 5 g (=1 a &Y I a 4? a
samluTnuadu1d uan1591MYed Timer 1 92 1UHMIBUNBITNNAATU INT1ZUA TF1 N

9#umrsiuves THo TunssiouveaTnua 3 luuda 1519190099181 Timer viaulu
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v ¥
Tvua 3 11191575 Timer MuTU 88 THo 1A TLo 1u Timer o Ty 3 uazIusunsulv Timer 1

T luTvuedu q

4.3.4 Clocking Source
4 1 1 o { & " H
14 4.8 1i'l&uanad) Timer Clock 1imn91ndiladen1s 14 Timer Hannsnldld 2
{ %3 % . L% s é
wind Aeudisuna (Timen nazfudniy (Counter) FaemnsalusunsuldTasmsiza

nseswaia C/ TIusmaas TMOD

MsiFduiaduna (Timer)
Y Aa a A Y . °
&1da ¢ / Tlu T™OD Huasin <07 szilumsifien]s Timer 111 Clock 119102493
Oscillator 1u&n Fadayaaiuiin1zidumn 9 Machine Cycle 300190812 1A TU THX
" Q' J L L % 1 g N % 4 s
way TLx sfiamnuiudagsannistiuudazasildnauity 112 vesndmdvesdyao
a ci EY a @ :; 9 9 o a @ S
win i lFuugn daaasluzald 49 &1 McS - 51 lFdyanauiin 2 MHz MyUVIEN

AUDNINY 1 MHZ

Crystal

—[ “On-chip R I -

o Oscillztor: 1 ifiEe g
\:\’_ Tirmer

; Clock
o _. 1
Tor Tl l ;
Pin 3

' 0=Up(Interval Timing)

1=Down{Event Counting)

51 49 anadve TN w AN Timer

4.3.5 M3 I ue2370 (Counter)

&1 ¢ /T 1y “17 @ Timer 92311 Clock M191nmuuenTagldun pas nie Toiduwn
Input Clock 1WAy Timer o tagldan Pas w39 T W Input Clock 191D Timer 1 ﬁ&gﬂ“ﬁ 4.9
nieonanesdt drozlihiues lsdyunfvziulddetuu To uoz T1 lunis1diflu Counter
Fyanodfidininsaasunlawn < Ju <o el TLx feuitudu 1 nelu

k2
MCS — 51 fi9z@s19ae U IBUNA To Hay Ti Tugaanaud 2 vea State 5 (SsP2) WU A
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FoyIuAnInImd 1 MHz iife INTO aufiu “0” §3 Timer “ Gate Off * Toyaud Ideed
anunInvesdyaIMuIAnT 1 us dudrlulu TLoTHo

714 4.11 seiffuszuufionysaives Timer 1 idesaruluTnua 1 Sl 16-bit Timer
Tagl459maes TL1 / TH1 uaz Overflow Flag TF1 Tuzdeziffudamismvunumndasuiia Clock

MIITNTINY LazmMIngaiiau

8051
12 On-chip
12:MH Lo +12 ®
2z 08¢, \ \
| Dot N -]
1 — -+ Ty
lh (16'Bits)
(P35) : 3 .
1=Down 1=Down
cIT
NT ]
(P3:3)

UM 4.11 35UV INUAYDS Timer 1

4.3.6 Initializing And Accessing Timer Register
Y . A 9 A A o A ' P

M3 199 Timer 5uuInezdos Tdsunsuivedon TMUANIT19IUUOY Timer foWile
A 9 a 9 A ° o 1 S 2% : ' ' i
FuldaunTdsunsuld Suvham, ngavhay, 81 uaz 1A385A7 Flag Bits 8141 Timer

o w 4 o U 4 '

Registers AMA18 1 1o lalszanams]Famuse 14

TMOD fio 3imaesiideslsunsy TaoaInuanissiiutou dedagu il

v ¥
Timer 11U 16-bits Timer (In3a 1) Wodyaannfinuudn annsodousids 14
MOV TMOD, #00010000B
{ 0. W a 2
wad Idanfmidadsuude wada M1 = 0 uaz Mo = 1 FuilunisidenInua 1 nazls
2 Y v a A EY : (Y %
C/T=0uoz GATE = 0 Faflumslddyanannimanneluniel$ifu Timer nazda Timer
d’l @ 1o Y A v I 1y
Hvzdalivhaw Srdanugu TR fa i 1dias
NW v p ab v

$119 Timer ffuiuTao1553mans TL1 / THI nazaziwade Overflow Flag liiesaa

iosiavuoin FFFFH 1Ty 00000 Tasl#iiunarld 100 us wield TL1 / THI fudyye

4 ' U H v v
w18 100 gn daiusuSuduves TL1 / TH1 vz iS00 0000H vedouSufl FFFFH avudae
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100 gn 13 FRoCH iite1iiulade FFFFH pazaowdlu oooo Iddyayaiuinl 100 gn
a a o SBiPw A
Wod ANnloumda ldadl
MOV TL1, # 9CH
MOV TH1 , # oFFH
Y q 9, . a o 29 va i
#1191 Timer SuhnufIvidanduguasil
SETB TR1
v
LY ~ \ 4 v é
sniuda Overflow Flag szdspenumdanarintyl 100 ps Funannsodou
A J [} ' a
TsunsuduTdsunsinugy 100 us I8 Tasasawaeuda TF1 Tignianse i ' liisan 19
Y
ugiselidatl
CLR TR1
CLR TF1
A5 1%110U Readind a Timer “On the Fly”
sy gnf e dedsum19in Timer Register 110991067 Timer
o ; a :
Register St 2 lud dwn Tudduia overflow semaiiludgs rmadouTdsunsuld
' ' . e Y & PRALY] Ay v a g a v A o
s lugdion  ndenludgeteyndtlderuiaderianmaldifiosninluadiing
A < 1 4 1 Y ' (4 U 9 XK Y 1 n/;;
Wasuaadiniludge mssmdeyanissmnn ludgaien udisndmenludd 0n
z U o a’/‘ ' { 4 ] 4 ' 3 1
Wuew Yeya luagednaia Hraludgafien 1810t e Avunadlfldaniuldiae usd
[ 3
mstavutasliemanate S1desnisemdeyanin TL1/ TH 115 Smaed Re / R7 019
9
WouTusunsn 1ddatl
AGAIN : MOV A, TH!
MOV Re, TL1
CINE A, TH1, AGAIN

MOV R7, A

4.3.7 Short Intervals And Long Intervals
9 0 a A o a EY Y s 9 .
&1 MCS - 51 Mauiienuddyamuiint 12 MHz §117 Timers 193995 Oscillator
uuFW Fygnaniiniegansdae 12 uag Timer 9131191UAI8A WD 1 MHz $rdoansld
[ a ° 1 2L a ° St
Tsunswadudyananinesneiniildlasis Fansuianneinuganami 9
493 MCS — 51 11 1 Machine Cycle 3zl#a1 1us Tuasedh 4.6 zuaaInl N Iues

v Y v v
Fayuiias1aunin MCS - 51 AH191UA28 Crystal 2100 12 MHz
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Maximum Interval in Microseconps Technique
~10 Software Tuing
256 8 — bit Timer with Auto-reload
65536 8 — bit Timer
No Limit 16 — bit Timer Plus Software Loops

= ' ¥ v
M 31971 4.6 A199gAVRIM 1Y Timer 1naiAig

4.4 M5OUNDIINT

9

o A 4 N v A L4 v [ v
sRuvesszuuasuiges  Tesmalliinlietnssineuenaesiney M
a J ° o J ua/l @
aonfinnoideansiuivelnsalneuenzdenegasanaevglnssiimaniuaue @
] i a é 1 L% 1 é L 2
athaty dmnliaeuianeivednmilideagiunass LED 7 dau  Saweinnilsery
a s ¥ o a a 9 a G 1 A A W

et drszvuvens whansiuiniauaulldnesas 1naeuaiadnieumInaniess 0
o Y ' g @ 3 Ia
F1UIUUE B oA Polling Method feda lulaslusismapTezdesnssasinasuginsoion

=)

1 A9 ) A w o = Y 4 o EY
wsﬂ@aaﬂnanmmauammmam AITNINIUBUUU mllﬂﬂﬂimmEJ“HEJﬂ‘HmeGI’Ji‘“U‘iJGI’EN

]

L4

asrnmevelnsaimeusnnaisds silfidenarlumsiaoundny msthanBnnuumile
2217 CPU Faumdn frfimsnacdadie lslduniimmnga@uiu s dudnuuei
cru  hideudenalumsangtnsainiouen  digunsaimouendesmsfadeny CPU

d 1 Yo/ Y ' a o 's
Qﬂﬂi‘mﬂ?ﬂu@ﬂﬂzﬁﬂﬁﬂgiUUWmNWU@ﬂ CPUIDY ix‘U’Uﬁﬁﬂﬂ'ﬂ N15BUINDTINN (Interrupt)

4.4.1 VUIUNISIDADHINDSSWN

[

2 ninasuiinme AdeinuTUsunsundnegidednisdume s Fnilidan
aauTaeiazasaaTsunsundn udlusinauTUsunsuneuueenissunedswd (nterrupt
Service  Routine) Herillsunsuneuauesdumessniias vneuiames szndun i
Tsunsu@nfinganglii 4.1

o W

&1 cPU mdeiauTsunsundneg wusdahidaluguimisvesmitonamdm

4'4 r}d' o oA ' ' o @ w 4'1 ° 2
m, m+1, m+2 111508 9 Tag PC 1zBNAMNUINITOIUAINITINAN e ldsunsuinnuning

s et Uhea = P X ek T
AV UIN m+3 HAANANIIBUIADITWNUU (vleUu PC 2gNn m+4) Tﬂi!lﬂi“ﬂgﬁﬂﬂﬂ1\31u
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a o A o v oA g
Tusunsuapuausimsdumasswi Jasdhe pCc  TindwvusnuIlsunsuaauausenis
a @ :/' 1 Aa ] o 4 a 7 o
BUAasSHY Ui PC 1duaslunitsanusiuen iensunamesinauldsunsy

- i e =~ Yo A o v
ADUAUBDINITDUIANDT TNV T VAUA i]Zﬂ‘Llﬂﬂu auan (m+4) 1¥inu PC B 1UsunTUNANAD

T4

Tusunsanan

TUsuAgTRAT LR WIS U ADTIH

m+l

m#2 ==«

m+3 ~=--f

-

i gnBunasTn

........

ngdavialisunsuian

J

4' :’J o d’ a Jdu
51 4.12 Fumpum s uvaslilsun susiagndume s inm
(Y] a das
4.4.2 Foynnadumesini
'y 9 A w a I S 9 o =) | a Jd o 4
unassuiadannudumesswifldiy MCS — 51 Hassriiade Bumesswimyly
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DUAL FULL-BRIDGE DRIVER

» OPERATING SUPPLY VOLTAGEUPTO 46 V

= TOTALDCCURRENT UPTO4 A

s LOW SATURATION VOLTAGE

n OVERTEMPERATURE PROTECTION

= LOGICAL "0” INPUT VOLTAGE UP TO 1.5 V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic circuitin a 15-
lead Multiwatt and PowerS020 packages. It is a
high voltage, high current dual full-bridge driver de-
signedto acceptstandard TTL logic levels and drive
inductive loads such as relays, solenoids, DC and
steppingmotors. Two enableinputs are providedto
enableordisablethe device independentlyof thein-
put signals. The emitters of the lower transistors of
each bridge are connected togetherand the corre-
sponding externalterminal can be used for the con-

BLOCK DIAGRAM

Multiwatt15

PowerS020

ORDERING NUMBERS : L298N (Multiwatt Vert.)
L298HN (Multiwatt Horiz.)
L298P (PowerS020)

nectionof an external sensing resistor. Anadditional
supply inputis provided so that the logic works at a
lower voltage.

Vref

i t
T o

U Aga

Sl

i 2 3
In}) Ing
i e il
w—-J 4(,1,_ . o M
inz
3 0 !.:'13
Ena g 1 End
1 2 i3 0
SENSE AQ—— = r R ISERSE R s

U Rsg
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L298

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vs Power Supply 50 V
Vsg Logic Supply Voltage 7 \
V1.Van Inputand Enable Voltage ~03to7 V
Iy Peak Output Current {each Channel
~ Non Repetitive {t = 100us) 3 A
—Repetitive (80% on —20% off; tor = 10ms) 2.5 A
-DC Operation 2 A
Vsans Sensing Voltage 1t02.3 1
Ptet Total Power Dissipation (Tease = 75°C) 25 W
Top Junction Operating Temperature el -25to 130 G
Tsta, T, Storages and Junction Termperatura —0 o 150 0
PIN CONNECTIONS (top view)
/ T Wi 4 G777 2 CURRENT SERSING B
m o N - @OTRUT 4
\-V o= W a— QUTPUT 3
AL T I NN S L~ BPUT £
Vo [T\ ) ENABLEB
AT TV N apitiafTy
o AT LOGIC SUPPLY NVOLTAGE
Multiwatt15 Y woammt | g%
7 mareay INPUT 2
6 PETON U g asidisla
S INPUT 1
T T SUPPTY VETTAGE \d
ff\ o { S IRV BV 1) OUTPUT 2
\V it BV ielese Tl IRYET]
\ r P R VR, CURRENT SENSING A
Z TAB CONNECTED TO PIN Y (o UPRT
'
GMD [T 9 201 GND
Sense A [ % 2 19 [ SenseB
b.C. P[] 3 18 ¥ _JriN'e.
Out 1.8 4 7 %] Outd
Ouz [¥5 PowerS020 15 7 gura
vs 7% 15 777 input4
Input1 4 7 14 1771 Enable B
Enable A [0 8 13 77 Input 3
Input2 771 g 12 7777 vss
GND [7F 10 11T GND
GOSN
THERMAL DATA
Symbol Parameter PowerS020 Multiwatt15 Unit
Rihicase {Thermal Resistance Junction-case Max. — 3 “CIW
Rihjams | Thermal Resistance Junction-ambient Max. 13 (%) 35 “C/W

{*) Mourted on aluminum substrate
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Figure 5 : Sink Current Delay Times vs. Input 0 V Enable Switching.
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Figure 6 : Bidirectional DC Motor Control.
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Figure 7 : For higher currents, outputs can be paralleled. Take care to parallel channel 1 with channel4

and channel 2 with channel! 3.
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APPLICATION INFORMATION (Refer to the block diagram)

1.1. POWER OUTPUT STAGE

ThelL298integratestwo poweroutputstages(A ; B).
The power output stage is a bridge configuration
and its outputs can drive an inductive load in com-
mon or differenzialmoede, dependingon the state of
the inputs. The current that flows through the load
comes out from the bridge at the sense output: an
externalresistor (Rsa ; Rsg.) allows todetect the in-
tensity of this current.

1.2. INPUT STAGE

Eachbridgeis driven by means of four gatesthein-
putof which are In1: In2: EnA and In3;In4 ; EnB.
The Ininputs set the bridge state when The En input
ishigh; a lowstate ofthe En inputinhibitsthe bridge.
Allthe inputs are TTL compatibie.

2. SUGGESTIONS

A non inductive capacitor, usually of 100 nF, must
be foreseen between both Vs and Vss, to ground,
as nearas possible to GND pin. When the large ca-
pacitor of the power supply is too far fromthe IC. a
second smaller one must be foreseen near the
L298.

The sense resistor, not of a wire wound type, must
be groundednearthe negative pole of Vs that must
be nearthe GND pin of the |.C.

&7

Each input must be connected to the source of the
driving signals by means of a very short path.

Tum-On and Turn-Off; Before to Turn-ON the Sup-
ply Voltage and beforeto Turnit OFF, the Enablein-
put must be driven to the Low state.

3. APPLICATIONS

Fig 6 shows a bidirectional DC motor control Sche-
matic Diagram for which only one bridge is needed.
The external bridge of diodes D1 to D4 is made by
four fast recovery elements (tr < 200 nsec) that
must be chosen of a VF as low as possible at the
worst case of the load current.

The senseoutputvoltage canbe used to controlthe
currentamplitude by chopping the inputs, or to pro-
vide overcument protection by switching low theen-
able input.

The brake function (Fast motor stop) requires that
the Absolute Maximum Rating of 2 Amps must
never be overcome.

When the repetitive peak current needed from the
load is higherthan 2 Amps, a paralieled configura-
tion can be chosen {See Fig.7).

An external bridge of diodes are required when in-
ductive loads are driven and when the inputs of the
ICare chopped: Shottkydiodeswouldbe preferred.

7113
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This solution candrive until3 Amps In DC operation Fig 10 shows a second two phase bipolar stepper
and until 3.5 Amps of a repetitive peak current. motor control circuit where the current is controlled
OnFig 8itis shownthe driving ofa twophasebipolar Py the 1.C. L6506.

stepper motor ; the needed signals to drive the in-

puts of the L298 are generated, in this example,

from the IC L297.

Fig 9 shows an example of P.C.B. designedforthe
application of Fig 8.

Figure 8 : Two Phase Bipolar Stepper Motor Circuit.

This circuit drives bipolar stepper motors with winding currents up to 2 A. The diodes are fast 2 A types.

¥s
QsY 36y
Rl g100nF
ct c4
c2 ca
ATTR B i B w0 F
MnrF L - sF
GHD o | pz| o3| ok
osc 3
CWlECW 2 L Q A 9 8 & ¥ oy
17 & 2 1
SRk | o 2 5 !
HALFHFULL c 02 *
I ? 0 3 STEPPER
T L2957 L298N B MOTOR
AR 5 |2 IF 3 B WIHDINGS
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Features

» Compatible with MCS-51™ Products

» 8K Bytes of In-System Reprogrammable Downloadable Flash Memory
— 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 1/O Lines

Three 16-bit Timer/Counters

Nine Interrupt Sources

Programmable UART Serial Channel

SPI Serial Interface

Low Power Idle and Power Down Modes

Interrupt Recovery From Power Down

Programmable Watchdog Timer

Dual Data Pointer

Power Off Flag

Description

The AT89S58252 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 aliows 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 highly flexible and cost effective solution to many embedded control appli-
cations.

The AT89S8252 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 AT89S8252 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 SPI 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

0401D-A-12/97
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Pin Configurations

PDIP
(12 P1.0001 s01vee
(T2EX) P11} 2 39[1P0.0 (ADO)
P1.2043 38[1P0.1 (AD1)
P1.30]4 37{1P0.2 (AD2)
(88)P1.45 36 [1P0.3 (AD3)
(MOSI)P1.5C]6 35[1P0.4 (AD4)
(MISO) P18 |7 34 [1P0.5 (ADS)
(scKyP1.70]8 33[1P0.6 (AD6)
RST[}9 32[7P0.7 (AD7)
(RXD) P3.0 (] 10 31 [JEANVPP
(TXD)P3.1 [} 11 30 [JALE/PROG
(INTO) P3.2(] 12 29 [IPSEN
(INT1)P3.30] 13 28[1P2.7 (A15)
(TO) P34 ] 14 27[1P2.8 (A14)
(T1)P35C] 15 26 [1P2.5 (A13)
(WR) P38 L] 16 25[1P24 (A12)
(RD)P3.70]17 24[1P2.3 (A1)
XTAL2[] 18 23[1P2.2 (A10)
XTAL1 ] 19 22[1P2.1 (AD)
GND[]20 21[{1P2.0 (A8)
PQFP/TQFP
x . -
“ﬁ L(:;) a 85838
D et LL<L
TN Qanaq
TaaiaacSERER
Opaonwoesn o mnn
& TEET | EFYET,
(MOSI) P1.57]1 33[1P0.4 (AD4)
(MISO) P1.8 ]2 32[1P0O.5 (AD5)
(SCK)P1.7C]3 31{1P0.6 (AD6)
RSTC|4 30[1P0.7 (AD7)
(RXD) P3.07] 5 291 EANPP
NC]8 28[INC
(TXD) P3.1C17 27 [ ALE/PRCG
(INTO) P3.20]8 261 PSEN
(INT1)P3.3C]9 25[{1P2.7 (A15)
(T0) P3.4 7] 10 241 P2.6 (A14)
T P35S 11 23[1P2.5 (A13)
Noze el 2 gy
DU OW BT Bt
O NN QOB S o
EiZd5aERats
ER™" 3AR:¥

Pin Description

Vee

Supply voltage.
GND

Ground.

Port 0

Port 0 is an 8-bit open drain bidirectional 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 multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode, PO has internal pul-
lups.
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PLCC
a & _ SEa
B pE 28828
QN wa Q Q= aNa
rrrerrQOUOOoO0coo
aocoanZ2>004a0
ALoano o
(MosI) P1.50]7 fe) Ty I 339:1?0.4(Am)
(MISO) P1.6 (|8 38[1PO.5 (ADS)
(sckyP1.70C]9 37[2P0.6 (AD6)
RSTC]10 36[1P0.7 (AD7)
(RXD) P3.0 (] 11 35[0 EAVPP
Ncl12 34[INC
(TXD) P3.1 T} 13 33|71 ALE/PROG
(INTO) P3.2 ] 14 32 [1PSEN
(INTT) P3.30 15 31[3P2.7 (A15)
(To)P3.4C] 16 30[1P2.6 (A14)
EBISTT, o o v o o v o 2 PPZ5(A13)
e v N N ﬁ NN NN NN
S, R
apRgpessddd
EEXTNQEZ S

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

Port 1

Port 1 is an 8-bit bidirectional 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 (I, ) 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.

AT89S8252 mmmsrwermmmr e S
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Block Diagram

PO.0 - PO.7 P20 - P27
AA A AA A A ? A A A A A A
bl e b oyt o e i [0SR Wt ) el [ | EERt | SRt 5 | O pee e 0 i O S e R S B ey
' | o5l | i i '
Voo 12 YYVVYYVYY VYVYVYYY :
: PORT 0 DRIVERS PORT 2 DRIVERS :
GND | G 7y x :
S 1\ :
_.%.__ ; Y |
S RAM ADDR. PORT 0 T 5 :
| EEPROM REGISTER [P RAM Ay RORTL: FLASH |[¢——— ;
: X 7y Y Y yy S
. : |
g \ | y A v A ’
’ - { !
: A 4 ;
: PROGRAM ‘
; B STACK :
| REGISTER ACC e ADDRESS  1¢—— |
: \ A :
: <4—>»|  BUFFER
: TMP2 TMP1 !
: N X PR
: ALU INCREMENTER |
'; INTERRUPT, SERIAL PORT, :
: AND TIMER BLOCKS |
' A :
; A A PROGRAM |
pSW [ COUNTER i
: ’1 :
| @ !
PSEN <€——— ll '
ALEPROG 4—— TIMING liysrrucTioN Y v > :
K /v, ——»| CONTROL | REGISTER A | Y A el R ;
PP 1 ] ! b
RST — P i :
3 Y AL v { v v :
'. | warcH PORT 3 PORT 1 sPI PROGRAM f
; DOG LATCH : wicH | | port [€7* locic :
3 \ . E
: 0sc v ‘ Yy Y !
: PORT 3 DRIVERS PORT 1 DRIVERS
: | AAAARX AAAAARA :
i _—q; _____________________ 1-‘ _—¥-'—_1 _______________ g__ —_T_‘-_i-ﬁ ______________________________ i
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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. el Adternate Functions
Port Pin Alternate Functions R0 R,XD eh=ling o)
: TXD (serial output port]
P1.0 T2 (external count input to Timer/Counter 2), e (Bon9lBuiIt Borh
clock-out P3.2 INTO (external interrupt 0)
P14 T2EX (Timer/Counter 2 capture/reload trigger P3.3 INT1 (external interrupt 1)
T direetian contral P3.4 TO (timer O external input)
il S8 Slovoporteslestinpil) P3.5 T1 (timer 1 external input)
P1.5 MOSI (Master data output, slave data input pin P36 WR (external data memory write strobe)
for SPI channel) ;
P1.6 MISO (Master data input, slave data output pin s RDiexiorpaldataimoimonyileed etobe)
for SPI channel
) RST
P1.7 SCK (Master clock output, slave clock input pin Reset input. A high on this pin for two machine cycles while
for SP1 channel) the oscillator is running resets the device.

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

Port 2

Port 2 is an 8-bit bidirectional 1/0 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 bidirectional 1/0 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 AT8988252, as shown in the following table.

Port 3 also receives some control signals for Flash pro-
gramming and verification.
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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 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 o external data memory.

EANpp S

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.

AT89S8252 o T S Y
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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.

Table 1. AT89S8252 SFR Map and Reset Values

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.

OF8H OFFH
OFOH 2 OF7H
00000000
0E8H OEFH
ACC
BEOH(|: e OETH
0D8H ODFH
PSW SPCR
OBOH | 59000000 000001XX abH
ol coN T2MOD RCAPZL | RCAP2H T2 TH2 £
00000000 | XXXXXX00 | 00000000 | 00000000 | 00000000 | 00000000
OCOH 0CTH
0B8H i OBFH
XX000000
P3
OBOH | 11111111 AL
IE SPSR
OA8H | 3x000000 DOXXXXXX DAFH
P2
OAOH | 44419111 DATH
SCON SBUF
98H | 050000000 |  XXXXXXXX ik
P1 WMCON
90H | 44411111 00000010 i
i TCON TMOD TLO L1 THO THA e
00000000 00000000 00000000 | 00000000 | 00000000 | 00000000
= PO sP DPOL DPOH DPAL DP1H SPDR PCON | oo
11111111 00000111 00000000 | 00000000 | 00000000 | 00000000 | XXXXXXXX | OXXX0000
4-109
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User software should not write 1s to these unlisted loca-
tions, since they may be used in future products toa invoke
new features. In that case, the reset or inactive values of the
new bits will always 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 SP1 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 SP1 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
TF2 EXF2 RCLK TCLK EXEN2 TR2 ci2 CP/RL2
Bit 7 6 5 4 3 2 1 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=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 mustbe
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 overflows 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.
CiT2 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/RLZ = 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 overflow.
4-110 AT89S58252 mrrerrmrrrmss e e e N T e
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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: DP0 at SFR
address locations 82H-83H and DP1 at 84H-85H. Bit DPS
=0 in SFR WMCON selects DP0O 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
PS2 PS1 PSO EEMWE EEMEN DPS WDTRST WDTEN

Bit 6 5 4 3 2 1 0

Symbol Function

PS2 Prescaler Bits for the Watchdog Timer. When all three bits are set to “0”, 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.

PSO

EEMWE EEPROM Data Memory Write Enable Bit. Set this bit to “1” before initiating byte write to on-chip EEPROM with the
MOVX instruction. Usar 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
instead of external data memory. When EEMEN = 0, MOVX with DPTR accesses external data memory.

DPS Data Pointer Register Select. DPS = 0 selects the first bank of Data Pointer Register, DPQ, and DPS = 1 selects the
second bank, DP1

WDTRST | Watchdog Timer Reset and EEPROM Ready/Busy Flag. Each time this bit is set to “1” by user software, a pulseis

RDY/BSY | generated to reset the watchdog timer. The WDTRST bit is then automatically reset to “0” in the next instruction cycle.
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 RDY/BSY bit equals “0” and is automatically reset to “1” when programming is completed.

WDTEN Watchdog Timer Enable Bit. WDTEN = 1 enables the watchdog timer and WDTEN = 0 disables the watchdog timer.
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Table 4. SPCR—SPI Control Register

SPCR Address = D5H Reset Value = 0000 01XXB
SPIE SPE DORD MSTR CPOL CPHA SPR1 SPRO
Bit 7 6 5 4 3 2 1 0

Symbol | Function

SPIE SPI Interrupt Enable. This bit, in conjunction with the ES bit in the IE register, enables SPI interrupts: SPIE = 1 and ES

= 1 enable SPI interrupts. SPIE = 0 disables SP! interrupts.

SPE SPI Enable. SPI = 1 enables the SPI channel and connects SS, MOSI, MISO and SCK to pins P1.4, P1.5, P1.6, and

P1.7. SPI = 0 disables the SPI channel.

DORD Data Order. DORD = 1 selects LSB first data transmission. DORD = 0 selects MSB first data transmission.

MSTR Master/Slave Select. MSTR = 1 selects Master SPI mode. MSTR = 0 selects Slave SPI mode.

CPOL Clock Polarity. When CPOL = 1, SCK is high when idle. When CPOL = 0, SCK of the master device is low when not

transmitting. Please refer to figure on SPI Clock Phase and Polarity Control.

CPHA Clock Phase. The CPHA bit together with the CPOL bit controls the clock and data relationship between master and

slave. Please refer to figure on SPI Clock Phase and Polarity Control.

SPRO SPI Clock Rate Select. These two bits control the SCK rate of the device configured as master. SPR1 and SPRO have

SPR1 no effect on the slave. The relationship between SCK and the oscillator frequency, Fosc , is as follows:

SPR1 SPRO SCK = Fggc divided by
0 0 4
0 1 16
1 0 64
1 1 128
Table 5. SPSR—SPI Status Register
SPSR Address = AAH Reset Value = 00XX XXXXB
SPIF WCOL — — — — — —

Bit 7 6 5 4 3 2 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 bitis cleared by reading the SPI status register with SPIF and WCOL bits set, and then accessing
the SPI data register.

WCOL Write Collision Flag. The WCOL bit is set if the SPI data register is written during a data transfer. During 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 cleared by reading the SPI status register with SPIF and WCOL set, and then accessing the SPI data register.

4112 AT89S8252 mrrmer s L R




T Ersramrm AT8958252

Table 6. SPDR—SPI Data Register

SPDR Address = 86H

Reset Value = unchanged

SPD7 ' SPD6 SPD5 SPD4

SPD3 SPD2 SPD1 SPDO

Bit 7 6 5 4

3 2 1 0

Data Memory—EEPROM and RAM

The AT89S8252 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 OAOH, #data

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 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 O00H 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 setto “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, PSO, 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 internal RST pulse is generated
to reset the CPU.

Table 7. Watchdog Timer Period Selection

AImEY

WDT Prescaler Bits Period (nominal)
PS2 PS1 PS0O
0 0 0 16 ms
0 0 1 32 ms
0 1 0 64 ms
0 1 1 128 ms
1 0 0 256 ms
1 0 y 512 ms
1 1 0 1024 ms
1 1 1 2048 ms
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Timer 0 and 1

Timer 0 and Timer 1 in the AT89S8252 operate the same
way as Timer 0 and Timer 1 in the AT89C51, AT89C52 and
ATB9C55. 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-
guency.

In the Counter function, the register is incremented in
response to a 1-to-0 transition at its carresponding 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 cycle.

Figure 1. Timer 2 in Capture Mode

0sC > +12

Table 8. Timer 2 Operating Modes

RCLK+TCLK | CP/RLZ | 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)

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

l Cm2 =0
B e SEE 7 TF2 |
i (]}
s ‘ !
A | CONTROL ! CYERELDW
Ly T s
- R VanV
RCAP2H [ RCAP2L
TRANSITIO
DETECTOF?j TIMER 2
INTERRUPT
T2EX PIN [} Y >t o . »  EXF2
CONTROL
EXEN2
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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 bitand
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.

0osc » 12 &F
Cre =
—o//o——————{ TH2 T2 4
I CONTROL }/\ R\GFow
T 4 TR2 >,
B 2 pe RELOAD Y
TIMER 2
el INTERRUPT
RCAP2H | RCAP2L
< > TF2

TRANSITION

DETECTOR
T2EX PIN [ —— x| N/Cr : » EXF2

| conTROL
EXEN2
Table 9. T2MOD—Timer 2 Mode Control Register
T2MOD Address = 0C9H Reset Value = XXXX XX00B
Not Bit Addressable
= e, i — — — T20E DCEN
Bit 7 6 5 4 3 2 1 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.

AIMEL
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Figure 3. Timer 2 Auto Reload Mode (DCEN = 1)
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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 Figure 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.

Modes 1 and 3 Baud Rates = Timer 2 O:grﬂow Rate

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

Figure 5. Timer 2 in Clock-Out Mode

0osC > +2

Modes 1and 3 _
Baud Rate

e Oscillator Frequency
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
2is 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 tured off (clear TR2) before accessing the
Timer 2 or RCAP2 registers.

T3
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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 1/0 pin, has two alternate functions. It can be pro-
grammed 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 Frequency
4 x 65536 - (RCAP2H,RCAP2L))

Clock Out Frequency =

In the clock-out mode, Timer 2 rollovers 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.

Figure 6. SPI Block Diagram

UART

The UART in the AT89S8252 operates the same way as
the UART in the AT89C51, AT89C52 and AT89C55. For
further information, see the October 1995 Microcontroller
Data Book, page 2-49, section titled, “Serial Interface.”

Serial Peripheral Interface

The serial peripheral interface (SPI) allows high-speed syn-
chronous data transfer between the AT89S8252 and
peripheral devices or between several AT8958252
devices. The AT89S8252 SPI features include the follow-

ing:

- Full-Duplex, 3-Wire Synchronous Data Transfer
- Master or Slave Operation

- 1.5-MHz Bit Frequency (max.)

+ LSB First or MSB First Data Transfer

- Four Programmable Bit Rates

- End of Transmission Interrupt Flag

+ Write Collision Flag Protection

- Wakeup from Idle Mode (Slave Mode Only)
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The interconnection between master and slave CPUs with
SPI is shown in the following figure. The SCK pin is the
clock output in the master mode but is the clock input in the
slave mode. Writing to the SPI data register of the master
CPU starts the SPI clock generator, and the data written
shifts out of the MOSI pin and into the MOSI pin of the
slave CPU. After shifting one byte, the SPI clock generator
stops, setting the end of transmission flag (SPIF). If both
the SPI interrupt enable bit (SPIE) and the serial port inter-
rupt enable bit (ES) are set, an interrupt is requested.

Figure 7. SPI Master-Slave Interconnection

The Slave Select input, SS/P1.4, is set low to select an
individual SPI device as a slave. When SS/P1.4 is set high,
the SPI port is deactivated and the MOSI/P1.5 pin can be
used as an input.

There are four combinations of SCK phase and polarity
with respect to serial data, which are determined by control
bits CPHA and CPOL. The SPI data transfer formats are
shown in Figures 8 and 9.

MSB MASTER LSB EMISO MISOE MSB SLAVE LSB
— 8-BIT SHIFT REGISTER—} % ‘ 8-BIT SHIFT REGISTER ‘j
| : é
N iMOSI_MOSI
SPI ESCK SCKEg
CLOCK GENERATOR s s
i Vee v——‘

Figure 8. SPI transfer Format with CPHA =0

SCK CYCLE #
(FOR REFERENCE)
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SCK (CPOL=0)
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SCK (CPOL=1)
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MISO — (M XTe. X6

(FROM SLAVE)
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*Not defined but normally MSB of character just received
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Figure 9. SPI Transfer Format with CPHA =1

SCK CYCLE # 1 > 3
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(FROM MASTER)
MISO Y

N

@

\,

S

S B

SS(TOSLAVE)

(FROM SLAVE) }
|

*Not defined but normally LSB of previously transmitted character

Interrupts

The AT89S8252 has a total of six interrupt vectors: two
external interrupts (INTO and INT1), three timer interrupts
(Timers 0, 1, and 2), and the serial port interrupt. These
interrupts are all shown in Figure 10.

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

Table 10. Interrupt Enable (IE) Register
(MSB)

(LSB)
[EA I— [ET2|ES IET1 IEX1 lETo lexo I

Enable Bit = 1 enables the interrupt.

Enable Bit = 0 disables the interrupt.

Symbol Position | Function
Disables all interrupts. If EA = 0, no interrupt
EA E.7 is acknowledged. If EA = 1, each interrupt
: source is individually enabled or disabled by
setting or clearing its enable bit.
— IE.6 Reserved.
ET2 IES Timer 2 interrupt enable bit.
ES IE.4 SPI and UART interrupt enable bit.
ET1 IE.3 Timer 1 interrupt enable bit.
EX1 IE.2 External interrupt 1 enable bit.
ETO IEA Timer 0 interrupt enable bit.
EXO0 IE.0 External interrupt O enable bit.

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

4-120

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 polled 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.

Figure 10. Interrupt Sources
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Figure 11. Oscillator Connections

c2
HF——I—— XTAL2

c1
o——— XTAL1
i GND

Note:  Note: C1, C2 =30 pF + 10 pF for Crystals

=40 pF + 10 pF for Ceramic Resonators

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 11. 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 12.
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.

Idle Mode

In idle mode, 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

AT89S8252

Figure 12. External Clock Drive Configuration

NC XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL
{ GND

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
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is termi-
nated. Exit from power down can be initiated either by a
hardware reset or by an enabled external interrupt. Reset
redefines the SFRs but does not change the on-chip RAM.
The reset should not be activated before V¢ is restored to
its normal operating level and must be held active long
enough to allow the oscillator to restart and stabilize.

To exit power down via an interrupt, the external interrupt
must be enabled as level sensitive before entering power
down. The interrupt service routine starts at 16 ms (nomi-
nal) after the enabled interrupt pin is activated.

Status of External Pins During Idle and Power 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 AT89S8252 has three lock bits that can be left unpro-
grammed (U) or can be programmed (P) to obtain the addi-
tional features listed in the following table.

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

Lock Bit Protection Modes(V

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.
Once programmed, the lock bits can only be unpro-
grammed with the Chip Erase operations in either the par-
allel or serial modes.

Program Lock Bits
LB1 | LB2 | LB3

Protection Type

1 U U U No internal memory lock feature.

2 P u u

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 (parallel or serial mode) is disabled.

3 P Same as Mode 2, but parallel or serial verify are also disabled.
4 P Same as Mode 3, but external execution is also disabled.
Notes: 1. U = Unprogrammed

2. P =Programmed

Programming the Flash and EEPROM

Atmel’'s AT89S58252 Flash Microcontroller offers 8K bytes
of in-system reprogrammable Flash Code memory and 2K
bytes of EEPROM Data memory.

The AT89S8252 is normally shipped with the on-chip Flash
Code and EEPROM Data memory arrays in the erased
state (i.e. contents = FFH) and ready to be programmed.
This device supports a High-Voltage (12V) Parallel pro-
gramming mode and a Low-Voltage (5V) Serial program-
ming mode. The serial programming mode provides a con-
venient way to download the AT89S8252 inside the user’s
system. The parallel programming mode is compatible with
conventional third party Flash or EPROM programmers.

The Code and Data memory arrays are mapped via sepa-
rate address spaces in the serial programming mode. In
the parallel programming mode, the two arrays occupy one
contiguous address space: 0000H to 1FFFH for the Code
array and 2000H to 27FFH for the Data array.

The Code and Data memory arrays on the AT89S8252 are
programmed byte-by-byte in either programming mode. An
auto-erase cycle is provided with the self-timed program-
ming operation in the serial programming mode. There is
no need to perform the Chip Erase operation to reprogram
any memory location in the serial programming mode
unless any of the lock bits have been programmed.

In the parallel programming mode, there is no auto-erase
cycle. To reprogram any non-blank byte, the user needs to
use the Chip Erase operation first to erase both arrays.
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Parallel Programming Algorithm
To program and verify the AT89S8252 in the parallel pro-
gramming mode, the following sequence is recommended:

1. Power-up sequence:
Apply power between V¢ and GND pins.
Set RST pin to “H”.
Apply a 3 MHz to 24 MHz clock to XTAL1 pin and wait
for at least 10 milliseconds.
2. Set PSEN pinto “L”
ALE pin to “H"
EA pin to "H” and all other pins to “H".
3. Apply the appropriate combination of “H” or “L” logic
levels to pins P2.6, P2.7, P3.6, P3.7 to select one of the

programming operations shown in the Flash Program-
ming Modes table.

4. Apply the desired byte address to pins P1.0 to P1.7
and P2.0 to P2.5.

Apply data to pins P0.0 to P0.7 for Write Code opera-
tion. ;

5. Raise EA/Vpp to 12V to enable Flash programming,
erase or verification.

6. Pulse ALE/PROG once to program a byte in the Code
memory array, the Data memory array or the lock bits.
The byte-write cycle is self-timed and typically takes
1.5 ms.

7. To verify the byte just programmed, bring pin P2.7 to
“L” and read the programmed data at pins PO.0 to P0.7.

AT89S8252 mmmwrrrrr e S
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8. Repeat steps 3 through 7 changing the address and
data for the entire 2K or 8K bytes array or until the end
of the object file is reached.

9. Power-off sequence:
Set XTAL1 to “L".
Set RST and EA pins to “L”".
Turn V¢ power off.

In the parallel programming mode, there is no auto-erase
cycle and to reprogram any non-blank byte, the user needs
to use the Chip Erase operation first to erase both arrays.

DATA Polling

The AT89S8252 features DATA Polling to indicate the end
of a write cycle. During a write cycle in the parallel or serial
programming mode, an attempted read of the last byte writ-
ten will result in the complement of the written datum on
P0.7 (parallel mode), and on the MSB of the serial output
byte on MISO (serial mode). Once the write cycle has been
completed, true data are 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 in the parallel program-
ming mode can also be monitored by the RDY/BSY output
signal. Pin 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 or Data byte can be read back via the
address and data lines for verification. The state of the lock
bits can also be verified directly in the parallel programming
mode. In the serial programming mode, the state of the lock
bits can only be verified indirectly by observing that the lock
bit features are enabled.

Chip Erase

Both Flash and EEPROM arrays are erased electrically at
the same time. In the parallel programming mode, chip
erase is initiated by using the proper combination of control
signals and by holding ALE/PROG low for 10 ms. The
Code and Data arrays are written with all “1”s in the Chip
Erase operation.

In the serial programming mode, a chip erase operation is
initiated by issuing the Chip Erase instruction. In this mode,
chip erase is self-timed and takes about 16 ms.

During chip erase, a serial read from any address location
will return OOH at the data outputs.

AIMEL

Serial Programming Fuse

A programmable fuse is available to disable Serial Pro-
gramming if the user needs maximum system security. The
Serial Programming Fuse can only be programmed or
erased in the Parallel Programming Mode.

The AT89S8252 is shipped with the Serial Prograrmming
Mode enabled.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H and 031H, 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
(031H) = 72H indicates 8958252

Programming Interface

Every code byte in the Flash and EEPROM arrays can be
written, and the entire array can be erased, by using the
appropriate combination of control signals. The write oper-
ation cycle is self-timed and once initiated, will automati-
cally 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.

Serial Downloading

Both the Code and Data memory arrays can be pro-
grammed using the serial SP| bus while RST is pulled to
Vee. The serial interface consists of pins SCK, MOSI (input)
and MISO (output). After RST is set high, the Programming
Enable instruction needs to be executed first before pro-
gram/erase operations can be executed.

An auto-erase cycle is built into the self-timed programming
operation (in the serial mode ONLY) and there is no need
to first execute the Chip Erase instruction unless any of the
lock bits have been programmed. The Chip Erase opera-
tion turns the content of every memory location in both the
Code and Data arrays into FFH.

The Code and Data memory arrays have separate address
spaces:

0000H to 1FFFH for Code memory and 000H to 7FFH for
Data memory.

Either an external system clock is supplied at pin XTAL1 or
a crystal needs to be connected across pins XTAL1 and
XTAL2. The maximum serial clock (SCK) frequency should
be less than 1/40 of the crystal frequency. With a 24 MHz
oscillator clock, the maximum SCK frequency is 600 kHz.
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Serial Programming Algorithm written. The write cycle is self-timed and typically takes
To program and verify the AT89S8252 in the serial pro- less than 2.5 ms at 5V.

gramming mode, the following sequence is recommended: 4. Any memory location can be verified by using the Read
1. Power-up sequence: instruction which returns the content at the selected

Apply power between Vg and GND pins. address at serial output M!SO/P1 6
Set RST pin to “H". 5. At the end of a programming session, RST can be set

: ; low to commence normal operation.
If a crystal is not connected across pins XTAL1 and

XTALD. apply s 3 MH2 1o 24 MHz clock to XTALY pin. - Towergfisequence (i necded).

and wait for at least 10 milliseconds. Set XTAL1 to “L” (if a crystal is not used).
2. Enable serial programming by sending the Program- SetRST to "L".
ming Enable serial instruction to pin MOSI/P1.5. The Turn V¢ power off.

frequency of the shift clock supplied at pin SCK/P1.7

needs to be less than the CPU clock at XTAL1 divided Serial Prqgrammmg .lnstructlor?
by 40. The Instruction Set for Serial Programming follows a 3-byte

is sh in the following table:
3. The Code or Data array is programmed one byte at a B Sy = (Cloningrian'y

time by supplying the address and data together with
the appropriate Write instruction. The selected memory
location is first automatically erased before new data is

Instruction Set

Instruction Input Format Operation
Byte 1 Byte 2 Byte 3
Programming Enable 1010 1100 0101 0011 xxxx xxxx | Enable serial programming interface after RST goes high.
Chip Erase 1010 1100 xxxx x100 xxxX xxxx { Chip erase both 8K & 2K memory arrays.
Read Code Memory aaaa a001 low addr xxxx xxxx | Read data from Code memory array at the selected address.

The 5 MSBs of the first byte are the high order address bits.
The low order address bits are in the second byte. Data are
available at pin MISO during the third byte.

Write Code Memory aaaa a010 low addr data in Write data to Code memory location at selected address. The
address bits are the 5 MSBs of the first byte together with the
second byte.

Read Data Memory 00aa a101 low addr xxxx xxxx | Read data from Data memory array at selected address. Data
are available at pin MISO during the third byte.

Write Data Memory 00aa 2110 low addr data in Write data to Data memory location at selected address.

Write Lock Bits 1010 1100 | Zg@xx111 | xxxxxxxx | Write lock bits.

S |

Set LB1, LB2 or LB3 = “0” to program lock bits.

Notes: 1. DATA polling is used to indicate the end of a write cycle which typically takes less than 2.5 ms at 5V.
2. “aaaaa” = high order address.
3. X" =don't care.
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Flash and EEPROM Parallel Programming Modes

Data IO Address
Mode RST | PSEN | ALE/PROG | EAVpp | P26 | P27 | P3.6 | P3.7 P0.7:0 P2.5:0 P1.7:0
Serial Prog. Modes H h" ht X
Chip Erase H I e a 12v H L L L X X
Write (10K bytes) Memory H L m e 12v L H H H DIN ADDR
Read (10K bytes) Memory H L H 12V & £ H H DOUT ADDR
Write Lock Bits: H el 12V H L H L DIN X
Bit - 1 PO.7=0 X
Bit- 2 P0.6=0 X
Bit- 3 P0.5=0 X
Read Lock Bits: H L H 12V H H L 5 DOUT X
Bit - 1 @Po0.2 X
Bit- 2 @PO0.1 X
Bit- 3 @P0.0 X
Read Atmel Code L 12v 4 L L L DOUT 30H
Read Device Code L H 12v & L . L DOUT 31H
Serial Prog. Enable H bt X 12 12v L H L H P0.0=0 X
Serial Prog. Disable H IV ke By 12V L H L H P0.0 =1 X
Read Serial Prog. Fuse H 1 H 12v H H e H @PO0.0 X

Notes:

1.
2.

“h” = weakly pulled “High” internally.
Chip Erase and Serial Programming Fuse require a 10-ms PROG pulse. Chip Erase needs to be performed first before

reprogramming any byte with a content other than FFH.

P3.4 is pulled Low during programming to indicate RDY/BSY.

“X” = don't care

AIMEL
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Figure 14. Programming the Flash/EEPROM Memory Figure 15. Flash/EEPROM Serial Downloading
+5V +4.0V to 6.0V
AT89S8252 Q AT89S8252
ADDR. 20 AT by Ve b Vee
00D0H/27FFH Lo PGM
A8 - A13| : DATA
CTION
——>»{ P26 S (NST,SEUT ———» P1.5/MOSI
SEE FLASH : ALE [¢—— PROG <«——| P1.6/MISO
PUT .
PROGRAMMING ] | P27 DATA OUT
MODES TABLE —>» P36 CLOCK IN » P1.7/SCK
—»| P37
— XTAL2 EA [¢— Vi —e————| XTAL2
3-24 MHz _ 3-24 MHz | —
L] El e
Jﬂ——w}—-- XTAL1 RST _ [4— 1V, —e— | XTAL1 RST |l¢—— Vv,
i—- GND PSEN |—— — GND
| B

-u]]

Figure 16. Verifying the Flash/EEPROM Memory

+5V
AT89S8252 j’
Appr: A0 ALl A Vee (EAA°
0000H/27FFH PGM DATA
P20 - P25 PO | (USE 10K
A8 - A13 PULLUPS)
P25 ALE |¢—— V,
SEE FLASH ___> P2.7
PROGRAMMING e
MODES TABLE '
P3.7
—I XTAL2 EA ¢ e
3-24 MHz|_
g
L XTAL1 RST |jd4—— V4
GND PSEN |———
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Flash Programming and Verification Characteristics-Parallel Mode

Tp = 0°C to 70°C, Ve = 5.0V + 10%

AIMEL

Symbol | Parameter Min Max Units

Vpp Programming Enable Voltage 11.5 125 v

Ipp Programming Enable Current 1.0 mA

tccL | Oscillator Frequency 3 24 MHz

taveL Address Setup to PROG Low 48tcicL

toHAX Address Hold After PROG 48tcicL

tovaL Data Setup to PROG Low 48tc cL

teHOX Data Hold After PROG 48tcicL

tensH P2.7 (ENABLE) High to Vpp 48tcicL

tsHaL Vpp Setup to PROG Low 10 us

teLeH PROG Width 1 110 us

tavav Address to Data Valid 48tcicL

teLqu ENABLE Low to Data Valid 48tcicL

tenaz Data Float After ENABLE 0 48tcicL

toHBL PROG High to BUSY Low 1.0 us

twe Byte Write Cycle Time 2.0 ms
4-127
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Flash/EEPROM Programming and Verification Waveforms - Parallel Mode

P1.0 - P1.7 : PROGRAMMING VERIFICATION
P50 - P25 ADDRESS —j ADDRESS
“— tavav
e
PORT 0 DATA IN 3 PDATAQUT " P
o laing
tavaL tanax
ALE/PROG N
t < >
e —laLeH—™]
D Vep
EAN op i nl S e [ e —., S (T
le— 1 t
P27 > =, e— *— teraz
(ENABLE)
oL T
P3.4
(RDY/BSY) BUSY READY
twe

Serial Downloading Waveforms

SERIAL CLOCK INPUT

SCKIP1.7 NEy . RN BT Leldye
3 1

|

SERIAL DATA INPUT /
MOSI/P1.5 MSB] ! | l ? [LSB.

i

I

|

SERIAL DATA QUTPUT
MISO/P1.6 MBI D b, L ALA  JieE
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Absolute Maximum Ratings”

Operating Temperature ..............ccooeveeveneee.nn. -55°C to +125°C *NOTICE:
Storage Temperature..........cccooeveeienerereaennens -65°C to +150°C
Voltage on Any Pin
with Respect to Ground ........ccccceevveiiiveeiennnns -1.0V to +7.0V
Maximum Operating Voltage.............cccccooceiiiici s 6.6V
reliability.
DC Output CUrrent.........ocoeieeeeieeeer e e 15.0 mA k

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.

Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanentdam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect device

Symbol | Parameter Condition Min Max Units
Vi Input Low Voltage (Except EA) -0.5 0.2V~ 01 \
' Input Low Voltage (EA) -0.5 02Vee-03 1 V
Vin Input High Voltage (Except XTAL1, RST) 0.2Vee+0.9 Ve +0.5 v
ViH1 Input High Voltage (XTAL1, RST) 0.7 Vee Vee + 05 v
Output Low Voltage (") &
VoL (Ports 1,2.3) loL = 1.6 mA 0.5 Y
Output Low Voltage () i
Vour (Port 0, ALE, PSEN) oI SR a3 Y
lon = -60 pA, Ve = 5V £ 10% 24 \Y
Output High Voltage B
Vo (Ports 1,2,3, ALE, PSEN) IO AP §OVE ¥
IOH =-10 },LA 0.9 VCC Y
[OH =-800 ].LA, VCC =5V+10% 24 Vv
Output High Voltage ]
Vons (Port 0 in External Bus Mode) = 30N 0-73cq %
IOH =-80 IJA 0.9 VCC \4
e Logical 0 Input Current (Ports 1,2,3) Vin = 0.45V -50 pA
L Logical 1 to 0 Transition Current (Ports 1,2,3) | Viy =2V, Vo = 5V £ 10% -650 pA
Input Leakage Current
i (P%rt 0, E’K)g 0.45 <Vy < Vg +10 pA
RRST Reset Pulldown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, Tp = 25°C 10 pF
Active Mode, 12 MHz 25 mA
Power Supply Current
: Idle Mode, 12 MHz 6.5 mA
ce
Voo =6V 100 pA
Power Down Mode (@) <0
VCC =3V 40 ]J.A
Notes: 1. Under steady state (non-transient) conditions, lo_ Maximum total 1o for all output pins: 71 mA

must be externally limited as follows:
Maximum lg_ per port pin: 10 mA
Maximum lg_per 8-bit port:

Port 0: 26 mA

Ports 1, 2, 3: 15 mA

If I, 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

Variable Oscillator
Symbol Parameter % Min Max Units
teLeL Oscillator Frequency 0 24 MHz
tLHLL ALE Pulse Width 2tcrcL-40 ns
tavLL Address Valid to ALE Low tecLeL- 13 ns
tLLax Address Hold After ALE Low toLcL- 20 ns
tuv ALE Low to Valid Instruction In 4tcLcL- 65 ns
tLpL ALE Low to PSEN Low toLcl - 13 ns
teLPH PSEN Pulse Width 3teLcL - 20 ns
tpLv PSEN Low to Valid Instruction In 3toLcL - 45 ns
texix Input Instruction Hold After PSEN 0 ns
toxiz Input Instruction Float After PSEN torcL- 10 ns
tpxav PSEN to Address Valid tolcL -8 ns
taviv Address to Valid Instruction In 5tcLcL - 55 ns
tpLAZ PSEN Low to Address Float 10 ns
trLRH RD Pulse Width Bto oL - 100 ns
twLwH WR Pulse Width Bto oL - 100 ns
tRLDV RD Low to Valid Data In SteL oL - 90 ns
tRHDX Data Hold After RD 0 ns
trRHDZ Data Float After RD 2tccL - 28 ns
tLLov ALE Low to Valid Data In 8teLcL- 150 ns
tavov Address to Valid Data In teLcL- 165 ns
towi ALE Low to RD or WR Low 3toicL- 50 3to oL *+ 50 ns
tavwL Address to RD or WR Low dto oL - 75 ns
touwx Data Valid to WR Transition tolcL - 20 ns
tQuwH Data Valid to WR High TtereL - 120 ns
twHax Data Hold After WR toLoL - 20 ns
tRLAZ RD Low to Address Float 0 ns
tWHLH RD or WR High to ALE High teLoL - 20 teoL + 25 ns
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External Program Memory Read Cycle

LY
ALE
> t
tAVLL‘ a5 7 tu_jv PLPH
— tp e
PSEN < B
—{ fe—t +oxa
t £ texiz
LLAX
oxix—> [
PORT 0 >K__ A0-A7_ D—XINSTRIN A-a7 <
B by 4
PORT 2 4 A8 - A15 TN - Al5
External Data Memory Read Cycle
tLHLL—'W
ALE
—> LIV
PSEN
Bt Ny SR
le— tRuaH —>
— o >
e — fax— L )
le— LR N> «—— lgiov RHDZ
i,
iz —A tRHDX
PORT 0 >« A0 - A7 FROM RI OR DPLX DATA INJD>XA0 - A7 FROM PCL>—INSTR IN
by tavwi *
e Ly
PORT 2 b P2.0 - P2.7 OR A8 - A15 FROM DPH A8 - A15 FROM PCH

AIMEL
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External Data Memory Write Cycle

tLHLL"——'W
ALE :
— tWHLH
PSEN A
— tw ——e—twown —>
v ‘—"tLLAX
le— taviL—>] tavwx - — [ tyhox
= tQVWH S|
PORT 0 >+« A0 - A7 FROM Rl OR DPL DATA OUT = X A0 - A7 FROM PCL)>—INSTR IN
i tavwi >
PORT 2 ) P2.0 - P27 OR A8 - A15 FROM DPH__ X A8 - A15 FROM PCH

External Clock Drive Waveforms

i |
T et
|

Vg - 0BV —rom—ee |

*“ 0.7 V. +

>

o

= 02 Vg - 0.1V
0.45V ——

External Clock Drive

Symbol Parameter Ve =4.0V to 6.0V Units
Min Max
teLeL Oscillator Frequency 0 24 MHz
tcLoL Clock Period 41.6 ns
tcHex High Time 15 ns
teLex Low Time 15 ns
tcLeH Rise Time 20 ns
toHeL Fall Time 20 ns
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Serial Port Timing: Shift Register Mode Test Conditions
The values in this table are valid for V¢ = 4.0V to 6V and Load Capacitance = 80 pF.

Symbol Parameter Variable Oscillator Units
Min Max

txxL Serial Port Clock Cycle Time 12tc oL us

tQvxH Output Data Setup to Clock Rising Edge 10teLcL - 133 ns

txHax Output Data Hold After Clock Rising Edge 2t oL - 117 ns

txHDX Input Data Hold After Clock Rising Edge 0 ns

txHOV Clock Rising Edge to Input Data Valid 10tc L - 133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION | 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 |
ALE ] l (ORY N [l [P0 Perl d ) o NA ML 10
+ > b
SHOCK i J W\ /AF P Y[ 00 QN 1 T
QVXH '4——»_’ l<- /)
WRITE TO SBUF g\ & § SEsC R ©<F 4 5 gr< z
; —_— t.
OUTPUT DATA txpioy [+~ [T Bxeiox sermi ]
__CLEARRI
v

INPUT DATA

AC Testing Input/Output Waveforms(? Float Waveforms(")

Vee- O.5V—%\\ / 202 Veo ooy - '—"‘ Vit Y P _““_—_L\‘\V oL 01V
\ TEST POINTS /\ Vv A Timing Reference s
,/ N S X 1v Points

e 2,02 Vg - 0.1V S N Vioar VY > LNV gy 01V
Notes: 1. AC Inputs during testing are driven at V¢ - 0.5V Notes: 1. Fortiming purposes, a port pin is no longer floating
for a logic 1 and 0.45V for a logic 0. Timing mea- when a 100 mV change from load voltage occurs. A
surements are made at V,,y min. for a logic 1 and V; port pin begins to float when a 100 mV change from

max. for a logic 0. the loaded Vou/Vg, level occurs.
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AT89S8252
2 TYPICAL ICC (ACTIVE) at 25°C
Ve = 6.0V
20
l /
C 12 10 et L — Ve =50V
I e ]
) |t
0
0 4 8 12 16 20 24
F (MHz)
AT8958252
TYPICAL ICC vs. VOLTAGE - POWER DOWN (85°C)
20
] 15
G
C 4
3%
A s
0
3.0V 4.0V 5.0V 6.0V
V. VOLTAGE
AT89S8252
TYPICAL ICC (IDLE) at 25°C
=, Voo =6.0V
4.0
|
c 3.2
C 24 / / VCC=5'OV
n ey .
B
0.0
0 4 8 12 16 20 24

F (MHz)

Notes: 1. XTAL1 tied to GND for lcc (power down)
2. Lock bits programmed
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Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
16 4.0V to 6.0V AT89S8252-16AA 44A Automotive
AT89S8252-16JA 44) (-40°C to 105°C)
AT8958252-16PA 40P6
AT89S8252-16QA 44Q
24 4.0V to 6.0V AT89S8252-24AC 44A Commercial
AT89S8252-24C 44J (0°C to 70°C)
AT89S88252-24PC 40P6
AT89S8252-24QC 44Q
4.0V to 6.0V AT89S8252-24Al 44A Industrial
AT89S8252-24 44J (-40°C to 85°C)
AT89S8252-24PI 40P6
AT8988252-24Ql 44Q
33 4.5V to 5.5V AT8988252-33AC 44/ Commercial
AT8988252-33JC 44J (0°C to 70°C)
AT8988252-33PC 40P6
AT8988252-33QC 44Q
= Preliminary Information
Package Type
44A 44 |ead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44) 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
40P6 40 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44Q 44 |ead, Plastic Gull Wing Quad Flatpack (PQFP)

AImEL
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#include <vcl.h>
#pragma hdrstop

#include "Test4.h"

#include "SurVey4.h"
#include "Aboutl.h"
I

#pragma package(smart_init)
#pragma link "Video"
#pragma resource "*.dfm"
TBaseForm *BaseForm;

I

__fastcall TBaseForm:: TBaseForm(TComponent* Owner)

- TForm(Owner)

1
s

/! -
void __ fastcall TBaseForm::Buttonl Click(TObject *Sender)

{
Videol->Enabled=true;

}

void __ fastcall TBaseForm::Button2Click(TObject *Sender)

{
Videol->Enabled=false;



J[emmmem e e e -

void __fastcall TBaseForm::Close2Click(TObject *Sender)

{
Close();

}
Jfrmmemmnemennnees

void __ fastcall TBaseForm::CloselClick(TObject *Sender)
{

DataForm->ShowModal();

}
I - WY A croni e of B4 AV 5

void __ fastcall TBaseForm::Button8Click(TObject *Sender)

{
Close();

}
/I S N, V£ P, A

void _ fastcall TBaseForm::Button3Click(TObject *Sender)
{

DataForm->Edit4->Text = IntToStr(1);

DataForm->Button1 Click(Sender);

}
T

void _ fastcall TBaseForm::Buttond4Click(TObject *Sender)
{



DataForm->Edit4->Text = IntToStr(3);
DataForm->Button1Click(Sender);

}
I o

void __fastcall TBaseForm::Button5Click(TObject *Sender)
{

DataForm->Edit4->Text = IntToStr(4);

DataForm->Buttonl Click(Sender);

}

ey o i

void _ fastcall TBaseForm::Buiton6Click(TObject *Sender)
{
DataForm->Edit4->Text = IntToStr(2);

DataForm->Buttonl Click(Sender);

[

void __fastcall TBaseForm::Button9Click(TObject *Sender)
{

DataForm->Button5Click(Sender);

}

void __fastcall TBaseForm::Button3KeyPress(TObject *Sender, char &Key)
{
switch (Key) {
case '8':
Button3Click(Sender);
break;



case '4':
Button4Click(Sender);
break;

case '6':
Button5Click(Sender);
break;

case 2':
Button6Click(Sender);

case s
Button9Click(Sender);
break; }
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void __ fastcall TBaseForm::Button9KeyPress(TObject *Sender, char &Key)
{
switch (Key) {
case '8':
Button3Click(Sender);
break;
case '4':
Button4Click(Sender);
break;
case '6':
Button5Click(Sender);
break;
case 2':
Button6Click(Sender);
case'S':
Button9Click(Sender);
break; }
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void __fastcall TBaseForm::Button6KeyPress(TObject *Sender, char &Key)
{
switch (Key) {
case '8':
Button3Click(Sender);
break;
case '4':
Button4Click(Sender);
break;
case '6':
Button5Click(Sender);
break;
case "2'f
Button6Click(Sender);
case ' 3
Button9Click(Sender);
break; }

void __fastcall TBaseForm::Button5KeyPress(TObject *Sender, char &Key)
{
switch (Key) {
case '8':
Button3Click(Sender);
break;
case '4' :
Button4Click(Sender);
break;

case '6':



Button5Click(Sender);
break;
case 2':
Button6Click(Sender);
case '5S':
Button9Click(Sender);
break; }
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void __fastcall TBaseForm::Button4KeyPress(TObject *Sender, char &Key)
{
switch (Key) {
case '8':
Button3 Click(Sender);
break;
case '4':
Button4Click(Sender);
break;
casc'6':
Button5Click(Sender);
break;
case 2':
Button6Click(Sender);
case:d':
Button9Click(Sender);
break; }
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void __ fastcall TBaseForm::ButtonlKeyPress(TObject *Sender, char &Key)
{



switch (Key) {

case '8':
Button3Click(Sender);
break;

case '4':
Button4Click(Sender);
break;

case '6':
Button5Click(Sender);
break;

case 2':
Button6Click(Sender);

case 'S':
Button9Click(Sender);
break; }

void __fastcall TBaseForm::Button2KeyPress(TObject *Sender, char &Key)
{
switch (Key) {
case '8':
Button3Click(Sender);
break;
case '4':
Button4Click(Sender);
break;
case '6':
Button5Click(Sender);
break;
case 2':

Button6Click(Sender);



case '5':
Button9Click(Sender);
break; }
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void __ fastcall TBaseForm::AboutlClick(TObject *Sender)
{
FormAbout->ShowModal();

}
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