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Phanom Suaseubphan. (2002). Design and Construction of Pulse Power Supply For
Leadframe Electro Plating. Master thesis, M.A. (Industrial Education).
Bangkok : Graduate School, Srinakharinwirot University. Advisor Committee :

Dr. Pairust Vongyuttakrai , Dr. Teerapol Thephatsadin Na Ayuttaya.

This research was to design and construction of Pulse Power Supply for leadframe electro
plating .Power supply to supply adjustable voltage 0-30 V. and current 0-5 A. with linear system.
DC.signal from power supply will supply to pulse generator and drive circuit. To apply with leadframe
plating and tested the result of pulse signal at output according to
theory ‘s Enrique Gutierrez.Jr

The result of the experiment shows that pulse power supply have detail loud the following.

1. Pulse Generator can adjusted between 1-99 msec.

2. Power supply module can be adjustedto 0-30V.and 0- 5 A.

3. Ripple of signal less than 5% with resistance load when apply current at 5 Amp. and
above 5% (6.25%) when apply current at 3.5 Amp. and supply to plating cell at 3.4 Amp. it can
create more ripple and noise signal.

4. Overshoot less than 5% of setting pulse at resistance load and real plating cell load
unless change position of measurement signal between out put of pulse power supply and actual cell
on contact in plating reaction.

5. Setting time of signal less than 1 of 10 minimum pulse width on resistance load and

actual plating cell solution at near chemical reaction can observe delay time of signal.



Wy inus

o
L3843

mIsenuuLuazEPaaTasiledyy i dgueiauiansevinled

U3
=) o €
UILNY LﬁE)ﬁiJW%l;f

was aun o A A o 9 oo . o as
Idsvauddnniwiainadeldtudusuniimaimsfnmaiundngas
Viygmsfnmaumdndia IriengamunIsuinm
YBINRINGRLASUATUNII 130

..................................................... AU MReI NN
(T09ANFANANTE AL WMNTIE Re )

Sun 5 deu WONIN WAL 2545

A NITNMNIROVLS Y AWKS

(@asdloma gunau)



ﬂi:n'lﬁﬂn‘l;ﬂn'li

ﬁm@wﬁwuﬁ%ﬁuﬁﬁﬁﬁaaﬂﬁﬁaUﬂﬂun;m’\mnmmsﬁ a3, Wi edynsing dwnw
NITUMIAWAN WAL G5, DIzWa  inwAadu o ey nasumIaaugulSygaiiwus enensd
as. aUind gaAuTna wazeIdloma guMI ﬁn;m;ﬂuﬂmznsmmsmuquua:ﬂmznsmms
aou wioammslideda dmuusihlumsdiudsSyyinudifvadneg
POUBUWIINM  W.9.0. WAF - UuNBINTIO (ReFUWUE Mldemuamamzizamiius:
Tagnse WMl Lastaiauauusdney ’lumm"]Lﬁumu‘i%’Uluﬂ%i{ﬁmmauysdﬁﬁu
POVAUNIZO N QUAAAT IRaRUNUTUAzAIIM aulnywn@na ﬁlﬁmwmgmﬁ:ﬁmamnu
%Eﬂuummzm’%aeﬁuﬁ wiouTalFuauuz A lumw'i'lLﬁuﬂﬁiﬂluﬂ%ﬁﬁmﬂuauuﬂic&fﬁﬁu
ToVBUNTAM Atk InFR WIIFUNTING é’m"s”umsagﬁiﬁl’ﬁamuﬁlumsmaamﬂ%'aa
¥ S agniinus aﬁui‘fﬁmwaugsrﬁmnﬁﬁu
wananit HITtvaTaunm e Lﬁ'auimiu Bagnln WANFATITIDARINNTTUANL
NNy LLazqﬂﬂaﬁuﬁ'l.;jmmmnéﬂmu'lﬁﬁ'mmﬁlﬁﬁﬁﬂa Tumsvinddeadiiiiiveed
tdvpavanianiwzgmaasdananen az-a1asd 5uLi‘JuﬁLmiw§'n§aq@ 'lﬁﬂxammj
miasla mhamiwd usz auusslomldwfanntSygnivus vavevldud quiwa qoiusl usze3

e 4 A ‘ a o A avn o
RREARY] ‘UG&JW?:‘QM@ Uqﬂgﬂﬂﬂau'ﬁ']ﬂu‘ﬁﬂﬂwiﬂ

=) o
WKy Laaauwuq



asuey

a
unn
1 UNH
YR, e
mwmgawmumaamﬁﬁm ............................... SRS
AT R TR TYUBINATITE e vee ettt ettt eees e cr et er et e
BTN TG L1 a4 8 ke L UURU U UPURURURRURPRPRRRRRON
I BT LRI IS o oee et
AT IR T I 0t e,
RURATIUMTTITL oot
anv A d Y
2 DM T I T T I TT DY, .o ee e eeee et e ettt
FIMTTOIgAFNTTNIOF. ..o
@ A4 v o - .
m@]w'l'nmnsaum'lafn {Lead frame material)..............cocoviiin R P
NNTHAN Leadframe (manufacture of lead frame Strip)..........oovverreeerriieeiiiiiieeeenn.
MsUsz@wg UF (Leadframe Fabrication).............coccvoriuoivorrcanoecenes
- X .
L LT DIt e oo e
MWATURL . oottt et
X . .
mwgmmmumaamsgu‘[ammuiw% .............................................................
A AR I D AN TR T et e
TS E R I UDINTEIR BT, oot ee e eee e
A P d 4 4
JUARUTRAAA I JUASTUARURARLN ..o
o~ 3 A
mﬂmswmzﬂﬂau .........................................................................................
A o e o a A «“ &
JUNRURARUTNTAURETUARMWRR ...,
d da X
31Jﬂauwmwuu ......................................................................................
T T IR T S DTN oo
- o o 'y a A , A o ed
mau‘ua%ummmmmlumﬂiuiammaamUgﬁﬂauwaaﬂﬂumsqu ...................
LTS e L X o TS PR P PR PP
A P
IR I TR R BRI oottt e e
msmuquua:ﬁamuua:nﬁl’ﬁmu ..............................................................
A DU AAUBUBIRVEEEEIR oo
AL IR D ALNI LR EIT I AT e

W YNENYIVY

Y
H1

H A W N NN

10
11

16
16
18
22
22
23
25
28
33
36
39
47
47
50
50
52
58



&TU(AD)

a v
unin e
B AT T T 0 oo, 61
A2 o L3 A -
N AR BATDINITODNUULMRENNTRIIIATAIUMTIDY oo, 61
B AU O DI I T T 0 et 62
4 Namﬁmsw:ﬁﬁaga ............................................................................................. 72
L5 A © ~ a L5 -1 =Y
wammmauLLa:msmaaﬂmmaqmmﬂanwuyﬂmwaéﬂguLﬂaaum nsouTlo%....... 73
5 a;ﬂ D L T R T D LR BT et eeees e et e e e e et et e e e 85
ATIAIRRIVBINIITTE oo 85
AT T UBIMITITY. .o eeeereteeeeeieeeeeeee e tot e e e eae et et eeoeeneeeae. 85
MATUATIZRTDUR .o.ccorercee s 86
agﬂwamﬁ%’u .............................................................................................. 87
msaﬁﬂsm‘ﬁaga ......................................................................................... 88
B RIS oo eeee e e e 89
LRI EEIA T LRI RO LU et 90
LTTTURMANTH. oot ee s e 91
VYA INY. oot 93
L t -} A g
AOEHIN N, AIHIRBUAIINT AN T OLNDNNITITE oot 94
“ A [ €
mMarwIn 2. TWAzBEANBIIURUNTAL 96
A Q U
MARWIN A, MINARDUBREMWL TSN U INLNAITRI M. et eeeeee e 141
MmeanuIn 9. @;ﬁamﬂfmu .......................................................................... 146
153

ﬂs:‘?ﬁﬂa;ﬁ%u



A19319

O W 0 N OO O AW N A

A A
W N -

e
1=}
=11

A3INd

revel
TSN AU AU D ITUWIUBUF I+ e oo 6
mﬂIuIaE’JLLa:gﬂnszﬁﬁlﬁumswﬁmia%ﬁwLmnmum:mumswﬁ@ ............................ 8
LRAINITUS U BUINA LU LRTUBS POWET SUPPIY. c..v et oo eeer oo 44
wasTIBaziduaadn uiudsza (WU AARY QI MRRIURE19TTY)....oo 97
swanﬁumaoqﬂnmﬁiuﬂ (TR R YN WA RURENITT). o, 97
Twaziduauadiad. .. (IR TN AWERUAZTTTU). o oveeeeee e 98
TUasBoaramuiaiass. (WL ReR QI MRRRUARZITITTY) oo 98
TUandrarasnuiulezy... (LAY INARLIZ1ITI). .o 98
Tuazi8uaguUnInival Linear power supply Ta9@WALUSEY. ... 99
ﬁnau‘é'mgﬂnmfmao Linear power supply YDINTIUTALADT oo, 99
i’maztamqﬂnitﬁmad Linear power supply Rz B0av03 0% oo 99
s’ma:{é’mqﬂmrﬁmaa Linear power supply TIURZLBEAUDIAITIUNIW. ..o, 100

MuazBuagunsoizas Linear power supply TRztB8au0IUNTOlEN ..o 100



a <4
Usnmnilsznay

nilsznau
1 T AU IR LT IR oot
2 ML ITHAEN DT UEABLOANTIRNG ..o oot
3 vienleazunsuuaaanszuauntsHaafd e aadle. ..o
4 auaumsgesraanszuaumstsznatlad .o e
5 AUBIVDINTIHANUUL nonhemetic FouzasltFiunmsdasadnludimdu
U NTAUUN BT e e,
6 msaamudariduluvainsayladlaunis b uBWATINAI . oo
7 yiialaseairevaininiinleddonmsdoasansonmswasuled. ..o,
8 %uﬁm?ina@aanmmga (Tooling) ?i‘l."ﬁ'lumsﬁw%ugﬂ LIF et
9 LIF siianadanaiadl (Etching) 1ot @uanneuannwad LF ..o
10 dneunmsdsznaudmiumandinuuy Dual in Line package §u1/3sNaUFIMLAAM
vuwisSsusaumsuidmTudetszny UF uasTamiin.. oo
11 d1aun1sUsznay Plastic postmoled wU Dual-in-line Package itHw L/F
223995UMTW (Chip)naa9INN1TLA Die WRTHALTUAIR. ...ovieeeeeeee e,
12 WANMITTUBININ I o
13 FnunnsEMEL ReuiI it U as30ounan(M+) R wn EaUULBTTIa. oo
14 dnunisvanzepaInTzus IWFussnnunin e au U e g 1895 HIM... ...
15 DR TR AALAL oo ee ettt e et
16 m’%aaﬁuﬁngﬂnﬁﬂ ...........................................................................................
17 D NDRTADLTVBDRTA LAREAL ettt et
18 gﬂﬂﬁwﬁugmem TR RO U S TSR U PO URPURUUORUUOPPTURRRRPIOS
18 AU LA S MUY RITINTETULIN 2 TG oo
19 ﬂ‘s’iuﬁLﬁ@mnmsnuﬁwam'&“uﬁrugm .................................................................
20 Eﬂﬂ?iuﬁm‘é‘uw%‘eﬁaﬁ B = 2 e e
21 gﬂﬂﬁuﬁaﬁﬁﬁ T DONTY 20,
22 gﬂﬂ‘é‘uﬁaﬂuﬂwmqwﬁ ....................... N s
23 31]ﬂ?iuv’(af&mu?mgUmﬁumnﬁa{ﬁﬁﬂumoﬂﬁﬁa ...............................................
24 gﬂﬂ‘é‘uﬁﬁmwam'émﬁv'aﬁmuuu,a:ﬁma'w .........................................................
25 é’nwmzmaogﬂﬂﬁuﬁaé’égvs‘e’iuw?iLﬁ@mnwammauauaammﬁ'@m JUATNATDY

10133 ARTURTYIY DA oo

X ~N O A



Tyaninlsznay(sia)

nwisznay el
27 ﬂﬁugﬂawuxuﬁuul,l,azﬂulﬁaﬂ .............................................................................. 35
28 ARULLUUNIU T LR, SUNTLO R, AW L TUR, BUTLNTA o+ oo 36
29 %méf_lm“f@ﬁmt,a:mmﬁm{uaﬁn ......................................................................... 37
30 AU AR U OUADIREITDTN. oot 37
31 N.) ARUNIADY 2.) LOUAIIMRTIIHONN oo 38
32 n.) ﬂ'émmﬁvgﬂﬁn?ﬂma pfuU AR 1) WoLAMURT IR, 38
33 Fiﬁgi]”nmﬁwﬁ(Duty cycle) mmi’gfﬁ"nwﬂ”nﬁm’lﬁ‘u TU(TAHT2) e 39
34 Duty cycle at 25%,50%,75%) .- e eeei e 40
35 ugaernaufitfiora T1 uas T2L1J§m4,LL1Jaa(Frequency) ....................................... 40
36 URAIFIUNN (AMPUtUDE)UBIRTUTU DA . ..eovrreeee et ee e eeeestere e 41
37 Ltamgﬂﬂéuﬁaé@mq ﬁl‘z‘j‘lumi'qu (WaVE TOIM)...oeev oo 41
38 GOl Iptoa! ‘]ﬁmm:mﬂﬂ piauuen Wave form,frequency,Duty cycle, Amplitude......... 42
39 AINITURFIFATAIFYYUNAR... Periodic PUISE. .......coorrreriererarecrcr e 45
40 ﬁuﬁmns:umoﬁ;Umnmnszuazgagﬂ T WUTENBL 40 oo 45
41 ANTsuE eI auWafile D = 10% 7 NIzuageRe 100 wawdl ... 47
42 nAIMSIanueUAAuNaERa Ll 10-90%5 Over&under ShoOt.............ovrvene.... 48
43 Slow rise time PeriodiC PUISE. ...t e e e 48
44 Signal Overshoot of periodic pulse...............oooii 49
45 Periodic Pulse reverse with off-time and periadic pulse reverse with NO off-time
Effect of using Low inductance cabling..............c.coooi i 49
47 qmsv{ugmmaumsiaii'\u'meame%m?u ......................................................... 53
48 Na‘sﬁugﬁumamﬂeiaahu'tﬂmauuua%%a ............................................................ 54
49 5ﬂ,gﬁﬁ,ﬁﬂgﬁéﬁgtﬂﬂﬂ§ ................................................................................... 55
50 MWL IENOUABW DT ABTTRAANI .o 57
51 n. RMC LLuuagniwﬁ'UIﬁa@ Y. RMC  WUUIW WAL TARR. ... ooeviereee e ae e 58
52 UREIHAOUIUN I TS oo, 62
53 URAINTRUYRUBINV I UHARY YRR 64
54 u,aﬂmwsamdafdwUﬁﬁovl.wﬁwnszu,ama ............................................................... 65
55 AIRTEIARTTUVIRR R . ..ottt 68
56 LA IT A S T NIRRT oo 69

57 IVTU AT AT DI TIAWURENITIUE. oottt e 70



Tydnnisznau(@a)

L

nwisznay W1

59 DT LRI T IBNRE . ...ttt ettt et eee et ee et e s eee et et e et ere e et e eac e 71
60 naMINaReLIaUWIATaIN YL RIIadaduaan(OutputyyasiaTasiliady o

Wadsuoostalaglatiiosdadununsziasdt 0.2 lawy vure 20 Sa¢

ATauRadaduaan(Output) vausTasinifladuanuiad Anscusuan]

e (On time) AR TAANILT/1 JRRIUA.....oiiiiiiie s e e 75
61 Namﬁq@aau*?wmwaaﬁrymmﬁgwia@"’maan (Output) 28919389

fudiedunnadad Wasamdmuninifiosd 0.2 Tevu vwne20 Yad ATaNYA

dashuaan (Output) 2adirasrifiafyuuwadUsunTzuLE ity 5 wawd)

faauda (On time) A TOINAU/1 TRRIUA. ..o, 76
62 Nan’n‘maaui’mmmaaé’zyry'}mﬁq@daﬁﬂuaan (Output) TadeTaIRUTAARY YL

Waddadamadununsniasdno.2lavu wwe 20 Jad asaugasdade Wi

U THWH16 ANNen7 @uas 1 1was eawaan (Output) maam‘%aaﬁmﬁ@é’@mwm

Wad Ains=ug 3.5 wawil @1 da (On time) AdanTawiniy 1/1 Had3wnfi.......... 77
63 Namsvmaau*?mmwaaé’ryrywmﬁgmia@T’maan (Output) vaaIasiuiiadma

Wad (Hedaseunmunsziiasn 0.2 Tau vuie 20 Sad Aiauaadaay lWih

2u1e THWH1E AN uas 1 1wWas dmaan (Output) auadasiuiiadyano

Wad Anseus 5 wawt dranda (On time) AaaTawindy 171 BadIw............. 78
64 wamsmaaui@mmmaaﬁ:yrywmﬁgmiaﬁmaan (Output) vadieTaIuRasty Yo

wamiiamddununiziosdno 2levurmiezo ae asavgadamenihuma

THW#16 a1 lapsay Wiy 3.5 e uazdanulada 43 1an usy

auduaan (Output) 2adiAtedruiiadynI uwag finszua 3.5 wawt) dAaidle

(On time) MDA /1 DRRIWIN. oo e, 79
65 mamsmaaufwummaaﬁrgrgwmﬁg@maﬁmaan (Output) vosisTasiudadtyyn

Wad adddumunsaidasdn 0.2 Tavin 2we20vae asauyasiamylui

ua THWH#16 amaps lagsas i 3.5 e uasdenuiase 47 17N uazay

fusan (Output) vasin3aaruiladyuwed Ainszua 5 wowd daatla

(On time) A DAL 11 FRRIWI.L..o oo 80
66 HamMIARaLIaTWIATBIR Y MATNFIE UL 0.2 Tavin iaddumudaiy

gl sune THW#16 anuen lauTis indy 2 wes Bnduaasensvae

U 30de 43 uInuazauduaan (Output) "uaam‘%aaﬁ']Lﬁmz?zytywmﬁaéﬁns:LLa

5 wand e nda (On time) A3TOYIINL 1/1 TDARIUI ..o, 81



nwilsznou

67

68

69
70
71
72
73
74
75
76

[ %

wBmwilsznau(ao)

%

wamsmaam"@mmwaaé‘ryzywmm‘amgmia'fa UIN uazauauaan (Output) U89

iSaariflafynnuwad Antzus 3.4 wawnd A1aatla (On time) Aoy

11 Dadwf lu mydnofypransddrderunseunled. ... 82
HaMINaRaLTATIa IR YN IMALR UEY . qﬂ"?i@ial,ﬁwaaﬁi'mﬁwvgu D

g@lnﬁvﬁaamﬂimﬁ‘gumﬁauﬁ:nsaum'la%mnﬁqﬂ finszua 3.4 uanil daauie

(On time) davaaTairiniy 11 Gad3wfi lumsdndygnaisd@drdegunsaun

B ettt 83
LEINTNAREUATBIMAFY QN ARETUNTAUINTOF oo 142
wdosseias WihuuuRifeSwSougainida Sy AR FE AR ..o, 143
Lﬂ‘%'ao'«jwUﬁﬂé’ﬂﬂﬂﬂLmu‘ﬁl.ﬁu{ws”awq@ﬁmﬁm&'ry:ywmﬁaﬁnwmluLﬂéao ...................... 143
et ulledygaiadruedaufiangauunled. . 144
A ATUEAINAUTIAUUAENTEUF IR oo 145
soudsznaudhumirvsaniasifiadyunuRadaunsatanlad.. oo 148
ﬁmﬂﬁwauﬂ‘%aaﬁmﬁ@&ymmﬁaf?'guniaum'la% ................................................ 149
FAULTZNBUNELUAROY. oot 149



unin 1

LN

a

nivas

q@awunssﬂa%ﬂfULﬂuq@awnsmﬁﬁé”m’lm'snjﬁmuuﬂaamamaiu‘[aﬁﬁm@ﬁqﬁq@mmw
wits Fensanmavamndangn wimnsnmugurnemsdumoluerledliaasslszanm 10
lupsousanda 1 luasaumeluszoziaa 20 Tuazmansodelefusinimmnnifuiussuugasla
Frwaitunafasuanndeldamnunwuinuwiadn (Small Scale Integration) luannszvisfs
AMAMIILIBDWIRING (Very LargeScale Integration VLSI) ﬁ'flﬁ"?;udm"la%ﬁm‘ﬁmaanmﬁqmmwga
Twdong 1w la% MOSRAM uiunsirenududleldumwannen 16 K sudlu 256 K 1
wdasldidslnihaassfis 20 widh (30 0.02 MW 11 0.001 MW)  wazeaalumsiTundaya
Rauaufioutying 2an 200 ns (10° Swdindlu 100 nsuazandamizevasladwirnanusussled
2w anatateTas

gaqu&wé’nﬂaamsm‘éUml,ﬂaomamah’[aﬁﬁﬂ@L‘%’Jl,q'ruﬁ Raduanmsldsuie
mIsuazwa s udwiunn I@Uﬁﬁﬂ‘ﬁ"ﬁhm;aaqﬂamnﬁwﬁag'lummfﬁﬁgamn Waausy
qmmwnssmﬁumalu‘[aﬁﬁuq %aa’mwa‘lﬁﬁmsamuﬁmqﬂnmfmm‘ﬁmlugaﬁwﬁgomnnn’ﬂ liga
mﬁnisw%w‘&ﬂqﬂmrim‘%aﬁm L"Fflaauam‘aq@mmsmﬁﬁmmﬂimﬁuamaimﬁdua:ﬁuwmﬂ
éﬂﬁ:glumsﬁ'mum5@1‘5’1ﬂ’15ﬁ'ﬁummmUé’waaqmm%nﬁﬂa%ﬁ’m (NECTEC.2530:80) "La%mm‘mgﬂ
uun IS AL BT U IR T UETY {Devices) Tugudn (Chip) 1l 4 Uszinn  @a
1. VLSI! (Very Large Scale Integration) 2. LS| (Large Scale Integrate) 3. MSI (Medium Scale
Integration) 4. SSI (Small Scale Integration) UFNTELIUMINAR LaFH S ImaNMsRAf BRGNS
wiseanilu 6 nIzUIUNITHELAD 1. NITUIABNNTOBNLLIY (Design) 2.NITUIUMINIANUININ (Mask)
3. nezUIUMIUgNHANUAzIESHNLIUNEN (Crystal Growth) 4. niztumslusiasuiundn (Wafer
Processing) 5. nazulumTUsEnauvIeniinlad (IC Assembly) 6. nIzUIUNITRTIAFAY (Inspection)
(NECTEC.2530 : 6) nizuaumisdsznaunianiswiinlad (C Assembly) asshuiundndirunislys-
iR NnIzUMmMsnawwihiinsansanduiu (Chip) eamwewadled Wilaulfiawainie
‘W73 (Diamond Cutter) wasaniuanafivuiumsdatundnlaondnamzdmdlsleludauunsann
(Lead Frame) asaidaniumiasaihdainlimas nisnnigsedunisdadouni %uwﬁna:gﬂwﬁn
Lﬁaﬂaqﬁuﬁ!maﬂm{ﬂ Tagolmsiwanwanadn lunsdfliidarmuadnmsiidunainaald
win iiTetmuesmsfidunendt wimsaind lafudestindud il dausaunena
Mvue udRuiuad Lﬁada"l,ﬂﬁwmm@aaugmamﬁlmﬁq@ﬁwue&avlﬂ (NECTEC. 2530 : 12)

gaFIMNITUTUIARaUA I R o Ry Y AR LT T uungasnnssunisgunsavanled
(Leadframe) st lWH (Electroplating) iuiflugeasmwnIsuaiuaym (Supporting Industry) aaANTTH
wikfflanuidydansnialed e‘fﬁonszmums"gumaum(Leadframe;L/F) MU uulawIzIa (Ag
Spot) TmsldFyUWRFlUNIITY Lwﬂuquunmwﬂa%ﬁﬁ‘ﬁuﬁqnLﬁnﬁamta: (WGP RPRTER

nnUng whimansoldieIasiusyyiuiadiionuaaniolumsinsnszualugiu



msﬁwmuﬁ'gjﬂ@? dWasnamudesiueneiasnulddiamstugnite nenaniudtasduiug
Aaan M IaonTzualugaauIn (Slow Start) URTANHMENIINTHRBN T INTLLEIN B gﬂﬂﬁuﬁ'vlﬁ
anuFNRUSAINa1 ldnavynliiie nmsing (Bumnt) ﬁv’fuﬁaﬁaiﬁﬁmmasﬁmauamaqﬁqqmﬁ@
AwonurzrTsdug guliGe (Void) dasaanszus LLa:@TaaLﬁmaaﬂums’guﬁﬂﬁﬁynmlumsqumn
Juilfifefundoudfuaswld el inug émﬂ?aaadﬂ%&hU'lum?guﬁﬁunuijﬁuua:
awlSes UF dwiunageunewmsnda Mass ann iilasenmsmianudiunnsdiunssuauas
L'Jmlﬁmm:auﬁuw’émﬁmﬁﬁl’i’qumﬁauﬁtx FamsfesdaslfiaTasiosyun aadluinunszuad
uariirsasmanssnalunsSudonsug  ardasinsfevndiuAieud sdasdanatstinaunssd
TIOUNS uanmmfmﬁa@naamif?o%vaﬁ"uLiTﬂLt,aTam’%'aw:ﬁLwi@;ﬁa'lumﬂ‘z?mmﬁmwhtfu Muazidue
2evmuluazlaitams Lﬁﬂ'ﬁﬁ;@L?rﬁmw?atﬁ@msﬁ@ﬁaaﬁaqﬁu‘lﬂq‘jau{Tau'%ﬁmﬁwﬂszmﬂgmﬁm i
IWiFsnauasfudiosudssnmlumsdstay

domeididtddunenuiasenuuy shusfesiflafygnaiadmsgunsavanled 7
fgrunavnudinszusdr (34 wondl) aadymimansfesvasnszuslWiy (Ripple  Current)
fUIMIUNIU  (Noise) LLa:naﬂummxafiwaaé‘ryrywmw’aﬁ sadrldinelundidannnedialsna
Lfimﬁ@mﬁhgﬂLﬁumaﬁaﬂ’ﬂﬁaa FunsowITugunioas nale Lﬁmmn?yﬂmmam (ua¥) gunsol
?ia;ﬁwmsm%'imua;ﬂiuéﬁmnmﬁaamum wazdaduuwamalumsiauyneeanaflunsgauingld

Lﬁ@mmﬁ'\mwfﬂun*ﬁ'gunsaumvla%@iavlﬂ
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1. danuuuLasFPIeIoItuiladyu AasE N TnUunszur 0-5 waudl uazaaNIn

USuusetfuusedu 0-30 Tayt Yiunauteauaslaussquuasnszuslaaud 1 - 9.9 fafiuwdi
=3 L= A. 1 bl a o d d‘

2. Anvdeiminmmsaaiaviufyanuwsfiasliainminssifiansenssug IWHIA 5%

2pIeNNaIANNINTElAe (Over shoot) TBINTZUANAINIY 5% TasiAUTuGIMIUANTAIMTDY

o v . . . . o ' % o N
juafunarialadu (Setting time or rise time) Wasni1 1/10 veswMuNTIRaRER

AMAE@IAYYINTIY
L i s A @ 4 2o @ - A = P g P
Idinsesriufladygraiad (Ralddwivnwrueiavfinseuannled luRuinmsguiidna

uaznsau ladNune g

WDUIVABDINTITIVY

deldnsitulunseenuuuuassransasiufiofyg mWed ‘lumsgumaw'\'la%ﬂ%i{
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1. Tasmseanuuuuazsasdasiifiadygnosisd lunsgunseuanleduwe 5 uaud
30 Taarf sansndivaudauasilawssiunasnazualaaiud 1-9.9 Jaddwif %aﬁqmamﬁ waT

= = s o J
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1.1 gatuiladygimdad (Puse) Hanuszszuaiumadedenszusle @aud 1-9.9
Ja83un

1.2 wndadnmdsiWfnszuress 5 wewt (A) 30 Taart (v) Tagdronszuaiusaduriuga
fifledyimWaddesylddinszdaly

2. shudsfiesfinw Lﬁums?m‘m@]‘mawﬁ?\mauﬂ%aaﬁummgmﬁﬁmu@ frpasdoasi
21 dmsnsziey (Ripple) 2asussdunionszusiniidinin 5% vasenilsuaadniy
RIUITUWAR

22 enmsnszlaavasussaunianszuaiwin (Over shoot) dnin 5% wassnUiuas

2.3 mnm‘lumsév'aﬁwaagﬂﬂﬁu (Setting time)#auni11/10 maommn%oﬁaa‘ﬁéwqa

2.4 Us:'ﬁw%mwLLazmmwﬁmwm@mnmﬂ?uév'ﬂﬂUﬂﬁ’?ﬂﬁzym'lmgﬂﬂﬁumﬁﬁ’u

MIPULARBUIA? nyav1 ted

farudnilane

naanuuLe3asT e Ay ITUAWAE

punia msﬁwu@é‘nwmzmammsLLazqﬂnsm‘VlWW’l-SLaﬂmaﬁnéﬁﬁmmé’uﬁuﬁ‘ﬁums
I3vasirqaunsol Bisansefling \elvmansodenszusdyanuiadlumsgy

MIENAT oI NTTUAF QRS

wanofy madszneuiaggunsallnidmansefinfdidioiuuazusnaslundasaidoany
TasfAuguauduiug saaadasnuniseanuuufiniua’ly

Fygrawad

VRN é’zyrywml,m@i"w%ani:uaﬁLﬂumméu‘émﬁmJﬁ?hanmmsLT_I@(On)LLa:TJ@(Off)
lainnu

unadsnamMasidiinIzuanss

panoh qﬂnmﬁLaﬂmaﬁnﬁﬁuﬂaagﬂmﬁunsmaaé’uLﬂum:n,Lama'Lﬁmmsnfémvtwﬂﬁ
mT'l{J"aqﬂnicﬁwﬂﬂ@'\’mmﬁaﬁmumam‘ﬁv\ﬁm‘ﬁfuf-]

anszfian (Ripple) 2asussdunianszualvith

winpfly Sendiuvatessiliznauedid (Superimpose) UNFYUIMUTIAUAT additsznay
(0% a1afindn RMS. #3adn peak to peak laovialiilanszuglnaasuanen Ripple azileinga

an1snizlan (Over shoot) asussdunIanszua

winpfis amanszlaauasdyyisusiuniontzualur e msasivadyy I

Fiﬂl,';a'flun'ﬁéfoﬁmaagﬂﬂﬁlu (Setting time or Rise time)

wnefe szuzaRdy L MIaURIN (Leading edge) WanuulsinnuwadyyIms 10%
luaufis 90% vasvuragIge

ﬂ?’mﬁ (Frequency)

wanpfe sarvasnusaslumipTangiad

A10813 100 Hz 185aF Winny 100 Wak o duih



ﬂ’nuﬁ ( Frequency)

winpi sarwasnuaaslunizvsaiad 628819 100 Hz 1@3ad = 100 Wad fa Hund

mnaassinlyfew

wineds  mmesanhiedssiufiadygioiadn idih lunesadlfaulunsguedauio
nsavan lad

UszAnSnmvanaias

wnpfle msvhnusaneiasiiflesyanaisdrunsoiiiledyouwedasud 099 fiad
St TapmunsoUsuusesud 0-30 Taast Usunszuasoud 0-5 want) uaz dnsnsziiaw (Ripple)
YaausaTunIanTzuR I dn T 5% Tasdiuas, snnsnszlaevasussduniansaus Wi (Over
shoot ) §1n31 5% veasnUiUR ,mnmlumsé?aﬁwaagﬂﬂﬁu (Setting time) %auni7 1/10 Va9
mmn%aﬁ’aéﬁ@iwqﬂ ﬁun’zi'gumﬁauﬁansaum'l,a%

AanNAanaa
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fmasisnesdyguled  Mietwiafisutuifuiuasensldrmlaonsldesdalastey

TanSuufisuiygnugedunldifemdranuiianae
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wisosufiadygnmisdlunmsruaiey

o =
fansavuanled l

v

W lUnesasdfianmimanaila

AIAIRNUHANAIG

Mwisznay 1 nIauLwIfalunsIdy

AN} AINWNIIVY
iwdasifiadygrmwasruieiauAansouled dusintnn



unn 2

aw o o LY
LONFTIFLUASITWIVSNILN I DS

v
a

Tlumiidoasats ﬁiﬂ‘lﬁﬁnmmnmmazmu’ii&ﬁﬁm%o aNITasa R

[

.3 W%1ﬂ1511€)0€2@\ﬁ'1ﬂﬂ5534ﬂ'1513%

-t

. fugruzanadl IMiudgnum Ty
Canaingwmdasdyyimiad
a a [ 'Y o A ' o o p
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Cwalulagiunislgnwunasane lWase
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aAe A A Y
L ATHWIAHNLNEIUDY

1 FTewinsyesaaamnyisled
Au [l - A
1.1 aowmwzasgadmrnIsadnawdiannsoind
DU P ~ a A A [ a X s [ ° -y
Lo T uTuaIudlannIoRagTRANEY NUMTMTIIUWRLTUREIINT 2N 1Ta1eduun ladin

& A A A aa a € 4 o . o« s &
HuTugiunitresTusIvdlannIadngyssinnanialin @\TLLa@GluﬂqWﬂfﬁﬂaU 2 G\a'l,ﬂu

" 0 uaeaBianmnsau (Electro Tube)idu
Fugaula o L.
uaaap lsardgtnsiuaaaiandisd,
— U (Active  foeen -

waonlilasian a7

Component

""""" 0 AudrzAwfansfissintia( Semi conductor Device)

- gudruiluding (Discrete Device) 11u lnlen

- v
TUAU nudaimef lsaimef Tudiu eanlndidanselingd

1R
- Fudauled (integrated Circuit Device) 191

fannsatind
(Electronic

Compoment) wirgandn lrstrgamef 74

upnUaAveef 787

——0  TFudaulilnenu (Passive Component)

Fudauinlyl v Famunnu Aafiudsey dawiluat e

L (General e e 0 TuAIUNINNT (Functional Component)

Component uan g TulasTru yils g awimén

(MagneticHead)

L — 0 Fudnuding (Mechanical Component)

uueneial aint uluaaasinw Jiad a7

mwlszney 2 msutsriadns g vasbududiaanseling



nmmdszney 2 imandnldin Susudiinnafindenautseanididurosiwanlng 9
da sugmhen (Active Component) wasauguraly (General Component)

Fugnhen dududndat lUiunumedamsinaaudizanszus wisdidnasaulasasy
VEUYNMITISDINTIUE (Rectify) 2078 (Amplifier) #30 I;Jg}m‘n (Modulate) 111461

Tuada  Tuswhewiiinsldiumnn AonsaagyyINA(Vacuum Tube)uARDNITUEIN
mmﬂﬁgnwmmuimUmwu%ama{uaﬂa% Swdususmbnumiiiniheieraiiatelsiias
waeaguIMa wiewseadiinasen ensdnsliomiuey ludnsuzowdidudygaminalng
wﬁamugmazmmﬁgm Y mztusiubnussiisnhideinalumsldaulugaedingd

Sudmhuiisouteaniiu ’?;ufhuvbmu%amﬁwé'nmwamaa@q@rywmﬂ Falumw
Yszney 2 1nesi3unimasadiinasau (Electron Tubes) Audusiulinufiodonannisvouses
s3neh Fafenautisdessanidusiiafiusnaaniiiug o (Discrete) ﬁumﬂwﬁmﬁné’mwa%ﬂwﬁw
yuadin wiafiFeni led

Fwsutuganra i a:ﬂs:ﬂau@"w%umu&ﬁnmaﬁnﬁuq wonmilaandudanlionu
finsntnesu Adenldun

1. Zugulilaen (Passive Component) ldud Fudiudalszneuiwiiwisssdidnnseiing
uasBliTunumeaamsedaudainsusriadiinasaudsiusaulieu

2. Fugwrims (Functional Component) éin "f;ushu%aLLﬂaawé'\Nmﬂ?aﬁnvmunvaﬁﬂ
lﬁLﬂuwa"omw,ﬁmﬁawz?amugﬂgu wIsuUaInaunu

3. FUFIWTINA (Mechanical Component) leun FudIuninann1srinawdang

1.2 aszvwnsuaaled
logndlsnulutatu  ensduunsanaurmeanadauiuraiwIuTudiu (Devices)

FuEW (Chip) (A13719 1)

@139 1 Mysuunladamuruiannydauiua I UIUTUEIU

stuuy $TUIUTUIL
VLSt (Very Large Scale Integration) AINNT 1 wEuTuEIU
LSI (Large Scale Integration) 1,000 ~ 1 uau
MSI (Medium Scale Integration) 100 ~ 1,000
SSI (Small Scale Integration) 2 ~ 100

a a

o o ' o & = & o« . o & - =
LWHAIUDALUUUY DI TUIUTURIRITINUUUNAY LL@\ﬂ‘i:UQun"ﬁNa@\ta%ﬂUﬂu“ nnYn

adaRanu duaraugaudluusanlaszunsulalunwlsznay 3



=8
nIruauNIsLgna@n

(Crystal Growth

nrsuIunITeeniuu

(Circuit Design)

Y

NITHARUENINAN

(Mask)

R

v

NTTUUMFIUTLITALIUNAN

(Wafer Processing)

v

nezuqunsUsznauled

(IC Assembling

v

NITUIUNITARTINADL

{(Inspection)

mwidszney 3 vienlessunsuugasnszuiumsnaafiidayvasled

NN TELIUM IR UATLTANA NN TEUIRMINNEITINY  Leadframe  lauasidanIszulu

m3usznavlad (IC Assembly)

1.2.1 nszuawnivdsznavulad (IC Assembly)

Tunszuaumsi asiwiwkdnfirunislussainnszawmstawmihilinmsaasan
dludu (Chip) suswinwadled  voilagliaimainiomwes (Diamand Cutter) waawniu  a1adl
giumssazundn lagrdnewzdudltldlyfauunsouan (Lead Frame) iRadaifonnuaasaiin
Fasnldnas n&*@mma%qéumwiaL%auuﬁa%uwﬁngﬂwﬁﬂ Lﬁaﬂaaﬁuﬂma:‘laxfw Taoaaltans
Swannanaan unsdaliideivuedumefidunetn vieaaldianin tidarmnuaswied

Y . o = & w o & :!S/L o . e v a € & P o
L’UN\?’J@ﬂ'JTﬁﬂ\?n']iuuﬂNﬂia‘ﬁtLaquuqﬁuaauu ﬂﬂ@LL@]\T"ﬂﬂ(ﬂqwﬂqﬂu@LLG’JWNWLU@? L‘Wﬂa\‘l‘lﬁ'ﬂ'lﬂ'ﬁ

vesauquauld lutugarodaly (nmwdsznay 4)




winuanAtawn sl sema s

| T

faudunanitutu
(Scribing) uiinen197 (Package Seal)
ARTULAN (Chip) FAuFaTI
{(Wafer Sort) l
l Aunues
FATUNANLUNIALN 4
(Lead frame) (Die Bond) NARDLTUAAVNE
FRAIAALTUNAN leddni5a
(Wire Bond)

:
()

Mwdsznay 4 wuiuniItanuainizuiumsdsznauted

1.3 maluladuazgunsainsndanly
éﬁ%‘?ULﬂﬂTuIaﬁLLazqﬂnsﬁﬁ‘lﬂumwamia%ﬁu omuTnallddinnse 2

79 2 alulafuastnsainltlunsuda ladiuunarunizuiunisuda

NTTUIUNT walulad gunyal
1. ATSUIUNTEENUWUL - nalulaiidumanduag - aaufRneestaglunisaan
- wealuladdrunsaanuuy WLy (CAD)
2933 -

Digitizer




779 2 (fa) inaluladuazunsainldlunsndaleduunaunszuiumsnia

NIZTVIUNNT nAllad auUnsal
2. NIZLIUNITHEARUIAN nalulatdlons# - E3RIATITROLRIINN
(Lithography) - Step and Repeat Reduction

walulafnisudensean
AR

a U
taluladnisiaiouia

n3v3an (Glass- coating)

Equipment.
Pattern Generator
Glass — coating
Electron ~ beam

Machine

3.n5:mumsﬁ§nw§nLm:m‘%w -

+ 2
LIUHBN

mﬂIu‘[aﬁmsﬂgnwﬁn
(Czochralski Growth)
maluladmsnaadaniany
o &£ .
USEND (Electronic
Grade Silicone)

= =t a =3
alulafnseSouiangn

m'%'aaﬂ@j‘nwﬁmmu
(Zochralski Growth)
Lapping Machine

Polishing Machine

Electron Microscopy

Other Measuring

- naluladdunan - Equipment
4. N3V UM T TITRWIUNEN - aluladdlsnn¥® - Diffusion Furnace
(Lithography) - Epitaxial Growth
- nalulagnsdeu - Mask Aligner

(Projection Alignment)
inaluladnisiands
(Etching)
malulafdumsleas
malulsftugiidasldlu

MISHAAWININ

Vacuum, Evaporator
Chemical - Vapor-
Deposition Equipment
Sputtering Equipment

lon Implantation

Equipment
Dry Etching Equipment

- Proben
5. nruaumsysznavled - welulafmsFeuss - Scriber
(Bonding Technology) - Automatic Mounting
- waluladmswiinled Machine
(Packaging Technology) - Wire Bonder
- walulaimmesay - Mold Press
- (Testing Technology) - IC Tester
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nnerTe 2 esiuldferflaveanalulafuszgunsoinisndadndydeindudadls Tn
LARSNTTUIUNTINRS (NECTEC.2531 : 13-14)
1.4 iaqﬁiﬁﬁﬁﬂiaumﬂa% {Lead frame Material )
n'aumﬁhzLﬁuqmam%maﬁaqﬁ'ﬁﬂ UF Ramifidosdnlainnissznoy LUFetels
wihfizasuludunisUsznay (Assembly) msu3nis WaT UGN NANITNUAIINIWLIRROUAEN 13
LF Lﬂufa@ggmsaﬁm%uﬁuﬁuLLtiu%w ssndimsniinwanadin lunsusenay (Assembly)
loF uardorsasWihasnundsasmuuen dsnwdsenay 5 Gemsdaszwinedwivuniu UF 14
aranesduduaEnueg lumsda uaslumwisznay 6 LLa@a%wﬁgn@iaﬁumﬁmlmaa L/F Aaamy
aaﬁmmﬁ"avl,ﬂﬁmlmgﬁmuam:ag;lu,gﬂLLuwaeLMummwsﬁuw‘ Printed wiring board (PWB) 11611
UONFAUDY LIF 3s0neianuudiniens (Board) laumssealdudenina  tlififaninafidaririuudu

29951@ m&’mgﬁgnm:"ﬁ

oA v & ' a o o
MwYsenay 5 HNN@O'))@GﬂW?NﬁﬁLLUU nonhermetic TGLLNG]QlWL“unPI'j@Iaa?@ﬂ"n"ﬂwvlﬂﬂ\iaﬂ']ﬂ']ulu

aasnsavled

mwilsznay 6 FIwnlEnsasmniierenuluvainseuled wis Leadframe
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= 1 [ LY Qo W A 0 v o
'lumon*mgﬂswmuuanmm UF 2z6aas9ainuieuludamduuan ‘mna'l,mn@gmmu
g gARsuudasluainmwiszney 6

a. MINANILDY Single-in-line package b. Dual-in-line package

c. Uy Quad flatpack d. Lead ceramic chip carrier
mwdszney 7 uamerialaseaievasmsniinladdunisidaansimsanswasuanled

1.4.1 N1IHAA Lead frame (Manufacture of Lead frame Strip)
= U] . . A e 3 < o & L A
Mmimzmsqﬁwamﬂum {Specifications) AdunaneunTle LF mmgszﬁuuﬂaw
o . a & & a - o . LY as f - o o o
QmauuwmUamoaammﬂuqmmwwaawum L/F ﬂ@ﬁdl’ﬂﬂ’]’\&!i:&l@ﬁt?é LWIE Y LF NYNLRTIURD

v
v [

FRINNTUURITUABUNTTLUTINBY Assembly §BINIANUTIVITLY (Smooth) fafiszonadmSumsde
feanumeluszwinanisdsznay (Assembly) ﬁu’v’iwaﬁa@‘ﬁﬁﬁ'ﬁaunwiaa (Defect) trunsyuiiuings
\insaudavau (Scratch) azﬁﬂﬁﬁ@’qummﬂm:au Tufufiing lildfumspuwiamsfiausinnes
Fh’q‘uLﬂﬁauﬁiﬂﬁanﬂummqmaaﬂ@m fivguinudan (Void) wWiagauwes (Blister) arfuansenuilsl
asia'Snwm:miﬁwo*mvﬁamwm‘?}afumaeqﬂmm"\,a% (Integrate circuit) AT T Wt UAE UM
faa218M89d1UU (Wire bond) 3211919 LFNULRWRIONEIAN ('umma?umguﬁnmwmm@ﬂaoﬂs:mm
0.025 mm.&4 0.001 fi7) viriudalaudw (Silicon chip)

wnefidens gffivasouininuas UF udefidaslianussdaszisagnabs smudoatu
ALA LL&}uﬂﬂum'sﬁm{ugﬂ (Stamping) wIanInadluasadl (Etching) ﬁuwmwe‘hﬁmﬁaﬂﬁ

Piedanuluin wasnnmIdaUF sanurieugifliunuinfisaydaslaidl Crown 1f Ol canning
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wiailuniu (Wavy) ey Ehulﬁavjmﬁﬁaqmsﬂm%naw*?ﬂﬁagﬁ +3% vadanuvurzad LF 1Und
I8z + 0.075 mm. (0.003”) TavaunNig

W AFUIAIMNNYINT9 g (Camber) VBIYIEH UF @auen) wasainuTiussuenuning
£17 (Coil set) vaaviown LF mﬁv‘aaaoﬁmméwﬁzyﬁaaﬁmﬁﬁaUﬁq@ f1 Camber i LFl@uflunasien
fenfuaniv1en 3.18 - 6.35 mm. (1/8-1/4 ©) luaupnn UF 1.8 m (6 We) Todluagiunnamun
(Thickness) AUN319 (Width) AmBauel 189 LF anusuSouusemsiduduess (Straightness)
Huriidasldanussiassirlumsestlonnu (feeding) uaznisee (ndexing) lutedasnisusznau
RINELING

NMIUIUMINAaL/Faaniduviau (Strip) a:ﬁamﬂﬁmwmﬁuﬁmamﬁaagjmwmamaa Strip
'Lﬁiauﬁq@x mwmﬁuﬁﬁwifumnmsﬁ@Lﬁauﬁmaummimﬂuﬁumeﬂﬁ@hmeﬁiaua'm X-y DI
mulumunsndedduld ualiniwalwifamsnszan Coplanarity (duntisunuz)léa

#18819 NaIualansuauCopper-alloy Ynmswaaanurislans 0.3 — 0.75 m (1 - 0.25 W)
ATIHNTNUALANMUEMIINNNTT 2 LWAT (6.5 W) wrislanzrnumsTedoudedanuvmnyssanm 12.5
mm. (0.5 i) %mﬁuﬁmwmmq@ﬁmmamt&ﬂam udadeusnasnaIuaEneRdaIns aniis
(Fe-Ni) uazindnuauiifialavas (Fe-Ni-Cobalt) (Co) iulansiindanaumunalvldanunuuasdn
UUT UMD UNTIATOU (hot rolling)

minwenuieugmihanlilugasedie g nezuaumsieidu ifﬂawﬁqmn'ﬁu’uq@ﬁwwmnﬁ
RROUUASUNNTHNRIMMIaaL s uSimusuiannunzadtulanemssnsanuieuaouly
gnsuinamaanlsauda () gFwmiunvhewiiudely uassousaeundsveInsruawmsHaly
e saawe maa‘[amﬁmmmw‘%amsﬁ@LfJuLé'umammTwEﬂ MIIMPIANUTBURTINNNITAN
Qau (Slit) ﬁmngwmmﬁammwmﬁu (Stresses) ﬁmamﬁaag

nsujtalasdsnafenieruszoieialanzlasnslivansiog  wiamsdadaodany
wiisludunauds guaanszurumInan nmsuala (lavensamasuns) waemsnidoslu grinding ( lane
Nﬁmm5n-ﬁLﬁa)’umwf{nﬁuf@ﬁ'}L/Fﬂna:ﬂﬁ%w"iamﬁT@ﬂmuaan'l.tm‘ua:n'waanmmtw:éuq
w38 Defect Aaaaann1sadan ( hot rolling) sau‘ﬁn‘saunaanﬁﬁn:gnﬂgjiﬁ}mﬁ@azhm.m (tight
gage) Lﬁamiﬂ'?uﬂ;aﬁruﬁa ms'iT@@hwf{m'%‘am‘ﬁTmmﬂwﬁmauq@ﬁ'mﬁm{f@] Defect Tuiluwan
Cosmetic %w:uamlﬁﬁumzma'»’ai:m771\1n’mguﬁamsmaauaaﬁojuwaa (Blister) w3l

madanansmInaavzdaenanaudounss, mséauﬁ'amuﬁaamiejﬁ'uﬁumwtﬁuﬁum
mﬁa’tﬁﬂan“ﬁq{@ ﬁmwmmﬁuumnﬁq@ viow L/F é28813anunun 0.256 mm. (0.010 < %agnl'ﬁﬁ‘u
MSHUNUWUY Dual-in-line (PDIPS) WALN9 Package acilanumuwiininnii uaskaonin (131 0.1 mm.
w38 0.004") FrwSumswiin (Package) Aaauuiafii ledinng aruntevesrion UF Ussanm 25
~ 100 mm. (1-4 ) v3awinnilwWsuuuy interdigitated  atwlsianuren UF #msumsiadaeail
(Etching) snssfiamanis 200450 mm. (8-18") wazeannuluuasviaudi 0.3 m (17) wiamsls
Tui s (Coil) wasrinunszurumsitrmie wilaluanusuBoy (Flatness)

1.4.1.1 n13U32@Bs LIF ( Lead frame Fabrication)
MAFILNNMIADITRINTR IAUTW  (Silicone chip) WAZ2993 PWB  (Print wiring board) 1iju

FTddnannUFIwih AfEm A lum s utueaud guatsruaou Maianmsysting UF Inszuam
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msijzuﬁvugmag 1 lu 2 a2 @e miﬁwﬁugﬂ ‘Stamping) MIMINANMIEILNWHAREIILAL
(Etching) nAstRennszuaundelavuazimuaninniseanuuy UF  wasdrilsfaiaswgaanizas
NILUIUNITHAR msﬁw'!ugﬂ (Stamping) ﬁmm‘hgo (High speed) TUSuwnNN (High Volume)
ASTUARMSHAAT NG %aﬁaaﬁawsmwmui‘iﬁmwmﬁgo‘luﬁwt‘%‘m&,snLLa:'L’Enmmnf%msVun’lsﬁw
& (Tooling) MIN@INMIENEMWIINETAT (Etching) ﬁiwmviavﬁmu*‘?izganiﬂuns:mummﬁmm
nsviYs (Tooling) F1ratagniuszanfidinia
1.4.1.1.1 m‘sﬁm‘fugﬂ (Stamping)

mwﬁmmmsﬁmfugﬁ uF laluhudadu (Reel to Reel) é’nwmzmmﬂmﬂ%"aaﬁu%ugﬂ
ﬁﬁmmﬁ'ggaLLa:menmL&iumﬁa"mﬂ 18-180x10° Kg (20-200 ¢i4) wazaIIYhaTanTIgeiis 1000
FTNFaUT ﬁvﬁmﬂuﬁ?ﬁﬂﬁﬁummmﬁachunT’ujnszmumsnm (Pressing) uasanuasriupauly
Gouluna (Tool) auldEusueusie ﬁs\"aamsﬁmsﬁwmmﬂﬂ (Pressing) 7@ Die uazg@ Punch
YANIR@UALNEY (Tungsten carbide) @Inwilsznay 8 LIF ﬁgnﬂamﬁmaﬁ Pin LLnaLﬁnﬁgﬁmaa
N9 gi{lﬂunwsﬁmummm\uﬁﬂﬁmmwamau UF Adnldlunitmirsanue luudastaetnees
nna (Press) Lwia:w'hLmvlamaagaﬁn'mwimhg%aﬂuﬂv’uﬂamunszﬁv’aﬁwﬁmﬂw‘gm’m 'nﬁmaona
(tool) FANNLT 300-700 mm. (12-18”) uazdsznausuna (punch) 40 fasNni 200 ANRAU9TY
doenmrinveviaguTiannning (ﬁﬂﬂa:ﬁmwLﬁugomﬂmsﬁmaau) laonmsyinlianaulu
UF Bovlasmsna wﬁamntﬂﬁuuamwimUmsn@ﬁuiﬁugﬂﬁna:ﬂﬂﬂ‘laﬁm atha lsienuaunsosi

nmseaa UF WiTJunais qunansauniids

& = . i & &
Mwisznau 8 TusIunnanaanuaIna (Toonng)ﬂ‘l'r‘s'lumsﬂumugﬂ Leadframe
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1.4.1.1.2 MsNaa~ga1siadnmsangniw (Etching)

NUIRMINATEMItsN WU Reel to Reel wialluuiuiFuy 'Ilv'umni'aq
%:Qnm‘é‘auﬁwﬂuﬁ (Photoresist) Fadlshudunton svaduuuutmdodon Tuaoumsin
mmaxm@LLa:msm:é}m:n's:ﬁwﬁauﬁmm&umamu’nﬁmmmaoL/FﬁmTwm Photoresist 9zgnii
aananfimialasysssbiumgaailalawariuluds LF mugﬂuuuﬁ'm'ﬁaLiNLL;juﬂwaam@mm
91591837 (Artwork) LU uwivTauRuRUS ammm‘f'iLa‘%aLLETW:qun’nﬂ%’uﬂ;aﬁuﬁu‘%nmﬁﬂaﬁmw
Iau:ﬁwaam‘éaagmmﬂw:gnm‘éamﬁn Resist LLa:ﬁuﬁﬁgnﬁmﬁSm:mn Resist Lﬁﬁaqa:’éamu
1UEava8a etchant oHi@ Cupric chioride w3a Ferric chioride {Jv'umauq@ﬁ']mﬂumsﬂaoﬁums

Photoresist T84L/F AL LJFﬁQanm:QnLﬁ'uagluﬁuw%amiﬁmﬂuﬁaumu (@anwilsznau 9)

- s L. = o et v A
mwdsznau 9 UF shenasioasiail (Etching) lasi3usdauaindiuaned UF 1anan

Laminated, Exposed, Etching LATTUABUNTELIUNITYNANUREDG

1.4.1.1.3 37U (Plating)
= & A a =] y a o & '
L/F fignias (Stamp) &mSumswitnuuy Nonhermetic adsiwlfrrueaudalulunsgu
WU (ATAUARUNINUG) wisnslenyy (i die pad,uartarsmnenwlu (inner lead tips) Mrniiiia
nod(Au) wia (3 (Ag) M3ty msguundazfiveulilulmdaiinu (Reel to Reel) uaszmydeuiin
YiaunraanMIna (Etching)
msyuiiuviaussfianaued 6 -10 wiag (177-225 mm.%3a 7-9* ) wisudniunislszney

{Assembly)
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14114 T‘.i:lj’)%ﬂ'ﬁlﬁ?i}ﬂ’]‘iﬂﬁﬂ
ﬁﬁamnmrqua:chummﬁnmﬁgﬁamwﬂs:nau 10 Ul ﬂ’l‘Wﬂi:ﬂa‘U 11 LLR@G"]T%@\E’J%H'\?
RENEWIUNININULLY hermetic Waz nonhermetic (ASM INTERNATIONAL.1996 : 483-487)

Top with
S~————glass coating

»\—/ Die (wire bonded after
die attach}

Lead finish
{tin plate or solder)

1

Environmental
(hermeticity certified)

|

Lead trim

MWUTENBY 10 WARMIEIGUNTUTE NV MIU MINHANUUY Dual-in-line package &autlsznay
Fuguussmuungarannieuissuiadsutdniudsny UF uaslianiin seal

Oie {(bonded after die
attach} adhesive

Defiash —— Lead trame

Postmold
cure

Teanster moid
plastic around
frame and die

[

Lead finish
(if tin plate}

Lead finish
{if solder dip)

Awdsenay 11 §raumsdsznay Plastic postmolded WUy Dual-in-line Package utiu Lead

frame 3L7095UMITN (Chip) WA99INMTEA Die uazialEuala
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2. ﬁy%gﬁumaammﬂﬁuﬁmﬁunﬁqn
2.1 msudsrianasanir i

fatin i lanra 9 lduunaantdiiu 3 wanfemadaalarlar us: lane dwmsufaenhn
T lelidasdnin %oa:tﬁ@msﬁﬂwﬂw‘lﬁﬁ@iaLf}aagluaumviWWﬂ “r’iﬁmw@mﬁnﬂgqﬂ wiadlafhe
maniwanaududoen sudralaslaranh Wi lddniimalasdienlasiariar wanods ssazan
ﬁﬁmmmnﬁwaa‘[uLaqamaqéﬁgna:mmﬁuaaaumn uasPaauay uazdaswmanil axiludavinTwi
darunszug it lussaeanedetanlaslartamunsowdleiiu 2 wande Suaalaslariuniuas
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a:u‘JuTsuLaqa?'ihiLwlnﬁa%a'lajmmmﬁﬂwﬁﬂﬁ sriumndnalaslariunsoi Wi ldaninsiaalas-
larvisan z%m{uﬁdﬁﬂwﬂwﬁLi’JuIama:ﬂ']'lWW'\“lﬁaﬁq@ wzdumaih Wi W lasSaaasau 498
wnauazanaEstasniBasuatsnh i finaaunhmueitnandaaleslarfeatasiudasmas
msmgmﬂﬁauﬁﬂamﬁmiﬂﬁﬁmnﬁq@ mm:xfﬂm’guﬁﬁa‘émﬂ’[@ﬂaﬁﬁmaa

TumsguiaRaufalansdnlnih Tautndesiuiulansgdaiuiaun uastuswiutasy
ﬁ;:wag;lutfﬂﬂﬂ'quw‘§a§LaﬂIms‘laﬁ Garhunszualwiudnludeauuan maﬂamﬁazmmag}ﬂm‘fnmyu
(ﬁﬁaé‘hgna:mmﬁmn@?ﬂudmﬁﬂuaaaumn)ﬁa:ﬁwﬁ’uﬁnﬂuﬁmﬂwﬁn Tagdslduiudisnasas
ﬁfﬁauﬁwlﬁ‘éaaumn"uaofamgﬂ%ﬁ'ﬁmﬁauﬁagﬁﬁ’mao'ﬂ%a‘u dauﬁaauau‘luﬁﬂmqu AU
Tavan ieldasiieaareulitutanin wie swesldaandladiauan vnlvlanefidn tauanlu
snwezaannnaandiad nmmfluﬁaaumnazmuaag’ﬁwmqu wasipdiaaasanliiuiauan dees
mlinszug i lnaasuess

2.2 nguashTued

Tusenineiln.e 1833 -1834 W iad e aRUWHANIANALIINNAIWALTI  TanaaTu
IwaifdRuwiagdungld 2 7o fa

1. Ghunmaasasnuanaanusaifiedudsrinunszug sl lumsszany andludasuiy
1530l

2. Gunmlwirinnu dewvinldmsuenaan vx‘%aLﬁﬂifmﬂuﬁ'mmaugamqmﬁﬁgmﬁ'u Wl
FEITTN G FUANE TN

ngted 1 nasauldlasmenunsaualiihasiaslilumsasaadoszoznmdngg i
Wi e lUinsRitaay  feswuiminwinuesmsfluinsdansaniiudandiuiin

ngfedt 2 nesevldlasrinuSinmwesnszualWinfiviniu (usugaeaniiviniu) asly
Tugsarauand g Auanatenu www luamaraonsaduzdwioan luswarasdanadluesaluas

armonativestanadiuen auudinmaussasanstnedueunsua sl 1 wsuudfilluna
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1 Falusvewuiwinuesansiiiatuiitiaudu 0.0379 ndy vasmolalasiand.0248 nsuvaslans
Guuas 1,186 nINTaIlannoiuns Lﬂagawﬁmﬁnamﬁamaamimah'f{ do wadlalasiauwinny 1.008
Taneduringy 107.88 waslansnosuaanindu 31.78 lwisdubminuesssfifietuiitaay facle
f1aanin 3 m%aLmﬁ‘uuazﬁﬁaéﬂmuaugamaamsﬁfmao%a‘[amma:'ﬁﬁ@a:ﬁmmmmm‘lumsmﬁ
m‘éauv{%aa:awaanhimﬁu’fuﬁuaugaﬂﬁﬁ’%mmﬁ Fefdedandmzainhwinezaeuderiaud
pasdaanlavsiaatulunssuiumsdanlasladmiu

nnngresvhsned sansmhlUliisloemilumsmdiinass i imeadaauld e
Bl lissluimeidaauiiuam 1 suyazaadlfTinmlnii Whaued (Faraday F)

A , o e & [ < [
FININY 96,500 @]aamj ’ﬂ“mmmawwufu ﬁ’"llJ'liﬂai'NLﬂ%§<ﬂ5vLﬂ ﬁﬂ

W= I
nkF

o

W = 1T e/96,500 viaanaidousunmanati
1l | uns nezuslihdfiusslluesseans dwihodunenuds
twia T wnu nafdunszuaiwihaly Swibodiuwiund
A¥30 e unu iﬂwﬁnaugamaamsﬁaz‘lﬂm:ﬁﬂv’aau (FWTuiiia = 58.71 g/mole)
W uny msinvesasfluinnsfidaay Swiedundy
N unw URWT (FWILILAR = 2)
F unu sashussmisiad (96,500 C wia A.secimole)
msﬁmmmungmaowﬁﬂmtjﬁa:ﬁaiﬂ YsrnBrmwaasnszuawi usssrsudu 100
Wahidud duda ﬂ?mm'LWﬂwamgn‘lﬂﬂ‘lumsmﬁauﬁ’;Lﬁmamatﬁuﬂﬂﬁgrﬂﬂﬂ Wavhatng
w9 oo udlumaufiRusdszansnmiinas i 100 wWafifud astu Sednduezdasi dwas
Yszansnmwaaansmualwit snutladaguwidwauihwinssildinefsasuwyld 5 n¥u udds:
TN WL 80 Wefidud ueasinhminashldimefitaavaleqidiu 5 x (80/100)
i 4 ndy wialuwiuaadaty dresnnsuisdssininmaeansuawithasdas duauni
winuasash ltimefiTaau mwgmmaaﬂwmmU‘Laia'a’ia"lﬂmtfwf{nmaamsﬁ"lﬂtm:ﬁaq A le
Tosmsaninminaslainiminiluinnzasaaimdnfiduwle Qmﬁwv\ﬁﬁan fazldsraninw
waInszus Wiiduasioudaanin
uanmni‘fﬁammma:ﬁwmummwwmmaa‘[amﬁvlﬂmjzmﬁauvu‘z’;uomvlﬁénﬁ’w lae
Lfiam'p{'mﬁnmamﬁmﬂm’]:mﬁauagﬁﬁmu wWiotunuldudr  Werlumsdaoanuminuineas
Taveiluims uasiufivastunufiltin: Tesdasldmwituszuudvanulasaase I@Ugmi‘fmmmn
D = m/V

i A f = & o v oA A 3
o D ¥sa d uny  edamwmwduzadlaned imzuubuen (@wsuiiifia = 8.90 glem’)
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Mwia W ounu  shwsinzaslanef linzuudueu (n33) (q)
Vounk  BuiesvadslaneAluinisundunu
w@iiasn V= a X|I

P & da & 2
(A1) a 19452 W%Y]N’D“ﬁ%@’]%I&%:%ZLﬂ’]Z (cm )

Iw3e T unu  anunwzasladlanziluimez dauu (cm)

wiaona@owilugunisasi [ = —

o a t-
nmlumi‘qumaaum : =

[V Y a °
2.3 mwgmaamumaamsquu’ﬁammmwﬁw

2.3.1 wann
m‘s’quﬁ{[au:ﬁa n'LW“Nmmgﬁamsﬁ"xm'\%umw‘%a‘i’a@ﬁmmmﬂﬂﬂﬂm’ms:ﬁwmﬁauﬁ’a

[y ar v A o o ' o A = ° ' v w ¥
dolanclasonduidinssusassdhzin Feflvdnmsiie g farhdununazyinnsgudadinuiisy
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& .« = o a @ o P -~ iy A A ) v o o
Wuazdaadulanssia@orriutulanzA e favuusunuanaly) $38unin daodiduaiulas
ﬁadaéuaﬂﬂluﬂ'\mqu WUSUUS e Wi fausanfon ussnaeur Wi ldinunssy Aaeinlw
a — - Py a v & 4 & & v o a aa &
SeaunadlaveRziafauuntuey 9l sudaulutunu  wdSUdianaTan NAITDITHING
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'gmaoﬁas?ﬂﬁd qmﬁﬁm%ﬂunm 1 SwrfiZonisenmsiewaddi(pulse repetiion rate) 1
to prr Wi0e1a3NIANNATEIMIAARaETA (pulse repetiion frequency) 1Fdatia prf @9ezd)
wioihwdsad (Hz)
SansiiawadEn(pm) axfienuriiuaunauastnmAnasiad (pr) Wowdugans
I&aait
pIr = -—1—* Hz (1)
prt
chm?iwaagﬂﬂ?iu'l@ 9 arafuusesunianszuafionn fResudsznauwaslvasivas

ARUNM 9§ NIMNAULTIAUIAY (average voluage value %38 E,) twmangudanmwdsznay 23
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° A A @ o . A oo a ¥ s @ e o «
@) Yhldlasmsmsiufinaswad( A) SutrnanwafiiAast (prduseuaiy (£,) fnamsld
FndTlediwas

AD
av = ISE v (2)
A, = X Epeak s-V 3)
laeh E, Wwnu dwssawadn Dwdwduliad (v)

A 4 v & ' = a ol €
A, unu  AunueIwad Iwihiodwiunf- 1ad (s-v)
prt  Unu  FnanRasnedsy Iwibisiduiwd (s)
t, wnu  anuntzawed Swihoduiund (s)

Epeu W04 Ussaugsga swbaoiulaad (v)
Y i1

PINMWYITENBUN 23 (T) Unuday 9 aslusun1sn (2) uas (3)

t, = 10 Hs = 10X 10° s
Epe = 10 V
pt = 50 s - 10Ls

40 s = 40 X 10° s

n

A, 3N A, t, X E

P peak

=10 X 10° sX 10 V

= 100 s-V
A .

W1 E, 3n E,, =—% =1—OO—’L—IS——V= 25V
prt 40 s

PIMMIEI B TITMBE s INaFa A WLsznay 23 (1) 3:ldn E,, 88NNY 2.5 VaIn
mwisznay 23 (1) Lmﬁumaaﬁaf?a:L?M@Tumng‘lu:ﬂmﬂmm@?umn FolaisnTuawe lfianiin
Buru sxudunmnnvdeaufienle 9l 1A, Aldeoninfaliurindy inssunasams
At an U IRUAWAT

fiddwimafindndmileafildiuannlutasasdadfedrinddlafia  wiadpdnsmini
(duty cycle) (TludamaiuwinImuIIGaiY (E,) AUAWTIAUTITR (Epen) maogﬁﬂﬁuﬁaﬁ %30

{UREUDIDATIRIUTTRINANUNNIVINFFNUMUIRIVAINAF snaeitrua idwosioud Tou
WugnITLaaai

watiduduasdadimis —2x100% (4)

peak

wiawlafiruduadnd b —2 %100 %

5
prt )



FIMUIINMIWYTENaY 23 (1) asaunsowidasiruduasdid laiaaanale

E..

Wasiauduasdd laia = — %100 %
peak
' [ ¥ & a A a 2.5
unuenasle Wosiauduasdidlnmis = x100 =25 %
10V
wIonanns Wosouduasdiidlnis = ——x100 %
prt
. . o - 10x10° sx100
unudnas leidesisudvasiad laiia = — =25 %
40x10"s

sunRuussGuRaETLEa LI lunwdsznau 23 (v) Dugdadulurannefuintuuely
a e g o o A ' - o v oa v
mafiRudzUadununimisuyuaneslidugyrannfiviaie usasdsmmwilszney 24
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mwisznau 24 ueRuaduuudmisuyuannfisiiulumal fua
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= A4 o € s A a o X v a P2 | e
nnadsznay 24 ugladudsduundaniouyuainiiaineduldais  sverlidugusin
I AIUUNIWIAMANTRAY 9aIwRaFerllinasawSouiisufiuiuan Sedndudasiinginmed
darhmuelfidwnespwielimmnmniouifisugusuifvesiadiananiule
namdanquAnyuzaszdeduRaduwlTznay 24 sfimuaniae 90 weiidud uas
] ﬂ. © o v G ;
10 Wadlruduasianugevesydadwiduinassu munsoimualdaei
1Y ~ & . - a _ a w & . & &
ATUNINVAIWERR (pulse duration) wia LIAANAINNUTIVBIWAFAINNTY 80 iasirue
vosnggaiduiung (s) niaanuniiavawas (Pulse Width)  dosiamnandraisvasnnunig
Nanua He99niiaan PW gag.age ussthia PW Nyadigazeswad axldanliviniu Sadaald
fadufioln PW i 50% waenwnagigarasussaudnaiy (€) luntoluaszesineusswad (Sw) fiigu
@ fadahya 50% 1a9uTIeuaRY () SUnuAILInwasdyqnm (T) sl PW+SW
o & . i - P = v ga v O v £ s
nanalanludrise time) %30 t 1 UITUTINNVWINVAIWARIINAUAILGAT 10 1WasiTud
] \ - @ & o A e ' & . .
WA 90 wlaflrudrasigsgasaszuaduiadduiundi(s) wiaduninialdtu (Rise time or tr )
npiIs RNy Y URaTUeUrIY (Leading edge) wWRpuuUasINTWIRUBIRYQNMA 10%
Tmisuadygm 90 % vewrwiagigaangd  tr = 90% vod E1
3. 1IARauAY (fall time) w38 t, LWATASENIINMGA (defay time) 1DUTHZIa NS
flpwesaasan 90 wadiwudiviadlu 10 wadinudrasigsgavasgUaduiadiuini (smie
LIR9N (Fall time or t ) WBINTzEZIS AR AWARUBURAS (Trailing edge) ANINTAY BBI
SYn I 90 % aslauiis 10% 289TWIAEIFAVDIVIUNSIINATH t, = 90% 1B E2 amunihivas
WAR (PW) dasiaunainduadoresnnunmsue thadnindiiaain PW hyagega uazthia PW
e N v ¢ [ - ) a4 & o - w P
nyadigauasiagaz e ity Sadesldriaiofioda PW 7l 50%wesrmiageaazausidudiaiy
! . o o [l =l v = ot 3 a d‘ -~ z
(€) lunsalvasdasineuawad (SW) fidwdioriu fadanye 50% wausdualy (E) dmuauiam
VOINTYQYIH (T) VY PW+SW
AIUUIRUTIARAURRLUDINAS (Average pulse amplitude) faraBufdiuImane

VOIPWAFIFAVBINATVE LW (E1) URTANIWIATIAUDINAFUDLNAT (E,) AIRNMT

E=E

15,
2

ANuAIALBs (Tilt) wanuil ATMUAOB LT T ALUUBITY Y I MIFATBI VO UWITRY
Wadinauismaundiveswad  erufiedulanoduuan  uasiuaurasdynnadsslunn 24
famsduuanwinge  fuesnnemeissuniniaiundedn Factional tit Savintusseuay
Lmnehwawmﬂgaqmawauwﬁwﬁaﬁ ﬁuwm@gaqmamawé"aﬁ’aﬁnﬁuuﬁué'mﬂdmﬂawmmaq
WaslaRn@IaunIs

Tit = E,=E, x 100

= E

=3 X 100%

E
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lunsdngUnfuiadnianuaaBoamsduuniazduarasTaudy I MaEaslunw
dsznay 25 smuntawiaizasanuaialdsdlaituinlasltrunisenuaiaidoomuing  Yau-
(NAUNSE.2540 : 17-18)

IR RS I NN

[EERERIENE

[XRI R REY

AWUsENBY 25 ARUNTAINNAIALDHINITTULULREIUE

gﬂﬂﬁluﬁﬁmﬁvﬂu

gﬂﬂ‘é‘uﬁﬁmﬁau (Waveform distrotion) L8z NEAOURUEITAINNUATANMUFUNUEAY
I@uﬂnﬁLf}aﬂaugﬂﬂﬁuﬁaa?’émﬁlumiﬁ'lﬂlmms%Laﬂmaﬁné %oﬂsznam‘huqﬂmzﬁaﬁﬂmaﬁnﬁ
(Electronics  component) ehaqwaé‘wﬁmaaé’ryrywmﬁa&ﬁmuaanmLm@ﬁgm:ﬁmﬁwmmngﬂﬂ?{u
wosdypmaERDawdan unngdamwiszney 26 (a) LLﬁ@ﬁﬂgﬁﬂﬁuﬁaéﬁm%‘uuﬁﬂvﬁuﬂﬂ
u’iaommaaﬂﬁwamauauaa@iammﬁg‘m (High-frequency response) W ldain anfaialdduuas
Sy anndning

MNMWLSENBY 26 (b) Lﬂuﬁmtywmmﬁvgwﬁvlﬁmnmﬁﬂauﬁaﬁ?‘émﬁmJL'zTW”h_I'l'lu’Naiﬁﬁ
Nan’liﬂaumaaﬂ’z’mﬁg{ﬂﬂ"ﬁ LL@imauauaaﬁtytyﬁmﬂ’nuﬁﬁ"l {Low — Frequency Response) Tolaifas
Aamsfiaiouin é’amvlmn’ﬁ'zummémmmmmmmﬁmﬁmnﬁu dnwoieil3onin Low frequency
distortion Lwi:‘Twé?zym’xmﬁﬁwﬂmﬁmwsﬁﬁmammauauaammﬁmﬂaﬁqmummﬁxfhuazgo ROl
msé?mﬁvuumaoé'ryrywmtﬂuuasmmnmrﬁmwﬂi:nau 26 (a) uar 26 (b) WauNwIwmwisznay
26 (c) (3un37 Low-and-high frequency distortion tunstinwisznay 26 (d) (JusnwmcvasdnyyIn
Lawﬁwwﬁiﬁmnﬁaﬁ%mﬁwﬁﬁamﬁnomﬁﬁmmaaﬁamﬁmﬁw (Inductance) uazeIAVUYIEY
(Capacitance) ooy %):Lﬁ@é’xg@’lﬂthﬂﬁ@@ WRSATYQY1UNIS (Over shoot and ringing) \iadu 93y
# 30 (d)

aufida (Cutoff frequency) MIReUEREINNNEaINTTTINDLuRaUEuasldE nunof
favnudynmudmnevssdyyimaninalianag @A iuanuiiralarnamilariniu :ﬁuag‘iﬁu
1 R waz C luasasnsssanuiiuuueng g

anuien nanef ﬂ"\’ua\m'nuﬁﬁ'\l@\m%ﬁaﬁﬁﬂﬁmé’mmﬁwﬂ 2832933 TDINTRTIAN

AR LWRALYINTY 0.707 nasd U TIaudunn anuiiaail 2 diuda
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1. Upper cutoff frequency (f,) fasnnuigenviiliussduendwaiidanariiy 0.707
dc!v =y a a o L L= |J a
2Y8d &, (NIMHALAANUIIT RC-Integrator) HANUFNAUTALOIANIGTY (1) WBTAIAN (t) VBIIITAY

JUNIT

2. eWmIaLBey uaz Lower cutoff frequency (Had uWadnauyTOlNI99TNTAY  Lower
cut off frequency) Lﬁﬂﬁuguﬁ = 0 shuunvesgdaduaziSoy ud Wa « dannniaud asfiennu

a X
AN EITU

Waveform Distortion

(a} High-trequency
distartion

[
H
|
Long rise timce ]

f
! Tilt

i\ ! :
{

(b} Low-trequenay
distortuon

(¢) Low-snd high-trequency .
distortion

|
|
I

|
. Overshoots {
)

N

{dl Overemphusis of high
frequenacies

Ringing

mwdszney 26 uaasdnpuztaszUedukaRmMAUfiAiaINNEMInaUAuaIn LD 9 uaz

wavaslaaigeiifiaiudyann
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ﬁLawﬁngaaﬁaé (Mwisznau 26 (b) ReanumaBiatagndt 10 % snanuaadoeasudsiuny
arnun e (PW) uavsnaanuiinnaan (FL) daaunis

i Tilt unk  euataLd

LWﬁ’]:Q:‘lfu Tilt = 27 x PW

Lﬁaé’cymm'éuwmﬂuﬁaégmaw

t

T = 2xPW = —
f
Ep! Tilt = T
f

luvhuasi@ornu syl Lower cutoff frequency (F) ta9guns
Wa  f unu enudueswadauns
f, unw  Lower cutoff frequency
Tit WNW ANaades
° a €
PW unu  Anuniagasnaseuna
o [ A [ ' J X 4 PR A a
dwiuzUaduisduuy MnsuaRaululaziandeuasezlidtoninn augniazia
M leininoulun1odjua ﬁaLL&T@:’!,’Eaaa%aiaa‘[mﬂuuu?@mmﬁgoﬁmu VIaANUNNITBINRFRAN

(Y A = & { « & a
UaguIn ] ‘\}Zﬂa’ﬂlﬂa%ﬂaau’uuua:t’m’lLﬂaauauﬂm’m?ﬂd%NG]’UEN‘WRE%/

326 jUadanamvanauazzladuiuifon
LY P — & .. v - = . o) <t
DR wiatdY(positive ramp) INTIVUNUARIULBLIRNAEAL (negative ramp) Tmumgmam
c e 1 [ o ol = e o - d &, { !
winnusaiiesnuliSen g URZITUTLIRYBIARULB AU NATY Sunafunuuian ﬂﬁugﬂ

KBUARLY (triangular waveform) enumwUsznay 27 () iswiaanuusinnu

(2) ﬂi‘augﬂﬁutﬁau

)
(n) ﬂﬁuzﬂmumauu

mwisznau 27 eauzdaumisuuszaiuzdiwies

ﬂ‘éugﬂﬂwﬁam (sawtooth waveform)  enumwUsEneU 27 (1) vstfntwdannudes
saduuaranudssmassdlnalumaie litudasfivnaensusariulesn@enuE neae
Tuarfinmannniendsssessnn 9 wmaillsussesdsansmurinltenudosaass
Sraniueud wiloutuaintuiularieag (negative step) lasrmuananaioniu 1era t

waziaeRauRd t indaudenitluglaiunag
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ARUARAANS 9

fafizueRunfiadu 9 (miscellaneous waveform) fiananuldlugunaniuaziaiasiiasne <
afizyaduuandisldanglatuiingnanus BURRBLLLUNTU LA  (trapezoidal waveform)

9 a4 & o , & o A a & i X . -
dsznavdradutniuwleorrdusuiunduwdosanaluuazafutuinlat9ss  aRuuULEUNIOF

'Y ada ¥ oo . & P VoA v = x| o o

(staircase waveform) Usznauduaduiudulagdsliunars gaaudaiiasiuiunioga swnuaiu
LY . = P - A a = v A - X o €
duwlagieasinwilindu  aduwuudiWeisudieadsznaudisefwandlwuudusaiaduiuand

a P a a (Y d Pl &
Inatuwdoasiaas waznduuLudufinsatUsznoudinaiuiuniandlmunidusaeduuaziandlniun

L%Uﬂ&ﬁﬂaal,ﬂu@@a&uﬁuvlﬂ

]

- -~ o
(n) AExuUBENTUTOYAR (1) ARUUUURUNTIAR
Pl = - o -~ .
(a) arkuLUAHINaTUTEA (3) ARUUUBBUNINTA

AMWUIENey 28 AARLLLUNTUTaLAR, LUDRUNTLAR LUUAWINaLTUTLE®, LULBUniinT®

3.2.7 miitasswaniuain
a  a A Ao a av § , o A & P £ a £, A

mnmmamﬂammumaa@nﬂ'l.u'l’nﬂaul‘numﬂi:ﬂawmmgﬂﬂau‘l«numqﬂﬁmmuwm
- ar a 1 a . POV
fugwlsznovsaunaulWas milieTizdeduriiad qudasriiaasi

ot o a a & ™ i a a PRI
anutveInan lrinAs Uz inaunnud m@mnmsgmnumaammnﬁmuum'lﬁ qzFun
4 X, ¢ - 4 e . PR o .

AMNTMaNdn  afuedn (harmonic)  18eARNTIRA MU W WaTARUIMIITIuANDIAuUA AL

»~

Fundamnuinugiu (fundamental Adauszieaniianfueiniuaninuguifediwon

)
INus WAL 200 Hz anfueiinfiaaavintiy 400 Hz uazani-

LY

(number) yasaFuetint 1T AN
wafinfithasinfy 1 kHz (b
m'zf'l'Emé’nms’iLﬂﬁ:ﬁmqﬂrﬁmmam‘ﬁ'L‘%undwmﬁLﬂﬁ:ﬁﬁw%‘ﬁ%ﬁma? (fourier analysis)
ERINIIMIEIRUSENaUYaInawLUURTeaanld wananazuaeslinutisulssnautasaniue
anniedlsthaudr  Huenlivmrufspuwennuuss iWaraudazaniuaiin  ULaTAIUWIRAMAKTIVDI
faudszneviwasidle
mn'ﬁaavm'?ina‘nmmmsmﬁwﬁumLﬂuﬁumsﬁﬂs:nauﬁmmmﬁLm:muﬂs:naumaa
laniuaslalol w?amnﬁagaﬁ‘nénm waznaumM s lasniad@sudiunswld Soni auie

AMUULTIVEILDLANUT (amplitude  spectrum)
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327.3 aawiwass

<l ) W as A/
nmwdsznay 31 fIAINLUBUBBNUN Lﬂuaumwﬁmaﬂﬂmu

1 1 (-1)"
e = —|Sinwt - =sin2wt + =sin3wt +... - ——sin nwt
7 2 3 n
a 3 o o & Vo € A ) 2 ¢ A _d

nnmyeTevpladuigen anduldiofuelinazlnngeenummue sruaiinfiay
= b = * = | J O (%3
fonuuwsaduran  wesarfuelingazienuusaiuey  pUadwszsmInaTiuAvULNUME WU
AauTInALNIqIE deudiudiznavvesiwasserlidrngeananlviAu

L 2 , 4
3 7T s 6 7
4
O T

o - - - P S -
(n) AswewnaInAlWoe fuuLIGunRY (?) unusudavaiin

mwisznay 31 AauWwRasuaRsLUAINAINTNaEN

3274 wwaSallieaduuuduadn
lunmdsenay 32 aunsodsusenuiiivannisyiiess 1onedl

n

e=£+—» —COS(ut——1~COSZa)l'+—1—COS3a)l’+...— ——11—— COoS nwt
7 xl3 15 35 2

4n° -1
a s - « & a & o« - o P X -
AT gUeduardwaind iWeefutuduaiy aiwihansueiingsluaziivune
ANULTIRARIDEIITIANG
a a & o e A aa X oo 1o & .
myleneigledunsfusueunguiudaivefinfilielualidwawlidne wute n
Fwau wiseiiamaiud (nfinity) udlunwlfdd® srfuefinfigafiawaanuusssanann awla
o L ° o d‘ L% W ﬁ” L o Ll J L) =
fududaviudaninyrdessunsadainald (Ausand walsnilawad. 2539 : 9-24)

(n) ARudwdoy (v) wouanufizrivedin

Mwisznay 32 ﬂ?mt,m@?v!@ﬁnﬁ"lmaai‘u.zuuLauﬂﬁuuanmua'zmﬁms‘ua‘fm
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3.27.1 aduSWAININTH
- - L J
lumwisznsy 29 awmmL’umuaanmmuaumsvﬁmaﬂﬂmu
4/ | 1 . 1. 1
e unw —| Sinot + =sin3wé + =sin5wf +...+ =sinwt
T 3 5 n
e UNk  AUWRANULTIVBILTIAUALI t la g ‘

noWn%  3uTBITINen
< = A! I o
@ unu anuiuiuuresnnuiugiuriiy ot

mnms@umum'ﬂﬁmas‘ diawizanuioniyeiindwinng  lidamdsznauvaslnass
wnzigdedusuanariuluwwinen lddnannuusaaiodugud

<+

|
|

- - o 4 -
(n) nﬁuaxuﬁuuvqsa (1) wouaudaiuaiin

0

— p———

U faem

1
7

Hla © Hb

nwisznay 29 ﬂﬁuﬁmﬁﬂu%ﬁaua:Lmummﬁaﬁuaﬁn

3.2.7.2 aduwad
= - Qs A A’
mwidszneu 29 mwsndisueanynifuaumiiaaildaat

- 6 2{ . sin26 cos 2wt sin 36cos3wt sin 7@ cos nwt
€= —+—{sindcoswt + + tot| ————

T oz 2 3 n
a0 = T @Edlodsy
TInmReTeRzledudad  anulsriuelinasiningeanan  faaFiaunsiezldaums
€ = o = .o - ¢ . - v
ol suUedwsasiufdmngwdonusumsled  dmudsznavvadiassfissdsingoananday
. (et P “ &a o : - & € _a
vz lfigadulavesisdfodmniunuuan  sueduuszunuanudsnivednlunmwlsinay 30

WA 0 = 0.314 138w = 18 2

) =
F-u
AR
O\
-~

1
|12

A © A

(n) afRured (¥) unuarw@isfuefin

a4 o o - & o
mwisznay 30 ARWWARILARZLDUANDENTNa|N
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3.2.7.3 aAunwiday

A = A i J
Mmwilsznay 31 ®INTIONY Uu@aﬂ?J’]LﬂHﬂ&Jﬂ’]iw‘ﬁLE} a%‘l@mu

21( . 1. 1 . ~-1)" .
e = —| Sinwt - =sin2wt + =sin3wf +...— (—)—sm naot
pia 2 3 n
a & A .s' o @ I = 14 & P
nnmyiansizlaiuiwioy nfuldinaiuafinasdsingasnininue  aiueiinday
Januusaduuan Lm:m{waﬁnﬁa:ﬁmwmwmﬂuau gﬂﬂﬁm:emmmﬁuﬁmmuumuaumﬁau
A A - e o v &, B v e
ARURIWALNTR TR danawdsznavresiWasserliUnngeaninldiiu

4
+ T I
2 4
I 1 3 56 17

-4
0 n

- < - - P - a . - s -

(n) ﬂammﬂvgﬂnnﬂﬂtamuunmuﬂau (v) wouaMuTTINAUN

mwdseznay 31 edudwRepuasunuanudaiuaiin

G a < < -
3.27.4 lmvgmsﬂﬂtaamuumuﬂau
Tunadszneu 32 anwnsaidaweenuiiuannisyiiess IHas

e=-+i lcosm‘——1—c052a)t+§1§cos3wt+...— ——_—L— cos nwt

7 |3 15 4n® -1

) ‘ﬂ. - " o d‘ o 1 = J =
INMNTHOTIER gﬂﬂammﬁwgmsnm'lﬂx,aaimummau adwhaweiingsiusciizwa
ANUUTIRARIDENITIAL
P PR A - e a i a & = v )
msinnedafunifupumungejudiaiuainfifieiwecidnowlidna  wuds n

1w wiaarefismotiud (infinity) udlumafid erfuelinfigsazlvwennuusaasinnn awli
9 ] L 3 v d‘ v L : hd a Qe A‘ ) -3
Suiludomindanfpadasmunsadaiisld (\usdnd walillawsd, 2539 : 9-24)

|
[

- < -
(1) wouauhaIvaUN

|24L4161
1 [ 31T 579

o
#Hko © A

(n) aduduiau

P I & o & Pt “ - s A
ﬂ'lWlJT:ﬂ au 32 ﬂauLa’\@WjG\LSﬂﬂl‘Nka AILLUVLAUARULRTUDURNINIDTNIVEUN
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4. éaaﬁuawumwﬁnwﬁﬂ Tunaluladiniassonszua gﬂﬂﬁ'%ﬁaé i 1atwnsgu
anurimwihlunalulafssissniiings (Power semiconductor) 'lwlasneuiwsaimas
nszuauMslszfng (Manufacture) WazTsULIATETY %a'ﬁmmijuﬂﬁmaﬁfmgu'lﬁmmmaanu,uu
tefing TonimswamnGssarufissassnntu 46 mmﬂwQuu,a:ﬁmwmmmﬁzjondﬂum‘éaa
a‘wiﬂms*guﬁam'LW*Nnmuns:mew Lmugﬂﬂ?iuﬁaéngﬂﬂﬁu@mf] AU BINITVIAATR L0304
ol unenRaed Inseumey medauazmamms Afsanuemeasu Wenumalulabeneg
m’wﬁUﬁuuﬁﬁu‘Ju%’v’aé‘ﬂmu'lﬁzﬂm@m?guﬁw‘lwﬂwﬁmiﬁmmi‘fu?aﬁﬁa%ﬁammﬁwmﬁnluméaa
ihU'[WW']a%m?"ums'quﬁan'lwﬁwmjmynaamﬂuﬂi:mné’aﬁ
- ﬂi"uﬂ'gommmmm‘lums’gumumﬂ@"ﬁaﬁ’mu@
- ﬂammmmlunﬁﬁwLﬁ@gﬂﬂauﬁﬁmmaugﬂi
- anuRENIDIUAUANUT wezdodansiEin
- ﬂ%’uﬂ;wﬁus:uuej”@h&??\uaznszmum{[@zmw
- weusziwin Suwnetavas
4.1 mwswmamimgﬂﬂguﬁaé
ety ¢ °1JaagﬂﬂﬁuﬁaﬁLi‘ﬁJumSLﬁmhmuwaoﬁ'zLLﬂsmuQumnndmizuamq (DC)
nyzuEass DC mmmmmuawmwwmuﬁwaans:LLa(ﬁ?amsﬂ%'uuauﬂ(Amp))mm:ﬁgﬂﬂ‘é‘uﬁaa‘
Li’lmmmmqunmﬁjﬂ(on time)l7811a(off time)LLa:ﬂawga(Amplitude)gﬁﬂguﬁam&srﬁununiw‘h
lﬁw’)mmsmﬂﬁuumJaanszmum‘i‘qu@T’m’lﬂﬁﬁmﬁiﬁaugidﬂ'ﬂe\uﬁwansz'ﬂudaﬂmamﬁmaﬁu
NITUWINTZIE (Diffusion) 'ume\mﬁmf{’qu(erain size) LLa:Usm%moﬂma (Nucleation) Wad Nany
Lﬂumsﬁunﬁmauaqun"iﬂqmnamm’m msa‘:ﬁwu@lﬁuﬁuaudwgﬂﬂéuﬁLmn@'*mﬁmm: Qmwmﬁ’@i
maagﬂﬂ‘ﬁm‘hLﬁuﬁa:‘lﬁﬂﬂum:'\huﬂwhlwau'xjwmaamiﬁmnpmﬁ"\.afhigﬂmm‘é"uuuu'lwﬁﬁ
nszusass DC uazvhlumsliadlunsyudasdiniduatuasRnsonagseunauldnszdeis
mauﬂwﬁn%amﬁwaagﬂﬂﬁuﬁvh}‘l’ﬁuuu'm%ns:uamo:ﬁ’lLﬂuﬁaaﬁmiﬁmsmﬁ'gLLLLﬁwhuﬁdi‘I
gﬂﬂﬁuﬁ’aéﬁgmﬁmu@{ginwﬁﬁﬁ (Duty Cycle) 13eail

Tl

—31 @3 mwisznau 33
T, +T,

Fig. A

nwtsznay 33 Fiﬁginwﬁ'}ﬁ' (Duty Cycle) Ltamﬁg%’nwiﬁﬁmﬁu TI(T1+T2)

JUAAIINTIY (Duty Cycle) lumwilsznay 34 uaesdiatnagUaRURY MY
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TJINTUA 25 %,50% was 75 % aufeuTasanadn I9nsu ( duty cycle) wa9 100 % aziilu
fynoelWess DC

nwisznay 34 ¢ Duty cycle at 25%,50%,75%. (Duty cycle at 25%,50%,75%)

gﬂﬂﬁuﬁaﬁ f;mwﬁﬁgnﬁ’mu@ lag LEAIAIMWYTENBY 33

T, +T,
audsan 2 Lﬂummﬁmaagﬂﬂ'&uﬁaé wastEIagIInMIwIznay 35 Wadn

Wisuwdaslasmsiasuanud

mwilszney 35 waaernanuiile T1 uas T2 wWasuudas ( Frequency)

ar L ¥ EII & A I3 A 1 [
mszmﬂSLme@mmv\meuaryrywmmw§n:mwnmm$ON AILFATIUNIN
Usznay 36
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T2

T2

T1 T2
mwiiznay 36 URAIFNLWIG (Amplitude ) VOIRY I UNAR

éfmﬂs%‘né“mﬂugﬂﬂﬁmacﬁaﬂuﬁmaa aimwisznay 37 Lﬂunﬂnﬂﬁummaagﬂﬂﬁuﬁaé
A i ~ L4 a I
Mgy Feungdaduiimsly o Tagiuaglumsgy

et e i AT e e SRSt R e VR T e \<‘:_\ ' . T o
Direct Current <or> DC periodic pulse <or>
Fear Faiavs i unipolar puises

periodic pulse reverse periodic pulse reverse
<or> bipolar pulses <or> bipolar puises
with Offtime with no Off-time
. Supenmposed periodic Dupiex puise )

pulse
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it B

periodic pulse on putse

periodic pulsed pulse reverse

ia
e B R A S S
A

Ea
£
x
i
A
i
13

Pulsed wave sequencing

mwilsznay 37 usesgaRunsdriadn gnlElumagy (Wave form)

dandan uasdtmsyszundlsiadlumagy s madwsinnnRsussduiygno
#lailz Wass DC wanw gmisthzyndldadlunmayylidsaunsdmifawnzihnesnaunisdiuuds
gﬁﬂﬁuﬁmm:au BunsUSUAIQInsSIL (Duty cycle), Al (Frequency)LLa:-’um%ﬂﬂﬁu
(Amplitude) lunwdsenay 38 msvavaaudsens gimunzanlasinsasuutassiunu Salwszuy
Usraunaswsaudosmuscuaiwifionez laansnrinianilemlsinnszuanss DC 535w

Urlgmmmnsadenufimalisdpenumunsalumde mesednldaouszausn
msqqmauﬂﬁmummfﬁ'ﬁr‘iwu@(Spec) (fathauns Deposit Nigauiioy) wialdsunsems

a oA A A
Lﬂ']ﬂmmwawy‘sﬂ Talaidnaunygy

Wave form Frequency

Amplitude Duty cycle

nwisznay 38 uaauaaulsane gAmanzaulasnndisuulasruiuszuwing sUadu anud

TWANNFIAEH A1IJINTAIN
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3. PULSE PLATING POWER SUPPLY OVERVIEW

e A 2

nwlsznay 39 NMWIuUBY Pulse Plating Power Supply

mwisznay 39 Lﬂmmu.gﬁms‘lvxaﬁv"lﬂﬁw%’uﬁailum?aamu‘lﬂﬂﬂ (3aIRINETILER S
anufiwilumsinsliuasmivnwihfivaswed lumsae Wi dananndy 10 Truan
42 wmaluladmasuilaedygyimn
mnﬁ'm‘hmmaanwaTuTaSmnﬁﬁaglumnﬂﬁUuuﬂaa'lw AC sutn liduwageriuen
Waﬁﬂé’umum?iu (Pulse Reverse) w‘saé’lﬁuﬁaﬁﬁﬁmmuéﬁﬁu (Pulse Wave Sequencing) A%

aan



a9 3 weasmIaSsuifivuimaluladves (Power Supply)

Technology Pulsing Power Transition Unit Size &
LﬂﬂIuIaﬁ Performance Capability times weight
AuMENURAILMT  dIna naluns @ & dmiin
T CaPUabral Wisunan
SCR (e §3INn % N
Linear 138991y & §9 52 N
wuy Rdies
LUUMISEIAT @ &4 thunaatiasa Wae
AMUUWE Switch-
Mode/Phase-
Mode
TIWNUITRIS @ Urunand 152 fiay
Wy
FAATHUUULA
e

- lasmldineluladl SCR SefidounwiashuFasnnuifssiuliedyuruwasadu

Fuaau (crisp) Nawysal

a P f a o ' P (e ' s v o
- leoilieSesiuMuuuiifs i Ivgdeduldfudfivunalng uardnaiisinis

unTeu Wi

- LUURINSTE s‘immmﬁnnimaumm"nﬁms'ej']U'l%lgﬂﬂﬁuﬁﬁua:ﬁwé‘agmmfﬁ eyl

mMaRsuaiusininiuuuisesiantaudn

- I nunweswuusledrinazuuuiiiiedlarainnaudasinalulat wazdvariivue

44

neguaTiaunslEueTaslugumaiuinieeanean wviwaoutput) gagaiio

T UITOUG (Low signal levels)

4.3 wsnAfawlNHIAIWiZN (Input Voltage )

uﬁaeahU'LNm‘quﬁm'LWﬁ'\ﬁmsﬂi:qmﬂ%ﬁuazhaniwmwﬁuusoﬁu'lﬂaé’u AC lay

Usznauday 1 uaz 3 @ s hdtlumsdwnszusinazgnidmualaslssnugy

a1 lsfiowlwWidod 3 ¢ e wpninefldmaanias luaTasielngmiumaguedzenluin

4.4 n39dszian uaznszidnLd@aa (Line and load regulation)

miyzfimiiauauEey (Load Regulation) iugmuauifvasaiesiiuliiReinwmaiuns

Aizwhmeauaanmsasuuladnise (Load)

-

Mudgszdaussauneenudn (AC line voltage)
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‘ém‘iﬂuﬁnﬁmzﬁw5@§eﬁww§unwséwu'l,wmsqgu MIIAUARRANRELENa TS IW AN Tzl
NaaNUIFMIUdaRYYIMEIUaan 11 ﬁnmnwaﬁ"l.ﬁmnmsqu ﬂaagﬂ'uﬁmﬂiufaﬁﬁﬂ'{uﬂ';cmw
sahwmualunsiumsemsiwlw (Load regulation)

4.5 fuady FFIRALAZITAUFTYQY I RMS (Average,Peak and RMS signal level)
LLmﬁmmmammuawUﬁg@ (Amplitude) WIaYUINVIIFY Y4 Fansfidnady (Average) UazfANgIRA
(Peak)fluqmsuidnugiu Lﬁ'alﬁms’gu%‘fﬁwa‘mmm:ammﬂm"@”mwmsﬁ@wwaafamﬁ"gu
(Deposit) ﬁamgoq@] (Peak) wadvwI@dYQIM (Amplitude) lwmwilszney 40 inAuswna
(Amplitude) BaIRTYANUTIRINTUAILATUWRF (period) ﬁﬂﬁngﬁamwﬂsznau 41 a’h%%’ugﬂﬂﬁu

NAUFUNGF (Pulse reverse) Ailumadigigaludman + uasingigalugiedamizay -

.periodic pulse

= Area under the curve

P S P .
mwdsznay 41 wuv\mnsmmmﬂmnmm:uaq@lumwﬁs:nau 40(Area under the curve)

fiadpvasszdudyynlumwdsiney 40 mansnedunsldlunmwisznay 41 Aufimeld
gﬂﬂﬁuﬁaa‘a:g‘nm&‘umnmumﬂmtﬂuiﬁm: (pulse period)
RAIINSTLEARY (Average Current) LTudnuIunszuayinein(Working Current)f‘?agmi’m
vilunugy lunsdlinihnszusass be fLas (Average) UATTWR (Amplitude)ﬂﬂogﬂﬂgum'}ﬁu
mLaﬁﬂnszLLa'I,WWﬁmmsnﬁnmm‘[@u'l'ﬁgm
| _AVG = {ABS [(I1_peak)(I1_Dtcy)] + ABS[(I2_peak)(I2_Dtcy)} + ABS[(I3_peak)
(I3_Dtcy)] +....... }
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I_AVG Ui ﬁm.aﬁwummaaﬁryrywmvlw (Average signal amplitude)

ABS UNu Fi’lmlyjnf (Absulute value)

IX- peak unu  pWARYRIMFIFAUSIRYYIMEnTIdgIRala 9

IX-Dtcy unu 249 duty cycle §wSUAFIRA Peak X

mwisznay 40 ewade | Average = 1 1 Peak (M ourvevcie) ﬂﬁui{ﬁx,ﬁmmgoq@ 1 B9
JTRIIANUNEW

RMS  w3afmsidau(Root Mean Square) mnimai{ﬁmmé‘lﬁryl,ﬁu NUAIN 18819919
fInuERa

A —rms Tusz :ﬁ@nags:mwa A - pk Uas A —dc g@]ﬂ@ﬂﬁ'ﬂﬂ w nmla guaIms
Lﬂﬁlyuuﬂaagﬂﬂﬁ'u fit) 1w

I
~dc: = | = f(t)dt
A —dc = t

1
=

A-rmms:

f(t) dt

Cha

a A

e%mi”ulunﬂﬁgﬂwa Aisnasaaen gmlﬂuﬁoﬁ
A-dc: = -pk.D ,
A—rms:=A-pk\/5
Fatssladn 1000 A—pk uaz 5 D (duty cycle) = 50 %
T8 A _pk =1000, A_dc =500 uax A_ rms = 707
§in1 RMS 'Laﬂ’ﬁmgaqm(Peak)ﬁamm?iﬁ (Average) %aﬁm:mamqwﬁmwﬁﬁa (Power rating) 7837@
WiINT:UR (Shunt) warae it dafils
COLligN: ns:uaﬁ’gm Shunt §iasms?i 707 wawnt] wihdnsusaioddnfios 500 wanillw
73 (Avg)
mﬂTuIaﬁaﬁn'lmeaam?aaihU"I,Wmmsmhm"I,Nﬁﬁ')gaq@ (Peak) sadasgudlaiy
(A peak/A average) ﬁggan’h LﬂﬂIuIa?JLﬁmﬁuﬁmmsnﬁw‘lﬁmmﬁU@iamgaa;@ﬁﬁmuuaml,azvlﬁwa
989
Lﬁaﬁmsm’mmmaamLa?z’mua:m%aq@émﬁ"m:uuquu finse (load) azgnfianson
wilain ﬁwa”alumﬁ'w'l.wﬁt,mﬁm,ﬁmwar‘T‘U’ummacm‘%f'aﬁi'\U'LW'Lun”rsWﬂs:LLagpqm AanNH
Usznay 42
ﬁwlﬁswums'zguﬁﬁaomﬂw 2 Taavif 10 wonihfounudnfi 10 Wefidudvasdripins
wihfi (Duty Cycle) a:'lﬁgﬂﬂguﬁafﬁﬁaomﬂw 20 Tasni(lWase) 7 100 wewd] il AgIga(Peak)
Lﬁai”nmﬁwm?iulumsqulﬁmﬁ 10 wawtl widuazidunsugasanunanslwdinBamans szau
LLsoﬁwmﬂ{fmaa:MLﬂuﬁﬁau§u1un13"gu uwdganuarininiudinssuslton RMS &wmiuriia

maagﬂﬂﬁuﬁa5L'ﬁ%ﬂﬂiﬂ§umu°ﬁuﬁ a:@Taom'smUVLWﬁmm'mmmsmunsma’lﬁ@a
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100 A

10% Duty cycle

Vaverace §_J__ )\ _ T T

mMwiznay 42 urasdnizusiaioraszdaduiadladriginnihfivinny 10% Anstusgege

100 Amp. (| Average and | peak at load )

4.6 mwaﬁﬂtzwas:wiwamaé’uua:ni:ua (VOLTAGE VS CURRENT REGULATION)

auEELaIN TR ATeIT e N (ﬁssumé’w’éaﬁnsma)ﬂ'rmmfmawa‘uawmﬂgﬂﬂsu
YaInsziEAuaan(output) EMIUNWLIENBY 40 | peak nsmagmqﬂgnﬁmu@lwﬂwLtamn_l% w39
GTu'lWémaangnﬁmu@mnnsmaﬁmaan (output) LLa:mmﬁmmuﬁaEuﬁmwﬁmaas:umms’qu
i‘jruaQﬁuﬁaﬁwﬁmaamnﬂ?aaémw

awaiauarasusIewaiasie W (aunsiuanfivuuusedy)  awennusduauavas
ARF luussauauaan nwilsznay 40 | peak gnﬁwu@luﬁiaﬂwamsae‘fu"lw NIzU§FIHEBNIN
Muualaoussduluin uazdianuduniu wiadufiuaudvasszuunismy 'ifuag;ﬁ'ummmmm
Tumsiny Wvsaeiasinnlu

4.7 g N INN9% (Operating Range)

Lﬂuﬂﬂ'itﬂﬂﬁ')ﬁﬁ.]ﬂ'lﬂfﬁ%’l;ul%d’l%ﬂ’ﬁﬁ'}d’luﬁ‘ﬂf“ldwadLﬂdiia\‘l'-i]"!UvLW Hassnns
Lﬂ‘&"uuuﬂmaa"vaimm‘[ﬂmﬁ‘him‘?iﬁmsm?\'uuuﬂawmawwgu'nﬁwmq lavsssuiiouud? SCR
Mrumelunnawimiitaeiizwing 20% 09 90% veI8aTIEIUBBNTIRA (Maximum rated output)
§UNIYinew (Operating range) Lﬂu@@]’}nqmaam‘%aaaﬁU'MLLUWTaz?LWﬁ:thﬂmﬂﬂs:msﬁefu
ﬁ’aumaamsaﬁﬂﬂémaanmﬂIuIaﬂ'lm”ﬂ%’uﬂﬁ;ad'mmsﬁwmmaaLﬂ"%adahU"Lwﬂaqﬁum%miimﬁ'\é‘a
Iihaansnrinen @t agasusswing 5 % - 100 % winewinuSsnamansoniamasnisig Wiy
nsreudint 2-3 Wasiud 20IAFIFAIUNS 100 %

48 LamTisuein (Transition time)

Tunwalszney 43 uaasliiFwiunamswasuauafuiasioan lalu (Trise) VOIFWYIDL

IARDUIIN 10-90% VBIVUWIAFIRAUBIFYAID LIaN 163 (T ¢a) IMNT Overshoot uaz Undershoot
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% Oversnost

! PeAK

% ber

_______________________ periodic pulse

%% | pean

-t
]

Pulse width

o { o ca 4 5
mwisznay 43 ugaaiamaiouauadunadiim ladw (Trise) 10-90% VIVUIATIFAV DS

é«?rycywm (Periodic Pluse have Overshoot and undershoot)

ﬁnﬁnm‘imsﬂi”uﬂgmmvl.wii‘](uumaﬁammmmmmaagﬂﬂ‘a"u nm’teii‘)ruua:nm@mﬂuqﬂﬁﬁaﬂﬁ
ATMNENaId wszdwdusygam uanﬁamiﬁwmUgﬂﬂﬁﬂﬁmwﬂsznan 44 \Tufr0taNa s
fadmlunitsauaduaanldiuigsnaninlndidseiuamnanihivesiad (Pulse width) $1431n13
gmuu%uwéﬁmuﬁﬁwaﬁwﬂﬁ’msf’guﬁ%ﬂnd"\ wisrmiusasfitasnivinlidesldminmsguiivimnh
ﬁ%vummamﬁu@Taaszﬁ'ﬂ5:50'Lumsﬁ’1m%aaﬁmiﬂﬁ'l;jmiqﬁanm'l@i'ifuﬁﬁ@L?’J sofidaady el

O a & 4 e v a o o o
n13taeOvershooty amzyrywmmmwﬁaa:mlumﬂmsmmUama:ms"gulumqummwﬂs:nau 45

h i Slow rise time
periodic pulse

130% | prax

0

Pulse width

o . v gada & A A A = . .
mwisznay 44 LLa@N(ﬂ’laUWQWGWU@LUU?luﬂ%ﬁﬂﬁUﬂauﬂna'ﬂ(ﬂ'ﬂu'ﬁfl;f]ﬂ { Slow rise time

periodic pulse )
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periadic puilse

1
i
t
(
j
4
0
1
i
'
l

0% | prax
> &~ Undershons !
TFALL :
: i
“4—— OnTime/ —
Pulse width

o [ a iy S,
mwisznay 45 uaaIRty I MNRENIAINIINIzlaAYaINTIUE (Over shoot) Tavnaneane

mi’gu‘luﬁd {Signal Overshoot of periodic pluse)

a ¥4 . .- { . A o o a & °
Fiavaa lelu (Rise times) vadiaTadsnslniidas 10-50 lulasiufl  &flaunso

v o ed . e a ™ e oA . & a 1% - o - X Hw .
TWWaaiidnagn 100 Tulasdwmfimnaansasine Wtiuaznda v msiadasrinnudos ldaudisnin

MuaaInsh 1-10 lulasiuf taan NI T8 INATUALIRNA NIRRT UMIILNTURNUIHO U

4.9 S:ﬁumﬂﬂﬁﬂ%ﬁaﬁﬁﬁ]u@mf (Zero Level Transitions)
JUARUWARNAUGY (Pulse reverse)  mansauthvasnidu 2 guslagiuBs  Ransang

mmﬂ?muﬁ'aﬁszﬁuquzfﬁaﬁaad’mlumwﬂs:nau 46

periodic pulse reverse periodic pulse reverse
with off-time with NO off-time

MWUTENAY 46 LRAIWNARNAUGIU (Pulse reverse)uuuiiinainisia (With off timejuaz laifiim

ta(Periodic Pluse reverse with of time and with no off time)
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mnﬁan’ﬁﬁmﬂ%aadmvlwﬁgﬂﬁaw!ua;J;ﬁ'uns:mumimﬁ wazmsitaw afhelsianulay
mlUudanuiadndusiu (Pulse Reversal) laglifigasiamya (Off Time) azldiumgns 2 dszms

- nmﬁq@lzjﬁmsdw‘[au ﬁ’ws:”aLLa:ﬁmsﬁwmumaaéaauﬁaUﬁq@ FOUM AU Ha IR
%qwﬁamnmsné’umméu (Reverse) anvvzynasiFuwisivanzannaiiludayy (Plating bath)
msahmn"w5a'lunwgu5fmﬁaamwq@%’umz (Pause) (HanIgiadeznitsseuafuuanuazay Ia
mmmmmms’guﬁ5@\51@‘%61\117177Lﬁaamnmwmaﬁna’uamﬁu LA TIWREILAY B9
e smbsiiTuidm . 7

- lumsyszyneld Winangoansbanefidnudninga 'me’gnﬁ"[@?mn'&'anmmﬁa ol
wga (Off time) a:’ﬁ'zﬂﬁﬁ@msé'mmUu,u'um§®ﬁuﬂuauiﬂumﬂ1ﬂaEaﬁuﬁamﬂumsmnﬁ'a:ﬁﬁgﬂ
adundudu (puise reverse) laglifianda (Off time)

410 msmuqun’xsé’dmmtazm{lﬁmu

m‘%aaéwu"LWﬁ’lﬁ‘Lums’gnLwinaui’mwﬂ'mquﬁdmu'm unTnmlnsineaaa
050 W DC enudaIns uIInuuaENIUR %az.ﬂumslﬂ@ﬂg"l‘fmuﬂna yusfinsie Inuuuwadg
f5mamwmsUiuiuanndt s masiiein (forward time) 11a751283N (Reverse time) TuIAeIUWas
nef (Forward-Amplitude) wwaenu3taasn (Reverse-Amplitude)fuatniias  msmvaulasly
ﬂauﬁﬁmas‘nmmﬂuq@ﬁ "aa'l’iﬂﬂm:ﬁm:d”amnn’h’lumsms@ﬂmﬂﬂﬂmnmmﬁ@wmﬂlums
AU '

na'l,nmsﬂ%ﬁﬂmu'l'ﬁ‘f:m%'mmun@ﬂw 'iéfgnLmuﬁI@Umimuqmmua%maaaﬁﬂlmjua:ms
wEeLLULUaIaaaThlvaanmanae uhlunalumsasiussanumansolumsiu

fnswamawih lgnsltlulaseaufameiaiuguviilvau

- Huugesndrs piuszuudiaea

- i’;mnﬁumLLazmmmL’%ﬂnﬁuIﬂmnmmaagﬂﬂéulﬁ

- \SFygmEiaoslumIFanm

411 erdndauandussaia

drBudnuausaanTaiRAea U umunILlr el s usdasinszualu
@ Eﬂﬂﬁuﬁaﬁﬁeﬁmﬁawnﬁmmsmﬁnuuﬂaam:ua’lmma:nﬁitﬁﬁuumaaﬁaﬁ (Pulse transition)
Suﬁmmwﬁﬂﬂﬁwmngﬂ@ﬁuﬁazﬂﬁnm:J'LﬂLﬂugﬁﬂ'é"w?ivbjmmsnlﬂfmsqﬂauvlwﬂ'mizu,ama
mﬁué’fml,@\wﬁilunﬁﬁ*\munm'L@i’i‘TmLa:nm@mhug%ﬂumwﬂs:ﬂau 44

L'amlumﬂ@i%uua:nm@lnmaamﬁgwaaLﬂ%{\fé'\ﬂﬂﬁNamnmsmuqmﬁ%uﬁnmefmu

Mmwilsznay 47
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Voitage at Fower Supply

Effect of

using tow
_ Cumrent at Power inductance
cabling

Voltage at
Power Supply Vo at tank
Effect of ,
using high fl ,
inductance R
Current at Power Supply cabling Carrent at tank

Pulse Power Supply 1

mwdszney 47 uaednazaImsidmoalsndaduanuandeuazgs

& o L] A a IS
Taonialdunsvirldfinsaaddudnuand
- msmam?aa'«jwU"lW‘lm"lﬂﬂ”ﬁ@ULﬁBa@mmmwaamzﬂﬂua:ﬁam%
[ - (A e &l R N
- MslWihasnelngrTadauinnginaiieiun
- wmmmlﬁvfﬁmaglnﬁﬁumnﬁqmm%ﬂﬂﬂ@? Topnswilwnfurdwiulauns (Bus bar) 319
Tauulilnanufige tiiazlianulsasriviiga
- nesindenasesmunsavhlalasmsiulasiumoedailundong (Multiple twitst pair) 1{ju

MTULINTZURITAINING
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412 BWIRUATHIWID (Size and Weight)
malulafadulndzanaissudasiiihimsaansswauazsimin  wumsSomdivy
WUUSCR wiauuuddied mmﬁgamf’]L'fJuNaéTwﬁma'mmiaﬂﬁwﬁn LRZUUWIAYITAILASFNNUD
993 Waswivasmynawueil

a s

v G 1.2 v = s d o L' 1 ~
- ﬁ"um@Lﬁnmmmmﬂnam’qﬂ@ AR A UANLALTTILFAIUAITD A1BUANLAUTYBIRNY

Aaa A

wuia ﬁwwlnéfﬁavijlﬁmﬂﬁﬂﬁg@L?mml%']Ulunwsﬂi"uﬂgamﬂﬂﬂmuawwmwf@i’mmm:ﬁ
ml"ﬁangand’nﬂ?aaaiw‘lwﬂw
- SewmadnibiliFuddesiui
- hmstuvn U ssndaenlgins lunsuues
- shwilnwnaansoonluile 9ldgzain 11w nstan nIUSULES mMaUaruuyas (Enrique .
2000 : 1-24)
5. alwladnumslzuunaseslnase
wwanRatugadueg  sawdihwlinzusas Rpasznaudandaudasiniiia
HudraaszauussanlWiasaufidams wazdadumseaniunmalwWihasssasesnanszuu i
wan wesflduytzneviude edmenus  uazdseTnIasusdmAelR ldusesulnihnssuan e
Suuwiiiu Lwilummﬁ%uﬁumé’ﬂﬂmaLmﬁvgcﬂﬁGnm’:’umwﬂajmu’xsn?nmszﬁmmﬁu‘lwﬁﬁ
Inefinaonled Lﬂ‘iaomnmmq 2 Uszms A
1. seuussdwlimanlined Sainezfeduana g uaznnfiazasasauniowiiiym
2. mazvaslnaaiimaddountss asmnuansilnsadonssuauinauriliisdu
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ATP

—

Easy-to-Assemble Thumbwheel Switch with
Forward and Reverse Rotation

m Dustproof construction ensures highly reliable
performance at low voltage and very small current
even under adverse environmental conditions

m Plus (+) and minus (—) pushbuttons for positive
forward and reverse rotation of each digital wheel

m Switch units can be assembled simply by fitting
the integral hook coupler of each unit into the
mating unit, thus eliminating need of nuts and

bolts for assembly

Ordering Information

B SWITCH UNITS

Part Number
High-grade front mounting solder terminals Popular front mounting solder terminals
Output Code Light gray case Black case Light gray case Black case
03 (decimal code) A7PH-203 A7PH-203-1 A7PS-203 A7PS-203-1
06 (binary code) A7PH-206 A7PH-206-1 A7TPS-206 A7PS-206-1
(binary code w/+, — display) ATPH-206-PM A7PH-206-PM-1 A7PS-206-PM A7PS-206-PM-1
07 (binary code w/diode pravision) ATPH-207 A7PH-207-1 A7PS-207 A7PS-207-1
19 (decimal code w/diode pravision) | A7PH-219 A7PH-219-1 A7PS-219 A7PS-219-1
54 (binary code hexadecimal) ATPH-254 A7PH-254-1 A7PS-254 A7PS-254-1
55 (binary code hexadecimal,
w/component adding provision) - - A7PS-255 A7PS-255-1
B ACCESSORIES
Part Number
For front mounting type switch assembly
Accessory Light gray Black
End Cap A7P-M A7P-M-1
Spacer ATPP ATP-PA
Connector Sclder terminals NRT-C NRT-C
PC terminals NRT-CP NRT-CP

Note: 1. When placing your order, please specify the model numbers and guantities of required switch units, end caps, and spacers,

respectively. (Note that switch units and accessories are not factory-assembled for shipment.)

2. Switch case, end cap, and spacer are made of polyacetal resin.

3. One of the following alphabetic codes must be filled into the boxed part of the model number to specify a legend to be hot
stamped on the required spacer.

4. End caps come as a set -- left and right.

Code | Legend Code | Legend
Hot stamp
A not required | H cm
B SEC J m
C MIN K °C
D H L PCS
E g Q x10 SEC
F kg T 0
G mm ] Decimal Point
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A7P

gfacteristics

A7PH

ATPS

Egpadly 10pA to 0.15 A 125 VAC/28 VDC [resistive load) | 1 mAto 0.1 A 50 VAC/28 VDC (resistive load)
eoment J A max. 1A max.

ﬂnsistance 200 mQ max.

ghon resistance * 100 MQ min. (at 500 VDC) between 10 MQ min. (at 500 VDC) between

nonconnected terminals

nonconnected terminals

1.000 MQ min. (at 500 VDC) between each terminal and noncurrent-carrying part

strength

600 VAC, 50/60 Hz for 1 minute between nonconnected terminals
1,000 VAC, 50/60 Hz for 1 minute between each terminal and noncurrent-carrying part

force

650 g max.

10 to 55 Hz, 1.5 mm double amplitude

500 m/s? (approx. 50 G)

Operating -10° to 65°C
e | Storage ~20° to 80°C
85% RH max. (at 40°C)
Mechanical | 2,000,000 operations (steps) min. 100,000 operations (steps) min.
& Electrical 1,000,000 operations (steps) min. 50,000 operations (steps) min.
{per unit) Approx. 9.2 g Approx. 86 g
I’pam shown are of initial valve.
Panel cutout
72
(0.2¢) v B8
‘ 3012y (ﬁg)-' 1
eisleit] T e T
: ‘=l 30
1518 8118 | Ol | == B a1m 0273
olao]s] | =t t
s Panel thickness
1o 3mm
No. of A B
units (n} | (10n + 12) (10n + 9)
1 22(0.87) 20 (0.79)
Note: Dimension * is 43 for the switch 2 32(1.26) 30 (1.18)
with output code 03" or “06,” 20015
and 55 for the switch with 3 42 (169) 5041'97)
output code "07" or “19.7 4 52(2.05) (1.87)
: 5 62 (2.44) 60 (2.36)
6 72+0.8(2.83+0.03) | 70+0.8(2.76 = 0.03)
7 82+0.8(3.23+0.03) | 80=0.8(3.15=0.03)
8 92+0.8(3.62=0.03) | 90=0.8(3.54=0.03)
9 102 + 0.8 (4.02=0.03)| 100 +0.8 (3.94 = 0.03)
10 112+0.8(4.41+0.03)] 110=0.8(4.33 =0.03)

i

1. Unless otherwise specified, a tolerance of £ 0.4 mm applies to all dimensions.
2 Each model number applies to a single switch unit and not to the switch assembly as shown in the drawings.
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§ 53
NECTORS
NRT-CP
i as 3
£ [‘———'u 29) a————i.34)
| e 42:015 ——] [ 30+03___
- ———
~ ((CY 223 dia, holes t— 25402
¥ 13 L 30*03 g * 1
. -0
. 78
3 g H > = G - - ‘0_3‘)'0-3
T =
:: 58l I
y - Pu25¢
254402
[
4 [} R 11
135 § ¢
; g » V (0.53)
. 1
3 1x2 hole
L
3:0.15
©12:001) g 3¢ Sl %Te

| &2 d: o |
i !
1 (1.22)

fe——— 2
(1.2¢)

3

i:.lmes'.s otherwise specified, a tolerance of + 0.4 mm applies to all dimensions.

@ MINALS
: A7P-206-0) ATP0-207.0 ATP-219-00
4 r—t—1 1 L3 1 i(}.1 0.
4 r—r ~ T
3(0.12 N IXE w‘ / ‘f’ &5
MAVAAS LX) ‘j ; 5.1 a3y (0.33)
s 1 —~t Pesos . ) j A5 p.18)
; J w12 ¢ 3012
(1?1) L e p 2 .‘j ‘ 25N0.1)
. holes * 10-1 dsa. holen Tem 4 254 2s
PeS08 ©.1) Pu254
i ”-’23
- 3084 —1 *artdaholes (118 :g»‘"’
‘ .
<23 1dm
ts on Correct Use
W HINTS ON CORRECT USE under the General Information section.
N ELECTRONICS, INC. OMRON CANADA, INC.
Commerce Drive 885 Milner Avenue
rg, IL 60173 Scarborough, Ontario M18 5v8
55-OMRON 416-286-6465

GC sws 4/38 Specifications subject to change without notice. Printed in the U.S.A.
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ATP

A\7P

g ENDCAPS

? .M, A7P-M-1
‘ [right}

po————29.2 (1.50) 8(0.24)

) "-—33 (1.30) - 4(us)J !

|

—-— — 4 (0.16) -

o

[left]
2 fo—————39.2 (1.54]
(0.08) I 33 (1.30
345
(13.6)

1)

30
(1.18)

'ﬁote: 1. Unless otherwise specified, a tolerance of + 0.4 mm applies to all dimensions.

6(a.24)*

4(C.16)

4 (0.16)

2. End caps are attached to each end of the switch assembly and are used to secure the switch assembly to a mounting panel.

SPACERS

ATP-P0, ATP-PC-1

45
(0.18)
'
l 10+0.1
(0.392.004)
- - P
(1.30)
365
(1.44)
; l
* (1.3&) i

Note: Unless otherwise specified, a tolerance of + 0.4 mm applies to all dimensions.
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General Description
; f‘he LM124 series consists of four independent, high gain,
W pemally frequency compensated operational amplifiers
B shich were designed specifically to operate from a single
3 power supply over a wide range of voitages. Operation from
gplit power supplies is also possible and the low power sup-
W current drain is independent of the magnitude of the
2 power supply voltage.
Pl hpplication areas include transducer amplifiers, DC gain
R blocks and all the conventional op amp circuits which now
¢sn be more easily implemented in single power supply sys-
sms. For example, the LM 124 series can be direclly oper-
sied off of the standard +5V power supply voltage which is
used In digital systems and will easily provide the required
I erface electronics without requiring the additional 15V
k Powersupplies.

&
Unique Characteristics
# In the finear mode the input common-mode voltage
% range Includes ground and the output voltage can also
swing to ground, even though operated from only a
i single power supply voltage
2 The unity gain cross frequency is temperature
24 compensated
8 The Input blas current is also temperature compensated

[M124/LM224/LM324/LM2902
iow Power Quad Operational Amplifiers

National Semiconductor

August 2000

Advantages

= Eliminates need for dual supplies

= Four intemally compensated op amps in a single
package

= Allows direclly sensing near GND and Vg r also goes
to GND

a Compatible with alt forms of logic

= Power drain suitable for batiery operation

Features
= Intemnally frequency compensated for unity gain
= Large DC voltage gain 100 dB
= Wide bandwidth (unity gain) 1 MHz
(temperature compensated)
= Wide power supply range:
Single supply 3V to 32V
or dual supplies 115V to £16V
= Very low supply current drain (700 pA)— essentially
independent of supply voitage
= Low input biasing current 45 nA
(temperature compensated)
= Low input offset voltage 2 mV
and offset curent: 5 nA
® Input common-mode voltage range includes ground
= Differentlial input voltage range equal to the power
supply voitage
= Large oulput vollage swing OV fo V* ~ 1.5V

Connection Diagram

SUTMUTE WeUT S wePuT o

N 7 12

Dual-in-Line Package

"

wruT 3t INeuTI” DUTPUT)

16 9 )

D

1 3

[x

DUTPUT T aNPUT Y™ eyruT

B Note 1: LM124A available per JM38510/11006
 Note 2: | M124 available per JM38510/11005

4

v

Top View
Order Number LM124J, LM124AJ, LM124J/883 (Note 2), LM124AJ/883 (Note 1), LM224J,
LM224AY, LM324J, LM324M, LM324MX, LM324AM, LM324AMX, L M2302M, LM2902MX, LM324N, LM324AN,
LM324MT, LM324MTX or LM2902N LM124AJRQML and LM124AJRQMLV(Nole 3)
See NS Package Number J14A, M14A or N14A

H [} )

INPUT 2™ INPUT T QUTPUT?

DS009299-1

92000 Nattonal Semiconductor Comoration  DS009299

www._national.com

sisljdwy [euoyeledo pend Jemod Mo Z06ZWT/VZENFZZINTFZINT
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i Connection Diagram (Continued)
1/ Note 3: See STD Ml DWG 5962R99504 for Radietion Tolerant Device

wmu::'q [ I_’u::lwm‘u
meut 1= - ] T_“‘::hmnc-
-wnol::‘ "bmno
ve T LMI24W E.'::m

weurze c—3 eyt 3e
~PUT 2- - bmn-
ouTPUT2 oyTPUT 3

DS000299-33

Order Number LM124AW/883, LM124AWG/883, LM124W/883 or LM124WG/883
LM124AWRQML and LM124AWRQMLV(Note 3)
Sea NS Package Number W14B
LM124AWGRQML and LM124AWGRQMLV(Note 3)
See NS Package Number WG14A

Schematic Diagram (each Amplifier)

IRPUTS

I
i
i
i

2

% Www.national.com 2
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,
lute Maximum Ratings (Note 12)

B contact the National Semiconductor Sales Office/
utors for avallability and specifications.

V}?Voltage. v

antial Input Vollage
vollage

cwrenl

"< ~0.3V) (Note 6)

¢ Dissipation (Note 4)
jed DIP

ity DIP

ol Outline Package

¢ Short-Circuit to GND
Amplifier) (Note 5)
$15Vand T, = 25°C
ging Temperature Range

I'emperanre (Soldering, 10 seconds)
ring Informahon

Fiodering (10 seconds)
i Outfine Package

Vmor Phase (60 seconds)
] Hrared (15 seconds)

LM124/LM2241 M324
LM124A/LM224ALM324A
32v
32v
~0.3V to +32V

50 mA

1130 mW
1260 mW
800 mW

Continuous

0'C o +70°C
-25'C to +85°C
-55°C to +125°C
-65°C to +150°C
260°C

260°C

215°C
220°C

LM2902
26V
26V
~-0.3V (o +26V
50 mA
1130 mW

1260 mW
800 mW

Continuous
-40°C fo +85°C

-65°C to +150°C

260°C

260°C

215°C
220°C

AN-450 “Surface Mounting Methods and Their Effect on Product Reliablility™ for other methods of soldering surface mount

ZO6ZNUPZEWTPTTNTYZLNA

Tolerance (Nole 13) 250V 250V
ttrical Characteristics
#5.0V, (Note 7), unless otherwise stated
. Conditions LM124A LM224A LM324A Units
Min Typ Max |[Min Typ Max |Mia Typ Max
(Note 8) To = 25°C 1 2 1 3 2 3 mv
e OF gy Ve = OV, 20 50 40 80 45 100 | nA
Ta=25C
Vinge) OF dinyg-y Veu = OV, 2 10 2 15 5 30 nA
Ta =25C
Mode V' =30V, (LM2902, V' = 26V), 0 v'-15{ 0 v'-15 ] 0 V'-1.5 %
Range (Note 10) Ta=25C
Over Full Temperature Range
= e« On All Op Amps mA
= 30V (LM2902 V* = 26V) 1.5 3 1.5 3 1.5 3
Vv = 5v ' 07 1.2 07 1.2 0.7 1.2
V' = 15V, R 2 2kQ1, 50 100 50 100 25 100 vimv
(Vo= 1V10 11V), T, = 25°C
DC.Vew =0V I0 V* - 1.5V, 70 85 70 85 65 85 d8
Ta=25C

www.national.com
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Electrical Characteristics (Continued)

V* = +5.0V, (Note 7), unless otherwise stated

e L

=

Pacameter Conditions LM124A LM224A LMI24A Units
Min Typ Max |Min Typ Max |Mla Typ Max
Power Supply V* = 5V to 30V
Rejection Ratio {LM2902, V* = 5V to 26V), 65 100 65 100 65 100 o8
Ta=25C
Amplifier-to-Amplifier f=1kHz1020 kHz, T, =25°C -120 -120 -120 dJ8
Coupling {Note 11) (nput Referred)
Output Current | Source | Vin' = tV, Vi~ = OV, 20 40 20 40 20 40
V' =15V, Vo = 2V, TA = 25°C mA
Sink Vin =1V, V' = 0V, 10 20 10 20 1 20
V' =15V, Vo =2V, T, = 25°C
Vin =1V, V' =0V, 12 50 12 50 12 50 PA
V* =15V, Vo = 200 mV, T, = 25°C
Short Circuit to Ground (Note §) V' = 15V, T = 25°C 40 60 40 60 40 60 mA
Input Offset Vottage (Note 8) 4 4 5 mv
Vos Oxif Rs = 0Q 7 7 2 7 30 |pvrC
input Offset Current bagey = b=y Vou = OV 30 0 75 | nA
los Drift Rs =0Q 10 200 10 200 10 300 |pAC
tnput Bias Current bagge) OF by 40 100 40 100 40 200 | nA
Input Common-Mode V* = 430V 0 vi21] o0 v-2! o0 V-2 v
Vattage Range (Note 10) (LM2902, V* = 26V)
Large Signal V* = +15V (VoSwing = 1V b 11V)
Vaitage Gain R 22k 25 25 15 VimV
Output Voitage | Vo V* =30V R =2kD 26 26 26 v
Swing {LM2902, V* = 26V) R, = 10kQ 27 28 21 = 27 28
Voo V' =5V, R = 10 kQ 5 20 5 20 5 20 mV
Output Current | Source | Vo =2V Vi = +1V, 10 20 10 20 0 20
s m
Sink Vi = 41V, 10 15 5 8 5 8
V' =0V,
= 15V
Electrical Characteristics
V* = +5.0V, (Note 7), unless otherwise stated
ParsfR e Conditions LM124/LM224 LM324 LM2902 Units
Min Typ Max {Min  Typ Max {Min Typ Max
Input Offset Voltage (Note 8) Tp = 25°C 2 s 2 7 2 7 mv
Input Bias Currert linge) OF - Vou = OV, 45 150 45 250 45 250 nA
(Note 9) Ta = 25°C
input Offset Current Yingey OF -3 Veu = OV. 3 30 5 50 5 50 | nA
Ta = 25°C
Input Common-Made V* = 30V, (LM2902, V* = 26V), 0 v-i5 | 0 v-151| 0 V*-1.5 Y
Voitage Range (Note 10} Ta =25°C
Suppty Current Over Full Temperature Range
R, = %= On All Op Amps mA
V' = 30V (LM2902 V* = 26V) 1.5 3 1.5 3 15 3
V' =5V 0.7 1.2 07 1.2 07 12
Large Signal V' = 15V, R 2 2K, 50 100 25 100 25 100 v/mVv
Voltage Gain (Vo = 1V1I0 11V), T, = 25C
Common-Mode DC, Vo =0V to V' - 1.5V, 70 85 65 85 50 70 a8
Rejection Ratio Ta =25C
Power Supply V' =5V 1030V
Rejection Ratio (LM2902, V* = SV to 26V). 65 100 65 100 s0 100 a8

e
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¥
g rical Characteristics (Continveq)
OV (Note 7), unless otherwise stated

fange (Note 10) | (LM2902, v* = 26V)

s« .r Conditione LM1247.M224 LM324 LM2902 Unhs
M Min Typ Max [Min Typ Max Min Typ Max
3 Ta=25C
plifier f = 1 kHzto 20 kHz, Tp = 25°C -120 -120 -120 a8
{piote 11) (Input Referred)
— Source | Vin' = 1V, Vi~ = OV, 20 40 20 40 20 40
V' =15V, Vg = 2V, Tp = 25°C mA
Sink Viv™ = 1V, V' =0V, 10 20 10 20 10 20
V' =15V, Vo = 2V, Tp = 25°C
. Vin™ = 1V, V' = 0V, 12 50 12 50 12 50 pA
V' =15V, Vg =200 mV, T, = 25°C
to Ground (Note 5) V* = 15V, T, = 25°C 40 60 40 60 40 60
ot Voltage (Note 8) 7 9 10 | mv
; Rs = 00 7 7 7 uvrc
Curent 1ivgey — ine-) Veu = OV 100 150 45 200 | nA
. Rs = 00 10 10 10 pAIC
Current lm(.) of lm(-) 40 300 40 S00 40 500 nA
on-Mode V' = 430V 0 v-2 | o v-2 | 0o v'-2 v

Gain R 22k 25 15 15 vimv

V* = +15V (VoSwing = 1V o 11V)

)

oge | Vo V' = 30V RL=2ka 26 26 2 v
(LM2902, V* = 26V) R =10ka | 27 28 21 28 23 24
Vor V' =5V,R_= 10ka s 20 5 2 5 100 | mv
Source | Vo = 2V Ve = ¢V, | 10 20 10 20 10 20
A mA
Sink Ve = +1V, 5 8 5 8 5 8
V' =0V,
W= 1sv
 For operating at high lemperatures, the LM3Z4/LM324A1LM2902 must be derated based on & +125°C maximum junction temperature and a thermal resis-

“'thdiappleslu-lhedevmsdderedhapddedmbomd operating in a still air ambient. The LM2241M224A and LM124A.M124A can be de-

mwloreduoeﬂ?epowumu\sdsﬂoahdhmehwaedum

Short circuits fron the oulput to V* can cause excessive heating and evertual destruction. When considering short circuits to ground, the maximum output
B spproximatety 40 mA indepandent of the magnitude of V*. At values of supply voltage in of +15V, conti short-circuits cen exceed the power
N fatings and cause eventusl destruction. Destructive dissipation can result from simultaneous shorts on aff amplifiers.

msmclﬂeﬂtwilwyaxmwhentmvdugouwdlhemmdsuddmnegmdemwhm-basewumdmhMPNPm

th.amunmnsommwwuoesdmeopmmmbmwmleve!(orbgmmtorahmm)brmemdummm
L«mamm:mmmmmuﬂnmmm&hmmmw which was negative, again fetums (o a value
—0.3V (st 25C).

These specifications are imited to -55'C STAS+125°C for the LM124AM124A_ With the L MZ24A M224A, sll termperatuse specifications are mited to -25°C
“S°C, the LM324/1 M324A temperature specifications are limited 10 0°C < T, < +70°C, and the LM2902 specifications are kmited to —~40°C 5 Ta < +85°C.

Vo = 1.4V, R = 00 with V* trom 5V 10 30V: and over the full input common-mode range (OV io V* - 1.5V) for EM2902, V* from 5V to 26V.

Thdiactbndtheirpuem'emisomoﬂhelcdueb\hePNPinpustaga.Tﬁsmmis.ssemialyoonsmhdependemdmesuedmeouw“
@ change exists on the input lines.

: Due to proximity of extemal components, insure that coupling is not ofiginating via stray capacitance between these extemal parts. This typically can be
¢ 83 ihis type of capacitance increases at higher frequencies.

& Refer lo RETS124AX for LM124A mititary specifications and refer to RETS124X for LM124 mititary specifications.
& Human body model, 1.5 kel in series with 100 pF.

dona +150°C imum junction § The dissipation is the total of all four amphfiers — use extemal resistors, where possible. to allow the am-

g forwacd biased and thereby acting as input diode clamps. In addition to this diode action, there is aiso lateral NPN parasitic transistor action on the

Theupueommm-modevohagedeimermpusigmlvohageshoddmtbeallmedbgonegaﬁvebymmO.W(mzs‘C).Tr\eupperenqo(me
ode voltage range is V* - 1.5V (at 25°C), but either or both inputs can go o +32V without damage (+26V for LM2902), independent of the magnitude of

5 www.national.com
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®

h’ypical Performance Characteristics

Input Voltage Range Input Current
15
0 Veu =0Vpe
> . 80
>g ﬁ
X 70
w £ v o= 430V
g 1 / e 60— '
=
] NEGATIVE & so Jl 1
P -
2 POSITIVE . i g
o
ES S / g 30 j‘; I
= ¥
'z '+ 20 ¥ o= 45V,
3 / = 10 !
) [
0 s 10 15 -55-35-15 5 25 45 €5 85 105125
V' GR V™ - POWER SUPPLY VOLTAGE (£Vy) T, - TEMPERATURE (°C)
0S006299- 05009299-35
Supply Current Voltage Gain
% “ ¥ 160 I l
£ ik ~
= 3L G & = 20kn
Fi 120 ]
g I g # -t
€ 2r = P R = 2kQ
A 5"
> -
£ 1f-n=o0coeise g
" sy []
: T, = -$5°C 2 40
- 1 Siehill 2
¢ 10 20 30
V' - SUPPLY YOLTAGE (Vpc)
Dsoaess-28 ) 10 20 30 40
V* - SUPPLY VOLTAGE (Vyc)
DS009296-37
Open Loop Frequency Common Mode Rejection
Response Ratio
140 T T e =
v S 2
§ 120 Q. uf g - g i ‘
= ?\ | oo = 100 |
z 100 "™ vz 1 - i
3 \ [<) i
o -
w80 = - _l,_ 5 80 '
2 \\ V' e30Vp & 3 1
— () K
2 6o N\ -55°C<T, ¢125%C = w0 ! % 1l
> Iél 1
1 40 \\ g L_ e *15¢
a3 : 40 -
< SV =10T0 15V & g W §1o00 %
*
- o o, 3 W
N Biiasiiioaa \ § 2@ Tie T
10 10 100 1.0k 10k 100k 1.0M 10M . > SRt
o
1 - FREQUENCY (Mz) 3 100 1k 10k 100K ™
o
f - FREQUENCY (Hz)
DSD0I299-29
Www.national.com 6
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‘ -
7 . 4. =
| Performance Characteristics (continued) 3
¥ H
he —-—
e"‘ &
follower Pulse Voltage Follower Pulse %
Response (Small Signal) ﬁ
4 T T 500 ——— T -
=
s 3 :L.s 2.0k_| N r E
5, =15 Voc T 450 . N
= - =
z \ 8 FRg sl | 2
~ g‘ 400 l__ _._L_ — AV N
0 > = o
= | INPUT o
3 = 350 N
s 5 ‘ ouTPUT V
2
e ', 300 Lk, ry
s < T, = +25°¢C
o *
2 vt =430V,
250 %
0 10 20 30 40 0 t 2 3 4 5 6 7 &8
t = TIME (us) t - TIME (us)
¥ DS009299-40 5500529041
i
nal Frequency Output Characteristics
Current Sourcing
20 oo ] —TY n
‘ el
7 SLainni
] o |
2 g 6 v, J
g o /20N
10 5 2 [' A
&g >4
598 ¢
N oz e —3
s V& 3 NIl
N 5 INDEPENDENT OF V* /
2 T, = #25°C
Lt 4
[} 1 > mam w0 53 I O 05 §
1k 10k 100% " 0001 001 0. 1 10 100
f - FREQUENCY (Hz) 15 = OUTPUT SOURCE CURRENT (mAy:)
DSONV0-42 DSOORIS-43
Characteristics Current Limiting
Sinking
%0
: 10 V= 45V, i 80 [
=+ I=H - v
B vt o= o4t ?Ic . m £ 5
R 5 Vpe = I r 70 —_—
3 V' o= «30Vp T s
g U ml R z
& = s e £ SO
§ = 3 40 N~
- g
LD v /2 - Z 30
s ey
g ! é g 3 a0 B
- =3 Vo N
S L Lt e 10
T, = ¢25°C — 0
0.01 A 2 il -55-35-15 5 25 45 65 85 105125
0.001 .01 0.1 1 10 100
T, - TEMPERATURE (°C)
fo = OUTPUT SINK CURRENT (mipc) IEAOATE0AS
SOG4
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i Input Current (LM2902 only)
g,; 100
8 £ o»
é —
¥ o
¢ g =
5 L~
3 |77, = e25°¢
[} 25
z
0
0 10 20 30

V"~ SUPPLY VOLTAGE (Vpc)
DS00g299-48

Application Hints

'[he LM124 series are op amps which operate with only a
single power supply voltage, have true-differential inputs,
and remain in the knear mode with an Input common-mode
voltage of 0 V.. These amplifiers operate over a wide range
of power supply voitage with little change in performance
characteristics. At 25°C amplifier operation s possible down
fo 8 minimum supply voltage of 2.3 V.

The pinouts of the package have been designed lo simplify
PC board layouts. Inverting inputs are adjacent lo outputs for
all of the ampilifiers and the outputs have also been placed at
the comers of the package (pins 1, 7, 8, and 14).

Precautions should be taken to insure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently instalted backwards in a
test socket as an unlimited current surge through the result-
ing forward diode within the IC could cause fusing of the in-
temal conductors and result in a destroyed unit.

Large differential input voltages can be easily accommo-
dated and, as input differential voltage protection diodes are
not needed, no large input currents result from large differen-
tial Input vollages. The differential input voltage may be
larger than V* without damaging the device. Protection
should be provided o prevent the input voltages from going
negative more than -0.3 V¢ (at 25°C). An input damp diode
with a resistor to the IC input terminal can be used.
To reduce the power supply drain, the amplifiers have a
class A output stage for small signal levels which converts to
class B in a large signal mode. This allows the ampilifiers to
both source and sink large output currents. Therefore both
NPN and PNP extemal current boos! transistors can be used
lo extend the power capability of the basic amplifiers. The
oufput voltage needs to raise approximately 1 diode drop
. above ground to bias the on-chip vertical PNP transistor for
output current sinking applications.
For ac applications, where the load is capacitively coupled to
the output of the amplifier, a resistor should be used, from
the output of the amplifier ta ground to increase the class A
bias current and prevenl crossover distortion.

i Typical Performance Characteristics (coninued)

Voltage Gain (LM2902 only)

160 J J—

) R =20k0
= 120 %—\—t——
=
z |~ R =2.0k0___|
(=]
(™)
S a0
]
(=]
>
1
g 40
-
°
o 10 20 30

v* - SUPPLY VOLTAGE (Vpe)
DS009299-47

Where the load is directly coupled, as in dc applications,
there is no crossover distorlion.

Capaditive loads which are applied directly to the output of
the amplifier reduce the loop stability margin. Values of
S0 pF can be accommodated using the worst-case
non-inverting unity gain connection. Large closed loop gains
or resislive isolation should be used if larger load capaci-
fance must be driven by the amplifier.

The bias network of the LM124 establishes a drain current
which is independent of the magnitude of the power supply
voltage over the range of from 3 Vpc to 30 Vpc.

Output short circuits either to ground or to the positive power
supply should be of short time duration. Units can be de-
stroyed, not as a result of the short circuit current causing
metal fusing, but rather due to the large increase in IC chip
dissipalion which will cause eventual failure due to exces-
sive junction temperatures. Putting direct short-circuits on
more than one amplifier at a time will increase the total IC
power dissipation to destructive levels, if not properly pro-
tected with extemal dissipation limiting resistors in series
with the output leads of the amplifiers. The larger value of
oulput source current which is available at 25°C provides a
larger output current capability at elevated lemperatures
(see typical performance characteristics) than a standard iC
op amp.

The dircuits presented in the section on typical applications
emphasize operation on only a single power supply voltage.
If complementary power supplies are available, all of the
standard op amp circuits can be used. In general, introduc-
ing a pseudo-ground (a bias voltage reference of V*/2) will
affow operation above and below this value in single power
supply systems. Many application circuits are shown which
take advantage of the wide input common-mode voltage
range which includes ground. In mosl cases, input biasing is
not required and input voltages which range to ground can
easily be accommodated.

Www.national.com
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Vin
QO
[ ]
I O *Vo
R1
10K

ded due to temperature independent

DC Summing Amplifier
(le‘S 20 ch and v° 2 VDC)

DS009296-6

Vo=V + V3 - V3~V
y|‘Vz)Z(V3*V4)|okeepV0>0VDc

3

| Single-Supply Applications v = 50 voo)

Non-inverting DC Galn (0V Input = 0V Output)

WY | — o —— o ——

Vo (VOLTS)

GAIN= T+ A2
R

= 101 (AS SHOWHN)

Vi (mV}

Power Amplifier

R1
910k

Vp = 0 Vpc for Viy = 0 Vpc
Ay =10

AL

" www.national.com

ZO6ZWUWPZEWTVPZTWIPZIIN



114

LED Driver
20 mA
/
u ==
G? NSL102
= DS005295-8

Fixed Current Sources

Typical Single-Supply Applications (v = 5.0 Vyc) (Continued)

“Bi-QUAD” RC Active Bandpass Filter

R1
100%

GC=1kHz
Q=50
Ay = 100 (40 dB)

DSD0I299-10

www.national.com
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1A

Current Monitor
R1* L
._' e
R
R2
100 =
VYo
R3
"
- OS00X299-12
-2V
R1 for i smal)
Voltage Follower
O Vo
VY O
DSO0S209-14

1 Single-Supply Applications v = 5.0 Vy) (Continued)

::)o—o

1/4 DMSAXX
Ry
240
- DSO08299-13
Pulse Generator
R1
™ IN914

8.0014F

DS00290-15

ZOGZWPZEWTYZTWUYZINT
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lo = 1 ampivoll Vy,

| - .
1 Typical Single-Supply Applications (v = 5.0 v,c) (Continued)

Pulse Generator

IN914

(Increase Rg for |, small)

Squarewave Osclllator
1go|k e
€ A A 30k
0.001.F
I -
! 1/6 LM123A p—~O Vo R2
;, + 150k
] LU L
% R2 Ra
£ 100k
; v
F
DSD05299-16 —
High Compliance Current Sink
WV O | l‘o
{

www.national.com
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;:al Single-Supply Applications (v = 5.0 V) (Continued)

Low Drift Peak Detector

COBZWUYZEWTYZTNUYZINT

Vin O

N ‘

{(PGLYCARBONATE OR
POLYETHYLENE) = N828°
e *bi g AT 100 nA
HIGH Z,
LOW Zo 11
£ 2 l
2
: A (NPUT CURRENT
i L COMPENSATION
- DSODE2EO- 1)
Comparator with Hysteresis Ground Referencing a Differential Input Signal
YQV* ® I
| a1
Q Vo
: /1
i 10¢
Poer O
OS00S98-2

Vo =Vr

13 www.national.com
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—

Typical Single-Supply Applications (v = 50 v,o) (Continued)

Voltage Controlled Oscillator Clrcuit

Ve O

S

\1 BAA'A'S
f

Photo Voltaic-Cell Amplifier

R,
w

“Wide control voltage range: 0 Vpc S Ve 2 (V* ~1.5 Vo)

AC Coupled Inverting Amplifier

Ry
100k

— A

R
Ay ~ H—:(Asshown.Ay = 10)

O DUTPUT 1
-Q OUTPUT 2
DSO0N299-22

2S000295-24

w.national.com : 14
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,/; I Single-Supply Applications (v* = 5.0 V,.) (Continued)

AC Coupled Non-Inverting Amplifier

DC Coupled Low-Pass RC Active Filter

a
e01uF

178 LM124A

15

www.national.com
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p—

Typical Single-Supply Applications (v = 50 V,e) (Continued)

High Input Z, DC Differential Amplifier

R2
100k

4

R1 R4
For — = — (CMRR depends on this resistor ratio match)
R2 R3
R4
-t — -V
Vo= 1+ 2(v2=Vy)

As showrt Vg = 2(Vy ~ Vy)

High Input Z Adjustable-Gain
DC Instrumentation Amplifier
R1
100
M

>
GAIN ADJUST

+V,

HR1 = RS & R3 = R4 = R6 = R7 (CMRR depends on match)
2Rt
Vo =1 ¢ — -V
(] RzNz 1

As shown Vg = 101 (Vp — Vy)

ww.national.com 16



ical Single-Supply Applications (v = 5.0 v,o) (Continued)

Using Symmetrical Amplifiers to Bridge Current Amplifier
"Reduce Input Current (General Concept) ‘

Iy 144 LM124A Wo
E v -—————
| o——.———— + Vo
[ 1%
& 2N929° ’}
{
%
"“»5“.‘ 9.001.F =
E Is DS000299-30
¢ -

Ford<<tandR¢>>R

vo=veer (3) 7

1/4 LM1I24A

—-— AUX AMP
R i
15M ° INPUY CURRENT
COMPENSATION
DS003299-29
Bandpass Active Filter

Ve

DS009299-31

17
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rPhysical Dimensions inches (millimeters) unless otherwise noted

0785
{(19.339)
MAX
0.025 [s] [5] (] 5] [oe] fa] o
{0835
P \) 0.220-0.310
(s.588_7278)
] ] DTG T Us] L2

0290-0.320 8005 0.200

{1.366-8.128) ﬂ-lﬂ) ’_s_us 8.060 £0.005 {5.880)
| y ISE‘\;-"‘T {iszds0120) | MAX g.075-0.060

e 180 8 - (0.508-1.524)

T [ u
] 95° :5° 86°34° TYP T

10° MAX | sooe-s0n2

Ll e3te-t410 | (0203-2305) 0.01810.003 0.125-0.200
fan-1041) a.058 {0.457 :0.076) 31755 080l
MAX BOTH ENOS 5.10010.010 0159
2540 :a254) am
MIN JUAREV G
Ceramic Dualn-Line Package (J)

Order Number JL124ABCA, JL124BCA, JL124ASCA, JL124SCA, LM124),
LM124AJ, LM124A9/883, LM1240/883, LM224J, LM224AJ or LM324J
NS Package Number J14A

CT !

0.220-0.244
(5.791—6.188)

$.335-0.314
' (8 509 -3.738)
1”13 12 11 10

AAAAA

PO

-
v

LEAD KO, § .~
went ¥ gguy
1 1 3 &
0,010 wax
0.254)
81500157
g =
ool0-o8e .. 0.053 -0.069
0.zsi~ 0508 * O TR I )
8 mx e 0.604-8.010
At u“” r —  ©.102-0.254)
i—-.,ﬂ:‘ v SEANG N °IE!=la!=!=!=!|
’ i e uu ‘ ! I 1
0.003 - 0.010 ‘
9.008 - 0.010 0.050 0.014 -0.020
{0203 -0.53) i 0 nu 0.050 036 o no) L—(ll 356 0.508) B
TYP ALL LEADS o0 Ras—1 7
(a 102} TYP ALL LEADS m ’0]! Tee
AL LEAD TIPS .

MX S.0. Package (M)
Order Number LM324M, LM324MX, LM324AM, LM324AMX, {t M2902M or LM2902MX
NS Package Number M14A

www. national.com
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ical Dimensions inches (millimeters) unless otherwise noted (Continued)

0LIe -

TN >
-
»| 4—5':‘;
oipiainsnial
A 2.25010.010
8.330 £0 254}
OPTION 62
.10 083 0.380—8.270
Pamieg Er e
S 020 ! ST 1o o Tam-1im 055
(3-“3.-‘1’.) {1.529) "\ OPTIONAL (1.851)
i i ' 1 —\
95 150 0.008-2.016
.00 9° £4° TP - w7-0.40)
“: ) iste 154 1 ﬂ/
— 0.01s tec1S
el i s
asiawa " S0 e -
l 8.05010.00 ’ ’
(12-0.754) [y s :::::
(._z‘ +1.41
- el AEY Py
Molded Dual-in-Line Package (N)
Order Number LM324N, LM324AN or LM2902N
NS Package Number N14A
0.080
“~  I* o050 [+— 0.385 MAX —
0.045__{ | 0.050 £ 0.005 — -+ [+ .00 uiN TY
0.026 e
_{' e 1T Ts f
! i 0370
il 0.250
5
I3 ] -1
- 0.280 MAX ) 0.260
a GLASS 0.235
J - 0.012
- | ————t 0.008
DETAIL A
0.370
0.250
|
0.005_._ L‘_ 0.045 MAX w148 (REV J)
0.004 e
TYP

Ceramic Flatpak Package
Order Number JL124ABDA, JL124ABZA, JL124ASDA, JL124BDA, JL124BZA,
JL124SDA, LM124AW/883, LM124AWG/883, LM124W/883 or LM124WG/883
NS Package Number W14B
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

l]l][lﬂ[ll]l]__{[
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_"—'i'_"_ 4.16 TYP

4 —t

R e
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nngoodl T
\ 0.65 TYp
E’z] ! o ok LAND PATTERN RECOMMENDATION
-_.__.__._—1>~————F-- . P /-scz DETAIL A
i , e
2] L~ ! h l ../f{ \ }k |
i L .I M H : \\“_'"/ 0.09-0.20 TYP j

PIN®1 1 . 7 [e]o.2]c]B]A]

IDENT. ALL LEAD TIPS

ay
’— (0.9)

[a]0.1]C] 0.25
ALL LEAD TIPS 3 f 40-80 I
1.1 MAX TYP -
el ++ L]
0.65 TYP L 0.10 £ 0.05 TYP { \ f
—o] fe—0.19 - 0.30 TYP - o6 @ ‘SEA"NG PLANE
l$l°"3®J‘]a©T‘:®J DETAIL A
TYPICAL, SCALE: 40X
DIMENSIONS ARE IN MILUIMETERS wIC14 (REY ©)

14-Pin TSSOP
Order NumberL M324MT or LM324MTX
NS Package Number MTC14

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life
systems which, (a) are intended for surgical implant support device or system whose failure to perform
intc the body, or (b) support or sustain life, and can be reasonably expected to cause the failure of
whose failure to perform when properdy used in the life support device or system, or to affect its
accordance with instructions for use provided in the safety or effectiveness.

labeling, can be reasonably expected to result in a
significant injury to the user.

Naxtional Semiconductor National Semiconductor National Semiconductor National Semiconductor
Corporation Europe Asia Pacific Customer Japan Ltd.
Americas Fax: +49 (0) 180-530 85 86 Response Group Tel: 81-3-5639-7560
Tot: 1-800-272-9959 Ermai. europe. suppon@nsc.oom Tol: 65-2533466 Fax: 81-3-5639-7507
Fax: 1-800-737-7018 Dewntsch Tel: +49 (0) 69 9508 6208 Fax: 652504468
Email: support@nsc.com Englsh  Tel: +44 (0) 870 24 0 2171 Emai; ap.support@nsc.com

www nationsl.com Francais Tet 433 (0) 1 41 91 8790
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311, Digit,
LCD/LED Display, A/D Converters

; ;f;uaranteed Zero Reading for OV Input on All Scales
] frrue Polarity at Zero for Precise Null Detection
] 1 pA Typical Input Current

£ . .
§True Differential Input and Reference, Direct Display Drive
i LCD ICL7106, LED ICLT107

Low Noise - Less Than 15uVp.p

;On Chip Clock and Reference

1 ;Low Power Dissipation - Typically Less Than 10mwW
No Additional Active Circuits Required
Enhanced Display Stability (ICLT106S, ICL7107S)

ering Information

TEMP.

- PART NO RANGE (°C) PACKAGE PKG. NO.
7106CPL 070 |40LdPDIP E40.6
T106RCPL 01070 {40Ld PDIP (Note) |E40.6
7106CM44 01070 |44Ld MOFP Q44.10x10
7T106SCPL 01070 |40LdPDIP E40.6
7107SCPL O0to70 |40LdPOIP E406

ICL7107CPL Ow70 {40LdPDIP E406
ICLT107RCPL 01070 [40LdPDIP (Note) |E40.6
ICL7107CM44 01070 }44Ld MQFP Q44.10x10

€: "R indicates device with reversed leads for mounting to PC
d underside. “S" indicates enhanced stability.

Description

The Intersil ICL7106 and ICL7107 are high performance, low
power, 3112 digit A/D converters. Included are seven seg-
ment decoders, display drivers, a reference, and a dock.
The ICL7106 is designed to interface with a liquid crystal dis-
play (LCD) and includes a multiplexed backplane drive; the
ICL7107 will directly drive an instrument size light emitting
diode (LED) display.

The ICL7106 and ICL7107 bring together a combination of
high accuracy, versatility, and true economy. It features auto-
zero to less than 10uV, zero drift of less than 1pV/°C, input
bias current of 10pA (Max), and rollover error of less than
one count. True differential inputs and reference are useful in
all systems, but give the designer an uncommon advantage
when measuring load cells, strain gauges and other bridge
type transducers. Finally, the true economy of single power
supply operation (ICL7106), enables a high performance
panel meter to be built with the addition of only 10 passive
components and a display.

intersil.com or 407-727-9207 | Copyright © Intersil Corporation 1999

ON: These devices are sensitive to etectrostatic discharge. Users should follow proper IC Handling Procedures.

1

Fite Number

3082.2
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TOP VIEW TOP VIEW
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¥ olute Maximum Ratings
Feoty Vottage

FcL7107, v- 10 GND

§CL7106.VetoVe o
FOLTI07T,V+toGND. .. ................
Fsiog Input Voltage (Either lnput) (Note 1). . .
Input Voltage (Either Input) . ......

b : Stresses above those listed in “Absolute Maximum Ratings* may cause permanent damage lo the device. This is a stress only rating and operation
he Jevice at these or 8ny other conditions above those indicated in the operational sections of this specification és not implied.

Thermal Information

Thermal Resistance (Typical, Note 2)

------------- 15v POIP PAckBge . .. ceeueveneneeonanncanensnnnns
-------------- 6V MOFPPACKAgE .....ieeiie e aaeanaans
-------------- 9V Maximum Junction Temperature
.......... V+io V- Maximum Starage Temperature Range .. ...
.......... V+io V- Maximum Lead Temperature (Soldering 10s)

(MQFP - Lead Tips Only)
....... TEST to V+
........ GND to V+
....... 0°C to 70°C .

rical Specifications (Note 3)

PARAMETER TEST CONDITIONS MIN TYP | MAX UNIT
TEM PERFORMANCE
o Input Reading Vin = 0.0V, Full Scale = 200mV -000.0 | +000.0 | +000.0{ Digital
Reading
(Last Digit) (ICL7106S, ICLT107S | Fixed Input Voltage (Note 7) -000.0 | +000.0 | +000.0 ch:’tal
Reading
tric Reading ViN = VRef. VRer = 100mV 999 | 999/10| 1000 Digital
00 Reading
oliover Error “ViN = +Vjy = 200mV - 0.2 +1 Counts
Difference in Reading for Equal Positive and
Negative inputs Near Full Scale
Full Scale = 200mV or Full Scale = 2V Maximum - 0.2 +1 Counts
Deviation from Best Straight Line Fit (Note 6)
on Mode Rejection Ratio Ve = 1V, Vi = 0V, Full Scale = 200mV (Note 6) - 50 - nvN
V)N = OV, Full Scale = 200mV - 15 - v
(Peak-To-Peak Value Not Exceeded 95% of Time)
kage Curent Input Vin = 0 (Note 6) - 1 10 PA
Zero Reading Drifl Vin = 0, 0°C To 70°C (Note 6) - 0.2 1 uvrPc
Scale Factor Tempecature Coefficient Vi = 189mV, 0°C To 70°C, - 1 5 ppm/°C
(Ext. Ref. Oppm/OC) (Note 6)
End Power Suppty Character V+ Supply Vi = 0 (Does Not Include LED Current for ICLT107) - 1.0 1.8 mA
§Current
End Power Supply Character V- Supply Current { ICL7107 Only - 0.6 1.8 mA
COAMON Pin Analog Common Voltage 25k(2 Be'ween Common and 24 3.0 32 v
Positive Supply (With Respect to + Supply)
Temperature Coefficient of Analog Common | 25k{2 Between Common and - 80 ppm/°C
Positive Supply (With Respect to + Supply)
DISPLAY DRIVER ICL7106 ONLY
4 55 6 v

Peak-To-Peak Segment Drive Voltage
Peak-To-Peak Backplane Drive Voltage

V+ = to V- = 9V (Note 5)
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ical Specifications (Note 3) (Continued)

PARAMETER TEST CONDITIONS MIN ™ve MAX UNIT

Y DRIVER ICL7107 ONLY

t Sinking Current V+ = §V, Segment Voltage = 3V
bwl Pins 19 and 20) 5 8 -

pin 19 Only 10 16 -

31313

Dssnpabon rating assumes device is mounted with all leads soldered to printed circuit board.
Unless otherwise noted, specifications apply to both the ICL7106 and ICL7107 at T = 25°C, fC OCK = 48kHz. ICL7106 is tested in the

P ercuit of Figure 1. ICL7107 is tested in the circuit of Figure 2.
; Back plane drive is in phase with segment drive for ‘off segment, 180 degrees out of phase for ‘on’ segment. Frequency is 20 times

aonversnon rate. Average DC oomponent is less than 50mV.

- v
'N?’N’
Ry Rﬁ::
| 9 Rz C:
R c M 9 1 DISPLAY

Cy=0ApF
S{IBLR S ssUs s lUss SRS HS S HSHR USIS Cp = 0ATuF
- &« »n - ¥ O LEFE s 328032838 C3 =0.22uF
gggzh.a§=oz325__ [ o a C4-1009F
S8cr-gasev®E > Cs = 0.02,F
Ry = 24kQ
P ICL7106 o
s 3 Ry = 100kQ
15505 <cou8sapraggeaee Rj.,m
el lle afle Eli=l=l=li=lzl= Rg = 1MQ

RE 1. ICL7106 TEST CIRCUIT AND TYPICAL APPLICATION WITH LCD DISPLAY COMPONENTS SELECTED FOR 200mV

FULL SCALE
SV + - v
° N
Ry Rs.
115 c /L e,
C XSPLAY
Cy=0.1pF
s1lEIEE =R REEE R E R E R E R Cax04TuE
=022
- N o H o w > N . o a — 3
§egBerobEgIiegE~8o28g Cax 1005F
OOO"‘&‘:I:UU = = @« Cg=002uF
Ry =24k
P IcL7107 Ry = 47kQ
3 d Rj = 100kQ
156G TcowadaIru8acwIR R = 1kQ
T EEEEEEEEEE R 1w
DISPLAY

URE 2. ICL7107 TEST CIRCUIT AND TYPICAL APPLICATION WITH LED DISPLAY COMPONENTS SELECTED FOR 200mV
FULL SCALE

~
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; éign Information Summary Sheet
$0SCILLATOR FREQUENCY

 DISPLAY COUNT
% v
psc = 0.45/RC COUNT = 1000x IN
> 50pF; Rogc > 50kQ REF

(Typ) = 48kHz
+ CONVERSION CYCLE

tcve = terock x 4000
=RC/0.45 teye =tosc x 16,000
when fogc = 48kHZ; toyc = 333ms

« COMMON MODE INPUT VOLTAGE
(V-+1V) < Vi < (V+ - 0.5V)

GRATION PERIOD
+ AUTO-ZERQ CAPACITOR

T = 1000 x (4/f05C) 0.014F < Caz < 14F

#0/50Hz REJECTION CRITERION . REFERENCE CAPACITOR

: NsoHz or YNTAG0HZ = Integer 0.1pF < Crer < 10F

mMUM INTEGRATION CURRENT * Vcom

T = 4pA Biased between Vi and V-.
JFULL SCALE ANALOG INPUT VOLTAGE » Voom = V+-2.8V

Nies (Typ) = 200mV or 2V Regulation lost when V+ to V- < =6.8V
Py If Voowm is externally pulled down to (V+ to V-)/2,
GRATE RESISTOR the Vcoum dircuit will turn oft.

_ Vinrs
e « ICLT106 POWER SUPPLY: SINGLE 9V
V+-\L =9V
GRATE CAPACITOR Digital supply is generated internally
- Gy VeND = V+-4.5V
VINT - ICL7106 DISPLAY: LCD

Type: Direct drive with digital logic supply amplitude.
¢ ICL7107 POWER SUPPLY: DUAL 15.0V

GRATOR OUTPUT VOLTAGE SWING
TN

Cint V+ = +5V to GND
V-=-5Vto GND
, MAXIMUM SWING: Digital Logic and LED driver supply V+ to GND
,\ + 0.5\/) < VINT < (v.._ - o_sw' VlNT (Typ) =2V * ICL7107 DISPLAY: LED

Type: Non-Multiplexed Common Anode

bpical Integrator Amplifier Output Waveform (INT Pin)

t

)

]

!

I

1

!

L+

[}

]

AUTO ZERO PHASE SIGNAL INTEGRATE : DE-INTEGRATE PHASE
2999 - 1000 1000 COUNTS '

1

]

L

! t
! ]
i ]
(COUNTS) 1 PHASE FIXED 0 - 1993 COUNTS 1
1 i
| '
] ]
[ t

Ar""“‘_“

> > & —
Ll > 4 ———

TOTAL CONVERSION TIME = 4000 x tcLocK = 16,000 x tosc
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{fgre 3 shows the Analog Section for the ICL7106 and

27107. Each measurement cyde is divided into three
ses. They are (1) auto-zero (A-Z), (2) signal integrate
i and (3) de-integrate (DE).

ero Phase

g auto-zero three things happen. First, input high and
are disconnected from the pins and internally shorted to
jog COMMON. Second, the reference capacitor is
ymed lo the reference voltage. Third, a feedback loop is
jed around the system to charge the auto-zero capacitor
r lo compensate for offset voitages in the buffer amplifier,
ator, and comparator. Since the comparator is included
8 foop, the A-Z accuracy is limited only by the noise of
] syslem In any cass, the offset referred to the input is
ﬂlhan 10pV.
fl Integrate Phase

g signal integrate, the auto-zero loop is opened, the
mal short is removed, and the internal input high and low
onnected to the extemal pins. The converter then
gprates the differential voltage between IN Hl and IN LO
s fixed time. This differential voitage can be within a wide
: mode range: up to 1V from either supply. If, on the

hand, the input signal has no retum with respect to the
erter power supply, IN LO can be tied to analog

the end of this phase, the polarity of the integrated signal is
determined.

De-integrate Phase

The final phase is de-integrate, or reference integrate. Input
low is intemally connected to analog COMMON and nput
high is connected across the previously charged reference
capacilor. Circuitry within the chip ensures that the capacitor
will be connected with the correct polanty to cause the
integrator output fo retum to zero. The time required for the
output to return to zero is proportional to the input signal.
Spedifically the digital reading displayed is:

Vin
DISPLAY COUNT = 1000} - |.
VReF

Differential Input

The input can accept differential voltages anywhere within the
common mode range of the input amplifier, or specifically from
0.5V below the positive supply to 1V above the negative sup-
ply. In this range, the system has a CMRR of 86dB typical.
However, care must be exercised to assure the integrator out-
put does not saturate. A worst case condition would be a large
positive common mode voitage with a near full scale negative
differential input voitage. The negative input signal drives the
integrator positive when most of its swing has been used up
by the positive common mode voltage. For these critical appli-
cations the integrator output swing can be reduced to less
than the recommended 2V full scale swing with little loss of
accuracy. The integrator output can swing to within 0.3V of
either supply without loss of linearity.

RS
STRAY Crer l
_I_=_ Caz Cint
Crer*y REFHI REF LO, AZ INT
L e D L. T J A N e e e R R
' IV 38 )] 27
' v+
1
. AZ AZ INTEGRATOR
' 10
J ' 105A N N . bema
EY Y l/ SECTION
INHI o & ;
¢ .
. INT DE- DE+ AZ
i
I
p AZ
' COMPARATOR
1
L 132 DE+ DE-
MON &— Y
: NPUT
INT A-Z AND DE(-) Low
130
NLO °_‘®l +
b e e e e e ettt e e .- - - D S g U

FIGURE 3. ANALOG SECTION OF ICL7106 AND ICL7107
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fferential Reference

e reference voltage can be generated anywhere within the

Lwer supply voltage of the converter. The main source of com-
#jon mode eror is a roli-over vollage caused by the reference
Rypacitor losing or gaining charge o stray capadily on its
pdes. If there is a large common mode voltage, the reference
Lapacitor can gain charge (increase voltage) when called up to
fyintegrate a positive signal but lose charge (decrease volt-
boe) when called up to de-integrate a negative input signal.

is difference in reference for positive or negative input voltage
f give a roll-over error. However, by selecting the reference
lapacitor such that it is large enough in comparison 1o the stray
ppacitance, this error can be held to less than 0.5 count worst
sse. (See Component Value Selection.)

nalog COMMON

his pin is included primarily to set the common mode
pitage for battery operation (ICL7106) or for any system
ere the input signals are floating with respect to the pawer
pply. The COMMON pin sets a wltage that is approxi-
ately 2.8V more negative than the positive supply. This is
pelected lo give a minimum end-of-ife battery woitage of
6V. However, analog COMMON has some of the
tributes of a reference voltage. When the fotal supply
age is large enough to cause the zener lo regulate (>7V),
8 COMMON woltage will have a low voltage coefficient
WP.001%NV), low output impedance (=15Q), and a
perature coefficient typically less than 80ppm/°C.

he limitations of the on chip reference should also be
mcognized, however. With the ICL7107, the intemal heating
shich results from the LED drivers can cause some
radation in performance. Due (o their higher thermal resis-
Wnce, plastic parts are poorer in this respect than ceramic.

e combination of reference Temperature Coefficient (TC),
hternal chip dissipation, and package thermal resistance can
hcrease noise near full scale from 254V to 80uVp.p Also the
earity in going from a high dissipation count such as 1000

n over-fange condition. This is because over-range is a low
idissipation mode, with the three least significant digits
tblanked. Similarly, units with a negative TC may cyde
between over-range and a non-over-range count as the die
sllernately heais and cools. Al these pitblems are of course
diminated if an external reference is used.

The ICL7106, with its negligible dissipation, suffers from
hone of these problems. In either case, an extemal
feference can easily ba added, as shown in Figure 4.

Analog COMMON is also used as the input low return during
8uto-zero and de-integrate. If IN LO is different from analog
COMMON, a common mode voltage exists in the system
and is taken .care of by the excellent CMRR of the converter.
However, in some applications IN LO will be set at a fixed
known voltage (power supply common for instance). In this
application, analog COMMON should be lied to the same
point, thus removing the common mode voitage from the
Converter. The same holds true for the reference voitage. If
teference can be conveniently tied to analog COMMON, it

should be since this removes the common mode voltage
from the reference system.

Within the IC, analog COMMON is tied to an N-Channel FET
that can sink approximately 30mA of current 1o hold the
voltage 2.8V below the positive supply (when a load is trying
to pull the common line positive). However, there is only
10pA of source current, so COMMON may easily be tiedto a
more negative voltage thus overriding the internal reference.

V+
v
REF HI +
L\ 6.8V
REF LO }—> FENER
ICL7106 1'2
L7107
V-
FIGURE 4A.
v+
v s.8k0
1ICLT106 2010
L7107 k
12v
REF LO REFERENCE
COMMON
FIGURE 48.

FIGURE 4. USING AN EXTERNAL REFERENCE

TEST

The TEST pin serves two functions. On the ICL7106 it is
coupled to the internally generated digital supply through a
5000 resistor. Thus it can be used as the negative supply for
externally generated segment drivers such as decimal points
or any other presentation the user may want to include on
the LCD display. Figures 5 and 6 show such an application.
No more than a 1mA load should be applied.

v+ M0
TO LCD
DECIMAL
POINT
ICL7106
8° =t
TEST
37 TO LCD

© BACKPLANE

FIGURE 5. SIMPLE INVERTER FOR FIXED DECIMAL POINT
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pe second function is a “lamp test”. When TEST is pulled
(to V+} all segments will be turned on and the display
Id read "1888". The TEST pin will sink about 15mA
nder these conditions.

ION: In the lamp tast mode, the segments have a constant DC
(no square-wave). This may bumn the LCD display if main-
for extended periods.

[ lw
Ve r- -
:D; !
ICL7106 DECIMAL |~ ! B‘éc‘&'iL
POINT !
SELECT __':'_D—r- PomTS
1 ]
rest D+
! ¢D4a030 !
& - -
-rcuo

URE 6. EXCLUSIVE ‘OR’ GATE FOR DECIMAL POINT DRIVE

Digital Section

Figures 7 and 8 show the digital section for the ICL7106 and
ICL7107, respectively. in the ICL7106, an internai digital
ground is generated from a 6V Zener diode and a large
P-Channel source follower. This supply is made stiff to
absorb the relalive large capacitive currents when the back
plane (BP) voltage is switched. The BP frequency is the
clock frequency divided by 800. For three readings/sec., this
is a 60Hz square wave with a nominal amplitude of 5V. The
segments are driven at the same frequency and amplitude
and are in phase with BP when OFF, but out of phase when
ON. In all cases negligible DC voltage exists across the
segments.

Figure 8 is the Digital Section of the ICL7107. It is identical
to the ICL7106 except that the regulated supply and back
plane drive have been eliminated and the segment drive has
been increased from 2mA to 8maA, typical for instrument size
common anode LED displays. Since the 1000 output {pin 19)
must sink current from two LED segments, it has twice the
drive capability or 16mA.

in both devices, the pdlarity indication is "on” for negative
analog inputs. if IN LO and IN HI are reversed, this indication
can be reversed also, if desired.

: a f b f b f b
Uic445A184 D N T
. e [ e c e c
; d d d
J ] BACKPLANE
" e e e e e = e e e o e e e e v o e s = e - | -e-=ld 4 - 3 Ll * it |
21 )
t
- 1
LCD PHASE DRIVER '
]
{1y it gt )
7 7 7
TYPICAL SEGMENT QUTPUT SEGMENT | 1 SEGMENT | | SEGMENT 2-200, :
Ve DECOOE DECOODE DECODE .
0.5mA IERE AR NNEER] 1
. 1
SEGMENT LATCH
— 1 '
OUTPUT H l ] )
2mA 1 1t '
1000's 100's 10's 1= - '
COUNTER] |COUNTER] JCOUNTER} ]COUNTER )
INTERNAL DIGITAL GROUND o !
]
TO SWITCH DRIVERS « '
FROM COMPARATOR OUTPUT L
Q Vs
CLOCK A !
o] +4« -] Locic contrROL 82v
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l AAA A‘ TEST
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_________________ . . S S
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FIGURE 7. ICL7106 DIGITAL SECTION
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k1)
FIGURE 8. ICL7107 DIGITAL SECTION
;
System Timing fmemmmmmm————m e e m———————=
, ) ' INTERNAL TO PART
Figure 9 shows the clocking arangement used in the
ICL7106 and ICL7107. Two basic docking arrangements ! +4 }— CLocK
can be used: ¢
1]
1. Figure 9A. An external oscillator conrniected to pin 40. '
2. Figure 8B. An R-C oscillator using all three pins. N PN PO Brmm .-
The oscillator frequency is divided by four befora it clocks the
decade counters. It is then further divided to form the three GND ICLT107
convertcyde phases. These are signal integrate {1000 TEST ICL7106
counts), reference de-integrate (0 to 2000 counts)} and FIGURE 9A
auto-zero (1000 to 3000 counts). For signals fess than fult
scale, aulo-zero gels the unused portion of reference
de-integrate. This makes a complete measure cycle of 4,000 VT T T CwtemmaLToPART
counts (16,000 dock pulses) independent of input voltage. |
For three readings/second, an oscillator frequency of 48kHz 1 4 CLOCK
would be used. :
To achieve maximum rejection of 60Hz pickup, the signal :
integrate cycle should be a multiple of 60Hz. Oscillator B e m o
frequencies of 240kHz, 120kHz, B0kHz, 60kHz, 48kHz, Q40 ------ ¥ ------ 8 ---
40kHz, 33‘/3kHz, etc. should be selected. For 50Hz rejec- R c
tion, Oscillator frequencies of 200kHz, 100kHz, 66%/3kHz, ]- :
50kHz, 40kHz, etc. would be suitable. Note that 40kHz (2.5 RC OSCILLATOR
readings/second) will reject both 50Hz and 60Hz (also
400Hz and 440Hz). FIGURE 98.

FIGURE 9. CLOCK CIRCUITS
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£ mponent Value Selection

fdegrating Resistor
§
joth the buffer amplifier and the integrator have a dass A
b tput stage with 100pA of quiescent current. They can
woply 4uA of drive current with negligible nonlinearity. The
egrating resistor should be large enough to remain in this
£ linear region over the input voltage range, but small
nough that undue leakage requirements are not placed on
e PC board. For 2V full scale, 470k is rear optimum and
ymilarly a 47kQ for a 200mV scale.

ntegrating Capacitor

he .inkegrab'ng capacitor should be selected to give the
naximum voltage swing that ensures tolerance buildup will
ot saturate the integrator swing (approximately. 0.3V from
gither supply). In the ICL7106 or the ICL7107, when the
alog COMMON is used as a reference, a nominal +2V full-
cale integrator swing is fine. For the ICL7107 with +5V
upplies and analog COMMON tied to supply ground, a
#3.5V to +4V swing is nominal. For three readings/second
MBKkHz clock) nominal values for Cyyt are 0.22uF and
D.101F, respectively. Of course, if different oscillator frequen-
les are used, thesa values should be changed in inverse
proportion to maintain the same output swing.

additional requirement of the integrating capacitor is that
2 must have a low dielectric sbsorption to prevent roll-over
srors. While other types of capacitors are adequate for this
spplication, polypropylene capadiors give undetectable
Tors at reasonable cost.

Auto-Zero Capacitor

The size of the auto-zero capacitor has some influence on
e noise of the system. For 200mV full scale where noise is
very important, a 0.47uF capacitor is recommended. On the
2V scale, a 0.047yF capacitor increases the speed of recov-
Jery from overioad and is adequate for noise on this scale.

Reference Capacitor

A O.1uF capacitor gives good results in most applications.
However, where a large common mode voltage exists (i.e.,
the REF LO pin is not at analog COMMON) and a 200mV
scale is used, a larger value is required o prevent roll-over
jerror. Generally 1ptF will hold the roff-over error to 0.5 count
In this instance.

Oscillator Components

For ali ranges of frequency a 100kQ resistor is recommended

and the capacditor is selected from the equation:

f- 045
RC

C = 100pF.

For 48kHz Clock (3 Readings/sec),

Reference Voltage

The analog input required to generate full scale output (2000
counts) is: Vi = 2VRgr Thus, for the 200mV and 2V scale,
VRer should equal 100mV and 1V, respectively. However, in
many applications where the A/D is connected to a
transducer, there will exist a scale factor other than unity
between the input voltage and the digital reading. For
instance, in a weighing system, the designer might like to
have a full scale reading when the voltage from the
transducer is 0.662V. Instead of dividing the input down to
200mV, the designer should use the input voltage directly
and select VRer = 0.341V. Suitable values for integrating
resistor and capacitor would be 1 20kQ and 0.22pF. This
makes the system sfightly quieter and also avoids a divider
network on the input. The ICL7107 with 15V supplies can
accept input signals up to $4V. Another advantage of this
system occurs when a digital reading of zero is desired for
V)N # 0. Temperature and weighing systems with a variable
fare are examples. This offset reading can be conveniently
generated by connecting the voltage transducer between IN
Hl and COMMON and the variable {or fixed) offset voltage
between COMMON and IN LO.

ICL7107 Power Supplies

The ICL7107 is designed to work from 15V supplies.
However, if a negative supply is not available, it can be
generated from the clock output with 2 diodes, 2 capacitors,
and an inexpensive IC. Figure 10 shows this application. See
ICL7660 data sheet for an altemative.

In fact, n selecled applications no negative supply is -
required. The conditions to use a single +5V supply are:
1. The input signal can be referenced to the center of the
common mode range of the converter.
2. The signal is iess than £1.5V.
3. An extemal reference is used.

V4 O E—' - )
r -l— - o= ~ 1
5 04009 1 -
D
t
Vs : t
osc LD
] 1 IN914 +
0sCc2 A Az ] ] 10
' fl < ] pF
0sc3 4= , 1 {o.047 -
t + | BF
L7107 ‘ "'D"" ' g
GND ! 1 [INS14
V- l ———'—>>ﬂ—>)ﬂ
] 1
-

FIGURE 10. GENERATING NEGATIVE SUPPLY FROM +5V
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pical Applications

Application Notes

Values shown are for 200mV fuff scale, 3 readings/sec,, fioating
Supply voltage (3V battery).

FIGURE 11. ICL7106 USING THE INTERNAL REFERENCE

ghe ICL7106 and ICL7107 may be used in a wide variety of AnswerFAX
Fonfigurations. The circuits which follow show some of the | noTE # DESCRIPTION DOC.#
Jpssibilities, and serve to illustrate the exceptional versatility
§fthese A/D converlers. ANO16 | “Selecting A/D Converters” 9016
fme following application notes contain very useful |ANG17 |The integrating AD Converter 9017
fnformation on understanding and applying this part and are
i ; : ANO18 |“Do's and Don'ts of Applying A/D 9018
.;rallable from Intersii Corporation. Converters®
AN023 |“Low Cost Digital Panel Meter Designs” . 9023
ANO32 }“Understanding the Auto-Zero and 9032
Common Mode Performance of the
ICL7136/7/9 Famity”
ANQO46 | “Building a Battery-Operated Auto 9046
Ranging DVM with the ICL7106”
ANOS2 | *Tips for Using Single Chip 3/, Digit AD 9052
Converters”
Typical Applications
—— TO PIN 1 ey o TO PIN 1 ¢————
osc 1 Q_—r____ 0SC 1 [} ———rrere——
08¢ 2 [3e}———AA——+t oscz E———AM———J-
05¢3 [l geryee osc3 (3 F—— servger
TEST [57] TEST [37 100pF /= 10omv
REF Wi [3§ REF HI a———————;
REF LO REF LO E MA— W o *5V
CREF | Crer [0 ot 1a  22kQ
CRer Crer |3 ’
COMMON . COMMON @__.__. mQ .
N Ht o N {31} . W .
0.01uF
INLO oM INLO F—+ °
AZ . AZ
BUFF =av BUFF
INT T - WT
\ 2 V. o -5V
G2 G2
C3 |2 c3 |z
24 TO DISPLAY
A3 @ A3
63 |z G3
BP 121 TO BACKPLANE GND

Values shown are for 200mV full scale, 3 readings/sec. IN LO may
be tied to either COMMON for inputs fioating with respect to
supplies, or GND for single ended inputs. (See discussion under
Analog COMMON.)

FIGURE 12. ICL7107 USING THE INTERNAL REFERENCE

2=
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i 100pF '/-1oomv
AAA e A A AA V§

\AA 2 AL SE AL

1%®Q  10kQ | 10kQ

me
AA
AAA o -
o 00nF TN
: 2
]
£ UYL
1
I ]
—t oV"™

GND

P
'
'
1
!
’
1
1
'
[

NLO is tied to supply COMMON establishing the correct common mode
witage. If COMMON is not shorted to GND, the input voltage may float
with respect to the power supply and COMMON ads as a pre-regutator
for the reference. it COMMON is shorted to GND, the input is single
snded (refarrad to supply GND) and the pre-regulator is overtidden.

FIGURE 13. ICL7107 WITH AN EXTERNAL BAND-GAP
REFERENCE (1.2V TYPE)

—u— TO PIN 1 4————
ose 1 [l ——em——
oscz g—-—wv————T
osc3 " servgper
YEST {37 100pF / = 100mV
REF HI :as]—-——————‘
REF LO [35) - VWA—AA——0 V+
Crer E“‘—l“ ) 25k 24kQ
A
Crer E__—-T
COMMON {33}—————4¢ 1wma .
e 3] AAA———O
Lo = T 001F N
LO |30} 0.047uF = -
AZ Bt
470k |
BUFF [ZH——AM———
INT E__._".____
v- (28— 9.22uF —o V-
G2 |23
c3 [z
) TO DISPLAY
A3 (7]
G3 {Z
BPIGND
" FIGURE 15. ICLT106 AND ICL7107: RECOMMENDED
COMPONENT VALUES FOR 2V FULL SCALE

—_—— YO PIN § 4———
osc1 Jo0K0
asc 2 {39 ]
0sC3 38'————"}——— SET Vper
vesT 3] 100pF /-1oomv
REF HI 'F_j‘]_____-——-‘
ReFLo [ — MARE Ay
\d
Crer P g ¢ 6.8V
Crer 33}____'-!'
COMMON MO .
- 1 ~AAA o
= VLooF | W
INLO (30— ¢ —
AZ E————"'—“—
47KQ ‘L
BUFF (28— —1 b3
v- % 0.224F o -5V
Gz
cs
£ TO DISPLAY
as {7
s |7
GND g_ﬂ____L

Since low TC zeners have breakdown voltages ~ 6.8V, diode must
ba placed across the total supply (10V). As in the case of Figure 14,
iN LO may be tied to either COMMON or GND.

FIGURE 14. ICL7107 WITH ZENER DIODE REFERENCE

YO PIN { ¢————

———}n
osc1 |4 Ty
osc2 {
osc3 {3g—— SET VRer
TEST 37 100pF /= 100mv
REF HI
RELO A At
E_—j_o-‘“,:_r___&__.
Crer 1.2V (ICLB069)
COMMON wme .
IN HI {3 p o;;;‘;‘w .
W L0 P3——57F 2
§ i(.
Az 47kQ2
BUFF ]
' )
e [ ——
v 0.22pF
= E_
(F A FE]
3{z
% B TO DISPLAY
A3 [
G3 |3
GNO (21— 1

An external reference must be used in this appfication, §ince the
voltage between V+ and V- is insufficient for correct operaton of the

internal reference

FIGURE 16. ICL7107 OPERATED FROM SINGLE +5V

12
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Yvpical Applications (Continued)

i —_—— TO PIN 14— V+ VonTla TO PIN 14—
os[ c; E 100kQ osusccz —1 100kQ {
08¢ 3 [ ——— 0s¢3 [——{——0 e
TEST 37 100pF TEST {3 1000F  sFACTOR
3 ADJUST
REF Ml < REF Hi
>
REF LO REF LO gv ~AA—AN— b3 2k
c b 100kQ MO | <
REF < CREF 0.1uF 100kQ2 220kQ -
c R 3 > ‘:R EF """_A‘"‘T
COMMON t common {33— [} \ .
LLI ) 4 INHI 2—1‘—5371‘] ZERO | | SILICON NPN
.01l MPS 3704 OR
50 T
iNLo 3 0.47uF INLO {30 0.47pF SIMILAR
AZ g__._.”TkE_. AZ g——_"'ﬁ?— 4
BUFF |Z———WA———¢ BUFF [2B———a——% =9
INT p— INY — =
V- 0.22uF ‘ v. g 0.22uF I
c2 [ G2 g
c3 c3
E TO DISPLAY A3 @ TO DISPLAY
& g 2
G3 G3
GND [Zi}- BP |21} ————s TO BACKPLANE
= A silicon diode-connected transistor has a temperature coefficient of

The resistor values within the bridge are determined by the desired about -2mV/°C. Calibmtion is adﬂeved by placing .the sensing
sensitivity. transistor ln foe water and adjusting the zeroing potentiometer for 8

000.0 reading. The sensor shoukd then be placed in boiling water

and the scale-factor potentiometer adjusted for a 100.0 reading.

FIGURE 17. ICLT107 MEASUREING RATIOMETRIC VALUES OF  FIGURE 18. ICL.7106 USED AS A DIGITAL CENTIGRADE

QUAD LOAD CELL THERMOMETER
v+ *5V
——.3 M osct EQ:' ' oscr %
r osc2 |39 osc2 f39
To‘l’_g:oc oscs [3® oscs %]
TEST {37] TEST |37
REF w [36] I REF M1 [36
ReFLo 35 REF LO %
Crer (31100 e Crer [31)
CreF E CRrer E
common [3 126 3 common [T
INHI ) c2 IN H 37
INLO |30 The LM339 is required to | [7} B2 weo (%]
AZ E ensure Iognc eompati_bility i3] A2 AZ —2‘:1
BUFF E with heavy display loading. BUFE E
INT [27] 4] €2 INT (7]
e H| o w [
[@_m c2 [ & RANGE [i6] B3 G2 %“’
cs |24 J"CB-Q_]’ £3 ca (24
GIRANGEJ% a5 L e A [
[.< E______q: G3 rGi———¢ [15] AB4 G3 |22
- BP 121 G /IRANGE :1_ [20] POL 8p E—]
B mance CD4023 OR :

74C10 < 13K
€D4023 OR _{( i
, 74C10 cD4077 = =
FIGURE 19, CIRCUIT FOR DEVELOPING UNDERRANGE AND FIGURE 20. CIRCUIT FOR DEVELOPING UNDERRANGE AND
OVERRANGE SIGNAL FROM ICL7106 OUTPUTS OVERRANGE SIGNALS FROM 1ICL7107 OUTPUT

13
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4 pical Applications (Continued)

TOPINT < —
100kQ

~ 10uF SCALE FACTOR ADJUST

/ (VRer = 100mV FOR AC YO RMS)

o
174
2
|| 2][8]

2 8
a0
“ N
]

17
100pF

100k
* t——jw—ﬁ
ACIN
- O

ol
&
REF H( E} 3
REF L0 [35] I /A WYY
Cgrer 5_____1 1k 22k02 4T0kQ
Crer E—J— 0.1uF T——W—T
CoMMON [32 <
- _r% — .[m: ‘mwm E>
INLO [30} AAA
E . Lo'"pF —e Wy
m:: : Taka J_ A ——
E——W\————" 10F =—gv 100pF
wr {z7 —{t -]- J’- (FOR OPTIMUM BANDWIDTH)
v-[5 0.224F _
G2 [
B
x [5] TO DISPLAY
Gs {&z
BP |21} TO BACKPLANE

Test is used as a common-mode reference level to ensure compatibility with most op amps.
FIGURE 21. AC TO DC CONVERTER WITH ICL7106

B A 2

+5V

-
M LED
L DmT407 SEGMENTS

- P
P
D_,

FIGURE 22. DISPLAY BUFFERING FOR INCREASED DRIVE CURRENT

14
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"Ual-ln-LIne Plastic Packages (PDIP)

NS O E40.6 (JEDEC MS-011-AC ISSUE B)
N I 40 LEAD DUAL-IN-LINE PLASTIC PACKAGE
Et
S
—V 23 "2 INCHES MILUMETER
OO U symsoL| MIN MAX MIN MAX | NOTES
=] &] A - 0.250 - 6.35 4
i o € Al 0.015 - 0.39 - 4
BASE A2 0125 | 0195 ] 3.18 4.95 -
NE : A2
- = (A B 0014 | 0022 { 0356 | 0558 | . -
TING =
ne T " B1 0030 | 0070 | 077 | 177 8
Dl A [ c 0008 | 0015 ] 0.204 | 0.381 -
Bl e o N | o D 1.980 | 2.095 | 50.3 53.2 5
-— e D1 0.005 - 0.13 - 5
0.010 (0.25, ClAlB

029®]c[A[e®] € 0600 | 0625 | 1524 | 15.87 6
PTES: Ef 0485 | 0580 | 1232 | 1473 5
1 Controlling Dimensions: INCH. In case of conflict between English e 0.100BSC 254 BSC -
ﬂl:ld Me.tnc.dtmensuons. the inch dimensions control. A 0.600 BSC 15.24 BSC 6
2. Dimensioning and tolerancing per ANSI Y14.5M-1982. - 0.700 - 1778 7

A Symbols are defined in the "MO Series Symbol List" in Section 2.2 B .
- of Publication No. 95, L 0.115 0.200 293 508 4
. Dimensions A, A1 and L are measured with the package seated in N. 40 40 9

JEDEC seating plane gauge GS-3. Rev.0 12/93

D, D1, and E1 dimensions do not include moid flash or protrusions.
. Mold filash or protrusions shall not exceed 0.010 inch (0.25mm).
. Eand are measured with the leads constrained to be per-
. pendicular to datum .
. eg and ec are measured at the lead tips with the leads uncon-
strained. ec must be zero or greater.
. B1 maximum dimensions do not include dambar protrusions.
Dambar protrusions shall not exceed 0.010 inch (0.25mm).
. N is the maximum number of terminal pasitions.
. Comer leads (1, N, N/2 and N/2 + 1) for EB.3, E16.3, E18.3, E28.3,
E42.6 will have a8 B1 dimension of 0.030 - 0.045 inch (0.76 - 1.14mm).

15
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b . .
Metric Plastic Quad Flatpack Packages (MQFP/PQFP)
§

' o -
I ARARARRAAS
T ! | ]
e = E =
L e B
, = : = !
o] ! =5 |
a— ' 10—
| —go L :B—L
| HHHEBURBEN -
PIN*IJ l
] L Y e
| TN, /
, toksm
0.40 | 3516° Y —
a1 M- — (eléZ@|c|+s0]®
a"mN’.Fh y L” _.JVT-_
o;-7° + —] J ;—-l 81 ”-_{
\_._,L -—\ g 7 0.13/0.17

All Intersil semiconductor products are manufactured, assembled and tested under 1SO9000 quality systems certification.

Q44.10x10 (JEDEC MO-108AA-2 ISSUE A)
44 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE

SYM- INCHES MILLIMETERS

8OL MIN MAX MIN MAX NOTES
A - 0.093 - 235 -
A1l 0.004 0.010 0.10 025 -
A2 0.077 0.083 195 210 -
8 0.012 0.018 0.30 045 6
B1 0.012 0.016 030 0.40 -
D 0510 0530 [ 1295 1345 3
D1 0.390 0.398 9.90 10.10 4.5
E 0.510 0.530 § 12.95 13.45 3
Et 0.390 0.398 9.90 10.10 4.5
L 0.026 0.037 0.65 0.95 -
N ) 44 . 44 7
[ 0.032 BSC 0.80 BSC -

Rev. 1 1/94
NOTES:

1. Controlling dimension: MILLIMETER. Converted inch
dimensions are not hecassarily exact.

2. All dimensions and tolerances per ANS( Y14.5M-1982.

. Dimensions D and E to be determined at seating plane .

4. Dimensions D1 and E1 to be determined at datum plane
[+]

5. Dimensions D1 and E1 do not inciude mold protrusion.
Allowable protrusion is 0.25mm (0.010 inch) per side.

6. Dimension B does not include dambar protrusion. Allowable
dambar protrusion shall be 0.08mm (0.003 inch) total.

7. “N" is the number of terminal positions.

w

Nersi semiconducton products are soid by descripion only. Intersd Corporation reserves the nght to make changes in circust design snd/or specifications at any time with
M notice. Accordingly, the reader is cautioned o verify thal data sheets are current before placing orders. Information furnished by Intersi is believed to be accurate anJ
¥iable. However, no responsibility is assumed by Intersil or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may resul
Yo its use. No ficense is granted by impfication or otherwise under any patent or paten rights of Intersil or its subsiciaries.

YORTH AMERICA
tersil Corporation
P. 0. Box 883, Mail Stop 53-204
lboumne, FL 32902
EL: (407) 724-7000
AX: (407) 724-7240

For information regarding Irtersd Cocporation and ts products, see web site http:/twww.intersil.com

Sales Office Headquarters

EUROPE

Intersit SA

Mercure Center

100, Rue de la Fusee
1130 Brussels, Belgium
TEL: (32) 2.724 2111
FAX: (32) 2.724.22.05

ASIA

intersil (Taiwan) Ltd.

7F -6, No. 101 Fu Hsing North Road
Taipei, Taiwan

Repubitic of China

TEL: (886) 2 2716 9310

FAX: (886) 2 2715 3029
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