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Academic Year

This thesis (presented the Automatic. Shrimp-Weight Selective \Machine. The machine
consisted of five Cirenits, including.an indicating reader-circuit,-a—load-cell circuit, a motor-
speeding control gircuit, and a central . processing. unit. . All five circuits -was controlled by
a microcontroller MCS-51. The machine can select three shrimp sizes.(small, medium, and large).

The machine can’be set-for s¢lecting ‘shrimp according fo itsiweight. The niean selecting time of

II

The Automatic Shrimp — Weight Selective Machine

Mr.Chotiwut Aroonphan
Mr.Piya Chimyai
Mr.Pornthep Kanchanadecha
Miss Pimchanok Toprom
Mr.Piya Supavarasuwat
Mr.Piya Jittammapirom

Bachelor of Sciencesin Industrial Education
Telecommunication “Engineering

2002

ABSTRACT

the machine was 64 shirmps-perminute.



I

a A

annssudszms

Y
v A o

a a 3 3 ! 4 ] a U
Vsggniiwusaiiuiidiiegaan1ddaed ileaninanuswilevesamdnaolungy
Iy @ d oy a a -4 J
nnau m@m@ﬂWigﬂﬂﬁﬂﬂ15ﬂﬂﬂ$ ﬂﬂ?iijﬁﬁJ @7%15ﬂﬂ83 WATITUUINTVY  UDATANUINITY
a Ja 1 Aq ¥ ¢ A =1 ts 3 o )
ﬂ1ﬂQWTﬂEﬁWﬁﬁiQﬂﬂﬂﬁiﬂnﬂﬂ1uﬂ1ﬁﬂ37N61¥ﬂ5ﬁﬂﬂﬂ5@@N@Ha3Qﬂﬂiﬂ! TIUVNAUUSUN
a 1 ) a a 4
wnneAa Anwgaeg amamsud luilymlumssainlSyaninus voveuguies
4 o w a J { o
aAYANUSATMAATYAEMATIN Tpueduenall_Resdyanagdmnssumans ne1uae
dy ::!y ~ Y Yy 9 @ a a a a v
ﬂ'ﬂllﬁ$ﬂ'JﬂLLﬁXJ’L@E)W\l@ﬁﬂ'luV]ElUﬂ']ﬁﬂuﬂ'N‘U@Ea VDUDVRUAUVUNE fi{ﬂlaﬁ‘lWﬁg UIHN
ad 7 da & o o Agh o ? 9y A = =2
AIDAAN TINA LLOUA LYDIITT 10A V]iﬁﬂ?1ﬂ@1§!ﬂ§7$ﬁiﬁﬁﬂ£°ﬁﬂﬂ UASIAMENAITIZANDI
e a A g 9q Y @ 9/ = <3| 96 Yo o Y =
puNEe Ao Tartazinsaimudlinisivayudunsdny uaziuglimdeladefnasn

3 1A = Q.
mmgmaﬂmumﬂwuu



v

U
a13uey
1504 s
UNAALEN I 1Ny I
UNANGDNIHIDINGY 11
AnansIulszna 11
GRESILSY v
GRESTGTSRERN VI
GARTILTR] VII
d' o
uni 1 unih 1
[ o v
1.1 el umiing n i ngy 1
1.2 YAl 11580 9 Ing 497y 1
v
1.3 1ievn Tagd sl 1
d' = w
UNN 2 NOYRUATHANATT 3
2.1 na1nhy 3
22 Ao 3
22 Fanyuiall 3
2222 WIAIF UIATRIRIRA IR 4
Jd
2.3 wma et Tnapmaan 4
2.3.1 uuindun a9 4
1 I~
2.3.2 nuuinaalii 5
@ I aa
2.4 25mlasdygraenzaeniiAvTnon 5
@ I aa
2.4.1 2vsutlasdyaueuzasniudtnoanuuunay 6
o 3 aa Aq ¥ a a a
2.42 Maslasdyanaueuzaonitluainean 1smaiamsdunmnse 7
o 3 aa ~q Y Y
2.4.3 2095utfasdyanaueuzaaniluadnean lgluleesiy 12
o I aa ' 1
2.4.4 2095uaedyanaieuraeniluAIneaUUUMIGUIAZATAIA 13
4
2.5 TulnsnouInsames aszna MCS-51 14
wa 4
2.5.1 guauiiaves lulasneu Insaiaes aszna MCS-51 14

2.5.2 TnseadumeluveslulasneuInsames aszga Mcs-s1 14



a3l (A19)

o4 ¥
2.6 Traueeddd 17

2.6.1 N§7 32 17

2.62 N8 52 18

2.7 ATLUONGY 19

2.7.1 NTEUBNGINANRE? 19

2.7.2 NFEUBNYUADINN 20

unfi 3 mseenut Mgt uashTRaeL 21
3.1 Aaia 21

3.2 MI0DNUDUNDIA N [TMIMITNV9II95 21

3.21 Ya95unaanelu 99

3.2.2 1IVVNINDS 99

32,3795 U seananag 23

3.274 1V AUoEA NG 25

3.3 ﬁaa1ummm§"aaﬁ'ﬂ1{114%5@5@11433"& 26

3.4 M IROALILIATOIXALBATY 26
3.4.1,0QUATaBd M SUT UMImMNagnsz 9180 26

3.4.2 0103095 UA 28

3.4.3 19 UAGING 28

3.4.4 luvnindods 29

3.4.5 wiudurhmin 30

3.4.6 Tnguman 30

UNT 4 MINARDI LAZHANITNARDA 32
4.1 nanm 32

e g g

4.2 MINARDINITAIAMIINIA 32

4.3 MINAaeINIsFoudef B U 9T s uIananais 33

4.4 ﬂwvwmmsﬁ?ﬂﬁwﬁmﬁﬂﬁ%ﬁﬁ’ﬁgwﬁm TTATE TR s 33

4:5 11INAADINISIT UMDY I ZUIaNANA 99959 TR gas g 34



1318y (¢10)

1504 Hi
4.6 minaassmSmadeluudaz o e vesmasaus 34
4.7 MINABLINITAALLARS 36
s Y Y
4.8 MInaavan NI lunsaauends 37

N 5 unagyl 38

38
38
40
41
42
49
57

61

67
75
96

dy [ = Y o Y v = = Y, 1 Y o v ¢ v 1%
enasiluenasianulidmiunisldauienis@nwivinuu eyl luldussleviaunis

laidnsdlla viedu Bnvvinudlvidewasilomuazfese1sddisdivatenarsynasainisiluly



vil

AFVYNIN

4
319N
2.1 1ATTIUVHIAYDIAINAIAT
4
22w lulat Ivanmwad
[ o ~ =
2.3 dyaoaueanavesnvsilSoumieuuny
' Y v v
4.1 MavINT 199197 SP NAwmUI i neaIee
¥ 1 oA Aa dar
4.2 MIFOUABAIDUANMBTAVIII 5 Zu1ananas
v 1 '
4.3 Aniwmiinien I8 ar Srumalenag Uunviue
o o = 4 o
4.4 anyazMIMuvedleanesi NainsAT BN

v Y
= U e o

4.5 MInAagIM T TImA lbsazasasnduudaGE g1 G

£
v A o/

4.6 MinaavInas s uase TAaz o AT vIRGes 2 54

v
[d v A U

4.7 mingaodmsnallsiaa i vositsauiuiaG e 3 5u

D=

v
U

¥ v Il
4.8 MINARDIANVINEINT VO DAY
o Pt Y
f.1 318MIUNSTVB4 TR ABI01TIAN
' o [~ o o
f.2 3187159 Unslveeves Unaminlosuomos
4
f.3 718N139UN 391 V0IIT T RaNaN A1
J @ a L4 J
f.4 319M39Ung aide 9T TulsaUBgINR2

d a =y, WD
f.5 318ﬂ’]5f;‘ﬂﬂ5mﬂ7\1531]“1!’3&11%?7%

32
33
33
34
35
35
35
36
59
59
60
61
61



VIII

013

€
@
CaN

e

i

2.1 Aana1d

Qo

2.2 155 unuvvnunseuuuuay
Y o [ I~{ ana A
2.3 uWHrIM I uvessasdyananouzaoniuadneauuva latiae)
v
2.4 aAnuuvosdyanuiuiivla
@ ) o I~ an 1
2.5 uNURIM SN TR Ty aeuz aen iAsADau e Talg
@ a a o @
2.6 L5IAUVI09NVDL 90T O UNLATIADS IO UN VLS
[ < aa a 1
2.7 yv5uasdanaueuyasniluddneaiy umadi-gnu
[ I~ an @ [
2.8 Yl avdyrmiouzasniluadaeaiwiinizlsush
@ I~ an I [
2.9 2vsulasdeanalieusaonitiitae autiunTRIRE N 15A9A1
I'd
2.10 TnsgaamelivosluTassonInsam@es MCS51
o o
2.11 1189 3/2 inamdaeausyua)i
o o 9 a d ol 9 a
2.12 a0 32 MU lgaussannua o
o o Y 2 9 =
2.13 1187 5/2 MUAITaN NAUAIN 59
o o 9 a o"o’)’ 9
2.14 1187 5/2 N193uA 28 TBR1 e N IR DR 11
2.15 NILUONGUNIUAYD
2.16 NILUBNYDABINI
T Y
3.1 UWUAINIINNYBNAToIRAN 111N AR TwiTA
3.2 2993uMa9e 1w
[ o
3.3 1995V DT
3.4 1995158 W0ananang
@ a o L4
3.5 799590 T5AU08A NG
cu d‘ [ gl v Y v wva
3.6 AU UBAUATBIAALNIINA IR TR
37 ﬂs’mﬁm%’u%urmmﬁ’mm‘?mﬁﬂuaﬂ
3.8 ANULUATVIAUDINTWAMTUNTZIA
3.9 0193995 URLAZILIAYDIFNINIZ

3.10 GNYAUUAZUUIAYDITIIRUTOIN

0 o0 O W

el

10
11
12
13
15
17
18
18
19
20
20
21
22
23
24
25
26
27
27
28
28



a3

31n
3.11 anvazuazvuinvedluiamnaeds
Y
3.12 ANHMUSHATVUIAVDANUTUN NN
@ [
3.13 aNYULLAZYUIAYDI IATUNAN
Y 9 A v Y o wa
.1 MWATUKHNIVBUATBIAAULNNIDA LUA
Y 9 A [ Y wa
1.2 ANAUVNVDUAT DIAATUAATOR 1UIA
1.3 AMNTWAMT UMMM ISNTZIYNS
o g @
.4 Malasessunwaz e
o ¥ =t k4
.5 MNTNAABINeaeITATLE
Y
.6 MNAUTUHINTIN
Y
A.7 MW IAaAY IRanLaENILUBD gL
a 3 = J 4
.8 NNNFAAG |FAHOIAND)
Y
aw o
1.9 MUNITAATIVRIADT
4
.10 MWNBLADT
) YV 1 J
n.11 Mmairvendedgiinzanway
1 s
n.12 mmmeluvedpagegiinspinaved
v.1 1951580 IARANAAY
a 4
V.2 MYIVTNURUI31f5250manana
d
v.3 M3991nsaivesslizaaananals
@ 4
V.4 1993TVNDIN DT
a o @ o
V.5 MYIATNUNVDINVITUNOIADT
J @ J
V.6 NM32199UNTAIVD9I9TVUNBINDS
.7 2v3tmasae v
a o )
U.8 AIIINUNUDIIIVTLUN AT 19
o v
v.9 M32199UN T VD995 UM AII10 I
@ a d J
.10 2993590 TsAnoA12

a @ o a ¢ <
V.11 21819 WNHYD 95 UL T¥al0eA 12

¢
@
ol

IX

1 (m0)

29
30
31
43
43
44
44
45
45
46
46
47
47
48
48
50
50
51
51
52
52
53
53
54
54
55



M3y (@0)

1n i
o o a J J
.12 M3299UNT0Iv09299591 leduooanaa 56
] Y
1.1 Asunsesdarthniindedn Tusfa 62
v v

1.1 gamlszaeunasuniuguueunsesimimindede Tulia 63
v

9.2 3995M5ADUT J2 71
v

9.3 2995M 30097 J5 72

enanstiluenansiianulidmsumsldmuiensfnyivingy ldeygalmilUldussleviaunism

laidnsdlla vieau Bnvvinudlvidaudadllomuasfase1sddisdnvesenarsynaseinistluly



%4

1.1 mmaﬂumuazmmﬁmﬁu

v

A @ Sldy 9 [ = 9o dsi 1 A

iesnnileyiunuasnsfinesdalszauilymignensaeulSouandiode na1ide
TumsAauendeezdesldussauaulunisfauendseondunasvin Faliduasgiu

v

wearulumsdauends lnglnagnuanusnauoliimagau. U AfaLen119T100191 101
Y Ao ! vy Aa A < 0 g Y v =
Aanivnalng lUssudidsnlamwianarinisvmieian siiMsanvesduddoundasly

X a L4
NYATNTVIUTENAYS S Toa]

dyslwdyﬂlﬂlyw Y | & o dlﬂldg‘wsll
UoNIINUHIUFeADTY IIRAANENAuTNTMauINniazFeaI 1 wimindsnoau

Y
[

- = 1 VR ~ 1 g
SUFDIADATaaIE AN DT

vy

=
1.2 sllﬂﬂ':l'luﬁ'lu"liﬂsuaﬂiﬂﬁQQ]u
dydc! s :3!
Tassinilifinanuaansanqd
y v a\& 3 v A g '
1L A3 0RANENAI YIRS 11 1A 3 Aiafielian nads uae lng)
o Y Ay Y g 3 Ao e YN Y v
2. awnsaiieandagsnud ldmauzidamsoy Blaethigndeg
3. W ONARNHAT EABIHNATDIReIRINSARIEN A

Y v
4. amwmﬁamﬁmuﬂium5ﬁmwﬂ"l$f

4
=) L%
1.3 serlagdail
dy a a J o d" 1 IS J A 1 =2
iWommelulSygriwusatuiuisesniuunaisg  eazalndemsfnyies
v [ 4
manudls Tuuaagunegalseneudluiiomnddasado lUi
~ =R S o w a a o =
unih 1 nannnnuivuesanudiiyelSyadnus  Iaanueusoues
Y
Tasenu uazilom luuneaneg Teedal
d' 9 = [ 1 d‘ [ 3’ v 9 9 1 =
unh 2 Uszneualenquiuazndanminieg veunTesdaihminds laun noui
= v o ) Y 3 o 4 d o [
Meriudnyaenl livosfenmid gunsel naawad Tulasaeunsames fuwasdayan

o3| o aa a 4 4
Lmuzaamﬂuﬁiyﬂpmmma I“ﬁﬁu@ﬂﬂ?’]ﬂ? uagnIsyangu



~ U =< dy A A @ LY o @ 1 ~ 9
UNN 3 AANDUHOMINAGINY  UNUAINMIMOUURIATINY A929956199 N9
lulassnu aneasumsesnuuutazmsadeaulsenoua1ee By 29asumradine I
o ¢ & = Pl 2 &
29939 VNBNMET 199TUszutamana1s 299590 TwauesaaY TaseaausaruaIunTouna
MIMnuvosTulsznoumeg lavazidea
v v v
N 4 1UsgnoudismInaasuaznamInNAaIveINIIREniImIin  MsNAaDa
4 1 v oa a d o 1 : Y] { o PYR 1 1
WouAadIBuAINARIALI9esszNranana1s manaaosanimiiniide ldnyaden uuumy
[ gj ) 4 [ o o a o 4
Sl MInaaeudounoiaaslseulananalenuiesTu lsauosa1d MSNAang
@ a a ° <
MIAAUENAY N1TNAADINIYTHIMAIUAIATITFININDIA LaznNIINAaDInINIS )
Tumsanuen
~ @ ) A a dy Y
uni 5 _insaglramsvanilassan - demnavisaguuamelunisudly
Y
FIUTNUUINWAATHAITA
A 9 a quI & 1 A 9 a
MANIIN A LTAPINATOIATIIVY AITARES N ToNReglnTalous) vaiz 1Fauase
@ v a o
MANUIN WATEAD LR IAUAIINIRZIDYAIDS 1A ZHER VT LN
oA 9 1
MANKIN.A LA AT IEAsaUnsoin TFau lugaagains
Y '
NAHLINS LaASUNUEINIRI TRtz s Hanunuved alsunsuvianue . Nadeiu
3 ]
ielszneunsmeTivag lagaay

< 1A Y LA [ :} v Y )
NAWUIN 2 Lﬂuﬂﬂ@ﬂWﬁ%ﬂﬂiﬂﬁﬂﬂu’]ﬁuﬂﬂ\?@ﬁiuﬂﬂ

U i

= A gl o A 9
MARWINA LaAdT1vaziduata: paaavesetns aldna i 16 Ing s



UNN 2

NYHYUASHANNIS

U o
2.1 PN
& = I g o v o Ao v P
WomTyanidnusluuniidunquiuaznanmsiinuiiunldlseaounseata
{ v o o J 4
Tassnu Tagdsznoudaonguinernudnvaialdvesdenardr gunsel Tnaawad
4 @ @ [ aa a 4 4
lulasaeuTnsanes daudasdynaueuzasmiidya uAinon Tyauosdadn

HagnIguangu

4 o
2.2 A
2.2.1 anwaena 1y

Y o w A r? = g’ £ = ~ o
L‘ﬂHQQﬂzlﬁﬁ1@3ﬁ$£ﬂﬂ@ﬂﬂ1ﬂ1ﬁﬂﬂu1¢l'lﬁl,"U?J NﬂWEJW'Iﬂ‘U'JTQ‘V]WﬁQ‘]Ji&’Zﬂﬂ! 9 oy

=y gl Y Y = Y A d' Y 1 =\ d' a
LHAasaoonUIAIUNU U DTV ﬂ']u‘lJu‘UfNﬂﬁllW‘Ll 7-8 % AMUAMNN 3 ﬁu’)ﬂﬂ’]?llﬂﬂﬂ']ﬂ
o Y ] p 2 I ABAR o N =
FALlU "U']mullﬁllﬂﬁlluﬂ'] ‘U']'J'IEJH']ﬂJﬁ'U’WHaﬂuu’]NuIﬂuﬁ‘lﬂ? Ellu'lﬂﬂ'J'I‘JJEJ'l'JﬂﬁgfiJWﬂl

18-25 LUAAT. AnYale 19 1fuesdanaidt noasdagia 24

¥
W IARIETM
weehngi 3¢ o
e

L AR E RGN

A ¥ . oo s
e wioei 2

=) o
fdonita wwu
Aravedulu

I

AnfuiE L

¥
PRI
: iy
ey b



Y o
2.2.2 1NASFIUVHNAVDININAIA

v Y

ludszimalnsamanarsiididglunmsdoviodenaidr 18un aatanais
a o 1 S| Y
UATATTITUTIY AAIANANAYNIAIAS AzulaIngunn LazUTEN TAAF (deoen) Sludy

WATTIUVIAYOINNAINRT B AaAna1ai ey aadannsei 2.1

MINA 2.1 PIATTIVVUIAVBIRIAAIMN

5101 (TmaaMlansu)
VA AMANAIY ANANGS azwlan | USHN TAAF

(@renlandi)’ | uasAdE MY | aunsdins NIUNA (a9001)

30 - 332 340 370-380

35 293 - - 325-335

40 - pi : 295-305

50 235 245 170 250-260

60 206 215 - 210-220

70 181 192 90 -

80 154 174 - 170-180

2.3 maluladlvanisan

Y
2.3.1 BuuauHada
3y g Aa wa Y A~
ansunaiudualavnaiin-nilguasianfeilasnnudmunieluielims

AanTona iduaadanangmindadaduuruses Tasia luiduanamsuing 4 §1 vzfafy
[ o;/ v Ao 9 <] Y Ao < A o~ 3’ Y [ g’ @
wAUSUIMUANRIA AN INTANNUUWS e iWetiiviinuinaunuS i mTnuas

{ 1 1 é o
answnazasugdll wediugnaauisdiugads duhldanudumiunislulees
~ a 4 dg' A 4 1 2 v A 4 v A
Wasumlas wiialadmiuiodwadymdamanienlumsnduiugud msndufiu

o a g § ' { ' 1w 1
Audszifavuiiosnin limuisammasuniidainnudiumumiduuiaelulaes

a

a a Y o & = qy v 1 1 A P
'Jﬂﬁiﬁu‘lliﬂiﬂﬂ ﬂ\‘I‘Ll‘LJ"l]\ﬂﬂfﬂ'J']llﬂ']H“V]1‘L!‘U‘L!"I‘Hll'1"])”JfJ‘IfﬂL‘ﬁﬁ]ﬂﬂgﬂWﬂ'lﬂﬁ'lﬂlﬂﬁ@uLiJ@Qﬂlﬂﬂll

U

a o 9 o { { J 4
nlasuudas idualadasunehdleiaaidulaveimsdsuudasmnnudumugies

E4
a o @

msnlasuudasvesgamgll duiudunudidumuiinfatuunouag



d
1) InaasaduuuLeuEaan
o 1w @
Tnaaeradmasunauuuteuzasn wdsdyanauuuieuzasn lUdwsuananaas
kY [ d aa 2 1 oy )
liavsulasdanaeuzasniuatneaionansanimin
13 aa
2) IaasaduuuAINoa
4 aa @ I~{ an 1
Inaaadmasuniuuainonssiinsulasdygiatenzasniluaineaogaislu
4 3 1 a 1 1 o 1 4
Tvaauand Feaunsovameiiianainnieg danduazlduaausndr Tnanmad

HUVLBUSADN

T <
2.3.2 wuuimanludh
A ' 1 ' < a Y ' A )
vaadaniinsstalnarimarod luaniguuman  v2mausson i unuveunso s
] da o 1 J ! 2’ @ 1 o a oy
ogluanzaugaofdumiagud e niauinsuuwiuFantausanssivoan i
Jd 1 a A 4 4 o W @ v o 1 4
augad azne Winanszualwihlusaanmuiin tesul funudendulyfaiumiagud
v Y 1 v H v
nszuaiinduuysAueines siinggin nszuainlasuuilashlvzgnianuazaeudv

@ I J 3’ 9
duaaaautluanihmin

d' ~ 4
M51an 2.2 malulad i aaisaa

malulasmssa Y9N T IA-Resolution (d)
nvuLgan 1 (EMPC) 1121931 300,000
HUUeaIa (Oscillating String) 3 x 3,000
u‘umﬁ’um@ (Strain Gage) 6,000
HUVWEY (Electromechanical) 3,000
UuUa3 9 (Spring) 100

%4 ‘T-I an
2.4 Nmuﬂaﬂﬁqm1muauzaaﬂ& HAVNOA
o A A o g kY [ aa °
msiauved leddnfeiuiludesodedyyinaiaealunmsniugumsiauag
§y a o 9y Y @ ] @ @ o
Uszurawa Welianuiuiudedddanleddufoiswfudyaaueuzasndaseide
nszuaumInlsudyanuueuzasniiudyauataeadiuge Tagrevsuasdeya ol

' v 4
nougasmiludtaeanlFnusuegia luiidese 'l



2.4.1 2vsuasdyaname uzasniuadneauuuurlay

v
Aad A o

1suasdyanauouzasniluaiaauuuulasiivdnmsdien uasissaiiau

3 A A 9 a a A ) @ I aa
JIAUIIMNGA AD 1%30%5Lﬂiﬂﬂtﬂﬂumﬁ6ﬂlu1uﬂu 'Nﬁ]ﬁll'ﬂﬁqﬁﬂJﬂJ’lmll@u&'a@ﬂLﬂuﬂﬂﬁﬂﬁ

wuuay taneaagiin 2.2

Dl
Vin
O—l Y- g 4
WAV 19IAWATIUT DY
-~ —0
D2

A = = A
Jin 22 00salsrmeununsuauvSadnuiay

= qa v g =) ~ @ { 1
Tuzi 2.2 dlsznendrupodueuilNaaiiluaswshalS smivuiinsdfuniuidentl3
A 1 v A a v Yyt 1 v (Y = =
tWouL s sAuNMIUNAYYN AUHE TARYTRam T Ny anAnanmsveaeesiSouieu
9 T idleussauanyrisunaguy linduinaddis wwugen nnsuwanu undule
4 9 [ 1 @ ~ & g = =} 1 v W Ay v =}
ewna ldussAumge Aamsnd 23-suilumsifSenifouassdudaanunld laefims
Arnuamsunalilauiuuseduvansil muvuavesmduyavessudasdyn o
o3| @ aa
weuranUdYYIMATND AU VINITVUIY
A4 v aa a L o @ oy ] = = A 2 Y v
envensnsnlanvazdsageuuinudesldrseslSouReumuain  d1doams
ANWAzIBeA 3 U doeldreesnlSoniion 7 @2 diuanuaziden 4 0 deeldeesSoudiou
[ [ =) = Y = A o a A =
15 67 (16 53a1) Taevaasufoudionlaan 2 fa N ilo N unuswaudansennuazidon
Ay 3 Y1 A a a v Y] = ~ = v & & Y a
Ndesms azminldnanuaziden 8 Ua deeldrsrsnlSeuieunngs 255 §1 Fuiludeido
o 3 aa ; Y a4 A A J A4 1 Y g
vovsulasdyraueugasniiuaiaoauuuil JeideBnlszms fe widwain il

9y A A a 0 Y @ 9 a a = <
Lﬁ"UﬂW‘H’s’f’e)\‘lGI’ENiJ’N%iL‘WﬁJLGIM'lﬂ‘mﬂﬁlall"l‘i‘l’iﬁ UVDAUVIINVTONALUUVUIU 7D AINIIY



oszl 2K a dyl v @ I aa o Y
VNATIUTYNINITUIN ‘”NFD'iLL‘Llﬁ\ﬂf’fﬂgﬂg1ﬂlllﬁlu$ﬂﬂﬂLﬂu@]%ﬂﬂﬁuﬂﬂ!mlﬁ“ﬁ” i]a‘i“l/]'lcl'ﬂ'Ni]ﬁ

Y
yiai lgna lumsudas1disa luseduu Tuiuii

=~ v J =) ~
13190 2.3 ﬁﬂJﬂJ’]ml@']ﬁW‘ﬂm@Q?Q%ﬁlﬂiﬂﬂl‘ﬂﬂﬂ"uu’]u

ussaueunA | eIdnnvessasiSeuiey PINNAAUFIUADA
vin (3ad) | A1 A2 A3 D1 D2
0-1 0 0 0 0 0
1-2 1 0 0 0 1
2-3 1 1 0 1 0
34 1 1 1 1 1

. [ aa d' 4 a av.a
2.4.2 2 dasdunateuzaendadneanlvmaianisoiinseg
v Y
995t avdagaenznenufiaoan [malansduningg daanad 4 uuy &l
v & laa = g a
D KesmlasdanaousaeniluAdasanvaladuiosuunsuiliae)
@ I aa = @ A
v simlasdganauusnzaonitiuatneativaasld uaasaegihn 2.3 152 noud00905

v
a 3 U Y

Auiadyamvuiv e %eswFouden 1995500 BED 13015 iaugiasy
4 a o ! @ [ qazl @ @ o Y g
Welgwitmdendaaie dyaraduiilawazatesinizgnd Suldiduegusd
o Py, = a ) | W 2 ) 9 A o
ussauueuzaongnaw hormsSeusumiandiiny Waduma doussduundnani
o 1 o 9 @ = ~ 9 @ o) o o Y
WHuynunnussauadituunduma evsfSeumeuldszavitenduszdy 1 Mld
) 4 1 o a [ @ 9 o 9 o qul @ a o
ToGuoudinaaoudyagiuaiin 195980 18 uagsIf Foyanadutiulafus efuy
o 4 4 ' @ @ [ @ = ~
WuInnIuGesn auNINANIZRINTRINTT sERULTIALTIRDNINI S ooy
a3 = o a 4 A o 1 ) v ) 3 1 Sld'
viluiiszdu o da woudna lulidyanarum lulwsiy 2wstivizngaiuuasfun 14
o :1) o o ) o Aa o 3 @
vsuaas MInuIshmsdsuaesiuragsestuladaanuduiule
v [l
2995 ludnyagfidni W14 unmsudeunaniuvnevesdaaramieoinldly

aa da 4 1 19 Yo Ay Y A Y s v
ﬂ%ﬁﬂﬁija@ LN Llﬁ‘lﬂﬁl"]fﬂllﬁ']uﬂﬁ mmiﬂ’amgﬂmadqaﬁmmﬂmmwm DINIT

= 9y A = 1 o a o QBI’ Y dg‘ v
AnuaziRamnalumsldny desnnmanasuulasluuvasiuiadygnadusulaiueg

v
v R A

nugangiitagranouauessodynaud i g lifinnuai dafusaiinsiulgeiam

) A A A 4 Y Ay Y v
“lmmsmﬁaaimwmmu 'L’f’liJ'liﬂI“h’iH’Nﬂﬁ‘VlGl'ﬁ]\‘lﬂTiﬂ?ﬁJQﬂGl@\‘lﬁ\ﬂﬂLm%‘lfﬂ!fb’ﬂﬁﬂ‘ﬂﬂlg

L)

a A d' ad a dgl =< Y]
m‘iqﬂujmmummﬂﬂm‘ﬂaUuuﬂmqmﬁgumﬂmu i]\?ﬂf’l'lﬂl‘ﬂulﬁ_]llilﬂi]ill‘l_lﬁ\‘lﬂ'ﬂulmu'lm



aa ~ 9 a a 1 A o ~ [} =\ o Y
uauza’omﬂuﬂi]maam%ﬁﬂﬁaumﬂimmuaiaﬂ@ ‘V]llﬂ'lﬁ‘VlN']u‘iflhlllﬁ.lﬁﬂ']ﬂ!,!,ﬁzufﬂ‘iﬂﬂ‘H

alile o & g {
Uszaniammgagalunisiiny Fuduiseshfidnasmunzanlunsldau mssenuuy

1 ' a U @ [~ an
lifianugennuazransznumegungiiitesninasulasdyanuuouzasniuiiaoa

HUVBUS 11N

unaLeUzasN QIGTRGIRTRIT(R
O—\O__ \

Y

25 s

Y

naausuil [ AWANLL I

1995 11ARg

1FANTITIAZ 299

St

2
e
=

2N

A @ o @ I Aaa =
};ﬂﬂ 2:3 LLN‘L!N\']ﬂ']ﬁ‘i/ﬂ\ﬂu‘u@ﬁ?\?‘ﬂillﬂﬂﬂ iyﬂunmuﬂuza@ﬂLﬂUﬂ%maaLLuua’Taﬂmm

usa (aad)
A

1 mS

: > a1 (i)
I mS i

Y
v

31 2.4 anuduvesFyanaduIlla



2) 2vsmlasdyanauevzaeniilufdneanuvalaly

~ @ o o g aa 1

U0 25 umasiimaionuveisesulasdyapaueuzasniiudineaalaly 2993
Y
0

QU

]

a1 lvain

g

[ = A s o P 9 A a .d'l o A 1 1 [
wivkuua ladiRedediadadnuudunu@y  ieinsifionseniteausaiy
Y o [ 9 a ¢§ = = Y v a (% (% [ :.:;
VNPINVUTIAUDID F1sfTeuneuvudnnuduyasgnauanunuuuvaladifen

Y [
AIUIAVDI9T AD NITTUdadyguTuTiulanTesesduinTe Auseruszauuidy
o of =t d s o 1 %
anuwlaveseetuendnlamwilunsawiou dwssiuvudniiar 2 Taad weldnszua'lna
1 v 9 a d a 1w a a J] @ ' A 1
Fiuda Uy 10 Alaleviy wwlawiny 02 Taduent Ivalddegatay ifiesnnm

9 a ;’,' A KX a d%‘ T ] ~
ANumuNuBuRavosoelueniiiguan—nsaimhlyalufafuriuduf vl sz gvasi

i3
a

v g o < v 4 g J < £ 4 A o
aunulszyimanuysee uswuivdiveseodueniveBuduauuiniusesy iesnun

v
[ @

@ 9 ~ o A 1 g K3 @ A o [ a 9y
5$ﬂﬂﬂ5$uﬁ‘lﬂﬂ\ﬁ’l LLN@MWﬂﬂiamjmuﬂizﬁgmlﬂuﬁmmmﬂm uhlmJ ﬂymmﬂmmmu

o g

UNNTIA0S

O 10k aadsgume | el
= __l__ s lous J

Y

A905uan T
.o’ v
AIUANTINY & WITNDATHA
AAUANLUALIALIAT HaZ995UU

[T
gt Hd

n; @ 0 o I aa 1
U7 2.5 unudamshanvennsulasdyanaueuzaeniludtneauuualaly

WS UDIBI =1V

v
9 o Y

v a Al 3 @ o3|
SWLLiQﬂuauwmflu‘mﬂ jﬂﬂﬁau‘mlﬂﬂﬂ@ﬁi]311’3{&5\3ﬂum?@@ﬂLﬂuﬁﬂJﬂﬂmﬂ]u‘Uunlﬂ

o o

] 9 { @ <] o @
navuaas 3 lugag ¢ uaawdsgln 2.6 maussduviduuaveeildussduanosn

g [ a

{ 4 a Jda o o
Tdusudmaenan meesluglii 25 deadadrofudyanasunailifussiunintloush



10

1 a a J 9 Y J o o q’/’ @ = a v
gavsouinmes  lAussduodwailudyanadutiulanisay wsnfSeuioues1duss
) a a 4 9 Y [ [~ o a 4 Y o
AUNNAVIINIITOUNINTIADT uddlWussdueenidunin imsilauouding 1 dayano
) 9 ! o o Y o 1 Ao { 1 a o Y
witnud lgeesiiu seniuwiy ludemndmua 1iaei ¢, udaeadagidifuussiudi
a 1 d' Ly 9 1 d’ q’j
2eluransiuAlsmneiiy
a a v - w Sa gy ' o o Y
2vsduiinsazlisestutiulanvay Afialdgegamundazszdunsafuud
A o a ¢ Y A 9 a a o o Y ~ v Y a 1 o
eiimiaiagiivuiiveeesduiinanes i ld lUiuseaudredemiay usesduves
v R Y g @ ua.ll o A 1 ~ Y Y [
2smaivs Ididudyanaduiulanaoin fe 49 t, Tugdi 2.6 wieug fudsumes
@ < A A o 1
stuautluguiios i ing
4 [ a a 7 A g U @ . 051’ [
11015 9A V10 DATBTIWI DUTT MRS INLT DI ISIRUAUEDANTY LedUYI00N
=t 3 < | o @ { 1
¥o4 2snlTeuinguivduavvioiligud A3snatguainsadumaounacld ewda
y w1 A g o o < o o a ¢
dyanaalasylfeniunomnldhnesdua swnduialsuldidugnd udwimsaing
Y 1A ayp ja, o 1w @ A =% a A @ =
Tiun Aduyhuoesauiiinsnosaosdanuduna  Fadluassunlfundaanadnseu
L o o AY Y g Y < ' I~ [ W @ @ 9 i J A
wites i lawul Hinashuniddudadulasniafunssduidl win Jedvos
suasiyapannualedy pe-lianugndege smgauazlidnesnmnisd gl

= 3 4 { @ usjl A aa {
Joiffe fio naisad Tunisidfeunlasdayanns: aseo1aldianids-100 437 Iuvasi

suvularldaailsewa 30 Taniuin

a1 (3ui)

Vin 110

x Vin Yoy

\

usadu (Thad)

{ @ Y J @
Eﬂﬁ 2.6 LLi\‘]ﬂ‘H‘U’]@@ﬂ‘U@Q'Nﬂﬁ@u‘ﬂlﬂim@ﬁlﬁﬂﬂﬂﬂmﬁ’]



11

[ S J
3) 2 smlasdeyanauenzasniduadneauuuilsygauqat
o 3 aa 4 Y o Y
2asulasdyanauouzaenidludinoauuullszyangad  1dasddndionuy
1 1 a k) 9 a 1 v A Y1 w v 9 a o
alalg wiunungldvudhadad lnsendhansedui lidaduusedudiess aginisunsn
Y 4 9 a ~ a a L 1 A Ao
WodYoINTZUTD199911 1A TINATINYDIINNTOUAATIADS U 1NAIAIN  Tasndidu
4 I @ 1 o v a ~ 19 1 4 a dy A 1 [
vosnadeziludadiulasasanuussindunan lufar Uselomiveaunadiail Ao Awsadu
' v a a a J A Y a o d W qg/l Y 9 Y
annsouAuNUsYYIenNITBUIn mesvzlia Indifesgudliad deiunindeenis luld
a a o @ o [ aa
MAnNUHANIANANAYEINTIATY e 2esuasdyanaueuzasniiudyaufinea
o"dy& =1 9 1 ]
wuyiszyaugadivalinnugnderinalwwualaly
L 3| aa Y a |
4) 1vsulasdargrouenzaeniluadneanuaan-gni
~ A A v Aa 9 ot D 4 o Y @ 4
1037 27 uelussdeunatoudinintesduingnes, wevh ldaussdued

= ~ o Y ~ A o o Ay v Y 4
1/!(5]GU@\‘]'Nﬂjlﬂifﬂﬂ‘ﬂUUﬂULLﬁQQUﬂQWﬂ7ﬂ§ﬂ AD-N313IA Iﬂﬂwaﬁsl]@\‘]ﬂigllﬁﬂqﬂmu'@ﬂﬂcﬂlﬂ']@

U

'
v A

~ =1 A da o dgl Y 9 ' A
waveglssuiy- Tavadnsninainiessasugiivassumdi lildenoaswumse

Q

[ | v o w'd [ @
adnNIIa ﬁ"JU'Ni]5“U%1u')u7‘lﬁﬁﬁﬁﬁﬂﬂ15ﬂ%’]ﬂﬂu

st
D 3vdlnes

aunn

tevzann 1! CLRQ
F FJ 2995171

NITUY

T TRLITRMIR

z:i [ I~ an Y a 1
31U 2.7 2995 ulasdyanaueuzaeniudinoauuunadi-aii



12

w d‘ o
2.4.3 2v3uasdyanaueuzasnilufdneaildlulrsasiiu
1) wesulasdynaueuzaenilufdneauuuunsnia
o Y o v A 1 a mya oy J o o 42}
myhawsgadwAvIiuEe) wimsiu T ldGudunnagud Tavezshmsiviu
A v U Y [ U ] 9 UL [ [ R =1 c: J
nservasnnmganieldialng uduaawssiuduyelusouIntiaigansedin
4 9 Y a = S s va &£
TOUNUAT VDAVDIIITONAUVLLUNTNAT A K191 TAIS 1T
2) 2suasdanameuzasnilufdnearyumsySum
@ aa @ 1 dy S g Y | J A
1vsudasdyanaueuzaenidudiaeaunudsumil Ide'ldnlSeuniuuudun
Y = = a S| a o Y ¥ 2
nMUANUaziRYAmM ziRNRzeAl o Tarmuasadinua ldandygyinuia n gn
! Ay a v | s = Y o Y (4
U 2vTulasuine, 8 a6 desmsiaduiin 89 luvaisinuuldreniudesmsnad

=2 @ I~ R @ U @ A
09 256 gn 2 vsulatdamraseuzaenilufvneanonisySon udedagli 2.8

GUILTEATRTTON)
UTIAUBUNA
o= o —O 191ANA
J g
westarluus
)
u/ag
¢ . p
—  1e1Ana
- — ;
¢ N Tuuns
@ wans [ vua 8 da
1
25N DAC

{ @ 3 aa @ '
Ui 2.8 2005l asdyanaeuzasnitiuaineauuumsyiua



13

v [d aa \ \
2.4.4 Niliuﬂmﬁqmymuamaamﬂummmm‘umiqmmzmimm
[ I~ an 9 @ =1 A a 1
wsulasdyapaueuzaeniludinoa desmsna lumsulasdyanamsefiGonia
% % 4 = [ I aa { o
“Conversion Time” INou)asudyanauenzasniluddnoafimunzay Mdya aueuzaon
P! a 1 1 A o U A [
umsnfasuladlusznherimanlumsnlfouuauerdnavesaises doudyanaens
a a KX 9 a [ 9 1 1T W A 9 o U @
maanuianaiadedesinisfesiudromsquuazasmidyaia woldTunvesdyam
= 2 a ) Y 3 WYy o o TN =
wouzaonhyasuvesmslasudyanauduny idedunuilszy serniteaaiaimsasy

@ @ 1

@ A I ay 2K o 1 ] < Y 3 o
wlaandennmanlasudyanaadiaduisuaidyanaseuzasnm Iniuuiu 3enasaily

]
=

E
wuilizes 1 uansiegli 2.9

Ys5v
+35V
+15V PR
75V =y 20
[BMYAITLBYNTY
MR 'SC 5
MC1454N
LM3 14N Q0 Q7 _i 3 AL
15V
+—— L=y
? L ——p
= tycH (b ,
pe [~ 3 Fayaeiann
7415371, 2o
¢ AA
— V7 i
10kQ o A
+15V . L
ME1408
Voe VEE
LM741 50 pF
Nc
-15V -5V T 45V -15V T 5V Vref

y o 3 aa 1 1
g‘l]‘ﬁ 2.9 193511949 ﬂJﬂJTﬂlLL@H&’ﬁﬂﬂLﬂuﬂ%ﬂ@ﬁuﬂﬂﬂ']iqmLlﬁgﬂ']‘iﬂ\‘lﬂ'l



14

2.5 lulasneulnsamesnszga MCS-51

a 9 v a

d 1
lulnsnoulnsameslunszga Mcs-51 ldgnAaduianiuazninoengnan lng

u

auv a y 1 11 g <
vTEnauma weldlunumuguaien lidufuausuguunadn auniuausianmg

=

VA v 1 4 @
i]uﬂ\‘mmm‘ljﬁ]mmmGlﬂq;ﬁﬁmmmu%l@uwaﬁumi LB U ﬂ?iﬂ]ﬂﬂuqﬂﬂimﬂﬂﬂm’s‘lﬂ
3 v Y S o ry ! Yqg a v o
Lﬂumu "l]"lﬂ‘llf’]ﬂ"U'ENLhJIﬂ5ﬂ'f]uI“Vl5ﬁm@§‘V]3JﬂT§LITJ\‘]%?WU@]H@H\?‘] UW?U?JML'JGLUGH‘]JW'JLQU'J

] v

) Y A g KR A < a 1 o 2 & Aa 1 Y a
m“lwamwmsmumlmﬂmﬂ Nﬂ??i\lﬁgﬂﬁﬂllﬁ&’ﬂﬁ@Q@’JQ\?ﬂﬁlﬂu‘ﬂuﬂuuﬁmﬂ"ﬁﬂa’lﬂ ANkl

g
a a a A

a a o ya 1 ﬁy a av a A a o ]
“]f‘ﬂ‘ﬂﬁ'IEJ‘]JTH“V]Ulﬂ@]@W]ﬂﬂl@“ﬁ@ﬁmﬁﬂ‘ﬁﬂﬁWﬁﬁ‘b’ﬂ%?ﬂ‘ﬂi‘ﬂ%’i)ul‘ﬂﬁ LW@llﬂNﬁﬁlLﬁzﬂ'IHUWEJ

9
Y = o

TaglatinsUSulyanuy ss@isamIfqetu Ml ludagui luTasnou Insanes A

QU

WATFIABIIUAY MCSS 1 vasusTnaunageniwiona1ogu
A Ul d
2.5.1 pasaniiaveslulnsnewlnsaines MCS51
T (4
1) agamsumastelil s 1ad gnufen
| Pt 1 a
2) i lulnsaoulnsamesnlaviiiedssuaanana1suna 8ba
) 1 1 o a 4
3) S sy psrthea i 1 Usunsn 1884 64 nla Tus
o ' ' o a J
4) B svomtIgn W S 1TeIa AR 64 Ta lud
] o = 421 @ o’ a oA :/‘
5) niiaaa 11 1Wiunsunoln (Program Memoty) NHQ18UHIATUAVLOS 0% Hte
HUUTON DWI DM Lazhuulnass
] o, 9 [~ o’ ] o
6) M1 TuaNUTeYanIy 11 (Data Memory) 11 1mpnsiluuisusivissanui
S Q' a
DONTOUINUAN
7) veaud llsunsmendagaatufidera Tunsiieustutnoenaindueeng
a I~ o a :’l a o @ 1 a
az 8 Ua n3o lranitlumesavin 1 Oa sauianua 32:40ainuutnfiuoiedass
8) 12995 DAVIAIHaa 16 Ua2 o 113911 1A 491l
= 4 4
9) ANOSAM I TOA1TOYNIN
v (Y] a do 1 Y 1 o Y o 1
10) SudId IR TNa 1A 6 uvas nsz laaldiauneuauedld 5 dumils
11) Hvsnudadyaaednielu
Y Y Q’/’ a a
12) Uszanawadoya ldnwny 1 da uag 8 da
Y d
2.5.2 Insaaameluvedlulasneulnsaaes MCS-51
o 9 1 ] 2 1 dy
moluluTnsaouInsames Ysenoudlunaniae 1 AND, OR, NOT Sunainanil
vzthueenuuu IRl fniinude @y 29950200 295Ut oyn 29vT00ATHH

'
o

o @ a 9
A wazavvsasudyanuuim IassaseneluveslulnsneuInsamos MCS-51 aag

1 Y
Aa319 2:10 Felsznounle 3 daundng Al



15

INTI
INT2
Timer O
Timer 1
Serial Port

IYVVY
MIAIUAY NUIWANU N1UIWANNTH 295D/ 1

o g4
S 3Pamesou P
a3 sna doyamolu Tusunsuniolu 2093110/ 2

%

=D
=2
e

X

dwmnguila Wos AR TR AN nosaoIANA

g SRERRIITY
Ty UM

A
11.0592 MHz
’——' ' —
I] EAC ALE
33pF A~ 33pF = T
855 VSN TxD  RxD
PO Pl R2 123

A isvestoya

)

—
)

592,10 Tagsaianoluvos Iy Tasaoi Insamos MCstsi

1) vesziraranals
1 o @ 1 1 a J % i .
Usgneudiodiudina 2. drm-fe-adauilserTananndinmans (Arithmetic Logic

' s ' 1 a 4
Unit : ALU) 40@2UAIUAN (Control Unit : CU) Tudiuvesniiolszuianansndamans

£

o ~ ] ' A Y Y o YA 3 9 '
WTﬁuWﬂﬂi%NﬁﬁNﬁﬂlﬂHﬁ WU NITUIN AL ﬂﬂ! 145?)1’1']5‘11@34“?1 LLﬂ?UTWﬁﬁWﬁ‘lﬂlﬂU131uWUUU

o

~ ] o Y A @ a Thip®, 1 4
ﬂ"J'Ill"ll"IV]{S?]}'E]\‘lﬂT§LLﬂ$ﬁ’Juﬂ'JUﬂ1W$V]'l'ﬂu1%ﬁ§1\3ﬁ'i§i§1ﬂ!ﬂ'§ﬂﬂh1ﬂﬂ15@ﬂﬂ@ﬂﬂﬁlusu"]

Tyanaiiasisnniesaiugy 1Aud dygadmiumsdadetumianu dygraiade

(e

@

LY i [ v o ' @ : 1
nugUnssisudeyardimiodsdoyaoen dauaruqumsdainag uazduniugusadamie

o

Uszurawanasezinisadedyaaniunylasmsneasiasidaitingsdmua Suas
oy

P
) {9 g ) v o Ay oi. AN Lia)

dygrafiaiduizndudsiudyapanimiadisnniesduiadyaounin Wield

a

' o @ ' 9
NN ﬁ’JLl‘V]N']L!‘L]i%ﬁ'1uﬂu@ﬂﬁgﬂﬁﬂﬁ

q



16

2) HHIIANIND
Aango o o Y < o 9 v ' o o I ¥ Y
idmiveadideya Felumsihdeyaduazesnsinniisnnuin duiludoss
o 1 1 ° o 9 < P4 ' o = ' = vy
dumisvesnileanudrlunsideya o3 lumiennud Send “msdsudoya”
o 9 1 o = J 1 Y 4
HazMIUIveYARENNANHINANNTY (5831 “miserudeya” Tululnsaoulnsaaes
v
MCS-51 Foyausazdumiaziiving 8 0 duiuudazdumtsoamizsnnusiezamise
s 9 &L A ' =2 A = a 1w
NUVOYAFINAITTHIN 00000000, D9 11111111, W30 00H 9 OFFH lumisAerefiy
HeAMN zAolidymn 3agwfo
(] ] { = U % 1 o é = T (% 1
2.1) MunyeAsImsAanenuNIEnNNTIE “MES-51 a1nIafafenUnY
Y
o ! o = ) 1 a Y
anui lsunsu sagmizensadoyalaqegauinng 65,536 dimus (64 Alalud) fariu
1 Y
mygedwresniion NuEazdo I msduanai muad e 16 1du
" 1 65,536)
9 A A o ' o o v Ay
2.2) YOYANDIUNT DIBUNUY LA 11X Tud unushdasns
2:3) dyapamuauiveds hdmihonust evennliiisnnui1hdeams
\ é v o Q'/ o v o Q'J 'l
srunTellivudoya r daaiasasasHardagiin s afadRanaangundIdeneudun
INMUANIYE s HATY
1 4
3) aunapEUNR/R 1ANA

9 Y e vl| 9 o

o ' Ay Y v = '+ o P
Lﬂuﬁ"luﬂi"]ﬂﬂﬂ%ﬂﬂﬁﬂl1ﬁ§@ﬁ\1‘l1ﬁ)llﬁ@@ﬂiﬂﬂ MCS-51 VHEl‘}’TﬁTll']iﬂﬁﬂGl@ﬂ‘]JQﬂﬂim

U U

9 ]

9 Ja (4
meven 1a gilnsaBuiaieadna laua
9

Jd a J = o Yo 19 I @
3.1) Wﬂiﬂﬂu%jﬁ/m’mﬂﬁ“ﬂﬂmu']u UNINUA 4 NOTH Gl%ﬁﬂﬁwagmﬂuﬁﬂJme

g

[

f
an 9 A 1 o 1 D) Y a = rd
AIADAIIINTRBBNIIN MOS-51 Iagunasneinizivdsdoyala 840 iwesa PO P1 P2 uay
s ] ' v
P3 11900509 15Uu1nnI1 Twean
) o ) { I @ o
3.2) 2asu/AUnaT mMawld 2 wihn Ao ldursesiunsesunar 19 unsa
{ g ) o v o @ a I~ o’/’ 1A
mursastvazimsiuinuseuvesdyauunaiely Mcs-51 A1d ansadeasy
Y ) 1 1 o Y 1 A g o 9 o
AuvoamsnurazmMse UMty 1d lasaulszuiananan Wetluiwwssunaizldnsn
-7 -7 = 1 o 1 o é T L% o
M3ArIRUIITTLsRazA MU 1gagaveInstiu ]l desigegavesmsiudiuinan
10 AIANABINMTIVIANTULDY
o 1 [ = 9 @ 4 I~
3.3) WOTADUNTU muﬂﬁxmawaﬂmwzmmmmaumayaﬂuwamwmmﬂu
uuy 8 Ua udnzdoynizgnatoeniin MCs-51 iFeseenainyt TxD uazlumssudeyaszsu

a [ 1 a 4 1 1
Whunfiazinma v1 RxD udadaiseaIniiiu 8 G tie1¥@fige1u 1y 1dmude 'y



o @ L4 o
GRY! ﬂﬂﬂﬂ)gﬁ? TN NITBUINAIMANTL LY

17

a d
2.6 153 U086 1187

I o

J o a a  d o
Tumsanquginsaonluszuniu@nd Idhanumuniudesns gunseifin
v 7 o = o I % £ A I & oy
Tguasaiiaunldsudumia fle “ndr Falumadeundmununiuannsarhldnme
aa & 4 Y v dy A Yas aa & [
Wyu mameunadlaglindwie naln au TWihaiuquuieldisladtuilasiudu
4 Y g} Y Y va ¢ A o3| @ ! o 1
Tumsldaaiesdniming wa Tudidldndnd Iufududauaulumswfeudumia
A A A ' 2L a s 2
¥30iTendnodaniian “lydusrangs”
a J J 1 < a ' @ o J
Teduesanaresomiseonidlu 2 wilaluajq defu Ao 1187 32 uaznda 52

Y
v A

{ o ' wa ' @
Tagnnausiazlszinn ozl aadluanimna i fe
d
2.6.1 1147 3/2
dJ 0 v
1) NA32 M Ean
4 a yd oA { o [} i 1
187232 viladdumameldeudiunis Jeoldauiusala luges lnasavuneay
J Y a @ :/} [% a osll
12 Taseadwvesndatioyanaliewina 14 2 Remedaiudangdaatacunsodon 1@
v
Unatlauazilanida Aenazad ulddumisalad 1 Fatlsen - 8as sahefannie)awasuoy

v = Jd an @ ~
NWONWINE ‘If@\‘]ulWﬁE]ﬂWlﬂﬂm“U 12 WiJ'IfJﬂ\‘]'ﬂﬁ'JﬂﬂW’L]ﬂ llﬁﬂﬂﬂﬁzﬂﬂ 211

el AN

. ——
Ui 2.11 1187 32 awdeanuuvaya

d o v a ¢ v Y A
2) 1187 3/2 nudeladuean ndumeada
[ o a d a dy o ] a ' 9y
nanmaiauved laaussawsia 3/2 4 Tudumislad auszesnniares 1 szl
a 4 4 a o [ ° < v
Tuga Tquesaaudneie Wevaadnloduesa lasudyana liihezi l¥unuumansou
v I v dgl A dgl o Y 1
nmelunimanuazganemwalieniu ienewmwagnoniuazinliaueonsinges 1
Wmeon llauliaijamdeuilavilanuoonainges 1 eoniives 2 diures 3 axgnila

3 7 ]

EY o [~} 2 a 4 e 4 1 A ~
3] 'Iﬂﬁ'liJfTﬂJﬁﬂ‘Hﬂli]&’iﬂumﬁ@ﬂﬁll"l‘ﬂsu@\‘]I“ﬁﬂﬂ@ﬂﬂltﬂ&’ﬂﬂlW@Lﬂﬂ?Tﬁ? TIUANTDIN NN DY

U QU

48300



18

Y = & = Yo o Y 4 = o ' 9y A a N 1o
ATUUU D Lﬂi@\‘i‘ﬁlﬂﬂll@ﬂﬂcl"]fﬁ'l‘l’iillﬂ@iW’J”I'ﬁ']l,‘llﬁﬂu@%!,ﬁu@ulﬂ LZJEJI“BﬁHE]?Jﬂ%J‘Vﬂﬂu

oo lifinszua lfh uamedegi 2.12

a o
YA lsauoua
|

aja GHIER

NOWWN —] _‘ y /\V/\II
flonadmsu t H

Manual over-ride X | 1

{ Jd o a L) d 2
s 232970930 e Teauetd nauaaeails

d
2.6.2 a1 5/2
d o . =Y
1) 21a35/2 711\11149%1'38’(}131 ﬂﬁ‘UG%II’JEJﬁ‘IJ'N
[ o J @ (3 ~ 1 d [
ANHAUINITNMINIUVDIIAT 5/2 L‘Viﬁ@i‘!ﬂ‘U’Nﬁ’J 3/2 4NY$N 10 5/2 Gl‘ffjﬂ‘]_lﬂigﬂﬂﬂ’qu

a a [T J @ y < a3 d A @
wiia a9 DIgamdy ool 52 uandfegun 205 wwiusllvinaildausaluala

o’j a : 3 rel 1 Jd
NIA0INANI FegaiiinyAognmua19vedng,

—ﬁ NN W 5

14 S 4 1 2 3

4 g o [ a
31 2.13 1107 572 Modaeaw ndudsadsa



19

¢ o o
2) 111 52 g lsauesnnsae i
@ o A [ 4 o Y a 4 v 9 a 1 o ~
nanMIMNUIEMiioUAUNG? 3/2 Maude Tsauesa naudiealTe aeduasai
@ J Y a d 1 a ) [ s
MsneundUYeINaL 5,2 HazAeald ludueed dunuw 3/2 wldaiss dwsugunsaifiona

d 1A o J @ ~
15z TomliguiRentuna 32 uaasdaziii 2.14

a o
vaa29 lsauaya

II
A

) 4

=
N

3 1 )

NONING

ianad iy

Manual-over-ride

£

Y ¢ o < 7 o
3214 16 52 s lgauodeveas iy

2.7 LAY

o

g I o o ] £ " ye A
nizvenguilugtnsalnialudayagiidua s Heuie lddei]
2.7.1 NITVRNZINIUAL

a = J o = & Ag v Y o
NIzUOAFUNINALD Ao aUnTaiMaeTsEauIe T Iduse luui i dunsaaz i

a = @ S Aa A a Ay A < @ Y a
nAmuRed dnvzilndemieinizuenguiesn vaishdiigusoennezau I adsamely

v 1

o i 2l v ya 2 e &
ﬂizuaﬂqmzqummaummﬂaﬂgﬂgwmwﬂeummﬁzmﬂqﬂmqaaﬂuu ﬁﬂiﬂmum@gu

3

wamedeenumisuivdiuligngunauwiesludiiiniudy nrzuonquaidafisniude

U U
]

[ Y [} = & A T 9 Y I 1 3 2 9 ~ A
BYNNAUYNFY TIUDNFHHINBINIAIUMUgUIzilugszwaumiy Fuoe 13 Taef il

= ) [ 19 1 [ ~
nagdmivldadedoan uaadegili 2.15

FYUA—A A A

VAVAVAVEN N

s

31 2.15 nIzvengUMNAN

F—~

A A—A—A
AVATAYA
ViRV Y=

:



20

2.7.2 DIZUBNFUADINN

a o a A < o a & A 9 9
nszvenguriaiauassiame fe ginsaihnusdanianliusaluuuuduas g
QSIIIQ' 9 a a dy 1 a l [ 3 Y a
nwtuazieeen nizuenquyiailes liialSsegnielunszuengy dniu mslianguis
Y @ ! ) 1T a [ !
wasuoaudaldidnldmedugngy  aslignquuandudumisdudesorausalddnlyl

Y 3 ' 4 a a 1 a @ 1
Tuiugu anuivesgngueglunmst 30-2,000 Tadasaeunil uaasdagili 2.16

a o LY Y 9y @ 9
avSadmsuduIignguieundy . thaseurihy
ant1 vhﬂlanm i
\ [
| K '_/
X /1 T
320N yriigy gy ) Jnoau

JUN 216 nszuangiroInTs

U



UNN 3

ARSI ﬂ15ﬁ%l'|\‘l HazNIININU

3.1 nan

v Y o

] Y
ﬂ’]5E)’ﬂﬂ!,!,‘]_lUllﬁgﬂ'liﬁ%ﬂlﬂ?@\iﬁﬂﬁ'lﬂuﬂﬂ\iﬂﬁiuhfﬂ ﬂﬁ%ﬂ@ﬂﬁ?ﬂiﬂﬁﬁﬁ%’lﬂ‘ﬂ@\i

q

d‘ [ d‘ 9 :ﬂl [ cy v Y o wva Y 1 1 1
Lﬂiﬂ\iﬂmwﬂuﬁzﬂfi%iﬂisﬁﬁlulﬂiﬂﬂﬂﬂuWﬁuﬂﬂﬂaﬂiuhﬁ lem 'J\‘li]ﬁLL‘Vi’dﬁ]']EJhlw R

@ J o a J g
VUUBIADT 'J\?"l]il]'igiwilﬁwaﬂﬁ']\‘l uaz’mmmuimauaﬂmm’s

3.2 ﬂ”li?]@ﬂ&!‘l]ﬂ]x‘l‘%iﬂ'k‘ic] HAZNITNIIIUUD$I9D9

Y @ 2

E4 ] v
‘ﬁﬂﬁ@ﬂﬂ”ﬁﬁ?ﬁﬂ“ﬂ@ﬂkﬂ?@ﬁﬁﬂﬁ']‘ViﬁﬂﬂQ@GlI’LliJﬁfl"UL!G]’EJT«!ﬂWﬁ‘ﬁN']uLLﬂﬁﬂﬁﬂﬂ1i

Q

MU A9z 34

: Lwasmmwa I |nauﬁmwaJ
TN 3 i 5

wiasdn | ¥ WA - 29951550008 199390
B ¥ - Tnansan VOSAOUANIADS AR\ | S
IR o Nanang T3auotandd

A

Pl wewed N & o,
: i FIATNINA

1995maneli

GERTGOLT

ATLUDATY 2

AIZUINGY 3

ehkH
o vl g
Tuneme; [E——

Y o

T v E4
3N 3.1 uruAimsThaveunsosnaimingedn Tusda

L §

A I~ Y o nﬁ' @ g‘ v Y o wa 1 o
1ngdN 3.1 Wuuwudamsmhanuvouniesaatimindwn Tuld Taoudamsiiau

[<f ' A 1 g o A @ vy ! = g 5 Ao '
poniilu 2 dw Ao diidluduniesdausnfuazdiunituicsniugy Tasfivsaesau
o A A o Y. .o v A Y gy 2w 9y oayy ' v
HeneBNINML ainTodfauniiimItaissdalieenniiazda e ldaznauasuud

o 4 o 1 U { F) [V | a a o 4 o [ 4
Tnaawaduaz Inaawadazhnsdsni 14 lUduiemsuainmes evhnisemdeyanld

@ J Y o ' g} @ Y 19 @ g
vind Inaaadudwimsuaasniminie lduazdsdoyaluds lulnsneu Tnsames



22

d’ o 1 3’ v dll Y 1 1 1 n’./
worhmsUssuanadnimiiniem I8 luusasAwazdaldainguaszuengy  Tasezdanuy
1 @ a Jd J o [ 1 3 1 :) @ osj 1 oy v
HIUN192995 90 Trdueennad dmsudauvesmsasanimin mannsadsanimmindu
YR a a oL Qs’l 1 3’ @ 9 1 A [ 9 9
e ILBuAnmesdanTadeatiminld 3 vme ludivounSesdausndenzld
J @ @ v A a @ L4 o @ [ ] o
vomosidudmynluialumsiasoanzinstuvemes Hudnlfuanudivesluia
1 =y = % dy
AR NTUIWaZDIART
v \
3.2.1 2399unasaelv
1 1 o Y A Y] Y o ] oaj 1 Py ﬂ
wvsunasne lihmhiisieus wulidunad1uveias Meduiiduves
A @ 4 ! a % L v o
iwsesnauenfuazdiuiidiuansdssrananme. tssaou 1 0umasseus sfusuam

i Y J VWA Y J
2 %A Ao unads LRI IA 12 Toaduaglastionsefuviig 5-Jaq

°F AC+ _‘.[+ T+ 7805 __IT—_O+5V
4700 uE ['uF 0.1 uF
AC—I 25'V. _]:- 16V J_ I 16 V
220 VAC 0V \G e = .
122V
ACH i+ I+ 7812 ‘—I——-O*_ +12V
AC 4700 uF 1uF _L 0.LuF
v "I 25V I 16 I I 16

s 3229950mas9 1w 1y

1nglil 3.2 a0sunawiy lildnuasnyiiitvenssAe’ Mmthiiulaen
[~ a, oo U 4 IS @
aszuaadudulilnsdianse TeslaloauSadiludatoenszua 14 lef ves 7812 Wud
a o @ J a J o3| v aw Y s £ ]
WiaussAuuIa 124380 taglediues 7805 Wudinalis uaan 5 Taad Feazlidufy
3w o Yt ~ B2 43
Uszpiludinsowsau il mseus ity
[ d
3.2.2 29957UNBINDS

) A [ g’ v Y o wva 9 o ﬂ @
mannuvesnsesaniningeon lulides luomes idinssuans uiudamyu

@ ] o 4 @ o d o v 1 a a o [
luwalumsdauends Tasmsihauveswemesdesduiussursudumnmed nanms
o @ 4 v { [ ) 0'1 o a
MUveTTUNeINeT tansaigli 3.3 wodemidaveslulasaeuInsames Tavanin
= o Y v d o A a Al e g 9 L= a
nennsoi lvgadunemos e Ao aodn 0 Weldidedeld lulnsnouInsamesiaodn

o J o o lo o

0 LED melueedld pcs17 aziinssualasimanudunmiy 330 levy vhnthisise
A a & ] Y o = v W 9

nszumiloniugmaesnednieluesllninszua wlnszualvaludednnudiuniy

10 AlaTovin /lusalvfuneanla wes IRF 540 dsemnsadunssudldgegn 10 uondl



23

A o 0 9 T T @ 4
LﬂJ@ﬂJ@ﬁW\l@]H’lﬂigllﬁ 1’]’]11’”153&'6’(5]WﬂLlfHfNFtﬂEJ"lV\lll‘ViﬁN’]uhlﬂﬂ\‘i‘Uﬂﬁ')ﬂ‘ﬂ@\?llfJM'ﬂﬁﬂi‘].l']\ﬁ]ﬁ

1 o Y A [ Y @ A J o
ﬁ?ul‘lﬂif’)ﬂ 1N4001 Vnﬁm‘ﬂﬁmﬂuﬂ‘izuﬁ"lﬂaUauﬂauclmlmwuﬂmaiﬂqﬂmam

5V +45V
R R,
330Q 3300
M

1 3. IRF540 R

AVAY 24 DI

5 S 1N4001

R;

[onb > Y

4 @ 4
3UN 3.3 2995 90N0le 03

3.2.3 19951553nananaiy
o 9 o o I~ )
A1sMNUYeNRTYsEtanana1ele I Iasaoy Insamos s AT89S8252 1w
° aa.ll @ o 1 H v U = o 4 o
AIVUAUMTNNHIBINTZUONGUNI-3 G2 Tresuah ldaadaewiduainmesaginms
a o -4 :ll [ A A & Y o [
dsguananiugu laddeunaT 52 19 3 ApilohegdsIdpszdonguiha dnuazms
o aq Y o o Y
anvenslszinananmaeiiidlulasnonInsawes wos ATs9Ss252  Aisaruguln
) 9 = ,é’ 1 1 ) dy
TuTasneuInsamesiaudosiimintuguiugiuaiudee aeil
1 1 ~ Yo =) [ 4 [
1) unaswndlouldnu luTnsaeuInsamesHuuiauseeu 5 1had nsslouumaasie
Tvlagyimiuan 40 (Vee) azan 20 (Gnd)
] a I~ ) v o 4
2) dynann#n Ul UM UAIIIZMININUYBLTT U tipsnnmely  MCS-51

= a A} o 2K 1 1 9 ~ 1 a o A a 4
mwaaeﬁmammamgium i]N'IEIGIEJﬂ'I‘Sbl"H\‘ﬂ‘L!LWEN@’l’]ﬂiﬁ’ﬁlﬁﬂ’.]'mf] 11.0592 1uNELIINY

4 5 inaslie Sl 2
N1 18 uasu1 19 llﬁﬂﬂ’]ﬂ’li@@ﬁ'}iﬂﬂﬂigﬂq‘VI“U’]‘VN 2 NT1IA



24

1 y A & 8 ¢ < <
3) daumsswa osudumsiiaulaeeei ¥ 1Usunsunniwesidy 0000 wSe
ld Mcs 51 lufigasudu JoulumsSun fe dealddwanaaedin 1 A1 9 (RESET)
[l I~{ o o i
98191 1T UNAT 2 WTOUMITNUVEIMT]
1 ° 1 et @ ¥ I~
4) m3aen lamyieaud Tsunsuniely veiinisae v1 A Whiuv vee oy
9 9 ] ) 1 9 A 1 Jd a 4
mslFnuiumiwanuiTdsunsunely wazdiugaie Ao AIUVDINDTADUNA/LDIANA
dd & o P P N y =
2 1FAAUNIMUA 3 WBTA Ap Wosm 0 WosM 1 LAYWesM 2 Gausazwesnazil

@ @ ' ' ' 4
ﬁ')ﬂ'ﬂiJéI}”IH‘I/]Tu“ICI‘ﬁ-E]W (Pull-Up) ABBYITHINNDIN

0.1 uF
= 11
11
L7477 uF +5V =
T/ s0v SW: +8V
T 3l 40
FA vee 10 kQ
L5y 9| RESET
32
8.2 kQ > P0.7 33 'l G
A =
P0.5
10kE - ;g P0.4 ;Z G|
— V=) P03 7 ]
lam + ; P10 Cog o ;g ‘e
¢ ] T 1;}-; o P0.0 s <
;‘ P13 n Y
£l e N FUTDYAIN
E =—1. PLS v a a ¢
= 3 P1.6 AIDUALNIADT
R17
dalnruqu - 10 k€2
= P27IALS )
Taduesanan S T | =
i P25/AL3 |52 o)
HASUDINDT P2.4/A12 s =)
P23AIL EB)
P2.2/A10 " o ® =
P2.1/A9 >
20 21
J___ GND P2.0/A8 :)
- 1ALl ii” aa'lfanes
n 18 11052MHz | 19 -
’ 'DI ! LHETPNHNA
—L 33 pF —1_33 pF

g
31 3.4 29931/52090WaNA1



25

Y] a d d
3.2.4 33959V aUREAAN
o a SUE P Y A o q 9 ° a s & Aq ¥
299590 T U018 imninlumsdalinszvenguiinu Tedussandnldee
o a 4 J o ] o a o o
Wulsduesnal 52 U 3 f 1uﬂ15w1a1umaaTmauaﬂmmfngﬂmmﬂﬂmm5
szurananand
[ ) [ a 4 I'd [ ~ 9 a 4
anbagMImamvennstuleduesanad waawsgln 3.5 Taeldnsudmaes
s &g A o da o & v w A Yo a d &
Wwes TIP 110 Fudunsiugawesuvvuasassudiudivunszuanaevny laduseai1an

Y]

A A Y o a 4 o Y
Welidyamuanivsdszurananarsundeuldsuvunavemsiuganey veiq14
a 7o = o '3 Yo a I~ 1
NIUTAR05 9 191U luseiiuwe-12- e ey iy Tedused 118 1@ do g #
J a J =1 ' ] a o J o Y o
Nneaannes  vonTmdmnesnasiilalepdenson Tvanesand  ludnvas ludandy
A @ o Aea RPN v ] v @ A '
rioflosdunszuddoundudafinnnfifiavinsiauiimannadadavaada iovgaie

Y a o 3 o 9 o a Ja Y
ﬂﬁ&l;ﬁiﬁi“]fﬁuﬂﬂﬂj'm? mmnﬂwmmmmﬁmaimﬂmﬂﬂ

+H12.V.

a o 4
IN4001 T5a1 0882189

QI
TIP 110

d‘ LY a o o
31 3.5 299590 T upennda



26

33 NQQ1uﬁll§]Qlﬂ5i’)\1ﬂﬂu1ﬁuﬂﬁﬂ@ﬂiuuﬂ
insossaimingdesa Tudaindnmsiau fo domAsaan inFesziimsiatea

v Y Ao a v o o 3’ v A Y 1 o
ﬂﬂ!iﬂﬁvlﬂ?J'l‘VlWﬂ"l'i‘lf\‘iu'lﬁuﬂLW@ﬁ'l"’Uu'lﬂ"UE]\‘lfNLLG]a&“GI'JGH?J

Y =) o Y 0
a“lmiﬁmmaz 7 VNUUITUITNN

o o 4
THIMUNN
9 g d'! % :l v 9 o wa [ d'
§nA03 HINUYoUATEeAA M NS TR uaasdegli 3.6

A v
1TUAU

@ A Y
VATYIN

n’/’ 9 o [ 9 3 [ d' [ 9 ]
G]\‘lll?] HasNINIAALIENAY hlﬂGI”ISJGUHTWVN 3 YU awam%uzmaﬁﬂﬂamq

Do D

4

0 Y.
FRNNUN

4

AALENVUIA

tﬂ' v A @ ay v Y w va
31N 3.6 AnuvounseIdaN TN ede 1A

d' L Y
34 N139BINLUULATIINALSNNI
inTosfauunANdfsznauanue 5sdau Ae nswdMSUTUMInTzede ma

@ o A v o @ | 1w :I o @ C4 091} v
se95ude T1edudes TuadmSvmsinaons wiusuimintud Inaaead Taesa 5 g

RX—a o d AR a o L a [ dy
i]3ﬂﬂ55]ﬂfTUI‘f’ﬁ\'jLWﬁﬂWﬂﬂﬂﬂﬂULLﬂuN@&ﬁ@ﬁ SFANTUASIDUAAIY

3.4.1 GIUNTIWAHIVIUNIMYMAZNIZEN
o = 9 n:l ] Y Y c:/ 3 d‘ Y 1 [
ﬂ']i‘l/]WQTuﬂJ@QﬂﬁjﬂﬂJWu'chlUﬂTicb")EﬂWQﬂﬂi$%']EW]'TVNﬂWﬂLW@iﬁQTﬂﬂ@ﬂTiﬂﬂLwﬂ

1 I 1 ' 9y ! A ' AqQ Yo v W Y =& |qs;/
ﬁﬂJ'liﬂLL‘iNf)'ﬂﬂLﬂuﬁ’Juﬁlﬂch] ulﬂ 2 99U A9 ﬁ’Ju‘V]ﬁl“IfﬁWW'i‘UﬁJﬂﬁL'ﬂf]\’i FIDYFUUUFAVD

g A [ ' A A 1 F2 @ ~ ~
AUATOIAALLYN TIUNTDI AD TIUVOINITNITSIYN Ltﬁﬂﬂﬂﬁgﬂ'ﬂ 3.7 uazgﬂ‘ﬂ 3.8



27

10 cm

1
I
-

Y 4 Y
1) N3N BRITUTTHGR (W) M328N3290AIFUNA 1A FUA1S
d’ @ o o 4
31N 3.8 dnvazuazvAveInT i UNTZ IR

a’ v & = v A A 1 v
1NN 3.8 (M) newnzefesTLUUgazlilaA L uLMaue Nz IR
Y A 1 [ Y A Slddy v ~ I~
MInTENReInauasnNnnIwiuMamdelimanszaeldain daugdi 3.8 ) iy
o o iy i o H
AnyazYeINTIBNTEMUtsuNa AT TUa N dglivinanugaesn Fuuuge Mlaedu

[

= S 9 @ 1 @
vusgiianyazugdmsyldunuvealuiia



28

3.4.2 MA5095UN

A v 9 =
3N 3.9 prasessudsiazynInTDIgTeIz

Y = Y v Y A

1 £ v
MINaNUIBIN TR LA ITIN s0ss uRInAevmsnausndsiivianun 3 Funn

Q q

D.

Y Y

ugzl A A ) @ Y ' A @ 1 Y 1 =

%mzwmmmzmmﬂmwaumq%uﬂﬂ"lﬂqmaz 194 Iﬂﬂﬂ’ﬂhﬂ'ﬂ\‘i‘ll@\i%'ﬁ)ﬂ‘ﬂ&’ﬂ"lju1ﬂ
1w a Y o il s d’ I [ q’/’ n’z’ 1 d' Y Y 1 1

!.‘V]"Iﬂ‘].l“lJﬁJ']ﬂ!Q\WI'Jﬁlﬁty 17617 ‘1n’mmsﬂwauaa‘lﬂmmﬂ%uﬂmmawumam@‘lwqwaumq

v W g, @ J o, G v [ 4
unusuthwinuu Ivaasadnuddy Tnelanyuzias v 1aadnaglis.g

3.4.3 9190 UAEINS

~ @ o A 4
3N 3.0 SnvazuazvAYeIT N 1R A



29

v ] Y
11n3UN 3.10 wandnpuzHaz YA INERIRe Worinslszulanadimiin

v < o a Catnery ) Y
‘Ui’NQ\‘lIﬂﬂquiﬂiﬂﬂuiﬂﬁmﬁ@ﬂm? ’J\‘l"l]ﬁ“ll‘UI"b’ﬁuﬂfJﬂ'J']ﬁ') %&’ﬁﬂﬂiZU@ﬂq‘Uﬂ'liﬁJuTWUG\‘lfN

Y v
v £ 1A =

Y
aduniiminohlasaziaeyluvina vy nszuenguaziimsaadafaliadlunisusi

).

@ o [~ 1 4 a 1 I~
amsenld Teonedudsarziludufiuenirmevestaudazuna I luifu 13 Tumsuzses
£ YN Y 1 )

vmsen 13 laed1sgndos

ae

v d' 14
3.4.4 TuWanaens
o [ A 9y a Y A& A g A 1 [ Y U 1 A
msnnuvesluiandsieiiniinasieioduuniasossuneldnauaslusesime

Y A Yy J @ 3 [ ] [ ' =~ =) 1w 9
13 iveldfeanauas lfasuda il Jesrmiiisvosludaluusas Fazlivunamduanunha

Y

vouradlvg 1 @ pazauguedluwasslidniaminuaniigivesaa Ao iiduanuga

o U
Y o 1

v @ 19 9 a o ' @ 4
0382099 Imaidaluansasuuiue - Taud 1 lunarstafafuun U NG RN LIINGINBIADS

q g q

£ g Y v oo =
Faudinunumsvyuueshie aggin 3.11

L
\—/ 2lcm

L

3cm

10 cm

Ui 3.1 dnvazuazvinavesluiamasd

U



30

3.4.5 UNUSVINHIID

Y ]
1 [ o 3 I3 '

] v
windmhmineeininsudeivauawininmasesiudaduaege Tasurusy

a o o KX a

g} o A 4 1w oy v o 4 4
‘H’lﬂuﬂﬁgﬂﬁﬂﬂﬂﬁ I‘Viaﬂicﬁﬁﬁ ﬂ’]iﬂﬂ@ﬂu%uiﬂu’]ﬁuﬂﬂﬂjﬁa@&“ﬁﬁa%gﬁj@\jﬁﬁgﬂf’fUﬂﬂaWQ
1 [ g’ o 1 KR a nm Y 4 o Y 3’ v A Y &
VBULNUITUVUIMUNNDU lW'ﬂgfﬂjﬂﬂ@ﬂIﬂlelﬂJ‘1@?ﬂﬂu&ﬂﬁ’]fiﬂzﬂ'lﬁlWﬂ']u']ﬁuﬂﬂhlﬂ‘l]’]ﬂﬂ’]ﬁ‘]f\‘l

Y v
lunsiazggauuunusubhminia ldwidu  Tasdnyazuazviuiavesiusuimidn

waneAagi 3.12

[ Y
310 3.12 any iz iezn Ao IS U via

3.4.6 lasanan

9 v A =1 1

< { o @ 1 1 @ :
InsumdniimihndmiveagnaaunennaTanatiadu 1idedu deapndiuase

Q

o Y S Ao 1< ~ d’o = T W
poaeanuIIANNazoInla Taslasunantdnyazdulnseaumdsunniinmsiadesu Iag

[ o 4

umaveunenuuauveslua uarligiudimiunaemes FalldnyazLaTILIRUR LA AL

AU aAIAagN 3.13



31

|
o=

—

———— wundn  —»
VUM 3% 3cm
10cm
100 cm s
wn 6 yu fo e
K3
133 ¢cm
B 20 cm |
R g ! /, | i
i [

dy [ = ¥ o o v = = 1 gj 1 Y o v & v 1%
enansiuenasianulidmiunisldauienis@nwivinuu ey mbinihluldussleviaunis

laidnsdlle viedu Bnvvinudlvideudasilomuazfesensddisivetenalsynassninisiluly



UNMN 4

NITNAadASHNANIINAAD

U o
4.1 AN
A @ :’ v Y o wva Y o a 4 4 Y o
Lﬂﬁ'E]\']ﬂﬂuTWuﬂfJ\iﬂﬂTuuﬁﬂﬁ%ﬂ@Uﬂ?U ’Nﬁ]ﬁ"’U‘UIWﬁU@ﬂ@'ﬂﬁ? NITVVUDINDT

v a a 4 Jd ! A v A Y
AIDUALNIADT Twam“}ma 299552 urananans Llazﬂ']uﬂi%ﬂ@ﬂﬂl@ﬁlﬂi@ﬂ%ﬂlﬁﬂﬂq@

4 o

=< 1 1 o v @ Y z ) o [~ o
Fauaazawihauduiusawigsuy - Taoldliriasaoulnsees Mcs-51 iWudiniugu

i Y E4
MINARDIAIUAN YBUAT D3RRt AL TLAIA nansnaade. fail

4.2 M3NAADINIIAIANININ

le' J :’ v Y Ay @ ~ = [ dy a QBJJ 1 v o
N3 PNATHINTHNINNADINITAALYNNIODEIBUA AIH YUIAaNANAT SP1 hl’)‘ﬂ 5 NN

q

v Y '
vianangsd) sp27 141 20§ nazunalualiedy,SP3 - 190 333 A5u mnmInaass

v [ £4 v
Far1 IR TN INANGSINIY 1001 Laaynaa1s 19 Al

12 v v v Y
M13990 4.1.81289AN 1091093 SP Adunsaimina e

AT dndiaizuasmaannlaoInia Sp

fmamow (N3%) SP 1 SP 2 SP3
0 0 0 0
1.5 0 0 0
5.5 i 0 0
8.7 1 0 0
16.8 1 0 0

19.9 1 0

20.0 1 1 0
254 1 1 0
32.5 1 1 0
33.3 1 1 1




33

4 oy & A dou
4.3 ﬂ”liﬂﬂﬁﬂ\‘lﬂ'lﬁ!“ﬁ@%ﬁ@ﬂ'Jﬂ‘Hﬂ!ﬂ!ﬂ'ﬁ)5ﬂ‘lJTl\‘l§]‘§1J§ZN"JﬂN'G’IﬂﬂN

4 I o a a J v S o
'V]ﬂﬁfoﬂiL%@N@@ﬂ?@umﬂm@iﬂﬂﬁﬂ%iﬂiZNQﬁWﬁﬂﬁTQ quiﬂiﬂ@uimamamzsu

1 a a 3 os/’ 1 J o 1A 1 1 g/ @ 1
A1NDUALNIADIVINYI SP 11!!1@?33?1']1!6851/]1ﬂ1'§‘1J5$3J'JﬁWﬂﬂ']ﬁ‘lig]}iuuﬁﬁwlf")\iu'muﬂ@ﬂﬂ‘]

NANITNAADY LEAAIAIAITINN 4.2

! y 1T voa a o
ﬂ1§Nﬁ 4.2 ﬂ']ﬁl‘a]fﬂllﬁl't’]ﬁﬁﬂuﬂlﬂlﬂﬂiﬂﬂﬂﬁﬂﬁﬂﬁgujﬁNﬁﬂﬁN

d dJ d
UNA (WBTA.0) 1BINNA (WO 1)

¥30HHn | SP3_{ SP2 | SP1| P17/ P16 P15 (P14 P13 | P1.2 | P1.1 | P1.0

(P0.2) | (P0.1)(P0.0)

Tisivhmidn/| o 0 I X | NP5 X N\N| 0| o
$197 1 0 0 1 X \ XN Sty A\ 0 | 1
99 2 0 1 1 ek, & (v ol &0 (oYY 1 | o
$297 3 1 1 1 O A\t x) | 22 Qo | o

4.4 M3naedIntNWIIANT AN aa 19 DRTUS YN
RIS NAAD IF AT 12,975 MUATN WA UHUNHF VN DUUA?

J & 1 { o (] 1 @ 4
Traasan Fea1 1é oS 1aaeainIs19in 4.3

v 9y v '
MIINA3a 1M A9 IR m St aeas ) UL

AU anhmsinfis s (n3U)
ATINA 12.9
AUDUUN 12.8
AMUVUINY 13
AUAUN 12.9
Auaede 13




34

& v o o a Jd_ _d
4.5 ﬂ]ﬁﬂﬂﬂi’)\‘]ﬂ1§!‘lﬁ§]3~lﬂi’)]ﬁ‘%iﬂ5$3~l3ﬂNﬂﬂﬂ1\1ﬂﬂﬁﬂﬂimﬁicﬁauﬂﬂﬂ31ﬁ3

A a [ @ a 4 4 a 4 4
sﬂ'lﬂﬂ131’]ﬂﬁ@\3lﬂ@‘ﬂ@ﬂﬁ@i]ﬂ 0 ‘lﬂﬂmwi‘uuicﬁau%mma IWﬁu@Uﬂ31ﬁ3

1o 1 Y 1 o A 1 a @ @ a J 4

w livhadealinssvengu hivhaw vazidietleumasda 1 lfssesduladussdnds

a Jd J o 1 ) Y o

T“Ifﬁu@ﬁ]ﬂ'ﬂﬂ']“’l]ﬁﬂw']u ﬂﬂNﬁﬂlﬁjﬂﬁg‘U@ﬂQUVH\ﬂu{%}'}ﬂ AaNEUSNITININIUYINTSUINTU

LARAIAIMTIN 4.4

4 1% ° a 4 J
ﬂ‘]s‘]\iﬁ 4.4 ﬁﬂHﬂ!gﬂ'ﬁtﬂ’]\ﬂum@qIcﬁauaﬂﬂjqaallﬁgﬂﬁguaﬂQU

aonuzvasdantlonli FOUTMIINITH anHAULMININU

Wosn P1 Yoalauesna) YoINITUBNYY
P1.7|PL6|PL5|PL4[P13{PT 2P1:0(P1.0 fafi 1 a2 | sa3 | a1 1 [ami 2 | daft 3

X | XY x L) Xl - N,y T 1 0 0 0 0 0

X | K| & | &4 | PR ol 918801 0 0 |[Aaoon| |0 0

X | (=2 W etiidin\ea )/ oS0 0 0t aadn, 0 0

X | M (BR@UX TSXR0 o A7 ASREAGS ] 0 0, Apapan| o

X | KV % | XX | TR0 Sl N 1 0 0 “Faadh| o
X | AN Xa x 1589 Wi €0 0 1 0 0 |Anoon
X | X AX [&Jd T2 R0A\C Co 0 1 0 0 |fAaWn

NuIme : 1 = Rasau0=Jiman

4.6 MINAALIMUTITUFIUUA A2 YD INIMILFUA 19 VoImIAdAITE
Whnsnaaesmsiasesfilumatasewaazdulaimamdeing 1 Alansy

g [ [ a Y 1 T ~ o 3 1
asldlunTesdnuonis dunadSinadelunsazyesiiuaudueiie



35

NUIUNADAISEIY 1 T

' ' Y
M7 4.5 nsnaaemlSuaddluidassesiduiuniadaiFes 1 Hu

1T w A
POIVAULIEN
FUIAISEN 1|2 34|56 |7|8|9|10]|11]|1213|14]15
1 3 lalzlis|als3l1lalalzlalale|l 2|5

UIUMATAGEIG 2 T

[ v Y
M 4.6 M3neeomnlTumdilundayyesniiumaiadaio 2 du

P IIALTEN
Fudales 1 g La\N/ N (Y5 St W Mo f) @lilias | Y (2 W] 14 | 15
1 s () 3G s\ e ) 29 1) 3 | 3
2 g MU 2 2 NAGNAAANA S gl ML (980 3 40 2 | 2

NUIUNADRISTG 3 T

1 1 v
Mg 7 Manecesnineddusaassaensuaumadas o 3 4

PO IVAUIE
Fusase 1|2 |3 |4 | S=pmge==rt238 | 9 (10|11 |12|13 |14/ 15
1 O T B o B R I I I A T (O
2 o e BB S Bl P I I R U B (L N Tl )
3 T B Bl o e PR T T R B A T R N

[

o Y o 3 v A A 9 a
i]'lﬂNﬁﬂ'li‘Vl@lﬁ@chuﬁﬁ'Nﬂ 4.5 ﬂgﬁﬂlﬂﬁ’lﬂ'ﬂ i]TLl'J‘L!%H“U@\‘]ﬂWﬂﬂﬂliﬂﬂuu@ﬂlﬂu‘lﬂ

! o

= Yy dl 1 1 v A A o 1 [ d! ) 9! ] [ 2’ v
i]qmwam‘lwqmwaumm“lusnawmiﬂmmmumﬂﬂ’n 1 97 Glix‘i‘VHﬁl‘VilliJﬁ'liJTiﬂﬂﬂu'lﬁuﬂ

EY P o o o v A I o qul [ ~ < 1 o 9
Nl dievhmsiiudnauniadadsatiudiuan 2 fu uaasiimsiai 4.6 wfuiidiuauds
v 4 v Y ]

nuauasnlunadafoeruil 2 Youdavwaazvedisiuiudeaniosasnidui 1



36
1 a 1 ] 1 K= ' o @ QB.II 2 o A o v A I
Llﬁﬂiu1ﬂﬂullﬁﬁ$“ﬁ'ﬂﬁﬁ3uGLnyfNiJll’lﬂﬂ'N 1 @ ﬂ\?uuﬂ\‘ﬁﬂ’]ﬂ’]ﬁlWﬂJﬂWU'JHQ'WI"U@LSENL‘]JM
Qsj @ ~ £ <] ) 9 | 1 1 [ = v A ;’f ~
3¥U UAAIAINITINN 4.7 “]Ni]gmu'ﬂ%’luguﬂﬂﬂﬂﬁuﬂﬂu’]iuﬂfﬂ@ﬁ]ﬂﬁﬂﬁm@\‘lﬂ1ﬂ%ﬂﬁﬂﬂ%u‘ﬂ 3

A o Y v ] v A £ g a Y ~ o [ [ 3} v Y
CHIUIUMN 1 AIND 1 YDIIALIEN °]NL‘]_]‘Hﬂilﬂﬂlf‘]\iﬂl‘ﬂ3J'1$’€T3Jﬁ'1ﬁﬁ‘Uﬂ']ﬁﬂﬂLLEJﬂu']‘Huﬂf;N

4.7 MINADIMIAAULN N

Y v
mmsnaaesdauenimindsnvnagen S 15 @1 Tasiiswavidoavesuing
o et P o o s > N 5 Ay v o
@Nﬁ YUIAN 1 TUIU S §7 YUIAN 2 1UIU 6 A UAZUVYUIAN 3 TIUIU 4 81 Tﬂﬂwa‘n”lmmaz

Y
[

ATI LUAAIAIATIT1IN 4.8

v 1 Y (B
A13190-4.8 N1TNARDIANIUNGIATIVDIANI TN ITANY

Snundy AR 1 VAR 2 NNAN'3
ﬂ%ﬁl 5 6 4
a%ifi o 5 6 4
ﬂ%ﬁB 6 5 4
AsaTa 5 6 4
ﬂ%ﬁS 5 6 4
A%ait's 5 5 5
ﬂ%ﬁ7 5 6 4
ﬂ%ﬁs . 6 4
ﬂ%ﬁ9 5 6 4
ﬂ%ﬁlo 5 5 5

' [l Y [

nnwanisnaaelumsnn 48 aglldn anuhsensavesaniminiide S

v [ v v Y v v

10 AF9 VB9VUIAN 1 AAWAIA 1 A5 VUIAN 2 Hawaia 3 AT azuiaf 3 Aawaia 2 Ase
v

Tagaunguasanuranan lundausmiiannmstihdsya@uuimsnaasssiiumaies

Y
A59 dewa ldRuAamanuRanain



37

< 01 o 14

4.8 NINAADININNLIN ‘Mﬂﬁﬂﬂ!!ﬂﬂf}ﬂ

o o <3 o v a & s A <

‘1’11ﬂ151’lﬂﬁ6\1’3ﬂﬂ’J'liJLi’JBlUﬂ'IiﬂﬂLLfJﬂf‘]ﬂuL’m’I 1 UM FINBVADITVSHHYUNAITNLITY 4

U = a v Y 9 @ AA A o I a a
59UABNIN 1Agh 1 50U mmmﬂﬂqﬂﬂ 16 A1 (NTAUNATOINNANYTZTENTNIN) NG
o A A o Y yve o A ' 9 Y

azuu‘lunm 1 UM !ﬂi'ﬂﬁ’L’fnl'liﬂﬂﬂuﬂﬂflﬂllﬂ‘ﬂﬂﬂllﬂ 64 911 Wiﬂﬂ'ﬁ]ﬂﬁ'l?"lﬂ’ﬂcluﬂﬁﬂﬂllﬂﬂ

A9 161 aundenlsyana 0.94 Jundi

enanstiluenansiianulidmsumsldmuiensfnyvingy ldeyganlmilUldussleviaunism

laidnsdlle viedu Snvvinudlvdauadilomuasfesensddisdvesenalsynassinisi iy



A
Unn 5

unagil

5.1 a31

A o :l v Y o va Y ' A ] A g o A 1 A d
insoafatminAeen luiAlsznoudie 2 dau Ao daunidudunTowazdiuiniu

v
0 v 9

] v v
903AWANMITIOY 1nTeraiviingeds Tuilatiiaewsaeg Aldlumsaiuaumstinu
4

q

A Y T Py — Y 4 o a 4 4
VBAATOS 1AL NITUN AT TR IBURMNIADT-9T59uNon0es 299391 Teauosa1a2
=2 ) o [~ @

waz993szuananaled 19 lyTnsnon Insades Mcs-51 1Hudanuaw
A @ g’ v Y o wady @, 9 Y o
insosAathninfeealulfta s onatgngila—3—vuia lasasomivuaviuia

Y Y v y A @1 ~
yoada lauazminsonauen Immae 64 @eowuri

5.2 g wazivnmann

o a Y A = dgl £
iﬂﬂﬂﬁﬂ1Luuﬂﬁﬁ§NLlﬂ$Vlﬂﬁ@QIﬂ‘5NTL!‘W‘U'J'liJ“ﬂiyﬂ%ﬂﬂ“U‘HﬁﬁTEJﬂi&ﬂTi “lf\‘i’cﬁq'lJ

Y

Y v A
16 asdl
A 7d PP ' % a i
1. fgm ‘Wi Tvanaanilugtnsandanilanemsduazifion uaznisAang
1w g} @ 1 2 o ° Y d a 1 Aa A 1
LL‘V]H5‘]Ju'lﬁuﬂllllﬁ‘i\‘iﬂﬂﬂﬂﬂﬁﬁﬂuiﬂﬂﬂ!“ﬁﬁﬁ wﬂﬁiwam%mﬂﬂmmwmﬂ HFIUHNANDNIT

v Y
FIIUNN

= G Y VoA A g Y J A a o
wwamannly dalvioasaalnmildgeivoninlvanapananidady uazamsn
v
] Y Y

1 Aa S Y 1 (B v o ] ’q Y
AAMNANAIAVDY IV aRLran 17 ~aaunusuihvrioud Wl WEud e vanaa i

v £4 v
v A o Y (% v

1 ] 1 y Y Y
Aenaanniga devzaaeliadiminagalimiamrtuiiamusuimin

A u’/’ 1 = Y = @ Y
2. v e ludumoumsnaaes luansandedeasniiazdala

o Siis @ 3 A g S| 3
l!u?ﬂ]ﬂ!!mm V]']ﬂ']iLWNﬂqujuﬂqﬂiuﬂ1iﬂﬂlwﬂ 10 1 ‘])'UL‘W?J%HLIJ‘H 3 ¥U llﬂgﬂlu

[ v
=

4 ] 1] '
TunoumMImgeauuneIAaLenIziingesesfumsmsuiiofiez I denszneniiana
wageninsndsunauniosldihenldededidsz@nam
a u’/’ {q ¥ @ Y ] ' o o o
3. dym msdadsmanldlumsaauendany lasavan lildszuy ihlfluwen

Ay ' s Yy o q YY o v Y 1
LﬂﬂUQQ"IJJ’L’f’liﬂimﬂﬁEJfN"Lﬂ‘HlJﬂW?iﬁf}ﬁﬂ?ﬁﬁ?ﬁﬁﬂﬂ?ﬁ@g‘luﬂ'lﬂ



39

v
wamagd v iimsaadinaldannsadsuseauszunld Taoldtonduddsuia

=

' o < & o 9 a 1 ' Y 9 3w s oy
igﬁﬁj'l\jﬂ']ﬂﬂlliﬂiﬁlﬂaﬂ “N‘If’;ﬂ‘ﬂﬂﬁmmﬁzuT]Jmmlmmzﬁwaalﬂ1‘1JWﬂ1/IL‘lJu¢1’JLﬂaEJQQ

v K

A Yy
ﬁ1ﬂ15ﬂlﬂaﬂf}ﬁ‘lﬂﬂﬂ1ﬂﬂ £

@ o { 1 {a o @ IS @ ! (B T
4. daym Jagnasnihwundedeludiundeduluie  ssdeuiluiaai lisouuay i
I a 1 a < o ] { 1 < a
udauAnly mszdmaseuswdulufegsi g luaunsanaed s lduddmnudanull
o1 19 Auaz 14
uwamandly Idiimsaaudasiagliemsanaodsldlin:  Taoludiuveslnase
@ o < 1 { ! ] a a
lufiamnnman dauiindedalduriinaraanaiaiin
o 1 & o o Y ~
5. daymn mssumrdyanaanlvawan tesan Tnamaadezimrnnlumsauas
1 g’ @ 9 W o @ = 1 2 9
anhminTidudyga llihIndnsazvoidggnamenzasn  Fonaensniuguisdes
@ Y v aa @ A0y I 1 Y
wlasnndyanuuouzaen Imiudgaiuatnoa indygiai 16910 Thoamaaiaiosan
] ' Y o (] o an o Y o a
(luTas Taaf) ¥ lumpagdunisiuisda iy dyanafnaamsizesi TR dyaaufannwy
a @ 1 z 3 b 3 {g 9o
Aawaa 18/ Tumsveredamnalugauiidosls a5 Instrument Amplifier aTli29957 147y
o < &g dora gl e o Y
M3V INANA@NING | Ieuamsiiisassunsinend stz nuassudou
A = Y o dydg‘ Y ?a o dy Y
(oannidlguinanaduminsgimuuumsiaw e gdnsaiminameas snae ldoin
' 9 A A gy (YRRE B o o Y Y Yt 1
imAeudegy vininseslenldlumalamdaahsumiadif, dildwensnaaon laiian
Y
ANVAANEInvEITIMT PRI UY 9T
Yo o o o 9)5’ LV Jdo . a Y
uwamauAty 1d5uduneiinnee1nss) Idorao i Inaamaadns agiun 16
v QN ¥ Ao a ' ] A a o v 0 £ oo
mszag ldanhiandamasBeatoudgiuasienvfianainuadiimingr 4l
o o o b4 dy Y
auAnuzIhve eIty s ol vl 1a
A =y ' N v £ g 1
6. ey ilosnnaInnmayawnuu lnasisan liasativeudgailumseandens
A g ya 9 o oY ' Yy o b
AIUANATZUBAGUING 1HAA N AWUATF N IO Uasensrauaun luna lndifvaiuis
M ldnszuenguitiau lisiu
Yas @ 1 1 [ = Y o
uwamandly Tagld35dTuudeduvesmsdasosds uagaruquaisiieu

o W 1 £ o @ '
voanszvengulasldmidives lulnsnou Tnsamesidne Feih liaadaymainar 14



40

v

w
5.3 UHININNIINUT
o A Soa v Y o wa Y o Yt R
Gluﬂ'l'iW@llJ']Lﬂﬁ@Q‘Nﬂﬂu']WuﬂfNﬂﬂIHNG’I GL’H?Jﬂ'JNJﬁ'UJ']ﬁﬂ‘IUﬂWEVHQ']Ullﬂﬁ‘llu
Y

v Y oA
mmmwmuﬂmwm"lﬂ PNU

Y

o Aq Y LY :’ L 9y 1 1
1) wmuﬂﬂiaa1uu"114mmmmmmwunvlﬂmﬂﬂm 3a

€

v Y
2) Wannlassil Idamnsadausnde 1dunndn 3 vuevuld
v K 9 A o o 1 as/} a J 9 £4
3) Tiunndeyanmmsdiluudazasuasamsofuidoyaoonun 14

Y '
4) Wannlassui il laduesanidurialvih - unumsldnszuonguiazdsay

A I~{ @ 1 Y ) Y
wotlumsdsendanmlaneuazanummrosdainseniaels



41

VIIMIUNITN

J v A J a a d a d 1 a = o

W3R ATz, Hadnduazlsasednd. aunanduaSumalulad (Ine-gifu) ngamma.
2542

v A a 14 Y a 1 o v Aa J o a

Vauhia 3TN gUeMIF M Protel 99. 1Foalwl: drinfiud fadin. 2544

o 4 @ wa a a 4 3 @ a

Ui g uazame. “niounnmionda Tulld” USyaniinusagmansanmmns sutindia
MY I TU INsAunnY, _gaaiume TuTadnszveundudnammsaaseiia.
2543

a a ai\l
WIAA UseNuEITIN ISRV INIANG. NTIUNHA, 2535

Jd Y o v o Jt:y a a =~ v a wa 4
ATNIU NIUNIIBIUNG LLASHUIAU anwai}mﬂa. ﬁﬂugnaazﬂgumms"luiﬂiﬂauimamaﬁ.

ATUNN. 2543



3 a)

K .

o AL ORI,
'.“.l:lllllll.Il“

Y

& al' Y o (9 v = =2 ) 1 Y o 1 8% v
enansiuenasianulidmsunisldauienis@nwiviniu ey mbinihluldussleviaunis

laidnsdllas vieau Bnvivinudlvidaudadllonmuasfase1eddisdnvesenarsynaseninistluly



43

: ,
/] = , \ Q ;?
} “% a T f (A ; %
C) i Tv?v‘]yf,f,?i‘
e e

~ Yy A o o e Ko
51U 0.2 AU UATBIRALENAIDN TUTR

_Y

2 = Y o [ £ = = ) 1 ¥ o £ ¢ v 14
wnanstiluwenansianubidmiunisidaunenisfinyintu leygrslmilUlgusslevinunisa

lydnsallag viadu dnvenuilvidaudadlionagfate1addadivesenarsynaseniinisinluly



44

d‘ v 9 [
517 n.4 nmaasessunuagluia



45

1%

v E4
3171 n.6 MmuinFuTimn



46

a a 3/’ a 4 4
311 0.8 nmmsAad lyduosaa?



47

4 P
519 .10 NNVOADST

U



48

~ 1 Jd
317 n.12 nwmeluvesnassginssiniuguy



R
(a

¢
U

¢ }'ul
5 3
'.“.l'llllllll-Illll! 'l" "

T

5 2 = ¥ o 1Y v - = 3 1 ¥ o v 5% v
enanstiluenansianulidwsumsldnunenmsfnyivingy ldeugmlmhluliussleviaunise

laidnsdlla vieau Bnvvinudlvidaudadllonmuasfase1sddisdvesenarsynaseninistluly



50

0.1 uF

.||——

l 4.7 uF +5V

EA vee 10kQ
+5v 9 RESET
32
82kQ P07 733 1] pa|
> Po.6 EZ) T ﬁ
Po.5
10 kQ ; Po.4 ;2
V) P03 37
- — b0 @ or
‘l o @ o [ ]
— ez a +5V
cm N Fudoyann
— P14 <
PLS o a a
N Fdudmininnd
PLT
dalunaugu e 1
Tyiupudnda —L §
¢ 25
uazuoInDT 5 B
23
20 '.."; %
GND B
—_L_ Xt aalilianans
[ 18 110592 MHz, 19
Dl (LR
L e L33 pF

<
i 4.1 11959520 TaManNae

N

12 22 i1 i1

d’ a d
3UN .2 Mwesiuive s szuiananai



51

E Jl Jo
e _F [
= &
a =1 9' =
5 —
[
[
3: g 3
cd |z | 4
o r= R b
3 L
()
Y
o 8 5 [ el
sHs =)
=0 ]a ] (1] .
] g Q [
- uf B
E
T o
22pF| 2 NNG 4
S
2zpr [T ] S J
SWRST

- —a. £
RO/ R TNTO, LY, TYAE/PSEN

A ¢
g‘]J‘YI U.3 ﬂﬁ’JNQﬂﬂﬁﬂ!‘U@ﬁ’N%ﬁﬂizu’mWaﬂﬁ'l\‘l

HANVITITEDY

D

IRF 540

D1
IN4001

~ o 4
g‘]_l‘n V.4 WITVVUDINDT



52

ol i

nf

b
-
h—-ﬁ d
&
= ssSs J
d' a o v '
E‘IJTI V.5 A1 WNITUUNUBDINITVUUBIND T
TRF5405 IPFE4D 2 E50 = %‘_
== ga | B4 Iig [0zl Igg lozx E e PL_L
. - —i! " =]
1ouF - 2501 [ =0 P=(¥]
4 §
c2 C3 E".
QN 330 SCHEF = °
10K [P} o1 .
220 { DA}
ok 1P 4700uF 50U
: 330 {F3t+ as
10K 'EE‘ ERIOGE2 [N
330 {FZ}
30 1HEF le

P o o s
;.i‘]J‘VI 9.6 ﬂ'li'J']\?Q‘]Jﬂiﬂl‘lli’]\‘l')\?i]ﬁ“llﬂﬂﬁ]m@i




53

5 AC+ l+ I+ 7805 —_I'_'_—O+5V
4700 uF 1 uF 0.1 uF
AC - 25V I 16V _J_ I 16V
220 VAC ov L L = L
12V H—o 1o} 7812
ACH I"‘ I+ : —mo+12v
AC| T 4700 uF 16“5 T du
oV l 25V I L I 16V

31 4.7 299sumaselil

1R L= 0L WSk

saLdosh avitoala2 tdpiskd quiud? itemotuf

S)

$ a o Wh
31N ¥.8 2102995 uNE WA T 1Y



-
~

249024y = [Wn =

N oo R

4200uF , 50U
im s | 1 H#
E § e = luF 50U luF, 254 =
ﬁ Ei’ IE %
N 4]

dy [ = ¥ o Y v = = 1 gj 1 Y o v & v 1%
enansiluenasianulidmsunisldanuienis@nwivinuu leygmbinihluldussleviaunis

laidnsdlla viedu Bnvvinudlvidaudadilomuasfesensddisdvesenalsynasainisiluly






56

S0LL-1 SOLL-2 SOL2-1 S0L2-2 SOL3-1 EOL3-2
021 [OE] Or1  [E] 71 [OF]
B24C TIPILO TIPLLO TIRPLLD TIPLLIO TIPLLO TIPLLO
| u1| | m' |uz] |D'.-'il | Y | ,osl |05 |

BR v g %o é A
D iy [= 4 s
= ]l ¢ =
0. luF 2 LWk
M4 = = 5
TS B =1 i1 ) =1 ] P =3
22000F
ERIDGEZ
N R 18-0-18 THPUT

[N )

A P @ a s @
g‘lj‘ﬂ V.12 ﬂ']‘5’JN’Q‘ﬂﬂiﬂ!ﬂl@\iﬁﬁ%iﬂlﬂicﬂﬁuﬂﬂﬂ’ﬂﬁ?




5 2 A ¥ o o v Y = v a 1 ¥ o v 5% v
enansiiuenasianulidmsunisldauienis@nwivinuu eyl luldussleviaunis

laidnsdllas vieau Bnvvinudlvidaudadllonmuasfase1sddisdnvesanaisynaseninisluly



58

Y L4 (R @
?ﬂiNﬁ f.1 iTﬂﬂTiQﬂﬂim‘U@\?’N‘ﬂ‘iLL’Hﬁ\W'IULLﬁQﬂu

4‘ d = o
¥ogilnsas PRGHGE NUIY
9955
I, 7805CT 167
2 7812CT 107
d £ o o
gunsaiansnenai
D,,D, Y3 1 1eA 100 V/6-A 2 6
aunuilszy
eher 4700 1B 50V 20
cu-¢ HUE/25 Y 36
Cq - £+ 0:1uF 16V 367
¢
gunsaiang
T nilgli1ad 220/18-0-18, 12-0,9:0°3A 167
J, Aeulinges 7 A 1 61
7, AN Aovinmes 3 W 4 67
Jo-\3 nOUTHRINDS 21 57
& ¢ o ¢
M3 A2 918 79UnTRINE NIV UL OIS
A ¢ a o
¥ogi/nsal FRGHGH UMY
9955
16,-10, PC817 461
d 2 o o
gulnsalmsneiani
Q,-Q, IRF 540 467
D,-D, 1N4001 46
o Toautlaauas 4 67

Ds' Dy




59

4 4 o J
M7 7.2 (AB) 319M39UATRIvEIITTUNBIADS

#eqﬂnsnﬁ TeazRYn U
AINNUAIUNIY
R,- R, 220Q Vaw 8 /1
R,-R,, 330Q Vaw 467
R,,- R, 1.5kQ Va W 4 67
aUnsafouq
7, ADHILNINGS 5 Wil 1617
I ARUITINIGS 4 Ty 16

3 @
ﬂ]‘JNﬁ .3 ﬂﬁlﬂﬁﬁgﬂﬂiﬂﬁl@ﬂ?ﬁ%ﬁﬂixu?ﬁﬂﬁﬂﬁ?ﬂ

d‘ d a o

‘vaqﬂn‘sm Jgaztesn PIUIU
NIIIIN

4 @
IC, lulnsneuInsines AT89S8252 167
d = U o

gilnsasanananaii
B, 15, la Toanlasiias 26
aunuiszg
a, 47 UF/50°V 167
C,, C, 22 pF 267
FINNNEIUMY
R-R,, 10kQ YVaw 30 62
R 390kQ Va W 167
R 240kQ V4 W 167




Y o
ﬂ]iN‘ﬁ f.3 (ﬂ'ﬂ) ﬁ'lUﬂ'lSQi]ﬂim"U@\‘i’Nﬁ]iﬂi%ﬂ?ﬁﬂﬁﬂa%‘]

60

d’ q = o
¥oginsal Faz0uA U
¢
gilnsatoug
< 4 a @
i ADULININDT 10 Wi 162
< o a @
1, ADUILINIADS 2 WU 162
= o a 1 ) @
8,8, anrnafnaosay 2647
X-TAL AFAAA.A011:0592 MHz 1 67
< < @
FoaNR 4041 107
= ¢ o a o o
M 319N A.4-539M 3 V81N TaiveI1TIu A LosA 1A
& 2 a o
¥ogilnyos ERUIH G 21U
d 2 o o
gunsalansnedaih
D,- D, N4001 6 A
Q- Q, TIP110 6 617
MINIIATHIY
R, - R 1360 Ya W 6 A7
¢4
gilnsaion
< a a [
7, ADULNIANDS 10 Wi 107
= o a @
5,-1, AR UITIAMDS 2 Tl 6 A7
c!' 4 a a 4
MINN 1.5 118M3V099UNTUNNTEVUTANANS
d’ d = o
yogilnsal TazioYn U
a
ginsaioug
ATLUONFL 2 N9 362
a 4 4 [
Ty aupeaal 5/2 38
4 a [ @
Triaawran 3 A lansy 162




dy [ dl Y o o [ d' = 1 3 1 Y o 1% ¢V [
enanstiluenansianulidwsumsldnunensfnyivingy ldewgmlmhluliussleviaunise

laidnsdllas vieau Bnvvinudlvidaudadllonuasfase1sddisdnvesenarsynaseninistluly



62

A v
1TUAU

Fufmasa Po

NAARUNSZUBNGUAIN |

NATOUNTZUBNGUAIN 2

= '3
ANNDIA PO

g3 19vINAN 3
NAABLNIEIBNGUAIN 3

A
19IN®5 M
fummesa Po
y

UEAY"0" NTZNT 2
§ Sugmese Po

A

(= %
AMNNDIA PO

rel oy ot
DINYNVUIAN 3

&Y

Herag "3t

y

9 a o A
Tulyauosadin 3

2
UBINvINYA

t=3)}

d’ % zﬂ' w 3’ [ Y o wa
3N 4.1 dsnuaiesdmimiingesn Tulda



63

Summesa Po Fummesa Po

= <
ANWOIA PO

Minesa Po

'

2011759 UIAN 2

b1

v &
YN IVUIAN |

S1AMBIA PO FuAIMBSH-PO

- 2
AINWBIN PO

MNNDTA PO

1A

1el P ) =4
2YNFAVUIAN 2 2YNTINUIAN |

a2 WA "1
v
T TwareeAnan 2 FuToauoudRaf |

Y w

d’ ¥ 9 d‘ v g’ % wva
311 9.1 (@) HanunFosaamimindesn Tuda

q



64

TdsunsumivgumsinnuveunIesnntihmiindasnlusia

Q

,.*******************************************************************

; SOL_SIZE1 = P1.0

; SOL_SIZE2 = P11

‘ SOL_SIZE3 = P1.2

i RELAYSW DRISOL = Pl.3

; MOTOR = P1.5 Logic "O" for "ON"
: INPUT_SP1 = PO.0O

: INPUT SP2 = P0.1

; INPUT_SP3 — P02

B DISPLAY > P2

I-*******************************************************************

ORG 0000H
MOV P1, #20H
LCALL DELAY
MOV P2, #0BEH

MOV R2,#28H ;Wait Wordindicator set
LCALL DELAYSEG

SETR#7E D¢ o) ;Test soli 11

LCALL DELAY

CLR e

LCALL_DELAY

MOV R2,/#28H ;Wait for indicator set
LCALL DELAYSEG

SEEB P ; Testrsol v2

LCALIL" DELAY

CLR Pl. 1

LCALL -DELAY

MOV R2, #28H 7Wait fer dndicator set
LCALL DELAYSEG

SETB Pl1.2 7Test sol 3

LCALL DELAY

CLR Pl.2

LCALL DELAY

MOV R2, #32H ;Wait for indicator set
LCALL DELAYSEG

MAIN: CLR Bl 5 ;Motor "ON"
CHKP2: MOV A, PO
CJNE A, #0F8H, CHKP
CALL BRINK
CPIL, P1.5
MOV R2, #02H ;Interrup Motor (0.2s)
LCALL DELAYSEG
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CHKP:

CHKS1:

CHKS2:

CHKS3:

OUTSIZEW ::

OUTSIZEZ2:

OUTSIZE3:

SJMP
SETB

MOV
LCALL

MOV
CJINE
MOV
CJINE
SJMP

MOV
CJINE
MOV
CJINE
SJIMP

CHKP2
P1.5 ;Motor "OFFE"

R2, #0FH 71.5s
DELAYSEG ;Wait for standing (2s)

A, PO

A, #0F9H, CHKS2
A, PO

A, #0F9H, CHKS2
OUTSIZE3

A, PO

A, #0FBH, CHKS3
A, PO

A, #0EBH, CHKSS
QUTSIZE?

A, PO
A7#OEEH, MATN
A, PO
A/#0FFH, MATN
OUT.STZEL

P2, #40H
DELAY
P2, #0FFH
DELAY

P2, #0F9H

PAn

DELAY

P1. 0O

DELAY

R2; #08H 70.8s
DELAYSEG

MATIN

P2, #0A4H

RPL.d

DELAY

Bl 1

DELAY

R2, #08H ;0.8s
DELAYSEG

MAIN

P2, #0BOH

Pl 2

DELAY

PL:2

R2, #08H ;0.8s
DELAYSEG

MAIN
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DELAY:
MOV RO, #OFFH
WAIT2: MOV R1, #0OFFH
WAIT: DJNZ R1,WAIT
DJNZ RO, WAIT2
RET
DELAYSEG:
LOOP: MOV TMOD, #01H ;100MS/1.85US=54054
MOV THO, #2CH ;65536-54054=2CDA
MOV TLO, #ODAH
SETB TRO
JNB
CLR
¢ TRO l\::S§S§§§LQZQ¢222::"
Rﬂ,izzﬁf:: W L —
R Rl 7 ikt R AN i e
f” //N WY .
- - -y
E v / N ~
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9{\ M
% (9
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3.6.3 $9610 13 Serial port (RS — 232)
U1 1=GND
P12=Tx(@9)
3.6.4 ‘I%l’.)ﬁiﬁ) J4 AC Power supply
V1 1=9 Vac
Y12 =0 Vac
Y13 =9 Vac
3.6.5 4360 J5 EXT
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Zero Reading for 0-V Input DW OR N PACKAGE
Precision Null Detection With True Polarity kS
at Zero . Vee- [+ J 28|] UNDER RANGE
1-pA Typical Input Current REF []2 27[] OVER RANGE
True Differential Input ANLG COMMON [} 3 26[] STROBE
Multiplexed Binary-Coded-Decimal (BCD) INTOUT [J4  25[]] RUN/HOLD
Output AUTO ZERO []5 24[] DGTL GND
Low Rollover Error: +1 Count Max BUFF OUT [f6 23] P(LDIL_AR]TY
Control Signals Allow Interfacing With Crot- 7 22flc

. Cref+ 18 21[] BUSY
UARTSs or Microprocessors IN- [0 20[] D1
Autoranging Cgpability With Over-and IN+ [] 10 19[] D2
Under-Range Signals Vaes 11 18[] D3
TTL-Compatible Outputs ps 12 17[lp4
Direct Replacement for Teledyne TSC7135, B1 [}43, 16[IBs
Intersil ICL7135, Maxim.ICL7135;-and B2 [] 14 15[ B4

Siliconix 8i7135
CMOQOS Technology

description

The ICL7435C and TLC7135C converters are manufactured with Texas Instruments-highly efficient CMOS
technology. These 4 1/2-digit, dual-slope-integrating, analog-to-digital converters (DACs) are designed to
provide interfaces to both a microprocessor and a visual-display. The digit-drive outputs D1 through D4 and
multiplexed binary-coded-decimal-outputs B1, B2, B4, and B8 provide an interface for LED or LCD
decoder/drivers-as well as microprocessors.

The ICL7135C and TLC7135C offer 50-ppm (one part in 20,000) resolution with a maximum linearity error of
one count: The zero erroris less than10 pV.and zero driftis less than 0.5 pV/°C Source-impedance errors are
minimized by low input current(less than 10 pA). Rollover error is limitedito +1 count.

The 'BUSY, STROBE; RUN/HOLD, OVER 'RANGE! and UNDER RANGE’ control  signals support
microprocessor-based measurement systems. The control signals also can support remote data acquisition
systems with-data transfer through universal asynchronous recejver transmitters (UARTS).

The ICL7135C and TLC7135C are characterized for operation from 0°C to 70¢C.

AVAILABLE OPTIONS
PACKAGE

TA PLASTIC DIP SMALL OUTLINE
(N) (BW)

ICL7135CN
TLC7135CN TLC7135CDW

0°C to7Q°C

A Caution. These devices have limited built-in protection. The leads should be shorted together or the device placed in conductive foam

Az

during storage or handliing to prevent electrostatic damage to the MOS gates.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publicalion date. Copyright © 1999, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments i

standard wamranty. Production processing daes not necessarily include
testing of all parameters.
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functional block diagram

DIGITAL SECTION

!

Multiplexer

2
5 D1 (LsD)

12 15 msp)

13
4 B1(LsB)
.14 By

-y

16
— B8/(MSB)

23 —
POLARITY —<—{ pojarity Latch
From Analog Flip-Flop ]
Section
e Latch
Cross
Detect Control |—{ Counters
Logic __|] Latch
CLK 2 : = o
25
RUN/HOLD 27
OVER RANGE W—— Latch
UNDER RANGE —————<¢————
STROBE —2— 427 | 74
BUSY 21
R T —
Lat
DGTL GND 24“ 2L
ANALOG SECTION

REF 2—»—‘—0/0——-«
l INT

5| ZERO

Integrator

CINT

Comparator

Digit
Drive
Output

Binary
Coded
Decimal
Output

To
Digital
Section

DE

/0 AZ
DE(+)} “DE(-)
ANLG >
COMMON \
INT NZ,DE(L), Z/I
IN- Q—bl—o/c I

Input
Low
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage (Vog+ With respect to VEeL) oo 15V
Analog input voltage (IN—or IN+) ... . Vee-toVee+
Reference VORAGEITaNTE e v s s o5 55 58 65 55 S 15 54 5 555 S oG 51505 5 R Vee-toVees
ClockiinputVollage TanGE i, it o ¥ s Tus don oy 5o ss o 2 mbarsra s 5 % Sis e 0V toVges
Operating free-air temperature range, TA ... .o oottt 0°C to 70°C
Storagetemperature range, Tstg »owswseseivrivisoeinmmsbaasisesisammnie s ismbe vos —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ..................... 260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

recommended operating.conditions

MIN NOM MAX UNIT
Supply voltage, Vcc+ 4 5 6 \
Supply voltage, Vog— -3 -5 -8 Vv
Reference voltage, Vyef 1 \
High-level input voltage, CLK, RUN/HOLD; V4 2.8 v
Low-level input yoltage, CLK, RUN/HOLD: V|| 0.8 Y
Differential input voltage, Vip Vit Veo+—-0.5 \
Maximum operating frequency, fclock (See Note 1) e 2 MHz
Operating free-air temperature range; Ta 0 70 °c

NOTE 1:' Clock frequency range extends down to 0 Hz.

electrical characteristics, Voc+ =5V, VoeL='5V, Vet =1 V, folock = 120 kHz, Ta = 25°C (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN™ TYP. MAX | UNIT
Ve LioP ool quinipyethad D1-D5,B1,B2,B4,B8 lo==1mA 2.4 5 v
Qther outputs lo=~10pnA 4.9 5
VoL Low-level output voltage lo=1.6 mA 0.4 \
VON(PP) ' Peak-lo-peak output noise voltage (see Note 2) Vip =0y Fullscale =2V 15 nY
[&V/e) Zero-reading temperature coefficient of output voltage VIp'30,. 0°C<Tp<70°C 0.5 2| uvrEC
IIH High-level input current V=6V, "0°C <Tp <70°C 0.1 10 HA
I Low-leveliinput current VI=0V, 0°C < Tp s 70%C -0.02 -0.41 mA
I Input leakage eurrent, AN=and IN + Vip=0 TA= 289 ! L pA
02C's Tp £ 70°C 250
lcc+ Positive supply current felock =0 3n - 98 L - mA
0°C < TA < 70°C 3
lce= Negative supply current felock =0 ol = = mA
0°C £ Tpo £ 70°C -3
de Power dissipation capacitance See Note 3 40 pF

NOTES: 2. This is the peak-to-peak value that is not exceeded 95% of the time.
3. Factor-relating clock frequency to increase in supply current. At Vecs = 5V, Icc+ = Icc+(felock = 0) + Cpd x5V xfclock

Q’ TEXAS
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operating characteristics, Voc+ =5V, Vog— =5V, Vief =1V, felock = 120 kHz, Ta = 25°C (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ofs  Full-scale temperature coefficient (see Note 4) Vip=2V, 0°C<Tp<70°C 5 | ppm/“C
EL Linearity error ~-2VgVp=£2V 0.5 count
Ep Differential linearity error (see Note 5) -2V<Vps2Vv 0.01 LSB
EFg £ Full-scale symmetry error (rollover error) (see Note 6) Vip=+£2V 0.5 1 count

: " » . e T P Digital
Display reading with 0-V input Vip=0, 0°C £ Tp<70°C | -0.0000 +0.0000 0.0000 Reading
) I ) h ViD=Vief, TA=25°C 0.9998 09999  1.0000 | Digital

Display reading in ratiomet t 5
i eal b 0°C < TpA <70°C 0.9995 0.9999 1.0005 | Reading

NOTES: 4. This parameter is measured with an exteral reference having a temperature coefficient of less than 0.01 ppm/“C.
5. The magnitude of the.difference between the worst case step’of adjacent-counts and the ideal step.
6. Rollover erroris the difference between-the absolute values of the conversion for 2 V and—2'V.

timing diagrams
~ End of Conversion

BUSYt g

T

B1—B8|D5|D4ID3]D2ID1|D5I

g ccnnn) A 555 2R\l &g aap

l¢&——»}— 200 Gounts
D5 —I I I—
j€¢——»— 201 counts 200'Gounts ~—l¢———»
D4 I |_
200 Counts —l————»
D3 I
200 Counts-—l¢———p
D2 l l
200 Counts ~¢——"=p|
D1 I I
200 Counts —k—b[

1 Delay between BUSY going low and the first STROBE pulse is dependent upon the analog input.

Figure 1
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timing diagrams (continued)

Digital Scan
for OVER-RANGE

M I 1 D5
) I ()= o
VY g [SESRRINE g MSERSSN i il
! M [ D2

| {iy] S D1

1000 Counts —'4—4

Integrator Output

AUTO ZERO
10,001 Counts

Figure 2

Signal Int De-Integrate
10,000 20,001 Counts Max
Counts

j¢&———— Full Measurement Gycle —
40,002 Counts
BUSY
OVER RANGE
When Applicable
UNDER RANGE ~:::,::’§g§:.g ‘
When Applicable ::’.,:00,0:
Figure 3
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timing diagrams (continued)

stroe | [ 111
l‘"AUTO ZERO Signal Integrate —plq—DeintegrateT
Digit Scan
for over Rance | 125" A rl M
|
M . L
2 |
|
_ [Mos wwa ] M_
: |
|
"q [
Moz Ry .
ARk '
|
o3 q | NN

1 First DS of AUTO'ZERO and deintegrate is one count longer.

Figure 4

PRINCIPLES.OF OPERATION

A measurement cycle'for the ICL7135C and TLC7135C consists of the following four phases.

i

Auto-Zero Phase. The internal IN+ and IN=inputs are disconnected.from the terminals and internally
connected to ANLG'COMMON. The reference capacitor is charged to the reference voltage. The
system is configured ina closed loop and the auto-zero capacitor is charged to-compensate for offset
voltages in the buifer amplifier, integrator, and comparator. The auto=zero accuracy is limited only by the
system noise, and the overall offset, as referred to'the input, isJess than 10 uV.

Signal dntegrate ‘Phase. The vauto-zero loop is/ opened-and-the’ internal-IN+/and IN— inputs are
connected to the external terminals. The differential voltage between thése inputs is integrated for a
fixed periodoftime. Whenthe input signal has no return withrespect to the converter power supply, IN—
can be tied to ANLG COMMON to establishthe correct common-mode voltage.Upon completion of this
phase, the polarity of the input'signal.is-recorded.

Deintegrate Phase. Thereference is used to perform the deintegrate task. The internal IN—is internally
connected to ANLG, COMMON, and  IN+-is .confiected across the previously charged reference
capacitor. The recorded polarity of the input signal ensures that the capacitor is connected with the
correct polarity so that thevintegratoroutput polarity returnsto zero. The time required for the output to
return to zero is proportional to the amplitude-ofthe input signal. The return time is displayed as a digital
reading and is determined by the equation 10,000 x (V|p/Vef). The maximum or full-scale conversion
occurs when V|p is two times Vier.

Zero Integrator Phase. The internal IN—is connected to ANLG COMMON. The system is configuredin a
closed loop to cause the integrator output to return to zero. Typically, this phase requires 100 to 200
clock pulses. However, after an over-range conversion, 6200 pulses are required.
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PRINCIPLES OF OPERATION

description of analog circuits
input signal range

The common mode range of the input amplifier extends from 1 V above the negative supply to 1 V below the
positive supply. Within this range, the common-mode rejection ratio (CMRR) is typically 86 dB. Both differential
and common-mode voltages cause the integrator output to swing. Therefore, care must be exercised to ensure
that the integrator output does not become saturated.

analog common

Analog common (ANLG COMMONYis connectedtothe internal IN—during the auto-zero, deintegrate, and zero
integrator phases. When IN=1s connected to a voltage that is different.from analog common during the signal
integrate phase, the resulting common-mode voltage is rejected by the:ampilifier. However, in most applications,
IN—is setat a known fixed voltage (i.e:, power supply commor for instance)uin this application, analog common
should be tied to'the'same point, thus-removing the commorn-mode voltage fromthe converter. Removing the
common-mode voltage in this-manner slightly increases conversion accuracy.

reference

The reference voltage is positive with respéct to analeg common..The accuracy of the conversion result is
dependent upon the quality of the reference. Therefore, to obtain a high accuracy conversion, a high quality
reference should be used.

description of digital circuits

RUN/HOLD input

When RUN/HOLD is high or/open, the device continuously performs measurement.cycles every 40,002 clock
pulses. When this inputis taken low, the integrated circuit continues to perform the ongoing measurement cycle
and then hold the conversion reading foras long as the terminal is-held low. When the terminal is held low after
completion-of a measurement cycle, a short positive pulse (greater than 300 ns) initiates a new measurement
cycle. When this positive pulse oceurs befare the completion of a measurement cycle/itwill not be recognized.
The first STROBE pulse;which occurs 101 counts after'the-end of a meastirement cycle, is an indication of the
completion of-a measurement cycle. Thus, the-positive pulse could be used to trigger the start of a new
measurement after the first STROBE pulse.

STROBE input

Negative going pulses from ‘this input transfer. the BCD conversion data 1o external latches, UARTs, or
microprocessors. At the'end of the measurement cycle, STROBE goes high’and remains high for 201 counts.
The most significantdigit (MSD) BCD bits are'placed’on the BCD termiinals. After the first 101 counts, halfway
through the durationof output D1-+D5 going high, the STROBE terminal goes low for 1/2 clock pulse width. The
placement of the STROBE pulse at the midpoint of the-D5 high pulse allows the information to be latched into
an external device on eithera low=level or an edge. Such placement of the STROBE pulse also ensures that
the BCD bits for the second MSD-are not yet-competing for the'BCD lines and latching of the correct bits is
ensured. The above process is repeated for the second MSD and the D4 output. Similarly, the process is
repeated through the least significant digit (LSD). Subsequently, inputs D5 through D1 and the BCD lines
continue scanning without the inclusion of STROBE pulses. This subsequent continuous scanning causes the
conversion results to be continuously displayed. Such subsequent scanning does not occurwhen an over-range
condition occurs.

J"f TExAs
INSTRUMENTS

POST OFFICE BOX 55303 ® DALLAS, TEXAS 75265 7



83

ICL7135C, TLC7135C
4 1/2-DIGIT PRECISION
ANALOG-TO-DIGITAL CONVERTERS

SLAS074B — DECEMBER 1986 — REVISED MAY 1999

PRINCIPLES OF OPERATION

BUSY output

The BUSY output goes high at the beginning of the signal integrate phase. BUSY remains high until the first
clock pulse after zero crossing or at the end of the measurement cycle when an over-range condition occurs.
Itis possible to use the BUSY terminal to serially transmit the conversion result. Serial transmission can be
accomplished by ANDing the BUSY and CLOCK signals and transmitting the ANDed output. The transmitted
output consists of 10,001 clock pulses, which occur during the signal integrate phase, and the number of clock
pulses that occur during the deintegrate phase. The conversion result can be obtained by subtracting 10,001
from the total number of clock pulses.

OVER-RANGE output

When an over-range conditionoccurs, this terminal goes high after the BUSY signal goes low at the end of the
measurement cycle. As previously noted, the BUSY signal remains high until the end of the measurement cycle
when an over-range condition.occurs. The OVER RANGE Gutptt goes high at the end of BUSY and goes low
at the beginning of the deintegrate phase in the next measurement cycle.

UNDER-RANGE output

Atthe end of the BUSY signal, this terminal goes high when the conversionresult is less than or equal to 9%
(countof 1800) of the full-scale range. The UNDER-RANGE output is brought low at the beginning of the signal
integrate/phase of the next' measurement cycle.

POLARITY output

The POLARITY outputis high for a positive input signal and updates atthe beginning of each deintegrate phase.
The/polarity output is'valid for all inputs including £0.and OVER RANGE signals:

digit-drive (D1,-D2, D4 and D5) outputs

Each digit-drive output (D1 through D5) sequentially goes high for 200 clock pulses. This sequential process
is continuous unless an over-range occurs: Whenanover-range occurs; all of the digit-drive outputs are blanked
fromthe end of the strobe sequence untilthe beginning of the deintegrate phase (when the sequential digit-drive
activation beginsagain). The'blanking activity during an over-range condition can cause the display to flash and
indicate the over-range condition.

BCD outputs
The BCD bits (B1, B2;,B4 and BS8) fora given digit are sequentially activated on these oUtputs. Simultaneously,
the appropriate digit-drive line forthe given digit is activated.

system aspects

integrating resistor

The value of the integratingresistor (RiNT) is'determined by the fullscale input voltage and the output current
ofthe integrating amplifier. The integratingamplifier can supply 20.pA of current with negligible nonlinearity. The
equation for determining the value of this'resistor.is:

Full Scale Voltage
INT

Integrating amplifier current, I\, from 5 to 40 pA yields good results. However, the nominal and recommended
current is 20 pA.

RiNT =

Q" TeExAas
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PRINCIPLES OF OPERATION

integrating capacitor

The product of the integrating resistor and capacitor should be selected to give the maximum voltage swing
without causing the integrating amplifier output to saturate and gettoo close to the power supply voltages. When
the amplifier output is within 0.3 V of either supply, saturation occurs. With +5-V supplies and ANLG COMMON
connected to ground, the designer should design fora £3.5-V to +4-V integrating amplifier swing. A nominal
capacitor value is 0.47 uF. The equation for determining the value of the integrating capacitor (CiNT) is:

e 10,000 x Clock Period X IlNT
INT ™ Integrator Output Voltage Swing
Where:
lINT is nominally.20 uA.

Capacitors with largetolerances and high dielectric absorptioncan induce conversion inaccuracies. A capacitor
thatis too small could cause the integrating amplifierto saturate. High dielectric absarption causes the effective
capacitor value to be different durihg the signal integrate and deintegrate phases. Polypropylene capacitors
have very low dielectric’ absorption. [Polystyrene -and polycarbonate capacitors have higher dielectric
absorption, but also-work well.

auto-zero and reference, capacitor

Large capacitors tend toreduce noise i the system. Dielectric absorption is unimportant except during power
up or overload recovery. Typical values are 1 pF.

reference voltage
For high-accuracy absolute measurements, a high quality reference should be used.
rollover resistor and diode

The ICL7135C and TLC7135C have asmall rollover error; however, it can be corrected. The correction is to
connect the cathode of any silicon diode to INT'OUT and the anode to alresistor. The other end of the resistor
is connected,to ANLG COMMON or.ground. For the recommended operating conditions, the resistor value is
100 k€. This-value may be changed to.correct any rollover error that has not been corrected. In many noncritical
applicationsthe resistor and diode are not needed.

maximum clock frequency

For most dual-slope A/D convyerters, the maximum conversion rate is limited by the freguency response of the
comparator.n this ircuit, the comparator follows the integrator ramp with'a 3-ys delay. Therefore, with a
160-kHz clock frequency(6-us period);-halfof the first reference integrate clock period is lost in delay. Hence,
the meter reading changes from 0 to 1 with a 50-pV input, 1 to 2 with a 150-pV. input, 2 to 3 with a 250-uV input,
etc. This transition at midpoint is desirable; however, when the clock frequency'is increased appreciably above
160 kHz, the instrument.flashes 1 onnoise’peaks-everiwhenthe inputis shorted. The above transition points
assume a 2-V input range is-equivalent to 20,000 clock cycles.

When the input signal is always of one'polarity, comparatordelay need not be a limitation. Clock rates of 1 MHz
are possible since nonlinearity and noise do not increase substantially with frequency. For a fixed clock
frequency, the extra count or counts caused by comparator delay are a constant and can be subtracted out
digitally.

For signals with both polarities, the clock frequency can be extended above 160 kHz without error by using a
low value resistor in series with the integrating capacitor. This resistor causes the integrator to jump slightly
towards the zero-crossing level at the beginning of the deintegrate phase, and thus compensates for the
comparator delay. This seties resistor should be 10 Q to 50 Q. This approach allows clock frequencies up to
480 kHz.
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PRINCIPLES OF OPERATION

minimum clock frequency

The minimum clock frequency limitations result from capacitor leakage from the auto-zero and reference
capacitors. Measurement cycles as high as 10 us are not influenced by leakage error.

rejection of 50-Hz or 60-Hz pickup

To maximize the rejection of 50-Hz or 60-Hz pickup, the clock frequency should be chosen so that an integral
multiple of 50-Hz or 60-Hz periods occur during the signal integrate phase. To achieve rejection of these signals,
some clock frequencies that can be used are:

50 Hz: 250, 166.66, 125, 100kHz, ete:
60 Hz: 300, 200, 150,120,100, 40, 33.33 kHz, etc.

zero-crossing flip-flop

This flip-flop interrogates the comparator's. zero-crossing-status: The interrogation is performed after the
previous clockcycle and the positive half of the ongoing clock cycle-has occurred, so any comparator transients
that result from the clock pulses do not affect the detection of a zero-crossing. This procedure delays the
zero-crossing detection by one clock cycle. To eliminate the inaccuracy, which is caused by this delay, the
counter is disabled for one clock cycle at the beginning of the-deintegrate phase. Therefore, when the
zero-crossing is detected one clock cycle later than the zero-crossing actually occurs, the correct number of
counts is displayed.

noise

The peak-to-peak noise around zero is approximately 15 pV. (peak-to-peak value not exceeded 95% of the
time). Nearfull scale, this value increases to approximately 30uV. Much of the noise originates in the auto-zero
loop, and-is proportional to the ratio of the input signalto the reference.

analog and digital grounds

For high-aceuracy applications, ground loops must be avoided. Return currents from/digital circuits must not
be sent to the analeg ground-line.

power supplies

The ICL7135C and TLC7135C are designed-to-work with-+5-V power supplies. However, 5-V operation is
possible when the input signal does not vary more than 1.5 V:from midsupply.
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Ultralow Offset Voltage
Operational Amplifier

FEATURES
O LOW VR v 65 5,300 ivia 1650, siaia saesevs ststomate st 25,V Max
® LowVagDrift ..., 0.6uV/°C Max
® Ultra-Stablevs Time ............... 1.0sV/Month Max
® LowNolse ................oooiiiiiinnn.. 0.64Vp_p Max
® Wide Input Voltage Range ...................... +14V
® Wide Supply Voltage Range ............. +3Vio 18V
® Fils 725, 108A/308A, 741, AD510 Sockets
® 125°C Temperature-Tested Dice
ORDERING INFORMATION !
T,=+25°C PACKAGE OPERATING
Vo5 MAX CERDIP  PLASTIC LCC  TEMPERATURE
W)  TO-99 8-PIN 8-PIN  20-CONTACT._ RANGE
25 OPO7AJ" OPO7AZ* = — MIL
75  OPO7EJ OPQ7EZ - OPO7EP = COM
75 QP07J*  OQPRO7Z — OPO7RC/883 ML
150  OPO7CJ QP07CZ OPOZGR — XIND
150 - —  OPO7CStt — XIND
150  OPO7DJ —  OPQ7DP — XIND.

For devices processedin tolal compliance ta MIL-STD 888, add /883 after part
number. Consult factory “or 883 data sheet.

1 Burn-inis available on commercial and_ndustrial temperature range parts in
CerDIP, plastic DIP, and TO-can packages.

tt For availability and burn-in information on SO and PLCC packages, contact
your local salas oftice.

GENERAL DESCRIPTION

The OP-07 has very low input offset voltage (25xV max for
OP-07Aj which is obtained by trimming at the-wafer stage.
These low offset voltages generally eliminate any need for
external nulling. The OP-07 also featuresiow input bias cur-
rent (+2nAfor OP-07A) and high open-toop gain (300V/mV for
OP-07A). The low offsets and high apen-loop gain make the
OP-07 particularly useful for high-gain instrumsntation
applications.

The wide input voltage range of £18V minimum-combined :

with high CMRR of 110dB (OP-07A)and highinputimpedace
provides high accuracy.in the noninverting circuit configura-
tion. Excellentlinearity and-gain aceuracy.can be maintained

SIMPLIFIED SCHEMATIC

0P07
e,\_(_en_'g_t high closed-loop gains.

Stability of offsets and gain with time or variations in temper-
ture is excellent. The accuracy and stability of the OP-07,
even at high gain, combined with the freedom from external
nulling have made the OP-07 a new industry standard for
Instrumentation and military applications.

The OP-07 is available in five standard performance grades. The
QP-07A and tha OP-07 are specified for operation over the full mili-
tary range of—55°G to+125°C; the OP-07E is specified for oparation
overthe 0°Cto +70°C range, and OP-07C and D overthe —-40°C to
+85°C temperature range.

The OP-07:is.availabls in hermetically-sealed TO-99 metal can or
ceramic 8-pin Mini-DIP;.and in epoxy 8-pin Mini-DIP. It is a direct
replacement for 725, 108A, and OP-05 amplifiers; 741-types may
be directlyreplaced by removingthe 741's nulling potentiometer. The
OP-207,adual OP-07, is avallable for applications requiring close
matching of two OP-07 amplifiers. For improved spacifications, see
the OP-77£0P-177.

PIN CONNECTIONS

8 Vos TRIM
ves TRIM[1 ] @ 8] Vos TRIM

-] v
N3] (sJour
v-[3 [F]we

Vs TRIM 1 V¢

-INZ 60UT

N3 5 N.C.

a V-{(CASE)

TO-99 (J-Suffix)

EPQXY MINI-DIP (P-Suffix)
8-PIN HERMETIC DIP
(Z-Suitix)

8-PIN SO
(S-Sutfix)

OP-07RC/883
LCcC
(RC-Sufifix)
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ABSOLUTE MAXIMUM RATINGS (Note 1)

Supply Voltage.........

Differential Input Voltage .
Input Voltage (Note 2)....
Qutput Short-Circuit Duration...
Storage Temperature Range

J, RC and Z Packages ......................... -65°C to +150°C

P Package . iiiiimmminssesmmricniis ~65C 0 +125°C
Operating Temparature Range

OP-07A, OP-07, OP-07RCi....oonne..... -55°C to +125°C

OP-07E .0°C to +70°C

OP-07C, OP-07D............u.oone....

Lead Temperature (Saldering, 60 sec)

Junction Temperature (Tj)
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PACKAGE TYPE €, (Note 3) 8 UNITS
TO-98 (J) 150 18 °C/W
8-Pin Hermetic DIP (2) 148 16 °CW
8-Pin Plastic DIP {P) 103 43 °CW
20-ContactLCC 98 38 °CW
8-Pin 80 (S) 158 43 °CW
NOTES:

1. Absolute maximum ratings apply to both DICE and packaged parts, unless

otherwise noted.

2. For supply voltages less than 422V, the absolute maximum input voltage is

equal to the supply voltage.

3. 9I A is specified for worst case mounting conditions,
device in socket for TO, CerDIP, P-DIP, and LCC packages; .
for device soldered to printed circuit board for SO package.

ELECTRICAL CHARACTERISTICS at Vs=115V, Tp = 25°C, unless otherwise noted.

e, 8 4 I8 specified for
a is specified

OP-07A OP-07

PARAMETER SYMBOL CONDITIONS MIN  TYP MAX MIN TYP MAX UNITS

Input Offset Voltage Vos (Note 1) - 10 26 — 30 75 %

"3:'?;:2';:;::’”‘:; Ottaet Wos/Time  (Note 2) —~ 02 10 - 02 10 uV/Mo

Input Offset Current 4 los - 0.3 2.0 N 0.4 28 nA

Input Bias Current Ig Tt <bleZe [ 2:0, 9§ +10 30 nA

Input Noise Voltage enp-p Q.1Hz to 10Hz (Note 3) ~ =036 0.6 —% 036 06 #Vpp
fo= 10Hz (Note 3) = ™03 18.0 — 103 180

Input Noise Voltage Density o, fo=100Hz (Nots 3) — 10.0 13.0 — 100 130 nVI\/ﬁz-—
fo = 1000Hz (Note 3) = 9.8 11.0 — 9.8 mno

Input Noise Current Inp-p 0.1Hz to 10Hz (Note 3) — 14 30 — 14 30 PAso
fo =10Hz (Note 3) —'. 032 080 —.-032 080

Input Noise Current Density in fo = 100Hz (Note 3) — 014 023 - =014 023 pANHZ
fo = 1000Hz (Note 3) — 0.12 0.17. - 0.12 0.17

'gﬁ::::’;m:: R (Note ) E B RG0S 20 80 | B Mo

P & " i iy | I

Input Voltags Range VR £193 214 = +13 k14 = v

Common-Mode Rejection Ratio CMRR Vem=£13V 110 126 = 110 126 - dB

Power Supply Rejection Ratio PSRR Vg=+3Vto +18V 4 — 4 10 — 4 10 BV/V
Rp22k0, Vg = £10V 300 /7500 - 200 500 -

Large-Signal Voltage Gain ) Ayo 3 ; f :(:‘)In(,bzg:jo.sv, 150 400 d 150 400 i V/mv
| Ry =10ka +12.5 4130 — +12.5/ £13.0 -

Output Voitage Swing Vo RL=2kN +12.0° ' £128 - +12.0 *128 - A
R =1k +10.5. +12.0 m~ +£10.5° +12.0 =

Slew Rate SR R 2 2kf) (Note 3) 0.1 0.3 - 0.1 0.3 = V/us

Closed-Loop Bandwidth BW Aygi=+1 (Note 3) 04 06 — 0.4 0.6 — MHz

Open-Loop Oulput Resislance Ro Vo=0,lp=9 -] 60 — — 60 = [¢]

Power Consumption Py x: j i;?lY'Nr:OLtzzd - 73 122 e 7i 122 mw

Offset Adjustment Range Rp=20kN = +4 — - +4 - mV

NOTES:

1. OP-07A grade Vos is measured approximately one minute aftor applica-
tion of power. For all other grades Vpg is measured approximately 0.5

seconds after application of power.

2. Long-TermInput Offset Voltage Stability refers to the averaged trend line of
Vog vs. Time over extended periods after the first 30 days of operation.

Excluding the initial hour of oparation, changes in Vs during the first 30

operating days are typically 2.5uV — refer to typlcal performance curves.
Parameter is sample tested.
3. Sample tested.
4. Guaranteed by design.
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ELECTRICAL CHI_\RAETEF!ISTLCS;; Vs ;Eisy.n—wss*’c < Ta = +125°C, unless otherwise not'qg.; LR
OP-07A OP-07

PARAMETER SYMBOL  CONDITIONS MIN TYP MAX MIN  TYP MAX UNITS
Input Offset Voltage ) Vos (Note 1) — 25 80 - 60 200 uv
Average Input Offset

Voltage Drift With-

out External Trim TCVos (Note 2) — 0.2 0.8 — 0.3 1.3 uv/eCc

With External Trim TCVosn Rp =20k{} (Note 3; - 0.2 0.8 - 0.3 1.3 N'Zade]
Input Offset Current los - 0.8 4 - 1.2 5.6 nA
Average

Pl TClos (Note 2) - 5 2 - 8 = PA/C
Input Bias Current Is ; - +4 — 2 +6 nA
A [ I

R il it TOlg (Noto2) < & %5 - B 5 pAFC
Input Voltage Range IVR , +13 135 o — +13 +135 — v
Common-Mode Rejection Ratio CMRR Vem =113V 106 123 — 106 123 - dB
Power Supply Rejection Ratio PSRR Vg =43V 'to =18V — 5 20 - 5 20 VN
Large-Signal Voltage Gain Avo R 22k, Vg = £10V 200 400 - 150 400 — V/mv
Output Voltage Swing Vo R =2k *12, 126 — 12 +126 — v
NOTES: ' [ )

1. OP-07A grade Vgg ismeasured approximately one-minute atier applica-

tion of power. For all other grades Vog s measured approximately 0.5
seconds alter application of power.
2. Sample tested.
3. Guaranteed by design.
TYPICAL OFFSET VOLTAGE TEST CIRCUIT TYPICAL LOW-FREQUENCY NOISE TEST CIRCUIT

e W0 P

AA

VWA

3.3k
$——ANA—- ouUTPUT
500 10082 3 :
AMA
47uF
on-07A ———ONg I
2,502
O e AN == (=10Hc FILTER]
Vos+ 1566 = =
Vo _ BmViem _
INPUT REFERRED NOISE —55.000- 25,000 2000V/cm

i}

(EEE ECOPE PHOTU IN TYPICAL PERFORMANCE CURVES)

PINOUTS SHOWN FORJ, P, AND Z PACKAGES

OPTIONAL OFFSET NULLING CIRCUIT BURN-IN CIRCUIT

PINOUTS SHOWN FOR J, P, AND Z PACKAGES PINOUTS SHOWN FOR J. P, AND Z PACKAGES

-3
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ELECTRICAL CHARACTERISTICS at Vg = +15V, Ta = 25°C, unless otherwise noted.

OP-07E OP-07C OP-07D
PARAMETER S8YMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN  TYP MAX UNITS
Input Offset Voltage Vos (Note 1) - 30 75 — 60 150 - 680 150 Y
Long-Term Vog
Stabiiy Vog/Time  (Note 2) - 0.3 15 - 0.4 2.0 - 0.5 3.0 uV/Mo
Input Offset Current los — 0.5 38 - 08 6.0 - 0.8 6.0 nA
Input Bias Current lg - +1.2 +4.0 - *18 *7.0 —_ +2.0 *12 nA
2 0.1Hz to 10Hz
Input Noise Voltage Cnp-p (Nots 3) — 0.35 08 — 0.38 0.85 — 0.38 0.65 “Vpp
Input Noiso fo=10Hz - 103 180 — 15 200 — 105 200
Voltage Density en fo = 100Hz (Note 3) ot 10.0 130 - 10.2 13.5 . 10.3 135 nv/\/Hz
1o = 1000HZ - 96 1.0 - 9.8 ns — 9.8 1.5
0.1Hz to 10Hz
Input Noise C t Inp- - 14 30 — 15 35 = 15 35 A,
put Noise Curren np-p (Note 3) P p-p
Jnput Noise fo="10Hz — 032 0.80 - 0.35 080 i 0.35 0.90
Cf:.lvren! Density in 1o =100Hz (Note 3) * 0,14 0.23 - 0.15 .27 = 0.15 0.27 pA/\/ Hz
fo = 1000Hz b 0.12 047 = 0.13 0.18 = 0.13 0.18
Input Resistance — i
DTt Msaa RiN (Note 4) 16 50 - 8 33 - 7 31 - Mn
Input Resistance —
pit b RiNCM = 160 - — 20 — - 120 - Gn
Input Voltage Range IVR £13 *14 p 13 t14 — *13 *14 — v
Common-Mode
RR Vem== 06 — 1 120 - 9 1 — B
Fejection Retld GM cm =E18V 1 123 00 4 110 d
Power Supply Vg =13V
— ] 2 - X 32 = 32 V,
Rsjection Ratio o 10 118V % 1 BNV
SL = :k‘f;vv 200 500 — 120 400 - 1200 400 =
Large-Signal o
Vo?(u egGain Avo L3508 v/imv
2 Vo=+05V 160/, 71400 2 1001 400 — —S 0 § -
Vg = £3V (Note 4)
Output Voltagd Ry = 10k0 +125 130 5y +12.0- £130 = +12.0~%13.0 -
e o Vo Ry 2ka +120 128 — s +12s | = 162128 | — v
v Ry > 1K 4105 120 = affinllV < £ f —
Slaw R:;re SR R 2 2kN [(Note 3) 0.1 03 e 0.1 03 L 0. 0.3 - Vips
Closed:Laop BW AvoL el 84 opee® — duT = _ 0 Joe — MHz
Bandwidth (Note 5}
Open-Loop Output I
R Y5=0,1p=0 - 60 - - - - 80 - a
Resistance A 0=0.lo
Yg= 15V, No Load - 76 120 o 80 150 - 80 150
: P v W
Power Consumption d Vg =43V, No Load N % s y 4 8 y 4 s m
Offsst Adjustment Me 20 o i ) o I = e

Range

NOTES:
1

equipment approximately 0.5 seconds after application of power.
2. Long-Term Input Offset Voitage Stability refers to the averaged trend line
of Vpg vs. Time over extended periods after the first 30 days of operation.
Excluding the initial hour of operatian, changes in Vogduring the first 30
opserating days are typically 2.5,V — refer to typical performance curves.
Parameter is sample tested.

Sampls tested.

Fal o

Guaranteed by design.

5. Guaranteed bul not tested.

Input Offset Voltage measurements are performed by automated test
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ELECTRICAL CHARACTERISTICS at Vg =%15V,0°C s T, s +70°C for OP-O7E, and —40°C s T, = +85°C for OP-07C/D, unless

otherwise noted.

OP-07E

OoP-07C OP-07D
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vos (Note 1) - 45 130 - 85 250 - 85 250 uv
Average Input Ofiset
Voltage Drift With-
out External Trim TCVpg (Note 3} = 03 13 = 0.5 18 = 07 25 wV/°C
_With External Trim TCVosn Rp = 20k} (Note 3) = 03 13 = 0.4 18 — 0.7 25 wieG
Input Offset Current los - 09 53 - 16 80 - 16 8.0 nA
Averags Input Offsat
T = = i 12 o
Gurrent Drift Clgs (Note 2) 8 35 12 50 80 pA/°C
input Bias Currant Ig —  X15 55 — 22 190 — 130 t14 nA
Average Input Bias
TCH - 13 35 — 18 50 — 18 50 A/°C
Current Drift Cla {Nots 2} P
Input Voltage Range IVR +13.0, '+135 — +13.0 *135 = *+13.0 *135 — v
Con-\mo'n-Mod.e CMRR Vem =113V 108 123 —_— 97 120 — 94 106 -— dB
Rejection Ratio
Povfer §upply < PSAR Vg=%3V1io+18V —~— 7 32 — 10 51 = 10 51 wv
Rejection Ralio
Large-Signal Ry22k0
A 180 460 - 100 400 - 100 400 - V/imV
Voltage Gain o Vo =210V
Om?ul Yalage Vo R = 2kQ) £12 /=128 = 11 1126 — 11 %126 - v
Swing
NOTES:

1. Input offget yoltage measurements are performed by automated 1est
equipment approximately 0.5 ssconds atter appiicatlon of power.

2. Sample tested.

3. Guaranteed by design.
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DICE CHARACTERISTICS (125°C TESTED DICE AVAILABLE)

1. BALANCE
2. INVERTING INPUT
3. NONINVERTING INPUT
4, V-
" 6. OUTPUT
7. V+
8. BALANCE

DIE SIZE 0.100 X 0.055 inch, 5500 sq. mils
(2.64 X 1.40 mm, 3.56 &q. mm)

WAFER TEST LIMITS al.Vg= tisv, Ta=25°C for OP-07N, OP:07G and OP-07GR devices; Tp = 125°C for OP-07NT and
OP-07GT devices, unless otherwise noled.

QP-07NT OP-07N OP-07GT OP-07G OP-07GR

PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT : UNITS
Input Offset Voltage Vos 140 40 210 80 150 uV MAX
Input Offset Current g 40 2.0 5.6 2.8 6.0 nA MAX
Input Bias Current Ig +4 *2 *6 *3 x7 nA MAX
Input Resistance

Differential-Mode M bl G 20 20 8 MOMIN
input Voltage Range IVR *13; +13 £13 +13 13 VMIN
Common-Mode

= 110 1 1

Rejection Ratio CMAR Veu =13V 100 00 110 100 dB MIN
Power Supdy | PSRA | Va=+8Vi10 +18V. 20 10 20 10 30 LWV MAX

Rejection Ratio

R =10kn o +12.5 - +12.0 +12.0
Qutput Voltage Swing ..V R.=2k0 *12.0 *12.0 +12.0 +11.5 15 VMIN
Ry=1k0 T +10.6 T +10.5 —

Large-Signal AL=2K0 200

Voltage Gain Avo V= £ 10V (] 200 160 120 120 V/mVMIN
Differantial inpu§ +30 +30 +30 +80 £30  VMAX

Voltage
Power Consumption. " Py Vour= 0V - 120 — 120 150 mWMAX
e > e —
1. For 25°C characterigtica ot OP-QTNT.and OP-07GT, see OP-0TN and 2. -Guaranteed by design.

OP-07G charactoristics, respectivaly, AN N .
Electrical tests are performed 2t wafer probe to the limits shown. Due-to-variations in assembly methods and normal yiald loss, yield after packaging is not
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice'lot qualification through sample lot assembly and testing.

TYPICAL ELECTRICAL CHARAGTERISTICS af Vs = +15V/T4 = 4 25° C, uniess othierwise noted.
OP-07NT OP-G7N QP-07GT OPQ7G OP-07GR

PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS
Aémav:’&”;e orin  'CYos FAs=500 02 02 03 03 0.7 RVATe
N{,‘,'::ﬂ"Cf,’,“;g, Drit 'CVosa Rg=500, Rp=20kn 02 0.2 0.3 03 0.7 Vadel
A(;T::;eé:zl:m Drig  1O'08 : “5 § 8 8 12 pA/°C
SlewRate SR R.z2ka Dasan s 03 03 " os V/us
Cé:i:t?:t:p BW AveL =1 0.6 06 06 06 06 MHz

-6
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS

OP-07 LOW FREQUENCY NOISE
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL APPLICATIONS

HIGH-STABILITY THERMOCOUPLE AMPLIFIER

95

PRECISION ABSOLUTE-VALUE CIRCUIT

R1
o'\ IS SV \y VS —
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APPLICATIONS INFORMATION

OP-07 series units may-be substituted-diractly into 725,
108A/308A* and OP-05 sockets. with or without removal of
external compensation arnulling camponents. Additionally,
the OP-07 may be used in unnulled 741-type sockets. How-
ever, if conventional 741 nulling cirguitry is in.use, it should
be modified or removed to enable proper QP-07 operation.
OP-07 offset voltage may.be nulled to zero through
use of a potentiometer (see offset nulling circuit diagram).

*T0O-99 Package only

-10-

The OP-07 provides stable operation with load capacitance
of up to 500pF and < 10V swings; larger capacitances should
be decoupled with a 5002 decoupling resistor.

Stray thermoelectric voltages generated by dissimilar metals
at the contacts to the input terminals can degrade drift per-
formance. Therefore, best operation will be obtained when
bothinput contacts are maintained at the same temperature,
preferably close to the package temperature.
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