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ABSTRACT

Nowadays, a mobile phone of refill-phone card type is a very popular. Hewever, it is
uncomfortable and difficult buy a refill-phone card on night, holiday and after the store closed.
Therefore, the automatic sale refill-phone card machine is an alternative for buyer to buy the
phone card.

The machine consists of two AT89C51 micro-controllers for control the operation of
machine. The communication between them is pass through series port. The operation of this
machine consists of four modes as follow. Mode 1 (refill mode) is refilling the phone cards into
the machine. Mode 2 (memorize and load money) is memorize and load the bank notes and coins
to the machine. Mode 3 (sale mode) is sale the phone card. Then, confirm the operation of
machine, checking the number of incoming the bank notes and coins are a checking mode
(mode 4). The proposed machine can sale the refill-phone cards in three rates, that is 50 bath, 100
bath, and 300 bath. It can receive the bank notes from 20 bath to 1,000 bath and 5 bath to 10 bath
for coins. The experimental results shown that the proposed machine can sale the refill-phone
cards for any buyers. However, the recognizing process of bank notes is incomplete in all of case.

So that, it is a research theme in the future.
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(RXD) P2.0 ] 10 31 B EA'VPP
(TXD) P2.1 4 11 30 [OJ ALE/PROG
{TNTD) P2.2 ] 12 29 O PSEN
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1dqeqada 16 Bit

MIMAUAMIINIUY09995 Timer WIMua Timer nie Counter 11 lagn1s
fmualy Register TMOD (Timer/Counter Mode Control Register) N5 ﬁwmaﬂu Timer 9219
Register 11 Timer 0 %39 1 sty leRavesdayanannim Tumsliages Timer
W9y Counter Aiomsle Register THx 14ag TLx ﬁmﬁﬁu'ﬁm’su'lmxﬁamaaé{"agag1mﬁli’1’1
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- Control Register
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ﬁmﬁ"uﬁmuﬂgﬂzmumsﬁmu UASH0IUEUINT Interrupt TMOD, TCON, T2CON 1
dmiutmuagluuumsiieiues Timer/Counter Haz SCON wdmiummuagiuuuns

VN1UYD4 Serial port

2.2 matvoulas 8255 iy MCS-51

8255 (PROGRAMMABLE PERIPHERAL INTERFACE) WuFnuna 40 niley 3
wosnfie ABC fiuweth 8 ‘ﬁﬂﬁmmsaTﬁsuﬂsu‘lﬁ’zﬁuﬁuwwﬁamMwwﬁulﬁ’ Tavfinedn ¢
dauiatu 4 Savu uas 4 uaaelauil Inseadrammigal

2.2.1 NTYNIUAIU04 8255

D0-D7 TadoyaionTosiu cpu
AQ-A7 ldennesn A, B, C, uazwasan LAY
A :yll Yo o v a o Y QA3 A
RESET wovIiAs U anssguaedn 1 el 255 gridaiing
o Y o a L=
ilinawesa Wusuwninug
PA7-PAO ifhumesauiia 8
PB7-PB0 ithiwesaving 8 Gin

PC7-PCO Wuwesaviuia g 5a



RD/ Tunsewdeyanesnves 8255 deariliniiiiuassn o wlow
AuCS/

WR/ Tums@isudeyanielusunsuasuuasuy 8255 deainliuni
uaein 0 wisuiucs/

cs/ Wuvndendw 8255 13w lagrony 1O

DO0-D7 DATA BUS

I ey WO amgess 001
w il N RESET RESET INPUT
% ; ] e CS CHIP SELECT
: 3: RD READ INPUT :
5 : / g: WR WRITE INPUT
i e B AO-Al PORT ADDRESS
e 2 PAO-PA7 PORT A (8BIT)
ol =) PBO-PB7 PORT B (8BIT)
it g:ﬁ PCO-PC7 PORT C (8BIT)
ir_ ; : ::E :- Vee +5 Volts
; o GND 0 Volts
2N 2.4 N139ANVIVBY 8255
s B (B x il e '
L isiied ol PR o G PR
an [ —-—h_t{—_“ 1 ( it == i
plem Y Jl o T i
eavi ‘ . i P

a )
M1 2.5 Tassadenmeluves 8255



D7 D& DS D4 O3

D1 DO

el ]

L 1]

10

D7 D6 DS D4 D3 D2 D1 DO

DHmEE

Group B
Bit setfresat Port C (iower)
Bt 1=set 1 = input

Q = reset 0 = output
Bit seiect PortB
01234587 P! 1 =input
0 = output
b 01010101
Mode selsctior]
» i 1=input
110011
940 g 0 = output
000011
Group A
Port C {upper)
’ 1= input
0 = output
w.| PortA
1= input
-0 = output
Mode selectior
! w| 00=modeo
01=mods 1
b) 1X = mode 2

[ 9
NN 2.6 CONTROL WORDS %14 2 111984 MODE tag BIT DEFINITION FORMAT

M3 2.1 731 Tnuadeuos 8255

#CDE 0 [ ooed MODEZ ]
N quT [ Jookr GHUUP A GNLY

PA, 3y CuUT N DuT ——e

PA, IN cuT [y QuUT ——

P [EY QuUT 1y our ————

PAL N ouT IN cur e

PA, 1% ouT IN QuT e

pa, N cul IN ouT _-—

FA, 1 ouT IN ouT g

BA, iN ouT N ouT .

PR, N our N owT  ——

PR, N ouT ,’ N ouT —_— ]
i i 1~ OuUT i our e :
N N ouT iN ouT ‘
: PR, ] ouT N ouT —

pa, N oul TN ouT _—

B, N cur ,f N ] ouT —

PR, N QuUT L IN i OuT :
T I ouT INTR, | INTR, 0
T N our I8F, O8F, ¥Q '

PC, N auT 57s, ATR, o]

PC, iN ouT INTR, : INTH INTR,
bope, N ouT §TB, 8] 5Ta,

PL, N SUT IBF o 185,

P, N ouT o] ATK , ATK,

Pe, N QuT o QRF, OSF,

2.2.2 Inuamsiau

MIMIUAWTU 3 THUA FIA519T 2.1

Trua 0

imsyhauuuy BASIC vo 1§ handshake
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b4
=1 @ 1 J
Tnue 1 Inuaiildwosn A, Blunsiuniededoyn uasldwesn ¢
lumsasivdoudayanal handshake
3 d @ s
11y 2 Tnuaiildmein A Tumsiudadoya 2 me wazwesy Blu
o A gl 9y g a '
mssunsedsveyn wazldwesn C da 0, 1, 2 lumsds
Y

voyaliauazin3,4,5,6, 7 iludeyana handshake

4 o :»' J o o @ 4
Lﬁ'ﬁ)“ll'l WR/, RD/, A0, A1, CS/ MITUNS 5 "U'ﬁ]gﬁﬂﬂﬂ‘ﬁuﬂ'ﬁﬂN'luﬂ\?ﬂ'li?\‘iﬁ 2.2

2.2.3 MIVOATHARMHUINDIAVDS 8255

oty . ¢ a v P s oy
ﬂ']'iﬂf]ﬂ'i“ﬂﬁﬂ'l“‘ﬂ“ﬂ‘waiﬁuﬁﬂﬁ‘luﬂ'lww sl "lﬂlﬂﬂi"/‘ﬂiﬂﬂﬂu

M9 2.2 MINANNITIVEY 8255

Al A0 RD WR CY
Input operation (READ)

0 0 0 1 0 Port A —> data bus

0 1 0 1 0 Port B —> data bus

[ 0 0 YRR Port C — data bus

Output operaiion (WRITE)

0 0 ! 0 0 Data bus —> port A

0 1 I 0 0 Data bus —> port B

1 0 { 0 0 Data bus —> port C

1 1 ! 0 0 Data bus —> control

Disable function

X X X X 1 Data bus —> 3-state

1 1 0 1 0 Hlegal condition

X X 1 1 Data bus —> 3-state

Source: Courtesy of Intel Corporatioon.

8000H - 8FFFH COOOH - CFFFH
9000H - 9FFFH DOOOH - CFFFH
AO0OH - AOOOH EOOOH - EFFFH
BOOOH - BFFFH FOOOH - FFFFH

waz 19 minafidumis (FOOOH-FFFFH) 1n0eassasudy A8 , A9 , A10 Taold
7415138 lanosa
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F800H-F8FFH FCOOH-FCFFH
F900H-FOFFH FDOOH-FDFFH
FAOOH-FAFFH FEOOH-FEFFH
FBOOH-FBFFH FFOOH-FFFFH

dayanaudonin 8255 Miueswesn (FCOOH-FCFFH) uaz A0, A1 dodh Ao Al

Y09 8255 92 1AIUDIWOINVDI 8255 Fae13 197 2923

U1
RE POOADD pap |4
PILIADY pat (2
o PO2RD2 paz (2
B _fxrarz PO3ADI pa3 (o
PO.ARDY pac 4
POSADS pas 2.
5 POSADS o =
2 _frsr POIMDT par |21
v p2s (20 — BE = |75 pao (18
r21po -2 LI gy | R pE1 (2
4 F22R10 2D poz -2
2 | p1) =] 5 21
& TSEN r2amiy (-2 L = S a1 pea (21
S| ALE P2umI2 (22 z A = RESET PBY =
& r25019 (2 i pas (2
p2smts 2T L pas (2L
P2TMS pe? =
——{pn ranmxo (1 peo (L
Zr1 PIAmXD pCt 1>
—r12 PIZINTE (2. pcz o
-3 FIINTT [ pc3 I
= ri pam (14 pce
=15 PISTI B rcs 2
< r1s PISUR |10 pcs 1
P17 P3IRD PCT ——
ATRACST
Mcsst
U4A
1
3
2 u4.c
9 U3
7 a2
S n & s wbg
U4B = npn
7
' | = % 9—:';:
RS > e vs pal
E2 Y6 o
A9
T2 Sd e vi b
us:e TS

AlD 3 DECODER
i 6
5 UBA
1

AlJ g
10 3 [

st

MNN 2.7 MsFoulos 8255 1$8y CPU

2.2.4 maweules 8255 17y CPU

asaasmsalunmii 2.7 , 10 VINNINMIDBATHE 9219 loFnenssiasiusy

-~ A v L @ d'
lo@anyt FITWIID00ATHA IAAIINIT 19N 2.0-4



MINN 2.3 dIUVBIVT RD/, WR/ 4848255691191 RD/, WR/ 4849 MCS-51

I/0 (ADDRESS)

8255(PORT)

FCOOH

A

FCO1H

B

FCO2H

&

FCO3H

CONTROL

2.2.5 mslisunsu 8255
wldmsrens Tsunsudagalii 2.8
- Mode O Configuration

LORITHIL BWUND 80
% o 8, v, DD, D, ¢

CONTRIL mTHE &

L Tymd L, TS50 8 0 ol
T
" 3 7 vi yla
i {
- PLa
| et il
—b—,&,ﬂ__—-\ -
£l ey

o oyl e
CONTAGL Anie e
3. B S, 5, v B, oo,
| ] o s e i 2 c 2 I
.9
e
LE=TPY
.
e —
e E ol
| -3 .
e b,
a
A= A

LONTRC &3I0G 9

Gl LY g R

pOGERNGD
L i !

A Bl

azcssa
L 3y

4
B R 4o ue

Byt B L,

LTG0 9]
%200 o G, u, of e,

{ )
L s A e,

et ru,
23256

o e 5,PK,

NN 2.8 CONTROL WORDS AND CONFIGULATION
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CURTHEL WEa D s

L S T
28 R i
3 < P2
CaA
- 2 [N
O, v ;.1
+
" v,
I =
L R Sl RV

CUNTROL Aeibas an

[ -

!
o (A )

CONTIOL Fa8EG 81

2, Gy, o, oy

Do, — o

F2C584

CONTROL WORD p1s
L T T T

bz b1 T
Ll‘agagv Vi

14

[ —m

L 211,
CANT I WO e
By 9, B b
L 3 13 3 n
z
& Jarmaegoe P oX &
LELI=TY
) UL S
o153 W . -
i 1
DU %18
Bt e g
e
LN TR R
QNS ~0, & I, 3, &, 1o,
T T ™
"o J O A ™huit
il i L +
N = . P, b,
(=TT
L - c

Bt
-

FANTARY wed) 1%

LEVN

[ 7 S

e
e e T

.3
e vy oh,

O R mOED ”
9 b, BBy B oo b, oo

['?i!% il
v-2§0§l§‘§3|

-y

0,0, ——— |

rs
e

a ‘—7"“— TRy Py

WA 2.9 CONTROL WORDS AND CONFIGULATION GR)
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2.2.6 The Bit Set / Reset Mode
o a d [
wenvnezldnesn A , B, C ’lumﬂﬂﬁu,ﬂm’lﬁ’gfluauwwmmwmf’{mwa
annsoneldsunsuwesn ¢ da Pco-pc7 Wiiluaesn o vl 1 AdFnudluemn) e ld

Wudyana STROBE 18 33ms Wsunsumosa C dauansnind 2.10

B2 DY BO

BRI

Bit set/reset
_._P 1 = set
0 = reset

Bit select
01234587

01010101

—>
——"} 0’01 D0 1 1
P

0,0 0671 1 1 1

4 a (4 1 3
mui 2.10 Tsunsudnveanasa C Adifluerviwnmingu

a das d
2.3 MIDUIADITNA

A v @ o 9 o a a o o

A9 Mmsdavenaz Tsunsudrvasudannih Tusunsiusmssumessne (Interrupt

@ a 7 o d'o 1]

Service Routine:ISR) M13A5 30AQYYIUNI S 0I08DUADI S HAVZATINAD LTS M1 S5P2 494

= a a v L =1 e
NN uussU lAan 2 %szlumsma%ﬁamuﬂuQﬂmm“lﬂ vursu lmaan 3 vznszlnalyl
o a a Jo o s S 1 @ P
mmsuINMIBUABIINA (Interrupt Service Routine:ISR) Lga9f1 Vector ANANTNN 2.4
DD sWAYRY MCS-51 1811910 6 LmaenazSifios 5 Vector (WY Timer/Counter 2 191347
o @ 4 o [ 4 1 =1 ] A
MMIVLBS 8031 , 8051 dwimueT 8032 , 8052 Au'llezd 8 uMAe 6 Vector (KN
Timer/Counter 2 19117) 30 TWR 2.11 c"mmmumiqﬁuwmé’r’q;aunmﬁuma{%”wﬁmmﬁﬂﬁﬂf

E4
s

nunemelutazneuendn

— ne | ; n Lod
s (]
e S [ I

PR
m
o
e
rars R RATL

q' ' o @ a Jo o
HNNN 2.11 L!ﬁﬂ\ul‘ﬁﬁ\iﬂﬁﬁlﬂﬂﬁﬂéﬂﬁﬂ!ﬂﬂlﬁﬂii?‘lﬂ
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! y o a v d
M3 2.4 wansFedaaadumos e

ady Yoduanabumeding Vector Address Priority
1 IEO (31091 INTO/) 0003H highest
2 TFO (Timer/Counter) 000BH T
3 IE1 (31091 INT1/) 0013H
4 TFO (Timer/Counter1) 001BH
5 TI+Ri (31nSerial Port) 0023H X
6 TF2+EXF2 (310 Timer/Counter2)* 002BH lowest

* (TF24+EXF2) tmwizluwes 8052 4wy

0SB} N ]
L BT s Pes [ZE ] o] &6 W% |
Symbei.  Position Funclion
EA IE.7 dizabies allinlemp1s. If EA = 0, no y2erupt will be acknawlesgad. If EA = 3 pach in-
larrupl sowce is individunlly arablod or dsabiod by salhing ar cleasing its enadle or,
- IE8 feserved
ETZ 1E.5 enables or dizables the Timer 2 oveMiow or caphsma intamust, I ET2 = 0, the Trns: 2
inlarrupt B disabisd.
£S5 IE4 anatias or disnties tho Sevial Port interrupt. I ES < 0, the Sarial Po alarupt & doa-
blod.
ET1 ' 1£.3 enabies of disablas tha Timer 1 Owerfow intermupl 1 ETT = 0, the Time: 1 “nerrupt is
disabled.
EX3 IE.2 enabies or disables Exiemal tntoerupt 10 H £X: - 0, Externa: Inlorrizpt 1 = disabbad.
=TD = | eriables of disablos the Timer 0 Overficw imermupt. 1 ET0 = 0, 1he Timar ¢ nigmupt is
dizabind.
EX0 k.0 anabies or disabins Exiomal inerupt O. 3 EXO = 0. Externs tnlenust O i3 Msabiad.

MAA 2.12 Interrupt Enable Register (IE)
2.3.1 IE (Interrupt Enable Register)
dmunuduineiSndld 6 unds 5 Vector fiovIn (T1, RI) . TF | TF1 , IEO , IE1 131

Y A Ty a Jo £y aa o dy = [ ~
mmmm&msa”lwmmﬁaumaim"lﬂinﬂﬁlfrmaﬁgﬂu ITYASIVYAAINITINN2.5

M3 2.5 uErasmstaguaNd T dyanutunessHe

U9 | ¥eis MR

IE7 | EA/ |=1 wmaﬁqmiﬂauiﬁgﬁ@ﬂmiﬁﬁumaé’%’wﬁmmmdwﬁm'1?1'

=] ] Y o a Jo 4 U 3 Qy
=0 mntrm’luﬂaniﬂ‘mmsaumaﬁvmmmmmimmﬁu

IE6 | X | Ni8leu

IE5 | ET2 |=1nuene seuldiimssumessnaiie TF2 1Aa 11195 1Wa)

] Y o a o L A a
=0 mwneds  hivenldimstumessngie TE inaleres vas

B4 | ES |=1mneds  gouldhmsdumesindnnnesaounsuld

2 1 Y o a Jo o o
=0 1YY ‘lllflailcl?ﬁ’nﬂﬁi’)'H!ﬂ?J‘iﬁWﬂmﬂWfJSﬁ’e)Hﬂ'ill
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IE3 | ETI |=1wnweds  esouldiinisdumessndade TF1 dalomesinas
—onweds  liseuliviimssumessndillo TF1 AalenedTnad
IE2 | EXI |=Iwneds  goulihmsdumesindanndygiuniouennuiomy
=onmeds  hiveuldhmsdumesindnindyaamousaninona
IE1 | ETO |=1vnweds  souldvimsdumesinaie TF0 falonednas
=0 vefis  hiveuliiimsdumesindiie TFo Aalenedlnas
IE0 | ETO |=1vweds  veuldivhmsdumesindnndyanamniouen’ld saNto/
=omwteie  livenldiimsdumesSwndnindyaaniousn 1NTo/

a do & 1 a [ 4
myvunesswas ldeglusTmans TCON umuswazidenluios Intive Sinunns

2.3.2 S1eRzRunveq IP

mesueanurueluuaazdn 1p

PT2:

PS:

PTO:

PTO:

PXO0:

PCT:

0

1

9. v o w o @ a a
0 ﬂﬂulﬂﬁﬂ'ﬁ‘ﬂﬂﬁ'lﬂ'ﬂﬂ')'lilﬁ'lﬂtyﬂl@\?ﬂ"ﬁﬂumi)gi‘vw‘l{

' Y. ¥ o w o v a [
| ulﬂJﬂ’ﬂlli'ﬂﬁﬂﬁi]ﬂﬁ'lﬂijﬂ’ﬂuﬁ”!,":‘.y‘llﬂﬁﬂ”liﬂu!ﬂﬂ‘g’SWG‘i’ 119

[

Timer 2 i uanudfadrge

Timer 2 Hid1AUANUdWYgIgA

nesndoasoynsuddmdunud Tusga

nosndomseynsulidiwundudidadiae

Timerl SiMAuANUdIRYfiga

(9 o w

Timer 1 Idduanudnagege

v
o

Timer 0 U WUANVT R a9

o Q

Timer 0 ifAuAUT Ry gega

q
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BumesInAnuuenyiia 0 s ¥ uanud oy A1ga

a Ju o a o w o w
DUIADIINANYUDNTUA Oﬁﬁ?ﬂﬂﬂ?']llfﬂ YNaa

(83C154/83C154D Only)

o 1o a Jo o
ﬂWﬂ?ﬂhluﬂT@ulﬂﬂiiWﬁﬂ’JUﬂN’ﬂ'Iﬂ IE

M3ABNANYAULYBIAIINIA(Interrupt Type Control) hildeglhustamesiildnaugu

61367
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(MSB) (LsB)
Leer | x T [ psTePr e [ ro ] ma

Symbol  Posttion Function
PCT IP.7 83C154/C154D only.
Priority interrupt circuit control bit.
The priority register contents are valid and priority assigned interrupts can be proces-
sed when this bit is "0°. When the bit is *1", the priority interrupt circutt is stopped, an
interrupts can only be controlled by the intemp(end:bregister(lE).

PT2 :::: ;srfn::dme Timer 2 interupt priorty level. PT2 = 1 programs i to the Higher priority
PS P4 :ev:r:ésmesmalPonimemsptpﬁomybveLPsnpmgmnsnwmmghsrpriom
PT{  IP3 :evﬁd}.és the Timer 1 intemupt priorty level. PT1 = 1 programs & to the higher priorty
P12 :r?ri;s the External Intermut 1 prioriy level. PX1 = 1 programs It 0 the higher priorty
PTO IP1 an'es the Timer O interupt priorty level. PTO = 1 programs it fo the higher priority
PXO IPO Efz;smeenemanmmptomi:ymmﬂpvogmmnmuuhsgh«prmy

MNA 2.13 UAAITIoazIDoAvee IP

2.4 TIMER 42z COUNTER

T é 3 o QJ
AUz neUMETuYes MSC-51 @93 Timer/Counters 19171 51 80C51 925
16 bit Timer/Counter register 19 2 %A (ﬁi’) Timer 0 tag Timer 1) HaZEIN5Y 80C52, 83C154
AR A o A 3 s\ = = v g A
1Az 83C154D INUIUDN 1 @2 (AD Timer 2) Fananuaiiansone ety Timer vie

3y 9
Even counter ﬂblﬂ

[ v v v
Woldanudu Timer fly Register WINUTUBIYAT Machine cycle 910fi 1
14 F
@ v @ 1 . @ ]
Machinecycle 1ddamnm Clock 12 gn daiu A1ee Timer szaiuaudIonE2 1/12 vos
AUD Clockh 19/
d'l g U ] A a cg 3 d'd Py
ioldeuilu Counter A1l Register wiAWLIUYNATINIMsasuuasaaus
@ § o o do o
0 — 1 VeIdygNUNNAWUBNTAVY Input NFWRUTAY (TO, T1 ez T2) lunisHieIuues
9
Counter 11 dygnunNmMouen wwgnasedenlusietaives ssp2 YBINN9] Machine cycle
A o ~ v ~ o '
diodfuassanudamsiidiu 1 11 cycle 109 udmswnugorsiidiy o Ty Cycle 9A11 A1
< A :g J 3 ~ P ]
Y04 Counter NITINUTU 1ABAIYBY Register diimaaountlaslugianaives s3p1 veq
l d’ o d’ s 3 o 9 d’
Cycle finl1) 11nfiM31h9a14983 Counter nsmanudayanar Tu 2 Cycle Nz 1718 anwd

@

qaganaziuldne 124 vesdayana Clock 7119

2.4.1 Timer 0 and Timer 1
Timer/Counter 0 1182 Timer/Counter 1 fioglu MCS-51 wwannsasmuazluuums
15918910 Bit C/~T 483 Register TMOD 11 SFR a2 Mode msmauaziaenldnn

o 2 3 9 @ o z
Bit M0, M1 Fufien 1dnanun 4 Mode #2011 M39197999 Timer/Counter 114 Mode 0,144a% 2
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@ 1 o 1 [ Y o
09 Timer 0 42 Timer 1 9smmilouriu d1un13991ulu Mode 3 vzunnd iy Tavasd 18

E4
=1

il

Register TMOD

- GATE BIT

ity Bit W14R9unu 1% Timer amumiols) &1 Bit fvos Timer x gnauths 1
(Hardware controlled) 927117 Timer vhanifideiiodayanaiion INTx v 1 ua Bit TRx T
Register TCON 1114 1 @98 0 (Software controlled) 9£¥11¥ Timer ¥191muiilo Bit TRx 1y

Register TCON i

&ATE]C/?]WIMOIGATE]C/?[W[MOT
[ J 1 |
TIMER 1 TIMER 0

GATE When TRx (in TCON) is set and GATE = 1, TIMER/COUNTERx will run only while INTx pin is high
(hardware control). When GATE = 0, TIMER/COUNTERx will run only while TRx = 1 (software control).

cT Timer or Counter selector. Cleared for Timeroperation (input from intemalsystem clock). Set for Coun-
ter operation (input from Tx input pin).
M1 Mode selector bit (NOTE 1).
MO Mode selector bit (NOTE 1).
NOTE 1:
M1 0  OPERATING MODE

1 16-bit Timer/Counter

2 Bbit Auto-Relboad Timer/Counter

3 (Timer 0) TLOis an 8-bit Timer/Counter controlled by the standard Timer 0 control bits,
THO is an 8-bit Timer and is controlied by Timer 1 control bits,

(Timer 1) Timer/Counter 1 stopped.

M
0 0 0 13-bit Timer
1
0
1

e ]

-
—
w

2N 2.14 S9d1m835 TMOD

- C/T Bit

ﬁmé"mﬁaﬂmsﬁmwm Timer/Counter 'jﬁ)zcl%’rflu Timer ‘Vi‘ﬁs'f) Counter 5’1

]
=

Y 0 2 g o LY =
Bit U1 (Counter) Honmsvanuiiu Counter Fanvgimsiudyanaidhund a1 Tx 0

o N 4 g ° v W
(Timer) {30nM 511979481 Timer FNITNMINVTYY I Clock/]

Register TCON

A IS § o
- TF1 Bit Timer 1 Overflow Flag ¥z liaaiuzily 1 131® Timer 1 register U1l

v v E4
vUINA Overflow A0 12Y04 TF1 113290 Clear 1dioaiiie CPU Y1 1um 1y Interrupt 1)

- TRI Bit Timer 1 Run Control Bit il Bit fiannsoniunuld&s Software

M5 UAAUMITVYDS Timer 1 Register
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(MSB) (LSB)
L™ [ [ 70 [ 0 [ & [ m [ ® | m |
Symbol  Position Name and Significancs Symbol Position Name and Significance
TF1 TCON.7 Timer 1 overflow Flag. Set by hardware  IE1 TCON.3 Interrupt 1 Edge flag. Setby hardware
mt'rrerlmmovemow.Cleemdby Mmmmhemuedgedetaded.
f\ardvarewtpnpmcesorvedorsw Clsamdw'mhermptpmcessed
intamupt routine. m TCON2  Intermupt 1 Type control bit. Seticleared
TR1 TCON.6 Tm1RmoortrdbitSet/deamdby bysoﬂwarabspedfy(alhgedgeﬂw
software to tum tmer/counter on/off. Iwe“riggeradexterm!ﬂamps.
TFO TCON.5 Timer0 overfiow Flag. Set by hardware I£0 TCON.1 Intermupt 0 Edge flag. Set by hardware
mﬁmerlcantarmﬂow.Clearedby Wwhen extemal interrupt edge detected.
hthamM‘pnpmcessorvedorsb Cbaredwhenhetmptpmcawed.
intemupt routine. mo TCON.O  Intemupt 0 Type control bit. Set/cleared
TRO TCON.4 TmORmcmubitSet/deamdby b/mambspecﬂyiaﬁ\gedgeﬁow
software to tum tmer/counter on/oft. bvelhggaadexlemalmmps

Figure 1.13. TCON : Times/Counter Control Register.

NN 2.15 Register TCON

- TFO Bit Timer 0 Over Flow Flag
= TRO Bit Timer 0 Run Control Bit

- IE1 Bit Dafivzisi 1 zﬁaﬁﬁ@ﬂujmﬁﬁ’hmmam ~INT1 (Tnafignizassn
vosdganamuimualy Bit 1T1) winzihliiAamsnse Iaa e Interrupt Service
Routine Y84 INT1 18 Bit f 9znduiiias 0

- IT1 Bit 4T Bit ﬁ“l%'f‘imuﬂﬁﬂymwmﬁmuﬂpmﬁ%zz%'wmﬁm ~INT1 81 IT1
iy 1 vzifems Interrupt AN 1IZYOIF YT U1 ~INT] laeunn 1 o & 171 1i 0
WLIAAMS Interrupt A1z VBITYYINA 91 ~INT1 5 0

- TE0 Bit UMmsaumilon 1E]

- ITO Bit IM3syammion 1T

¢ 4
2.5 ms‘l%’emwasnaamﬁménsmmn (Single Processor)
waé’wﬁamsagmﬁimaa%dmsv‘imu‘lmmuﬁEan?iwjagswﬁﬂcf (Full Duplex) 1u
mssuunzdedeyaoynsuldlunanioasu Tasdaumeddalda: TxD (Wosh 3.1) ¥ingu

Sul4%1 RxD (Wos™ 3.0) SBUF “l%'zfluﬁ'ﬂ@ﬂﬂ?ﬁ"lﬁ?u%’uuazfr'm’fayaﬂgﬂm

]
a

S A o [
wamﬁamiaqﬂsummsﬂTﬂmﬂsumsmem"lﬁ"‘rtmﬂmmﬁ'aaﬂu lauideniiia

I

24 19 aa o o & y
SM1 uagSM0 GﬁqagGlUE%ﬁlﬁﬂsﬂjﬂﬂjJ SCON NINMNIUNG 4 Iﬂﬂﬂ ‘llmwagﬂﬁﬂﬁﬁmgﬂﬂm

b4
v

911
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lnuao: wesndemseynsy 8 dn Tasmsdeesdouseniiazin Iacaeia
DO ponludoumav RxD wawe lifimsda start bit udazds shif

clock 91 TxD (W57 1/12 111989 CPU Clock)

(A3 3 112 511483 CPU Clock)

&\Dlolx!zlxzc:[s}s[?[
G B
ERD i R et e K SO L

TI i |

{ y 7
MM 216 NMsFearsnesmoynsy Tnua o

d 4 a a
T 1: wosndeanseunsy 10 Gn Foya 8 §a 1 start bit uaz 1 stop bit 4ay
= [~ (] ¥ v A
misusandasuudag @Muis lumisdadoyald Tasdusuda

SMOD 11 PCON uazdnsiTeiaes 1aiuo Timer 1)

Y QDN 1T e Llizd
Baud Rute Mode 1.3 = - S 9 ; A0 LY Timer |
. 32x 125 [256 - (THDY]

Oscillator Freq.

. gt )
£ . -y by L S .
Baud Rate Mode 15 -+ L0ty Timer

32« [63536 - (RCAP2{1. RCAPILY

Sturi it DHop-dit

Mnii 2,17 Msdemsnesaoynsu Tnual

Twua2: wosndemsedinsy 11 4a do3a 9 i 1 start bit wa 1 stop bit (TBS
Hohanldds Parity bi) Aamsr lumssudsdoyaningy 132 uns
1/64 494 CPU Clock Tavdufuifin SMOD Ty PCON
®  Baud Rate Mode 2 = (1/32) (Osc Freq) Lﬁf) SMOD =1
®  Baud Rate Mode 2 = (1/64) (Osc Freq) lf;ﬂ SMOD =0

TXD L,o[l[2]3[4]&]6"'7].1‘5‘8]

Start bit Stop bit

o & o
NINN 2.18 ﬂ)iﬁafﬂﬁ‘”@ﬁﬁaiﬁﬂﬁ” jﬁﬁJﬁ 2
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Inua3: wesademisuuy 11 n UART Taodsdioya 9 Ga 1 start bit uay1
v
N (Y < v o a
stop bit imilealnua 2 sndudasianuSisiusuia SMOD 1u

PCON uazdns1Toraes Inaives timer 2 (s 80C154D)

25M9P » Oscillator Freq.

32x12x[256—(TH1)]

Baud Rate Mode 3 = Tauld Timer 1

Oscillator Freq.

Tauls
32x[65536 - (RCAP2H,RCAP2L)]

Baud Rate Mode 3 =

Timer 2

TXD L]o‘|1|2]3f4|5,6[7,'r133[
" Sunbi Stop bit

TI ,—‘

/Wi 219 nsfemsnesaoynsy Tnua 3

2.5.1 msﬁam’a‘luiﬂﬂﬂswmqsaiﬁa%’nda%’eyaaunsu (UART)
=} ' 9 v A
iing 2 Tnuadefiufe

- Single Processor Mode

- Single Processor Mode

- v s
2.5.1.1 Single Processor Mode: 11 lnuntiis1nz 191y InsnouTnsamos 2 ¢

A 9 o
BUVININY

v
2.5.1.2 Multi Processor Mode: TuTnuaiiis1nz14luTasneuInsames 1 ¢

@ 1 @ a oI @ 1
uduni (Master) 118 0-256 AN (Slave) Wnes i lFnavnunssudadoyaoynsy

SM2 iiadenmsiieu UUY Single Processor Mode %50 Multiprocessor
Mode
A £ Vo
1 18@0 Multi Processor Mode 190 Tnua 2 | 3

0:1aen Single Processor Mode ‘lsi’f"'lﬁ'ﬁn‘vgﬂiwm

24" iy o @ g s Y
mamaﬂmimammmay’mmu Multi Processor Mode (187

Y a A

- tdeyadaii 9 ASum 185a Ty 1 RI TR

Y

- Sdoyaiiad o Asum 18Tausi o rI 2z e

REN  (Receive Enable) innugulnsunie lusudeya
1: 1W5udeyald
0: Musudoya

b4
P

TB8  (Transmit bit D8) Yoyaludaii o NezdelyluTnua 2 3114 uai

1&1ae
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a a Ao [ a dy

RD8  (Reccive bit D8) foyaluiini 9 isudunszuudiy 3 luin
< P Qy v 9 o
TI wian THazidlu 1 fledugemsdedoya 1 lud

< 4 o 3 s
RI  uwdn Rlezilu 1 dlesudoyaiade 1 lud

a Y, o 75
A1 NN 2.6 ﬂ'ﬁ']\‘lﬂ'li‘l‘lf‘lﬂllmﬂi 1 MAUAUDALTN

Baud Rate Fose SMOD TIMER 1
WWPCON | /T | MODE | Reload Value
(MODE 0) Max : 1 MHz | 12 MHz X X X X
(MODE 2) Max :375kHz | 12 MHz i 55 X X
(MODE2) Min : 1875 kHz | 12 MHz X | X )
MODE1,3 625k 12 MHz 1 0 2 FFH
19.2k 11.059 MHz 1 0 2 FDH
96k | 11.059MHz | 0 0 2 FDH
48% 11.059 MHz 0 0 2 FAH
24k 11.059 MHz 0 0 2 F4H
1.2k 11,059 MHz 0 0 2 E8H
1313 11,039 MHz 0 0 2 1DH
; 110 6 MHz 0 0 2 72H
‘; 110 12 MHz 0 0 1 FEEBH

2.6 msmlasdyanaemdeniuainea
2.6.1 Jasea319ve9 AD

- Dual Slope Type

- Tracking Type
2 / ;
s 20— (OR Vggpd
Ro—2 19f—ClK R
WR—43 18 p—=DED (LS8)
CLKIN—{¢ 17 —~LE1
MR—5 16—0a2
Vin(+)—6 15083
(=7 14}—Ce4
AGHD—{8 134—~DE5
Vorr/2—9 12}—CE6
D GND—{10 11§—C87 (458)

MNA 2.20 MITA19VT ADCO804

9 o A a <1 A A v Y o
ﬂ"IS(l‘IN'm(SAR) 193 ADC0804 %QNﬂ??ﬂJ!S?ﬂi%NTm 100us HIUNIABIVINY CPU

AN 2.21



T MU RS TSN
3 RGN KIS

nyTranIRey
LTSS

et at

{ Hatia
s it
i ﬁ
auw
SrAT oA IR

vl ’
§ : 3 ‘i“ﬂ(“'
' ey : w "
————— e 1 wis | kit \arrrr
siczae nan s | M
a0 i i
5 I !

A e e

TR
i —— (¢
m e o o
; e oo, — —ran
mac o
t(: ) - (T

Mete 1 TTsacmn tavie e Cary

heie 2 §43 & Suczesive Axrtigion Bepee

MNA 2.21 Iﬂ‘iﬂﬁ%’"lﬂ"ll’ﬂﬁ ADC0804 11a2N139A 21991

INTR

'
! —

! A
i

_ OGS X o

= o o
HINN 2.22 wmaﬂumsmammm A/D

ILK N l:>
a/n 3
e e - e 1 X

[
l an
iyl
“VREF
'CL = 1
10y K 3 e
3PAN2 11RC
L = 11.5Vppl R 10 ki)
G / _J +
0.5 Ve ? 15V, L= <,
ZEROSHIFT seanC  MZLnss 12 LR
an gELY] I i

Aﬂ' i ' ‘d' o
HNN 2.23 msﬂiummmamsmqmuun Self -Clocking
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e +5V
A L2 39 AD O
‘ T P00
10592 Mz =t £ 3? 5 ng}
-0 P02
. ! 2 181 %1 PO.3 38 AD3
Lo {©2 '
- X1 e P04 35 AD.4
o e P05 34 _____ADS
X2 POS 33 AD 6
- RES 9 RESET BOg 2 e
21 A8
LINTO 12 4 INTO S%? .22 --A9
~<7 ANT 1 43 ] INT 1 P 2'2 23 A1D
T8 -1 TO 8031 'P2.3 24 A1l
T 15 T1 P24 (.25 A2
P25 —ggw — -AA;} -
Sl P26 [ .27 -
e é ¢ g ‘l.? P27 28 --.A15
| - ¢ P v,
; 3.0 pa2 RD 17 RD. ..,
1y 4 |Paa ~ WR 16 WR
R B i PSEN > 29 PSEN. ]
i ] F-Pas ALE/P | i!? %l;g :
L T P16 TXD |
CiE ' P17 RXD | 10 RXD
{30_(;1 - | 20 S
|
+5V
20 o
Vin e~ L 5= Ve T T6ed 11~
7 ey e 4k
- a4 Y
150PF 10K 19/ on ce 4Rl S |
~ 4 lcikiN Dae! }g -
T2V L e e PR 2
{ADC 9604] - > ]
MK 2 RD-2.
< = 9 v VIR
17 } i
1k I & ! DGND |10
ot UL Y, SO\ o\ Ve
IN914X2 |

-
[o:]

7
2

MNT 2.24 M3eio A/D 181U MCS 51

msulssdganaoumenidudtnen suiluivzdousy s AD fou Tagildan
WR i1 Low mwm%‘ﬂumsuﬂaaﬁaﬁymwh”lse‘fiyuagjﬁwﬁﬂ A3 Wsed ACDOS04
92dif1 Conversion Time Uszinat 100 uS sﬁauﬂamagmaé’a%zﬁﬁ'ﬂmmamaaﬂaaﬂmﬁﬂn
INTR i1 High ﬁtyﬂunmﬁy A/D 1N9UR39AEUT EOC (End of Conversion) 411 1un1s
AouTsunsudesimsi@ou wesn AD oy (ovl? WR uaz cs vas A/D yoniiv)
wdwmiufison INTR iy High uﬁ"sﬂ'aua'm%ga“lﬂzﬁmﬁumﬁﬁyuqﬂmsﬁmu 1591
n3ednIiniluilevnin START AD udalingUsesundizivnainsy 100 us 1dy8an
911 A/D Tilifly

2.6.2 M3A® MCS 51 911U A/D
v 1 Y o 2 Y o A v oW
- 198y DBO-DBT w03 A/D azsiowdiiu Po Fuflumésta niesesy p1
- 1 CS/ 920131 /O Decoder H308141 INT/ e INT1/ 319fn01n 18ae

- myhbin Wr/ ilu Low v 18 Tne 1916 MOV @DPTR, A
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- M1l RO/ idhy Low 11118 Taelds s Movx A, @DPTR
- mam i INTo/ 150 Low 711800198183 CLR P32

- MIMTANINT AT ULowsi 13 T 1914 a CLR P33

2.7 aailuauil

. . ad a 4 o
o0uoni] (Operational Amplifier: Op-Amp) dhunnssdnnsefinduuudifaniens
93590 (Integrated Circuit : IC) mlmsﬂsvunm“lsﬂumsﬂﬂmsﬁmmmsﬂuamamﬂiu‘i‘]%mm

m’fN%'lﬂll"l]lﬂﬂlﬁﬂuﬁ“’ﬁlliiﬁu‘”ﬂﬁ ﬁmaﬂymuammle 2.25

vi

Vo

{ v @ d
AN 2.25 Todnysivesentluowi]

anauifveseatued wzlszneude

L ANWAMMIUTEN TN (+) LAz () AN

2. 93 1VLITRANUAIMILANAI (Ao) diisgaun

3. ANUA MU IWATimA 1N

4. WOANSZNNNSITNT (5 1Az () Sirushlng o

5. Sns1venedaynnas 1l

Tumsaugusssuwsogunsaiaie ey wisnsmugueonld 2 oy Ao msaugy
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e e AT 30C 51

Features

o Compatible with MCS-51™ Products

® 4 K>ytes of In-System Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cydes

Fully Static Operation: 0 Hz to 24 MHz

Three-Level Program Memory Lock

128 x &-Bit Internal RAM

32 Programmable 'O Lines

Two 16-Bit Timer/Counters

Six Interrupt Sources

Programmable Serial Channel

Low Power Idle and Power Down Modes

Description

The ATS9C51 is a low-power, highperfonnance CMOS 8-bit microcomputer with 4 Kbvies
of Flash Programmable and Erasable Read Only Memory iPEROML. The devies is manufac
tured nsing Atnel’s high density nonvolatile memon technology and is compatible with the
industry standard MIZS-31 ™ instruction set and pinowt. The on-chip Flash allows the program
memory to be epragranmed in-system or by a comentional nemvolatile memeory program-
mer. By exmbining a versatile §-bit CPU with Fhshona menslithic chip, the Atmel AT 8%05)
is o powerful miercozmputer which provides 9 highly flexible and ecst effective sohfion &
many embedded contml applications.

The ATSXC3L provicks the following standard features: 4 Kbvtes of Flash, 128 bytes of
RAM, 32 IO lines, two 16-bit timer/osunters, a five vestor two-level inkmupt architecture, a
full duplex senal port, an-chip cssillstor snd clock cirauitry, In addition, the ATSSCS] s

(aawrinsied!

FDIP/C=Rip

Pin Configurations
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Pin Description (Continued)

XTAL1

Input to the invertng oscillator anplifier nd input to the inter-
nal clock operating eircuit

XTALZ

Outpat from the invening cesillacr amplifier.

Oscillator Characteristics

XTALl and XTAL2 are the input and sutput, regpectively, of an
inverting anphficr which can be configured for use as an ou-
chip cecillator, a8 shown in Figure | Ether a quanz crvstal or
ceramic resonator may be used. Todnve the device from an ex-
temal clock scurce, XTAL2 should be left unconnected while
XTALI is diven as shown in Figure 2. There are no require-
ments on the duty cvde of the external dock signal, since the
mput to the intemal clocking arcuity is through a divide-by-
two flip-flop, but minimum and maxinwm wltagehigh and low
tink specificalions must be observed.

Idle Mode

Inidle mode, the CPU puts itself to skep while all the on-chip
peripherals remain active. The moc: 15 invoked by software.
The conkent of the circhip RAM and all ihe special funetioms
reg siers rman unchanged dunng this made. The idle mode can
be krmirated by any enabled intermo pror by a hardware 1eset.

It sheuld be noted that when idle is terminated by a hardwar
reset, the device nomally resumes progmm execution, from
where it left off, upto two mach e cveles before the interal
reset algorthm takes contral. On<chip hadware inhibitsaccess
to intemal RAM i this event, but aceess to the pont pinsis not
inhibited. To diminate the possibility o fan unexp ected wiite 1o
a port pin when Idle is terminated by reset, the insttuction fol-
lowing the one that invoke s Idke should not be ane that wrikes o
aport pm or to extemal memeny.

Power Down Mode

[nthe power down mode the ascillator is stopped, and the in
struction that invokes power down is the last instiuction exe-
culed. The on-chip RAM and Special Fundion Registers retain
their values until the power down medk is kmimakd. Theonly
exit from power down is a hardheare reset. Reset nedefines the
SFRs but does not change 1he onchip RAM. The reset should
ot be activated before Voo is restored to its normal cpersting
level and must be held aaive kg encugh toallowthe cscillator
to estat and stebilize.

Fipure 1. Osallaicr Comxections

XTALZ

XTAL1

GND

i

Notes: 17122 = 30 pF £10 pF for Crysils
=49 pF & 10 pF for Camic Resomotars

Figure 2. Extemal ClockDnve Configuration

NC XTAL2
EXTERMAL
OECILLATCOR XTAL1
SIGNAL

AI:— GMD

Status of Extermnal Pins During Idle and Power Down

Mode Program Memory  ALE PSEN PORT0O PORT1 PORT2  PORT3
Idle Inemal 1 1 Data Data Data Data
ldle Extemal A 1 Float Data Address Data
Power Down | Internal Q 0 Data Data Data Data
Povser Dovm | Extemd 0 0 Float Daa Data Data
3-3 AT39C 5 e ———
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Figuare 3. Programming the Flash

Fizure 4. Verifying the Flash

+5Y +54
ATS9C51 _T AT89C51
sppR, ALAT o Ve ADDR, A0-AT ) b Vee i
el _E:A" P20-P23 PO Je— FEM COOOH’DFFFHAJ:;_M RO-P23 PO [+ o ?.’5};"
— P25 — L ms PULLUPS)
SEEFLASH ——»{ P27 ALE [ PROG SEE FLASH — F2.7 ALE |e
PROGRAMMING § PROGRAMMING )
MODESTABLE —*| P38 MCDES TABLE ——*{ P3.6 v,
—» Pa7 — P37
L XTAL2 EA fe—— Ve » XTAL 2 EA e
424 MHz 424 MHz|_ .[
] B E—-,
2N
L XTAL | BSH ey, - XTAL 1 RST fe— iy
b GND PSEN GHD PSEN
3 + sl
Flash Programming and Verification Characteristics
T2=21"Ct2 27°C, Voo, =50+ 10%
Symbol Parameter Kiin hlax Units
Veph! Programming Enable Voltaga 11.5 12.5 Y
Iep! ! Prograrming Enabls Current 1.0 mA
1toLo Oscillater Frequency 4 24 MHz
vl Address Setup to PROG Lo/ 48 LcL
tiaHax Address Hold After FROG 48toLeL
tovwesL Data Satup to PROG Low 48tc oL
teHDX Data Hold Afer PROG 48tora
tEHSH P2.7 (ENABLE) High to Vee 481CLCL
tsHGL Vep Satup o PROG Lovs 10 us
tanst'” | Vee Hold After PROG 10 us
tsLaH PROG Width 1 110 s
tawoar Address to Data Valid 481CLCL
tELG ENABLE Luow to Data Valid 4BtoLoL
tEHQV Data Float After ENAELE 0 48tcLoL
tsHBL PROG High to BUSY Low 1.0 us
e Byto W\rite Cycle Time 2.0 ms
Note: L Caly wed v 12-v0k progranuming mode.,

339
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Serial Port Timing: Shift Register Mode Test Conditions

Voo = 5.0V £ 20%: Load Capacitance = 8) [F)

12 MHz Osc Variable Oscillator
Symbol | Parameter Min Max Min Max Units
teLxL Serial Port Clock Cycle Time 1.0 12tcL us
taxn Output Data Setup to Clock Rising Edge 700 10t:1c1-133 ns
txHOX Output DataHald After Clock Rising Edge 50 2t o33 ns
txHDX Input Data Held After Clock Rising Edge 0 0 ns
tBHDV Clack Fising Ed3e © Input Dat Vdid 700 10CLCL133 | ns

Shift Register Mode Timing Waveforms

NSTRUCTICN
ALE

CLOCK

LARITE TO SBUF

OUTFUT DATA
L_CLEARRI |
7

INFUT DATA

AC Testing Input/Qutput Waveforms™

Vo -0

Wam- 06 W —— —

o 02V _+00Y
cc

TEST POINTS
R gl 1V

045V

Now: 1. AC Inputs durhg testing are driven at Vioo-0.5 V fora
loge Land 045 fora loge 0. Timing measurements
are made sl Vigmin for a bgc 1 and Vi nwx. fx a
bgic 0.

3ET RIT

Fleat Waveforms ™"

VL o D«:'J v ‘.‘;"_-ILJ}.I v
vV, - Timing Reference
LoD K
: 2 B, Pcirts
oeg™ Vg ¥
Note:

1. For timing purposes. a pot pin is no longer float inz whena
100 mV" chamge from load voltage ocews. A put pin be-
gins o foal when a 100 MY _hange from the bodad
‘anaL kval occurs.



mtel 82C55A
CHMOS PROGRAMMABLE PERIPHERAL INTERFACE

B Compatible with all Intel and Most B Control Word Read-Back Capability
Other Microprocessors m Direct Bit Set/Reset Capability

B High Speed, “Zero Wait State” 5 "
Operation with 8 MHz 8086/88 and ﬁ.gnmgu?p%grwe Lagablitty on alt 1/0

80186/188 _ ) : ;
B 24 Programmable I/O Pins B Available in 40-Pin DIP and 44-Pin PLCC
@ Available in EXPRESS

W Low Power CHMOS — Standard Temperature Range

B Completely TTL Compatible — Extended Temperature Range

The Intel B2CB5A is a high-perfermancs, CHMOS version of Lhe induslry standard B255A gsneral purpose
programmabie 1/0 devics wiieh is designed for use with ail Intel and most other microprecessors. It provides
24 170 pins which may be ndmdually pregrammed in 2 groups of 12 and used in 3 major modes of operation.
The B2OBBA 15 pin compabible with the NMOS B255A and B25BA-5.

In MODE ©, each group ol 12 140 pins may be programmed in sets of 4 and 8 to be inputs or outpuls. In
MODE 1, each greus may be programmed 1o have 8 nes ¢l ingut or output. 3ofthe remaining 4 pins are used
lor handshaking and interrugt conlrol signals, MCDE 2 1s a slisbed bidrectional bus conhguration

The B2CE5A 15 fabricaled on Intel's advanced GHMOS 1l technokogy which provides low power consumplion
with performance egqual to or grealer than the sguwalent NMOS producl The B2ZO55A is available in 40-pin
DIP and 44-pin plaslic leaded chip canier (PLCC) packages.
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Figure 2 82C55A Pinout
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Table 1. Pin Description

Symbol

Pin Number

Dip

PLCC

Type

Name and Function

PAs-g

1-4

2-5

10

PORT A, PINS 0-3: Lower nitble of an 8-bit data output latch/
butfer and an B-bil data input latch.

w

READ CONTROL: This input is low during CPU read operations,

e

CHIP SELECT: A low on this inpul enables the B2C55A Lo
respond o RD and WR signals. RD and WR are nored
otherwise.

Systetn Ground

[4e]
I

ey

(]

ADDRESS: These input signals, in conjunction BD and WA,
control the selection of one of the three ports or the control
word roegisters,

|

o
==

R Input Operation (Read)

Al A&

Py

Port A - Data Bus

Por B - Data Bus

Port G - Data Bus

el [ 8 =]
- Q= |
r::c:c:c:gl
-t | d | ed | -d
acc:c:ﬂl

Contrel Word - Data Bus

Output Operation (Write)

Data Bus-Port A

Dala Bus-Pont B

Data Bus- Port C

- |2 lalo
- || lo
-t - -t -
QS |a o
QO QO

Data Bus - Control

Disable Function

X X X X 1 Data Bus - 3 - State

X X 1 ji Y Data Bus - 3- State

10-13

11,13-18

PORT C, PINS 4=7: Upper mhble of an 8-b4 data output latchs
bulfer and an 8-bit dala wput Buller (no lateh tor nput). This port
can be dvrded inlo bwo 4-bil ports undar the moede control, Each
a-tal perteontans a 4-bit lalch and it can be used for the control
sginal outputs and status sxgnal inpuls n conjunchon with porls
Aand B.

PCo-z

110

PORT C, PINS 0-3: Lower nibble of Port O,

PBor

1O

PORT B, PINS 0=7: An 8-l dala culput lalehy buffer and an 8-
bil data input buffer.

J
Voo

SYSTEM POWER: + 5V Power Supply.

o]

DATA BUS: Bi-directional, tri-stata data bus lines, connected to
System data bus,

RESET

RESET: A gh on this input clears the control register and all
ports are setto the inpul mode.

WRITE CONTROL: Thisinpul is low during CPU write
operations.

37-40

110

PORT A, PINS 4-7: Upper nibble of an B-bit data output latch/
buffer and an B-bit data input lateh.

No Connect
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82C55A FUNCTIONAL DESCRIPTION

General

The 82CE5A is a programmable peripheral interface
device designed for use in Intel microcomputer sys-
lems. Ils function is thal of a general purpose 170
component 1o interface peripheral equipment to the
mcocomputer system bus. The functional configu-
ration of the B2C55A is programmed by the system
software so that normally no extemal logic is neces
sary o mledace perpheral devices or strustires.

Data Bus Buffer

This 3-state tedrectional 8-bit bufier i used to inter-
face Whe BZCS5A 1o the system data bus. Dala is
transmitled or receved by the buffer upon execution
ol ingut o outpul instructons by the GPU. Coantrol
words and status miormation are alse tansferod
through the data bus buffer.

Read/Write and Control Logic

The funclion of this block is o manage all of the
mlemal and external translers of both Data and
Conlrol or Status words. Il accepts inputs from the
CPU Address and Control busses and in lum, issues
commands Le both of the Control Groups.

Group A and Group B Controls

The luncticnal configuration of each pod is gro-
gammed by the systems software. In essence, the
CPU “oulpuls” a contml word to the 820554, The
conlrol word contans information such as “maode”,
“Bit set”, "t resel”, ele, that inttalizes the funsc-
bonal conligieation of the B20ES

82C55A

Each of the Control blocks (Group A and Group B)
accepls “commands” from the Read/Write Control
Logc, receives “‘conlrol words” from the internal
data bus and issues the proger commands 1o its as-
sodiated ports,

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

The control word register can be both written and
read as shown in the address decode table in the
mn doscrptions. Figure § shows the control word
lormat lor both Read and Wrile operations. When
the control word is read, bit D7 will always be alogic
“1", as this implies control word mode information.

Ports A, B, and C

The B2CE55A contams three 8-bil ports (A, B, and C).
All can be conhigired i a wide vansty of funclional
characlenstics by lhe system software but each has
its own special fealures or “porsonality”’ to further
cahance the power and flexibility of the B2C55A.

Port A. One B-bit data cutput latehsbuffer and one
8-bil mput laleh butfer. Both “pull-up" and “pulk-
down' bus hold devices are present on Port A

Port B. One 8-t data mpul/output latch/buller.
Only “pull-up” tus hekd dovices are present on Port
H.

Port C. One 8-bit data cutput latch/buffer and one
8-t data mnput buffer (no latch for input). This por
can be dwvided inlo twe 4-bit porls under the mods
control. Each 4-hit pord contains a 4-bit lalch and it
can e used lor the control signal outlpuls and slatus
sgnal inpuls in conjunclion with corls A and B. Only
“pull-up” bus hold devices are presenton Port C.

See Figre 4 for the bus-hold circuit configration for
Port A, B, and C.

[
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Figure 3. B2C55A Block Diagram Showing Data Bus Buffer and Read/Write Control Logic Functions

*NOTE:
Port pins loadsd with mora than 20 pF

wh

RESFET
EXTERNAL
WTERNAL p——— POAT A
CATA IN N
INTERNAL "‘———‘b"—‘—“
DaTA Cul
WA
oo
REZET pt
i
EXTERNAL
}—o<F}—4—— roaThc
e |
INTERANAL =
DATA D o

23125484

C2pacdancs may not havs thaw bogic lave! guarantasd o) 1#ing a hardwars ragat.

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

Mode Selection

There are throe basic modes of cperalion that can
be selected by the system soltware:

Mede 8 — Basic inpul/ output
Mode 1 — Strobed Input/output
Mode 2 — Bidirectional Bus

When the resetinput goos “high" all ports will be set
lo the input mode with all 24 pod lines held at a logic
“one” level by the internal bus hold devices (see
Figure 4 Note). Aller the resel is removed the
BZC55A canrsmain in the input mode with no addi-
Lonal imtabzabon required. This clmmales the noeed
for pullup or pulldown devices in “all CMOS" de-
sgns. During the exesution of the system program,
any of the other modes may be selected by using a
single oulput instruction. This allows a single
BZCE5A 1o sewice a varisly of perpheral devices
wilh a smpls socltware mamtenanse rouling.

The medes ler Pert A and Pent B can be separately
delined, while Port C is divided inlo two rortions as
raguired by the Pert A and Pent B definitions. All of
the sutput registers, ncluding the status fip-tiops,
will bo resel whenever the mode changed. Modes
may b combined so that their lunctional delinition
can be “talored” to almest any I¥O struclure. For
instance; Group B can be programmed in Moda Sle
menitor simple switch closings or disglay comguta-
ticnal results, Group A could ts programmaed in
Mode 1 to meniter a keybeard or tape reader on an
mlerrupl-draen basis,

L AbDIE I B )

S5 L TR — !

RN

ey
s [N] T
sfio ; Trin
Lt 1110 1T 73
AP COMPECL  Caulpos m, o
R LRTLY o840

— AT

< 3] ﬂ : 1A ]
anvo I I ri } t ! l :.Emumrmu
ey

’ &
Rt Tvem L
COMTRCY,
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82C55A

CONTROL WORD

Sl |olo, e ln

Lrour 5

; ORI Ciionen)
R — )= eNPUT
- OuTRUT

FORT B
1= MpPyr
0= QUTAT

ACOE SILECTICN
d - MODEQ
T - MOOE 2

GROLWP A

PORT ©UMER]
- 1 NPT

a = JTRUT

1 =3t
0= ouTILT

|
; e X\
|

HODRE SELECTION
®= wIce
©1 » A00F 1

D T W0 Y
i A—

—

NOOL SIT FLAG
t= ACTiVE

-

2125.-9

Figure 5. Basic Mode Definitions and Bus
Interface

Figure 6. Mode Definition Format

The mode delintions and possible mode combina-
bons may seem confusing at first but after a cursory
feview ol Ihe complele device operation a simgle,
legizal 170 appreach will swrface. The design of the
B2CE5A has taken inlo ascount things such as effi-
cent PC board layout, conlrol signal definition vs PG
layout and complste functional llexibility to suppon
almost any peripharal dovice with no exter nal logic.
Such design reprosents the maxmum use of the
availatle pins,

Single Bt Set/Reset Feature

Any of the gight bits of Port G can be Set or Resst
using a single OUTput instruction. This feature re-
duces soltware requirements in Control-based appl-
cations,

When Port Gis being used as status/control for Port
Aor B, these bits can be sel or reset by using the Bit
Set/Reset operation just asif they were data outpt
ports.

tn
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Figure 7. Bit Set/Reset Format

intel.

Mhen the B2055A s programmed lo operale in
mede 1 or meds 2, conlrol signals ars provided that
can be used as interrupt request inpuls to the CPU.
The interrupt request signals, generaled from pen G,
can ts inhibited or enabled by selling or reselling
the assocated INTE flip-flog, usng the bit st/ reset
function of pont C.

Interrupt Control Functions

This tlunckon allews the Pregrammer Lo disallow or
allow a speale 140 device Lo mterupt the CPU with-
out allecting any other device in the interrupt struc-
lre.

INTE fig-flep delhnition:

(BIT-SET}—INTE is SET—Intenuct enabls
(BIT-RESET)—INTE is RESET—Intermupt disable

Note:
Al Mask hg-lleps are automatically resel dunng
mode seleston and device Resaol.
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MODE 0 Port Definition

intgl.

A GROUP A GROUPB
D, Dy D, Dy PORT A &%ﬁ;g) ¢ PORT B {':8:,753)
4 0 0 Q OUTPUT ouTPUT 0 OUTPUT OUTPUT
Q0 4 Y 1 OUTPUT QUTPUT 1 CUTPUT INPUT
4] { 1 3 QUTPUT OUTPUT 2 INPUT OUTPUT
Y] 0 1 1 OUTPUT OUTPUT 3 INPUT INPUT
0O 1 Y 3 OUTPUT INPUT 4 OUTPUT OUTPUT
4] 1 O 1 OUTPUT INPUT 5 OUTPUT INPUT
4] 1 1 0 OUTPUT INPUT € INPUT OUTPUT
4] 1 1 1 OUTPUT INPUT 4 INPUT INPUT
1 0 Y 4 INPUT DUTPUT B OUTPUT OUTPUT
1 QO 0 1 INPUT OUTPUT 9 OUTPUT INPUT
1 G 1 0 INPUT OUTPUT 10 INPUT CUTPUT
1 0 1 1 INPUT CUTPUT 11 INPUT INPUT
1 il G 0 INPUT INPUT 12 OUTPUT OUTPUT
1 1 [} 1 INPUT INPUT 13 OUTPUT INPUT
1 1 1 Y INPUT INPUT 14 INPUT ouTPUT
7] 1 1 1 INPUT INPUT 15 INPUT INPUT

MODE 0 Configurations
TORITHEE MURD 3D CONTHIL mONE o
b oD E,o0 D D g B, b, b & B, L, O o
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At pa s, B e
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MODE 0 Configurations (Conlinusd)

82C55A
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MODE 0 Configurations (Continued)
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Operating Modes

MODE 1 (Strobed Input/OQutput). This lunclional
conhiguralion provides a maans lor translersing 170
data to or Irom a specihed pont in conjunction with
strebes or “handshaking” sgnals. In mode 1, Port A
and Port B use the lines on Pot C to gensrate or
accopt thesa “handshaking'' sknals.

10

Mode 1 Basic funclicnal Delinitions:

® Two Gioups (Group A and Group B).

® Each group conlains cne B-bil data portand ong
4-Bil control/dala port,

® The B-bil dala pont can be aither inpul or sutput
Both inputs and outpits are latched.

® The 4-bit portis used for control and status of the
B-bil data port.
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Mode Definition Summary

MODE 0 MODE 1 MODE 2
IN | OUT IN | ouT GROUP A ONLY

PA;| IN |OUT IN | our —>
PAs| IN |OUT IN | cuT —>
PAz1 IN |OUT IN | our >
PAz| IN | OUT IN our —
PA,| IN |OUT IN | ouT >
PAs| IN | OUT IN ouT —>
PAs| IN |oUT IN | our —
PA;1 IN | OUT IN ouT —>
PEg| IN |OUT IN | ouT s
PBy| IN | OUT IN | our =
PB,| IN |OUT IN | ouT = GEED
PBx| IN |OUT IN | our . | N ;
Pey| IN |oOUT IN | out ./ OR MODE 1
PBs| IN |OUT N | oUuT 2L OnLY
PBs| IN |OUT IN- | ouT L=
FB;| IN |OUT IN | ouT =) _J

Cy| IN | OUT INTRg | INTRg 120
PCy| IN | OUT IBFy | OBFa 110
PC2| IN |OUT STBp | ACKa 110
PCy| IN |OUT INTR, | INTR, INTR,
PCs| IN |OUT STBa | 1O STB,
PCs| IN |OUT IBF 4 | 1#O 18F
PCs| IN |oUT ¥0 | ACKy ACKa
P, | N |our vO | TBF, OEF,

Special Mode Combination Considerations

There ars several combinations of modes possitle.
For any combmnation, some or all of the Port C lines
e used for control or slatus. The : cmaining bils are
ether inpuls or sutpuls as delined by a “*Sal Mode"
command.

Dunng a read of Port G, the slate of all the Port ©
hnes, except the ACK and STHB fines, will be_glaced
on the data bus. In place of the ACK and ST8 line
states, tag status will appear on the data bus in the
PC2, PC4, and PC6 bil posibons as illustrated by
Figure 18.

Through a ““Wnte Port G command, only the Port ©
pins crogrammed as outputs in a Mode O group can
bewnllen. No olher pins can be allecled by a “Write
Port C* command, nor can the interrupt enable llags
be accesssd. To wnte to any Port C output pro-
gammed as an suolgut in a Mods 1 groug of to

16

change an interrupt enable flag, the “Set/Resel Por
C Bit" command must be used

With a “Set/Reset Port & Bit” command, any Pert C
lne progammed as an oulput (including INTR, 1BF
and OBF) can ba wnlten, or an inlerrupt enatle flag
can be aither sat or ressl. Port C lings pregrammed
as nputs, nchxhing AGK and STE lines, assosated
with Port G are not aftested by a **Set/Reset Part O
Bit" command. Writing to the comespending Port G
It pesitions of the ACK and STB lnas with the
“Sel/Resel Port C Bil” command will affsct the
Group A and Grouwp B intemupt enable flags, as illus-
trated m Figure 18.

Current Drive Capability

Any cutput on Port A, B or Ccan sink or source 2.5
mA. This lealure allows the B2O55A to directly drive
Darlingtor type drivers and high-voltage displays
thal require such sink or sowce current.
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Reading Port C Status INPUT CONFIGURATICN
D; D; Dy Dy D3 D, D,

voiio| ks [inTes[iInTR,[INTEs [ 8RS [ TR,

In Mode 3, Port G transfers data to or rom the pe-
npheral ewvice. When the 82C55A is programmed to
lunsticn in Modes 1 or 2, Port C gonerales or ac.

3 : ; ; [+
cepts “*hand-shaking” signals with the perigheral de- SROLEA aaclrs
vice. Reading ths conlents of Pod C aliows the pro- OUTPUT CONFIGURATIONS
gammer to test or verily the “status" of cach po- Dy Dg Ds Dy Dy D3 D, Dy
gg:‘(ﬁ:gwmvm and change the program flow ac- AN INTE5| BBF 5[ INTRS

. : G P G [
There is no spedal instruction to read the status in- il e

lormation from Pert C. A normal read operation of Figure 17a. MODE 1 Status Word Format
Port Cis execuled Lo perlorm this funclion,

1

Dy Dg Ds Dy D3 D2 D, Dy
CERa[INTE[i8Fa[Te TRy | |
GROUP A GROUP 8

{Dulnad Sy Mods 0 ar Moda 1 Seactan

Figure 17b. MODE 2 Status Word Format

Interrupt Enable Flag Position Alternate Port C Pin Signal (Mode)
INTE B PC2 ACK g (Output Mode 1) or STBg (Input Mode 1)
INTE A2 PG4 STBa (Input Mode 1 or Macde 2)

INTE A1 PGB ACK » [Outpul Mode 1 or Mode 2

Figure 18. interrupt Enable Flags in Modes 1 and 2

I 17
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ADCOSO1/ADCOBOZ/ADC0803/ADC0804/ADC()805
8-Bit yP Compatible A/D Converters

General Description

Tha ADCO801, ADC0S02, ADC(803, ADCOSO4 and
ADCOBDS are CMOS 8-hit successive appraximation A'D
converters  that use  a  diffarential pctentiom etric
ladder —similar to tha 256R products. Thasa convarters are
designed to dlow operdicn with the NSCR00 and INSROB0,
derivative control bus with TRI-STATE output latches diractly
driving the data bus . Thesa ADs appear like memory loca-
ticns or 17O ports to the microprocesser and m interfacing
logic is needed.

Differential amabg voltage inputs alloy increasing tha
cemmon-mode rejection and of setting the analog zero input
vdtagevalue In addition. the voltage referenca input can be
adjusted to dlow encoding any smaller and oJ voltags span
to the full & bits of resciution.

= Diffarential analbg voltage inpus

B Logic inputs and outputs mest both MOS and TTL
vdtage level specifcations

B Works with 25V (LM336) voltage mfarence

B On-chip clock gencrator

= (V to 3V amalog input voltage range with singls 5V
supply

B Mo zero adjust required

B 0.3" standard width 20-pin DIP package

= 20-pin malded chip camier or small autine package

® Openrates ratiometrically or with 5 Voe. 2.5 Vp=. Or
andcg span adjusted voltage reference

Key Specifications

= Resolution 8§ bis
= Tctal emror 133 LSB, £32LSB and +1 LSB
Featur_es Y § A R y . ® Conversicn time 100 ps
= Compatibls with 8080 pP derivatives — no intarfacing
logic nesded - access time - 135 ns
® Easy interface to all micrepracassars, or operates “stand
done”
Connection Diagram
ADC 080X
DuakIn-Line and Small Qutline [SO) Packages
L -y _
=B M= [OF Vigr)
RD=—{2 3= CLsR
Wit=d 3 18 b= 530 (L50)
CLE H—{3 L atti: 1]
MTF— 5 12 —paz
Vyle {6 18 f~D33
NS b 144=D02
AGNL—B [RY LY
Vaps/1—{a 12}-036
LoD ~410 114 DB7INSE)
D3)0a6r-3)
See Ordering Information
Ordering Information
TEMP RANGE 0CTOT0C 0'CTO70°C -40'C TO +85°C
2 Bit Adjusted ADCOSD1LCN
ERROR 32 Bit Unadjusted ADCOB02LCWM ADCD802LCN
32 Bit Adjusted ADCDB03LCN
*+1Bit Unadjusted ADC0804LCWM ADCO08)4LCN ADCO8)5LCN'ADC0804LGCY -
PACKAGE OUTLINE M20B— Small N20A— Molded DIP
Cutiine
Z-80% 1 o ngklorod Indemark ol ZlegCorp.
@ 2001 Maticnal Semicondusior Corporation ~ DS005671 vasvnationz.com

SlepdAuo?) g/v siqiiedwon gr yg-g 508000v/+0802Av/€0800AV/20800AY/10800QY



ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Typical Applications
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Error Specification {Includes Full-Scak,
Zero Error, and Non-Linearity)
Part Full- Vrer/2=2.500 Voo Vrerf2=No Connection
Number Scale {No Adjustments) {No Adjustments)
Adjusted
ADCOB01| 14 LSB
ADCDZ(2 12| SB
ADCO803 | *12LSB
ADCO804 *1LSB
ADC0O805 *1LSB
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AC Electrical Characteristics {Continuad)

Note7: Tha TSinput Is sssumad b brackst the WR strcbs Input and therefore dming s dependsnt onths WR putss wiith An arbilrarlly ‘"ide puss width il hokt
1D convenel In a 1es6l mods ard the slan of cerwension s Inllialed by ihe loa 1o high irsnsition of the WR puse {86 liming diagrams).

Noted: Ncne cof Inese ADs fequites azero adust ises seclion 28.1) To cbtah zero code d dher analog Inpul vollages see seclicn 2.6 and Figure 7.

Note9: The Vrer'2 ph Is the cenlsr Fanl of a two-resklor dvdsr comnectsd from Vee 1o geund In |l versions of the ~DCOE, ADC8(2, ADCUED3, and
ADC0SIS, and In e ADOISILCY, sach rskin b pIcally 18 k. In 3l vwrshans of the ADOISOS 2R3t tha ADODD AL CJ, ach isbior ks WRcaly 22 k0.

Note 10 Human body modz), 101 PF dischansd thrcogh a 1.5 kQ ksBice,

Typical Performance Characteristics
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0O805

Typical Applications contnuen)

Absolute with a 2,500V Reference
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Typical Applications (contrued;

Directly Converting a Low-Lovel Signal

Ve

A%y

IV Wy S e

Yyuie

Vit

ag

(4

TRAMER

Srar?

A pP Interfaced Comparator

‘cp
"Vl
[ I m vie
.
T 6.5
An
Om———gini YRy ? ‘-—‘l

= DSOX6m1-00
For:
Wi 2 Vyi-)
Dulpul=FF g«
For,
VIR S Vini=)
L5001 29 DupU =00y
¥ REp2=256 mv
1 mV Resolution with pP Controlled Range
vge
1Vl
! Vapirl i
"ia - =31
[ o
m
vai 252 YT ey
Veran 30w = Wi A r
velisz P = i
“nes: I+ + san I
= I 1.3 43
D3T3
YREF2=128 mv
1LSB=1mv
VDacENiniVpag 256 M)
(LA Vpag < 2.5V
o wvarnationalecm

508000V/¥08030V /00800QV/Z08020V/ L0S00AY



ADC0801/ADC0802/ADC0803/ADC0804/ADC0O805

Typical Applications icontnued;

Digitizing a Current Flow
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Typical Applications (continued)

Seff-Clocking in Free-Running Mocle
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Typical Applications icontnued;

Handling 10V Analog Inputs

Low-Cost, pP Interfaced, To mperature-to-Digital

“Circudt vaues shown are ror O QU Tax+128°2
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Functional Description (continued
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Note 14: SAR = S000:6sh A Fpramallon Regbler,

FIGURE 4. Block Diagram

After the *1" is clocked through the 8-bit shift register ivhich
completas the SAR search) it appears as tha input to the
D-typalatch, LATCH 1. As soanas this* 1" is autput fom ha
shift register, the AND gate, G2, causes the nav digital word
o transfor to the TRI-SSTATE output latches. Whan LATCH 1
is subsequently enabled, the Q cutputmakes a high-b-lovs
transition which causes the INTR FiF to sat. An inverting
bufler then supplies the TNTF input signal.

Nota that this SET control of the INTR F/F remains low for 8
of the external clock periods (as the intemal clocks run at %
of the frequancy of the extemal clock). If the data output is
continuously enabled (CS and RD beth held low), the INTR
output will stll signal the end of conversion iby a high-to-law
transition), because the SET input can contml the Q output
of the INTR F/F even though the RESET input is constanty
at a*1” level in this operating mode. This INTR ocutput awill
theretora stay low for the duration of ths SET signd . whichis
8 periods of the external clock frequency (assuming the AD
is nat started during this interval).

When operating in tha free-running or continuous conversion
mode {INTR pin tied to R and CS wirad low—ses also
section 2.8), the START FiF is SET by the high-to-low tran-
sition of the INTR signal. This resats the SHIFT REGISTER

which causes the input to tha D-type latch, LATGH 1, to go
Inw. Asthe latch enable input is still present, the Qoutput will
92 high, which ten dlows the INTR F/F to ba RESET. This
reduces thewidth of the resulting TNTR cutput pulse to only
a Bw propagation dekys (app mximaely 300 ns).

“hen datais to be read, he combinaicn of both TS and RD
being low will cause the INTR FiF to be reset and the
TRI-SSTATE output lathes will ba enabled to povids the 8-bit
dgital outputs.

2.1 Digital Control Inputs

The digital centrol irputs (CS, RD. and WR) meet standard
T°L haic voltaga levals. Thasa signals have baen mmamad
vihen compared to the standard A'D Startand Qutput Enable
labels. In addition, thess inputs are active low to allow an
easy imerface to micmpmcsssor control busses. For
nondmicroprocessor based gpplications, the CS input {pin 1)
can be grounded and the standard A/D Start function is
obtainad by an active low pulse applied at the WR input (pin
3)and the Output Enable functionis caused by an active low
Fulse at the RD input (pin 2).

19
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Functional Description cantined

2.2 Analbog Differential Voltage Inputs and
Common-Mode Rejection

This A‘D has additional applications flexibility due to the
andog dfferentia voltage input. The Viui-) inputipin 7) can
be used to automaticaly subtract a fixed voltage valus from
the input reading (tare correction). This is also useful in 4
mA-20 mA cument loop conversion. h addtion,
commen-mode ncise can ke reduced by use of the differon-
tial input.

Tha tima intarval batwean sampling Vini+) and Viyi-)is 412
cleck perieds. The maxdimum error voltage due to this slight
time difference between the input voltage samples is given
by:

4.5
AVMAX) = (Ve (2571crm) ( A5 )
'fCr{.K

where:
AV, is the ermrvoltage dus to sampling delay
e is tha peak vdue of the common-mode voltage
fam is the common-mode frequency

As an sxample, to keep this error to 14 LSB (-5 mV) when
operating with a 60 Hz common-mode frequency, f,. and
usinga 640 kHzA/D clock, fey., vould allow a pek value of
the common-mads voltage, Ve, which is given by:

_ 1aVapax ey 1]
Vp = ~

(27 1om) (4.3)
or
_ (5% 10-9) (640~ 10%
(6.28) (50) {2 5)
which gves
‘V"p='1.w

The allowed range of analbg input voltages usually places
more severe restrictions on input common-mede nuise loy-
els.

Ananalog input voltage with a reduced spanandare lativaly
large zero of et canbe handled easily by makinguss of he
differential input (see section 2.4 Refarence Voltage).

2.3 Analeg Inputs
2.3 1 Input Current

Normal Mode

Due to the intemal switching action, displacement cuments
will flow at the andog inpus. This is dus to on-chip stray
capacitance to around as shown in Figure 5,

CsTaAr
o2 pFi

L S |

u}-—-l

DIMssTHH
Ton @SV 1anisSw2=5m
f=fon Catrar = SKQX 12(F = 60 ns

FIGURE 5. Analog Input Impedance

vTh; vl tage on this capacitanceis switchad and will resultin

currents entering the V), +) input pin and leaving the Vini(=)
input which will dapend on the anabg difbrential input volt
age levels. Thesa current transients occur at the leadng
edge of the intemal clocks. They rapidly decay and do not
cause emorsas the on<chip comparator is strobad at the end
of the clock period.

Fault Mode

If the voltags source applied to the Vin(+) of V(=) pin
axcaeds the albwed operating range of Voo+50 my, lame
input cumrants can fow threugh a parasitic diods to the Veo
pin. If these cuments can exceed the 1 mA max allovied
spec, an extarnal diada {1N314) should bo added to bypass
this curent to the V.. pin (with the current bypassed with
this diode, the voltage at the V,.i+) pin can exceed the Voo
wltage by the forvard voltage of this dioda).

2.32 Input Bypass Capacitors

Bypass capaitors at the inputs will avarage these charges
and cause a DC curmrent to flow through the output resis-
tancas of the analog signal sourcss. This chamge pumping
action is worse Hr continuaus conversions vith tha Vin(+)
inputvoitage at fullscale. For continuous conversions with a
640 kHz clbck frequency with the V i+ inputat 5V, this DC
current is at a maximum of approximataly 5 pA. Thereprs,
bypass capacitors shauid notbe used at the amalog inputs or
the Vo-+2 pin for high msistance sourcas (> 1 k). lfinput
bypass capacitors are necessary for nise filtering and high
source resistance is desirable to minimize capacitor size, the
detrimental effects of the voltage dop acrss this input
resistance, which is dus to the average value of the input
current, can be eliminated with a fulk-scale adjustment while
the given source msistor and input bypass capacitor amp
bothin placa This is po< sible because the average value of
theinput cumentis a precise linear function of the differential
input voltage.

2.33 Input Source Resistance

Lange values of sowrce resistance vhere an input bypass
capacitor is not used, wi not cause emors as the input
curents satth out prior b the comparison time. If a low pass
filter is required in the system, use a low valued series
resistor (< 1 kn) for a passive RC section or add an op amp
RCactive ow pass fitter For low sourca rsistance applica-
tions, (< 1 k), a 0.1 pF bypass capacitor at the inputs will
prevent noise pickup due to series lead inductance o a long

wvrw. NAional.com
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Functional Description contnusd)
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FIGURE 7. Adapting the A'D Analog Input Voltag es to Match an Arbitrary Input Signal Range

2.5 Errors and Reference Voltage Adjustments

2.51 Zero Emmor

The zero of the A/D dacs not requira adjustment. If the
minimum andog input voltags vaue, Vinpamg, is Nct ground,
a zam offsat can be done. Tha converBr can be mads to
ouput 0000 00 digitd cods for his mininum input valtage
by biasing the AD V(=) input & this Vinmng value isea
Applications saction). This utilizes the differantial mode op-
aration of he A'D.

Tha zero error of the A/D converter relates to the locaticn of
thefirst riser of the transfer functicn and can bs measured Ly
grounding tha Vi, {~)input and applying a smal magnitde
positivi voltage to the Vyy (+) input. Zaro emror is the diffor-
ance batween the actual DC input wltage that is nacessary
tojustcause an output digital code tansifon from 0000 0000
to 0000 0001 and the ideal ¥2 LSB vdue (¥ LSB = 0.8 mv
for Vgee2=2.500 Vg ).

2.5.2 FulkScale

The full-scde adjustment can be mada by applying a diffor-
entid input voltage that is 114 LSB less than the desirad
analog fulkscale voltage range and then adjusting the mag-
nitude ofthe Vrer/2 input (pin 9 or the Ve supply if pin is
not used) for a digital output code that is just changing frcm
1111 1110 o 1111 1111,

2.5.3 Adjusting for an Arbitrary Analog Input Voltage
Range

If the analog zero vdtage of the AD is shifted avsay from
ground (for example, to accommodate an analog input signal
that does not go to ground) this now zero reference should
be prepery adjustad first. A Vini+) voltags that equals this
desimd zero refarnce plus # LSB (wham tha LSB is cak
culated fr the desired andog span, 1 LSB=analog span/

256) is applied to pin 6 and the zar efrance voltage at pin
7 shoud thenbs adusted to just obtain the 001 gx 10 01 e
code transition.

The fullscal adjustment should then be mado iwith the
proper Vy,i-) vatags applied) by forcing a voltage to he
Vin(+) irpat which is gven by:

Vin (+) fs adj = VMAX—'E[ 256

whom:

Vax=The High end of the analog input range
and

Vun=the lav end {the dffset zero) of the analog range.
(Both are ground referenced.)
The Vreef2 (0r Vo) voltage is then adjusted to provide a
code change from FE,gx to FFuex. This completes the
adjustment procedure.

2.6 Clocking Option

The clock for the A‘D can be derived from the CPU clock o
an ademal RC can be addead to provide self-clocking. The
GLK IN (pin 4) makes uso of a Schmitt trigger as shown in
Figwra 8

. nioral.com
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Functional Description (contnued)

N/

LN R
13

L ?"4 )—%o—. pdp CLK
l AD
fork

1.t RC
A*~10 &k

FIGURE 8. Self-Clocking the AID

Heavy capacitive or DC bhading of the clack R pin shoul be
avoided as his vill distub nommal corwerter oparafon.
Loads less than 50 pF, such as driving upto 7 A'D converter
chxk inputs fom a single clock R pin of 1 converter, am
alloved. For larger clock line loading, a CMOS or lovs potier
TTL buffer or PNP input legic sheuld be used to minimize the
loading on the clock R pin (do not uss a standard TTL
buffer).

4

B0 B R

2.7 Restart During a Convarsion

If the AD is restarted (CS and WR go low and retum high)
during a convarsion, the convertar is resat and a naw con-
versionis started. The output data latch is not updaied if he
conversion in process is nct allowed to be completed, there-
fom tha data ofthe previous conversion remains in this katch.
The INTR output simply remairs at the *1” lavel,

2.8 Continuous Conversions

For cperation in the free-running mode an initializing pulse
shoul ba usad, Hllowing power-up, to ensum circuitopera-
tion. In this application, tha CS irput is greundsad and tha WR
input is tied to the INTR cutput. This YWR and TNTR nede
shoul bs momentarily forced to b low Pllowing a
power-Lp cycle to guarantes cperation

2.9 Driving the Data Bus

This MOS A'D, like MOS microprccessors and memories,
will mquire a bus driver when the total capacitance of the
data bus gets larga. Other circuitry, whichis fied to he data
bus, wil add to the tctal capacitive loading, even in
TRISTATE (high impadance moda). Backplans bussing
also greatly adds to the stray capacitance of the data bus.

There are some altematives available to the designer to
handk this problam. Basically, the capacitive bading of the
data bus slows down the raspanse tme, even though DC
specifications are still met For systems operding vith a
relatively shyw CPU clack frequency, more time is available
in which to establish propar logic lavals on the bus and
thersfors higher capacitive loads can be driven (see typical
chamacteristics curves).

At higher CPU clock frequencies time can be extended for
1¥O reads (and/or virites) by inserting wait states (808C) or
using chck extending ciruits (6800.

Findly,iftma is shortand capacitive loadng is high, extamal
bus drivers must be used. These can be TRI-STATE buffers

(low powar Schottky such as the DM74LS240 series is rec-
ommended) or special higher drive cument products which
are designed as bus drivers. High cument bipcler bus drivers
with PNP inputs are recommended.

2.10 Power Supplies .
Noisa spikes on ths V. supply line can causs convarsion
&rrors as the comparator vill respond to this ncise. A low
inductance tantalum filter capacitor should be used close to
the converter V.. pin and values of 1 pF or gmatker am
reccmmendad. If an unregulated voltage is available in the
system, a separate LM340LAZ-5.0, TO-02, 5V voltage regu-
lator for the convarter {and otheranalog cicuitry) wil gmatly
reduce digitd ncise on the Ve supply

2.11 Wiring and Hook-Up Precautions

Standard digital wire wrap scckets are not satisfactory for
breadboarding this A/D converter. Socksts on PC boards
can be used and dl logic signd wires and leads should be
grcuped and kept as far away as possible from the analeg
signal lsads. Exposad leads to the anabg inputs can causs
wndesirad digitd moise and hum pickup, therefre shielded
leads may be necessary in many applications.

Asingle point analbg ground that is saparate from tha bgic
ground paints should bs used. Tha power supply bypass
capacitor and the self-clocking capacitor (if used) should
bath be mturned to digital graund. Any Vaer2 bypass ca-
Facitors, analog irput filtsr capaciters, or input signal shield-
ing should be returnad to the analog ground point. A test for
proper grounding is to | .=asum the zam ermr of the AD
converter. Zero errors in sxcess of Vi LSB can usually be
traced toimproper board layout and wiring (see section 2.5.1
for measuring the zem emar).

3.0 TESTING THE A'D CONVERTER

Thera are many dagrees of complexity associated vit test
ing an A/D converter. One cf the simplest tests is to apply a
knawn analog input voltage to tha convartar and uss LEDs to
dsplay he resulting digitd output code as shovn in Figure 9.
For sase of testing, the Vg2 (pin 9) should be supplied
with2.560 V', .and a V... supply voltage of 5.12 V ;should
be usaed. This provides an LSB value of 20 mV.

If a fulscale adjustment is to be mads, an andcg input
voltage of 5.000 V. i5.120-11 LSB) should be applied to
e Vii+) pin with the Vyi—) pin grounded. Tha value of the
Vrer/2 iNputvoitage shauld then be adjusted until the digital
output cods is just changing from 1111 1110 to 1111 1111,
This value of Vree2 shoud hien ba wsed for all the tasts.
The digtd output LED display can be decoded by dividing
the 8 bits into 2 hex charactars, the 4 most significant MS)
and e 4 least significant (LS). Table 7 shows the Facional
binary equivalent of these two 4-bit groups. By adding the
volages obtained from the “VMS™ and *VLS™ columns in
Table 1, the nomind vdue of he dgtl display (when
Virerf2 = 2.560V) can be determined. For example, for an
output LED display of 1011 9110 or B6 ({in hax), the voltage
vauss from the talie are 3.520 + 0.120 or 3.640 Vpo These
vdtage valuss represent the centervalues of a perfact A’'D
convertar. The effects of quantization ermr have b beo ac-
cauntad for in the interpretation of the test results.
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T This symbol is in accordancs with ANSI/IEEE Std 91-1984
and IEC Publication 617-12.
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ULNZ2001A THRU ULN2004A
DARLINGTON TRANSISTOR ARRAYS

. SLRE027 - D24, DECEMBER 1075 - REVISEDAPRIL 1203
HIGH-VOLTAGE HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS

® 500-mA Rated Collector Current D OR N PACKAGE
{Single Output) {TOP VIEW)

® High-Voltage Outputs ... 50 V U

® Qutput Clamp Diodes ;gE ; 1’2 i ;g

¢ Inputs Compatible With Various Types of 36[] 3 14]] 3¢
Logic 48[ 4 12]] 4C

® Relay Driver Applications 5[] 5 12]] sc

¢ Designed to Be Interchangeable With eBlle . nflsc
Sprague ULN2001A Series 7807  wll7c
S E[} 8 oll com

description

The ULN2001A, ULN2002A. ULN2003A. and ULN2004A are monolithic high-voltage, high-current Darlington
fransistor arrays. Each consists of seven npn Darlington pairs that feature high-voltage outputs with
common-cathode clamp diodes for switching inductive loads. The collector-current rating of a single Darlington
pair is 500 mA. The Dariington pairs may be paralleled for higher current capability. Applications include relay
drivers, hammer drivers. lamp drivers, display drivers (LED and gas discharge), line drivers, and logic buffers.
For100-V {otherwise interchangeable) versions, see the SN75465 through SN75469.

The ULN2001A is a general-purpose array and can be used with TTL, P-MOS, CMOS, and other MOS
technologies. The ULN2002A s specifically designed for use with 14- to 25-V P-MOS devices. Each input of
this device has a zener diode and resistor in series to control the input current to a safe limit. The ULN2003A
has &2.7-k series base resistor foreach Darlington pair for operation directly with TTL or 5-V CMOS devices.
The ULN2004A hasa 10.5kQ seriesbase resistor to allow its operaticn directly from CMOS or P-MOS devices
thatuse supply voltagesof6to 15 V. The required input currentofthe ULN2004A is below thatof the ULN2003A,
and the required voitage isless than thatrequired by the UL N2002A.

logic symbolt logic diagram
9
CLAMP |P¢—— cOM

1 u! - 18

1B > o 1¢
2 ! 15

&2 3 14 ¥

3B : ﬁ 3c

48 5%1 4C
5 2

5B 3 5‘7 5¢C

6B z 57- 6C

7B pP—7¢c

7B c
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ULN2001A THRU ULN2004A
DARLINGTON TRANSISTOR ARRAY S

SLRS027 — [2624, DECEMBER 1975 — REVISED APRIL 1993

schematics (each Darlington pair)

comM cOoM
Output C v
Qutput C
Input B Input B
E
72kQ 3K E
ULN2001A ULN2002A
com
Rs Output C
InputB
ULN2003A: Rg = 2.7 kil (
ULNZ004A: Rp =105 kQ2 72k 3k0 E
H,
ULN2003A, ULN2004A
All resistor values shown are ncminal.
absolute maximum ratings at 25°C fre e-air temperature (unless otherwise noted)

Collector-efnftePtbltage<. (*11°) .. (Wi OAuigly) Ol ... O JF S50V
Input voltagg. V; Csge Naelit )N L/UNZ. MR . o - TTUHE NP QW & F ) 30V
Peak collectorcurrent (see Figures 14 and 15) ... . ... .. ... o 500 mA
Output clampiclrefil) lgi .. 800 N SAY. . D Ofz yF¢ &0 o J4 0 500 mA
Total emitter-t9gRinalturrent ety N\ AN\ ®. .. /[BAt e = ... S AL .. . -25A
Coentinuous total powerdissipation ........... ..o See Dissipation Rating Table
Operating free-airtemperature range ... .coe.ccvnis il vt —20°C t0 85°C
Storage temperatuq Mpge® o3 .... N\ o AN RVt ..... o . L L . —-65“C to 150°C
Lead temperature 1,6 mm (146 inch) from case for 10seconds ........................ ... 260°C

NOTE 1: All valtage valuss are with respectto the emittsrisubstr sts tarmina E, uisss atharwiss noted.

DISSIPATION RATING TABLE

BaCKAGE . . Ta= 2 DERATING FACTOR Ta=85C
POWERRATING  ABOVETA=25C POWERRATING
D 950 mW 7.6 mWeC 494 mW
N 1150 mw 9.2 mwWi°C 508 mW

“
'lbms‘@
INSTRUMENTS
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ULN2001A THRU ULN2004A
DARLINGTON TRANSISTOR ARRAYS

SLRS5027 — D2624, DEC EMBER 1976 — REMISED APRIL 1993

electrical characteristics, Tp = 25°C (unless otherwise noted)

PA £R TEST TEST CONDITIONS ULN2001A ULN2002A UNIT
FIGURE MIN _TYP MAX| MIN TYP MAX
Vljan) On-state input vollage B VCE=2V, Ic =300 mA 13 v
) =250 pA, Ic =100 mA 0.9 1.1 0.9 1.1
VCE{sat) fgﬂf;‘gnﬁ‘gﬂ‘g&a 5 [1=350pA, Kk =200mA 1 13 1 13] v
I =500 pA, ko =350 mA 1.2 1.8 1.2 1.8
VE Clamp forward voltage 3 Ig = 350 mA 1.7 2 1.7 2 v
4 VCE=50V, =0 0 50
CEX Collector cutoff current Veg=50V, [h=0 100 100§ pA
2 |m=7rc  [v=6v 500
\{off} Offstats irput cumsrt 3 ‘T’:E ; 6;%"' G =600, 50 5 5 65 pA
Iy Input currant B V=17V 082 1.25 mA
R Clamp ravarsa curat VYR=50V, Ta =7%C 100 100 HA
heE 3?;3:?:‘;::’ purren 5 IVeg=2V. Ic=3%mA | 1000
IR Clamp revess current 7 V=50V 50 50 RA
Cj Input capacitance Vi=0, f=1MHz 15 25 15 25 F
electrical characteristics, Tp = 25°C (unless otherwise noted)
PARAMETER (Wi TEST CONDITIONS LU Spdio0an UNIT
FIGURE MIN  TYP MAX| MIN TYP MAX
Ic =125 mA 5
Ic =200 mA 2.4 &
Vitcen On-state input voltage 8 Veg=2V et ! v
S Ic =275 mA 7
I =300 mA £
IS =350 mA 2
11=250 A, In=100 mA 09 b1 09 11
VCE(sat) oot 'f:};"f;i s y=3%0pA c=200mA 1.0% 1,3 1 13] v
11=5C0pA,  Igc =3DmA 1.2 1.6 1.2 1.8
4 V=50V, 1|=0 50 50
CEX Cellacter curoff currant V=0V, |1 =0 100 100 WA
TA=70C  fy=1y £00
VE Clamp forward voltags Ig= 330 mA 17 2 1.7 2 v
Voffi  Offstatsirput cumsre 3 .‘I.’:E ;o"fév‘ Kamidilinte 50 65 0 65 A
V=385V 0.93 1.35
Iy input current 4 V=56V Q.35 Q.5 mA
V=12V 1 145
VR=50V 0 50
R Clamp reverse current { ; wA
VR=50V, Ta =70°C 100 100
Ci Input capacitancs V1=0, f=1MHz 15 25 15 25 £

INS'IRUMEN?S
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ULN2001A THRU ULN2004A

DARLINGTON TRANSISTOR ARRAYS

SLRS027 — D2624, DECEMBER 1975 — REVISED APRIL 1993

switching characteristics, Ty =25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT

PLH  Propagation ddaytima, low-to-highd svel cupt 0.25 1 us
i " " See Figure 9
lpHL  Propagation delay tims, high-to-low-lsvsl output 0.25 1 Hs
VOH  High-swel output veltags after svitching V=0V, 10=300mA, SesFigus10 | vg—20 my
PARAMETER MEASUREMENT INFORMATION
Open Vee Open VCE
I
EX IcEX

Open

Figure 1.1cgx Test Circuit

Open VeE

l'c

NCTE: | is fixad for measuring VCE(sst) vanable for measuring hpg.

Figure 5. hgg. Vogsar) Test Circuit

VR

e

Open

Figure 7. I Test Circuit

Vi

Figure 2. lggx Test Circuit

Qpen

I I{on)
vi

Open

Figure 4. |, Test Circuit

Open

4
!

Figure 6. Viion) Test Circuit

S 4
B VF

¢'F

Figure 8. Vg Test Circuit
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