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ABSTRACT

The Microcomputer weight scaling machine inside this thesis, Itis
Weight presented to be weight various detail of the microcomputer weight
Scaling machine. This is done by using a microcontroler chip number 8051,
And the chip is used to control the operation of this application. The Scaling
Machine is able to display result of the object weight on to PC’s monitor
And although speak out the weight result. Then, result is baught into the
Estimation through roughly describe the phisical size of-object, finally the
Microcomputer weight scaling machine is suitable for the portable use in
Difference specific such as Hospital, School-University , Department store etc.
In which data of weighed objects is stored in database to be use in further

Data managing.
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Elastic member
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R1 Ro R1
| RO ———; | O
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| IR | , O T———7
R3 R4 R3

R1/ + 771:2 A <
& <
RO SR
N x/

(%)

2 /]
~

(n)
U 2.11 guluvums Sanefidiu ) 1§ wiums Sause p

wvvesmstananeiiiiuly vesmsTaussgu p ﬁﬂeuﬁflﬂﬁ%udauﬁﬂmju
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Tumsaaemuglii 2.11 ) nveresda R, uoz R, g Bifuyunin wiedent
“M3ITAINULINOETU (Poisson’s arraghement )" §41Twd R, wildouutauiiessnaa
AunSon amuuuny vaizii R, nlasuiesnnanusarioaauinnynduiudiuie
ngulasanunioasundeezdiu v shvssnueSensuusn e v nueiesasidoy
YBINBYITU ( Poisson’aratio ) uWmmesaiuayudyanmezdiu (1 +v) msdenng
Aumuwes R, uaz R, Tanusoalusssumafieseiud wazszuuiimssams

pamgiideiiesnn  msulfeunlasvesungiesiinansepude R, uag R, w1904

Q

<

Teluifinademinn msdanevesglii 2.11 (n) et R, Wz R, ognwldanuds
wSamuiaunudeinuivhiuies R, uag R, aﬂﬁﬂ”l%'uumumam?ﬂf«j%uﬁsa
i m'lmwdﬂmmﬁuuauuammmt,ﬂu 2 wh udez Bifmsvamegungd Fa
msﬁ)mmmnumﬁmmsﬂmﬂnmﬂmwam“lmmmmuu‘lﬂuwmﬂmmmqmﬂﬂu

mstaneaesgii 2.11 ) Faldine@alau R, uas R, gnineBidluyuaindu R,

woz R, ¢ Muamesmiveyudyanandu 20 + v ) uaedasvamenisdouslases

=%
aUNNY
Force P
R1 ,R3 l
\—-_.J - ! R2
R2, R4 \ E \
Elastic member T
_ output +?
W C3OR2 R3
C_ R4

(n) (1)
U4 2.12 msfanuneanuinT saien1s Jauss p

andeeanilaus P aun30dn 14 Ineldnubandu (Blastic cantilever) dauaasly
s1lfi2.12 (n) NI RS eRgNBRARBT Iauvesy  aseiinusieavesns 18snnd
9@ R, uag R, finvwAuson vasii R, uas R, HANwdamIon mitaneuSasves
910 2.12 () oz Tiummesoivenyudognentiu 4 unelimssnmegangidas a3

Q./ 4 v é a o o
Mludnyuzdudweaslugyl 2.13 (n) & R, 1ag R, QNIAAAATUAIIATNYBINDET
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b4 v v
uazBunlFiu R, uaz R, dae M3IABILTATAIIIN 2.13 (1) wuuRiAnfiueed

L~ ad [ ) [ 9 Y IS L~ 1 [ P
anuisssalusssunanassiuduiu udhednnalivhiufaw nesanevesyi
2.13 (v) wldudamesmiveyudaanandiu 201 +v) de v usasidinvemesdy

HazgUNYINIZYNTAIBEAIY

U

Force P

2
3 PR
L

{ [ 4 o é
1191 2.13 mssaaluBndnunenils

a d
MIaugaduesu3ad (Balancing of Bridges )
a gy o q ¥ o A g v < awa b Y -
usnsassih Iauysol luneuSudu o1t lsfmmlumalfiad  manudund
:zlci [ %) ad ao é T dy ) A d a o
wyuneeve Iy ’Jﬁ‘lmﬁﬁmﬁa‘lﬂuﬂzQﬂmmmal%‘lumsﬁnaaamﬂ%
a. d & " -
1. IEmsanqaduuueynsy ( Series balancing method ) Taeld Apex resistor tigaalu
A & S v . k3 2 3 =3
3 2.14 ivannmsindeunngadudiaues Apex resistance 81 R2ndusiy r r2 &
3/
szanaudly r e
Aac < . a o o 9 9
2.9BMIANQAEUVYYINY ( Parallet balancing method ) USagausaIfaugadidlng
msndeunyaduia p
Msaouigy
P=1 P c;c ) [ [ a (] (é I8
ﬂ15fm'umﬂuﬂmﬂr‘ﬂuﬁwmﬁjummumsﬂmwawsmﬂmmn“luamawummﬂ
v
yo9u5ad IdnnanuEsvave unsR RS gR myaouero1991 laneme Wi ez ns
a 431 a ~
na A5 Wih laedndezadediululsesvewsSasanusson ansonumiulg

Tawitalyl
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= 4 = @
JU 214 M3lF Apex resister o3 i 2.15 mstaneaugaduuusuu

augaduag MIeUfioy

Emsmalindh
ant P ' v = = ¥
wusnmsdsuulasvesmanuduniinsuesd@ounuy Tagnsle
Apex resistance 48931 2.14  Fwfluly/1dhgaoudioy Apex resistance umenvos
= @ an Y x;) Q dy
avmasen (§) Tundador (auydndu 1) anwaansesufinan sl
v
1ngd 2.14 ShuSadgaihlvaugadiuneuusniude
R R
=] (2.13)
Re  Rs3 A
3 . = v A P 4
MINUU Apex  resistance fasuuilas’ly 1iufe R2 Wiwdwslu Ro+r uaz R3 anassly

R3+ viadiffewiiuhiaugad uddwes ARIRI aoandestumsnSonlastrady

Ri+ AR _ Ra+tr

(2.14)
R4 Ri—r
fvuald x=r/R, 51znuh
AR 2
el . (2.15)
R 1-x

k4
ANUY Apex resistance duIndeUHion 1dlumenues ARIRI uSoanunion E&3

[ o
AuNANAADS
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msaeuifiounieaees A5 iaesTaomsidamnudiumu ( Shunt resister )&
weraslugaldi 2.16 Srdadumuviy Re QAU AR R1 nsa/fen
uas AR1 Ao
ARI=RI-R3 // Re (2.16)

vsaise@suaums ity
AR AR R

e, B8 oM 81 Re >>R1 (2.17)
Rl Ri+Rc Rc

Re \(/.\\'\\

Shunt 7 le o

Resister )\ R1 A‘{ N R1
o h

%
NG ]
&—(\\ r\} ,) N T

I

L
R1 z] ﬁ R

U1 2.16 msaoufiou Tasmsvuiuddiuni

Falaoian 11 dwdy ARURISalosunng feiy mafeundasiiowiwnaaiiy
HANIINMIAD Re  9uuUAUMIAINA UMY R awisada ldnsedanudunussy
ARIRI v3eanwuinsen  lumsnadeunna dwmiumsdeudieuniy Static dead
weights 8113011914 lasaseuazanunssamuisasuan lauastinnudunussy

d
BINNN

ad a
Fnmalaunin
= aQ da ad a 17 m”
msgeufieumelamniinfficesd®  FFusnerIdmamyuuesgriien  ( Rotating
eccentric )lugifii 2.17 uagFindeezlddaduaziion ( Vibration ) Tugtii 2.18 muda
' Y A o o ' a A gy oy o v 4
ngugnlmiiounuginsaltangu  anunSeanuiiveusesinn 1duasunnmes
A ~ o/ o o a o o 4:
vosmsteufisudslanuduiuidueninnuazanuedsaaunsasnnldd Ui
2.18 anudueuldgavesdrduasiiouaunsofianld msgduseds  Sinusoidal

Taguaa m gndleulifuvistandu (Elastic stip ) fu m® * x0 do © Iy Circular
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Fald lugiii 2,18 e R1IA wag RIB gnianafhuuvudanilswesinslauvsad ms
o 1 :iy& (v 9/ T A ] 9/ T A L]

nszvhusuiliemsvianavesms ldwelaqueuisdangy  msTRsseluuvsBangu
o = a A & ) ' aa YY)

M3 lnsgeve Imsuldsundasimiouiuua lusssunanasefiusdiuees R1IA wag RIB

1 Y
M ldeanudumusvvsau lin@ountlas  deaiuneasyauoNunSen U

Weannusane lawinn ldanmsmasuivesia m Meeesaufe?

Elastic |
Cantilever /l
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NINUAAYBIUVUHANNITVUBINTI ( Force Transducers )
b4 v
m1u§mma§u1§ﬁmﬁ"unJaﬂuu,smwamwiﬁxi‘luﬁmmmM“?h
ussrunsoutisonndu 2 Uszianlng
d A o Yo P g A a [ a

1. usseal  Huusaiv it agudouasnudlumsedeud 4y U3 a9
ﬂszv‘imu%ﬁaﬁuauﬁsﬁmmﬂﬂ'mm'wmmamm‘?ﬂq‘luszwdnmﬁﬁaﬁu‘lﬁmﬁauﬁ

2. wssada  dhunseiinsziundaglasifedesfumsntond  wu  used
nse lnensiiles ( Qripper) mmvjuﬂuﬁuuﬁwm‘iﬁq‘lmw'jwms%ﬂmsh"u’iﬁq

My Tousang q Ja numdweelfoundsnunadundeenwih Tasmsianis

a 1 a 4 s 2 ‘ﬂ v a Y a dg
L‘]_]ﬁﬂuLL']J?NE‘IJ‘J"N‘V]’NﬂWﬂﬂTWﬁlﬂQﬂﬁTuﬂ’JﬁL‘ﬁ@i PILLTIL uﬁ?ﬂ’li'ﬂ'ﬂ'ﬂmﬂﬁ!u

dnnlsznovdanguiildhumsiause (BlasticElement For Force Measurement)
dauﬁwfjuﬁﬂﬂui%’ﬁm%”ummaﬁwummmusaﬁﬂszv'iﬂﬂmhums%’ﬂmsnazfﬂ"ﬂ
1o
L 739 Tunsdluseszmlden
P = ky (2.18)
A l U )
i k = MR35
y = 1zeenszinningaauqad
2. wisdag usetdaldeediu W awauns
P = (AE/L)*y (2.19)
4 L 4y
Be A = Wuiimihda
E = fi1lugdavesnnudanguuesig
L = anuem
4 " Y o Jdo = o
3. AU ( Cantilever Beam ) sy lvostaneniy TUAUSOUUII P 1T
Tag
P = (3EI/L*)*y (2.20)
& d & A 4 a
Wwe I= Imuummmmmammﬂ1uiammuwwmg{u&ﬂma‘luwﬁmwmmsmu
Ao o a : £ [ oA ° a
uenALEE 590 (Ring)  wazdy ( Webs ) FutludaBangunlimsuadaes

9t ' o a o dy
LL'ﬁ&illﬂllﬂ"l‘iLlﬂﬁﬂﬁﬁﬂl‘ﬂﬁﬁlﬂu‘ﬁuﬂﬂw ] ANU
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LOAD CELL

1. Tvamsaduuuasn (Link-type Load cell)

202
1/ 52
i A \>
Transvers Axial /\Y’* ”%@ & “
S
gage 4 on gage on the \"3’% & /_/F o
left face back face K\%‘G e 3/
M

3N 2.19

s . Ay d ot [ 9/ :: -4 =y o [ a
Tnanwaduuudsdedieie  dszaeudasdsd wozinenunion 4 su Asg1N 2.19
9y
msz P emnsadiulyIdeusedu (Tensile Load) nienmseusesa Compressive Load)
k4
INIANUATEA 2 B BaAnduAA lutuauny wazdn 2 Suluunynefuuny
k4 T
nomnATenTis 4 wwrediuaeesindlausiad (Wheatstone Bridge) Tnuinafiegly
unusvegluuwunudaluunu 1 uaz 3 dau nefieghunnymsdesyluumuny 2 was
v 3 bt
4 f9giii 2.19 Wense P nszhdeRsAn IR EAR LAY MUY
b4 i
Y ludsAuas dusiusfumszawaums
€, P/ AE 221)
€ . -VP/AE (2.22)
d'! Ay d’ Y o A’ 4
o A=Nuinihdnuesded
o A . o =g Yo Ay 4
E =lugdmvesnnutanguyesiagnldineg

] b d
v=dandiuihvesvesiaghldiad
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MIABLAUBIYRUNTAR 1Man P Ainseyindlu luawaums

ARR, = ARSR, = SEg,
AR/R, = AR/R, = SE, = -VS,P/AE (2.24)

Il

S,P/AE (2.23)

k4 Y
fauuddunInnunieans 4 Muudsimiousunnyszms useiueen v, 910

walaunsadm Idnnmsunusiauns (2.24) asluauns

r ARl AR2 AR3 AR4J
Vo = . - + — Vs
(1+7)*CRl  R2  R3 R4
a2ld
Vo = _SLMVS (2.25)
2AF
24k Cvo (2.26)

P ==
Se(1+0)s

nnauMs 226)  waaehimse P dludadaufuduiuussiueen v, unzdineda
% 1 A 1 w v I A
dadiunieanedliuiioude
24F

. (227
Sg(l + U)VS
We ¢ = sasdaulSoudiey

a1 hves Inaawadina lauuSasnouinsu (LoadCell ~-Weatstone Bridge Combination ) fio
Vo 1 SgPll+v
= = *—gp( )VS

Sl
P C  24F

(2.28)
' /d? (%Y dy ~ 9 o Qy 4
NnaumMs (2.28) uaasinnylves noawadiuegiuiufindauoied (A) Tu
. b4 v
Qamvesnutanguvesiagnldiasd (E, V) ey , S uozussiuiseiiy
a J

v v k4 1
B U3A9(V,) 929 (Range) v8aussil9nu Inaawaduvudsn mldnn Aufinidaves

v ] bd
defuazanud s veeTagildvinaed Tao
Pmax = SgA (2.29)

k4
OATIAIUTIAUGITA ( Maximum Load ) (V, /Vs Jmax dwiy Inaaesaduuuaeim

Idanmsunuaumsduuacdu (2.25) 14

(-VB e = 551 +0) (2.30)

Vs 2F
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Qy z o v a *
Tnaawaduuudiifouionue Amuasidumnavesnsy (P=P_)i(V,/Vs) =
y
1 % ¥ [ * =1 Jd
3mV/V AeAIALEINAmNIL VB0 Aa U IR (V,/Vs) i me Puulvaamade:

mla9n

pe VolVs

=— P max (2.31)
(Vo/ Vs)

2. Tnauwaduuumy (BEAN — TYPE LOAD CELL)

/'T
> s 2
RN
VS /’o,,) |
[y, 8 T T
Axial gages /__L %, ‘\OQ/S/\
42 &
1and 3 h R
.

Cijial gages

2 and 4 on the

bottom surface

91 2.20

v k4 '
TnaamaduuvanlFianss lunsdfld naamaduuufed 1018 307 220 (a yfh
A4 . 4 v a A 1 & o {
AMUBY (Cantilever Beam ) GailinvanuAien 2 ou Ansginaduas doimihndiy

n’, [} [ o [ ¢ a Y £ 4 o ~ a
Fudmdanguuazisumes duiumadsiiail fone Gedetuiuasesinalaunsas &

e P ldAalimud M = P fidumds X 18 18wadns

6P
€ =-€=§=¢€, M -

~ = 2.32
_Ebhz Ebh’ (2:32)

& A v Y
W b ADANUAINUNHUUIAAUBIATY

h ABANUNUIVIHIAAYEIATY
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NITADLAUBDIVDUNIANUATEANT IR INAUNTT ARR = S€ Uazaums (c) asluaums

ARIRI = -AR2R2 = AR3R3 = AR4/R4 = Oiijlzxz (2.33)

73 ~ A o
USIAUBON Vo NInd InuuSadsudumaainnisnseiwesnse P vldlaenmsuny

aums aslueums

r (ARI AR2  AR3 AR4)
Vo= 5 - + - Vs
(1+7)°CRl  R2  R3 R4

14
LagauNATINIANNIATIATS 4 ilouiunmlsems a2 ld

s 0 (2.34)
Ebh
P= —Ebi Vo = CVo (2.35)
oSgXvs

nnauMs (235) uaashinne Pofudadiufuuseiueen v, uasdnsiadaday

n3eAnsRalSuiey ( Calibration Constant) C fi9

C = (Bbh")(oSXV) (2.36)

¥

anuhvesmasmsgninlneamadiuinglauuied Tasaums s = v, P dufu

S =V, /P=1/C =(o S XV.)/Ebh’ (2.37)
0 g s

9/ 9 * 4 «g (K% [ 9 o
nNauns (237) YAuneasiany hvesTnaamaduuuaduegiugiliemihda
o A ] cv Puy 9 o o ] p=1
¥03U( b, h) Tugdavesanuanguuesiaailéiey (E) dumidswosniseidiou
fune (X maurdnnes (S) uazussuiiflouldfiulsusad (V) ¥21veslnan fly
@ Ag xY 1 o o v A o
fulnaawaduuumuiiuediugliemihdavemmdumisfinegniey  wazaud

vesTagildham diauuddundaisumialndfudrsesdy (Beam Support) 9214
3y
M, = M, uag (Vy V,).. mldamsunueums P aslueums Q34daiu
(V/ V,)oee = SSI/E (2.38)

Tnaawaduuunuidnesluesnanaiisandiuus sdu (V/V,) fimsz@u

AAATTHIN 4 Uag SmV/V



23

3. Tvoeuwraduuudwwiy ( Ring- Type Load Cell)

g1t 2.21

dulsznovves Ivanesaduuusum U Proving Ring  @iudautiandu wasf]
5. s w0, Y . A 4
wuweidimusaldlanunsanueieanay LvDT 114 LvDT Jamsnsziaouing

[ = £ [] . d v w 3 %
3J'l‘l]'lﬂﬂ']ﬁUﬂ‘l’f5Uﬂﬂiuuu'3tﬂuW']‘N@ut’lﬂ'ﬂ'Nﬁlﬂ\?'JQLLﬂ'JHﬂ’J']N'ﬂuwu‘ﬁiiﬁ'é']dﬂ'ﬁﬂiz i)

S = (1.79PR’) /Ewt’ (2.39)
11 E Ao lugaaildiaumau
A
w ADATIUHL
t ADATIUNUIVDIIUHIY
USIAUBEN V, 989 LVDT aisaudas lagaunis
V,=S3V, (2.40)
o S Asaulives LVDT

v, feussduideudhfuvaainlgugiives LvpT
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anuduiuiszniaussdiueen v, uagnsz P mldnnunuauns asluaums’a

V, =(1.79 SPR))}V, /Ewt’ (2.41)
130 P =(0.56Ewt) V,/SR'V, =CV,  (242)
Tag C = (0.56 Ewt') / SRV, (2.43)

e ¢ AenlSuiioy
a J a Q.J =)
ﬂ'ﬂllll’l‘ﬂ@\ﬁ\iﬂ LVDT AoUUUSU St o
S,= V,/P=1/C= (L79SR)V,/Ewt’  (2.44)

] Y] 4
Fumrzees ImaawaduuLwwIugARLguAIeaLdws el 61 lvaamwad
1¥iaTnaatinseiudluianaz (Cyclic Load) a21wan (Fatigue)S, Wudsdingidos
a Q" 1 1 'Q 4 ] o
AnsananuAugega lududuwregimaluvenwri assiiduiugud

naudsmnfunInan sz nuduiidumidiae

o, = 109 PR /Wt' (2.45)
ninauns dmiumsia nasfinseidumae 1@

P =092 WI'S/R (2.46)
Sasidausesiuii Tnangega (Vyv) ey

(V/V),.. = L64SR’S /Et (2.47)

fidandiuussiwdnana (V,/ V) uaznszgege P d iy Inaamadmne

aunsafmua naaiideandosiu v, Ngnialasiszunm

P= (V,/V)P,/(V,/V) (2.48)
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2.2 Operational Amplifiers n‘}aw’{u

Op-Amp Lﬂuqﬂnmfﬁﬁé"mwmwmaqumzﬁ input impedance §4 output impedance
&1 M3l Op-Amp TasansavmnmsiAeussdunsadu M3 Oscillator LAZMS2993
Filter gﬂﬁ 2.22 uﬁmgﬂunuﬁugmmm Op-Amp #4924 2 input 1z 1 output

b4
MUl NaA 19994 2 input Huvhimsvonedyanu

input 1
output
input 2

317 2.22 Basic Op— Amp

Single — Ended Input

wah 14904 Single - Ended Input Aniavmssodyaaudime input Houdasn input

Aoaq ground 92 Iddygnudegili 2.23

g‘ﬂ‘ﬁ 2.23 Single —ended operation
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Inverting Amplifier

[

a @ a 9 { [ A o o o
Hhuneesiilisanasveensht  Taseeld  oupur  Pilldnwuzdygrafinduiudu

o

oy M09 input
V,=- [RER1]V1 (2.49)

NV

VT - >_ vo= -(RT/RI)V1

‘gﬂ‘ﬁ 2.24Inverting constant-gain multiplier

Noninverting Amplifier
Hunsdenseseawgli 225 msldameeldluglues noninverting 9z 1¥Anunah

¥99AINA IAANTIMIRTUIIAIBATINTTVEIBYDI2995 92 e 1W15 0 IRDINgAS

V1 =[RI/(RI+RH]IVO (2.50)
FnaD

Fo B0 .00 (2.51)

V1 R R
Vie— & vo= (1 +Rf/Ri)V1 ’ Vi=0

) AN\~
V1 Rf
Ri =

pl 19 2.25 Noniverting constant — gain multiplier
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Voltage Subtraction

g Q 4 e s ‘& L4 v A s
Foyana 2 dygnuansannindedule Teedygramilandndedudndayaia

g d g
wila gl 2.26 Tael¥ Op-Amp 2 Famaii 1dve < output 92y

Vo= —’i—gf—(—— & V1] + ﬁf— Vz} (2.52)
Rs R R
Vo= —(& Va— -&&Vx] (2.53)
R R R
Rf
Rf
AVAVAY A

R1

AV S~ m' .
V1 / — >___VO

x|}
S

A

N

}___.
Il
i

g‘ﬂﬁ 2.26 Op— Amp Applications voltage Subtraction

M3ae2993 gLty q Ashmsindedygnn 2 dygnumugli 227... mde

v R v
uuuieeld Op-Amp WeadAIREAT output 711G axiTiu
R R+ Ra Ra

Vo= Vi——V2 (2.54)
Ri+Rs R R
R4

R2 AAVAY,

V2
/\/\/\/ > | Vo

v Wy B

R1

R3

i 1J#1 2.27 Subtraction circuit only one Op - Amp
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5.3 HaMINAABIVYDIINDST Analog to Digital
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0 -0.031 0 0.00
10 0.471 25 9.80
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50 2.474 127 49.80
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70 3.470 179 70.10
80 3.983 204 80.00
90 4.501 231 90.50
100 4.950 255 100.00
a¥ait 2
viminiinaaeu (Kg) | O/P 910 Ins.Amp(V) | manmaziden | viwsiaiiald ( Kg.)
0 -0.042 0 0.00
10 0.458 25 9.80
20 1.002 51 20.00
30 1.481 77 30.10
40 2.010 102 40.00
50 2.492 129 50.50
60 2.967 153 60.00
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Tninfinaaey (Kg) | O/P 910 Ins.Amp(V) | anuaziBea | dhnshisald (Kg)
70 3.465 179 70.10
80 3.970 204 80.00
90 4.47 230 90.10
100 4.97 255 100.00
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Source Code va4dldsun353 Delphi

unit UnitProject;

interface
uses

Windows, Messages, SysUTtils, Classes, Graphics, Controls, Forms, Dialogs,

StdCtrls, Buttons, ComCtrls, Db, DBTables, ExtCtrls, MPlayer, Comms;

const
You=0; endYou=2100;
first=30000; endfirst=31000;
one=2700; endone=3300;
two=4200; endtwo=5000;
three=5900;  endthree=6600;
four=7500;  endfour=8600;
five=9100;  endfive=10000;
six=10500;  endsix=11500;
seven=11800; endseven=12800;
eight=13500; endeight=14300;
nine=14900;  endnine=16100;
ten=16500;  endten=17500;
Ed=18100;  endEd=19200;
Yee=19700;  endYee=20600;
Jud=21000;  endJud=22000;
Zero=22650; endZero=23500;
Roi=23600;  endRoi=24700;
Kg=24800; endKg=26500;
khun=26700;  endkhun=28400;
veryfat=28600; endveryfat=29900;
fat=30000;  endfat=31400;
normal=31500; endnormal=32600;
slim=32650;  endslim=34400;



veryslim=35000; endveryslim=36500;
empty=37000; endempty=38000;
type

TFrmProject = class(TForm)
Labell: TLabel;
Label2: TLabel;
Label3: TLabel;
Label6: TLabel;
IbIName: TLabel;
edtName: TEdit;
IblHigh: TLabel;
edtHigh: TEdit;
1blCm: TLabel;
1blSex: TLabel;
btnCalc: TButton;
btnData: TButton;
btnClear: TButton;
btnExit: TButton;
IbIShowDetaill: TLabel;
1blShowWeight1: TLabel;
RbtnMale: TRadioButton;
RbtnFemale: TRadioButton;
IblShowDetail2: TLabel;
1bIShowWeight2: TLabel;
IbIShowDetail3: TLabel;
DataSourcel: TDataSource;
Tablel: TTable;
IbIShowWeight3: TLabel;
IbISHowDetail4: TLabel;
Label4: TLabel;
Label5: TLabel;

Timerl: TTimer;



Label7: TLabel;

btnPrint: TButton;

MediaPlayerl: TMediaPlayer;

DataSource2: TDataSource;

Table2: TTable;

ComPort1: TComPort;

Label8: TLabel;

procedure btnCalcClick(Sender: TObjecr);

procedure btnClearClick(Sender: TObject);

procedure btnExitClick(Sender: TObject);

Procedure CallMale;

procedure CallFemale;

procedure RbtnMaleClick(Sender: TObject);

procedure RbtnFemaleClick(Sender: TObject);

procedure btnDataClick(Sender: TObject);

procedure Timer1Timer(Sender: TObject);

procedure FormClose(Sender: TObject; var Action: TCloseAction);
procedure btnPrintClick(Sender: TObject);

procedure ComPort1RxChar(Sender: TObject; InQue: Integer);

procedure FormActivate(Sender: TObject);

private
procedure translator(number:real;var al,bl,c1,d1:inte ger);’
procedure sYou;
procedure sfirst;
procedure sone;
procedure stwo;
procedure sthree;
procedure sfour;
procedure sfive;
procedure ssix;

procedure sseven;



procedure seight;
procedure sninge;
procedure sten;
procedure sEd;
procedure sYee;
procedure sJud;
procedure sZero;
procedure sKg;
procedure sRoi;
procedure AA(al:integer);
procedure BB(b1:integer);
procedure CC(cl:integer);
procedure DD(d1:integer);
procedure Female;
procedure Male;
procedure sveryfat;
procedure sfat;
procedure snormal;
procedure sslim;
procedure sveryélim;
procedure sempty;

{ Private declarations }

public
{ Public declarations }

end;

var

FrmProject: TFrmProject;

implementation

uses Unitl, Unit2;



{$R *.DFM}
procedure TfrmProject.sempty;
begin
with MediaPlayerl do
begin
Position:= empty;
EndPos:= endempty;
Play;
end;
end;
procedure TfrmProject.sY ou:
begin
with MediaPlayerl do
begin
Position:= You;
EndPos:= endYou;
Play;
end;
end;
procedure TfrmProject.sRoi;
begin
with MediaPlayerl do
begin
Position:= Roi;
EndPos:= endRoi;
Play;
end;
end;
procedure TfrmProject.sKg;
begin

with MediaPlayerl do



begin
Position:= Kg;
EndPos:= endKg;
Play;
end;

end;

procedure TfrmProject.sfirst;

begin

with MediaPlayerl do

begin
Position:= first;
EndPos:= endfirst;
Play;
end;

end;

procedure TfrmProject.sone;
begin
with MediaPlayerl do
begin
Position:= one;
EndPos:= endone;
Play;
end;
end;
procedure TfrmProject.stwo;
begin
with MediaPlayerl do
begin
Position:= two;
EndPos:= endtwo;

Play;



end;
end;
procedure TfrmProject.sthree;
begin
with MediaPlayerl do
begin
Position:= three;

EndPos:= endiliree;

end;
procedure TfrmProject.sfour;
begin
with MediaPlayerl do
begin
Position:= four;
EndPos:= endfour;
Play;
end;
end;
procedure TfrmProject.sfive;
begin
with MediaPlayerl do
begin
Position:= five;
EndPos:= endfive;
Play;
end;
end;
procedure TfrmProject.ssix;
begin
with MediaPlayer] do



begin
Position:= six;
EndPos:= endsix;
Play;
end;
end;
procedure TfrmProject.sseven;
‘begin
with MediaPlayerl do
begin
Position:= seven;
EndPos:= endseven;

Play:

end;
procedure TfrmProject.seight;
begin
with MediaPlayer! do
begin
Position:= eight;
EndPos:= endeight;
Play;
end;
end;
procedure TfrmProject.snine;
begin
with MediaPlayerl do
begin
Position:= nine;
EndPos:= endninge;
Play;

end;



end;
procedure TfrmProject.sten;
begin
with MediaPlayerl do
begin
Position:= ten;
EndPos:= endten;
Play;
end;
end;
procedure TfrmProject.sEd:
begin
with MediaPlayerl do
begin
Position:= Ed;
EndPos:= endEd;
Play:
end;
end;
procedure TfrmProject.sYee;
begin
with MediaPlayerl do
begin
Position:= Yee;
EndPos:= endYee;
Play;
end;
end;
procedure TfrmProject.sJud;
begin
with MediaPlayerl do

begin



Position:= Jud;
EndPos:= endJud;
Play;
end;
end;
procedure TfrmProject.sZero;
begin
with MediaPlayer! do
begin
Position:= Zero;
EndPos:= endZero;
Play;
end;

end;

procedure TfrmProject.sveryfat;
begin
with MediaPlayerl do
begin
Position:= veryfat;
EndPos:= endveryfat;
Play;
end;
end;
procedure TfrmProject.sfat;
begin
with MediaPlayerl do
begin
Position:= fat;
EndPos:= endfat;
Play;

end;



end;
procedure TfrmProject.snormal;
begin
with MediaPlayer] do
begin
Position:= normal;
EndPos:= endnormal;
Play;
end;
end;
procedure TfrmProject.sslim;
begin
with MediaPlayerl do
begin
Position:= slim ;
EndPos:= endslim;
Play;
end;
end;
procedure TfrmProject.sveryslim;
begin
with MediaPlayer! do
begin
Position:= veryslim ;
EndPos:= endveryslim;
Play;
end;

end;

procedure TfrmProject. AA(al:integer);
begin

if al =1 then sfirst else



if al =2 then sYee else
if al =3 then sthree else
if al=4 then sfour else
if al=>5 then sfive else
if al=6 then ssix else
if al=7 then sseven else
if al=8 then seight else
if al=9 then snine;

end;

procedure TfrmProject.BB(bl:integer);

begin
if bl=1 then sEd else
if bl =2 then stwo else
if bl =3 then sthree else
if b1=4 then sfour else
if b1=5 then sfive else
if b1=6 then ssix else
if b1=7 then sseven else
if b1=8 then seight else
if b1=9 then snine;

end:

procedure TfrmProject.CC(c1:integer);

begin
if ¢1=0 then sZero else
if c1=1 then sone else
if c1 =2 then stwo else
if ¢l =3 then sthree else
if c1=4 then sfour else
if c1=5 then sfive else
if c1=6 then ssix else
if c1=7 then sseven else

if c1=8 then seight clse



if c1=9 then snine;
end;
procedure TfrmProject. DD(d1:integer);
begin
if d1=0 then sZero else
if d1=1 then sone else
if d1 =2 then stwo else
if d1 =3 then sthree else
if d1=4 then sfour clse
if d1=5 then sfive else
if d1=6 then ssix else
if d1=7 then sseven else
if d1=8 then seight else
if d1=9 then snine;
end;
procedure TfrmProject.Male;
Var
High.Weight,L,Score:integer;
begin
Label7.Caption:=Rbtnmale.Caption;
L:=StrToInt(label8.caption)*100;
Weight:=L div 255;
High:=StrTolnt(edtHigh.text);
if High < 140 then IbIShowDetail2.caption:="
else
begin
Score:=High - Weight;
case Score of
50..91:sveryfat;
92..97:sfat;
98..102:snormal;

103..108:sslim;



109..150:sveryslim;
clse
end;
end;
end;
procedure TfrmProject.Female;
Var
High,Weight,i,Score:integer;
begin
Label7.Caption:=RbtnFemale.Caption;
L:=StrTolnt(label8.caption)*100;
Weight:=L div 255;
High:=StrToInt(edtHigh.text);
if High < 140 then 1blShowDetail2.caption:="
else
begin
Score:=High - Weight;
case Score of
50..102:sveryfat;
103..107:sfat;
108..112:snormal;
113..117:sslim;
118..140:sveryslim;
else
end;
end;
end;
procedure TfrmProject.translator(number:real;var al,bl,c1,d1:integer);
var number2 number3:integer;numberl :real;
begin
number2:=trunc(number);

al:=number2 div 10;



bl:=number2 mod 10;
numberl:=(number - number2)*100;
number3:=trunc(numberl+1);
cl:=number3 div 10;

dl:=number3 mod 10;

al:=number? div 10;

end;

Procedure TFrmProject.CallFemale;
Var
High,Weight,L Score:integer;
begin
Label7.Caption:=RbtnFemale.Caption;

L:=StrTolnt(label8.caption)* 100;

Weight:=L div 255;

High:=StrToInt(edtHigh.text);

if High < 140 then 1bIShowDetail2.caption:="

else

begin

Score:=High - Weight;

case Score of

50..102:1blShowDetail2.Caption:=(  8U1N"):;
103..107:1blShowDetail2.Caption:=(" ﬁaui’;’wé’au');
108..112:1blShowDetail2.Caption:=('  Un@"):
113..117:1bIShowDetail2.Caption:=(' Ao U4 19HBY'):
118..140:1blShowDetail2.Caption:=(' HOUNIN');
else
MessageDlg('nsa9treudoyadiugsminaiy CLEAR wionsendeyadn
f % N, mtWarning,[mbOK],0);

end;
begin

if Score >140 then begin



IblShowDetaill.Caption:=";

IblShowDetail3.Caption:=";

IblShowDetail4.Caption:=";

end

else begin

IbIShowDetail . Caption:=('a¢j Tutn ot AT
Hun =" );

IblShowDetail3.Caption:=(Int ToStr(High-110));

IblShowDetail4.Caption:='Kg.'

end;

end;

end;

end;

Procedure TFrmProject.CallMale;
Var
High,Weight,L,Score:integer;
begin
Label7.Caption:=Rbtnmale.Caption;
L:=StrTolnt(label8.caption)*100;
Weight:=L div 255;
High:=StrToInt(edtHigh.text);
if High < 140 then IblShowDetail2.caption:="
else
begin
Score:=High - Weight;
case Score of
50..91:1blShowDetail2.Caption:=(' 82U
92..97:1blShowDetail2.Caption:=(' AU NBIU);
98..102:1bIShowDetail2.Caption:=('  Un@");
103..108:1bIShowDetail2.Caption:=(' ADUTIIHDI');

109..150:1blShowDetail2.Caption:=('  WOUWIA');



else

MessageDlg(‘as19apudoyadiugelninatly CLEAR onsendeyatn

f % ¥, mtWarning,[mbOK],0);

end;

begin
if Score >15C then begin
1blShowDetail l.Caption:=";
IblShowDetail3.Caption:=";
IblShowDetail4.Caption:=";
end
else begin
IbiShowDetail 1.Caption:=('og luunmai

Wi =" ):

IbiShowDetail3.Caption:=(IntToStr(High-100));

IbIShowDetail4.Caption:='Kg.'
end;
end;
end;

end;

procedure TFrmProject.btnCalcClick(Sender: TObject):

var
A,B,C,D,F,L,Weight:integer;
Lal,bl,cl,dl: integer;xxx:real;
begin
L:=StrTolnt(label8.caption)*100;
Weight:=l div 255;
A=l mod 255;
A=A*10;
A=A div 255;
D:=A;
B:=L mod 255;

b
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B:=B*10;
C:=B;

F:=D*255;

C:=C-F;

C:=C*10;

C:=c div 255;
1blshowwéight1.Caption:=('1‘fwwﬁnmamm =";
IbIShowWeight2.Caption:=( 'ntToStr(Weight)+.'+Int ToStr(A)+IntToStr(C));
IbIShowWeight3.Caption:= 'Kg.";
xxx:=strtofloat(IblShowWeight2.caption);
translator(xxx,al,bl,cl,d1);

sYou;

while MediaPlayerl.Mode=mpPlaying do
begin i:= i+1; if i=100 then i:=1; end;

if xxx=0.00 then begin sZero;

while MediaPlayerl.Mode=mpPlaying do
begin i:= i+1; if i=100 then i:=1; end;
SkG;

end else begin

if xxx=100.00 then begin sone;

while MediaPlayer]1.Mode=mpPlaying do
begin i:= i+1; if i=100 then i:=1; end;

sRoi ;

while MediaPlayerl.Mode=mpPlaying do
begin i:= i+1; if i=100 then i:=1; end;

skg;

while MediaPlayerl.Mode=mpPlaying do
begin i:= i+1; if i=100 then i:=1; end;

if RbtnfeMale.Checked=true then Female
else Male;

end else begin

AA(al);



while MediaPlayerl.Mode=mpPlaying do
begin i:= i+1; if =100 then i:=1; end;
sten;

while MediaPlayerl.Mode=mpPlaying do
begin i:= i+1; if i=100 then i:=1; end;
BB(bl);

while MediaPlayer1.Mode=mpPlaying do
begin i:=i+1; if i=100 then i:=1; end;
sTud;

while MediaPlayer].Mode=mpPlaying do
begin i:= i+1; if i=100 then i:=1; end:;
CC(cl);

while MediaPlayer].Mode=mpPlaying do
begin 1:=1+1; if i=100 then i:=1; end;
DD(d1);

while MediaPlayerl.Mode=mpPlaying do
begin i:= i+1; if i=100 then i:=1; end;
sKg;

while MediaPlayerl.Mode=mpPlaying do
begin i:= i+1; if i=100 then i:=1; end;

if RbtnfeMale.Checked=true then Female
clse Male;

end;

end;

begin

btnExit.Enabled:=false;
btnPrint.Enabled:=truc;
btnClear.Enabled:=true;
btnCalc.Enabled:=false:

if RbtnMale.Checked=true then CallMale
clse CallFemale;

begin



Tablel.Append;

Tablel['Date']:=Date;
Table1['Time']:=Time;
Tablel['Name']:=edtName. Text;
Tablel['Sex']:=Label7.Caption;
Tablel['High']:=cdtHigh. Text;
Tablel['Weight']:=IblShow Weight2.Caption;
Tablel['Siatus']:=IblShowDetail2.Caption;
Tablel.Post;

end;

begin

Table2.Append;

Table2['Date']:=Datc;
Table2['Time']:=Time;
Table2['Name']:=edtName. Text;
Table2['Sex']:=Label7.Caption;
Table2['High']:=edtHigh.Text;
Table2['Weight'T:=1blShowWeight2.Caption:
Table2['Status']:=1blShowDetail2.C aption;
Table2.Post;

end;

end;

end;
procedure TFrmProject.btnClearClick(Sender: T Object);
begin
edtName.clear;
edtHigh.clear;
btnCLear.Enabled:=false;
1bIShowWeight1.caption:=";
IbIShowWeight2.Caption:=";

IbIShowWeight3.Caption:=";



IbIShowDetail1.Caption:=";
IbIShowDetail2.Caption:=";
IbIShowDetail3.Caption:=";
IbIShowDetail4.Caption:=";
btncalc.Enabled:=false;
RbtnMale.Checked:=false;
RbtnFemale.Checked:=false;
btnExit.Enabled:=true;
btnPrint. Enabled:—false;
Table2.Delete;
end;
procedure TFrmProject.btnExitClick(Sender: TObject);
begin
if MessageDlg('Are you sure you want to quit this project? ,mtConfirmation,
[mbYes,mbNo],0)=mryes then
close;
end;
procedure TFrmProject.RbtnMaleClick(Sender: TObject);
begin
btnCalc.Enabled:=true;
end;
procedure TFrmProject.RbtnFemaleClick(Sender: TObject);
begin
btnCalc.Enabled:=true;
end;
procedure TFrmProject.bmDataClick(Sender: TObject);
begin
frmProject.Hide;
frmData.Show;
comportl.open;
btnExit.Enabled:=true;

end;



procedure TFrmProject. Timer1 Timer(Sender: TObject);
begin
Label4.Caption:=DateToSTr(Date);
Label5.Caption:=TimeToStr(Time);

end;

procedure TFrmProject. FormClose(Sender: TObject; var Action: TCloseAction);
begin

MediaPlayer1.Destroy;

comportl.Close;

end;

procedure TFrmProject.btnPrintClick(Sender: TObject);

begin

frmPrint1.QuickRep]1.Print;
end;
procedure TFrmProject. ComPort! RxChar(Sender: TObject; InQue: Integer);
var 1,j:integer;str:string;
begin
if comport1.connected then
begin
while inque>0 do
begin
1:=comportl.read(j,1, True);
label8.caption:= inttostr(j);
inque:=inque-1;
end;
end;
end;



procedure TFrmProject. FormActivate(Sender: TObject);
begin

comport].Open;
end;

end.



unit Unitt;
interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,

StdCtris, Grids, DBGrids, Db, DBTables, ExtCtris, DBCtrls, ComCtrls;

type
TfrmData = class(TForm)

DataSource1: TDataSource;
Table1: TTable;
DBGrid1: TDBGrid;
Button1: TButton;
Labell: TLabel;
Label2: TLabel;
Edit1: TEdit;
btnFind: TButton;
ComboBox1: TComboBox;
btnDelete: TButton;
Animate 1: TAnimate;
ComboBox2: TComboBox;
Edit2: TEdit;
Edit3: TEdit;
Label3: TLabel;
DataSource?2: TDataSource:
Table2: TTable;
DBGr'id2: TDBGrid;
procedure Button1Click(Sender: TObject);
procedure btnFindClick(Sender: TObject);
procedure FormCreate(Sender: TObject);
procedure btnDeleteClick(Sender: TObject);
procedure FormActivate(Sender: TObject);

procedure ComboBox1Change(Sender: TObject); -



private

{ Private declarations }
public

{ Public declarations }

end;

var

frmData: TfrmData:

implementation

uses UnitProject;

{$R *.DFM}

procedure TfrmData.Button1Click(Sender: TObject);
begin

frmProject.Show;

Edit2.Visible:=false;

Edit1.Clear;

end;

procedure TfrmData.btnFindClick(Sender: TObject);

begin
Animate1.Active:=True;
DBGrid1.Visible:=false;
DBGrid2.Visible:=true;
Table2.Filter:=ComboBox1.Text+ComboBox2 . Text+""+Edit1 Text+"",
Edit2.Text:=ComboBox 1.Text+ComboBox2. Text+""+Edit 1 Text+";
Edit2.Visible:=true;
btnDelete.Enabled:=false;
it DBGrid1.Visible=true then Edit3.Text:=IntToStr(Table1.RecordCount)
else Edit3.Text:=IntToStr(Table2 .RecordCount)

end;



procedure TfrmData.FormCreate(Sender: TObject);
begin
ComboBox1.ltemIndex:=1;
ComboBox2.Itemindex:=0;

end;

procedure TfrmData.btnDeleteClick(Sender: TObject);
begin
if MessageDIg('Delete record',mtConfirmation,[mbOK,mbCancel],0)=mrOK then
Table1.Delete;
if DBGrid1.Visible=true then Edit3.Text:=inttostr(Table1 .RecordCount)
else Edit3.Text:=inttostr(Table2.RecordCount);

end;

procedure TfrmData.FormActivate(Sender: TObject);
begin
ComboBox1.ltemindex:=1;
ComboBox2.ltemindex:=0:
Table1.Refresh;
DBGrid1.Visible:=true;
DBGrid2.Visible:=false;
btnDelete.Enabled:=true;
if DBGrid1.Visible=true then Edit3 Text:=inttostr(Table1 .RecordCount)
else Edit3.Text:=inttostr(Table2.RecordCount):

end;

procedure TfrmData.ComboBox1Change(Sender: TObject);
begin

if ComboBox1.ltemindex =0 then

Edit1.Text:=" / / 'else Edit1.Clear;

end;

end.



unit Unit2;

interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,

StdCtrls, ExtCtrls, QuickRpt, Db, DBTables, Qrctrs:

type

TfrmPrint1 = class(TForm)
Table1: TTable;
QuickRep1: TQuickRep;
PageHeaderBand1: TQRBand;
TitleBand1: TQRBand;
ColumnHeaderBand1: TQRBand;
DetailBand1: TQRBand;
PageFooterBand1: TQRBand;
QRLabel1: TQRLabel;
QRLabel2: TQRLabel;
QRLabel3: TQRLabel;
QRLabel4: TQRLabel;
QRLabel5: TQRLabel;
QRLabel6: TQRLabel;
QRLabel7: TQRLabel;
QRLabel8: TQRLabel;
QRDBText1: TQRDBText;
QRDBText2: TQRDBText;
QRDBText3: TQRDBText;
QRDBText4: TQRDBText;
QRDBText5: TQRDBText;
QRDBText6: TQRDBText;
QRDBText7: TQRDBText;
QRSysData1: TQRSysData;

private



{ Private declarations }
public
{ Public declarations }

end;

var

frmPrint1: TfrmPiint1;

implemeritation

uses UnitProject;

{$R *.DFM}

end.



program NewMyProject;

uses
Forms,
UnitProject in 'UnitProject.pas’ {FrmProject},
Unit1in 'Unit1.pas' {frmData},
Unit2 in 'Unit2.pas' {frmPrinti};

{3R *.RES}

begin
Application.Initialize;
Application.CreateForm(TFrmProject, FrmProject);
Application.CreateForm(TfrmData, frmData);
Application.CreateForm(TfrmPrint1, frmPrint 1 )
Application.Run;

end.



Tilsunsummueauasuud ( Assembly) dwmsu AT89C51 lulnsneuTnsamos

chkkkkokddok kkhhokkkkdokk
»

*START PROGRAM *

sk deddkdedk ddhokkdeok ddkk
1

ORG  0000H START ADDRESS 0000H

MOV PCON #00
MOV SCON,#40H
MOV TMOD,#20H
MOV TH1,#0FDH
SETB  TR1
MOV  A#0

LOOP: CALL ADC
MOV SBUF,A
JNB  TI$
CLR Ti
JMP  LOOP

...........................................................................

ADC: CLR P20

CLR P22

NOP

NOP

SETB P22
JB  P23%
CLR P21

NOP

MOV AP0
NOP

MOV  P1A
NOP

SETB P21



RET
END
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SPECIFICATION

[ el ol o B 5 L

z | B [ ¢ T cae UNTS |
Roted Copacities 50,100,150,200,250 kg
2.0 = 10% mv/v
0.075 0.030 0.020 0.020 =% of Applied Lood
{ Zero Return oftar 30 mins 0.065 0.050 0.025. 0.017 £% of Applied Load
Temparaturs Bffedt . O Outpul V00 0.0030 0.0014 .00 (¢ =% of Appliad Load / 'C
o : On Zero 0.025 0.0100 0.0060 0.0040 =% of Ruted Load Qutput / °C
Eccentric Loading 0.015 0.0074 0.0074 0.0049 *% of Applied Lnad/ em,
Zarg Balonce 10.0 *+% of Rated Output
I Ternperolure range : Operating 230140 +70 °C
: : Compe 1soted =100 +40 °C
- Safe Overload 150 % of Rated Capacity
Ulimote Ovarlood 300 % of Reted Capacity
. Excilation : Recommaendad 10 Volis AC or DC
. ;. Maximum i5
-{_Input Impedance 415215 Ohms
'1_Output Impedance 350+3 Ohms
Insulation Impedonce =2000 MegoOhms
Deflection at Rated Copocity <0.4 mm
Waeight : All Types 1.8 kg
Construdion Standard : Anodised Aluminivm, Low Cost : Aluminium
.]_Environmantal Protection Standord : IP54 (IP67 Cptional), Low Cogt : IP55
Cable

1 Metre (Standard), é Wirs, Polyurethane Jackat, Dual Floating Screen

_ "Total Errer - According fo OIML E40

** Stendard 85% Utilisation - Othar utilisation factors avallable on request,

| Wiring Schematic Diagram

+velnpa  (Groon)
tveSerse (Blue)

+ve Qulpud (Red)

ve Ir:'pu Block)
-ve Senta  (Brown)

-ve Outaut [White)

' Also available from Precision Transducers

1 Abolt hole compatible stainloss steel version of the
- -PT1241, designated the PT1:240, is also ovailable,
enquire for details.

1 Secled as standerd to IP54, an P67 version is also
| available for more demanding environmental
. conditions.

Forlow cost applications the modal PT1241 can be
supplied without covers (IP55), unonodised and in an
“unbolanced bridge configuration,

1 For further detoils please contact the faclory or your
A local distribulor. :

Outline Dimensions All Capacities

8 Mounting holes

M6-6H or

1/4-20 UNC.28

254

-69

o

)
A

44

T

"

1 254

§6.6

®
i

~a
vy

150

-

All dimensions in mm

Precsion Transducers Lid

Corporate Office and Manulacturing Facliity
7 Marken Place, Glenfield,
P.O. Box 34009, Birkenhead,
Auckland, New Zealand.

Intemational Sales Office

Suite 4, 31 Windsor Rd., Kellyville,
Private Bag 2, Kellyvllle,

NSW 21665, Austratia,

® Telephone +64 9 444-4443 Telephone +§12629-4018
. Facsimile +64 9 444-8548 Facsimile «61 2 620.4019
ct ‘6&'6‘!' (OW& &‘,” ‘{54(9*‘ E-mail PreTran@ibm.net E-mall PTsales @lbm.net

Due fo Precision Transducer's policy of continuous development, these specifications are subject to change without notice.
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ANALOG
DEVICES

Precisior
Instrumentation Amplifie;

AD524

FEATURES

Low Noise: 0.3 uV p-p 0.1 Hz to 10 Hz

Low Nonlinearity: 0.003% (G = 1)

High CMRR: 120 dB (G = 1000)

Low Offsat Voltage: 50 pV

Low Offset Voltage Drift: 0.5 pV/°C

Gain Bandwidth Product: 25 MHz

Pin Programmable Gains of 1, 10, 100,1000

Input Protection, Power On-Power Off

No External Components Required

Internally Compensated

MIL-STD-883B and Chips Available

16-Pin Ceramic DIP and SOIC Packages and
20-Terminal Leadless Chip Carriers Available

Available in Tape and Reel in Accordance
with EIA-481A Standard

Standard Military Drawing Also Available

[
PRODUCT DESCRIPTION
The AD324 is a precision monasiithic instrtumentation amplifier
designed for data acquisition applications requiring high accu-
racy under worst-case operating conditions. An outstanding
combination of high linearity, high common mode rejection, low
offset voltage drift, and low noise makes the AD524 suitable for
use in many data acquisition systems.

The AD524 has an output ofiset voltzge drift of less than 25 pV/
°C, input offset voltage drift of less than 0.5 pV/°C, CMR above
90 dB at unity gain (120 dB at G = 1000) and maximum
nonlinearity of 0.003% at G = 1. In addition to the outstanding
dc specifications the AD524 aiso has a 25 MHz gain bandwidth
product (G = 100). To make it suitable for high speed data ac-
quisition systems the AD524 has an output slew rate of 5 Viis
and settles in 15 ps to 0.01% for gains of 1 to 100.

As a complete amplifier the AD524 does not require any exter-
nal components for fixed gains of 1, 10, 100 and 1,000. For
other gain settings between 1 and 1000 only a single resistor is
required. The ADS24 input is fully protected for both power on
and power off fault conditions.

The AD524 IC instrumentation amplifier is available in four
different versions of accuracy and operating temperature range.
The economical “A” grade, the low drift “B” grade and lower
drift, higher linearity “C” grade are specified from -25°Cto
+85°C. The "S” grade g quarantees performance to specification
over the extended temperature range -35°C to +125°C. Devices
are available in 16-pin ceramic DIP and SOIC packages and a
20-terminal leadless chip cartier.

REV.C

Information fumished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may resuft from its use. No license is granted by implication or
otherwise under any patent or patert rights of Analog Devices.

CONNECTION DIAGRAMS

Ceramic (D) and
SOIC (R) Packages

—weur [T Ena‘
""\"l 1§ | CUTPUT NULL
na,E 4] ouTruT NULL
ADS24
weuT nout [« TOPIVIEW R
(Mot 10 Scalel SHOAT TO
reuT N 3 213G = 100 3%2‘2’3
GAIN
REFERENCE | (3 1]G = 1000
=V | 7 0 | SENSE
*Va |8 3 | output
4 1
+Vy -V
Es 143
NPUT ouTPUT
OFFSET NLL  OFFSET NULL

Leadless Chip Carrier (E) Package

L

onmm O"f“' o

PEy §z

18 OUTPUT MU

nCate
S404T TG
"
= g, ron
OCRD
G - tee —| Gam
G - Yous

PRODUCT HIGHLIGHTS
1. The AD524 has guaranteed low offset voltage, offset voltage
drift and low noise for precision high gain applications.

2. The AD524 is functionally complete with pin programmabli
gains of 1, 10, 100 and 1000, and single resistor program-
mable for any gain.

3. Input and output offset nulling terminals are provided for
very high precision applications and to minimize offset volt-
age changes in gain ranging applications.

4. The AD524 is input protected for both power on and power
off fault conditions.

5. The AD524 offers superior dynamic performance with a gain
bandwidth product of 25 MHz, 1ull power response of 75 kHz
and a settling time of 15 ps t0 0.01% of a 20 V step (G = 100)

One Technology Way, P.0. Box 8106, Norwood, M4 02062-9106, US.£
Tel: 617/329-4700 Fax: 617/326-870:
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1D524—SPECIHCATIONS (@Vs = =15V, R = 2k and Ty = +25°C unless otherwise fse noted)

ADS24A ADS24B ADS2Z4C ADS24S
;odcl Mia Typ Max Min Typ Max Mia Typ Max Min Typ Max | Units
i Equaton [
ain Equa
6 (External Resistoc Gain [ L + 1| x20% 10,000 +1{*20% 10,000 + 1] +20% 40,000 Hl 0%
Programming) RC RC RC J RC + 1| x 20%
Galn Range (Pin Programmable) 1to 1000 1 to 1000 1 to 1000 1 to 1000
Caln Erroc
G=1 +0.05 +0.03 +0.02 +0.05| %
G =1000 +2.0 *1.0 +0.5 +2.0 %
Nonlinearity
] +0.01 20.005 20.003 20.01] %
G =10.100 0.01 +0.005 =0.0073 =0.01] %
G = 1000 +0.01 =0.0t =0.01 =0.01] %
Galn vs. Temperature
G=1 5 5 S § ppm/°C
G=10 15 10 10 10 | ppm/°C
G =100 35 25 25 25 ppm/°C
G =1000 100 50 50 50 ppm/°C
OLTAGE OFFSET (May be Nuiled) |
Input Offset Voltage 250 100 50 100 uv
vs. Temperature 2 0.75 0.5 20 pVreC
Output Offset Voltage S 3 2.0 3.0 mV
vs. Temperature 100 50 25 50 uvrC
Offset Referred to the
Input vs. Supply i
G=1 i 70 75 80 15 dB
G=10 i 83 95 100 95 dB
G =100 i 95 105 110 105 dB
G = 1000 i 100 110 ( . 115 110 > dB
j 4
\PUT CURRENT !
Input Bias Current : +50 =25 +15 +50 | nA
vs. Temperature : =100 =100 +100- +100 pA/°C
Input Oifset Current i +35 =15 =10 +35 | nA
vs. Temperature ! =100 +100 =100 #1100 - pAI°C
HPUT %
Input Impedance :
Differential Resistance . 10° 10° 10° 10° Q
Differential Capacitance : 10 10 10 10 pr
Common-Mode Resistance 10° 10° 10° 10° Q
Common-Mode Capacitance 10 10 10 10 pF
Input Voltage Range i
Max Differ. Input Linear (V)2 gl 10 =10 +10 v
Max Common-Mode Linear (V¢ c c G G ) v
Common-Mode Rejection dc to | zY _(_Z'XVDJ 12 V"(‘"Z‘XVD) 12 V_(TXVDJ 12 v_(TXVDJ
60 Hz with 1 kQ Source Imbalance
G=1 70 73 80 70 dB
G=10 S0 g5 100 80 dB
G =100 100 105 110 100 dB
G = 1000 110 115 120 110 dB
OUTPUT RATING
Vour. Ry =2kQ =10 *10 +10 +10 \%
DYNAMIC RESPONSE
Small Signal- 3 dB
G=1 1 1 1 1 MHz
G=10 400 400 400 400 kHz
G =100 150 150 150 150 kHz
G = 1000 25 25 25 25 kHz
Slew Rate 5.0 5.0 5.0 5.0 Vips
Settling Time to 0.01%. 20 V Step F
G=110100 15 15 15 15 bs
G = 1000 75 75 5 5 Bs
NOISE
Voltage Noise, 1 kHz
R 7 7 7 7 nVHNHz
R.T.0. 90 30 30 90 nVVHz
RT.I..0.1 Hz to 10 Hz
G=1 15 15 15 15 wv p-p
G=10 2 2 2 2 wV p-p
G =100, 1000 0.3 0.3 0.3 0.3 uv p-p
Current Noise .
0.1 Hzt0 10 Hz 60 60 60 60 pA p-p
o REV. B
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ADS24A ADS24B ADS24C ADS24S

Model Min  Typ Max Min Typ Max Mia Typ Max Mia Typ Max | Units
SENSE INPUT

Ry 20 20 20 20 KQ £20%

In 15 15 15 15 HA

Voltage Range =10 +10 10 +10 \

Gain to Output 1 I 1 1 %
REFERENCE INPUT

R 40 40 40 40 kQ £20%

In 15 15 15 15 LA

Voltage Range =10 +10 10 1¢ \

Galn to Output ] 1 1 1 %
TEMPERATURE RANGE

Specifled Performance -25 +85 -25 +85 -25 +85 -55 +125 | °C

Storage -65 +150 | -65 =150 | -65 +150 | -85 +150 | °C
POWER SUPPLY

Power Supply Range =6 =15 =18 *6 =15 =18 =6 15 *18 +6 15 =18 A

Qulescent Current 3.5 5.0 3.5 5.0 5 5.0 3.5 5.0 mA

NOTES
'Does not Include effects of external resistor Rg.
Wy Is the maximum differential input voltage at G = 1 for specified nonlinearity.
Vpu at the maximum = 10V/G.
Vp = Actual difTerential input voltage.
Example: G = 10, Vp = 0.50.
Ve =12 V- (10/2 x0.50 V) = 9.5 V.

Specification subject to change without notice.

All min and max specifications are guaranteed. Specifications shown in boldface are tested on ail production units at final eiectrical test. Results from those tests ars

used to calculate outgoing quality levels.

ABSOLUTE MAXIMUM RATINGS! g

Supply Voltage ............................ .. .. 18V
Internal Power Dissipation .. ................. ... 450 mW
Input Voltage,?

(Either Input Simultaneously) |Viy| + [Vs| ........ <36V
Output Short Circuit Duration ................. Indefinite
Storage Temperature Range

B« cocamnimmnrone cmmens smemanns -65°C to +125°C

(D.E) -65°C to +150°C
Operating Temperature Range

ADSZ4A/BIC ... -25°C to +85°C

ADS24S ... -55°C to +125°C
Lead Temperature (Soldering 0 secs) ............ +300°C

METALIZATION PHOTOGRAPH

Contact factory for latest dimensions.
Dimensions shown in inches and (mm).

ouTPuT
NULL G=10 G=100 G=1000 SENSE
14 13 12 11 10

t Q170 (433) 1

PAD HUMBERS CORRESPOND TO PtN NUMBERS FOR THE
D-16 AND R-16 16-PIN CERAMIC PACKAGES.

CAUTION

NOTES

'Suesses above those listed under *Absolute Maximu
permanent damage to the device. This Is a stress ra
operatlon of the device at these or any other condition
- the operational section of this specification is not

m Ratings™ may ca
ting only and functio
s above those indlcatec
implied. Exposure to absoi:

maximum raung conditions for extended periods may affect device reliability.

2Max input voltage specification refers to maximu
terminal may be raised with oc without devic
£18 volt supplies max Vyy i

m voltage to which either Ing
e power applied. For example, w
s £18 volts, with zero supply voltage max Vi

+36 volts.
ORDERING GUIDE

Temperature Package Packa
Model Range Description Optia:
AD3524AD -40°C to +85°C | 16-Pin Ceramic DIP D-16
ADS24AE -40°C to +85°C | 20-Pin Leadless Chip Carrier { E-20A
ADS24AR-16 -40°C to +85°C | 16-Pin Gull-Wing SOIC R-i
ADS24AR-16-REEL {-40°C to +85°C | Tape & Reel Packaging
ADS24BD -40°C to +85°C | 16-Pin Ceramic DIP D-16.
ADS524BE —40°C to +85°C | 20-Pin Leadless Chip Carrler | E-20A
ADS524CD —40°C to +85°C | 16-Pin Ceramic DIP D-16
ADS524SD -55°C to +125°C | 16-Pin Ceramic DIP D-16
ADS24SD/883B -55°C to +125°C { 16-Pin Ceramic DIP D-18
5962-8853901EA'  1-55°C to +125°C [ 16-Pin Ceramic DIP D-16
ADS524SE/8838B -55°C to +125°C | 20-Pin Leadless Chip Carrier | E-20A
ADS24ACHIPS —40°C to +85°C | Die
ADS24SCHIPS -55°C to +125°C | Die

‘Refer to offictal DESC drawing for tested specifications.
FUNCTIONAL BLOCK DIAGRAM

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection.
Although the AD524 features proprietary ESD protection circuitry, permanent damage may
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD
precautions are recommended to avoid performance degradation or loss of functionality.

REV.C
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INPUT OFFSET AND OUTPUT OFFSET

Voltage offset specifications are often considered a figure of
merit for instrumentation amplifiers. While initial offset may be
adjusted to zero, shifts in offset voltage due to temperature
variations will cause errors. Intelligent systems can often correct
for this factor with an auto-zero cycle, but there are many small-
signal high-gain applications that don't have this capability.

Voltage offset and drift comprise two components each; input

and output offset and offset drift. Input offset is that component .

cf offset that is directly proportional to gain i.e., input offset as
measured at the output at G = 100 is 100 times greater than at
G = 1. Output offset is independent of gain. At low gains, out-
put offset drift is dominant. while at high gains input offset drift
dominates. Therefore. the output offset voltage drift is normally
specified as drift at G = 1 (where input effects are insignificant),
while input oifset voltage drift is given by drift specification at a
high gain (where output offset effects are negligible). All input-
related numbers are referred to the input (RTI) which is to say
that the effect on the output is “G” times larger. Voltage offset
vs. power supply is also specified at one or more gain settings
and is also RTIL.

By separating these errors, one can evaluate the total error inde-
pendent of the gain setting used. In a given gain configuration
both errors can be combined to give a total error referred to the
input (R.T.1.) or output (R.T.O.) by the following formula:

Total Error R.T 1. = input error + (output error/gain)
Total Error R.T.O. = (Gain x input error) + output error

As an illustration, a typical ADS24 might have a +250 pV out-
put offset and a -50 pV input offset. In a unity gain configura-
tion, the total output offset would be 200 pV or the sum of the
two. At a gain of 100, the output offset would be -4.75 mV or:
+250 uV + 100(-50 uV) = -4.75 mV.

The ADS524 provides for both input and output offset adjust-
ment. This simplifies very high precision applications and mini-
mize offset voltage changes in switched gain applications. In
such applications the input offset is adjusted first at the highest
programmed gain, then the output offset is adjusted at G = 1.

GAIN

The AD524 has internal high accuracy pretrimmed resistors for
pin programmable gain of 1, 10, 100 and 1000. One of the pre-
set gains can be selected by pin strapping the appropriate gain
terminal and RG; together (for G = 1 RG; is not connected).

Vv, INPUT
OFFSET

+NPUT O

Figure 30. Operating Connections for G = 100

The AD524 can be configured for gains other than those that
are internally preset; there are two methods to do this. The first
method uses just an external resistor connected between pins 3

REV.C -

and 16 which programs the gain according to the formula

40k
e
precision resistor with a low tempera(ure coefficient. An exter
Rg affects both gain accuracy and gain drift due to the mismatch
between it and the internal thin-film resistocs. Gain accuracy |
determined by the tolerance of the external R¢ and the absolu
accuracy of the internal resistors (£20%). Gain drift is determine
by the mismatch of the temperature coefficient of R and the
temperature coefficient of the intemal resistors (-~ 50 ppm/”C typ

(see Figure 31). For best results R¢ should be a

vy
=NPUT O
gi_’:kﬂ
OR Voor
1kQ
O REFERENC
HNPUT O
40,050
et 41 a
v, Gu i #1202 20%

figure 31. Operating Connections for G = 20

The second technique uses the internal resistors in paralle! wi
an external resistor (Figure 32). This technique minimizes the
gain adjustment range and reduces the effects of temperature
coefficient sensitivity.

~NPUT O
RG,

—0 Vour

L onRererence

AG,
+INPUT O

Rlg . qq = 444440
Rig . 100 = 404.0402 Ga D00 4 20x17x
Alg - 1000 = £0.0401 Ve 4000/4444.44

* NOMINAL (=20%)

Figure 32. Operating Connections for G = 20, Low Gain
7.C. Technique g

The ADS24 may also be configured to provide gain in the out
put stage. Figure 33 shows an H pad attenuator connected to
the reference and sense lines of the AD524. R1, R2 and R3
should be made as low as possible to minimize the gain variat;
and reduction of CMRR. Varying R2 will precisely set the gai:
without affecting CMRR. CMRR is determined by the match
R1and R3.

-INPUTO

Ry + Ry + RIR

(RHOK) -V, {

Figure 33. Gain of 2000
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Table I. Output Gain Resistor Values

Qutput Nominal
Gain R2 Rl, R3 Gain
2 SkQ 2.26 kQ 2.02
5 1.OSKQ | 2.05kQ 5.01
10 1 kQ 4.42 kQ 10.1

NPUT BIAS CURRENTS

Input bias currents are those currents necessary to bias the input
ransistors of a dc amplifier. Bias currents are an additional
source of input error and must be considered in an total error
budget. The bias currents when multiplied by the source resis-
@ance 2ppear as an offset voltage. What is of concern in calculat-
ing bias current errors is the change in bias current with respect
o signal voltage and temperature. Input offset current is the dif-
ference between the two input bias currents. The effect of offset
aurrent is an input offset voltage whose magnitude is the offset
current times the source impedance imbalance.

Although instrumentation amplifiers have differential inputs,
there must be a return path for the bias currents. If this is not
provided, those currents will charge stray capacitances, causing
the output to drift uncontrollzbly or to saturate. Therefore,
when amplifying “floating” input sources such as transformers
and thermocouples, as well as ac-coupled sources, there must
stll be a dc path from each input to ground.

TO POWER
SuUPPLY
e GROUNOD
a. Transformer Coupled
-V‘
2) + .
1" 10
3 ADs24 D—d
13 §
! 7
; < — LoAD I
o TO POWER
=Yy SuPPLY
GROUND

s

b. Thermocouple

+v,

TO POWER
SUPPLY
GROUND

c. AC Coupled
Figure 34. Indirect Ground Returns for Bias Currents

COMMON-MODE REJECTION

Commoan-mode rejection is a measure of the change in output
voltage when both inputs are changed equal amounts. These
specifications are usually given for a full-range input voltage
change and a specified source imbalance. “Common-Mode Re-

Jection Ratio” (CMRR) is a ratio expression while “Common-

Mode Rejection” (CMR) is the logari*hm of that ratio. For
example, a CMRR of 10,000 corresponds to a CMR of 80 dB.

In an instrumentation amplifier, ac common-mode rejection is
only as good as the differential phase shift. Degradation of ac
common-mode rejection is caused by unequal drops across dif-
fering track resistances and a differential phase shift due to var-
ied stray capacitances or cable capacitances. In many
applications shielded cables are used to minimize noise. This
technique can create common mode rejection errors unless the
shield is properly driven. Figures 35 and 36 shows active data
guards which are configured to improve ac common mode rejec-
tion by “bootstrapping” the capacitances of the input cabling,
thus minimizing differential phase shift.

Figure 36. Differential Shield Driver

GROUNDING

Many data-acquisition components have two or more ground
pins which are not connected together within the device. These
grounds must be tied together at one point, usually at the sys-
tem power-supply ground. Ideally, a single solid ground would
be desirable. However, since current flows through the ground

AMALOG P.S. DIGITAL P.S. l
+15¥ C ~15v [ hadd
e1faq e1fe1 \
wE e pE | uE
By
1atagls BN
.
= cou
3
o
ADSE3 oG
O AD524 3 BAMPLE ADS74A oATAA'L
Y oY AND HOLD ouTPuT
R
numc[
SIG
outpyr | GAOUNO aagu%o
AEFERENCE

= LF INOEPENDENT, OTHERWISE
AETURN AMPURER REFERENCE
TO MECCA AT ANALOG P.S. COMMON

Figure 37. Basic Grounding Practice
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+SV-Powered, Multi-Channel RS.235

General Description

The MAK220-MAX249 family of iine drivers/receivers is
intended for 2!l EIA/TIA-232€ and V.28/V.24 communi-
cations interfaces, and i particular, for those apolica-
tions where £12V is not available.

These pafts are partculary useful in battery-powered
systems since their low-power shutdown mode reduces
power dissipation to less than 5pW. The MAX225,
MAX233, MAX235, and MAX245-MAX247 use no exter-
nal components and are recommended for applications
where printed circuit board space is critical.

Applications

Portable Compuiers

Low-Power Moczms

Interface Transletic
Battery-Powerec =S-222 Systems

Multi-Drop RS-222 Mziwerks

Drivers/Receivers

Features

Superior to Bipolar

¢ Operate from Single +5V Power Supply
(+5V and +12V—MAX231 and MAX239)

¢ Low-Power Recelve Mode In Shutdown
(MAX223/MAX242)

+ Meet All EIA/TIA-232E and V.28 Specifications

¢ Multiple Drivers and Receivers

¢ 3-State Driver and Receiver Outputs

¢ Open-Line Detection (MAX243)

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX220CPE 0°Cto +70°C 16 Plastic DIP
MAX220CSE 0°Cto +70°C 16 Narrow SO
MAX220CWE 0°Cto +70°C 16 Wide SO
MAX220C/D 0°C to +70°C Dice*
MAX220EPE -40°Cto +85°C 16 Plastic DIP
MAX220ESE -40°C to +85°C 16 Narrow SO
MAX220EWE -0°C to +85°C 16 Wide SO
MAX220EJE -40°C to +85°C 16 CEROIP
MAX220MJE 55°Cto +125°C 16 CEROIP

Ordering Information cont/nued at end of data shest.
‘Contact factory for dice specifications.

Selection Table

Nominal SHON. Rx
Pan No. of Cap. Value & Three- Activein Data Rate
Number Ext Caos (uF) State SHON (kbps) Features
MAX220 4 4710 No 120 Utra low-power, ndustry-standard pinout
MAX222 4 0.1 Yes 200 +5V (BM PC secal pot with receivers actve 0 snutdown
MAX223 (MAX213) 2 1.0(0.1) Yes v 120 MAX24 1 + recetvers aclive in snutdown
MAX22S 9 - Yes v 120 Available n SO
MAX230 (MAX200) < 1.0(0.1) Yes 120 S drivers with stxtdown
MAX231 (MAX201) 2 1.0(0.1) No 120 Standard +5/+ 12V oc baltery supplies; sarme
functions as MAX232
MAX232 (MAX202) +5 2 1.0(0.1) No 120(64)  Indusiry standard
MAX2324 +5 4 0.1 No 20 Higher slew rate, small caps
MAX233 (MAX203) +§ 5] - No 120 No extemal caps
MAX233A +5 9 - No 200 No extemal caps, high slew rate
MAXZ34 (MAX204) +5 B 0.1 No 120 “Replaces 1468
MAXZ3S (MAX20S) +5 0 - Yes 120 No extemal caps
MAX236 (MAX206) +5 & 4 1.0(0.1) Yes 120 Stwtdown, three-state
MAX237 (MAX207) +5 B 4 1.0(0.1) No 120 Complements IBM PC seriai pot
MAX238 (MAX208) +5 a3 4 1.0(0.1) No 120 Replaces 1488 and 1489
MAX23g (MAX209) +5 and 33 2 1.0(0.1) No 120 Standard +5/+ 12V or battery suppties: single
+7510+132 package sokstion fox IBM PC serial port
MAX240 +5 & 4 1.0 Yes 120 DIP or ttatpack package
MAX241 (MAX211) +5 43 4 1.0(0.1) Yes 120 Comolets 1BM PC serial poct
[Pevers m <5 bir) 7 [N Ves 7 =0 Separale shAGown and enable
MAX243 +5 2r 4 0.1 No 200 Open-ine detection simpidies cabing
MAX244 +5 10 4 1.0 No 120 High slaw rala
MAX245 %5 10 0 - Yes v 120 High slew rats, nLCa.ps.t\mmdown moces
MAX245 +5 810 0 - Yes v 120 High slew rate. inL caps, three shitdown modes
MAX247 s a9 0 = Yes v i20 High slew rate, int. caps, nine Operating modes
MAX243 - a8 4 10 Yes v 120 High slew rals, seloctive hatf-chip enables
MAX24g +5 £10 4 1.0 Yes v 120 Avaiabla i quad fatpack package
M AX LA Maxim Integrated Products 15

Calf toll free 1-800-998-8800 for free samples or literature.
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MAX220-MAX249

+5V-Powered, Multi-Channel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243

SUPPlY VOIRAGE (VEE) -iveeenineimiiereecncessrsesmeneeians 0.3Vio +6V
Input Voliages

0.3V 10 (Ve -0.3V)
3oV

N eveesmeeimmansenn e e n e et e st e esan e nn e s s
TET ANOIB 1) coincevniviisssiimivnsznnsssmssersmsnssnsnsssasassssssanansd 15V
Output Voitages
TOUT weeeermemermeemeesceeeaeeeeeisenenen e AR R 15V
R <o siomssnvonsmmmnsnsssasnnsusunssvmsensensnsnnsasansnoats 0.3V to (Vee + 0.3V)
Driver/Recever Output Short Circuited to GND......... Continuous
Continuous Power Dissipation (T4 = +70°C)
16-Pin Plzsic DIP (derate 10.53mW/°C above +70°C)....842mW
18-Pin Plasic DIP (derate 11.11mW/°C above +70°C)....£88mW
20-Fin Pzstic DIP (derate 8.00mW/°C above +70°C) ......440mW

Note 1:
Stresses =
ooeraticr
apsoiu:2

16-Pin Narrow SO (derate 8.70mW/°C above +70°C) ______ s%mw

18-Pin Wide SO (derate 9.52mW,°C above +70°C) ...

18-Pin Wide SO (derate 9.52mwW/°C above +70°C)....

20-Pin Wide SO (derate 10.00mW/°C above +7G"C) .

18-Pin CERDIP (derate 10.00mW/°C above +70°C) ...

18-Pin CEROIP (derate 10.53mW/°C above +70°C)
Oparating Temperature Ranges

MAX2 __AC__ ., MAX2__C_ ...0°Cto +70°C
MAX2 __AE__ . MAX2__E__ -40°C to +85°C
MAX2 __AM__ . MAX2 __M_ -55°C to +125°C
Storage Temperature Range............. .-85°C to +160°C
Lead Temperature (soldering, 10 S€C)....cceoiiviiurrnennn, +300°

ngut voltage measured with Toyr in high-impedance state, SHON or Veg =0V.

. v
yong :ncse listed under "Absolute Maximum Ratings” may cause penmarent damage 1o the device. These are siress ratings only, and luncticnal
cevice at these or any other conditions beyond those indicated in 2 operational sections ol the specifications is not implied. Exposure to
“mum rating conditions loc extended peniods may afiect device reiizbility.

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243

(Veg = =5V 210%, C1-C4 = 0.1pF, T4 = Ty 10 Tygax. unless otherwise noted.)

16

PARAMETER [ CONDITIONS [ MN  TYP  MaX [UNTS
RS-232 TRANSMITTERS
Qutput Veitage Swing All ransmitier outputs loaced with 3k2 to GND +5 +8 v
Input Log:c Threshold Low 1.4 0.8 4
Input Logic Threshold High 2 1.4 \
Logic Pui-Unilnput Current N_OL__m‘ operation ° 0 BA
= ‘SHON = 0V, MAX222/242, shutdown +0.01 *1
Vee = 5.5V, SHON = 0V, Vout = 215V, MAX222/242 +0.01 +10
Outcut Lzakege Current —SON = OV Vour s 215V 20,01 0 LA
Except MAX220, normal operation 200 116 Kbits/
Data Reais
MAX220 22 20 sec
Transminier Cutput Resistance Vee = V+ V- =0V, Vout = =2V 300 10M Q
Output Shori-Circuit Current Vout =0V +7 +22 mA
RS-232 RECEIVERS
RS-222 Input Voltage Operating Range +30 \
RS-232 Input Threshold Low Vee =5V Exepyrds o L L v
’ MAX243 R2iN (Note 2) -3
RS-232 Input Threshold High Veg =5V Excepitiaxaas hon 18 24 v
: _ MAX243 R2iN (Note 2) 0.5 0.1
RS-232 Inpt Hysteresis Except MAX243, vce = SV. o hyst in shdn. o - : v
MAX243 1
RS-232 Input Resistance 3 5 7 kQ
TTL/CMOS Output Voltage Low lout = 3.2mA R 0.2 0.4 \
TTL/CMOS Output Voltage High louT = -1.0mA 35 Vcc-02 v
TTWCMOS Output Short-Circuit Current ::;z:i\\ll(;fri?/:é) ;2 - - 31,8 - mA
TTL/CMOS Output Leakage Current FHDN = Vg or EN = Vee. OV s Vout s Ve +005 *10 HA
MAXLA



+SV-Powered, fMulti-Channel RS-232

Drivers/Receivers
ELECTRICAL CHARACTERISTICS—MAX220/222/232 A1233A421243 (continued)
(Vec = +5V£10%, C1-C4 = 0.1pF, Tp = Tyyy 10 Tpuax. Uniess otherwise noted.)
- PARAMETER CONDITIONS N G S T
“EN Input Threshold Low MAX242 14 08 v
EN Input Threshold High MAX242 2= 14 v ;
POWER SUPPLY !
Operating Supply Voltage = . = _
MAX220 0s 2 ]
No load = - i
Vce Supply Current (BFDN = Vee), MAX222/232A/233AR42 2 <~ 4 10 ;
Figures 5, 6, 9, 19 3kQ load MAX220 % MmA |
both outputs MAX222/232A/233A042 % ¢ 15 ‘
Ta = +25°C o 0
T —— Ta =0°1t0 +70°C 2 0
Shutdown Supply Current 2f T2z 20° 0 185°C 5 = A
Ta =-55°1t0 +125°C 35 100
SHON Input Leakage Currani MAX222/242 +1 WA
SHDN Threshold Low MAX222/242° 14 08 v
SHDN Threshold Hign MAX222/242 Z 14 v
AC CHARACTERISTICS
CL = S0pF to 2500pF, ——
AL=3kQto 7ka, | | MAX222/232A233A02¢2 223 - -
Transition Siew Raiz Vee = 5V, Ta = +25°C, Vips
measured from +3V MAX220
to -3V or -3V to +3V 3 30
MAX222/232A/233A/2¢2 = <> 1.3 35
Transmitter Propagaticn Ceiay PHLT MAX220 = o
;;LU:Z ?8-232 (Normai Cozration), MAX222/23 A2 B e = =% s
tPLHT MAX220 T T
MAX222/232AR233AR¢ % < 5 p
Receiver Propagation Deiay PHLR MAX220 o =
RS-23 Tl Derat — =
Figu(azglo TLL (Normal Cperation), MAX222/23 A3 2L 2 2 == - 1s
tPLHR AX220 55 5
Receiver Propagation Dsiay tPHLS MAX242 0.5 10
RS-232 to TLL (Shutdown), Figure 2 PLHS MAX242 25 10 us
Receiver-Output Enable Time, Fgure 3 | teR MAX242 125 5 ns
‘Receiver-Output Disable Teme. Figure 3 | tog MAX242 160 500 ns
Transmitter-Output Enable Time er MAX222/242, 0.1pF caos -
(SHDN goes High), Figure 4 (includes charge-pump s=- = us
Transmitter-Output Disable Time
MAX2, 42, 0.1pF caoe &
goes Low), Figure 4 tor =2 W 600 ns
Transmitter + to - Propagation - MAX222/232A1233A242 =<1 300 s
Delay Difference (Normal Operation) . MAX220 2000
Receiver + 1o - Propagation (e ToLR MAX222/232A233AR42 2% 100 o5
Delay Ditfecence (Normal Operation) : MAX220 5

Note 2: MAX243 R2ot is guaranteed to be low when R2 is 2 OV of is floating.

MAXILAA
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MAX220-MAX249

+3V-Powered, Multi-Channel BS-232

Drivers/Receivers

ELECTRICAL CHARACTERISTICS —

(MAX223/220/232/234/236/237/238/240/24 1 Vee

MAX223MAX230-MAX 241 (continued)

= +5V +£10%;

MAX233MAX235 Ve = SV £5%, C1-C4 = 1.04F,

Ve =5V £10%, V+ = 7.5V 1o 13.2V, Ta = Tiin 10 Tyax. unless otherwise noted.)

MAX231/MAX239

20

PARAMETER CONDITIONS MIN TYP MAX UNITS
Normal operation
SHDN = 5v (MAX222) 0.8 1.2
_ N SHDN = ov (MAX235-MAX241)
- Ta = +25°C )
RS-232 Input Threstiold Low Ve = 5V \
cc=> Shutdown (MAX223)
SHDN = ov, 0.6 1.5
EN = 5V (R4, RS)
Normal operation
SHON = 5V (MAX223) LT 2.4
Ta = +25°C SHDN = 0V (MAX235—MAX241)
RS-232 ingut Threshold High V" o sv v
cc= Shutdown (MAX223)
SADN = ov, 1.5 2.4
EN = 5V (R4, R5)
RS-232 inout Hysteresis Ve = 5V: no hysteresis in shutdown 0.2 0.5 1.0 \
RS-232 Incut Resisiznce Ta =+25°C, Vcg =5V T2 5 7 kQ
TTUCHACS Cutcut Voltage Low lout = 1.6mA (MAX231-233 IgyT = 3.2mA) 0.4 \
TTL/CMOS Duiput Voltage High lout = 1.0mA 35 Vec-04 \
ICMOS Pt OV < Rour < Vee: = .
TTUCMOS Crutowt Leakage Current EN = OV (MAX223); EN = Vce (MAX225.241) 0.05 +10 HA
) _ Normal MAX223 600 ]
Receiver Cutout Znable Time ; ns
operaticn MAX235-MAX241 400.
- ) ~ ——— Normal MAX223 300
cewver Coizet Cisabla
ieceiver CUclizet Cisable Time operation MAX235 A 250 ns
RS-232 IN Normal operation 0.5 10
Propagatcn Daiay SUT:UCMOS SHDN = 0V PHLS 4 40 | s
CL=150pF  |(MAX223) {PLHS 8 0 |
MAX223/MAX230/MAX234-241 |
Ta =+25°C.Vco = 5V L 3 5.1 30
8L = 3kQ to 7k, CL = 50pF to 2500pF.
. measured from +3V to -3V or -3V tc +3V
Transition Region Slew Rate Vips
MAX231/MAX232/MAX233
Ta = +25°C, Veg = S5V ‘ 30
RL = 3kQ to 7kQ), C = S0pF to 2500pF .
| measured from +3V to -3V or -3V to +3V
Transmitter Output Resistance Vee =V+ = V- = oV, Vour = 2V 300 Q
Receiver Out Shon-Circuit Current +10 mA

SN AXIAA



+SV-Powered, RMulti-Channel RS-232
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OPYEw «SVINPUT
' by
e T ek
o ] 18] vee
v. [2] 5] GND i
. = Aasa = a4t S5V 1010V
G- may |4 T Th o voUTAsEDORLER
0. T2l MAGR ath {
= T R 0= 5 +10Y 10 -10v .
€ (5] 12] Riour T A, VOUAGENVERTER
e ]
V- E E Tl Sy
T 7] 1] 2w 00k
— 1
25 3 3] A2our A LU e _1'>, _ Tier _“.)
T (o A5-232
DIPrsO NPUTS OUTPUTS
|\ _10] 2w ™ 2| 7
! | CAPACITANCE (uF) 12| o siml 13
i DEVICE  Ci C2 C3 c4 Cs S —<— )
- "GT\‘PUTS< .2 5k RS-232
MAX220 47 47 10 10 47 ° ; L3 s
| 9jmowr - = w8
MAX222 10 16 10 10 10 ‘-—\_c<}__*__<
MAX232A 0.1 0.1 01 041 O ?5-‘
GNO =
L ESNT
Figure 5. MAX226/232/2324 Pin Configuration and Tygucal Operating Circuit
10 € ~SVINPUT c3 j
PViEW cs ALL CAPACITORS 0 1y:#
—k
P
2 3
c =4 VT8 iV v- L
TA o volTAGEDOUALER
<
= C2. 10V T0 -10V 7 -v
A\ 2L 10V v-
o — T VOLTAGE INVERTER 1
ST 18] SHON — e - Tr“
~ Y :
N [17] ve
— Q%
3] M 6] oo 12| Tie Tour | 15
- 4] 5V
] MAQ2  [is] nou mcuos % ) R 22
c2. (5] ' O ouTPUTS
Ls 4
“12 1<] i nE T2001| 8
€2 {5 13] Ricur —
v- E E Tin
: 13] R Ate] 14
T2out [ | 1] raw L.t
TTLCHOS
72w 9] 10] Raour ouTPUTS ? S e
0] R = |9
DIP/SO \:ﬁ_ T }'&'— —
) EN %ﬁ 18
GND =
(1) APE FOR MAX222 ONLY. L6
Figure 6. MAX222/MAX242 Pin Configuration arid Typical Operating Circuit
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+SV-Powered, Multi-Channel RS-232

Drivers/Receivers
Ordering Information {continued}
PART TEMP. RANGE PIN-PACKAGE MAX232AC/D 0°Cto +70°C Dice*
MAX222CPN 0°Cto +70°C 18 Plastic DIP MAX232AEPE °C to +85°C 16 Plastic DIP
MAX222CWN 0°C to +70°C 18 Wide SO MAX232AESE -40°C to +85°C 16 Plastic SO
MAX222C/D 0°C to +70°C Dice" MAX232AEWE -40°C to +85°C 18 Wide SO
MAX222€PN -40°C to +85°C 18 Plastic OIP MAX232AEJE —=0°C to +85°C 16 CERDIP
MAX2226WH ~40°C to +85°C 18 Wide SO MAX232AMIE -55°C10 +i25°C 16 CERDIP
MAX222€N -20°C to +85°C 18 CERDIP MAX232AMLP -55°C to +125°C 20LCC
MAX2220UN -55°C to +125°C 18 CERDIP MAX233CPP 0°C to +70°C 20 Plastic DIP
MAX223CAl 0°C to +70°C 28 SSOP MAX233EPP -40°C to +85°C 20 Plastic OIP
MAX223CwW! 0°C to +70°C 28 Wide SO MAX233ACPP 0°C to +70°C 20 Piastic DIP
MAX223C/D 0°Cto +70°C Dice* MAX233ACWP 0°C to +70°C 20 Wide SO
MAX223EAl -40°C to +85°C 28 SSOP MAXZ33AEPP -40°C 1o +85°C 20 Plastic DIP
MAX223eW! -20°C to +85°C 28 Wide SO MAX233AEWP -40°C to +85°C 20 Wide SO
MAX225CWi 0°C to +70°C 28 Wide SO MAX234CPt 0°C to +70°C . 16 Plastic DIP-
MAX225EW! -20°C to +85°C 28 Wide SO MAX234CWE 0°C 10.+70°C 16 Wide SO
MAX230CPP 0°C to +70°C 20 Pfastic DIP \MAX234C/D 0°C to +70°C Dice*
MAX230CWF 0°C to +70°C 20 Wide SO MAX234EPE -40°C to +85°C 16 Plastic DIP
MAX230C/D 0°Cto +70°C Dice* MAX234EWE -40°C to +85°C 16 Wide SO
MAX230EPP -2D°Cto +85°C 20 Wide SO MAX234EJE -40°C to +85°C 16 CERDIP
MAX230EW/P -20°C to +85°C 20 Wide SO LAAX234MIP -55°C to +125°C 16 CERDIP
MAX230€EJP -20°C 10 +85°C 20 CERDIP MAX235CPG 0°C to +70°C 24 Wide Plastic DIP
MAX230MJP -55°Cto +125°C 20 CERDIP MAX23SEPG -40°C to +85°C 24 Wide Plastic DIP
MAX231CPD 0°Cto +70°C 14 Plastic DIP MAX235EDG -40°C o +85°C 24 Ceramic S8
MAX231CWE 0°C to +70°C 16 Wide SO MAX235MDG -55°C to +125°C 24 Ceramic SB
MAX231CJD 0°Cto +70°C 14 CERDIP MAX236CNG 0°C t0 +70°C 24 Narrow Plastic DIP
MAX231C/D 0°C to +70°C Cice* MAX236CEG -0°C to +70°C 24 Wide SO
MAX231EPD -20°C to +85°C 14 Plastic DIP MAX236C/0 0°C to +70°C Dice*
MAX231EWE -20°C to +85°C 16 Wide SO MAX236ENG -40°C to +85°C 24 Narrow Plastic DIP
MAX231EJD -20°C to +85°C 14 CERDIP MAX236EWG -40°C 1o +85°C 24 \Wide SO
MAX231MJD -535°C to +125°C 14 CERDIP MAX236ERG ~£0°C to +85°C 24 Narrow CERDIP
MAX232CPE 0°C 10 +70°C 16 Plastic DIP MAX236MRG -35°C to +125°C 24 CERDIP
MAX232CSe 0°C to +70°C 16 Narrow SO MAX23TCNG 0°C to +70°C 24 Narrow Plastic DIP
MAX232CWE 0°C to +70°C 16 Wide SO MAX237CEG 0°C to +70°C 24 Wide'SO
MAX232C/D 0°C to +70°C Dice* MAX237C/0 0°C to +70°C Dice*
MAX232EPE -40°C to +85°C 16 Plastic DIP MAX237ENG —40°C 1o +35°C 24 Narrow Plastic DIP
MAX232ESE -40°C to +85°C 16 Narrow SO MAX237TEWG -40°C to +85°C 24 Wide SO
MAX232EWE ~20°C t0 +85°C 18 Wide SO MAX237ERG -40°C 10 +85°C 24 Narrow CERDIP
MAX232EJE -<40°C to +85°C 16 CERDIP MAX237TMRG -S5°C to +125°C 24 CERDIP
MAX232MJE -55°C to +125°C 16 CERDIP MAX238CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX232MLP -55°C to +125°C 20 LCC MAX238CEG 0°C to +70°C 24 Wide SO
MAX232ACPE 0°C to +70°C 16 Plastic DIP MAX238C/D 0°C to +70°C Dica*
MAX232ACSE 0°C to +70°C 16 Narrow SO MAXZ238ENG -40°C to +85°C 24 Narow Plastic DIP
MAX232ACWE 0°C to +70°C 16 Wide SO .
*Contact factory for dice specifications.
48
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ADCO802, ADCO803

Semlconductor
8-Bit, Microprocessor-
August 1997 Compatible, A/D Converters
Features Description
» 80C48 and 80C80/85 Bus Compatible - No Interfacing .The ADC0802 family are CMQOS 8-8it, successive-approxi-
Loglc Required mation A/D converters which use a modified potentiometric
« Conversion Time < 100us ladder and are designed to operate with the 8080A control
bus via three-state outputs. These converters appear to the
* Easy Interface to Most Microprocessors processor as memory locations or /O ports, and hence no
¢ Will Operate In a “Stand Alone™ Mods interfacing logic is required.
¢ Differentlal Analog Voltage Inputs The differential analog voltage input has good common-
+ Works with Bandgap Voltage References mode-rejection and permits offsetting the analog zero-input-
voltage value. In additon, the voltage reference input can be
* TTL Compatible Inputs and Outputs adjusted to allow encoding any smaller analog voltage span
* On-Chlp Clock Generator to the full 8 bits of resolution.
* 0V to SV Analog Voltage Input Range (Single + 5V Supply)
* No Zero-Adjust Required
Ordering Information
PART NUMBER ERROR EXTERNAL CONDITIONS TEMP. RANGE (°C) PACKAGE PKG. NO
ADCO802LCN - =1/, LSB | VRep/2 = 2.500Vpg (No Adjustments) 01070 20 Ld PDIP £20.3
ADC0802LCD +3/,1sB ' -4010 85 20 Ld CERDIP F20.3
ADC0802LD +1 LSB -5510 125 20 Ld CERDIP F20.3
ADCO803LCN =1/, 1SB VRer/2 Adjusted for Correct Full Scale 0to 70 20 Ld POIP £20.3
= Readi
ADC0803LCD S, s | ooong 4010 85 20 Ld CERDIP F20.3
ADCO803LCWM =1 LSB -40to 85 20 Ld SOIC M20.3
ADCO0O803LD +1LSB -5510 125 20 Ld CERDIP F20.3
ADCO804LCN =1 LS8 VReF/2 = 2.500Vp (No Adjustments) 0to 70 20 Ld PDIP £20.3
ADCO0804LCD +1 LSB ~401o 85 20 Ld CERDIP F20.3
ADC0804LCWM +1 LSB -40 1o 85 20 Ld soIC M20.3
Pinout Typical Application Schematic
ADC0802, ADC0803, ADC0804
1= 20
(P?_l&a cvt-?gzxp) N : TS v+ oSV 150pF
e RO CLKR .
4 WR  CLKIN 10K ! !
cs E hd @ V+ OR VRer ‘_—qu INTR
7D [2] [19] cLK R 087
) 12] pg
WR [3] 'is] DB (Ls8) ANY <:> 2 —1 P8
LK [3] 17 o8, pRRRGERSDA % -1 2% ] 8-BIT RESOLUTION
N DB V OVER ANY
INTR [3] 16] 08, il Will-—o orr JEIRE
3 VO [ INPUTS 7 01 0G INPUT
Vini (4 [9] 15] 085 “los; acwp|8 VOLTAGE RANGE
Vin () 7] [14] DB, 1;’ DB; Vrer2| 8 Vper2 __l '
AGND [ 13] o8s ¥1os; DGND|10 -
Vrer2 [ 5} 12| DB _/7177
DGND |10} [11] DB7 (usB) .
CAUTION: These devices are sensitive to electrostatic discharge. Usars should follow proper IC Handing Procedures. File Number 3094.1

Copyright © Harris Corporation 1997
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ADC0802, ADCO8B03, ADC0O804

Functional Diagram
B o READ
- 1 “1” = RESET SHIFT REGISTER '
o SET Q “0" = BUSY AND RESET STATE RESET
WA o> @ ) —
CLK R INPUT PRGTECTION
= FOR ALL LOGIC INPUTS
INPUT CLK
TO INTERNAL
CIRCUITS
CLK IN % CLK ‘A BV=30V o
3 L~ GEN DFF1
CLK 0SC Q
10
DGND -
CLK 8 \ START
e — -1 | ~] CONVERSION
MSB - ™~
D
e : inl
(YREF) < +
LADDER | SUCCESSIVE | &BIT
AND [T APPROX. [¥ SHIFT
DECODER [* REGISTER REGISTER
s ! e ANO LATCH [+ |- IF RESET = “g”
VREF2 © < — « « R [+—]
* * RESET l INTR F/F [
DAC ¥ Q
A Lss
AGND 4 VouT T
_E___ Ve CLKA ™ jr
? D
D |
6 + 1 Q
ViN (+) © — : )——v_ v IR il al
THREE-STATE MEER (oo SET
7 OUTPUT LATCHES
Vin () o— ey :
WA MsSB Ls8 il
CONV. COMPL INTR
111213 14151617 18
- ~ = —=| |=~—sxut
DIGITAL OUTPUTS
THREE-STATE CONTROL
“1" = QUTPUT ENABLE
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ADC0802, ADC0803, ADC0O804

Absolute Maximum Ratings

SupplyVoltage .. ..............
Voltageat Any Input .. ..........

Operating Conditions
Temperature Range

ADCO802/03LD; v s sigs wws wvss

NOTE:

...................... 6.5V
.......... 0.3V 1o (V* +0.3V)

Thermal Information

Thermal Resistance (Typical, Note 1)
PDIP Package
CERDIP Package
SOIC Package

Maximum Junction Temperature
Hermetic Package

.................................. 150°C

Maximum Storage Temperature Range

Maximum Lead Temperature (Soldering, 10s)

(SOIC - Lead Tips Only)

CAUTION: Strasses above those ksted in “Absolute Maximum Ralings” may cause permanent damage to the device. This is a stress only rating and operaioa
of the device at these or any other conditions above those indicated in the opsratonal sections of this specification is not implied.

1. 84 Is measured with the component mounted on an evaluation PC board infree air.

............

8ya (°CW) B85 (PCrw)
125 N/A

Electrical Specifications (Notes 1,7)
PARAMETER J TEST CONDITIONS MIN } TYP MAX UNITS
CONVERTER SPECIFICATIONS V+ =5V, T = 25°C and fo i = 640kHz, Unless Otherwise Specified
Total Unadjusted Error
ADC0802 VRer/2 = 2.500V - - 5 LsB
ADC0803 VRer/2 Adjusted for Correct Full - - £, LSB
Scale Reading
ADC0804 VRep/2 = 2.500V - +1 LsB
VReg/2 Input Resistance Input Resistance at Pin 9 1.0 1.3 = kQ
Analog Input Voltage Range (Note 2) GND-0.05 - (V+) +0.05 \"
DC Common-Mode Rejection Over Analog Input Voltage Range 2 i‘/15 i‘/g LS8
Power Supply Sensitivity V+ =5V £10% Over Allowed Input - 11/1 6 11/3 LSB
Voltage Range
CONVERTER SPECIFICATIONS V+ = 5V, 0°C to 70°C and fck = 640kHz, Unless Otherwise Specified
Total Unadjusted Error
ADC0802 VREE/2 = 2.500V - - e LsSB
ADC0803 VReg/2 Adjusted for Correct Full - £, LSB
Scale Reading
ADC0804 VRer2 = 2.500V - - +1 Ls8
VReg/2 Input Resistance Input Resistance at Pin 9 1.0 1.3 2 kQ
Analog Input Voltage Range (Note 2) GND-0.05 - (V+) + 0.05 Vv
DC Common-Mode Rejection Over Analog Input Voltage Range - i‘/a 11/4 LS8
Power Supply Sensitivity V+ =5V £10% Over Allowed lnput + 1P g Ls8
Voltage Range
CONVERTER SPECIFICATIONS V+ = 5V, -25°C 10 85°C and ¢k = 640kHz, Unless Otherwise Specified
Total Unadjusted Error
ADC0802 VRer/2 = 2.500V - - +3/, LS8
ADC0803 VRee2 Adjusted for Carrect Full - - £, LS8
Scale Reading
ADCO0804 VREf2 = 2.500V - - 1 Ls8
VRreeR2 Input Resistance Input Resistance at Pin 9 1.0 13 - kQ
Analog Input Voltage Range {Note 2) GND-0.05 - (V+) + 0.05 \
DC Common-Mode Rejection Over Analog Input Voltage Range - /g Y4 LsSB
Power Supply Sensitivity V+ =5V £10% Over Allowed Input - 46 g Ls8
Voltage Range




ADCO0802, ADC0O803, ADCO804

Electrical Specifications

(Notes 1,7) (Continued)

PARAMETER | Ttestconomons | TYP MAX | onms

CONVERTER SPECIFICATIONS V+ = 5V, -55°C to 125°C and fotk = 640kHz, Unless Otherwise Specified -

Total Unadjusted Error —
ADC0802 VRer2 = 2.500V - ® +1 LS8
ADCO0803 VRer2 Adjusted ior Correct Full - - +1 Ls8

Scale Reading
VRreg/2 Input Resistance Input Resistance at Pin 9 1.0 1.3 = kQ
Analog Input Voltage Range (Note 2) GND-0.05 - (V+) +0.05 \Y
DC Common-Mode Rejection Over Analog Input Voltage Range - +/a £/ LSB
Power Supply Sensitivity V+ =5V +10% Over Allowed Input - /g £/, LSB
Voltage Range

AC TIMING SPECIFICATIONS V+ =5V, and Ta =25°C, Unless Otherwise Specified

Clock Frequency, ok V+ = 6V (Note 3) 100 640 1280 kHz
V+ =5V 100 640 800 kHz

Clock Periods per Conversion 62 - 73 Clocks/Conv

(Note 4), tcony

Conversion Rate In Free-Running | INTR tied to WR with CS = 0V, - - 8888 Convis

Mode, CR folk = 640kHz )

Width of WR Input (Start Pulse | TS =0V (Note 5) 100 < - ns

Width), twwry!

Access Time (Delay from Falling | C_ = 100pF (Use Bus Driver IC for - 135 200 ns

Edge of RD to Output Data Vaiid), | Larger Cy

tacc

Three-State Contro! (Delay from | C_ = 10pF, R = 10K @ 125 250 ns

Rising Edge of RD to HI-Z State), |(See Three-State Test Circuits)

t1H. toH

Delay from Falling Edge of WR to - 300 450 ns

Reset of INTR, twy, tg;

Input Capacitance of Logic - 5 - pF

Control Inputs, Ciyy

Three-State Output Capacitance - 5 - pF

(Data Buffers), Coyt

DC DIGITAL LEVELS AND DC SPECIFICATIONS V+ = 5V, and Ty to Tyyax, Unless Otherwise Specified

CONTROL INPUTS (Note 6) ‘

Logic “1* Input Voltage (Except V+ =525V 2.0 - V+ v

Pin4 CLK IN), VinH

Logic “0* Input Voltage (Except V+ =475V - - 0.8 Vv

Pin4 CLKIN), VinL

CLKIN (Pin 4) Positive Going 2.7 3.1 3.5

Threshold Voltage, V+crk

CLKIN (Pin 4) Negative Going 1.5 1.8 2.1 \%

Threshold Voltage, Vo .

CLKIN (Pin 4) Hysteresis, Vi 0.6 1.3 2.0 v,

Logic “1" Input Current ViN=5V = 0.005 1 1A

(All Inputs), Iy ,

Logle “0” Input Current ViN=0V -1 -0.005 - s

(Alllnputs), iy o f

Supply Current (Includes Ladder | foyk = 640kHz,T = 25°C - 1.3 25 mA

Current), 1+ and CS =Hl

DATA QUTPUTS AND INTR

Logic “0" Output Voltage, VoL [‘o =1.6mA, V+ =475V l . - 04 [ v
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ADC0802, ADC0O803, ADCO804L

T —
Electrical Specifications (Notes 1,7) (Continued)
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Logic “17 Qutput Voltage, Voy lo = 360pA, V+ =475V 24 = - V]
Three-State Disabled Output Vout =0V -3 - - LA
Leakage (All Data Buffers), I o Vour=sv - - » A
Output Short Circuit Current, VouT Short to Gnd Ty = 25°C 4.5 6 - mA
lsouRce
Output Short Circuit Current, VouT Short to V+ Ty = 25°C 8.0 16 - mA
ISINK
NOTES:

1. Alf voltages are measured with respect to GND, unless otherwise specified. The separate AGND point should always be wired to the
DGND, being careful to avoid ground loops.

2. ForVing) 2 Vings) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which

will forward conduct for analog input voltages one diode drop below ground or one diode drop greater than the V+ supply. Be careful,
during testing atlow V+ levels (4.5V), as high level analog inputs (5V) can cause this input diode to condudt - especially at elevated tem-
peratures, and cause errors for analog inputs near fuli scale. As long as the analog Vy does not exceed the supply voltage by more than
50mV, the cutput code will be correct. To achieve an absolute OV 1o 5V input voltage range will therefore require a minimum supply volt-

age of 4.950V over temperature variations, initial tolerance and loading.
3. With V+ = 6V, the digital logic interfaces are no longer TTL compatible.

4. With an asynchronous start pulse, up to 8 dock pariods may be required before the intemal clock phases are proper o start the conversion
process.

5. The CSinput is assumed to bracket the WR strobe input so that timing is dependent on the WR pulse width. An arbitrarily wide pulse
width will hold the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see
Timing Diagrams).

6. CLK IN (pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately.

7. None of these A/Ds requires a zero-adjust. However, if an all zero code is desired for an analog input other than OV, or if a namow full scale span
exists (for example: 0.5V to 4V full scale) the Vi) input can be adjusted to achieve this. See the Zero Error description in this data sheet.

Timing Waveforms

tr=20ns
t |~
V+ 24V — 0%
. 7 RD 50%
RO o— DATA 0.8Y 0%
ouTe
[ ut o tiH
CpL 10K YoH 90%
T oara
L —— —— =4 OUTPUTS
= = = = GND
FIGURE 1A. ty FIGURE 1B. tyy4, C_ = 10pF
1
t,=20ns
V+ V+ te
24V —
10K RD
0.8V
RD o— DATA .
| : -ty .
= . OUTPUT Ve : '
N DATA
OUTPUTS
—— — Vou 7 10%

FIGURE 1C. tgy FIGURE 1D. tgy, Cp = 10pF

FIGURE 1. THREE-STATE CIRCUITS AND WAVEFORMS




EMORY ORGANIZATION

ROGRAM MEMORY

e MHS C51 Microcontrolier Family has separate address spaces for
am remory can be up to 64 K byles long. The lower 4 K for the 80

W 32 K for the 83C154D) may reside on chip.
qure 1 to 4 show a map of 80C51, 80C52, 83C154 and 83C154D program memory.

MHS C51

FHF \\ FFHF
E0K
BYTES
oo

1000
OFFF [\

4K BYTES

INTERNAL
3000 0000

64K
BYTES

—

program Memory and Data Memory. The pro-
C51 (8 K for the 80CS52, 16 K for the 83 C154

FFFF [ \FFFF
56K
BYTES
EXTERNAL 64K
Cf ot BYTES

2000 EXTERNAL
1FHF

8KBYTES

INTERNAL
G000 0000

igure 1 : The 80C51 Program Memory.

Figure 2 : The 80C52 Program Memory.

FFFF FFFF

48K

BYTES

ERSERNAL i 64K

ol  BYTES

000 L | EXTERNAL
3FFF

16K BYTES

INTERNAL
2000 12000

32K
BYTES
64K
orm= BYTES

8000 EXTERNAL
7R

32K BYTES

INTERNAL

0000 0000

igurs 3 : The 83C154 Program Memory.

Figure 4 : The 83C154D Program Mamory.
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DATA MEMORY

The MHS C51 Microcentroller Family can address up to 64 K bytes of Data Memory to the chip. The * MCVX * in-
struction is used to access the external data memory (refer to the MHS C51 instruction set, in this chapter, for detailed
description of Instructions).

The 80C51 has 128 bytes of on-chip-RAM (256 bytes inthe 80C52, 83C154 and 83C154D) plus a number of Special
runction Registers (SFR). The lower 128 dytes of RAM can be accessed either by direct addressing (MOV data addr).
or by indirect addressing (MOV @Ri). Figure 5and 6 show the 80C51, 80C52, 83C154 and 83C154D Data Memory
Organization.

TERNAL

INDIRECT )
ADDRESSING ONLY
80HTO FFH

SFRs
OIRECT
ADDRESSING
ONLY

)
|

Figure 5 : The 80C51 Data Memory Organisation. Figure 6 : The 80C52, 83C154 and 83C154D Data

Memory Organisation.
INDIRECT ADDRESS AREA

Note that in Figure 5- the SFRs anc the indirect address RAM have the same addresses (80H-OFFH). Nevertheless,
they are two Separate areas and are accessed in two different ways.
For example the instruction

MOV 80H, #0AAH
writes OAAH o Port 0 which is ore of the SFRs and the instruction

MOV Ro, # 80H

MOV @ Ro, # 0BBH
writes 0BBH in location 80H of the data RAM. Thus, after execution of both of the above instructicns Port 0 wilf contain
CAAH and tocation &3 of the RAM wiil contain 08BH.
Note that the stack operations are examplss of indirect addressing, so the upper 128 bytes of data RAM are available
as stack space in those devices which implement 256 bytes of intemal RAM.

DIRECT AND INDIRECT ADDRESS AREA

The 128 bytes of RAM which can be accessed by both direct and indirect addressing can be divided into 3 segments
as listed below and shown in figure 7.

1. Register Banks 0.3 - Locations 0 through 1FH (32 bytes). ASM-51 and the device after reset defautt to register
bank 0. To use the other register banks the user must select them in the software. Each register bank contains 8
one-byte registers, 0 through 7.

Reset initializes the Stack Pointer to location 07H and it is incre.Mented once to start from location 08H which is the
first register (R0) of the second register bank. Thus, in order to use more than ong register bank, the SP should be
initialized to a different location of the RAM where itis not used for data storage (ie, higher part of the RAM).

2. Sit Addressabie Arva : 16 bytes have ceen assigned for this segment, 20H-2FH. Each one of the 128 bits of this
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3. Scratch Pad Area : Bytes 30H through 7FH are available to user as data RAM. However, if the stack pointer has
been initialized to this area, enough number of bytes should be left aside to prevent SP data destruction.

~ oo .

78 | 7F
! BE
88 6F
€  scrara
58 5F
{' 50 57 PRD
48 4F ABER
| . .
| e 3F
30 Nar
28 e 7F | 2F BT
2| 0~ 7 Mammn
18 3 1F
10 2 17  REGSTER
o8| 1 oF  BANKS !
0o 0 o7 |

Figure 7. 128 Bytes of RAR Direct and Indirect Addressable.



SFR MEMORY MAP

KriS C51

8 Bytes
F8 | IOCON FF
FO B E7
E8 EF
E0 | ACC E7
D8 i DF
DO | PSW | D7
C8 | T2CON RCAF2L | RCAP2H TL2 TH2 CF
Co | Cc7
BBl P 1 BF
BO P3 B7
A8 IE | AF
A0 P2 ! A7
88 | SCON | SBUF ' 9F
90 P1 ] 97
83 | TCON TMOD TLO TL1 THO TH1 8F
80 PO | s | DPL DPH PCON | &7
4 bitaddressable

Figure 3.

WHAT DO THE SFRs CONTAIN JUST AFTER POWER-ON OR A RESET ?

Teble 2 lists the contents of each SFR after a power-cn reset or a hardware reset.

REGISTER | VALUE IN BINARY REGISTER VALUE IN BINARY |
“ACC 0000 0000 “TCON 0000 0000 |
B 0000 0000 +T2CON | 0000 0000 ’
PSW 000 0000 THO 0000 0000 ;
SP 0000 0111 L0 0000 0000 }
DPTR 0000 0000 TH1 0000 0000 i
*PO 1111 1111 TL1 0000 2000 ‘
:P1 1 1]11 +TH2 0000 0000 i
R e | oo oo |
b G AR p— + RCAP2L | 0000 CO00

YOXXC 0000 50082 + RCAP2H | 0000 000G !
0X00 0000 83C154/C154D "SCON 0000 0000 ;
*IE 0XX0 0000 80C51 SBUF Indeterminate i
0X000 0090 83C154/C154D and PCON 0XXX 0000 80C51 and 80CS2 !
80Cs2 000X 0000 83C154 and 83C154D
TMOD 0000 0000 ~IOCON | D000 0000 i
* : bit addressable.

+:80C52, 83C154 and 83C154D ondy.
- : 83C154 and 83C154D only.

X : Undefined.

Table 2 : Contents of the SRFs after reset.
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These SFRs that have their bits assigned for various functions are listed in this section. A brief description of each
bit is provided for quick reference. For more detailed information refer to the Architecture chapter of this book.

PSW : PROGRAM STATUS WORD (BIT ADDRESSABLE)

i oY | ac T mo
S S

Cy PSW.7  Carry Flag.

AC PSW.6 Auxiliary Carry Flag.

FO PSW.5  Flag 0 available to the user for general purpose.

RS1 PSW 4 Register Bank selector bit 1 (SEE NOTE).
RSO PSW.3  Register Bank selector bit 0 (SEE NOTE).

ov PSW. Overfiow Flag.

F1 PSW.1 Flag F1 avai'abie to the usar for general pumose.

P PSW.0  Parity flag. Set/cleared by hardware each instruction cycle to indicate an odd/even number of

" 1" bits in the accumuiator.

Note :

The value presented by RS0 and RS1 selects the corresponding register bank.

{RS1/RS0- REGISTER BANK | ADDRESS * User software should not write 1s to reserved bits.
0] 0 0 | 00H-07H These bits may be used in future MHS C51 products to

I o |1 1 ! 08H-OFH ! invoke new features. In that case, the reset or inactive

| 10 > | 10H-17H value of the new bit will be 0, and its active value will be

L1 3 | 18H-17H J &

_— 2 18H-1FH

PCON : POWER CONTROL REGISTER (NOT BIT ADDRESSABLE)
 SMOD | HPD RPD - | GF1 | GFo [ PO | DL i
\\L\H;

SMOD  PCON.7 Double baud rate bit. If SMOD = 1. the baud rate is doubied when the serial partis used in mode
1,2and 3.

HPD PCON.S  Hard Power Down. {(83C154 and 83C154D only). The falling/rising edge of a signal connected
on pin P3.5 Starts/Stops the Power-Down mode. A reset can also stop this mode.

RPD FCON 5 Recover Power Down bit. (83C154 and 83C154D only). It's used to cancela Power-Down/IDLE
mode. If it's set, an interrupt {enable or disable) can cancel this maode. A reset can also stop
this mnde (see Note 1),

PCON 4 Not implemented, reserved for futur used®
GF1 FCON.2  General pumose bit. ’
GF0 PCON.2 General pumaose bit.
PD PCON.1 Power Down bit. If set, the oscillator is stopped. A reset or an interrupt (83C154 and 83C154D
only) can cancel this mode (Note 1).
IDL PCON.C  IDLE bit. If set the activity CPU is stopped. A reset or an interrupt can cancel this mode (See

Note 1).

* User software should not write 1s to reserved bits. These bits may be used in future MHS C51 produdis to invoke
new features. In that case, the reset or inactive value of the new bit will be 0, and its active value will be 1.

Note 1 (83C154 and 83C154D only} :
-fRPD =0 and if an interrupt cancels the mode Power-DowrVIDLE, the next instruction to execute is a LCALL at
the interrupt routine.
-RPD =1 - interrupt request is enable the next instruction to execute is a LCALL at the interrupt routine.
- it interrupt request is disable, the program cor:tinue with the instruction immediately after the Power-
Down/ldle instruction.
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INTERRUPTS

In order to use any cf the interrupts in the MHS C51, the following three steps must be taken.

1. Set the EA (enable all) bit in the IE register to 1.

2. Set the corresponding individual interrupt enable bit in the IE registerto 1.

3. Begin the Interrupt service routine at the corresponding Vector Address of that interrupt. See Table below.

INTERRUPT SCURCE | VECTOR ADDRESS
€0 0003H
TFO 000BH
IE1 00124

} iz 0018H

| Ri & Tl 0023H

i TRo&EXF2 002EH

In‘addition, for external interrupts, pins INTO and INT1 (P3.2 and P3 3) must be set to 1, and depanding on whether
the interrunt is to be level or transition activated, Sits T or IT1 in the TCON register may need to be set 1o 1.

iTX = 0 tevel activated
ITX = 1 transttion activated

IE : INTERRUPT ENABLE REGISTER (BIT ADDRESSABLE)
Ifthe bit is 0, the corresponding interrupt is disabled. If the bit is 1, ihe corresponding interrpt is enabled.

;‘EA§—?Erz{ESIET1IEX1]ETo]Exo]
EA lE.7 Disables all interrupts. If EA = 0, no interrupt will be acknowledged. If EA = 1, interrupt source
is individually enable or disabled by setting or clearing its enzble bit.

IE.6 Not implemented, reserved for future use®.
ET2 E.5 Enable or disable the Timer 2 overflow or capture interrupt (80C52, 83C 154 and 83C 154D only).
ES £.4 Enable or disable the Serial port interrupt.
ET1 IE.3 Enabie or disable the Timer 1 overflow interrupt.
EX1 IE.2 Enable or disable External interrupt 1.
ETO E.1 Enable or diszble the Timer 0 overfiow interrupt.
EXO IE.C Enable or disable Extemnal Interrupt 0.

* User software should not write 1s to reserved bits. These bits may be used in future MHS C51 products to invoke
new features. in that case, the reset or inactive value of the new bit will be 0, and its active value will bo 1.
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ASSIGNING HIGHER PRIORITY TO ONE MORE INTERRUPTS

In orde( to assign higher priority to an interrupt the corresponding bit in the IP register must be setto 1. Remember
that while an interrupt service is in progress, it cannot be intemupted by a lower or same level interrupt.

PRIORITY WITHIN LEVEL

Priority within level is cnly to resolve simuttaneous requests of the same priority levei. From high te low, interrupt
sources are listed below :

IEO

TFO

IE1

TF1

Rior Ti

TF2 or EXF2

IP - INTERRUPT PRIORITY RECGISTER (BIT ADDRESSABLE)

ifthe bitis 0, the corresponding interrupt has a lower priority and if the bit is the corresponding interrupt has a higher
oriofity.

PCT PT2 PS PT1 | PX1 PTO PX0
PCT P.7 Defines the same priority level for all the source interrupt (83C154 and 83C154D only).
IP.6 Not implemented, reserved for future use*.
P72 IP.5 Defines the Timer 2 interrunt priority level (80C52, 83C154 and 83C154D only).
BS 1P.4 Defines the Serial Poit interrupt priority level.
PT1 1P.3 Defines the Timer 1 Interrupt priority level.
PX: P2 Oefines External Interrupt priority level.
PTO IP.1 Cefines the Timer 0 interrupt pricrity level.

PX0 1P.0 Defines the Extemnal Interrupt O priority level.

* User software should not write 1s to reserved bits. These bits may be used in future MHS C51 products to invoks
new features. in that case, the reset or inactive valus of the now bit will be 0, and its active value will be 1.

IOCON : INPUT/OUTPUT CONTROL REGISTER (83C154 and 83C154D only)

{ wWoT | T2 | SERR | 1zC | PaHz | poHz | PiHZ | aiF

WOT IOCON.7 Watch Dog Timer bit. Set when Timer 1is overfiow (TF = 1). The CPU is resetand the program
is executed from address 0.
T32 IOCON.6 Timer 32 bits. The Timer 1 and Timer 0 are connected together to form: a 32 bits Timar/Courter.

IfC/TO =0, it'sa Timer. if /7O = 1, it's a counter.
SERR  ICCON.5 Serial Port Reception Error flag. Set when an overrun on frame error is received.

V4@ IOCON.4 Set/Cleared by software to select 100/10 K pull up resistance for Port 1,2 and 3.

P3HZ [OCON.3 When Set, Port 3 becomes a tri-state input. When deared, the pull-up resistance value is se-
lected by 1ZC.

P2tz IOCON.2 When Set, Port 2 becomes a tri-state input. When dleared, the pull-up resistance value is o
lected by {ZC.

P1HZ IOCON.1 When Set, Port 1 becomes a ti-siate input. When dleared, the puliup resistance value is se-
lected by 1ZC.

ALF IOCON.0 All Port tri-state. When Set and CPU in Power-Down mode, port 1. 2 and 3 ars tn-state.
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TCON : TIMER/COUNTER CONTROL REGISTER (BIT ADDRESSABLE)

TP | TR | TR0 | TRO | E1 | m | €0 | 1o |

TF1 TCON.7  Timer 1 overflow flag. Set by hardware when the Timer/Counter 1 overflows. Cleared by hard-
ware as processor vectors to the interrupt service routine.

TR1 TCON.6  Timer 1 run control bit. Set/cleared by software to tun Timer/Counter ON/OFF.

TFO TCON.5  Timer 0 overflow flag. Set by hardware when the Timer/Counter O overfiows. Cleared by hard-
ware as processor vectors to the service routine.

TRO TCON.4  Timer 0 i control bit. Set/cleared by software to turn Timer/Counter 0 ON/CFF.

IE1 TCON.3  External Interrupt 1 edge flag. Set by hardware when External interrupt edge is detected. Clea-
red by hardware when interrupt is processed.

1 TCON.2 Irterrupt 1 type control bit. Set/cleared by software to specity falling edgefflow level triggered
Extemal Interrupt. .

120 TCCN.1  External Interrupt 0 edge flag. Set by haraware when External Interrupt edge detected. Cleared
by hardware when interrupt is processed.

mo TCON.0 Interrupt O typs control bit. Set/cleared by software to specify talling edge/low level triggered
External Interrupt.

THOD : TIMER/COUNTER MODE CONTROL REGISTER (NOT BIT ADDRESSABLE)

Leae [ e | M | ™Mo | eate | or | i | mo |
L_ ] L |
TIMER 1 TIMER O
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/COUNTERXx will run onty while TRx = 1 (software control).
cT Timer or Counter selector. Cleared for Timer operation (input from intemal system clock). Set for Coun-
ter operation (input from Tx input pin).
M1 Mode salector bit (NOTE 1).
Mo Mode selector bit (NOTE 1).
NOTE 1 :
M1 MO0 OPERATING MODE |
0 0 0 13-bit Timer !
0 1 1 1€-bit Timer/Counter !
1 G 2 8-bit Auto-Relcad Timer/Counter |
1 1 3 (Timer 0) TLO is an 8-bit Timer/Counter controlied by the standard Timer 0 control bits, #
THO is an 8-bit Timer and is controlled by Timer 1 contro! bits. i
1 1 3 (Timer 1) Timer/Counter 1 stopped. ‘
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TIMER SET-UP

Tables 3 through 6 give some'values f3r TMOD which can be used to set up Timer 0 in different modes.

Itis assumed that only one timer is being used at a time. It is desired to run Timers 0 and 1 simuttaneously, in any
mode, the value that in TMOD for Timer 0 must be ORed with the value shown for Timer 1 (Tables 5 and 6).

For example, if it is desired to run Timer 0 in mode 1 GATE (external control) and Timer 1 in mode 2 COUNTER,
then the value must be loaded into TMOD is 69H (0SH from Table 3 ORed with 60H from Table ).

Moreover, it is assumed that the user, at this point, is not ready to turn the timers on and wil! do that a difterent point
in the program by setting bit TRx (in TCON) to 1.

TILMER/COUNTER ¢

! TMOD

!

imoogg TIMER 0  [{NTERNAL [EXTERNAL
] { FUNCTION CONTROL |CONTROL
|

___TMOD ]
pel  TIMERO  [INTERNAL [EXTERNAL|
| FUNCTION [CONTROL |CONTROL |

J | (NOTE 1) ' (NOTE 2) |
T S i |

=
o

|

' (NOTE 1) | (NOTE 2} '
13-bit Timer 004 08H I‘
|

|

0 | 0 | 13otTimer |  04H OCH |
| 1 1 16-bit Timer 01H 0SH 1 | 16-bit Timer 05H ODH |
| 2 |8bitAuto-Reload|  02H 0AH 2 |BbitAuto-Reload| 06H | OEH |
{ 3 TwogbitTimers| 03H 0BH 3 lone8bitcounter| O7H | oFH |
As a Timer : Table 3 As a Counter : Tabie 4

Notes 1 1. The Timer is tumed ONOFF by setting/clearing bt TR0 in the software.
2. The Tener is tumed ONOFF by the 1 1o 0 transiion on INTQ (P3.2) when TRO = 1 (haroware control).

TIMER/COUNTER 1

P [ TMOD P B TMOD ]
‘mope. _TIMER1  [INTERNAL EXTERNAL’ {mope! COUNTER 1 [INTERNAL EXTERNAL|
| FUNCTION | CONTROL |CONTROL i FUNCTION |CONTROL i CONTROL
1 | (NOTE 1) | (NOTE 2) ( | (NOTE 1) ' (NOTE 2)

| O . 13bitTimer | OoH 8H | [0 | 13-bit Timer 4H  CoH |
{1 . 16-bit Timer } 10H SOH f | 1 ¢ 16-bit Timer 50H  DoOH I
| 2 i8it Auto-Reload 20H AOH | [ 2 |8-bit Autc-Reload 60H . EOH

{2 ' doesnotrun } 30H BOH { 3 | notavailable - ' -

As a Timer : Table 5 As a Counter : Table 6

Notes 1t The Temer is tumed ONOFF by setting/claasing &1 TR1n the softwars
2. The Temer is tumed ONOFF by the 110 0 transition on INT1 (P3.2) when TR1 = ¢ (haroware controf).
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T2CON : TIMER/COUNTER 2 CONTROL REGISTER (BIT ADDRESSABLE)
(80C52, 83C154 and 83C154D only)

T2 | Bxf2 | ROK | TOLK | EXENz | TRe | oz | CPRL2 |

TF2 T2CON.7 Timer 2 overflow flag set by hardware and cleared by software. TF2 cannot be set when either
RCLK =1 or CLK = 1

EXF2 T2CON.6 Timer 2 extemal flag set when either a capture or reload is caused by a negative transition on
T2EX, and EXEN2 = 1. When Timer 2 interrupt s enabled, EXF2 = 1 will cause the CPU to vector
to the Timer 2 interrupt routine. EXF2 must be cleared by software.

RCLK  T2CCN.5 Receive clock flag. When set, causes the Seriai Port o use Timer2 overiiow pulses for its receive
clock in modes 1 & 3. RCLK = 0 causes Timer 1 overflow to be used for the receive clock.

TCLK T2CON.4 Transmitclock flag. When set, causes the Serial Port use Timer 2 overflow pulses for its transmit
ciock in modes 1 & 3, TCLK = 0 causas Timer 1 overflows 10 be used for the transmit clock.

EXEN2  T2CON.3 Timer2 extemal enable flag. When set, allows a capture or reload to occur as a resutt of negative
transition on T2EX if Timner 2 is not being usad to clock the Serial Fort. EXEN2 =0 causes Timer
2 to ignore events as T2EX.

TR2 T2CON.2 Software START/STOP control for Timer 2. A logic 1 starts the Timer.
crre T2CON.1 Timer or Counter select.

CP/RL2 T2CON.0 Capture/Reload flag. When set, captures will occur on negative transitions at T2EX if
EXEN2 = 1. When cleared, Auto-Peloads will occur either with Timer2 overflows or negative
transitions at T2EX when EXEN2 = 1. When either RCLK = 1 or TCLK = 1, this bit is ignored
and the Timer is forced to Auto-Reload on Timer 2 overflow.

TIMER/COUNTER 2 SET-UP

Except for the baud rate generator mode, the values given for T2CON do not include the setting of the TR2 bit. The-
refore, bit TR2 must be set, separately, to tum the Timer on.

T2CON TMOD
MODE {INTERNAL |EXTERNAL MODE INTERNAL [EXTERNAL
i CONTROL | CONTROL CONTROL | CONTROL
. (NCTE 1) | (NOTE 2) {NOTE 1) | (NOTE 2)
16-bit Auto-Relcad © 00H 08H 16-bit Auto-Reload 02K 0AH
16-bit Capture . OmH 09H LG—b'rt Capture 03H 0BH
BAU,D rate genergtor i As a Counter : Table 8
receive & transmit same !
baud rate ; 34H 36H
receive only | 24H 26H |
| transmit onty L 14H 16H ‘
As a Timer : Table 7

Netes : 1. CeptureRecad occurs oty Tener/ountsr overfiow. .
2. Capture/Resc ocoiss on Temer/Counter overfiow and a 1 to O transition on T2EX (P1.7) pin except when Timer 2 is used in the baud rate
generatng mooe.
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SCON : SERIAL PORT CONTROL REGISTER (BIT ADDRESSABLE;)

SMO SCON.7  Serial Port mode specifier (NOTE 1),

SM1 SCON.6  Serial Port mode specifier (NOTE 1).

SM2 SCON.5  Enables the multiprocessor communication feature in mode 2 & 3. In mode 20r3, if SM2 is set
1o 1 then RI will not be activated if the received Sth data bit (RB8) is 0. In mode 1, if SM2 = 1
then RI will not be activated it a valid stop bit was not received. In mode 0, SM2 should be 0
(See table 9).

REN SCON.4  Se¥Cleared Dy scftware to Enable/Disable: reception.

B8 SCON.3  The 9th bit that will be transmitted in modes 2 & 3. Set/Cleared by software.

RBs SCON.2  In modes 2 & 3, is the 9th data bit that was received. In mode 1, if SM2 = 0, RB8 is the stop bit
that was received. In mode 0, RBE is not ussd.

Tl SCON.1  Transmit inferrupt flag. Set by hardware at the end of the 8th bit time in moce 0, or at the be-
ginning of the stop bit in the other modes. Must be deared by software.

il SCON.0 Receive interrupt flag. Set by hardware at the end of the 8th bit time in mode 0, or hatf way
through the stop bit time in the other modes (except seg SM2). Must be cleared by software.

NOTE 1

_ -

| SMO | SM1 [MODE] usscMuz

0 | o SHIFT REGISTER Fosc/12

f0 8 bit UART Variable

100 8 bit UART Fosc/64 OR Fosc /32

R N 8 bit UART Variable

SERIAL PORT SET-up

{MODE ! SCON | SM2 VARIATION
j 0 i 10H |

o gSOH! Single Processor f
! 90H { Environment

|

I

l

!

Multiprocessor

Environment

GENERATING BAUD RATES

Sertal Port in Mode 0 -
Mode 0 has a fixed baud rate which is 1/12 of oscillator frequency. To run serial port in this mode nons of the
Timer/Counters need to be set up. Only the SCON register needs to be defined.

Baud Rate = &
12
Serial Port in Mode 1 H

Mode 1 has a variable baud rate. The baud rate can be Generated by sither Timer 1 or Timer 2 (80C52, 83C154 and
83C154D onty).
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USING TIMER/COUNTER 1 TO GENERATE BAUD RATES
For this purpose, Timer 1 is used in mode 2 (Auto-Reload). Refer to Timer Setup section of this chapter.
K x Oscillator Freq.

Baud Rate =
¢ 32 x 12X [256 — (TH1)]

if SMOD =0, then K = 1.
If SMCD =1, then K = 2. {SMOD is the PCON register). .
Most of the time the user knows the baud rate and needs to know the reload value for TH1. Therefore, the equation
to calculate TH1 can be writien as -
K x Osc Freq.

584 x baud rate
TH1 must be integer value. Rounding off TH1 to the nearest integer may not produce the desired baud rate. In this
case, the user may have to choose another crystal frequency. ) .
Since the PCON rzgister is not bit addressabie, one way to set the bit is logical ORing the PCON register (ie, ORL
PCON, #80H). The acdress of PCON is 87H.

TH1 =256 -

USING TIMER/COUNTER 2 TO GENERATE BAUD RATES

For this purpose, Timer 2 must be used in the baud rate generating mode. Referto Timer 2 Setup Table in this chapter.
If Timer 2 is being clocked through pin T2 (P1.0) the baud rate is :

Fiaid Rits = Timer 2 Overflow Rate
16
And if it being clocked intemally the baud rate is :
Osc Freq.

Baud Rate =
! 32 x (65536 — (RCAP2H, RCAPZL)]

To obtain the reload vaive for RCAP2H and RCAP2L the above equation can be written as :
Osc Freq.

RCAP2H, RCAP2L =65536 — — —~ ~%
32 x Baud Rate

SERIAL PORT (N MCDE 2

The baud rate is fixed in this mode and 1/32 or 1/64 of the oscillator frequency depending on the value of the SMOD
bitin the PCON regqister.

In this mode none of the Timers are used and the clock comes from the intemnal phass 2 clock.

SMOD = 1, Baud Rate = 1/32 Osc Freq.

SMOD = 0, Baud Rate = 1/64 Osc Freq.

To set the SMOD bit : ORL PCON, #80H. The address of PCON is 87H.

SERIAL FORT IN MODE 3
The baud rate in mode 3 is variable and sets up exactly the same as in mode 1.



MHS C51 INSTRUCTION SET

KMKS C51

! interrupt Response time : Refer to Hardware
| Description Chapter.
! Instructions that Affect Flag Settings (1)

|

! ADD
ADDC
SUBS
MUL

' DIV

. DA

- RRC
RLC
SETBEC

HINSTRUC.

INSTRUC. FLAG

Qv AC

FLAG

>
O

C
X CLRC o)
X CPLC X
X ANL C,bit X
ANLC/bit X
ORLC, bit
ORLC, bit
MOV C, bit

CINE X

Q
HNKXXxx 2

“XXXOoOOX XX O
XX X

(1) note that operations on SFR byte address 208
or bit addresses 209-215 (i.e., the PSW or bits in
the PSW) will also affect flag settings.

Note on instruction set and addressing modes :

Rn

direct

€ Ri

= data
= Ccatz 16

addr 16

addr 11

rei

bit

- Register R7-R0 of the cumently

selected Register Bank

- 8-bit intemal data location's address.
This could be an Intemal Data RAM
location (0-127) or a SFR (i.e., /O
port, control register, status register,
etc. (128-255)).

- 8-bit intemal data RAM location
(0-255) addresses indirectly through
register R1 or RO.

— 8-bit constant included in instruction.

— 16-bit constant included in
instruction.

— 16-bit destination address. Used by
LCALL & LJMP. Abranch can be
anywhere within the 64K-byte
Program memory address space

= 11-bit destination address. Used by
ACALL & AJMP. The branch wili be
within the same 2K-byte page of
program memory as the first byte of
the following instruction

- Signed (two's complement) 8-bit
offset byte. Used by SUMP and all
conditionnal jumps. Range is—128 to
+ 127 bytes relative to first byte of
the following instruction.

— Direct Addressed bit in intemal Data
RAM or special Function Register.

Table 10 : 80CS51 Instruction Set Summary.

L

RAM

- OSCIL.

MN?MONIC DESCRIPTION M
ARITHMETIC OPERATIONS

ADD A Rn Add register to 1 12 ‘

Accumulator r

ADDA diet  Add direct byte to 2 12!

Accumulator |

ADDA.@R  AddindiectRAMt0 1 12 |

Accumulator i

ADDA #data Add immediate data 2 18 |

to Accumulator 1

ADDCA,Rn  Add register io 1 2z

Accumulator with |

Cary j

ADDCA, direct  Add diirect byte to z 12

Accumulator with i

Cany |

ADDCA,@Ri  Add indirect RAM to 1 12|

Accumulator with |

Carry !

ADDCA, #data Add immediate data 2 12 ]

to Acc with Carry i

SUBBA Rn  Subtract Register 1 12

from Acc with i

borrow |

SUBBA direct Subtract directbyte 2 12 |

: from Acc with !

porrow !

SUBBA, @Ri  Subtract indirect 1 12

RAM from ACC |

with borrow "

SUBB A, #data Subtract immediate 2 12 !

data from Acc with !

borrow J

INC A Increment 1 12|

Accumulator |

INC Rn Increment register 1 12

INC direct Increment direct 2 2

byte !

INC @Ri Increment direct 1 12 |

RAM |

DECA Decrement i 2

Accumulator i

DEC Rn Decrement Register 1 2

DEC direct Decrement direct 2 12

byte !

DEC @Ri Decrement indirect 1 2




MHS C51

OSCIL.| OSCIL.
MNEMONIC DESCRIPTION BYTE PERIOD! MNEMONIC DESCRIPTION BYTE PERIOD
ARITHMETIC OPERATIONS (continued) LOGICAL OPERATIONS (continued)
INC DPTR Increment Data 1 24 RLA Rotate Accumulator 1 12
Pointer Left
MUL AB Muttiply A & B 1 48 RLC A Rotate Accumulator 1 12
'DAA Decimal Adjust 1 12 Carry
Accumulator RR A Rotate Accumulator 1 12
LOGICAL OPERATIONS Right
ANL A, Rn AND Register to 1 12 RRC A Rotate Accumulator 12
! Accumuiator Right through the
I ANL A, direct AND direct byte to 2 12 Carry
| Accumulator SWAP A Swap nibbles within 1 12
ANL A, @RI AND irdirect RAM to 1 12 the Accumulater
Accumudator
ANLA #0sta  ANDimmedaecata 2 12 | (DATATRANSFER
10 Accurmuiator MGV A, Rn Move Register to 1 12 |
ANL direct, A AND Accumulatorto 2 12 Accurmf'lator i
drectiyite MOV A, Move direct bytzto 2 12 |
ANL direct, #datz  AND immediate data 3 24 direct ~ Accumulator f
to direct byte MOV A, @Ri Move indirect RAM 1 12
ORLA, Rn OR register to 1 12 to Accumulator
Accumulator MOV A #data  Move immediate 2 12
ORLA, direct ~ OR direct byte to 2 12 data to Accumulator
Accumulator MOV Rn, A Move Accumulator 1 12
ORLA, @Ri OR indirect RAMto 1 12 to register
Accumulator MOV Rn, direct Move directbyteto 2 24
ORLA, #data ORmmedatedatato 2 12 register
Accumutator MOV Rn, #data  Move immediate 2 12
ORL direct, A OR Accumulatorto 2 12 data to register
direct byte MOV direct, A Move Accumulator 2 12
ORL direct, #datza OR immediate data 3 24 to direct byte
to direct byte MOV direct, Rn  Move register to 2 24
regitario MOV direct, Move directbyteto 3 24
. Accumulator . direct direct
Lo ties  ESEEURtiE & S MOV direct, @Ri Move indirect RAM 2 24
yte to accumulater to direct byte
XRLA, @Ri Exdusive-OR 1 12 o . .
indirect RAM to MOV direct, Move 1mr_r.ed1ate 3 24
AdBriilEteT #datz data to direct byte
XRL A, #data Exclusive-OR 2 12 MOV @Ri, A Move Accumulator 1 12
immediate data to to indirect RAM
Accumulator o
XRL direct, A Exclusive-OR 2 12
Accumulator to
direct byte
XRL direct, #data  Exclusive-OR 3 24
immediate data to
direct byte
CLRA Clear Accumulator 1 12
CPLA Complement 1 12
i Accumulator




MOV @Ri, direct

!

[ MOV @Ri, #data

|

[ MOVDPTR st
| MOVCA, @A4DPTR
MOVCA, @A+BC

jl MOVX4, @Ri
E MOVX A, @DPTR
: MOVX@Ri, A
' MOVX @DPTR, A

| PUSH direct
POP direct

i XCH A, Rn

XCH A direct
f XCH A, @R
(
!

:,XCHD A @Ri

i
i
|

MHS C51

Move direct
by to indirect
RAM

Move
immediate data
to indirect RAM
Load Data
Pointer with a
16-bit constant
Move Code
byte relative to
DPTR to Acc
Nove Code
byts relative to
PC to Acc
Move External
RAM (8-bit
addr) to Acc
Move Extemal
RAM (16-bit
addr) to Acc
Move Acc to
External RAM
(8-bit addr)
Move Acc to
External RAM
(16-bit addr)
Push direct
byte only stack
Poep direct byte
from stack
Exchange
register with
Accumulator
Exchange
direct byte with
Accumulator
Exchange
indirect RAM
with
Accumulator
Exchange
loworder Digit
indirect RAM

Ny

s

MNEMONIC DESCRIPTION BYTE 0SC
DATA TRANSFER (continued)

IL.
PERIOD

24

24

24

24

24

24

24

24

24

12

i2

12

|
|
|
l
|
|
!
/
/

MNEMONIC DESCRIPTION BYTE OSC'L

BOOLEAN VARIABLE MANIPULATION

CLRC Clear Carmy 1
CLR bit Clear direct bit 2
SETBC Set Camry 1
SETB bit Set direct bit 2
CPL C Complement 1
| Camy
/ CPL bit Complement 2
direct bit
| ANL C, bit AND direct hit to 2
i Cany
{ANL C, /bt AND 2
: complement of
direct bit to Carry
: ORL C, bit OR direct bit to 2
| Carry
; ORL C, /it OR complement 2
II of direct bit to
| carry
1 MOV C, bit Move direct bit to 2
f Cany
; MOV bit, C Move Carry to 2
| direct bit
1JCrel Jump if Carry is 2
| set
;JNC rel Jump if Carry not 2
| set
| JB bit, rel Jump if direct Bt 3
f‘ is set
1 JNB bit, rel Jump if direct St 3
| is Not set
j JBC bit, rel Jump if direct Bit 3
[ is set & clear bit
] PROGRAM BRANCHING
ACALLK addrt1  Absolute 2
‘J Subroutine Call
| LCALL addr16 Long Subroutine 3
Call
f RET Retumn from 1
Subroutine
RETI Retumn from 1
interrupt
AJMPaddr11 Absolute Jump 2
l LIMP2ddri6  Long Jump 3
SIMP rel Short Jump 2

L _(elativeadd) |

PERIO

12
12
12
12
12
12
24

24

24

24

12

24

24

24

24

24

24

24
24
24
24
24

24
24

——

{
'
|
i
{
|



OSCIL.
MNEMONIC DESCRIPTION BYTE PERIOD
PROGRAM BRANCHING (continued)
JMP @A+DPTR Jump direct 1 24
relative to the
DPTR
JZ rel Jump if 2 24
Accumulator is
zero
JINZ rei Jump if 2 24
Accumulator 1s
not Zsro
CNJE A, direct, rel Compare direct 3 24
byte to Acc and
Jump if Not
Equal
{CINE A #datz el Compare 3 24

f; irnmediate 10 Acc

i and Jump if Not
%J

MNEMONIC

DESCRIPTION BYTE OSC!

L.
PERIOD

PROGRAM BRANCHING (continued)

CINE Rn, #data, rel

CINE @Ri, #dat, rel

DJINZ Rn, rei

DJNZ direct, rel

|noP

x|

Compare 3
immediate to

register and

Jump if Not

Equal

Compare 3 24
immediate to

indirect and

Jumg if Nat

Equal ;
Cecrement 2 24
register and

Jump if Not Zero

Decrement direct 3 24
byte and Jump if

Not Zero

No Operation 1 12
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