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ABSTRACT

This project is a design and construction of read and write data by magnetic card. The
microcontroller is used for controlling and checking all data via the serial data communication
Standard port RS-232C for interfacing with computer. The computer is used to show the stored

data of card holder, as well as for the security system.
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IATDIATUAIAUNITNINUNADING (M UITANUIUIVY ROM L‘ﬂ‘HLl'U‘U Non volatite mm@ﬂ@"lﬂum

W gy e = 9 v Yy A A a ' g
T@iﬁaﬂﬂﬂJﬂJﬂWiq@W?U) mimaumayjam"lﬂuu ROM ﬂz@@ﬁi“ﬁmﬁ@ﬂl‘@WLﬁ‘H 1u§$ﬁ31ﬂﬂ13‘ﬂ1\‘ﬂu
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vq ¥ 1 Yo & o a v ' o Ay o '
yoa  fldez limnsaldmdaihms@eudeyaaslumizennuduunild Sruaudumisgega
' o A4 9 YA o ' ! o ' = o
yoanthoanuiuuuinezldnuldne 65536 dumia awesdmmis (Address) dz@owiuay
:;l 1 v g o ] { 1
71U 16 ladaud 0000H ©ia FFFFH §19vzidonldiuiludumiisves RoM negnslunienisuen
q ° o u A g g o a . §
tdoans i maumumidannn 131 RoMm aelu Altleudamnuaniizasin High (1) i
' 9 Y o { g < ' a {
EA uatdeems ldiaululdsunsuidn13lu RoM neuenilideasin Low (0) i EA
S| 1 o Al Yo @ @ = Yy By [l
2. Data Memory (Humieanudin azlddmsvin , hudeya  uadsenunlylnlu

o &g

srriumsnauvesmssunie@oudeyaninniioanusinenszi Tavfidsiiny 131y Program
' 0 g Y ay (& 'y 4 g
Memory nureaNUIWVUHITUYTZIAN Random Access Memory (RAM) mu‘lwgamagmayamﬂu
1 1 ay 4 [ 1 <
150z higaymie uaddanseanse luvielwliun RAM uda doyalu RAM Rezgamely Mgy
Y " Y U = 1 1 g Ay =1 1q 19 A g 9 a
vwveatoya lildwineanuinlities lsegias uddumsniideyalny Flulydeyannu i@
T { 1 a < o ] 4 oy a Il 9 {15 1
Wunegunui wwduwdudeya 18H TAdwmis 19008 Wedla lWudadalvi doyandwmiia

1q 1 1 = 5 a o .
1900 vz hile 18H e1uilun1es 15714 FaSonmsiednyazuuuihdeyagqyme’ly

Table 1. AT89S8252 SFR Map and Reset Values

oF8H OFFH
g OF7H
OFOH | 00000000
0E8H O0EFH
ACC
0E7H
OEOH | oomc0000
008H 0DFH
PSW SPCR
000 | 60000000 000001XX Pt
ocen| T2CON_ | TaMoD | meaPaL | Rcapai | L2 i | OB
00000000 | XXXXXXX0| 00000000 | 00000000 | 00000000 | 00000000
0COH oCTH
P
0BFH
0B8H | xx000000
P3
087H
OBOH T 44111111
IE SPSR
O0AFH
0ABH | 1X000000 00000000
P2
OAOH| (111111 OATH
SBUF
SCON
98H | (2Ot Ixooooxxx 9FH
P1 ) WMCON
SO 1111111 00000010 Sz
egr| TCON | TMOD Lo U THo THI o
00000000 | 00000000 | GOG0G000 | 00000000 | 00000000 | 00000000
son| PO sp DPOL DPOH DPiIL opiH | sPoR | PCON | g
11111111 | 00000111 | 00000000 | 00000000 | 00000000 | 00000000 |YOKKKKXXX| OXXX0000

A15199 2.3 UHUAY SFR 1azA15 3e1a051aAan1555m

i < @ a Ja
NAMNTIN 2.3 1Tumsuaaarnuiaueds dames WAy ( SFR : Special Function Register )

1 Aa s A a a g Anta S A é’ A
HRAZANUDITVANDTLNDINANITILYN Tﬂ&flu AT89S8252 T NTITIADT NIWHUUNAD
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- Timer2 Register 1udauntuquuazvenaauzin Uszaouliéae T2CONOCS14),T2MOD
(009H) f39e1AD5 RCAP2H(0CAH) tiaz RCAP2L(OCBH) T lums suuaz Tnanisamesddmsy
Timer2 TuTvua 16 UN auto-reload

- Watchdog and Memory Control Register (WMCON) ﬂixﬂauﬁ’wﬁwmuqnﬁm?u watchdog

timer 8¢ TULOAIAT T 96H

WMCON(96H)
PS2 PS1 PSO EEMWE | EEMEN DPS WDTRST WDTEN
7 6 5 4 3 2 1 0

§ a o ' °
A13197 2.4 03 nAoAIALITAmEIAILANIUAILE

k4
o a

- PS2,PS1,PS2 Invisamamesdnsy watchdog timer diotia 3 gl <o watchdog timer i
ATUIAT 16 ms
Y ' 1
-EEMWE  Set bit HiiJu “1” Ao un1si5ums@ouasuy EEPROM a10f1de MOVX
<0~ 1ifo 1¥wonns Ndionas EEPROM Souseuldn
3 2 v = a W |4 o 9 v =X
- EEMEN - 171 “1”1/um319199 EEPROM My lugngai1ad MOVX W39ua78 DPIR 914104
nolurw
g |49 ] 9 Y v X ' o ¥
Wy “0” gamide MOVX Wa1n38 DPTR 3£U109M126A 11031003 an 160N
- DPS (Data Pointer Register Select) DPS =0 1Aon DP0 DPS =1 Lﬁﬂﬂ DP1
a da/ < Y d o J 2y 1= .
- WDTRST 1wl setilu “1” Taolgaevlinas Wasezgnuaa laisiam watchdog timer
-RDY/BSY/ 1in WDTRST 9zgnatsnda Tugia
RDY/BSY/ = “1” 11a@431 EEPROM wiouTa/sunsy vz lusunsusineiy  On
BDY/BSY/ = “0” tazilu <1 Iawda Tusia o Tsuns uas adu
- WDTEN (Watchdog Timer Enablt bit) aiian = <17 1{un1s Enable Watchdog Timer

- SPI(Serial Peripheral Interface) register ﬂizﬂ@‘ﬂ@sﬁﬂ SPCR i8¢ SPSR ﬂu’%‘%ﬁmaé’mmm

SPCR (0D5H)

SPIE SPE DORD | MSTR | CPOL | CPHA | SPR1 | SPRO

A15197 2.5 S3aIne3AIUAL SPI
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- SPIE (SPI interrupt Enable) L‘f’ﬂh@iﬂﬁu ES bit 1 SPIE =“1” SPI interrupt 9 enable

- SPE (SPI Enable) ~ SPI=“1” enable @4aeysy18 SPI Haz@ony SS/,MOSLMISO iaz
SCK

- DORD (Data Oder) = “1” fion LSB neulumsdwdoya

- MSTR (Master/Slave Select) MSTR = “1” (a9 Master SPI Mode

- CPOL (Clock Polarity) CPOL =17 (11 high 1ile Idle

- CPHA (Clock Phase) 15lufinaaunu clock uazdoyasz¥i1a Master fill Slave

SPRO SPRO SPR1 SCK =FOSC
0 0 4

SPR1 0 1 16
1 0 64
1 1 128

- SPSR - SPI Status Register

SPSR (0AAH)

SPIF WCOL 4 0 q ~ = =

Q15199 2.6 SIAADS UAAITAIZUO SPI

- SPIF (SP1 Interrupt Flag) 1ifoms Touhouuveynsuauysal SPIF =17 ya ES = “17
- WCOL (Write Collision Flag) Tfiihi 17 a1 Sp1 doyassaimesiGouszninmsloudo
Yoya WAANWEN1581U SPDR register 9% ligadoa
- SPDR - SPI Data Register = 86H
Data Memory — EEPROM and RAM
Usznoulidae 2Kbyte voe EEPROM molufiv dwmsufudoyn az 256 byte v09
RAM 734 128 byte ulvos RAM sxfufmidivumslafy SR

A o oA YR o ' A v o W v v =
mamm‘mﬁumamgmuqmﬂ“lumua 7FH I,L’E]ﬂLﬂiﬁI‘HNﬂ%%ﬂl‘lf‘];ﬂﬂWﬁQmW1$(lﬁ CPU 10194
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i 128 byte 11JupaRAM 30 SFR ¥AMTIN 1Y direct addressing A SFR

noluFn EEPROM misoanuifoyaszgnamaiitin EEMEN lu33aaes WMCON i
SFR 1oAIAsaf 96H EEPROM azdlieansalusae 000H 'lUfis 77FH qmiida MOVX azldidhas
EEPROM miaidnfamizsnnusifoyamounndn davgasida MOVX n EEMEN doammanii
-

im EEMWE lu WMCON duamldidlu «17 ag1 EEPROM ansagaidou’ld msld
woWinT Ao ian EEMWE 1flu «0” lafamsi@oudoyans EEPROM TumsTusunsunuyTnua
punsuziinawesdnetlasszina 2.5 ms Ms@ouas EEPROM a1isag 14ain mseimin

RDY/BSR/ = “0” 1118010 /Ma3911ms 1alsunsy 1 RDY/BSY/ = “17 ¥118a21431 EEPROM 3
lanfams@ouauyssinds

2.8.3 MITAINV WAz HINNAINY

PDIP

() p,r00 40 QvcC
M2EX) P11 ]2 39 [1P0.0 (ADO)
P23 38[1P0.1 (ADY)
P304 37[1P0.2 (AD2)
&S P14ds 36 [1P0.3 (AD3)
(Most) P15 C]6 35 [JP0.4 (AD4)
(MISO) P16} 7 34 [JPO.5 (ADS)

RSTO8 32[1P0.7 (AD7)
(RXD) P3.0 (] 10 31 DEANVPP
(TXD) P31 3 11 30 DALE/FROG
(iINTO) P32} 12 29 [ PSEN
(NT3)P33 013 28[1P2.7(A15)

(T0) P34 14 271P26{A14)
(T1)P3sq1s 261 P25 (A13)
WR) P36 016 25[)P2.4 (A12)

31N 220 MITANGUT AT8IS8252

TuTnsneuTnsames n55904 1499955300 Dual Inline Package (DIP) Fauaazda
£ v Y
Y94 8051 Hregdiaay 20 v15manua 40 ymiueg ldaua1 qiudsd fie
3 { ¢ ¢ y o Y _ o
- Vee 1140 iHunndeaflouvidos +5 Taasidn Tuive Idaeessauihnula szduTa
a =K Y o J a Y
IMIVDIADNTN 0 1Az 1 Y91 8051 VeAoinAugUnsainendnuuy TTL 19 Tasas
[~ = Y v @ 4 U 1 a.?f
- Vss 4120 1uv1HA0aaeiUns 196 (Ground) vosumnasnie Il msaeginsainauave
Y ~ J Cal y_ 9 [
A031N31IAYe9R1ATAIABIIABNAY
[ s a = = a a 2 a o v w
- Port 0 1TUWOTNYUIUVLIA 8 1M BYNVT 39 D4 32 1TUATN 0 DITN 7 MUAALA
: A i ~ ' A b Y A da o o o
Tugui 1.6 naazu1ez@eoudn P0.0, PO.1, ... , PO.7 minedadin 7 veaweosn 0 Fuiluinnihivd Ay
a I A dA @ o o
aea (Most Significant) iz P0.0 fiolin 0 ‘U'f)\‘l‘WE]id"V] 0 L‘]Ju‘]J‘VW]ﬁ‘LlUfﬁﬂigGHQ'ﬂ (Least Significant)

¥ Y T b ol g ! v cv | 0o A qud S ey <
pag woin o BlFlanemsi-deiumiaagdeyaiunitonnudmio lmilunesniu-dedoyan
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Y o =5 s P s Y] ' a s I~
hlﬂ UBYANTIDDNNIINDIN 0 929N Latch ‘1’31’]‘1]1“11061/‘1051/] Tﬂiaasmmawmmwaw 0 1wy
Ed
o 1 @
Open Drain Bidirectional W83 0 wwldnunavetianail

1.l msudamd e iien 110 1ouenNanImsaaaoals  fmuIMuen1u8

{ a ' < 1 o [ 1 ° a 1 o 1 1
qaganvzaane laNfe 64 kbyte SaliAidumianiioanust 16 Tnveamugiu 2 mdumiamiae
° a ' 1 J a 1
ANUN 8 1ined1e vzgndseen lumanesn 0 uay 8 Tnuu vzdesn linewesy 2

19 [

2. 195 u-dadoyari Data Memory ﬁ?ﬂ“l%’%"u%gamﬂ Program memory

U

3. 1d5u-dedeyarumanesnlasase lunsdiiihiimsldmisennuives Program

Memory %50 Data Memory A18gUBN
- Port 1 HUW0INYLIUYWIA 8 TN N1 P1.0 59 P17 (11 1- 8 ) P1.0 H18H4 U9 0 Yoanesn
&L g a e . a 2 a A s & I A
1 ¥uuULN Least Significant Bit 4agin P1.7 ¥inodadny 7 veawssn 1 suiluiin Most
significant bit

a o @

I~ @ I's o a
PLO T20fuBumnniumstiuainaiewen 1iis Timer/Counter2) 1M nunsday Ui,
' v
PL1 T2EX(Rmininsu/nszqums Inaadiuazaiuguiian1aly Timer/Counter2)
P1.4 SS/Slave port Tums@ondunm)
P1.5 MOSI(Lmﬁwmaﬁagaﬁwﬁﬂ(Master) é”ummﬂﬁuwmm%’agaﬁasm (Slave)
d1M5 V09 SPI)
a Y o o o Ay o
P1.6 MISO@uwnvosdoyandn lifuemiynhdeyadise)
@ a 'S { @ o a [ %
P1.7 SCK(Fyansinitnveyo1nunnaIvan lagaunnuianaida 1o Clock #2504
& 9 o )
P1.4 D4 P1.7 191159 SPI channel
I~ o a A = a R a o [
- Port 2 1 UWOSNUMIUYLIA 8 TN ABUT P2.0 99 P2.7 (TN 0 D91 7 ¥09W03I N 2) dnvae
9 A 1Y 1 o A :,‘ 3 9 ~ [ A
TA5985199¢MITaUAY Port 0 uan@19AUN 11 Port 2 1UAA Driver 92 1991164 2 dnyazfio
1 v O 1 [ ° H a 1 1 o (] Y I~ a 1
1. Tddemdumdanisanusineuenndesnmsaade mdurusiiiy 8 Snuuvessa
AN
9 I~ [ 1 @
2. IilumesnSunasdaoyaduniouen
A = A gt ' a E = I A w e
- Port3 A9¥1 P3.0 09 P3.7 %3091 10-17 Mud19Uuaazinveanosn 3 3z Uiansuduaail
. g Hq Yo ¥
P3.0/RXD (Serial Input Port) iU lasudeyanuvoynsy
I § 1
P3.1/TXD (Serial Output Port) iifuvinlddsdoyaunvoynsy

P3.1/ INTO (External Interrupt) 195 udjanadasanizainnieuen

P3.3/ INTI (External Interrupt) 195 udayanadadanizainmiouen

g

v o Y

P3.4/TO (Timer/Counter 0 External Input) "lﬂi‘lJﬁfgtfngL"’lﬂul‘ngx‘JN%i Timer/Counter 0 7111
Y Ao o a ) A Ay a gyy
i lnfavesdaynna To ivsodyaiauimaé
P3.5/T1 (Timer/Counter 1 External Input) %1§Uﬁﬂgﬂﬁmﬁfﬂﬂgd Timer/Counter 1 c’]?qﬁmi

U o UAY TO
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P3.6/ WR (External Data Memory Write Strobe) v1dayananiugumsioudoya lid
nihoanuiidmsudoyaniouen 8051
P3.7/ RD (External Data Memory Read Strobe) ¥1dQya1ainaunumseudoyainmiae
anuidmsudeyaniouon
e & awe ag 6 A a0 Y ' '
- RST anadgmniaz lgiimssisnmsiinau w1 RST Moty azlidaaumudeszning

4
d

A o Y o Ao a v 4 4 o« o g " o
YIUNVNT1IA(Ground) mﬁauﬁiytymwuﬁmamam 1 !"U'l‘l‘]_]‘Vl‘U1u%3!ﬂuﬂ]i§!°ﬁ1’lﬂ1i1’nﬁ1u 19N

Qe

=] : 1 @ dw s A a =
Hudsansaaedunulsey (Capacitor) Neuenszyra1a RST fuTvides +5 Taan e ldiAanss

< A

' 4 v v
@0 iesutlonIWiaes #5691 Power on reset M3z e lussmmesaee aouluity

'
1 =2 o

Amtenaluasem 2.3

A o ~

diedyanaiu RST adwilu o fezosnninnsidn i]zﬁ'uﬁmumﬂﬁw'hﬁagflu
Program memory $LLH13 0000H IW51¥A1v0453a1AB3 PC (Program Counter) Faldadumia
Talsunsufaginan gainfasulithi 00ooH ﬁqguﬁﬂzﬁmﬁﬂuiﬂiumumnﬁu"ﬁﬁﬁumﬂq 0000H
TunsesluTasaoufiunes nunuesa@u) (Single Board Microcomputer) axiiT1/5unsuii@oufiy
1315 91nA 14 0000 ‘fﬂ.‘%‘mdmaﬁmasﬂ[ﬂmﬂsu (Monitor Program) fivznoosumsnauslufiud
(Keyboard) 1aganananIadmaaina (Display) (111 7 Segment

- ALE (Address Latch cnable) m1frﬂqu€m@1mﬁﬁﬂa1uﬁ 1/6 11Y0ITYQINUINNINN
S v

Y
@@ﬁcnmama{ ﬁmﬂﬁﬂluﬁ]&’ﬁﬂ@ﬂﬂn1ﬂﬁﬂm’m1 YNIUUNATIVBINTAAND AL UAIANUIITINTY

v
o =t 9

Yoyaniouon 8051 dyanuiiosld

L e3]

1 J g d’lw dw . I
venfivgilnsainisuen 8051 Nuusildyaul Active (1Huao

= g

In 1) wiimsdedoyaiiiu 8 dnarwesdumiiniasanuiinieuen 8051 Ndeamsanavesn 1l
s s ) = y Y, ¢ Vo ’
nawein 0 gunssinteueniy ldduanudlunms Lach doyaliimsiznesn 0 sxdemdwmia
1 B2 4
nihoanudieenuuiiosivazmuiu dlunadomnesn o 1w l45u-dedoyatunissanud
Meusn deynnor ALE szainsasedniugyasel TTLate LS 1dde 8 Suyn
I~ § ¥ a a 1 [l a 4
- PSEN ( Program Store Enable ) (Hua1# 29 nitindvzlfianidn 1 usszasasdn 0 1o
Y ' o o | { o o ' T o
ABINITBIUFITY (Fetch Instruction) Mg1i1lddammnaianissanusidmsullsunsunieusn
ad o & g ' e Y o & '
8051 lunsainommdsunveglumissanusidmiuTdsunsunielu 8051 nardyamiios i
= a < c&” 1 @ a a YR a
nasuaodmiilu 0 91 PSEN fidmnsoae ludsnduywnues TTL wiia LS 1At 8 duwn
;d a A Y o g
- EA ( External Access) U1 31 "U114!1]1!%11@1&1/!1/]1/\@161@[1ﬂ‘lJEN’Ni]’i Timing and Control Tu
A A Y o v o a Y & & '
UM 15 iienrugumsasedyain PSEN tifloudaygimaein 0 @nldfian EA  ifnaeai
° ' { o < o
Tasunsuludwmis 0000H ©9 OFFFH fidosms Idiaugninyl3nmouen  svdesaiiedayano
ponlifanmouen ievhims FETCH fmduduvhau uaddyapandoulin EA dlu 1 nue
' o ' < o o ' 1
anu N Tdsunsuludwmis 0000H fv 0FFFH grinulinmielu 8051 msshawludumianiioe
b4 .
AUT1$1UILDIUAITINGG 910 ROM
v b
< XTAL 1 9170 19 1iiagaodiuu1ves Inverting Amplifier (995ve1euuioundumla

o 4 < a s < a
ﬂ'ﬂJiUu'lﬂ!) ﬁﬂigﬂﬂﬂlﬂujx‘ii]ﬁf]@ﬁ“]fﬂmm@i i]:mmwsmﬂummmﬁ%mama‘f NAND GATE 9%
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' v
] = a 1g

" Y = g o o v A 2 o
‘V]T‘r‘iu’lVILIJ'Ll’Ni]3‘UEJ'IEJL!,‘U‘Uﬂa‘UL"V‘lﬁ‘\]?)ﬂﬁﬂgq}l’lmﬂ%%ﬂﬂﬂﬂllalﬁﬂﬂ15@@ﬁ“ﬁﬁlﬁﬁﬁ5@ulilﬂ"uuﬂﬂ
v o a

fyaa PD #360119101% PD 4095 9a1A05 PCON $1A09m15 I4dyanainniini (Clock Signal) 910

oo

5 b4
Y = =1 1

< v Q o gq ¥ o Yy 9 v
mouemniudyananidnm aaugumsiiaunlddeudyanadunigail uatidesmsldnes
a 7 dq ¥ A a 7o = a 7 A
poaganeinwlunliae Crytal s lar Inuaeiaglin 221 Mthames luliaesadsiin

1/5331%4 20 PF

4 2 g ¢ w o 4 <

- XTAL 2 17 18 nilidlugameiinnvesiaesvnouvunaumadyanailsznomiulg
a a o a 4 g o

vse0aTalnes (BunnAY1 XTALD Seylddganandmaasunnnmeuenuniudyyio

¥V v '
witaudd Iasewniiaes 1Auaa deudamnanitnninnieuenidiuniius XTAL Azl 2.21

TOINTERNAL 0
TIMING CKTS

——————————— XTAL1--=== [ ] XTAL2 === ====
80Cs1 Ej QUARTZ CRYSTAL
ORCERAMIC
'—ﬂ] RESONATOR
Lt
Gy 2= @2

51091 2.21 299500 aFaanos Nl ATS9S8252

U

2.8.4 MINNUUDI AT 8958252

o T o o Y ° A a A g Y 1
Mdwaaziidaglgnainau 1, 2 u5e 3 TyAaveaunios (MachineCycle) LALAD

[ o o a & E) a @ a o ;’ v o o
Wumdalszmnle 1 lefavesnsesezldnar 12 lmfavesdyanmuniin aniuudaziidives
8051 9z 19Ia1sIian 12 , 24 e 36 leiRavesdyanannin ey uaaz lvfaveuniods

] I~ 1 a
anusoendlu 6 state in S1,S2, S3, 84, S5 uAY S6 UAAY state Ix13zNOUAIY 2 TwAaves
[ v
duanauin lu'lwAansnszEoniua 1P1) waz lafan 2 Gonmla 2 (P2) Tuudazimlaiiud

1] [ a = [ a d' "o g n:; d' o
ngreUAIUITYaAAMD o URwesd g anEnnRegaa ldaslugl 2.22 disvhau

< a 2 g a o a 1 a 2
@50 1 lmfAaveunioanoziS 19 State 1 Phase 1 (S1P1) vodladase 1y Tu 1 lufaveunTos
v v b 1
% % v a o o 9 [

3499 Timing and Control %zﬁ?wﬁmuapm ALE 00011 2 lasifiaiiie Fetch mdatnly 2 asuauo #
= 2 5 5 & ~a s A qy o = a v o
VSnuveunIuvesdaane ALE Mdelavziin luuseldnahaud lmfaszg ldanmsagad

o4
o M I'd a d' 9 to o =) 1 o M [l
frdaszian 1 1o 1 lefaveunsedldunfmida INC A aziimssumdanrnrulonIu
5" g = i o | 5 ” A o & oy A
Sidmsuldsunsy 2 ase Anaszinaveuniuvesdyana ALE diemidusngnoiud iy
2 o Y o g . . &4 q v -
naMveVITUvesdyanal ALE usn udnii linud Instruction Register (0112993 Timing and

@ Y ' v < S o @ a1 1 o
Control noATHaALANT 9GNS Execute YzRuInunzizuaums Feich midaniogluntnnuh

' [l
@ A

v 4
dumisanusimisdaldidniniazmdai 2 wzgrenuduninavouniuvesdyy v ALE
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0% i 3 y v o @ <4 1 o 6. U 3 Q"
dal1l 2995 Timing and Control tieneasHaAmIFIUIAfIEnIUIIMshaufmdsildauga 1y
0. e VIR T L ¢ " o ~ oy y &
frda e 1 lud dafudidsiigeuinlusia 2 o2 ligavhwhau dewasudunodafialy
(Discard) ﬁﬂugﬂﬁ 222a
o w s a 4 To o % a
fdalszan 2 1uv wazldnm 1 lwRavouniodlduniide ADD A | # data TunilslmAa
4 4 a4 e & 4 M a o & ¢ A A ,
younsoatvzimssiumdudnn 2 Jud mideudumdaszian 1 1uv 1 lmfaveunios nanaa
@ { s o [} Qy o { o 1 o @
Fui'lunii 2 azgminnlddelildgaialadagaii 2,226 dred1avesdida ADD A | #33H iAoy
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Funwunsedld 2 luvide 24 33 desumdaluniusnie 24 19119137 Instruction Register 1107
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Timing and Control 9z00asHanuIumMTeuney Aszdidyainllia Accumulator 10190
; § ., A ; ; 4 , g 559
y‘all‘ﬂll%ﬁ TMP1 (ilof1dai 2 gﬂmuﬁ’hmﬁ Instruction Register (487 Timing and Control vwdeln
P ot ' o g o 2 o v
deya’luii 2 deaclids Internal Data Bus 11iflnda TMP1 9101112495 ALU aziue1doya
o o, oa ' o g {
TMPI iaz TMP2 111AR U Hadwin 1dazdeeenatn ALU U84 Internal Data Bus 1d2 Ty 1%
Accumulator
o o A 7 Aq ¥ a a A N o o =t
Mdasznn 1,2 w5o 3 Tudt Aldnaiau 2 lmAaveuniousudide INC DPTR 3zl
1 o Ny &‘: 5’ @ A 3 1 a A Y g o
nseumaad 1y 4 afinng vounuvedyao ALE 7l 2 aswie 1 lwfaveunios auilud
o A o = Doy A J 1 ::
Falszan 1 2 w50 3 1991 2995 Timing and Control 91014 1, 2 u3o 3 luviusnminiu’
o 1 o @ A Qy [ P N o P £ o a A A 1
mnudausdanmaoia lfalugi 2.22¢ dida 1 loinldnanhou 2 lwfaveuniesiing
) ' <l o I &£ g U ' A A vy o ' o
wwdaez lisaudedide Movx saldlumseuniooudeyaniuniiiendud) Data Memory 10
° - - ININT S a 2 a
uen MIMOuveIsIdeioeiing Feteeh mdutly 2 Junlulyfaveussowsn TulmAaves
A A = et \ 4 ' v ' A A 9 o
inSean 2 9 TN Feteh Mdudhll urazarenavesnsounIoleudeyany Data Memory
o 4 a { H { of VoA g : a y A
aouenduana ALE Fatlndsznfaswtiu 1% s1p2 Aezlinffewin 1 lulwfaveunTosi 2
d 1 1 a 4 { o/ { d 4 o
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3 P P U milew mode2 1AMSUUIUNT DOYNTY
19nn32900uTH disable
P P P ileu mode3 1AN1BUONIZYA execute
Wanuaihy disable 310151053 Flash
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MeluTW AT 8958252 921 Flash code t1az EEPROM data memory M3@eu 11/51nsudoad)
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27FFH @ m5ums 1sunsuuuuuuny
Suaoums Tsunsanny
1. founseviemasluihsznintg Vee M GND Set RST 1iu “H” M13918 3 MHz — 24
MHz U031 u1WN1 A0930096191108 10 ms

2. 1% PSEN = “L* ALE iy “H”

2.9 AenuA3nd upadnluga (Dot matrix LCD module)

gunsalluflagiiull Tusunanwariuez1¥ LCD (Liquid Crytral Display) deiludiulng)
litnzaihusioududa e, miestoonas, nTosiiefanuars 9 smeszmsiseaniiunin q Tade
i

1. CHARACTER LCD MODULE

2. GRAPHIC LCD MODULE

3. SEGMENT DISPLAY TYPE LCD MODULE

TaoTundaguunaziidsznoundn q uildiu

[ @ 9 < [ a o [

1. DOT MATRIX LCD tiludnanswalds wounuludnwuzmsdauaziladiesivuag
Ao dauiiludinszenussguan

2. DRIVE dluisudyananndiniunumndusin LeD  Snfivilslasiiues ntouldlu
LCD MODULE (% HD44100H, MSM5259

3. CONTROLLER (Huda5udeyaningilnsaimeuonuiuazianisaiugy LCD MODULE
I ULEaINaa1e 9 @u MIaueenn, mamnadisnys Wudu Tastiwes 1C nieuldiufe
HD44780 992 191Uy CHARACTER SCD MODULE ifluaaulngj woes Ic HD61830 vz 141y
1tUY GRAPHIC LCD MODULE

[~ @ & Y v o A o w g 1
HD44780 11]u IC LSI @anilaldnaugy LCD Tasuaawalugilarsnysniodaydnyainig
o ' v A a2y v v ' v QY A

q§U09 IC @NTDAD YUY 4 BIT 150 8 BIT nld lasdusiaouuy 4 BIT dzaeldaiui
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2.9.1 518azR8AMTI HD44780

1. CLEAR DISPLAY

CODE
RS RW DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO
0 0 0 0 0 0 0 0 0 1

Mdnztlumseusea119anio SPACE (ASCIH 20H) @111/1u DD RAM fianuaiaziin

A3 SET DD REM ADDRESSER (ugud 1 CURSOR sznduldumisuugadneiiovosaenn
SET I/D = 1,8 lufinsulasuuilas

2. RETURN HOME
CODE

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DBI DBO0

* NO EFFECT
findatinzsiins SET DD RAM ADDRESSER (Hugud @ CURSOR znauldegdumia
vugadwiievesennteyaluvenwhin/aeu

3. ENTRY MODE SET
CODE

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DBl DB0

0 0 0 0 0 0 0 0 I/'D S

5 2 o o R = A v ¥ o o
BIT I/D : 1ﬂﬁlﬁ]$l,ﬂu@]’3ﬂTVIL!ﬂGl‘H’NLiJ@L“Uﬂuﬁi@@1u%@y}mm?ﬂ%ﬂﬂﬁ DD RAM ADDRESS

= = S & 2 2
WU I eanaInHalag 1 = Iy 0= aaadnile
S| v o Y S| 'Y Y o T Ay
BIT S : iudrdimuauaanalasdl S = 1 wzidums laveyanaidl CURSOR odAuh 4o

o v v v to A oo o A
Hﬁﬁ)ﬁigﬂﬂu 1°1J°VIN°IHU 01S=0 ﬂl@yﬁ‘ﬂ%ﬁ]g YN 3 CURSOR ﬂzgﬂﬂu”lﬂm&mma

4. DISPLAY ON /OFF CONTROL
CODE

RS R/W DB7 DB6 DB5 DB4 DB3 DB2  DBI DBO0

0 0 0 0 0 0 1 D C B




38

BIT D - 1ilu BIT Iidataniaenmlasd i D=192 ON wazD=0 9 OFF
BIT C : 92 1¥uaas CURSOR 1 BIT C=1 uazdliidesmsnans CURSOR BIT C =0
TAud1 CURSOR 920l LINE i 8 luiuy 5%7 DOT uazazeg LINE # 11 Tuiuy 557 DOT
5. CURSOR OR DISPLAY SHIFT

CODE
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO
0 0 0 0 0 1 S/C R/L * ®

* NO EFFECT

S| o & o o 1 a [} 0. 8
Wuidsimualidumis CURSOR  wSodoyaltifamadheniovn laolidesldid

AEUNI 1L TAsN 1519 2.10 UAAIUTING S/C 1Ay R/ Hazms1en 2.11 LaasnsfImuaniang

DY

S/IC R/L FUNCTION

0 0 MMsde CURSOR  ldorndumiuaulildeiie 1
AnU
o 9 o ™o =

0 I MIMIee  CURSOR Joindiumuuauldyniio 1
CRIVAIE
I~ v o W - 9

] 0 Wumsduaidnysnina lunmsde

1 ] Wumsaudlsnysmae L

M31997 2.7 HEAAININNT S/C 1Az R/L

6. FUNCTION SET
CODE

RS RW DB7 DB6 DB5S5 DB4 DB3 DB2 DBI DBO0

* NO EFFECT

BIT DL : dum3s SET msaadenag i 8 BIT w3 4 BIT Tasddosns Aado 4
BIT DL =0 1@z 8 BITDL = |

BITN : Hum3s SET Ussiamsuaaina N =0 uaad 1 u3sna N = 1 1aaa 2 usiia

9 1 v <
Tungdinnnin 2 ussna A1 SETN =1
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BITF: (Jums SET ¥11a DOT Msuaasna 5%7 130 5%10 1ag F=0 @huuuy 5+7 nag

<
F =1 @Wunuy 5%10

N S N O. O F | CHRACTER FONT | DUTY FACTOR | REMARK

DISPLAY
LINE
0 0 1 5*7 DOT 1/8
0 1 1 5*7 DOT 1/11
1 = 2 5*%7 DOT 1/16 CANNOT DISPLAY

2 YEAR 2 LINES

WITH 5*10 DOT

CHARACTER FONT

A15199 2.8 UAAIRINUAAIA 10N HT

7. SET CG RAM ADDRESS

CODE

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

1 HD44780 1uvgfiniiiunus oy 2 e Ao DISPLAY DATA RAM 147U 80*8 BIT
1Az CHARACTER GENERATOR RAM CG RAM isilaziilun1s SET ADDRESS Tu CG

RAM Taudeeiims SET ADDRESS foulsun3iosiudagyasin CGRAM @iy

8.SET DD RAM ADDRESS
CODE

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

0 0 1 A A A A A A A

@ludda SET A1 ADDRESS 1u DD RAM Tumsi@oun3ea1ua191n DD RAM (DD RAM fie d9u
fazuaaana LCD wiiae) Tas$1uau ADDRESS #ifaiuuuse LCD szogiu SET 1N @

1N =0 (1 Y357in) ADDRESS 9704 OOH-4FH
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#1 N = 0 (2 U337in) ADDRESS 928y OOH-27FH dM3iuussviai 1 40H-67H d1nsu

o o
UITNAN 2

f1961971590 ADDRESS 494 DD RAM #1198 LCD

HDM16416H taadluni151ai 2.9

HUY 16 AI0AHS 4 UTINA

1 2 3 4 3 6 7 8 9 10 | 11 12 |13 14 15 16
80 | 81 82 |8 |8 |8 |8 |8 |8 |8 |8A |8 |8 | 8D |8E |8F
Co |Cl |C2 |C3 |C4 |C5 |C6 |CT7T |C8 |CO9 |[CA |CB |CC |CD |CE |CF
90 |91 92 |93 |94 |95 |9 (97 |98 |99 |9A |9B |9C |9D |9E | OF
DO | DI | D2 | D3 | D4 | D5 |D6 |D7 | D8 | D9 (DA |DB |DC | DD | DE | DF
HDM-16416H
GﬂiNﬁ 2.9 @WUY ADDRESS %9499
9. READ BUSY FLAG AND ADDRESS
CODE
RS R/W  DB7 DB6 DB5S DB4 DB3 DB2 DBI DBO0
0 1 BF A A A A A A A

' i1 b
flusidieius BUSY FLAG Faweiludauenin GD44780 fleg luvuiumsiauniely

oA 19 Y o 9
agnToagluamumiouzIuvoYa lae

nivaalaodaluinanud1dan SET Ju ENTRY MODE 9o 1vuanogs 1

BF =1 aglusurumsiinunelulindouvzsudoyansofid
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Tao310a20uav09v1U89 DB-25 taad 13 1ua13199 2.13 Haga131an 2.14 uaasmsdsula

A1360U0d DB-25 Auteuiluoa duwusiu

A1519% 2,13 HAAIMTIFBUVIAIMTUNITABVULILY DB-25

1 DB-25 Wi
1 STROBE
2 DATA BIT 0
3 DATA BIT 1
4 DATA BIT 2
5 DATA BIT 3
6 DATA BIT 4
y DATA BIT 5
8 DATA BIT 6
9 DATA BIT 7
10 ACKNLG
11 BUSY
12 PAPER END (OUT OF PAPER)
13 SELECT
14 AUTOFEED
15 ERROR

A13199 2.14 1aaans1suaev1vee DB-25 uaz touiuea

U1 DB-25 Amphenol

1 1

[§9)

2

(0%
(8]

4 4
5 5
6 6
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8 8
9 9
10 10
11 11
12 12
13 13
14 14
15 32
16 31
17 36
18 33
19 19
20 77
22 25
23 27
24 29
25 30

2.13 M3IAAADABANI VYA HUWEINOYNTH RS-232C
d
2.13.1 WAINDUNITY (SERIAL PORT)
d‘ U L= k2 A' 1 @ 1 1
o910 1Tl 10N NI FIUMIIFONADIUY RS-232-C AUBUIINT
v v
NaeAI U oUTWONA11510AZIBUAMNIZI18AZIDIARNIZ AT FIUMIARNABIUY  RS-232-C
[ 3 =2 g d'o &g L4 ad a o a 1
mnfugaiumnasgunnimua lee EIA 3uilueanigaenns sudianniolndvodemin laoiig
4 ' I o . )
MIGouaponNllu 2 dnumzne DTE (Data Terminal Equipment) iz DCE (Data communication
§ o a 1 @ 1 1 4 a rd o
Equipment) %41as1nd DTE vvdosaoid1iy DCE 1auo iumiaoniosnonnauned (QUnsal DTE)
Y o I 4 I~
A u Ty (@Unsal DCE) iudu
o < 4 A a P [ :j
WOIADUNTH RS-232-C 92T UNDIAVOUATDIADUWUADINUVIAD (connector) N41/521AN 9
@ 1 o o I~ a 4 1
HAz 25 VIAZITUTUARUIINETA COMI: uazwesa CoM2: fwoaluanuiluaianesaoyniuly
o 1 4 3 @ a
Tdgnniugulauaseoin CPULMNUDBTA HANITAOAITNINUAIZYNIANIT 1AUT UART
2 5 . A o & & Y saq Yo = <A J
(Universal Asynchronous Rccelver/Transmltter)é)ﬂ‘I/I‘Hud“ﬁﬂu‘ﬂi]ﬂuum@i%fl‘lfﬂuumWQQﬂﬂ@m@‘i

@

& g so Aq Yo Yy Y a Y & a & . oy o L @
16550C°ﬁ\“ﬂ“l’3@3 ‘Lﬁ/ﬂﬂj‘UfﬂjUﬂ"hJeU@Nﬂwa'lﬂua’]c]NGb'ﬂ UATR uﬂ3ﬂ1ﬁu1m1uﬂ1§iULl,agﬁﬂﬂJ@

b7

yanaao 1l
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MITVUAIVONA (Data transmission)

a

v o W

uan ﬂH§%1ﬂLﬂ§‘@ﬂﬂﬁ)ilﬁ’Jlﬂﬂ{

v W Y £y a = ' .. .
uﬂaamaﬂuﬂmﬂumﬂmagmmum (13 UTINNVVIUNIT serialization)
v Y A a do & o o & ' a
ﬁ'i’NLW‘I‘S11"1]@3;!?]IﬂfJfﬂiL‘WJJ‘UG]‘Vlml‘ﬂuiﬂ‘ﬁi‘UﬂTiﬁ”E)ﬁWSLwﬂﬁﬁi’J%ﬁ@‘U YU U

START, STOP , 1Az PARITY ijudu

]
A

o 9 A oy cg 3 v < < A J
ﬂ'ﬂN'lHW\lill“ll’f)lqjlﬁ‘V]ﬁiWﬂﬂJUN"l NATUADUNNIUINAIA NS IVOI TUANNTONDTA

9UNTU (baud rate)

Y d' o Y o o @ Yo A a 4
llﬁﬂﬂﬂ'ﬂTl!%ﬂ’J"IﬂJW'i’ﬂlJVl‘l]ﬁﬁ'UsUﬂisl‘ﬁﬁ'JﬂﬂESﬂﬂ"lﬂqlﬁﬂﬂlﬂiﬂﬂﬂﬂil‘w%@]ﬂ‘i

mii”wffaga (Data Receiver)

Suddnuysanduaes i
Y v A o v v
asvdouANNgnAausudeyannasgmlsuidmua Tasdmnisudeya
=) Ay 9 =1 = Y 9 a =)
H3duuwh higndeanasiinsudedoranaiaiuii
b4
A529C0UATINYNADIVBINITA
9 a Y v ow
wilaseneveyanuuiinlniludonys
1w o Y o A a 4
deionys Inuniesneuimes
{ [y v o @ v a J
peeanIuzaNUNSouhzsudoyaddnysia ld Iinudumesva
o o 4 1 o 1 1 d 4 a
dmsumsiFouaemedym1aa1ee 5y CPU Y0uNUU05AYDAUNTOIADNNUADS

@ J :,' 9 o 1 a = Aad A 1w a
NUNDINDUNTHUU ADINTLNIWIUNITY UART G]Ni):‘&?‘ﬁﬂﬁl“lf@hﬁﬁ]ﬂﬂgﬂ% 12.1

CPU

1/0 Data Lines Transmit data
b
< B Received data
< P DTR
Serial Carrier Detect .
Interrupt Request Line Controller Serial
< Chip Request to send Port
¥ Connector
1/0 Address Line Clear To send .
- » (UART)

Data Set Ready

< P Ring Indicator

717 2.41 maFousomodynnsznINe CPU Y0UAT0IA0URUADS AUNDTNOUNTY
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~ < v 4 1 ' [ J :/‘ = o
10317 240 wAUNMIFOUADIININ UART Auweseoynsmiu  Naedyqw
A Y A IS} 9 d? = o 1 Yy [ dy
nnuengeIimsdemsinnugndesnniu Tasiimedyguunaziduiinnumninodsae 11i
- Transmit Data (TD)
& A v o ) = ] o £ o
11993 Na319deyey 19 Transmitted data Fagnear1un1a DTE lilfs DCE dadgygm
A < o < <
ndwonmeonsziuldamidives Tudunsedeyan 14

- Received Data (RD)

ISR

I~ s 9 o 2 & 1 @ &£ o {
WU2995 N3 19Ty received data F9gnde91n DCE 116 DTE dedgyanafideeen

]
Ada \ o

= Y o @ o Ay My X g o Y o
NW@Wﬁ]ﬂgkﬂuIﬂﬂﬂWﬁﬁJﬂiIhlﬂllﬁi@ﬂl@yﬂﬂ"lﬂ magﬂuﬁtyiymwumﬁmnmiﬁmiwmmammm

transmitted data
- Data Terminal Ready (DTR)
@ ' o A g Y v A q. 9
drynnal DTR 9zgnaen1n DTE lUds DCE iedunisudsnnunionlumsdems v
Tudnlansy Tasdwnlwdu (@dnssl DCE) fanwdwisalumsaeusunuusa Tulda
' Y
(automatically answer) T1JL?mfdmzﬁmﬁnﬁauﬁ"lﬁmwmﬁ@ﬁtyiym DTR @giuﬁmuz on INTUU

- Carrier Detect (CD)

o w a

@ (Fm @ A g % g 1
dyanm CD aggnawii DCE lilds DTE iatlumsudadn luauagluaniuziidana

'
~ @ = @

aaruTufuddy uisludumds lasudyanuindoudmsumsanaodons dmsudyyia

[3e3]

b4
~ 1 ~

Carrier Detect ué@WUﬁ1N1iﬂLiﬂﬂ%ﬂ%E}Vl$\j’51 Received Line Signal Detector
- Request to send (RTS)
@ 1 o & | a 19 < =
dryay i RTS 92gnden1n DTE 11ds DCE Taadlodyanmeglugoius on Anneds
& - N S o v o Y o !
InTenUNINOI WIBLNeETuTBYaIN lIAY taglumenduiummndygie RTS  ayaaue
= = £ a iy A oy <
off ANLUTN INTDIABUNIADT linTouNeyTuTeanIn Tal
- Data Set Ready (DSR)
o ' o A g Y v E
w1 DSR 92naa91n DCE 1dy DTE iioidumsivinnunionlumsdoaisen
g q Yo ! = o ' g v A o o
TuduldfiunTesnouiuaes ldnsiuTaodyann DSR azogluaaiuy on daetiie Tudn A5y
Y
Ty DTR M1y
- Ring indicator (RI)
@ [l @ I~ Y v A a k4 1
dyam RI 9zgnaeein DCE s DTE oidumsudsliinosnouiaumosnsium

v
L=}

< o v | Yo o A [~} { o 14
Tupuiasldsudygimnszas (Ring Signal) 910 Tuauddu Taeidyana RT azogluaniue on

oo

'
@ a

< v o a 4 d 1 o d s g 19 1 g
Tuwanlasvdyaunszawaz off 1ie Tuaululasudygunszas 1ieinTuaugulniglu
o v o A g @ [ wa @ u’/’ =< 1 <
Hagiuiniianuaunsalumsaousunuuda Tula (automatically answer) sia1iude lifianusuilu

Aoslddaya RIBnao 11
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2.13.2 gﬂuuumamwiu%ya (Data Format)

A ' g @ o 4 & Yy A v =
TumsdeasszndneTudu 2 §aiu Tupunsdesezdeaianunledagduuumsy

'
~

Y o & vy 2 v A 9 R Y 3 o Y

Yoyafinsad Femsdedoyauuy asynchronous MUUBNIINTOYANITADIAINIUIAG TANTIAD

[ [ v i A w Y 1 v A 9 A 9 1 A @

Famsrradeanzlumsdaniesudoyasynineiudndis Tasiisudoyalumsdaniosues
9 a 9y Aa o 1 g

Uszneumuiinsdoyaniinnuvuedsae 11

- dadoya (Data bit

v W

& a Yo A 1 A a s ¥ S o @
Lllf)‘lf‘l_} UART ‘lﬂiﬂﬂ?'ﬂﬂﬂiﬂﬁﬁJJ'I"lﬂﬂlﬂi’ENﬂ’mJW’Jm'ﬂilla’J f‘IGIEN‘VHﬂ1iLL'1Ja\WI’J
o @ U Y g Y A a da 3 1 =3 a & ~ @
E)ﬂ‘}‘:ﬁﬂ\?ﬂﬁWﬁiﬁLﬂuﬁ1ﬂﬂJ6yjﬁ%uﬂUﬁ1’mﬂ’J'lllfﬂ'.lﬂﬂlm 503 8 UA “]NLﬂliﬂﬂﬂ'ﬁz‘ﬂ?ﬂﬂﬁklﬂﬂﬂﬁ?

o Y o 9 a a :1;/| = e 2 :1’ 3 3 o 1 ' a hl 1
@ﬂ‘H31‘1/7L’lJ'Llﬂ"lﬂﬂlﬂgﬂ“ﬁuﬂﬂ@ul1ﬂizﬂ’)uﬂﬁ Serialization i]'lﬂ'L!‘LlIiJLmJﬂ‘VHﬂﬁﬁ\ill@ﬁ&’U@l 1

@ow v o

Tududanems TaseziSudanndanidodiog mﬂ (least significant bit) u§adaRThivd1Rayge
79 (most significant)
- daisuAudoya (START bit)
) Y 3 9 Aad < 4 =2 A v
Tumsdadoyaiuy asynchronous 1 19zAB4IIBMI VBN AN THNT1LDIATUAY

v Ay . XY 3 Yy v v o Y Y a A g g
UBDIVDUANADINTT A muuﬂauﬁmﬂmgaiunﬂq WhN%ZQQQQﬂUWWHWﬂ’JﬂﬂﬁiLiuﬂuﬂlﬂgﬁ

QU

(STRAT bit) LUD

9

- Uadugavoya (STOP bit)

L]
'

9 a g 9 a

¥ v
Tun1sda¥euanuy asynchronous tulunsaindaisududeyainanisgymioly

LY Q U

' ' 3 g 1 =2 b Y a y = <
33‘14’JNﬂTiﬁ\’lIllLﬂllﬂﬂzulllﬁ')ll'liﬂﬂiW‘Ui‘lﬁﬂqﬂﬁuq@ﬂl@ﬂﬁ?ﬂﬂiﬂﬂuﬁﬂﬁqﬂlaﬂ u@ﬂlﬁﬂﬂWﬂINLﬂMﬂx

E4
@

a A 1 o b2 20 N By Y a a & Y
asnnudasudulmisansainiy duiuddinsmuiadugadoyemedoyain uasiadugate
iy ~ ' 9
Yol T M UYIaYA (data frame)
a QdHJ .
- UaWIS A (Parity)
4 Lo, | 1 o a&’f a. o 1
iioga M derudeyasumaInsdwitiu aunsodadyanusuniuldie Aeme

dy I~ 9 { [ = ¥ P=1 { 1 a I~ a
Houth T Idnnigauzvownzinvostoyananazimsn/asuuas wu vnda o Huda 1

U EY

v
Y = a Y adAn a

< Y 9 1 1
huau ‘],usxmmmimﬁff@uamamm%aﬁmsﬂﬂﬂmﬁmwamwmﬂlummmaﬁaummgﬂﬁm

U q

=

a 9 $ [ 1 as [N
vosrmuzveIlatoya FUToniumn MATAOUAMITA (parity check) Taslumsdarmudoya

U

Qe

Y 5 £ :j G 1 o o o a ' ;’,' @
aaoTalsTanea STRAT/STOP tiulumsdsdadnysdoniusialiaz o 7 Dadeyamniu duiy

b
add

' ¥
= a A a 1 k7 ' v @ o o o o U
i]GiJﬂTiLWiJ‘lJG]W']iaG]@ZTWEJLWiM%@Hﬁﬂl@illﬁﬂ%ﬂ’)@ﬂ?ﬂi?(TH5‘1.1TiﬁﬂﬂﬁcluﬂTiﬂ'lu'Jﬂ!ﬂﬁJ@ﬂWWiﬁl!

D¢
=

N

'
=

Y o a 1 "o a 1 g 1 a
1. D1 INUIUUDIVANAUNINY 1 m@aﬁmmﬁayaﬁ@nﬂmm@ (even number) U@

)
WITALUAUNINY 0

[\

v o a { " @ a S g ' a
D11INTINVBITANAUMIIND 1 mammm%’agaumnﬂmam@ (odd number) U

Qdy = 1 s
WITAITUAUNINY |
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¢a 4 ¢
2.13.3 govlinsnlilumsAndodemsiiunoInoynsu
. . I @ & A a Y
ADUINIA MSComm (Communication) (HunouTnsadinilsigislunmsanaenty
o % U ° o ] 1
WosAOYNTH (Serial Port) Fefe1umunsoiimssu-dedoyariiumanesaoynsuldalonouInsa
dﬂ} 1 a ' ' < A a 1 @ s ad a J 1< 9 £
i wu msaederuluAn  (Modem) wiodAade lavasnuvoTAannIotnd Hudu a9
a @ . . o A o P 1
ApulInsa MSComm #NAU Visual Basic sziifunoulnsaimihnulasimsaouaussaoms
P ; 4 Qa o v A a 4 ) ¥ a
A58IUY Event-Driven WunfenouInsasgdiminfiasndeumaiaiuniomsiesve ldiname
d 1 Y J @ wa = Y A 9/ 9 1 y 1 =
msaine 9 Auwesmoynsuladalul@ uazerimsududeulddenldnsulaomumeIngd
s s 1A o o < o i = Y Y1 & 1o o 9
wosmamsal wuw@EefunouInsa ldves  Wues dniulums@ouldadeiudeliduiudes
v ~ s o 9 7 s & o q Y11 ]
a1 nsdwesnimihnasensdoumagMItia1e 9 vesweineynsn Feazihlidedentsly
I~ 1
Nuiluegann
~ Y A @ o o A 1 J
Aoulnsa MSComm inihniNAsgIunan q dmsumsaomsHiunesaounsy 3
¥
Uszms eeao i
a 1w o = o
nursavaaaeny Insiwnlawmanimue
AsIvERUNITITINveetDyATawes Ay NI L Taudn Tuglh
VY & o o s
dedeyamunsmunaninTdsunsyludmesaennsy

4

Juanunilusaneulnga MSComm lilddhmihnaadeduwesnounsulasase uaiv

o Y A ) Jo a 7 &£ a Py | VoA o Y ' 7
"\)31/111/71!11/11‘3Elﬂi‘lf‘ﬂﬂﬂ“b'u'.]‘uiﬂ?ﬁ API “IN’JL!Tﬂ?ﬁ’ﬂ%“ﬂ'lﬂﬁﬁﬂﬁiﬂiﬂ"ﬂ@“ﬁW1u°Vl'NWE)iWE)L}ﬂS3J

U

¥y
@

@ J = & @ 2/’ = 3 Y1 A9 = =
IQEJBW{EJUMEL’J@S Comm.drv 9NNDAH U muummmmﬁzﬂﬁu o ulﬂ’ﬂ‘ﬂﬂﬂ ANHDIUNNTLITYN

g Jo a ¢ : :
T¥noulnsa MSComm AvinedsmsGenlaflanduiulard  API Geazgnaniudnneanilalag
J :: < A= £ A [ A :»J dydd? @
‘lﬂﬁn’ﬂi Comm.drv ‘ﬂTﬂul‘lﬂﬂgf’f\‘iW'lu‘U@gﬁﬂgﬂﬂﬂZﬂLL‘UU@ﬂNUW@ﬁﬁWHﬂTiﬁBﬁWS ( MUNVYUNY
N ¢ Yo 7= &£ o 0 o s £ Y1
Qﬂﬂiﬂ!ﬂ@@LmWﬂUW@i@@uﬂiﬂ) nh’iﬂ‘]Jﬂul'J“]fﬂlﬂiL’J@Sﬂﬂﬂﬂﬂﬁuﬂuulﬁ]@ﬂ']ﬁiﬂv\lﬂﬁNﬁu\‘l ] WRIU
A yy o Al P 9 a 1w ¢
?f"liﬂﬁﬂL‘WiJlﬂ‘ﬁﬁWU ) ﬂ@lﬂ‘ﬂiﬁ MSComm ‘VN‘LlﬂSUUﬂ’J'IMﬂ@\‘1ﬂ'liﬂlf‘)\?f{i'f)’lﬂiﬂﬂ?iﬂﬂﬁ@ﬂﬂ‘l"mﬁﬁ
o A% S s v 1 ENC . - s v ]
aynsularhe dmiuiulend 95 uaz NT 4.0fdommuisanvzaaaanesaoynsyldnnnin 4
s & A ] o wa
woie TaseRe uiunoulnia MSComm avluvesy Fuzmivayuquaula uaz
g A o s o w v 0 d"
Indwesmamsandiny dano 11
- CommEvent
o 2: d’ a 99 a A A d‘ L"? 9 1 1 1 9
ﬁ?UﬁWULWﬂﬂWiﬂW‘]ﬂﬂiQV]LﬂﬂﬂJE]WﬂWﬂWﬂT’TS?Jllﬂ'liﬁ'ﬂfﬂﬁ mgmummmamm%mww
F
iummzﬁwmnﬂﬁu
gUnnums I
object.CommEvent
s =) a =1 4 4 3 A a Y a
DU Insa MSComm i]%llﬂ’lﬁLiﬁlﬂIWS‘;ﬁiU@ilﬁﬁ]ﬂ‘lim OnComm NNATINNAVDHANA A
A A A a 4 2 1w Ao < =2 9 a A st & @
HIDUMITTOTITNAVU  FINAUAUNNUIUAY TAIDIVIHANAIANTDIUANITUNUNITADAITAN
' g v d vt wa o v Y 9 Y Y a
nala ﬂﬂﬁgﬂﬂﬂmﬂl@fll“ﬂﬂmﬁllﬂﬂ CommEvent 154D ﬂﬂuuﬂ1ﬁ1ﬂfﬂ@1uﬂﬂQﬂWS(ﬂi’J’\]ﬁﬂ’UﬂJﬂWﬂ

A St A = 7 ¢ & .:‘ Yo
WﬁWﬂWﬁ@LWﬁ]ﬂﬁﬂW]Nﬂﬁﬁ@ﬁWiﬂWUiuiWi“ﬁlﬂﬁ)im@ﬂ']im OnComm ﬂmimﬂ‘nmmmmmﬂﬂm
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qulid CommEvent Tumsasivaouiaue Fmdnavnsionulaonuauiida CommEvent 164D
¥
Tadi

Y a
VBWANAIA (Error)

ANIN SRCRIGL! F10azI00A
comEventBreak 1001 llﬁ?‘uﬁtyﬂﬁmmiﬂq&] (Break Signal)
comEventCTSTO 1002 Mudyy I Clear To Send BgluanIUE
Low(Timeout) luvaiz NogwenonuaaoondIonys
ComEventDSRTO 1003 oAy Y Data Set Ready 3z0¢luaaiug
Low(Timeout) Uiz NIz Wee11d 900062
9nNYT
v ' 9 £ o s
ComEventFrame 1004 sy mawaga"lngﬂma HgNATIINL JADITALIT
ComEventOverrun 1006 lﬁﬂ Port Overrun Wlﬂﬁlﬁx‘] ﬁmi‘?ﬂﬁﬂﬁﬂ}ﬁ
o v 9 Ao o 1 9 dyw [
i luvasidrdnysnounthiide lugn
v
PIUNINITALIT AITTUTURAN TR M1V A7
9NYI
comEventCDTO 1007 e ”iymuwm Carrier Detect afﬂuﬁmuz
Low (Timeout) 1HUMENNENUILAI0DNAONYT
comEventRxOver 1008 Receive Buffer Overflow Yimﬂﬁd mmmmﬁwmﬁ
9 AR rIit S | § A &
AUTUITYA(Receive Buffer) Titiipanoivuninves
) Ao Y
YoyaNT UL
: 4 o
comEventRxParity 1009 Parity Error ffdﬁagﬂmnwﬂﬂamsmm
) p=cd @ J 9 1 Y
comEventTxFull 1010 Transmit Beffer Full 111083 1iWives audieenteya
2 ~ v g '
(Transmit Buffer) @y 1ummzmwmmmﬂmusﬂ’agaﬁlm
Y] o
agluivilos
comEventDCB 1011 Unexpected Error MINee Aado Aanaia

comEvSend

comEvReceive

ﬁ"lﬂ"lﬁgﬂﬁmmm"ﬁ‘lmmzém Device Comtrol
4 4

Block (DCB)1NWBIADUNTUHANITY (Event)

A o v o g @ 7Y [l Y

usmudmdnys luliiesaudioanioya

vounndruaudonsnfue luanania

Sthreshold

mssugsaudonssigniue lugaauiia
1 b4 '

Rthreshold H492IAATUOG1900ITIDI91UN T

Y1 q Y wa 1 3

gonuaz lanuautdia nput Tunmsoudoya

nntiWiesdmsusuhveua
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comEVCTS 3 umslasuaouzvosaiody i Clear
To Send
comEVDSR 4 umsnlasuamuzyoimedyg i Data Set

v

& v o E A~ 4
Ready @ungmstitiozinavuiiolmsnasu
AOIULVOIMTUYIN Data Set Ready
I 1 Z,'
10 1 WU 0 miu
comEvCD S ﬁﬂ1ilﬂaﬂuﬁﬂ1u$ﬂlﬂﬂﬁ1ﬂﬁ’ﬂl}ﬂlﬂm Carrier
Detect
comEvRing 6 UMIATPNUMIFonrLsaY (Fyauds
139) &4 UART 119¢10199¢ lieniuanyu
o
AaaNtial
3
Ly v @ o a 4
comEVEOF 7 s iualonpssiagadugaves Ivd (EOF,
ASCII 26)
- CommPort
A, glo 4 A a Iy a T
TIUNUNTOMHUANINYAVVDINDTAD NI UVDAUATOIABUNIUADTNADINITAAND
gunnums I
object.CommPort [=Value]
a o I~ { d o
Value ¥u1e0e Joyardamudiuaudy Afimuaningayveiwesaouna
o [ 4 1 :;‘ i 1 a 1 @ 3 1
MUY IO TADUNTNAINTONA1IARUA 1 B9 16 (MUpArziidy D¥Feneu
A Y I~ s Y Lo 91 ) o < Yo
ndo1uzilanosndonuaud  PortOpm  HBIUADIMIHUAYIBYVBINDTADYNTY IR AN
va =1 1 o { o @ wa
auiid  CommPort 1donou  Ilasdiminuuasvednesaoynsuidmualifugaauia
' & P T WALTY F y & o 4 ady
CommPort lilitlunnuasa Mzifadodanain 68 (Device Unavailable) fiudi delunsaiiifeiu
£% v o o A v ~ ' Y =2 o o s
ansoud lvld Tasmafmuaomvvoanesaoynsuiigndeudelnt  uddekimsillanesa
YV
DUNTUINATIAAUANIA PortOpen
- Handshaking
Ao % o a oA s P
10U LA 1% 115 IaneansaousunITARAe@oa15815alNS  ( Hardware
Handshaking Protocol )
gunuums g
object..Handshaking [=Value]
=K 9 a o I d‘o v a oA [
Value vmgdaveyariamyinuauniualiilanoanisnousunisianodoaisang
ao lil
AN A9 IAY 51021009
comNone 0 lifimsnousumsaanefoas (Default)

comXOnXOff | AMTAPUSTUNMTARNDADANTHUY XON/XOFF
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comRTS 2 MINDUTUNMTAAADADATLUVY RTS/CTS
(Request To Send/Clear To Send )
0 F4
comRTSXOnXOff 3 MINDVTUMIAAADTDATUUVN
Request To Send iig XON/XOFF
' - 4 H o
ludumsdoasaio IRy Handshaking viinedalys Inaeamsaeasnelunaenduas
] vy s A a ar, I ‘Y o Y Y AR |
I lumsdadeyaninnesaeynsuvounsesnouiunes lduimesausuddoya Taonansai
~ o o s & a s o d o 1 o @ Y o Y 9
UMITUI0YAINTINDTADYNINYBUATOINBUNAUADS  WuNvzgnIndInpmfailimesdusudide

v A :,l dﬂ A Y J 4 ' £ [ 1 Y
HAaNUn mm‘wa“lwmavlmmmmsmuﬂmuamﬂan"lﬂm”lﬂ

= d‘ @ 1 [ 1 Lﬂ' @ 9
Falus Tanoamsemsnioludanaezilumsselumsasiedey vetlosiumsgymevesde
ya dienailymuavesivives hiteswerusuaudeyahidant (Buffer Overrun)
- Input
¥y @ v v Y oy L 2 9 R
enunsornvihimsavdeyaluiiesdusudhne  daderuamsaoiun ldmmne
£
Tuvazsihaumniuy
gilunumsIdau
object.Input

A v wa ' ) o 2% o I © o o
nﬂﬂ QWHﬂTiﬁl“ﬁﬂmﬁMUﬂ Input Glumimu‘u’ogamﬂm\ILWasmuimmuu VTUIUVDIANA

L ey
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V()= [R2/(RI+R2)].V2

{(VE)-VI/RI +(V(-)-Vo)/R2} = 0

Vo = (R2/R1).V(-) = (R2/R1).VI + V(=)

Lﬁa V() =V(-)

Vo = (R2/R1).[R2(RI+R2)].V2 ~ (R2/R1).V1 + [R2/(R1FR2)].V2
W R2> R faviu [ R2RIHRY)) &1

AU Vo & - (R2/R1).[V1-V2]
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910319 3.2 %z"lé’maﬁmmﬁwm Vo = - (R4/R3).Vi
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3.1.2 MAAIIDIVHTIAUGNYA (Peak detector)
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3.1.3 ﬂ]ﬂﬂ%ﬂuﬁdgﬂﬂau (wave shapping)
v
Tudiithumsdsuszavunadygalinzaslumailuiudeyalim

72 q Y A ' VA o Aaa v a & o VA
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Q1 VR

710 3.6 299515 DUAagAdY

11031 3.6 naasmahmauFames iiuiuaing (Switch)
LOOP INPUT :
~Vin + IB*RB +VBE = 0
IB = (Vin - VBE)/RB
LOOP OUTPUT :
~VeeHCHRC + VCE = 0

IC = (Vec -VCE)/RC = [.IB
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3.1.4 MANIaeAIHAaveya (FM Demodulator)
< ! Y a A o 9 a [l Y 1 a Y 9
wilumiumsainesninm eimhnauguynawesdeyauaazinligndes
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32 @mveInsUunndoyandting

321 ;afudady W (Clock)
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t] = Rb*C*In2 = 0.693*Rb*C
2 = Rab*C*In2 = 0.693*(Ra+Rb)*C
T = t1+2 = 0.693*(Ra+2Rb)*C
siiu g lundazmunaeg hiswnsoniiduld (0 # 0) e 18 dyyud

Tauinasiu aviudald 7 Waraedl(T Fiip Flop) idhanlumsdsuugazinanlildduana
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3.2.2 MAMISANND (Frequency Divider)
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3.2.3 mamstiufindesya(Record data or FM modulation)
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. CLK
s IC2b
L IC4a
Data o A
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3.2.4 mavengagy iuaiya(Amplifier of data)
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3.3.1MANIUANMIIAUHT 11AZ8B81A (Control forward and reverse)
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3.4.1 MASUHANND (Oscillator)
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~ o & o A P ~
E]J‘Vi 3.24 LINUNY Ll]ilLﬂimaﬂiﬁﬁﬁu’]‘ﬁﬂa@ﬂi]']ﬂiz‘llllllﬁgfnjﬁauaﬂw']uu@ﬁ%ﬂ



104

EDIT YPASS — RESET DATA
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READ CARD
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Text1 = Code
Text2 = Firstname
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Check
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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 Operatirig Range

Fully Static Operation: 0 Hz to 24 MHz

Three-Level Program Memory Lock

256 x 8-bit Internal RAM

32 Programmable I/C 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

®© © » © © © o © © © o o© ©° o

Description

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

The AT8958252 provides the following standard features: 8K bytes of Downloadable
Flash, 2K bytes of EEPROM, 256 bytes of RAM, 32 I/Q 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 AT8958252 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

IMEL

8-Bit
Microcontroller
with 8K Bytes
Flash

AT89S8252
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Pin Configurations

PDIP
L
T2)P1.001 40Jvce
T2EX)P1.1 2 39 [1P0.0 (ADO)
P1.2003 38 [0 P0.1 (AD1)
P13]4 37 [0 P0.2 (AD2)
89 P1.as 36 [1P0.3 (AD3)
(MOS!) P1.50]6 35 [3P0.4 (AD4)
(MISO) P1.6 (] 7 34 [1P0.5 (ADS)
(SCK) P1.7(]8 33 [1P0.6 (ADS)
RST(9 32[1P0.7 (AD7)
(RXD) P3.0 ] 10 31 O EAVPP
(TXD)P3.1 0 11 30 [J ALE/PROG
(INT0) P3.2 ] 12 29 JPSEN
(INT7) P33 (] 13 28[1P2.7 (A15)
(T0) P3.4 (] 14 27 [JP2.6 (A14)
Ty P35 15 26 [1P2.5 (A13)
(WR) P36 16 25 [1P2.4 (A12)
(RD) P3.7[]17 24 [JP2.3 (A11)
XTAL2 (] 18 23[JP2.2 (A10)
XTAL1 19 22 [1P2.1 (A9)
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Pin Description

Vee

Supply voltage.
GND

Ground.

Port 0

Port O is an 8-bit open drain bidirectional I/0 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 O 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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(RXD) P3.0 ] 11 35 [0 EAVPP
NC 12 34[ONC
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(INTo)P3.2 14 32 [ PSEN
(INTT)P3.3[J15 31 [ P2.7 (A15)
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Port 0 also receives the code bytes during Flash program-
ming and outputs the code bytes during program verifica-
tion. External pullups are required during program verifica-
tion.

Port 1

Port 1 is an 8-bit bidirectional I/0 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.
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Block Diagram
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L
Ex v, »| contRoL | REGISTER  [< 7 7y 7y
RST ——p
L y y y
WATGH PORT 3 PORT 1 SPI »|  PROGRAM
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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. Pait Pl Alternate Functions
g RXD ial input port
Port Pin Alternate Functions Rl (sarial input part)
; - P3.1 TXD (serial output port)
P1.0 T2 (external count input to Timer/Counter 2),
clock-out P3.2 INTO (external interrupt 0)
P1.1 T2EX (Timer/Counter 2 capture/reload trigger P3.3 INTT (external interrupt 1)
ﬂd direction control) P3.4 TO (timer 0 external input)
P1.4 SS (Slave port select input) P35 T1 (tmer 1 external input)
P15 MOSI (Master data output, slave data input pin P3.6 WR (external data memory write strobe)
for SPI channel) ’ i
P1.6 MISO (Master data input, slave data output pin rar Hi{exionnal data.memery fead SUGRE)
for SPI channel
) RST
P17 SCK (Master clock output, slave clock input pin Reset input. A high on this pin for two machine cycles while
for SPI 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 I/O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (I;.) because of the internal pullups.

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

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

Port 3

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

Port 3 also serves the functions of various special features
of the AT8958252, as shown in the following table.

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

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 to external data memory.

EA/Vpp

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.
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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 8 OF7H
00000000
OESH OEFH
ACC
OEOH | jore o 0E7H
0D8H ODFH
PSW SPCR
OBOH | 50000000 \ 000001XX G
ocen | T2CON T2MOD RCAP2L RCAP2H TL2 TH2 oGEH
00000000 | XXXXXX00 | 00000000 | 00000000 | 00000000 | 00000000
0COH 0C7H
0B8H I OBFH
XX000000
P3
OBOH | 44111111 0B7H
IE SPSR
OABH | 5x000000 0OXXXXXX Rk
P2
OACH T 44111111 0A7H
SCON SBUF
98H | 00000000 |  XXXXXXXX SR
P1 WMCON
OH 1 1111111 00000010 cil
- TCON TMOD TLO L1 THO TH1 0
00000000 00000000 00000000 | 00000000 | 00000000 | 00000000
sl PO sp DPOL DPOH DP1L DP1H SPDR POON | oo
1111111 00000111 00000000 | 00000000 | 00000000 | 00000000 | XXXXXXXX | O0XXX0000
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User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke
new features. In that case, the reset or inactive values of the
new bits 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 SPI data
register during serial data transfer sets the Write Collision
bit, WCOL, in the SPSR register. The SPDR is double buff-
ered for writing and the values in SPDR are not changed by
Reset.

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

T2CON Address = 0C8H

Reset Value = 0000 0000B

Bit Addressable
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 =1 or TCLK = 1.

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

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

Ccim2 Timer or counter select for Timer 2. C/T2 = 0 for timer function. C/T2 = 1 for external event counter (falling edge triggered).

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




Dual Data Pointer Registers To facilitate accessing both
internal EEPROM and external data memory, two banks of
16 bit Data Pointer Registers are provided: DP0O at SFR
address locations 82H-83H and DP1 at 84H-85H. Bit DPS
= 0in 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 7 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. User software should set this bit to “0” after EEPROM write is completed.

EEMEN Internal EEPROM Access Enable. When EEMEN = 1, the MOVX instruction with DPTR will access on-chip EEPROM
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, DPO, 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 pulse is

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 |E register, enables SPI interrupts: SPIE = 1 and ES
=1 enable SPI interrupts. SPIE = 0 disables SPI 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, Fogc, 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.
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Table 6. SPDR—SPI Data Register

SPDR Address = 86H

Bit

Reset Value = unchanged

(

SPD7

SPD6

SPD5

SPD4

SPD3

SPD2

SPD1

SPDO

7

6

5

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 OAOH, rather than P2 (whose
address is 0AOH).
MOV @RO, #data

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

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

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

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

Programmable Watchdog Timer

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

WDT Prescaler Bits Period (nominal)
Ps2 PS1 PSO
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 1 512 ms
1 1 0 1024 ms
1 1 1 2048 ms
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Programmable Clock Out

A 50% duty cycle clock can be programmed to come out on
P1.0, as shown in Figure 5. This pin, besides being a regu-
lar I/0 pin, has two alternate functions. It can be 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 ata 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:

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

¢ 1.5-MHz Bit Frequency (max.)

e LSB First or MSB First Data Transfer

e Four Programmable Bit Rates

¢ End of Transmission Interrupt Flag

e Write Collision Flag Protection

e Wakeup from Idle Mode (Slave Mode Only)
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The interconnection between master and slave CPUs with
SPl 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 'MISO MISO. MSB SLAVE LSB
8-BIT SHIFT REGISTER — “ 8-BIT SHIFT REGISTER ‘—1
7y [
§ ‘MOSI_MosI:_
SPI ESCK SCK?
CLOCK GENERATOR 2 A 5
VCC r
Figure 8. SPI transfer Format with CPHA = 0
SCK CYCLE # > 3 4 5 6 7 8

(FOR REFERENCE)

SCK (CPOL=0)
SCK (CPOL=1)

-
-
s
% 2
A\
A
\_J

AP
== KUAD

MOSI MSB 6 5 4 3 2 1 LSB
{RACM BIASTER] o JNESN Y LA | [ | ,
MISO ‘ MSB 6 5 4 3 X 2 1 LSB *

(FROM SLAVE)
SS (TO SLAVE)

-

1
| |
|
|

| | | |

*Not defined but normally MSB of character just received
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Program Memory Lock Bits

The AT8958252 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 Protection Type

LB1 | LB2 | LB3

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 AT89S8252 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.

Parallel Programming Algorithm
To program and verify the AT83S8252 in the parallel pro-
gramming mode, the following sequence is recommended:

1. Power-up sequence:
Apply power between Vs 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 pin to “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 P0.0 to P0O.7.



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 Vg 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.

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 AT8958252 is shipped with the Serial Programming
Mode enabled.
Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locaticns 030H and 031H, except that P3.6 and P3.7 must
be pulled to a logic low. The values returned are as follows:
(080H) = 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 SPI bus while RST is pulled to
Vce. 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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Flash and EEPROM Parallel Programming Modes

Data I/O Address

Mode RST | PSEN | ALE/PROG | EANpp | P2.6 | P27 | P3.6 | P3.7 P0.7:0 P2.5:0 P1.7:0
Serial Prog. Modes H ht h( X
Ship Erase H L~ @ v | W oL L oL X X
Write (10K bytes) Memory H L N 12v L H H H DIN ADDR
Read (10K bytes) Memory H L H 12V L L H H DOUT ADDR
Write Lock Bits: H L N\ 12v H L H L DIN X

Bit - 1 P0.7=0 X

Bit - 2 P0.6=0 X

Bit- 3 P0.5=0 X
Read Lock Bits: H L H 12V H H L L DOUT X

Bit - 1 @P0.2 X

Bit -2 @Po.1 X

Bit -3 @P0.0 X
Read Atmel Code L 12v I3 = L L DOUT 30H
Read Device Code L 12v L L L L DOUT 31H
Serial Prog. Enable H L@ 12V i H L H P0.0=0 X
Serial Prog. Disable H L | —@ 12V L H L H | Po.O=1 X
Read Serial Prog. Fuse H O\ H 12V H H L H @P0.0 X

Notes: 1.

“n” = weakly pulled “High” internally.

2. 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.

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

4. “X” =don't care
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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

instruction which returns the content at the selected
address at serial output MISO/P1.6.

5. At the end of a programming session, RST can be set
low to commence normal operation.

Power-off sequence (if needed):

1. Power-up sequence:
Apply power between Vg and GND pins.
Set RST pin to “H".

If a crystal is not connected across pins XTAL1 and

XTAL2, apply a 3 MHz to 24 MHz clock to XTAL1 pin o, )
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- Set RST to “L".
ming Enable serial instruction to pin MOSI/P1.5. The Turn Vg 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 Prqgrammlng ,lnStruc“or?
The Instruction Set for Serial Programming follows a 3-byte

i tocol and is shown in the following tabl
n ollowing table:
3. The Code or Data array is programmed one byte at a W A0 AT S TR e
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 ai10 low addr data in Write data to Data memory location at selected address.
Write Lock Bits 10101100 | ZY@R xx111 | xxxx xxxx | Write lock bits.
PR D i

SetLB1, 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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Figure 14. Programming the Flash/EEPROM Memory

+5V
AT89S8252 T
apDR. RO ATyl by Vee
0000H/27FFH PGM
—» P20 - P25 PO [¢—— pam
A8 - A13
——» P26 S
SEE FLASH jf ALE [4+—— PROG
PROGRAMMING . Bl e
MODES TABLE \ —» P3.6
. ——» P37
—e XTAL2 EA |[¢— V,,
3-24 MHz| ﬁ':
(I
T &=
® f XTALA RST |[4—— Vv,
r GND PSEN ~——L

Figure 16. Verifying the Flash/EEPROM Memory

+5V
AT89S8252 j’
ADDR. A9 ALl by Ve
0000H/27FFH AN\ N> W, PGM DATA
0 - P2. (USE 10K
RIS PULLUPS)
—» P26 ALE |« Vi
SEE FLASH — P27
PROGRAMMING <
MODES TABLE ¥ Fas
—»p P37
XTAL2 EA [¢— Vpp
XTAL1 RST |l&—— V,
GND PSEN

4-126

AT89S8252

..M

Figure 15. Flash/EEPROM Serial Downloading

+4.0V to 6.0V

AT89S8252
VCC
INSTRUCTION
S ,N,L,’ST © P1.5/MOSI
DATA OUTPUT +— P1.6/MISO
CLOCK IN —» P1.7/SCK
XTAL2
324 MHz |
]
I XTALA RST
GND

]

+— Vi




DS1202, DS1202S

DALLAS

SEMICONDUCTOR

DS1202, DS1202S
Serial Timekeeping Chip

FEATURES

e Realtime clock counts seconds, minutes, hours, date
of the month, month, day of the week, and year with
leap year compensation valid up to 2100

e 24 x 8 RAM for scratchpad data storage
e Serial I/0 for minimum pin count

e 2.0-5.5 volt full operation

e Uses less than 300 nA at 2 volts

e Single—byte or multiple-byte (burst mode) data trans-
fer for read or write of clock or RAM data

e 8—pin DIP or optional 16—pin SOIC for surface mognt**"» ‘

e Simple 3—wire interface

e TTL—compatible (V¢ = 5V)

e Optionalindustrial tempefé?ﬁfé‘_fénge—%"C to +85°C

(IND) £ 4.9
ORDERING INFORMATION
DS1202: 8—pin DIP
DS1202S 16—pin SOIC
DS12025-8  8—pin SOIC
DS1202N  8-pin DIP (IND)
DS1202SN  16-pin SOIC (IND)

DS1202SN-8 8—pin SOIC (IND)

DESCRIPTION

The DS1202 Serial Timekeeping Chip contains a real
time clock/calendar and 24 bytes of static RAM. It com-
municates with a microprocessor via a simple serial in-
terface. The real time clock/calendar provides seconds,
minutes, hours, day, date, month, and year information.
The end of the month date is automatically adjusted for
months with less than 31 days, including corrections for
leap year. The clock operates in either the 24-hour or
12-hour format with an AM/PM indicator. Interfacing the

PIN ASSIGNMENT

NCc (] 1 ~ g Vee
x1[] 2 7 SCLK
x2[] 3 6 [ile}
GND (] 4 5[] RST
8-PIN DIP.
NG crrf 18 hm Veo
xiir] 2 7{m SCLK
TeXelm s 6fm WO
(.. GNoom4  s{mRST
e L% 8-PIN SOIC
o (208 mil)
NC (I 1 \— 16 [11 Vee
NC I 2 15 [0 NC
X1 3 14 [1I0 SCLK
NC O] 4 13 10O NC
Xe [l 5 12 10 /O
NC I 6 11 1 NC
NC O 7 10 [I0 NC
GND (I 8 9 [0 RST
16-PIN SOIC
PIN DESCRIPTION
NC — No Connection
X1, X2 — 32.768 KHz Crystal Input
GND — Ground
RST — Reset
I/0 — Data Input/Output
SCLK — Serial Clock
Vee — Power Supply Pin

DS1202 with a microprocessor is simplified by using
synchronous serial communication. Only three wires
are required to communicate with the clock/RAM: (1)
RST (Reset), (2) /O (Data line), and (3) SCLK (Serial
clock). Data can be transferred to and from the clock/
RAM one byte at a time or in a burst of up to 24 bytes.
The DS1202 is designed to operate on very low power
and retain data and clock information on less than 1 mi-
crowatt.

050898 1/11
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OPERATION

The main elements of the Serial Timekeeper are shown
in Figure 1: shift register, control logic, oscillator, real
time clock, and RAM. To initiate any transfer of data,
RST is taken high and eight bits are loaded into the shift
register providing both address and command informa-
tion. Data is serially input on the rising edge of the SCLK.
The first eight bits specify which of 32 bytes will be ac-
cessed, whether a read or write cycle will take place,
and whether a byte or burst mode transfer is to occur.
After the first eight clock cycles have occurred which
load the command word into the shift register, additional
clocks will output data for a read or input data for a write.

DS1202 BLOCK DIAGRAM Figure 1

The number of clock pulses equals eight plus eight for
byte mode or eight plus up to 192 for burst mode.

COMMAND BYTE
The command byte is shown in Figure 2. Each data
transfer is initiated by a command byte. The MSB (Bit 7)
must be a logic 1. If itis zero, further action will be termi-
nated. Bit 6 specifies clock/calendar data if logic O or
RAM data if logic 1. Bits one through five specify the
designated registers to be input or output, and the LSB
(Bit 0) specifies a write operation (input) if logic 0 or read
operation (output) if logic 1. The command byte is al-
ways input starting with the LSB (bit 0).

D 32.768 KHz

SO X2
.
i REAL TIME p OSCILLATOR
e 4 A
CLOCK ¢ AND DIVIDER
1
INPUT SHIFT... [
REGISTERS’ DATABUS
%
SCLK
RST OMMAND AND
- A ADDRESS BUS N 24 X8 RAM
ADDRESS/COMMAND BYTE Figure 2
7 6 5 4 3 2 1 0
1 RAM | aa A3 A2 A1 A0 RO~
K W

050898 2/11
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RESET AND CLOCK CONTROL

All data transfers are initiated by driving the RST input
high. The RST input serves two functions. First, RST
turns on the control logic which allows access to the shift
register for the address/command sequence. Second,
the RST signal provides a method of terminating either
single byte or multipie byte data transfer. A clock cycle is
a sequence of a falling edge followed by a rising edge.
For data inputs, data must be valid during the rising
edge of the clock and data bits are output on t he falling
edge of clock. All data transfer terminates if the RST in-
put is low and the I/O pin goes to a high impedance
state. Data transfer is illustrated in Figure 3.

DATA INPUT
Following the eight SCLK cycles that input a write com-
mand byte, a data byte is input on the rising edge of the
next eight SCLK cycles. Additional SCLK cycles are ig-
nored should they inadvertently occur. Data is input
starting with bit 0. Due to the inherent nature of the logic
state machine, writing times containing an absolute
value of “59” seconds should be avoided.

DATA OUTPUT e
Following the eight SCLK cycles thatl ut a-
mand byte, a data byte is output | ihe falhng edge of
the next eight SCLK cycles. (=} at the first data bit to
be transmitted occurs ‘on theirst falling edge after the
last bit of the command byte is written. Additional SCLK
cycles retransmut ‘the data bytes should they inadver-
tently occurso long as RST remains high. This opera-
tion: permits continuous burst mode read capability.
Data is output starting with bit O.

BURST MODE

Burst mode may be specified for either the clock/calen-
dar orthe RAM registers by addressing location 31 deci-
mal (address/command bits one through five = logical
one). As before, bit six specified clock or RAM and bit 0
specifies read or write. There is no data storage capac-
ity at locations 8 through 31 in the Clock/Calendar Reg-
isters or locations 24 through 31 in the RAM registers.
When writing to the clock registers in the burst mode,
the first eight registers must be written in order for the
data to be transferred.

However, when writing to RAM in burst mode it is not
necessary to write all 24 bytes for the data to transfer.

Each byte that is written to will be transferred to RAM
regardless of whether all 24 bytes are written or not.

CLOCK/CALENDAR

The clock/calendar is contained in eight write/read reg-
isters as shown in Figure 4. Data contained in the clock/
calendar registers is in binary coded decimal format
(BCD).

CLOCK HALT FLAG

Bit 7 of the seconds register is defined as the clock halt
flag. When this bit is set to logic 1, the clock oscillator is
stopped and the DS1202 is placed into_a; low ower
standby mode with a current drain of not more than 100
nanoamps. When this bit is wntten to logic 0, the clock
will start. I A

N A
AlM- PM/12—24 MODE
it 7 4 th’e hours register is defined as the 12— or
24«—hourmode select bit. When high, the 12—-hour mode
s selected. In the 12-hour mode, bit 5 is the AM/PM bit
with logic high being PM. In the 24—hour mode, bit 5 is
the second 10 hour bit (20-23 hours).

WRITE PROTECT BIT

Bit 7 of the control register is the write protect bit. The
first seven bits (bits 0-6) are forced to zero and will al-
ways read a zero when read. Before any write operation
to the clock or RAM, bit 7 must be zero. When high, the
write protect bit prevents a write operation to any other
register.

CLOCK/CALENDAR BURST MODE

The clock/calendar command byte specifies burst
mode operation. In this mode the eight clock/calendar
registers can be consecutively read or written (see Fig-
ure 4) starting with bit 0 of address 0.

RAM
The static RAM is 24 x 8 bytes addressed consecutively
in the RAM address space.

RAM BURST MODE

The RAM command byte specifies burst mode opera-
tion. In this mode, the 24 RAM registers can be consec-
utively read or written (see Figure 4) starting with bit 0 of
address 0.

050898 3/11
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REGISTER SUMMARY
A register data format summary is shown in Figure 4.

CRYSTAL SELECTION

A 32.768 KHz crystal, can be directly connected to the
DS1202 via pins 2 and 3 (X1, X2). The crystal selected
for use should have a specified load capacitance (CL) of
6 pF. The crystalis connected directly to the X1 and X2

DATA TRANSFER SUMMARY Figure 3
SINGLE BYTE TRANSFER

pins. There is no need for external capacitors or resis-
tors. Note: X1 and X2 are very high impedance nodes.
Itis recommended that they and the crystal be guard—
ringed with ground and that high frequency signals be
kept away from the crystal area. For more information
on crystal selection and crystal layout considerations,
please consult Application Note 58, “Crystal Consider-
ations with Dallas Real Time Clocks”.

110 R/WlelA1[A2|A3|A4!R/6|1‘

ADDRESS COMMAND

BURST MODE TRANSFER

o\ S el | Nkt o |

51 d |

ADDRESS COMMAND

FUNCTION BYTE N SCLK n
CLOCK 8 72
RAM 24 200

DATAI/O BYTE 1 DATA /O BYTE N

050898 4/11
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REGISTER ADDRESS/DEFINITION Figure 4
REGISTER ADDRESS

A. CLOCK
7 0
SEC| 1 D
w
MIN| 1 0
' w
HR| 1 A
o
DATE | 1 X
w
MONTH | 1 Y
W
DAY | 1
YEAR| 1
CONTROL | 1
“CLOCK | RD/
BURST w
B. RAM
RD
RAMO| 1 -
RD
RAM 23 | 1 8
RAM | 1 RD~
BURST W

REGISTER DEFINITION

00-5¢

00-59

01-12
00-23

01-28/29
01-30
01-31

01-12

RAM DATA O

RAM DATA 23

CH 10 SEC SEC
0 10 MIN MIN
2o /1/?3 HR
0 0 | 10DATE }’DA%F; i

0| Sor, o™ 19 MONTH
omdo o DAY
10 YEAR YEAR
FORCED TO ZERO
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Pin Relative to Ground —0.3V to +7.0V
Operating Temperature 0°C to 70°C

Storage Temperature -55°C to +125°C
Soldering Temperature 260°C for 10 seconds

* Thisis astressratingonly and functional operation of the device atthese orany other conditions above those
indicated in the operation sections of this specification is notimplied. Exposure to absolute maximum rating
conditions for extended periods of time may affect reliability.

RECONMMENDED DC OPERATING CONDITIONS (0°C to 70°C)
PARAMETER SYMBOL MIN TYP MAX UNITS | NOTES
Supply Voltage Vee 2.0 5.5 \Y ’ Tl
Logic 1 Input Vig 2.0 Veot03 | Vo |

Vee=2.0V | —0.3 $0.8°¢ |4
Logic O Input Vi - V 1
Vee=5V =03 Ll +0.8

DC ELECTRICAL CHARACTERISTICS to 70°C; Vge = 2.0 to 5.5V%)

PARAMETER SYMBOL MAX UNITS | NOTES
Input Leakage +500 HA 6
I/O Leakage +500 HA 6
Vee=2V 1.6
Logic 1 Output -y N \ 2
) o Qs V=2V 0.4
Logic O Output .« . VoL VooV e V 3
4% ‘ Veo=2V 0.4
Active Supply Current lce T A mA 5
, Veeo=2V 0.3
Timekeeping Current locq VoomoV 3 HA 4
Veo=2V 100
Leakage Current lcc2 sy 0 nA 10

*Unless otherwise noted.

CAPACITANCE (ta = 25°C)
PARAMETER SYMBOL | CONDITION TYP MAX UNITS NOTES
Input Capacitance C 5 pF
I/O Capacitance Cio 10 pF
Crystal Capacitance Cx 6 pF

050898 6/11
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AC ELECTRICAL CHARACTERISTICS (0°C to 70°C; Vg = 2.0 to 5.5V7)

PARAMETER SYMBOL MIN TYP MAX UNITS | NOTES
Veg=2V | 200

Data to CLK Setup tpc ns 7
Vce=5V 50
Veo=2V 280

CLK to Data Hold tcoH ns 7
Vee=5VY 70
Voo=2V 800

CLK to Data Delay tcop ns 7,8,9
Vee=5V 200

Vee=2V. | 1000

CLK Low Time teL
Voo=5V 250
Vee=2V 1000
CLK High Time tch g 7,12
Vee=5V 250 4 W
Vog=2V A
CLK Frequency foLk s MHz 7,12
Vee=5V DC #4 2.0
AN 2000
CLK Rise and Fall o " ] ns
4 500
et 4
RST to CLK Setup A us 7
1000
CLK to RST Hold ns 7
250
s oA 4
RST Inactive Time’ ; us 7
e 280
RST to I/0O High Z ns 7
70

*Unless otherwise noted.
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TIMING DIAGRAM: READ DATA TRANSFER Figure 5

RESET \_.—_._

CLOCK

tcoH tcop
toc e 04
DATA INPUT/ 0 M 1
OUTPUT
Y

COMMAND BYTE

TIMING DIAGRAM: WRITE DATA TRANSFER Figure 6

RESET

CLOCK

DATA INPUT/
OUTPUT

COMMAND BYTE

NOTES:
1. All voltages are referenced to ground.

2. Logic one voltages are specified at a source current of 1 mA at Vgc=5V and 0.4 mA at Vee=2V, Von=V¢c for
capacitive loads.

3. Logic zero voltages are specified at a sink current of 4 mA at Vgc=5V and 1.5 mA at Vgg=2V.
4. Iccy is specified with /O open, RST set to a logic 0, and clock halt flag=0 (oscillator enabled).

lccis specifiéd with the 1/O pin open, RST high, SCLK=2 MHz at V¢=5V; SCLK=500 KHz, Vgc=2V and clock
halt flag=0 (oscillator enabled).

o

RST, SCLK, and I/O all have 40KQ pull-down resistors to ground.
Measured at V y=2.0V or V; =0.8V and 10 ms maximum rise and fall time.

Measured at Vop=2.4V or Vo =0.4V.

© @ N o

Load capacitance = 50 pF.
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10. Icco is specified with RST, I/0, and SCLK open. The clock halt flag must be set to logic one (oscillator disabled).

11. At power—up, RST must be at a logic 0 until Voo Z2 volts. Also, SCLK must be at a logic 0 when RST is driven
to a logic one state.

12. If o exceeds 100 ms with RST in a logic one state, then Icc may briefly exceed Icc specification.

DS1202 SERIAL TIMEKEEPER 8-PIN DIP

8 5

PKG 8-PIN

DIM MIN MAX

A IN. 0.360 0.400
MM

B IN. 0.240 0.260

MM &
CIN. “0.140
MM o

D INg,’ 0.325

%MIN. 1 oots | 0040
M

F IN. 0.110 0.140
MM

G IN. 0.090 0.110
MM

H IN. 0.320 0.370
MM

JIN. 0.008 0.012
MM

K IN. 0.015 0.021
MM
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DS1202S SERIAL TIMEKEEPER 16—PIN SOIC
Ko fe =6 <

HHHHA HHH

i
"~

phi

Y
.
b JE
J L
PKG 16-PIN
DIM MIN MAX
A IN. 0.500 0.511

K IN. 0.013 0.019
MM 0.33 0.48
LIN 0.016 0.040
MM 0.406 1.20
phi 0° 8°-
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DS1202S8 8-PIN SOIC 200 MIL

ek o

m'—ﬁ_!

0-8 deg. typ-

PKG 8-PIN
DIM MIN MAX
AIN. | 0203 | o213,
mm | s.16 541,
B IN. | 0203 | %0213
541
0.074
1.88
0.010
0.390
FIN. | 0074 | 084
MM 1.88 2.18,
G IN. | 0.050BSC
MM | 1278BSC
HIN. | 0302 | 0318
MM | 767 8.07
JIN. | o006 | 0010
MM | 0152 | 0254
K IN. | 0013 | 0020
VIVER 0.508
LIN. | 019 0.030
MM | 483 0.762
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Microprocessor Supervisory Circuits

General Description

The MAX691A/MAX693A/MAX800L/MAX8CGOM micro-
processor (UP) supervisory circuits are pin-compatible
upgrades to the MAX691, MAX693, and MAX695. They
improve performance with 30pA supply current, 200ms
typ reset active delay on power-up, and 6ns chip-
enable propagation delay. Features include write pro-
tection of CMOS RAM or EEPROM, separate watchdog
outputs, backup-battery switchover, and a RESET out-
put that is valid with Ve down to 1V. The MAX691A/
MAX800L have a 4.65V typical reset-threshold voltage,
and the MAX693A/MAXB00M's reset threshold is 4.4V
typical. The MAX800L/MAX800M guarantee power-fail
accuracies to +2%.

Applications

Computers

Controllers

Intelligent Instruments
Automotive Systems

Critical pP Power Monitoring

Typical Operating Circuit

5y
Ly REGULATOR
BV A W— R
v 3 5§
IN4148 Vee  BATTON
) Vour
— VBATT
=+ o
= CEoUT
0.47Fi MAXIMN
= MAX69TA
9 MAX693A ~
CEIN 3
PRU axsooL
p MAXBOOM
= {6 o AO-AT5
i = WD < 110
= v —osem uP
= — l10 _
CONNECTION PFO > NMI
—8 0sc seL
N T2 A RESET
LOWLINE WDO

\J

6 14 AUDIBLE
ALARM

AKX /M

Features

4 200ms Power-OK/Reset Timeout Period
¢ 1pA Standby Current, 30pA Operating Current
4 On-Board Gating of Chip-Enable Signals,

10ns Max Delay

4 MaxCap™ or SuperCap™ Compatible
¢ Guaranteed RESET Assertion to Vge = +1V
4 Voltage Monitor for Power-Fail or Low-Battery

Warning

¢ Power-Fail Accuracy Guaranteed to +2%

(MAX800L/M)

¢ Available in 16-Pin Narrow SO and Plastic

DIP Packages
Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX691ACPE 0°Cto +70°C 16 Plastic DIP
MAX691ACSE 0°Cto +70°C 16 Narrow SO
MAX691ACWE 0°Cto +70°C 16 Wide SO
MAX691AC/D 0°Cto +70°C Dice*
MAX691AEPE -40°C to +85°C 16 Plastic DIP
MAX691AESE -40°C to +85°C 16 Narrow SO
MAX691AEWE -40°C to +85°C 16 Wide SO
MAX691AEJE -40°C to +85°C 16 CERDIP
MAX691AMJE -55°Cto +125°C 16 CERDIP

Ordering Information continued on last page.
* Dice are specified at Ty = +25 °C, DC parameters only.

Pin Configuration

"MaxCap SYSTEM STATUS INDICATORS

TOPVIEW ~
VBATT [1 | 6] RESET
Vout [z: 15| RESET
Vee 3] _anmcinn [14] W0
GND (4|  maxe974 |13 CEm
BATTON [5 | %ﬂ%ﬁf 12] CEoUT
[OWORE [g| MAXE00M [y
OSCIN [7] 0] PFO
0SC SEL E 9| PFI
' DIP/SO

SuperCap Is a registered trademark of Baknor Industries. MaxCap is a registered trademark of The Carborundum Corp.

VAKXV

For free samples & the latest literature: http.:/iwww.maxim-ic.com, or phone 1-800-998-8800.

'For small orders, phone 408-737-7600 ext. 3468.

Maxim Integrated Products

WOOBXVIN/TOOBXVVIN/VEGIX TN/ L 69X VIN



Microprocessor Supervisory Circuits

Pin Description
[ PIN | NAME FUNCTION
1 VBATT Battery-Backup Input. Connect to external battery or capacitor and charging circuit. If backup battery is not
used, connect to GND.
Output Supply Voltage. When Vcc is greater than VBATT and above the reset threshold, VouT connects to
2 Vout Vce. When Ve falls below VBATT and is below the reset threshold, VouT connects to VBATT. Connect a 0.1pF
capacitor from Vourt to GND. Connect Vour to Vcc if no backup battery is used.
3 Vce Input Supply Voltage, 5V input.
4 GND Ground. OV reference for all signals.
I Battery On Output. When Vpur switches to VBATT, BATT ON goes high. When Vour switches to Vcc, BATT ON
5 BATT ON | goes low. Connect the base of a PNP through a current-limiting resistor to BATT ON for Voyt current require-
ments greater than 250mA.
6 | TOWLNE LOW LINE output goes low when Vcc falls below the reset threshold. It returns high as soon as Vcc rises above
the reset threshold.
External Oscillator Input. When OSC SEL is unconnected or driven high, a 10pA pull-up connects from Vourt to
7 osc IN | OSC N, the internal oscillator sets the reset and watchdog timeout periods, and OSC IN selects between fast
and slow watchdog timeout periods. When OSC SEL is driven low, the reset and watchdog timeout periods may
be set either by a capacitor from OSC IN to ground or by an external clock at OSC IN (Figure 3).
Oscillator Select. When OSC SEL is unconnected or driven high, the internal oscillator sets the reset delay and
8 | OSCSEL | watchdog timeout period. When OSC SEL is low, the external oscillator input (OSC IN) is enabled (Table 1).
OSC SEL has a 10pA internal pull-up.
9 PFI Power-Fail Input. This is the noninverting input to the power-fail comparator. When PFI is less than 1.25V, PFO
goes low. When PFlis not used. connect PFl to GND or Vour .
10 PEO Power-Fail Output. This is the output of the power-fail comparator. PFO goes low when PFI is less than 1.25V.
This is an uncommitted comparator, and has no effect on any other internal circuitry.
Watchdog Input. WDI is a three-level input. If WDI remains either high or low for longer than the watchdog time-
1 WDI out period, WDO goes low and reset is asserted for the reset timeout period. WDO remains low until the next tran-
sition at WDI. Leaving WDI unconnected disables the watchdog function. WDI connects to an internal voltage
divider between Voyt and GND, which sets it to mid-supply when left unconnected.
12 | CEout | Chip-Enable Output. ﬁouﬂ;oes low only when CE IN is low and Vg is above the reset threshold. If CE IN is
low when reset is asserted, CE OUT will stay low for 15ps or until CE IN goes high, whichever occurs first.
13 CEIN | Chip-Enable Input. The input to chip-enable gating circuit. If CE IN is not used, connect CE IN to GND or Vour.
Watchdog Output. If WDI remains high or low longer than the watchdog timeout period, WDO goes low and reset
14 WDO | is asserted for the reset timeout period. WDO returns high on the next transition at WDI. WDO remains high if
WDI is unconnected.
15 RESET | RESET Output goes low whenever Vcc falls below the reset threshold. RESET will remain low typically for
200ms after Ve crosses the reset threshold on power-up.
16 | RESET | RESET s an active-high output. It is open drain, and the inverse of RESET.

Detailed Description

RESET and RESET Outputs
The MAX691A/MAXE93A/MAXB00L/MAX800M's RESET
and RESET outputs ensure that the pP (with reset
inputs asserted either high or low) powers up in a
known state, and prevents code-execution errors dur-
ing power-down or brownout conditions.

The RESET output is active low, and typically sinks
3.2mA at 0.1V saturation voltage in its active state.
When deasserted, RESET sources 1.6mA at typically
Vout - 0.5V. RESET output is open drain, active high,
and typically sinks 3.2mA with a saturation voltage of
0.71V. When no backup battery is used, RESET output is

MAXI/N

guaranteed to be valid down to Ve = 1V, and an
external 10k pull-down resistor on RESET insures
that it will be valid with V¢ down to GND (Figure 1).
As Ve goes below 1V, the gate drive to the RESET
output switch reduces accordingly, increasing the
Rps(on) and the saturation voltage. The 10kQ pull-
down resistor insures the parallel combination of switch
plus resistor is around 10kQ and the output saturation
voltage is below 0.4V while sinking 40pA. When using
a 10kQ external pull-down resistor, the high state for
RESET output with V¢ = 4.75V will be 4.5V typical.
For battery voltages > 2V connected to VBATT, RESET
and RESET remain valid for V¢ from OV to 5.5V.
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Microprocessor Supervisory Circuits

Table 1. Reset Pulse Width and Watchdog Timeout Selections

Watchdog Timeout Period
0SC SEL 0SCIN e Reset Timeout Period
Normal Immediately After Reset
Low External Clock Input 1024 clks 4096 clks 2048 clks
Low External Capacitor (600/47pF x C)ms (2.4/47pF x C)sec (1200/47pF x C)ms
Floating Low 100ms 1.6sec 200ms
Floating Floating 1.6sec 1.6sec 200ms
In the high-impedance mode, the leakage currents into
MAXIN EXTERNAL EXTERNAL this terminal are 1A max over temperature. In the
MAX69TA CLock OSCILLATOR low-impedance mode, the impedance of CE IN appears
MAXGI3A 8 s st 8 osc il as a 75Q resistor in series with the load at CE OUT.
MAX8oOL > - )
MAXBOOM = = The propagation delay through the CE transmission
Tl osc [17 0SCIN gate depends on both the source impedance of the
S0kHz ) F_ drive to CE IN and the capacitive loading on the Chip-
= =. Enable Output (CE OUT) (see Chip-Enable Propagation
Delay vs. CE OUT Load Capacitance in the 7ypical
INTERNAL OSCILLATOR INTERNAL OSCILLATOR Operating Characteristics). The CE propa%_tion delay
T.6sec WATCHDOG 100ms WATCHDOG is production tested from the 50% point of CE IN to the
ne —8 oscseL ne. —2] osc seL 50% point of CE OUT using a 50Q driver and 50pF of
load capacitance (Figure 6). For minimum propagation
delay, minimize the capacitive load at CE OUT, and
ne. —L oscin Nosciv i :
e o use a low output-impedance driver.
= Chip-Enable Output

Figure 3. Oscillator Circuits

Chip-Enable Signal Gating
The MAXE691A/MAXB93A/MAXB00L/MAXB00M provide
internal gating of chip-enable (CE) signals to prevent
erroneous data from being written to CMOS RAM in the
event of a power failure. During normal operation, the
CE gate is enabled and passes all CE transitions. When
reset is asserted, this path becomes disabled, prevent-
ing erroneous data from corrupting the CMOS RAM.  All
these parts use a series transmission gate from CE IN to
CEOUT (Figure 4).

The 10ns max CE propagation delay from CE IN to CE
OUT enables the parts to be used with most pPs.

Chip-Enable Input

The Chip-Enable Input (CE IN) is high impedance (dis-
abled mode) while RESET and RESET are asserted.

During a power-down sequence where Vcc falls below
the reset threshold or a watchdog fault, CE IN assumes
a high-impedance state when the voltage at CE IN
goes high or 15ps after reset is asserted, whichever
occurs first (Figure 5).

During a power-up sequence, CE IN remains high
impedance, regardless of CE IN activity, until reset is
deasserted following the reset timeout period.

AKX/

In the enabled mode, the impedance of CE OUT is
equivalent to 75Q in series with the source driving CE
IN. In the disabled mode, the 75Q transmission gate is
off and CE OUT is actively pulled to Vgyr. This source
turns off when the transmission gate is enabled.

LOW LINE Output
LOW LINE is_the buffered output of the reset threshold
comparator. LOW LINE typically sinks 3. 2mA at 0.1v.
For normal operation (Vcc above the LOW LINE thresh-
old), LOW LINE is pulled to Vout-

Power-Fail Comparator
The power-fail comparator is an uncommitted comparator
that has no effect on the other functions of the IC.
Common uses include low-battery indication (Figure 7),
and early power-fail warning (see Typical Operating
Circup.

Power-Fail Input
Power Fail Input (PF) is the input to the power-fail com-
parator. It has a guaranteed input leakage of £25nA
max over temperature. The typical comparator delay is
25ps from VIL to Vg (power failing), and 60ps from Viy
to Von (power being restored). If PFlis not used, con-
nect it to ground.

wooex VW/7008X VIN/VEGIXVIN/V L 69X VIN
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Battery-Backup Input
The Battery-Backup Input (VBATT) is similar to the Ve
input except the PMOS switch and parallel diode are
much smaller. Accordingly, the on-resistances of the
diode and the switch are each approximately 10Q.
Continuous current should be limited to 25mA and
peak currents (only during power-up) limited to 250mA.
The reverse leakage of this input is less than TpA over
temperature and supply voltage (Figure 8).

Ouiput Supply Voltage
The Output Supply Voltage (Voyr) pin is internally con-
nected to the substrate of the IC and supplies current
to the external system and internai circuitry. All open-
circuit outputs will, for example, assume the Vgyr volt-
age in their high states rather than the V¢ voltage. At
the maximum source current of 250mA, Vgoyt will typi-
cally be 200mV below V¢e. Decouple this terminal with
a 0.1uF capacitor.

Applications Information

The MAX691A/MAXBE93A/MAXB00L/MAX800M are not
short-circuit protected. Shorting Voyt to ground, other
than power-up transients such as charging a decou-
pling capacitor, destroys the device.

All open-circuit outputs swing between Vg1 and GND
rather than Ve and GND.
If long leads connect to the chip inputs, insure that

these leads are free from ringing and other conditions
that would forward bias the chip's protection diodes.

There are three distinct modes of operation:

1) Normal operating mode with all circuitry powered
up. Typical supply current from Ve is 35pA while
only leakage currents flow from the battery.

2) Battery-backup mode where V¢ is typically within
0.7V below VBATT. All circuitry is powered up
and the supply current from the battery is typicaily
less than 60pA.

3) Battery-backup mode where V¢ is less than
VBATT by at least 0.7V. VBATT supply current is
TpA max.

Using SuperCap™ or MaxCap™ with the
MAX691A/MAXE93A/MAXEOOL/MAX8O0OM
VBATT has the same operating voltage range as V¢c.
and the battery switchover threshold voltages are typi-
cally £30mV centered at VBATT, allowing use of a
SuperCap and a simple charging circuit as a backup
source (Figure 9).

If Ve is above the reset threshold and VBATT is 0.5V
above Vg, current flows to Voyt and Ve from VBATT
until the voltage at VBATT is less than 0.5V above Vcc.
For example, with a SuperCap connected to VBATT and
through a diode to V¢, if Ve quickly changes from 5.4V
to 4.9V, the capacitor discharges through Voyt and Ve
until VBATT reaches 5.1V typ. Leakage current through
the SuperCap charging diode and the internal power
diode eventually discharges the SuperCap to V¢c. Also, if
Ve and VBATT start from 0.1V above the reset threshold
and power is lost at V¢, the SuperCap on VBATT dis-
charges through Ve until VBATT reaches the reset
threshold; then the battery-backup mode is initiated and
the current through V¢ goes to zero.

b 4
o—

VBATT ® B

MAXIMN
MAX69TA
MAX693A -
MAX800L
MAXE00M 1

> Vour
0.1uF

bl

Vee T | 4

0.47¢ MAXE9TA
MAX693A
MAX800L
MAX800M

GND

1
* MaxCap

3
N4148 Ve
2
VBATT Vour——>
MAXIN

Figure 8. Vcc and VBATT to Vour Switch

Figure 9. SuperCap or MaxCap on VBATT

MAXI M




Microprocessor Supervisory Circuits
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Figure 10. Alternate CE Gating

Using Separate Power Supplies

for VBATT and Vpe

If using separate power supplies for Voe and VBATT,

VBATT must be less than 0.3V above V¢ when Vg is

above the reset threshold. As described in the previ-

ous section, if VBATT exceeds this limit and power is

lost at V¢, current flows continuously from VBATT to

Vi via the VBATT-t0-Vgy7 diode and the Vout-to-Vee
switch until the circuit is broken (Figure 8).

Alternate Chip-Enable Gating
Using memory devices with both CE and CE inputs
allows the CE loop to be bypassed. To do this, con-
nect CE IN to ground, pull up CE OUT to Vgyr. and
connect CE OUT to the CE input of each memory
device (Figure 10). The CE input of each part then
connects directly to the chip-select logic, which does
not have to be gated.

Adding Hysteresis to the

Power-Fail Comparator

Hysteresis adds a noise margin to the power-fail com-
parator and prevents repeated triggering of PFO when
Vn is near the power-fail comparator trip point. Figure
11 shows how to add hysteresis to the power-fail com-

Figure 11. Adding Hysteresis to the Power-Fail Comparator

+5V L 4

Vee
PFI PFO

MAXIMN
MAX6ITA
MAXGIA

R2 MAXB00L

MAXE00M

GND

5V
PFO
oV I >

5-1.25 _ 1.25- Virip
R1 R2

NOTE: Vigip IS NEGATIVE

Figure 12. Monitoring a Negative Voltage

N AXIMN
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500
output MY
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=
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1: Crom
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MAX691A
MAX693A
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PR axaoon PO [— LOWBATT
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Figure 6. CE Propagation Delay Test Circuit

Table 2. Input and Output Status in Battery-Backup
Mode

PIN NAME STATUS
1 VBATT Supply current is THA max. ;
2 v, Vour is connected to VBATT through an
OUT | internal PMOS switch.
3 v Battery switchover comparator monitors
ce . 1
Vcc for active switchover.
4 GND GND 0V, 0V reference for all signals.
5 BATT ON Logic high. The open-circuit output is
equal to Vour.
6 LOWLINE | Logic low*
7 OSC IN | OSC IN is ignored.
8 OSC SEL | OSC SEL is ignored.
The power-fail comparator remains
9 PFI active in the battery-backup mode for
Vce 2 VBATT - 1.2V typ.
The power-fail comparator remains
10 PFO active in the battery-backup mode for
Vce 2 VBATT - 1.2V typ. Below this volt-
age, PFO is forced low.
1 WDI Watchdog is ignored.
12 TEOUT Logic high. The open-circuit voltage is
equal to Vour.
13 CEIN High impedance
e Logic high. The open-circuit voltage is
e WDO equal to Vour.
15 RESET Logic low*
16 RESET | Highimpedance®

“ Ve must be below the reset threshold to enter battery-backup
maode.

W AKX/

Figure 7. Low-Battery Indicator

Power-Fail Output
The Power-Fail Output (PFO) goes low when PFI goes
below 1.25V. It typically sinks 3.2mA with a saturation
voltage of 0.1V. With PFl above 1.25V, PFO is actively
pulled to VOUT'

Battery-Backup Mode
Two conditions are required to switch to battery-back-
up mode: 1) Vee must be below the reset threshold,
and 2) Voe must be below VBATT. Table 2 lists the sta-
tus of the inputs and outputs in battery-backup mode.

Battery On Output
The Battery On (BATT ON) output indicates the status
of the internal Vgc/battery-switchover comparator,
which controls the internal Ve and VBATT switches.
For Ve greater than VBATT (ignoring the small hys-
teresis effect), BATT ON typically sinks 3.2mA at 0.1V
saturation voltage. In battery-backup mode, this termi-
nal sources approximately 10pA from Voyt. Use BATT
ON to indicate battery-switchover status or to supply
base drive to an external pass transistor for higher-cur-
rent applications (see Typical Operating Circuil).

Input Supply Voltage
The Input Supply Voltage (Vcc) should be a regulated
5V. Vee connects to Vour via a parallel diode and a
large PMOS switch. The switch carries the entire cur-
rent load for currents less than 250mA. The parallel
diode carries any current in excess of 250mA. Both the
switch and the diode have impedances less than 1Q
each. The maximum continuous current is 250mA, but
power-on transients may reach a maximum of 1A.
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RESET

MAXIA1
MAXBIIA T
MAX693A

TO uP RESET

WDI—————‘
L

[P

RESET SR 1

1y = RESET TIMEQUT PERIOD
12 = NORMAL WATCHDOG TIMEOUT PERIOD
13= WATCHDOG TIMEOUT PERIOD IMMEDIATELY AFTER RESET

—
—

Figure 1. Adding an external pull-down resistor ensures
RESET is valid with Viee down to GND.

RESET and RESET are asserted when V¢ falls below
the reset threshold (4.65V for the MAX691A/MAX800L,
4.4V for the MAX693A/MAX800M) and remain asserted
for 200ms typ after V( rises above the reset threshold
on power-up (Figure 5). The devices' battery-
switchover comparator does not affect reset assertion.
However, both reset outputs are asserted in battery-
backup mode since Vge must be below the reset
threshold to enter this mode.

Watchdog Function
The watchdog monitors pP activity via the Watchdog
Input (WDI). If the uP becomes inactive, RESET and
RESET are asserted. To use the watchdog function,
connect WDI to a bus line or yP 1/O line. If WDI
remains high or low for longer than the watchdog time-
out period (1.6sec nominal), WDO, RESET, and RESET
are asserted (see RESET and RESET Outputs section,
and the Watchdog Output discussion on this page).

Watchdog Input
A change of state (high to low, low to high, or a mini-
mum 100ns pulse) at the WDI during the watchdog
period resets the watchdog timer. The watchdog
default timeout is 1.6sec.

To disable the watchdog function, leave WDI floating.
An internal resistor network (100kQ equivalent imped-
ance at WDI) biases WDI to approximately 1.6V.
Internal comparators detect this level and disable the
watchdog timer. When V¢ is below the reset thresh-
old, the watchdog function is disabled and WDI is dis-
connected from its internal resistor network, thus
becoming high impedance.

Figure 2. Watchdog Timeout Period and Reset Active Time

Watchdog Output
The Watchdog Output (WDO) remains high if there is a
transition or pulse at WDI during the watchdog timeout
period. The watchdog function is disabled and WDO is
a logic high when V¢ is below the reset threshold, bat-
tery-backup mode is enabled, or WDI is an open circuit.
In watchdog mode, if no transition occurs at WDI during
the watchdog timeout period, RESET and RESET are
asserted for the reset timeout period (200ms typical).
WDO goes low and remains low until the next transition
at WDI (Figure 2). If WDI is held high or low indefinitely,
RESET and RESET will generate 200ms pulses every
1.6sec. WDO has a 2 x TTL output characteristic.

Selecting an Alternative
Watchdog and Reset Timeout Period

The OSC SEL and OSC IN inputs control the watchdog
and reset timeout periods. Floating OSC SEL and OSC
IN or tying them both to Vot selects the nominal 1.6sec
watchdog timeout period and 200ms reset timeout peri-
od. Connecting OSC IN to GND and floating or connect-
ing OSC SEL to Vpyr selects the 100ms normal
watchdog timeout delay and 1.6sec delay immediately
after reset. The reset timeout delay remains 200ms
(Figure 2). Select alternative timeout periods by con-
necting OSC SEL to GND and connecting a capacitor
between OSC IN and GND, or by externally driving OSC
IN (Table 1 and Figure 3). OSC IN is internally connect-
ed to a +100nA (typ) current source that charges and
discharges the timing capacitor to create the oscillator
frequency, which sets the reset and watchdog timeout
periods (see Connecting a Timing Capacitor at OSC IN
in the Applications Information section).
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Maximum Vec Fall Time
The V¢ fall time is limited by the propagation delay of
the battery switchover comparator and should not
exceed 0.03V/us. A standard rule of thumb for filter
capacitance on most regulators is on the order of 100pF
per amp of current. When the power supply is shut off or
the main battery is disconnected, the associated initial
Ve fall rate is just the inverse or TA/T00pF = 0.01V/ps.
The V fall rate decreases with time as V¢ falls expo-
nentially, which more than satisfies the maximum fall-time
requirement.

Watchdog Software Considerations
A way to help the watchdog timer keep a closer watch
on software execution involves setting and resetting the
watchdog input at different points in the program,
rather than “pulsing” the watchdog input high-low-high
or low-high-low. This technique avoids a “stuck” loop
where the watchdog timer continues to be reset within
the loop, keeping the watchdog from timing out. Figure
14 shows an example flow diagram where the I/O dri-
ving the watchdog input is set high at the beginning of
the program, set low at the beginning of every subrou-
tine or loop, then set high again when the program
returns to the beginning. If the program should “hang”
in any subroutine, the I/Ois continually set low and the
watchdog timer is allowed to time out, causing a reset
or interrupt to be issued.

( START )

L

SUBROUTINE
OR PROGRAM LOOP
SETWDI
HIGH

RETURN

END

Figure 14. Watchdog Flow Diagram
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Intel ° 82C55A
CHMOS PROGRAMMABLE PERIPHERAL INTERFACE

m Compatible with all Intel and Most
Other Microprocessers

® High Speed, “Zero Wait State”
Operation with 8 MHz 8086/88 and
80186/188

H 24 Programmable 1/0 Pins
m Low Power CHMOS
H Completely TTL Compatible

Control Word Read-Back Capability
Direct Bit Set/Reset Capability

2.5 mA DC Drive Capability on all 170
Port Outputs

Available in 40-Pin DIP and 44-Pin PLCC
Available in EXPRESS

— Standard Temperature Range
— Extended Temperature Range

The Intel 82C55A is a high-performance, CHMOS version of the industry standard 8255A general purpose
programmable 1/0 device which is designed for use with all Intel and most other microprocessors. It provides
241/0 pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation.
The 82C55A is pin compatible with the NMOS 8255A and 8255A-5.

In MODE 0, each group of 12 I/O pins may be programmed in sets of 4 and 8 to be inputs or outputs. In
MODE 1, each group may be programmed to have 8 lines of input or output. 3 of the remaining 4 pins are used
for handshaking and interrupt control signals. MODE 2 is a strobed bi-directional bus configuration.

The 82C55A is fabricated on Intel’'s advanced CHMOS Il technology which provides low power consumption

with performance equal to or greater than the equivalent NMOS product. The 82C55A is available in 40-pin
DIP and 44-pin plastic leaded chip carrier (PLCC) packages.
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Table 1. Pin Description
Pin Number .
Symbol Dip PLCC Type Name and Function
PAs_g 1-4 2-5 1/0 | PORT A, PINS 0-3: Lower nibble of an 8-bit data output latch/
buffer and an 8-bit data input latch.
RD 6 | READ CONTROL: This input is low during CPU read operations.
Cs 6 7 | CHIP SELECT: A low on this input enables the 82C55A to
respond to RD and WR signals. RD and WR are ignored
otherwise.
GND 7 8 System Ground
Ao 8-9 9-10 | ADDRESS: These input signals, in conjunction RD and WR,
control the selection of one of the three ports or the control
word registers.
Ay | Ay | RD | WR | CS | InputOperation (Read)
(0] 0 0 1 0 Port A - Data Bus
0 1 0 1 0 Port B - Data Bus
1 0 0 1 0 Port C - Data Bus
1 1 0 1 0 Control Word - Data Bus
Output Operation (Write)
0 0 1 0 0 Data Bus - Port A
0 1 1 0 0 Data Bus - Port B
1 0 1 0 0 Data Bus - Port C
1 1 1 0 0 Data Bus - Control
Disable Function
X X X X 1 Data Bus - 3 - State
X X 1 1 0 Data Bus - 3 - State
PC7_4 10-13 |11,13-15| /O | PORT C, PINS 4-7: Upper nibble of an 8-bit data output latch/
buffer and an 8-bit data input buffer (no latch for input). This port
can be divided into two 4-bit ports under the mode control. Each
4-bit port contains a 4-bit latch and it can be used for the control
signal outputs and status signal inputs in conjunction with ports
A and B.
PCo_3 14-17 16-19 /0 | PORT C, PINS 0-3: Lower nibble of Port C.
PBo.7 18-25 | 20-22, 1/0 | PORT B, PINS 0-7: An 8-bit data output latch/buffer and an 8-
24-28 bit data input buffer.
Veo 26 29 SYSTEM POWER: + 5V Power Supply.
D7_¢o 27-34 30-33, /0 | DATA BUS: Bi-directional, tri-state data bus lines, connected to
35-38 system data bus.
RESET 35 39 | RESET: A high on this input clears the control register and all
ports are set to the input mode.
WR 36 40 1 WRITE CONTROL: This input is low during CPU write
operations.
PA7_4 37-40 41-44 /0 | PORT A, PINS 4-7: Upper nibble of an 8-bit data output latch/
buffer and an 8-bit data input latch.
NC 1, 12; No Connect
23,34




Intel o
82C55A FUNCTIONAL DESCRIPTION

General

The 82C55A is a programmable peripheral interface
device designed for use in Intel microcomputer sys-
tems. Its function is that of a general purpose /O
component to interface peripheral equipment to the
microcomputer system bus. The functional configu-
ration of the 82C55A is programmed by the system
software so that normally no external logic is neces-
sary to interface peripheral devices or structures.

Data Bus Buffer

This 3-state bidirectional 8-bit buffer is used to inter-
face the 82C55A to the system data bus. Data is
transmitted or received by the buffer upon execution
of input or output instructions by the CPU. Control
words and status information are also transferred
through the data bus buffer.

Read/Write and Control Logic

The function of this block is to manage all of the
internal and external transfers of both Data and
Control or Status words. It accepts inputs from the
CPU Address and Control busses and in turn, issues
commands to both of the Control Groups.

Group A and Group B Controls

The functional configuration of each port is pro-
grammed by the systems software. In essence, the
CPU “outputs” a control word to the 82C55A. The
control word contains information such as “mode”,
“bit set’’, “bit reset”, etc., that initializes the func-
tional configuration of the 82C55A.

82C55A

Each of the Control blocks (Group A and Group B)
accepts “‘commands” from the Read/Write Control
Logic, receives “control words” from the internal
data bus and issues the proper commands to its as-
sociated ports.

Control Group A - Port A and Port C upper (C7-C4)
Control Group B - Port B and Port C lower (C3-C0)

The control word register can be both written and
read as shown in the address decode table in the
pin descriptions. Figure 6 shows the control word
format for both Read and Write operations. When
the control word is read, bit D7 will always be a logic
1" as this implies control word mode information.

Ports A, B,and C

The 82C55A contains three 8-bit ports (A, B, and C).
All can be configured in a wide variety of functional
characteristics by the system software but each has
its own special features or “personality” to further
enhance the power and flexibility of the 82C55A.

Port A. One 8-bit data output latch/buffer and one
8-bit input latch buffer. Both “pull-up” and “pull-
down” bus hold devices are present on Port A.

Port B. One 8-bit data input/output latch/buffer.
Only *pull-up” bus hold devices are present on Port
B.

Port C. One 8-bit data output latch/buffer and one
8-bit data input buffer (no latch for input). This port
can be divided into two 4-bit ports under the mode
control. Each 4-bit port contains a 4-bit latch and it
can be used for the control signal outputs and status
signal inputs in conjunction with ports A and B. Only
“pull-up’” bus hold devices are present on Port C.

See Figure 4 for the bus-hold circuit configuration for
Port A, B, and C.
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Figure 3. 82C55A Block Diagram Showing Data Bus Buffer and Read/Write Control Logic Functions

RESET
EXTERNAL
INTERNAL 4—;-—- PORT A
DATA IN PIN
INTERNAL
DATA OUT
WR
Vee
RESET p*
EXTERNAL
4__.._04_—<-—~ PORT B,C
PIN
INTERNAL PU—
DATA R
\
WR
*NOTE: 231256-4

Port pins loaded with more than 20 pF capacitance may not have their logic level guaranteed following a hardware reset.

Figure 4. Port A, B, C, Bus-hold Configuration
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82C55A OPERATIONAL DESCRIPTION

Mode Selection

There are three basic modes of operation that can
be selected by the system software:

Mode 0 — Basic input/output
Mode 1 —— Strobed Input/ouiput
Mode 2 — Bi-directional Bus

When the reset input goes “high” all ports will be set
to the input mode with all 24 port lines held at a logic
“one” level by the internal bus hold devices (see
Figure 4 Note). After the reset is removed the
82C55A can remain in the input mode with no addi-
tional initialization required. This eliminates the need
for pullup or pulldown devices in “all CMOS” de-
signs. During the execution of the system program,
any of the other modes may be selected by using a
single output instruction. This allows a single
82C55A to service a variety of peripheral devices
with a simple software maintenance routine.

The modes for Port A and Port B can be separately
defined, while Port C is divided into two portions as
required by the Port A and Port B definitions. All of
the output registers, including the status flip-flops,
will be reset whenever the mode is changed. Modes
may be combined so that their functional definition
can be “tailored” to almost any 1/O structure. For
instance; Group B can be programmed in Mode 0 to
monitor simple switch closings or display computa-
tional results, Group A could be programmed in
Mode 1 to monitor a keyboard or tape reader on an
interrupt-driven basis.

{ ADDRESS BUS

L CONTROL BUS

( DATA BUS

RD, WR 0,0, Ag-Ay
&

P8P8y PGP,  PGPC,  PAPA

MODE1 —]_8 ,—_—L——. .
e (1] ] 3

0!
T ComioT  Comwo T
c
mooez —_8 — AT
: 1o I 1 1 \ I 8| BI-DIRECTIONAL
P8, PB, 10 71— PA,PA

CONTROL
231256-5

Figure 5. Basic Mode Definitions and Bus
Interface

82C55A

CONTROL WORD

D, | Oy | Dg | Oy [ O3 | B2 | 05 | Dy

GROUP B

PORT C (LOWER)
1= INPUT
0= OUTPUT

PORT B
1= INPUT
0= QUTPUT

MODE SELECTION
0=MODE 0
1=MODE1

GROUP A

PORT C (UPPER)
1= INPUT
0= 0UTPUT

PORT A
1= INPUT
0=0OUTPUT

MODE SELECTION
00 =~ MODE 0
01 = MODE 1
1X = MODE 2

MODE SET FLAG
1= ACTIVE

231256-6

Figure 6. Mode Definition Format

The mode definitions and possible mode combina-
tions may seem confusing at first but after a cursory
review of the complete device operation a simple,
logical I/0O approach will surface. The design of the
82C55A has taken into account things such as effi-
cient PC board layout, control signal definition vs PC
layout and complete functional flexibility to support
almost any peripheral device with no external logic.
Such design represents the maximum use of the
available pins.

Single Bit Set/Reset Feature

Any of the eight bits of Port C can be Set or Reset
using a single OUTput instruction. This feature re-
duces software requirements in Control-based appli-
cations.

When Port C is being used as status/control for Port
A or B, these bits can be set or reset by using the Bit
Set/Reset operation just as if they were data output
ports.



82C55A

CONTROL WORD

Oy

bg | 0s | Dy | By | D,

Dy

0o

|l

X X X

DONT
CARE

BIT SET/RESET

1«SET

0= RESET

BIT SELECT
0{1]2(3

4
0|
0
1

==~
G

olol=

o1
11
0|0

BIT SET/RESEY FLAG
0« ACTIVE

231256-7

Figure 7. Bit Set/Reset Format

intel.

When the 82C55A is programmed to operate in
mode 1 or mode 2, control signals are provided that
can be used as interrupt request inputs to the CPU.
The interrupt request signals, generated from port C,
can be inhibited or enabled by setting or resetting
the associated INTE flip-flop, using the bit set/reset
function of port C.

Interrupt Control Functions

This function allows the Programmer to disallow or
allow a specific 1/0 device to interrupt the CPU with-
out affecting any other device in the interrupt struc-
ture.

INTE flip-flop definition:

(BIT-SET)—INTE is SET—Interrupt enable
(BIT-RESET)—INTE is RESET—Interrupt disable

Note:
All Mask flip-flops are automatically reset during
mode selection and device Reset.
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Operating Modes

Mode 0 (Basic Input/Output). This functional con-
figuration provides simple input and output opera-

82C55A

Mode 0 Basic Functional Definitions:
e Two 8-bit ports and two 4-bit ports.
e Any port can be input or output.

tions for each of the three ports. No “*handshaking” e Qutputs are latched.
is required, data is simply written to or read from a ¢ Inputs are not latched.

specified port.

MODE 0 (BASIC INPUT)

e 16 different Input/Output configurations are pos-
sible in this Mode.

INPUT

&3, A1, 40

- N
0y 0y e i — o —- 0 Sk ——-—<:47 >< 4‘}~—-:-——--
tao ‘or
231256-8
MODE 0 (BASIC OUTPUT)
= 5 4
R )t .
tow wo
X -
taw e —— typ %

e
[
€S, A1, A0 X

X

outPuT

231256-9
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MODE 0 Port Definition

In

tel.

A B GROUP A GROUPB
D, | Ds D4 Do PORT A (Z?,f;zg) # PORT B (Eg\?v-:ag)
0 0 0 0 OUTPUT OUTPUT 0 OUTPUT OUTPUT
0 0 0 1 OUTPUT OUTPUT 1 OUTPUT INPUT
0 0 1 0 OUTPUT OUTPUT 2 INPUT ouTPUT
0 0 1 1 OUTPUT OUTPUT 3 INPUT INPUT
0 1 0 0 OUTPUT INPUT 4 OUTPUT OUTPUT
0 1 0 d OUTPUT INPUT 5 OUTPUT INPUT
0 1 1 0 OUTPUT INPUT 6 INPUT OUTPUT
0 1 1 1 OUTPUT INPUT 7 INPUT INPUT
1 0 0 0 INPUT OUTPUT 8 OUTPUT OUTPUT
1 0 0 1 INPUT OUTPUT 9 OUTPUT INPUT
1 0 1 0 INPUT OUTPUT 10 INPUT OUTPUT
1 0 1 1 INPUT OUTPUT 11 INPUT INPUT
1 1 0 0 INPUT INPUT 12 OUTPUT OUTPUT
| 1 0 1 INPUT INPUT 13 OUTPUT INPUT
! 1 1 0 INPUT INPUT 14 INPUT OUTPUT
1 1 1 1 INPUT INPUT 15 INPUT INPUT
MODE 0 Configurations
CONTROL WORD €0 CONTROL WORD #2
o, §ofl oX°0, o, %, D, 4 0, Dg Dy Dy 03 Dy Dy 0y
nEnonEon [LLTLL LT
A payta af—A2— paren,
22CS5A B2CSSA
A4 pe,e, A5 ec,pe,
0,-Dq ————— c-{: 0,-D, ~——| c{
/4 ooy R
B |—— o 05, B |l—rS— ro, 08,
CONTROL WORD #1 CONTROL WORD #3
D; Dy Dy Dy Dy 0, Ul Dy D, D' Dy D‘ Dy D, 0, D,
pnononnn nopooonn
af——st < onpa, Alb—F2——payen,
82C55A B2CS55A
2 pc,pc, L4+ ec,ec,
0,0, +— c{ 0,-0, c{
o A eeyre
o | vu,sg 8 f——A"— ro,n,
231256-10
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MODE 0 Configurations (Continued)

82C55A

CONTROL WORD #4

CONTRUL WOKD #8

L ool ]

8
A f———F———ra,Pa,
82CS5A
% ec,ec,
4
~—F—— PCy¥C,

8
’
8 |«——F——— PB,-P8,

9, Dg Oy 2 D3 D, Dy D¢ D, Dy Dg D, Dy D, D. D
T
I|a[uu|!u n‘u] [l‘ﬂ]ﬂl]u[u quJ
1
A ——1&—— PA,-PA, A ¢———/—‘—— PA,PA,
82C55A 82C53A
4
e 4 peree, ——F—— P, pr,
0,0, * - c 0,0y +—— c
4 4
——F—— PC-PC, ———A——— PC,PC,
8 [__/La ?8,-P8, sf—rt - 78,8,
CONTROL WORD #5 CONTROL WORD #9
D, Dg Dg Dy D3 D, Dy Dy D, D Dy Dy Dy D D; Dy
l\]o!o‘oj| ° oan I|0|01|oo|ol1l
8 8
A ’———/—’ PAPA, A |[=———F—— PaSPA,
B82CS5A 82C55A
i 4
le—— £~ PC,PC, ———/——— PC,-PC,
0,0y ———= c n,-0, c
4 4
A — PCPC [e——F—— PCyPC,
[ 3
8 |——F—= F8,-PB, 8 |——+——= P8,-PB,
CONTROL WORD #6 CONTROL WORD #10
0, Dg D, D, D3 N, D Gy 0, Dy 9 D, O UL, U, U
T
Iila{ou 1 ol-laJ I! ofo 1 °0||]°4|
8 8
A f——A— PASPA, A fe——A—— PA,PA;
82CS5A 82C55A
4 4
" PCPC, b—7 7 "ot
D, Dy ] c D,-0, c
4 4
AT peyPC, L/ PC,PC,
8 8
8 |=———F—— »8,8; 8 [~———F—— r8,-P8,
CONTROL WORD #7 CONTROL WORD #11
D, Og Dg O D3 D; O DO, Dg D¢ DO, Dy D, D, 0O

A A——1Ls~—— PA;-PA,

4
———Ff—— PC,PC,

[TLLLLLT]

— PCH PGy

[
8= -f——— P8P8

231256-11
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MODE 0 Configurations (Continued)

CONTROL WORD #12
0, O D, D, D; Oz Dy Dy
T
I 1]o]o |1 | 1 1 o| o0 l ° |
8
A |e——f—— PALPA
82C85A
4
A bcore,
P {
)
——F—’PC1-PCH
8
B ’__/_. PE,-PB,

CONTROG WORD ¢14
D; Dg Dy Dy Dy O © D

[LLLLLLT]

A;———/a

PA,-PA,
82C85A
4
et
TN {

[
PC;3-PCy

B |+——f—— PBPB,

CONTROL WORD #13
D, Dg Dy D, Dy D, D, D,

CONTROL WORD #15
D, Dy Dy D, Dy D, D, Dy

[ ey - )

82C86A
{ ‘_—/"—‘ BCRCa
c

PR e

8 ‘—7(1— PB;-PBy

231256-12

Operating Modes

MODE 1 (Strobed Input/Output). This functional
configuration provides a means for transferring 1/0
data to or from a specified port in conjunction with
strobes or “*handshaking” signals. In mode 1, Port A
and Port B use the lines on Port C to generate or
accept these “handshaking” signals.

10

Mode 1 Basic functional Definitions:

Two Groups (Group A and Group B).

Each group contains one 8-bit data port and one
4-bit control/data port.

The 8-bit data port can be either input or output
Both inputs and outputs are latched.

The 4-bit port is used for control and status of the
8-bit data port.
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Input Control Signal Definition MODE 1 {FORT A}
STB (Strobe Input). A “low” on this input loads PA,PA -«:
data into the input latch. CONTROL WORD
D; Dg Bg U, D3 D; O Do =
DIXIK] *
IBF (Input Buffer Full F/F) nnnnm X o
6.7 L
A “high” on this output indicates that the data has 8- obtur
been loaded into the input latch; in essence, an ac- o p—
knowledgement. IBF is set by STB input being low _ i B
and is reset by the rising edge of the RD input. © 9 2
PCq7 fo— 110
INTR (Interrupt Request) MODE 1 (PORT B)
A “high” on this output can be used to interrupt the el iton ALl
CPU when an input device is requesting service. A e b b D
INTR is set by the STB is a “one”, IBF is a “one” L P
and INTE is a “‘one”. It is reset by the falling edge of HMMMMHM

— 1BFy

RD. This procedure allows an input device to re-
quest service from the CPU by simply strobing its
data into the port.

PCo—— INTRg
INTE A ["—
Controlled by bit set/reset of PCy.
INTE B 231256-13
Controlled by bit set/reset of PCa.

Figure 8. MODE 1 Input

o EER),

. Y £

INPUT FROM . . j}._ _____________________
PERIPHERAL A
]

231256-14

Figure 9. MODE 1 (Strobed Input)

11
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Output Control Signal Definition

OBF (Output Buffer Full F/F). The OBF output will
go “low” to indicate that the CPU has written data
out to the specified port. The OBF F/F will be set by
the rising edge of the WR input and reset by ACK
Input being low.

ACK (Acknowledge Input). A “low” on this input
informs the 82C55A that the data from Port A or Port
B has been accepted. In essence, a response from
the peripheral device indicating that it has received
the data output by the CPU.

INTR (Interrupt Request). A “high” on this output
can be used to interrupt the CPU when an output
device has accepted data transmitted by the CPU.
INTR is set when ACK is a “one”, OBF is a “one”
and INTE is a “one”. Itis reset by the falling edge of
WR.

INTE A
Controlled by bit set/reset of PCeg.
INTE B
Controlled by bit set/reset of PCa.

MODE 1 (PORT A)

CONTROL WORD

D; Og Dy D, Oy D Dy Do

PA,PAGl 8

o|l1|eio
PCes
1= INPUT

0= OUTPUT

PCqs

MODE 1 (PORT B)

CONTROL WORD
D; Dg 05 O, Dy D, Dy D,

[ DDA =D

el

— OBFg

|~— ACTKg

—— INTRy

231256-15

Figure 10. MODE 1 Output

W N 4
e — ]
OBF
l— twos / />

|

INTR
Wit j
o /
icx \
tax 1 tarr
ouTPUT
—we
231256-16

Figure 11. MODE 1 (Strobed Output)
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Combinations of MODE 1

82C55A

Port A and Port B can be individually defined as input or output in Mode 1 to support a wide variety of strobed

I/0 applications.

rareanf 2]
RD —= PCq fe— §TH,
PCg |— 18F,
CONTROL WORD
D, Og Dy D, Oy D, O, D, PC3—— INTR,
o] [w]+]o ] 2
PCq,y [=—F— 110
Ce.7

1= INPUT
0= OUTPUT

WR ——=d

P8,P8,

£C2

PCq

— INTRg

PAPA [ B >
WA —=J #C, |—— GBF,
P |« —— AR,
CONTROL WORD
D, Dy D5 D, Dy D; O, D PCy f—— TR,
N/
[Tefrfe[mfs ] [X] ;
PCa g7 10
PCus
1+ INPUT
0= 0UTPUT P8, ¥y
RB—of #Cyfo—— 78,
PCy f—— 18F,
PCq |——= INTR,

PORT A — (STROBED INPUT}
PORT B — (STROBED OUTPUT)

PORT A — (STROBED OUTPUT]
PORT B - (STROBED INPUT)

231256-17

Figure 12. Combinations of MODE 1

Operating Modes

MODE 2 (Strobed Bidirectional Bus 1/0).This
functional configuration provides a means for com-
municating with a peripheral device or structure on a
single 8-hit bus for both transmitting and receiving
data (bidirectional bus 1/0). ““Handshaking” signals
are provided to maintain proper bus flow discipline in
a similar manner to MODE 1. Interrupt generation
and enable/disable functions are also available.

MODE 2 Basic Functional Definitions:

e Used in Group A only.

¢ One 8-bit, bi-directional bus port (Port A) and a 5-
bit control port (Port C).

¢ Both inputs and outputs are latched.

e The 5-bit control port (Port C) is used for control
and status for the 8-bit, bi-directional bus port
(Port A).

Bidirectional Bus 1/0 Control Signal Definition

INTR (Interrupt Request). A high on this output can
be used to interrupt the CPU for input or output oper-
ations.

Output Operations

OBF (Output Buffer Full). The OBF output will go
“low” to indicate that the CPU has written data out
to port A.

ACK (Acknowledge). A “low” on this input enables
the tri-state output buffer of Port A to send out the
data. Otherwise, the output buffer will be in the high
impedance state.

INTE 1 (The INTE Flip-Flop Associated with
OBF). Controlled by bit set/reset of PCg.
Input Operations

STB (Strobe Input). A “low” on this input loads
data into the input latch.

IBF (Input Butfer Full F/F). A ""high” on this output
indicates that data has been loaded into the input
latch.

INTE 2 (The INTE Flip-Flop Associated with IBF).
Controlled by bit set/reset of PCy4.

13
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D, Dg

CONTROL WORD

Os O D3 D, D

[

O[]

=" FCyy
1= INPUT
0=0UTPUT

——— PORTSB

1= INPUT
0= OUTPUT

{——————— GROUP 8 MODE
0=MODEO
1=MODE 1

231256-18

Figure 13. MODE Control Word

|j-—— 3TE,

18F,

|
e /w0

231256-19

Figure 14. MODE 2

INYR

1BF

PERIPHERAL
BUS

DATA FROM
CPUTO 82CS5A

‘—(ADB—_}

L\WQ, —A

— tak—] _—

\

FL-

=

DATA FROM
PERIPHERAL TO 82C55A

A FROM
!20554 TO PERIPHERAL
DATA FROM
B82CSSA TO 8080

231256-20

NOTE: o 575
Any sequence where WR occurs b A and STB s be
(INTR = IBF ® MASK » ﬁ —f O MASK AC R

14

Figure 15. MODE 2 (Bidirectional)

=

s before RD is permissible.
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MODE 2 AND MODE 0 (INPUT)

CONTROL WORD
0; Og Og O, D3 D; Dy Dp

[ T DD o] + o]

0=0UTPUT

RD ————=g

INTR,

PA,PAg <__T_':>

#C, |—— OBF,

vc, fe—— 578,

PCs f———— 18F,

3
PCy f—F— 10

MODE 2 AND MODE 0 (OUTPUT)

CONTROL WORD
0, Dg Dg Dy D3 O; O; D

[+ [+ XD o o [ 1o}

WA ———=f

ey ——— TR,

moa KT

#C, |——o O8F,

PCg |[e——— ACK,

Cipe———— 18,

P f— 18F,

MODE 2 AND MODE 1 (OUTPUT)

CONTROL WORD

D7 Dg D5 Dy O3 D; Dy Dy

PCy | ———— INTR,

PA, PAD

PCy |——— OBF,

PC2}e—— ACK,

PCy ———= INTR,

MODE 2 AND MODE 1 (INPUT)

CONTROL WORD

O; Dg D5 Dy D3 D Py 0o

[T DX DX

AD —————=3

#R——q

PCy r7z— INTR,

PA,-PAY <:I:>
PGy |——— OBF,

PCq [=—

AGK,

bc, fo—— 578,

PCg f——— 1BF,

FCy

P —— 18F,

231256-21

Figure 16. MODE Y/, Combinations
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Mode Definition Summary

MODE 2

GROUP A ONLY

MODE 0
— OR MODE 1
ONLY

EEEERNNE SRR

MODE 0 MODE 1

IN | OUT IN ouT
PAg| IN | OUT IN ouT
PAy| IN | OUT IN ouT
PA2 | IN | OUT IN ouT
PAg| IN | OUT IN ouT
PA4| IN | OUT IN ouT
PAs | IN | OUT IN ouT
PAg| IN | OUT IN ouT
PA7 | IN | OUT IN ouTt
PBg| IN | OUT IN ouT
PB4 | IN | OUT IN ouT
PBs | IN | OUT IN ouT
PB3| IN | OUT IN ouT
PB4 | IN | OUT IN ouTt
PBs| IN | OUT IN ouT
PBg | IN | OUT IN ouT
PB; | IN | OUT IN ouT
PCo| IN |OUT INTRg | INTRg
PCy| IN | OUT IBFg | OBFg
PCs| IN | OUT STBg | ACKg
PC3| IN | OUT INTRA | INTRA
PC4| IN | OUT STBa | 14O
PCs| IN | OUT IBFp | 1/0
PCg| IN | OUT 1/0 | ACKa
PCz| IN | OUT 1/0 | OBFp

170
1/0
170
INTRA
STBa
IBFa
ACKa
OBFp

Special Mode Combination Considerations

There are several combinations of modes possible.
For any combination, some or all of the Port C lines
are used for control or status. The remaining bits are
either inputs or outputs as defined by a “Set Mode”
command.

During a read of Port C, the state of all the Port C
lines, except the ACK and STB lines, will be placed
on the data bus. In place of the ACK and STB line
states, flag status will appear on the data bus in the
PC2, PC4, and PC6 bit positions as illustrated by
Figure 18.

Through a “Write Port C” command, only the Port C
pins programmed as outputs in a Mode 0 group can
be written. No other pins can be affected by a **Write
Port C” command, nor can the interrupt enable flags
be accessed. To write to any Port C output pro-
grammed as an output in a Mode 1 group or to

16

change an interrupt enable flag, the “‘Set/Reset Port
C Bit” command must be used.

With a “‘Set/Reset Port C Bit” command, any Port C
line programmed as an output (including INTR, IBF
and OBF) can be written, or an interrupt enable flag
can be either set or reset. Port C lines programmed
as inputs, including ACK and STB lines, associated
with Port C are not affected by a “‘Set/Reset Port C
Bit” command. Writing to the corresponding Port C
bit positions of the ACK and STB lines with the
“Set/Reset Port C Bit” command will affect the
Group A and Group B interrupt enable flags, as illus-
trated in Figure 18.

Current Drive Capability

Any output on Port A, B or C can sink or source 2.5
mA. This feature allows the 82C55A to directly drive
Darlington type drivers and high-voltage displays
that require such sink or source current.
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Reading Port C Status

In Mode 0, Port C transfers data to or from the pe-
ripheral device. When the 82C55A is programmed to
function in Modes 1 or 2, Port C generates or ac-
cepts "hand-shaking” signals with the peripheral de-
vice. Reading the contents of Port C allows the pro-
grammer to test or verify the ‘“‘status” of each pe-
ripheral device and change the program flow ac-
cordingly.

There is no special instruction to read the status in-
formation from Port C. A normal read operation of
Port C is executed to perform this function.

82C55A

INPUT CONFIGURATION
D Dg Ds Dy D3 Dy Dy Do

1/0]1/0 | 1BFA | INTEA | INTRA INTEg | IBFg | INTRg

GROUP A GROUP B

OUTPUT CONFIGURATIONS
D7 Dg Ds Dy D3 D2 D4 Do

OBFA| INTEA[ 170[ /O [ INTRA | INTEG | OBF | INTRg

GROUP A GROUPB

Figure 17a. MODE 1 Status Word Format

Dy Dg Dsg Dy Dz Dz Dy Do
OBF | INTE4 |IBFa| INTE2|INTRA | ]

GROUP A GROUPB
(Defined By Mode 0 or Mode 1 Selection)

Figure 17b. MODE 2 Status Word Format

Interrupt Enable Flag Position Alternate Port C Pin Signal (Mode)
INTEB PC2 ACKg (Output Mode 1) or STBg (Input Mode 1)
INTE A2 PC4 STBa (Input Mode 1 or Mode 2)

INTE A1 PC6 ACKjp (Output Mode 1 or Mode 2

Figure 18. Interrupt Enable Flags in Modes 1and 2

17
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