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Abstract

At present, the solar cells installations usually fixed at the angle of 15 * to North-South for
mostly installation in Thailand. This way of installation helps save cost and convenient, but the
cells will get fully energy from 10 a.m. to 2 p.m. 1f the cells can be moved according to the
movement of the sun, it will get most energy continually all day. Thus, this thesis studied the
solar tracking system that makes the solar cells tracking and faces 90" to the sun all the tifne. The
solar.tfackjng system model with two dimension, altitude and azimuth is used. The solar density
detector circuit is set in the model. LDR (Light Dependence Resistor) will detect the solar
density. The energy got from the 15° stabilized cells and the solar tracking system model are
compared. The solar tracking system receives more energy per day than the stabilized cells about

30%-50%
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Designation of Solar Air Masses

ARers sinuiator's output 1o match
extraierrestrial solar spectrum

@ AM 0.0

AM 1.0

AM O

Aders simuisior's output to match
torrestrial solar spectrum when
|sm’s posttion vector is
perpendicutar to the Barth's surface.

Alters simulator's output to match
terrestrist solar spectrum
loccuning when the sun's position
vector has rolated 40.3 degrees
avvay from its

perpendicular position,

tarrestrial solar specirum
occuring when the sun's posttion
vecior has rotaied 60.1 degress
away fromits

parpendicutar position.

]Mers sinulator's output to match
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n-type semiconductor
p-a1 jutiction
p-type semiconductor
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* qyd =1 ° = ¥ 4 -

naamgauil 53 1ATinsdne wansuuraiegy (polycrystal) w1 ldainmadumaenadunuy

adiasoaduuunangiineinaneiazii 2.10

517 2.10 mradueoinduuunangine)

2 Nﬁﬂ‘na‘ltjgﬂ (poly or multi crystalline)

g uiweudilgmduyugeueswusdnglifeavesdtneu win Indnie Ind
A &4 v Ay aa o o = o o =2 kg
Fanoufe uisitnoufinannmMsTmdfuveswdntng @uaseau lulaswasdaszay
o9 e = = e - ¥ .
fiafiwas) v0sFinounyukinglife) Tavezindaneuivasiumadtnsluimasy (crucible)

J L é F o aa 4 1 1 o+
udnlaeslHifunsotiedng e 1Auvisens Indzaneuiidlssaudimoouily ndsen
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fu mai luhusoduasendiag Rzadresunsfivesuuusingiliion fe i ldadun
s (wafer) 1191479 300 - 400 TuTnswes udnhhlatesoudef-Busely wadwiiaild
Aunuiignnimuurdngilifeusifusednsamiloenindae Wszanm 15 - 16%) t1elsh
au doTdnSsuSnedunilsvesmaduuuninTnd fo jusevoudumadd s oduiiu
Udmdon1d iiRideshauusuraddooniuuuiunan vlimusogandundea

e WA AW INAIMULURUNAVDS 25% raduasoiAaiuuurinratogLluansdegilii 2.11

U9 2.11 wradueefiaduuundnratogl

3. WUYIUUDW (ribbon silicon)
¥ r 1 .
A TuTaBveamseharusiniwuuringl@efidunkunay nazuuukinnaiogld
VoA A & W iy A w A P o T
Fuin@mdoniu fnaflunszurumsiduiliesTageg Wiesnindvsiinsdaurunini
J £ S 1 A = a =y 1 & -]

Waouduilovnsdanou T dunils Sa18lnsdiulyunaiiadreg othwldlumsadhs

* oo [l aa v = . =
wanganoulidukuyn waged Aendn Suveu (dbbon) FediTnssadraduwuundn

o t J o o L = 1
nawgil MR lddeeRedledinoulumsaaldiluuiuiie watalumsadaiurinuuy

r
rol &

] 1 A A L b =a -
Suveuiiognateis uaniouldtuliog 2 35 Ao 3810w uaznUATAR (dentritic)
S19W3 (EFG) 6001910 Edge-defined film-fed growth fuitmsadrauruninindieduis
YA ] aa ] J ] i
voelvnsaan Ndeslfwdaninlilde uazfeddaouldiutiuumegeuding u1eq fivhdoae
A o e ar 1 i H . ! A P
uns W e ldganeuresuddluglmasusimuiidesms uiundninaadieditlazi
»
ANURUITT 150-300 lunsou dawnhedsud 5-10 muamwas fofuvesSunouunydewi
SAa a & a1 w A o o aa - A an 9
{i Ao filaseadwvesndni luddndofivusviFvos Teasmaduag nmsndansudesgn

u W o 3 =1 2 v [ da  aa 1 d’
‘nﬁﬂummagmﬂ“lummaamgﬁ'z NADIUNTTIAIHIUTBILAD ﬂJBQLLﬂ‘J’IlﬂVIE)ﬂ AFOTFUU
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o ¥ o =2 { ] A o 3
Midurundn lddanu Liauyselge esnndunlandasy uazeasetlusisqganeh
naouuazuruwns Idmusod I luileddaeuldde S3nsAmunsoszanniuly
oy _q’ ] oy = e
1sqyiveurundnuuuSvuouldnfe T3msuuueusian
= L] & - =y ¥ o =] 1 s aa ¥ ;
MIAAUNANT VBN VIUASAR 93 Fwaandn lilde uazfsgdneuldrmuiuginig
1 a0y a’a A oey o H : o T
yoafitiogmnizasivouns 2 A o IdsdaouiosuauiiugldmdoulunuuSuuou udu
d. ﬂdd.' = =) ‘\' e P = ﬂ’ é a
wanfiadudaeislerlinnuuignigelndifestuitveslonsand deorh ldadraradez 18
oot a a ) a
woanNlszansnmgan U uBie WY

¥
= L ¥ ' ) A b 1
Aunuvearaduuusuueuiuie ignniuuusiadums e insgyRedanouiound

[
=) o

ey ] u’.:l'. - A o ] A -~ . = o 1 d.'
NN uaraan anylszdnsamisindmuuoufolszunm 13.5 - 15% uaz e §mien
4 Y
aloannMIHRANA"
» » ]
rRBIAIMASTIHAAIANANYDIFANDUNA 3 LUBRINa1? fodlugamvnisunseedy
= = r . A [:) 1
malulaBnmsndamadnnuiuiamed (wafer-based manufacturing) a9 ndlunisiiueiu
Fanou niarded (wafep AVANUMUITTYIG 180-240 TuTasiwas vadradlwwad
sasemad wasriuradudaswaduidodouiulfiiiuTuge (modue) Ao 11Ul Tuamen
o o o o . -~ o a C=} o -4
aauae1indn a9 (thin film) feiflugammnssufisesfuma TuTladnsniamad
ol -
110 Tuga n5e UNUBAE (module-based manufacturing) W3 urABRANTUgMIBANTUIZ QN
- ¥ o o ' P o @ ' 4 o
o uMIsFuRdUV AT aufidens uazdimsdnesndiuudazmaddrouauniyes
l . & - - ] ol L]
(taser scribe) Fuynauaaindnad anniduuseaunsowsonn 18t 2 uuuingjq fe
ooy e o o Jd I'4
1. uuyHduezyesNaddnou (amorphous silicon films) IyaduaIeINASLUYBENOIHE D
Qe a A = 2 a4 @ ' '3 Qe 4
FEnswdanaennuuunan Taodude sufudneasvearduiduunlylsnmes Taves
a3 19uAUR AU L19Y0IF AR D UDULAUT LT BIA1MATIANGONT1L CVD  (Chemical Vapor
. ] =t o Aaan = v e ; [ '
Deposition) @99 Hszvuhifwhlizanoufneg wu fw'lwsu siH) Awdldluve
P P 1 o ] 9 L] E & L]
FYYINIA UaEATILTIURwWHUgIUsoIdezinIsnszqu sy Tagldwarau eds
wdauiddaneutendroonanfie i lfudiuuiuduguses Taedauingjeedlu uda
- é o =1 3 Ot Q ] = L]
auauad uSenaaan el IdmanieududniTussuaslideu Tnoligungivuurv
gruseszuine 200-300 pasRiFu Fanousyiuouazayuuuku falluosueia
i [ ¥ ' 1
e ar 4 1 o o + o L] 1
ganou luduasuil wins ldfMaiifl Tuseu (boron) Wu B,H, 1 11/fe 15700z 1Ausduidun
o R t gy 1 s L
-HuezueiNadtinouriiaf (p-type Si) wazdminlafhiineanesa (phosphorus) wu PH,
] o oa =Y o . & ] d’
wife lduduiduidiuesuesHadanousiindu (otype S Fasztulddn 20388 151

4 . : ;
aunsenIURuMs mavesfa Mead e liifaduiduiediieg mufidesnis 14
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1 o o g -} - '; o
PrAuYsITRdLaeHaduuuezua A ARe TdununsHaaidmIn LazozuesHad
ABULYBIINNAINU (energy bandgap) 1.7 eV ARTMUURNGNSARDW (1.1 ¢V) Flddns
o Y=Y ] " or
MINALINYBNBZYBS NaFARUINTIMULNENYIN Seanuisoananunuveildudius sy
) - o (] & n’: .:tv i
1 TuTnswes 18 luvazfnuundndoavitediadoenuilseun 300 Ty lnswasdsviafifine
-] ] '3 I 4 o & A o - ar
AUHFIUTIN1INAVDSUHUIBAA LA DMATALE UuARD azuasHadanoumuIsnlsevin
Ysumvesdanoulduinndt uazdeiombhunaHafusadumoiadnd Taseadradu
v
. L= ' o o o ]
1n1oa (diode) 2 A5 saAnMuiluTU (tandem cell) IMadd muwuezuesHaddnouio
v y ] .. . ' L] a .
fanuLgUAnINB IR (visible light) uazideslRuasdrudunuse (infrared) gnganiu
o ] é ar s e ] a
Taomadauasguiiupdnreduun Tuwasvesdaneu (nanocrystalline Si) NAFOITNWAIIU
ry:

v oo .8 - an s a o I's - oo o =
Lﬂ']ﬂﬂﬂﬂﬂz'ljmﬂ?‘llﬂ\‘luﬂﬁﬂﬂu Fﬂﬁﬁlkﬁqa'l'ﬂﬂULLUUﬁﬂMBZUBi‘WﬂTﬂﬂBU LSﬂﬂQﬂqzﬂ‘ﬂ 2.12

A-' 4 -4 a Id aa -
E‘IJ‘VI_ 2,12 L‘lﬁ.’lﬂLLfNBTﬂﬂULLUUﬁﬂNBﬁUBSWﬂ“ﬁﬂﬂBH

RpBvpuYada e MaduuuezueiRe fo Usz@ntnmusaaradiidszuin 8% uay
Ty A& A . N
maduuuiidedegnslFaufidu dei li$fuuaauna Jommsdevnsveuraduuves
L4 1
vesHaiidailullymmdnfidadeatimsNaunfudgudluiude 1a/dn
£y J 1]
2. wundlewa (€18) waduaserinduuudlewagnadistudefdunisvessigh
tsznen1d18 nouns (copper) BuRew (indium) uag Falen (selenium) Hdgdnusinimi]
=) =) o < 21 =t
fiv CulnSe2 130 Cu (In x Ga 1-x)(Se x S I-x)2 Wanurveusaduund lowaziinnuvin
b 4
vosnuwaduun Indeguszann 10 wh Usz@ninmesuaaduuud lowaiigede 11% ud

A o~ L 4 dor o — U
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L

dinoayanms nizeauindimanses

1RSI0 AGUUY Dyc-sensitized (Dyc-sensitized solar oclls) uimaduaso1fndon
wuumileflUGAS e auas- 19T (photoelectrochemical ceils) -Qﬂﬂ‘s:ﬁyﬁuﬂ%u‘s-niu
30 A0, 1991 Ao Michael Graetzel UEAMY AAYTIATISINF0i0nBnToNTiad1 Gractzer cells
MR UL TS NN NN TR UIUM I FIN S MLk B (process
of photosynthesis) uazﬁ"nﬁ'wgﬂmfuﬁaummﬂﬁﬁnm 3%u Wauededeiiion nae
sz Ansamyomaduilniimusodnlu 148 33% Tummgud unzdimsaanisaliuil

a - d’, o ] 4
f.91. 2010 s Sufwadriinfioonaediminlumenswidlyd

o o d s d a Jd
| 2.2.3 ANUTURUEITHI NN IZUAIAS IS HUBIITARLaIR TG
é =3 = T = o d' o g Qres
fosnnuadumsoiadi Inseafauuusoodef-Bu Aegi 2.13 A gueaulians
T Sanidoutuguauidvessesae-Buynilszas fe

bus bar finger

‘ARC

__n-type ermiter junction

p-type base

\  pebackswhcefeld  /
N P,

\_—/ .
back conlact

" < ' a o
-q1lfi 2.13 Tassaduvesmadumsefiaduuysounoii-Bu

TunneRaduasoinglaildsuas

ileseudn 18Tunsswulusaasszm el nszua Inadiusesdedudniauun uag
nseuatiiznlAnunlaseinada TsuuuSeaduns iy uas tuvae Wusssu ludadoundy
wiinszuadruaudes Inadeundurnusouds Farfu MIPANNFUNUTUDINTIU LUAUIIAY
s mbund@eudunsndésgld 39 Fansmiffinnnaunslalen niedenda

Shockley diode equation 138 oM ItTAA W1 Aaaush 2.2

72022
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]:]0[ e’tT "'1 (22)

A & 4 A w
e I, Ao NIZUANRDNAT
v, fia useanludaasaneusn

fio mnedves Tuadiuitien =8.62x10° ev/K

T Ao quufipemduyinl (K) =273 + gungiiiumizsesmisaiea
a fip 1szqoidinaTou = 1.6X10"° gaoull
nszuw (N
gV
I=lye ™
lusadoundy ludaasa

I =qnld A+ D,
ALN, LN,

£

_
USIAU (V)

714 2,14 Anvazauduiuiveanszud uazusIRuvessosAoR-Ou

Snumznimluzli 2.14 naesWiisiuguautialum S nd WS (rectify) v09500A0R-10U
4. < P y
Fanszuaiinduda (dark_saturation current) T, ADATYHTSY (leakage current) #ilMapONIIN

Taloavas T lA5uuaemuldms ludadoundy Aseums

j]rm:q‘"iz“l De + Do (2.3)
LNy, L,Np
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ANUHMIULeIm5IT0R1H (cm™)
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' & w o -
mmwmnuummﬂszqummmmsmmm (cm 3)

2]

Tuamfiwadueaerfingld3uuas (Mumination)
— t od o o ) r o 1
Tusmgnsosdef-BuldTuuas 1smnsadun ludwaslszrenlidonguuesly

& L4 1] A o d‘
ABU (photon) Helimdsnuamils Auaasluaunish 2.4

E ppoion = HU (2.4)
A r-| [ I“A
{o  Eu., #9 wisnweslvaeu
h A9 AINIFIVBIUNASE = 6.624X10™ joule-sec
U =] ) c{ A
Ao fMAnudvesnRuLes

A v a o A & & o o ' Y [
dlouaeannsznyssvae-wudaduilevesasnednit Ineouszoramwdsauldun
& [] a o a
‘Bidnasou deeglunouraugifeausoeonluiffudifinaseudase (free electron) Tuuny
| v
. , 2 -
A7 (conduction band) 18 unzaMiAa Teadadiualss gwivzadianuan Bnuavious
1o o o ia J v ¥ 9} &4
(valance band) sz vz goianaseu-laadaszifadulnait dumauninmsnszdumsna
o o ad da X a ' 4 ar ) a o
fridouas Bilinaseu-TeanifiavuusSiusesrenielndnusesde szgndniwasin
o 4 4 ] 1 & i a o
anudinelu Fldedeunduseede laofiloassindeoun lalnesduii wozdidnaseu
A H & ) o 1 ]
vinfeuf lumed By fanszua i@ lnalufiees sdudwfunssualusns fisosde
L o 1 ey i =y ‘3 - H 1 [ _
1853 udaass doulszypnmzdsdnasou-TeafRaduuinai lddsniwavesauw Indh
o < Qs . . df & Y ' [ )
A9ziAnN1359UA7 (recombination) Molwitleas Fegwimzanariee Lifevinanssi
n:i -, J ot A 5: ol 1 = =i L) \J
aszua IR fiBaiudendniignBondt nszueues (photo current) M3BlEUGDY 911,
SnuuauWEsHvesspoAef-Buvae 18T uuas uans 1ddezli 2.15
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WemadumseRad 18T unas nszuaue (1, Mfedusziisassdufunseuia @,y

4 n‘; o ar
Lo nizu’d‘ﬁ 1Hﬁ88ﬂlﬂiﬂ NYIVOUYAATUT ﬂL?JUu.Lﬁﬂ&ﬂil 13

I=1 ]thl 2.5

(V-1IR,) {V-iR,) -
7= =1 g +|:10,(eq Jir —~1)+102[eq i «—l)+————VR]R’] (2.6)

sh

P A [
Tegh 1 AD NITUAITIDI9INLES (photo current) aras Tddserunis

light

T = 9A8 o, (L + L,) @.7)
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4 a
Wo g fin szquesdidnasou
] .3' a ’ v o g
A FID - WUNYDITBUADW-LRUNYNLLET
-] o a ) A
Eor  fo Sasmafnlszgwimzgdiinasou-Tea Woasnuema (optical

generation rate)

A ] a o o W
L.L, f® 'izﬂzﬂ'l‘ilLW‘i‘UENElmﬂﬁ‘iﬂullﬂﬁIaﬂ Aluanl

Gl w‘:; L a a o f or A 'l o/ o § o A

UYHZ B ARMTIDINALYNANIINT mmﬂuaa'lﬁ'immaﬂz‘nﬂmﬂﬂnszumummnum
o v H r o 3 . Y

Tnneonuninadriugens unsiinssugszliagege uasnisendi L, A1veanssuaan

299511 IRInauny 2.6 uaglszunuan [aaseums
qV
I=—-Tg +1, (e Var _ 1) (2.8)

A o o : d. ) T r
Faunednees v, = 0 daiuaunsi 2.8 vzdouind 1l
1=-Ig4 (2.9)

I

. - 9 1
Tvilszanali g, =1,

Tuvasimadgnillna99509n (open circuit) uazfisoede 183 uuems szwud nszuaiilva
s A - 1 (- - ] l:lv = 1
Tureesezilugud iesninasesgnia wsedundsngriousooro-busuziignisenh
4 []
L399151A997- (open circuit voltage) Woubsq 1 v, Ao v dmldnnaumsii 2.8 Tay

' 4
unuen 1= 0 wag v = v, #ez Maums

Ve = ﬂlr{fi + 1} (2.10)
g 0

4 N . ; 3 . : '
e liuseduiianees (v,) fissnniiqa nszuaa () Aszdeadidiesiiqe uazie 14
¥ a P P o o o § Wes v 9 A
arndunszuynzdnaees (1) Jmwniige mssaudameluradezdeshldiiniooiiqa
LAz N155IUEITRY (surface recombination) AdBa 1WA Tesigadiogunoiiu
A o a = - ¥ J v ar =y a1 @ dvdl
nszua WA nilosnnuasifia Tuuraun visdesTusgiuwiiiimeisa1ag Al Ao

Af 4 a - [ ar o ol & A& o
yuavesuiusnusevaeR-BudeldTunas, dnlsz@ntlumsganduncaieinayssy
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oo ¢t el a

wimzgddnasou-Tea, seszanudnvossosaofi-Bu, vumanundwseswSnnlasawing,

[] 3 a A’ A > o ] o [-Y] q.'
manundosdaveslseprins luilomsisaad, amausalunissaudmaeslszgmnsi
An, uazAmudumiueynsvvedmad Taea 1y nszuadatees luwaduaserfinduy
SOURDR-DUTDITANDY 92RA 5210 35 - 40 mA/em” uaz lunsdivesunadeusuanesan
1, 90¢3717 20 mA/cm’ Taerinfie 1 -air mass zero (AMO)

1] v or . . - | J T ar
FuA 599 UAIN2995 (Open circuit voltage : V,)) vzliAuntlosiuegivuinyes

L] 1} ke A a4 Q ﬂ'
FOITNHAIITY (Energy gap : Eg) voamsneenin e

A
e DARK
:
V. } Voo
VOLTAGE
P,=VI,

L

L
l ILLUMINATED

Lc

5117 2.16 qrueuAvesnszusunzus sWuvsadiaseiing

Tuvmg 185unerauazda 1 185 vuea

Wy

R,

L (‘b Imi LY R3

LOAD
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51/ 2.17 23 Ty aveBR I A
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LAY

51 2.18 dydnualvpuwnduaseing

4
2:2.4 Haurlawme suazdsecinBamnrsnlasndanu

ot lsAdvasinraduaserindldldou wadez isglunzdarsesniodanees

& 2 A o Y v > & a M v 1 o
Vel e Inmadezdegnaod 1t Inas (load) FAIAMMATUNIUAIMHY ATIHLIIAY
ci o 9 J s v @ ] ] & o ¥ A A
saznszuafiwadsweonu1liun Inanszlaniosndi a1 v uoe 1, Tnoagainnde wedia
a 1 & o ar o ' =
anuFUMUAMINzaus s i linaguesssdunaz nizsuairadiivoonuid

1 A Ao v - . a ar » r - []

frgage wieRBend A1MAesIUIER (maximum power) Miwadsieidun Inanld Weudeoq
&1 p_ Aeenszuauazussiuii ifadde I gegadousnusdeunuiiu i, uaz v,

AudIeL HuAD

P =1V, @.11)
1 ¥ a
wazAmNuAIUn ueed Inaanmunzaun 14 Tavaums
|
Riped == (2.12)
jm

.

] Y aor Qe o’ a
A1wes P, v, uag I_uaes ladensmgaeouirveasadiugii 3.1

AFaudawmey (Fill Factor) Woushutdedlu FF swesfaudamed gniiew1idde
fasidausznivamdnugegaiiadez e iudvasldsTadumve sndenugege

luyegaunanradsels Wude

FF =2 = 07 (2.13)
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sweeaunnino it o liifu 1 HaurmmeiTiaalnd 1 uansiwadamsosiondeay
TithoonunIdlndResfumadlunsgauaiun wadfi o laevia ludsNaunanoaed
A1TTNIE 0.6 - 0.8 uﬂﬂMﬂ‘f:f]mﬂiJﬁaﬂizﬂ’]iﬁ’]ﬁtg‘tlgﬂ%ﬂilmﬂﬁitﬁﬁﬂ1ﬁﬂﬁ Ade A1
sz @nEamueantsdoundeaeiu (energy conversion efficiency) 1Weudadoiiiu M
Ysznsnmusamnad grfinuiide Sasdausgnhandanugegeii lonnemad fundean

a8 da =)
LUENDINAENANHISNUUUEAR LUAD

1.V,
n=-""x100%

in

FF -1V,
=S 0C »100% (2.14)

in

A e @ a a ¥ A a a A da o
We P Ao nSsuRAnnszNURIveswad luniladund nSeffeddaan i
BUYN WD (input power)
A a a i s a a
oI aAuYAvRUTAdITIeMadnnglR 2.12 wud ganszunduAIvedlalon
= 1 J 2 ] Y b &’ o a1 a
Lfgetu gemanudmmueynsyluisesiargau uazarmduniuvnuluisesliag

]
-~ = <1

s ' : Q1 5w el o & ¢
#1049 dovdenademmdssmveuradiselddras viedlszdninmilanasvesmadsiie
] - J o o 1
mgmn A umMusynIuigaiussih fiiamsgy@esidanunnwaves 'R ARy
9 o M =) = J a2 o ] &2 4
Frumuviuiiandias uaz vIoMINLTUYBINTZUADNAD (1,,) sedennsa A aunanes

o A o = -] o Ao . .
(FF) uazusesuiandias mifiwadinaiusilunssamwaainAa (surface recombination
' ' w +
velocity) auazfiaaaFialulioars (bulk lifetime) Ngs szyrodivilgenny, uaz
audnyuzveurasursofiadiiuedisun
(¥ = dr_-i 9 =, - -9 :i:! v ]
Wi Nt madfued ldsuiRnnmsgandunasnu Ideeuiliaigannndi g,
da Tneunidndanudind g, o lifinadhldifanszuaues uazluIdnouuisdiuiil
o T L] 1 oF é
wismgand B, ornlifanszua udsnszoewdsaueonuntugdvesanuieu s
dc:‘ & '3 [ Q’I‘ 2 o 1 -] o
Huns@il Uszninmuouradzanas Al Yu1aved E, Selinadedssiininwenuyad

uazewagil 1
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Solar Altitude Angle
B =sin {[cos (nzAn)- cos(F) - cos(H ) ] + [sin (pzAgn)-sin(F) ]} (3.4)

Solar Azimuth Angle
¢ = cos™ { {{ sin( ) - sin (agAgM)] - sin(5) } + {cos(B) -cos(ﬂzﬁﬂﬂ)} } (3.5
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NES555
SA555 - SE555

GENERAL PURPOSE SINGLE BIPOLAR TIMERS

= LOW TURN OFF TIME

s MAXIMUM  OPERATING FREQUENCY
GREATER THAN 500kHz

» TIMING FROM MICROSECONDS TO HOURS

« OPERATES IN BOTH ASTABLE AND
MONOSTABLE MODES

a HIGH QUTPUT CURRENT CAN SOURCE OR
SINK 200mA

s ADJUSTABLE DUTY CYCLE

= TTL COMPATIBLE

a TEMPERATURE STABILITY OF 0.005%
PERCC

DESCRIPTION

The NE555mondlithictiming circuitis a highly stable
controller capable of producing accurate time delays
or oscillation. in the time delay mode of operation,
the time is precisely controlied by one external re-
sistor and capacitor. For a stableoperation as an os-
cillator, the free running frequency and the duty cy-
cle are both accurately controlled with two extemal
resistars and one capacitor. The circuit may ba trig-
geéred and reset on falling waveforms, and the out-
put structure can source or sink up to 200mA. The
NES55 is available in plastic and ceramic minidip
package and in a 8dead micropackage and inmetal
can package version.

PIN CONNECTIONS (top view)

N
DIPS
{Plastic Package)

<

D
S08

{Plastic Micropackage)

ORDER CODES

Part
Number

Temperature
Range

Package

4]

NES55
SAS55
SES555

0°C, 70°C
—40°C, 105°C
-55°C, 125°C

N/

I N I I

1-GND

2 - Trigger
3 - Quiput
4 - Reset

5 - Control voltage
6 - Threshold
7 - Discharge
8 - Vec

July 1998
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NES555/SA555/SE555

BLOCK DIAGRAM
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ABSQLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vee Supply Voltage 18 A"
Taper | Operating Free Air Temperature Range for NE555 0ta70 %
for SA555 —40 to 105
for SES55 -5510 125
T Junction Temperature 150 °C
Tsg | Storage Temperature Range ~65 to 150 °C

210
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NES555/SA555/SES555

OPERATING CONDITIONS
Symbol Parametar SE5S85 NES55 - SA555 Unit
Vce Supply Voltage 45t 18 451018 A
Vin, Virg, Vi, Vigset [ Maximum Input Voltage Vee Veo v
ELECTRICAL CHARACTERISTICS
Tamb = +25°C, Vcc = +5V to +15V (unless otherwise specified)
Symbol Parameter SE333 : NESS5S - SASSS Unit
Min. Typ. Max. Min. Typ. Max.
lec Supply Current (R «) (- note 1) mA
Low State Ve =+ 3 5 3 6
Vee = +15V 10 12 10 15
High State  Vee =5V 2 2
Timing Error {menostable)
(Ra = 2k to 100kQ, C = 0.1puF)
initial Accuracy - (note 2) 0.5 2 1 3 %
Drift with Temperature 30 100 50 ppm/°C
Drift with Supply Voitage 0.05 0.2 0.1 0.5 %l
Timing Error {astable)
(Ra. Re = 1K1 to 100kQ), C = 0.1)F,
Vee = +15V)
Initial Accuracy - {note 2) 1.5 225 %
Drift with Temperature a0 150 ppm/°C
Drift with Supply Voltage 0.15 0.3 %V
Voo | Contral Voltage lavel v
Vee = +15V 96 10 10.4 9 10 11
Vee = +5V 29 3.33 3.8 26 3.33 4
Vih Threshold Voltage A
Vcg = +15V 9.4 10 10.6 8.8 10 11.2
Vee = +5V 27 3.33 4 24 333 4.2
lin Thresholid Current - (note 3) 0.1 0.25 0.1 0.25 nA
Vi Trigger Voltage v
™ Voo = +15V a8 | 5 52 | 45 5 56
Vee = +5V 1.45 1.67 1.9 1.1 1.67 2.2
kig | Trigger Current (Virig = OV) 0.5 09 0.5 2.0 HA
Vieset | Reset Voltage - (note 4} 04 | 07 1 04 | 07 1 v
leset | Reset Current mA
Vigset = +0.4V 0.1 04 0.1 0.4
Vreset = OV 0.4 1 04 1.5
VoL Low Level Outf)ut Volta? v
Ve = 158V, loging = 10mA 0.1 0.15 0.1 0.25
|O(smk) 50mA 04 0.5 0.4 0.75
logsinky = 100mA 2 22 2 25
tasing = 200mA 2.5 2.5
Voo = +5V,  logsing = 8mA 0.1 0.25 0.3 0.4
logsing = SMA 0.05 0.2 0.25 0.35
VoH | High Level Qutput Voltage v
Ve = +15V,  logourey = 200mA 12.5 12.5
loEourcey = 100mA 13 13.3 12.75 13.3
Voo = +5V,  logsource) = 100mMA 3 33 275 3.3
Notes : 1. Supply current when oulput is high is typically 1mA less.

2. Tested at Voc = +5V and Ve = +15V.

3. This will determine the maximum value of Ra + Ra for +15V operation the max total is R = 20M02 and for 5V operalion
the max total R = 3.5M0.

%
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NES555/SA555/SES55

ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter SESS5 NESSS - SASSS Unit
Min. Typ. Max. Min. Typ. Max.
laisom | Discharge Pin Leakage Current 20 100 20 100 nA
{autput high) (Vi = 10V)
Vaisgeaty | Discharge pin Saturation Voltage my
(output low} - {note 5)
Vee = +15V, lais = 15mA 180 480 180 480
Vce = +5V, lais = 4.5mA 80 200 80 200
t | Output Rise Time 100 | 200 100 | 300 ns
& Output Fall Time 100 200 100 300
tor Tum off Time - (note 6) (Veeset = Vo) 0.5 0.5 us

Nates : 5. No protection against excessive Pin 7 current is necessary, providing the package dissipation rating will notbe exceeded.
6. Time meseurad from a positive going input pulse from 0 1o 0.8x Vec into the threshold to the drop from high to low of the
output trigger is tied to treshold.

Figure 1 : Minimum Pulse Width Required for Figure 2 : Supply Cument versus Supply Voltage
Trigerng
B-Ha1y Lt ]
" T | 13 i l
sl imAl
— - + 129°C e ae
: | ]
"o 1 50
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n mT
i 1 BT .
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Figure 3: Delay Time versus Temperature Figure 4 : Low Output Voltage versus Output
Sink Current
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NES55/SA555/SESS55

Figure 5: Low OutputVoltage versus Output

Sink Current
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Figure 7 : High Output Voitage Drop versus

Qutput
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Figure 6 : Low Output Voltage versus Qutput

Sink Current
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Figure 8: Delay Time versus Supply Voltage
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NESS5/SAS555/SESSS

APPLICATION INFORMATION

MONOSTABLE OPERATION

In the monostable mode, the timer functions as a
one-shot. Referring to figure 10 the extemal capaci-
tor is initially held discharged by a transistorinside
the timer.

Figure 10

Vet = 51015V
(o

The circuit tiggers on a negative-going input signal
when theleve! eaches 1/3 Vec. Once triggered, the
circuit remains in this state until the set time has
elapsed, even if it is triggered again during this in-
tervai. The duration of the output HIGH stateis given
by t= 1.1 R1C4 and is easily determined by

figure 12.

Notice that since the charge rate and the threshold
tevel of the comparator areboth directly proportional
to supply voltage, the timing intervalis independent
of supply. Applying a negativepulse simuttaneously
to the reset terminal {pin 4) and the trigger terminal
(pin 2) during the timing cyde discharges the exter-
nal capacitor and causes the cyde to start over. The
timing cycte now starts on the positive edge of the
reset pulse. During the time the reset puise in ap-
plied, the output is driven to its LOW state.

When a negativetrigger pulse is applied topin 2, the
flipflop is set, releasing the short circuit across the
extemal capacitor and driving the output HIGH. The
voltage across the capacitor increases exponen-
tially with the time constantt = R1C4. When the volt-
age across the capacitorequals 2/3 Vee, the compa-
ratorresets the flip-flop which then discharge the ca-
pacitor rapidly and drivers the output to its LOW
state.

Figure 11 shows the actual waveforms generatedin
this mode of operation.

When Reset is not used, it should be tied high to
avoid any possibly or false triggering.

&6/10

Figure 11
t=0.1ms/div
L AL
INPUT = 2.0v/div

OUTPUT VOLTAGE = 5.0V/div

ML LA
| l ]

CAPACITOR VOLTAGE = 2.0V/div
R1=9.1kQ, C1=0.01F, R .= 1kQ

Figure 12

e AN
/

1.0

N

N

“ N
Q

0.1 Ly g Ly 7
PpaPs’
0.01 L
0.001 ' / /
10 100 10 10 100 10 {tg)
us us ms ms ms S
ASTABLE OPERATION

When the circuit is connected as shown in figure 13
(pin 2 and 6 connected)it tiggers itself andfree runs
as a multivibrator. The extemal capacitor charges
through Ry and Re and discharges through Rz only.
Thus the duty cycie may be precisely set by the ratio
of these two resistors.

In the astable mode of operation, C+ charges and
discharges between 1/3 Ve and 2/3 Vco. Asin the
triggeredmode, the charge and discharge timesand
therefore frequency are independent of the supply
voltage,

bor




NE555/SA555/SES555

Figure 13

$=5to 15v
b to!

Figure 14 shows actual waveforms generatedin this
mode of operation.

The charge time (output HIGH) is given by :
t1=0693 (R1 +R2) G

and the discharge time (output LOW) by :

tz =0.693 (R2) C4

Thus the total period T is given by :
T=1t1+12=0.693(R1 +2Rz2) C1

The fraquency ofosdillation is them :

fe 1_ 1.44

T (R1+2R2) C1

and may be easily found by figure 15.

The duty cycdleis given by :

__ R
D=R+2R
Figure 14

t= 0.5 ms / div

OUTPUT VOLTAGE = 5.0Vidiv

AVAVAY

CAPACITOR VOLTAGE = 1.0Vidiv

R1 = R2 =4.8kQ, C1=0.1pF, R = 1kQ

73

Figure 15 : Free Running Fréquency versus R1,
Rz andC4
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PULSE WIDTH MODULATOR

When the timer is connected in the monostable
mode and triggered with a continucus pulse train,
the output pulse width can be modulated by a signai
applied to pin 5. Figure 16 shows the circuit.

Figure 16 : Pulse Width Modulator.

710




NES55/SA555/SES55

LINEAR RAMP

When the ﬁullup resistor, Ra, in the monostable cir-
cuitis replaced by a constant current source, alinear
ramp is generated. Figure 17 shows a circuit con-
figuration that will perform this function.

Figure 17.

Figure 18 shows waveforms generator by the linear
ramp.

The time intervatl is given by :

T= (23VecRe (Ri+ Ry C

= Vge = 0.6V
R1 Ve — Vee (R1+ Ry
Figure 18 : Linear Ramp.
IR
~ [
L |
// N - //
Vec = 5V Tap trace : input 3V/DIV
Time = 20us/DIV Middle trace : output SV/DIV
Ry = 47k2 Bottom trace : qutput SV/DIV
R2 = 100k02 Bottomn trace : capacitor voltage
Re = 2.7k} 1viIDwW
C = 0.01uF

8/10

50% DUTY CYCLE OSCILLATOR

For a 50% duty cycle the resistors Ra and Re may
be connected as in figure 19. The time: preriod for the
output high is the same as previous,

t1 =0.683 R4 C.

For the output low it istz =

[(RaRs)/(Ra + Re)] CLn [E’%BB—_%": ]

Thus the frequency of oscillationis f = TG

Note that this circuit will not osdillate if Rg is greater
Figure 19 : 50% Duty Cyde Oscillator.

Veo
—_ Vcc‘

Ry
51k

than 1/2 Ra because the junction of Ra and Rg can-
notbring pin 2 down to 1/3 Vioe and trigger the lower
comparator.

ADDITIONAL INFORMATION

Adequate power supply bypassing is necessary to
protect assodated circuitry. Minimum recom-
mended is 0.1uF in parailel with 1uF electrolytic.




NES555/SA555/SE555

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC DIP

)
- ‘ l
=
- — Bl
B |8l
b o E
: |
2 o3 4
D
.1 101
8 5
[T
1 4
o Millimeters Inches
Dimensions
Min., Typ. Max. Min. Typ. Max.
A 3.32 0.131
at 0.51 0.020
B 1.15 1.65 0.045 0.065
b 0.356 0.55 0.014 0.022
b1 0.204 0.304 0.008 0.012
D 10.892 0.430
E 7.95 9.75 0.313 0.384
e 2.54 0.100
el 7.62 0.300
eq 7.62 0.300
F 6.6 0260
i 5.08 0.200
L 3.18 3.81 0.125 0.150
z 1.52 0.080
‘Yl 7 9/10
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NES555/SA555/SES555

PACKAGE MECHANICAL DATA

8 PINS - PLASTIC MICROPACKAGE (S0)

L
——
o @ @
, ; i d
Toormod |, U T
L . :(_— sl |=
s E
1 D
oot
1
8 §
w
1 4
2 4
OO0uoug
. Millimeters Inches
Dimensions
Min. Typ. Max. Min. Typ. Nax.
A 1.75 ‘ 0.069
al 0.1 0.25 0.004 0.010
a2 1.85 0.085
a3 0.65 0.85 0.026 0.033
b Q.35 0.48 0.014 0.019
b1 0.19 0.25 0.007 0.010
C 0.25 0.5 0.010 0.020
cl 45° (typ.)
D 4.8 5.0 0.189 0.187
E 58 6.2 0.228 0.244
8 1.27 0.050
el 3.81 0.150
F 38 4,0 0.150 0.157
L 04 1.27 0.016 0.050
M 06 0.024
] 8% (max.)

lnfunnaﬁon furnished is believed to be accurate and reliabla. However, STMicreelectronics assumes no responsibility for the
consequences of use of such information ner for any infringement of patente or other rights of third parties which may rasult
from its use. Na license is granted by implication or otherwise under any patent or patent rights of STMicroalectronica. Specifi-
catlons mentloned in this publication are subject to change without notice, This publication supersedes and replaces all infor-
mation previously supplied. STMicroelectronics products are not authorized for use as critical components in {ife support

devicas or systems without express written approvai of STMicroalectronics,
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£ 1998 STMicroelectranics — Printed in Italy - All Rights Reserved

STMicroelectronics GROUP OF COMPANIES

Australia - Brazil - Canads - China - France - Germany - italy - Japan - Korea - Malaysia - Malta - Msexico - Morocco
The Netherlands - Singapore - Spain - Sweden - Switzerland - Taiwan - Thailand - United Kingdom - US.A,

&r

PI-508 EPS

804.TEL

ORDERCODE :




FAIRCHILD
I
SEMICONOUCTOR ™

BD135/137/139

Medium Power Linear and Switching

Applications
+ Complement to BD136, BD138 and BD140 respectively

- TO-126
1. Emitter 2.Collector 3.Bese

NPN Epitaxial Silicon Transistor

Absolute Maximum Ratings 1.=25°C unless otherwise noted

Symbol Parameter Vatue Units

Veeo Coltector-Base Voitage ;BD135 45 v

:BD137 60 \'4

: BD139 80 v
Veeo Collector-Emitter Voltage :BD135 45 v

. BD137 80 v

:BD138 80 v
Yepo Emitter-Base Voltage 5 v
ic Coliector Current (DC}) 1.5 A
lep Callector Current {Pulse) 3.0 A
s Base Current 0.5 A
Pe Collector Dissipation (T¢=25°C) 12.5 w
Pe " Collector Dissipation (T,=25°C} 1.25 W
T, Junction Temperature 150 “C
Tste Storage Temperature - 55~ 150 “C

Electrical Characteristics 1.=25°C uniess otherwise noted

Symbol Parameter Test Condition Min. | Typ. | Max | Units
Vegolsus) Collector-Emitter Sustaining Voltage
: BD135 lc=30mA, Ig=0 45 \'
: BD137 60 v
: BD1389 80 \'
lego Collector Cut-off Current Ve =30V, g =0 0.1 HA
lepo Emitter Cut-off Current Veg =5V, Ic=0 10 HA
“hres DC CurrentGain _: ALL DEVICE Ve = 2V, Ig = 5mA 25
hegz ; ALL DEVICE Ve =2V, Ig = 0.5A 25
hres . BD135 Veg =2V, ic = 150mA 40 250
: BD137, BD138 40 180
Vge(sat) Collector-Emitter Saturation Voltage I = 500mA, Ig = S0mA 0.5 \")
Vgg(on) Base-Emitter ON Voltage Ve =2V, ic = 0.5A 1 v

hge Classification

Classification 6 10 16
hres 40 ~ 100 63 ~ 160 100 ~ 230

©2000 Feirchild Semicondueter intemationel Rev. A, February 2000
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Typical Characteristics
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Package Demensions
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and Is
not intended to be an exhaustive list of all such trademarks.

ACEx™ HiSeC™ SuperSOT™-8
Bottomless™ ISOPLANAR™ SyncFET™
CoolFET™ MICROWIRE™ Tinytogic™
CROSSVOLT™ POpP™ UHC™
EZCMOS™ PowerTrench® VCX™
FACT™ QFET™
FACT Quiet Series™ QS™
FAST® Quiet Series™
FASTr™ SupersQT™-3
GTO™ SuperSOT™-6

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN;
NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL -OF FAIRCHILD SEMICONDUCTOR
INTERNATIONAL.

As used herein;

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

result in significant injury to the uger.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet ldentification Product Status Definition
Advance information Formative or in This datasheet contains tha design specifications for
Design product development, Specifications may change in

amy manner without notice.

Preliminary First Production This datasheet contains preliminary data, and
supplementary data will be published &t a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Fult Production This datasheet contains final specifications. Fairchild
Semiconductor resarves the right to make changes at
any time without notice in order to improve design.

Obsolete Not in Production This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference Information only.

92000 Falrchid Semicohductor ntermational




]
FAIRCHILD
oo

SEMICONDUCTOR ™

BD136/138/140

Medium Power Linear and Switching
Applications
» Complement to BD135, BD137 and BD139 respectively

1 TO-126
1. Emitter 2.Collector 3.Base
PNP Epitaxial Silicon Transistor
Ahsolute Maximum Ratings 1.=25°C unless otherwise noted
Symbol Parameter Value Units
Veso Collector-Base Voltage : 8D136 - 45 v
. BD138 -60 \4
1 BD140 - 80 v
Veeo Collector-Emitter Vottage :BD138 - 45 \'4
:BD138 - B0 \4
. BD140 - 80 \4
Veso Emitter-Base Voltage -5 v
le Collector Current {DC) -15 A
lep Collector Current (Pulse) -30 A
g Base Current -0.5 A
Pe Collector Dissipation (Te=25°C) 125 w
Pe Collector Dissipation (T,=25°C) 125 w
Ty Junction Temperature 150 °C
Ts1e Storage Temperature - 55~ 150 °C
Electrical CharacteristiCs 7.=25°C unless otherwise nated
Symbel Parameter Test Condition Min | Typ. | Max. | Units
Vceolsus) * Collector-Emitter Sustaining Voltage
. BD136 lg=-30mA, ig=0 -45 v
:BD138 -60 v
. BD140 -80 \
lego Collector Cut-off Current Veg=-30V. Ig=0 -01 pA
lepo Emitter Cut-off Current Vep=-5V,1c=0 -10 nA
hegd * DC Currant Gain Vee=-2V, [c=-5mA 25
hegz Ve =-2V, lg=-05A 25
hpga VCE =-2V, IC =. 150mA 40 250
Veeiset) * Coflector-Emitter Saturation Veltage lc = - 500mA, Ig = - 50mA -05 v
Vgg(on) * Base-Emitter ON Voltage Veg=-2V, Ic=-0.5A -1 v
TPutea Test: PW=350us, Uy Cycle=2% Puised
hee Classificntion
Classification ] 10 16
tres 40 ~100 63 ~ 160 100 ~ 250

Q2000 Farchila Semiconoucion Internsfonel

Rav. A, February 2000
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Package Demensions
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ HiSeC™ SuperSQOT™-8
Bottomless™ ISOPLANAR™ SyncFET™
CoolFET™ MICROWIRE™ TinyLogic™
CROSSVOLT™ POP™ UHC™
E2CMOS™ PowerTrench® VCX™
FACT™ QFET™
FACT Quiet Series™ Qs™
FAST® Quiet Series™
FASTr™ SuperSOT™-3
GTO™ SuperSOT™-6

DISCLAIMER

FAIRCHILD SEMICCNDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TC IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT CF THE APPLICATION OR USE OF ANY PROCDUCT OR CIRCUIT DESCRIBED HEREIN,
NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS,

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR
{NTERNATIONAL.

As used herein:

1. Life support devices or systems are devices or systems 2. A criticel component is any component of a life support

which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, or {¢) whose failure to perform
when properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to
result in significant injury to the user.

device or system whose failure to perform can be
reasonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

PRODUCT STATUS DEFINITIONS
Definition of Terms

Datasheet identification ] Product Status

Definition

Advance Information | Formative orin
Design

This datasheet contains the design specifications for
product development. Specifications may change in
any manner without notice.

Preliminary | First Production

Thie datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconduclor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Fubl Production

This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Cbsolete Not in Production

This datasheel contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.

2000 Fairchid Semioon ductar trematoneal

Rev. E




LM324, LM324A, LM224,
LM2902, LM2902V, NCV2902

Single Supply Quad
Operational Amplifiers

The LM324 series are low-cost, quad operational amplificrs with
true differential inputs. They bave several distinct advantages over
standard operational amplifier types in single supply applications. The
quad amplifier can operate at supply voltages as low as 3.0 V or as
high as 32 V with quiescent currents about one-fifth of those
associated with the MC1741 (on a per ampiificr basis). The common
mode input range includes the negative supply, thereby eliminating the
necessity for external biasing components in many applications. The
output voltage range also includes the negative power suppiy voltage.

Features

* Short Circuited Protected Outputs

* True Differential Input Stage

* Singic Supply Operation: 3.0 Vio 32 V

* Low Input Bias Cumrents: 100 nA Maximum (LM324A)

* Four Amplifiers Per Packape

* Internally Compensated

* Common Mode Range Exiends to Negative Supply

* [ndustry Standard Pinouts

* ESD Clamps on the Inputs Increase Ruggedness without Affecting
Device Operation

* NCV Prefix for Automotive and Other Applications Requiring Site
and Control Changes

* Pb-Free Pacjlfag% are Available

ON Semiconductor®

hitp://onseml.com

SOIC-14
D SUFFIX
CASE 751A

PDIP-14
N SUFFIX
CASE 646
14
1
14«
1

TSSOP-14
DTB SUFFIX
CASE 948G

14

PIN CONNECTIONS

ou1[i]

~ (4] owt 4
'"‘"""{E@J %g}.w

Voo [4] 1] Veg, GND
Iw{g% {@%}ma
ou2[7] (5] Out 3
(Top View)

ORDERING INFORMATION

See detafed ardering and shipping information in the package
dimensions saction on page 10 of this data sheet.

DEVICE MARKING INFORMATION

See general marking information in the device merking
eaction on page 12 of this data cheet.

mwmammm 1
October, 2006 - Rev. 20

Publication Order Number:
LM324/D




LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

MAXIIIU!! RATINGS {Ta = +25°C, unless otherwise noted.)

Rating - Symbol Vaiue Unit
Power SLippIy Voltages Vdc
Single Supply Vee 3z
Split Suppties Voo Vee *16
Input Dim:;-.iemi_al Voltage Range (Note 1) VDR +32 Vde
Input Gor':nmon Mode Voltage Range Vicr 0310 22 Vde
Output Short Circuit Duretion ' te Continuous
Junction Temperature (Note 2) T; 150 °G
Thermal Resistance, Junction—-to~Air (Note 3) Case 648 Agaa 18 AW
‘ Case 751A 156
‘ Case 948G 190
Storage Temperature Range Torg -65 to +150 G
ESD Protection at any Pin Vesd v
Human Body Model , 2000
Machlne Modet 200
Oparahng Ambient Tampemture Range Ta . °C
Ln224 2510 +85
LM324, 324A Oto 470
LM29a02 =40 to +105
LM2002V, NCV2902 (Note 4) —40 to +125

Stresses exceedrng Mapdrmum Flatlrlgs may darrlage the device. Maximum Ratings are stress ratings only. Functional operation above the
Reoomn'nnded Cperating Conditions is nat implied. Extended exposure to stresses above the Recommended Openating Conditions may effect
device relvabﬂlty

Split P(mer Supphes

2. For supp!y voltages less than 32 V, the absolute maximum input voitage is aqwa] to the supp1y voltage.

3. Al Rgjameasurements made on evaluamn board with 1 0z. copper traces of minimum pad size. All device outputs were active,

4, NCV2902 is qualified for automitive use.

-

http://onseml.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

ELECTRICAL CHARACTERISTICS (Vg =5.0 V, Vir = GND, Ta = 25°C, uniess othsrwise noted.)
- L2248, L3244 LM32s L2002 LMZ00ZVMNC V2002

Characteristics | Symbod {Min | Typ | Mex [Min | Typ | Max [Win | Typ | Max [Min | Typ | Mo [ Min | Typ | Max | tnh

input Offset Violtag: Vio my
Vo =50Vie 30V
VicrR=0Vio
Voo =17V
Vo=14V,Rg=00
Ta=25C - 2.0 5.0 - 2.0 5.0 - 20 7.0 - 20 7.0 - 20 7.0
Ta = Thigh (Note 5) - - 7.0 - - 5.0 - - 8.0 - - 10 - - 13
Ta, = Tiow (Note 5) - - 7.0 - - 5.0 - - 8.0 - - 10 - - 10

Average Temperahre | AVIG/AT | - 7.0 - - 7.0 o0 - 7.0 - - 7.0 - - 7.0 - pvrC
Cosfficient of input
Offsat Voltage

Ta = Trgh 0 Tigw
(Notes 5 end 7)

Input Offsed Current ho ‘- |so]l|-i{s0]mw|-]so]se]-|so
T = Trign 10 Tiow - - w0 | - - 75 - - 150 | - -
{Nate 5)

38
38

Average Tanperatuma Al/AT - 10 - - 10 300 - t0 - - 10 - - 10 - pASrC
Coefficient of input
Oftset Cuent

Ta= Tru] 0 T
(Notes Sand )

Input Bles Gunrent ha - |wo0o|-150] - | 45 |-100] - 1900 ]-280) -] 00 |-2s0)] - | -s0 |-250] na
Ta=Thighd T - - |-ao0| - ~ |-200]| - - {-s00| - - |-s00]| - - | -s00
{Nate 5)

input Comumon Mode Vica v

Voliage Range
(Note &)

Voo =30V

' Ta = +25°C 4] - 283 o - 283 1] - 28.9 [+] - 243 o - 243
Ta = Trighto Tiaw o] - 28 [} - 28 0 - 28 0 - 24 [+ - 24

{Nate 5)

Differentiat input VipR - - Voo - - Voo - - Ve - - Voo - - Voo v
Volage Range

Large Signal Open AvoL VimV
Loop Voltage Gein
R = 2.0 k2, 50 100 - 25 100 - 25 100 - 25 100 - 25 100 -
Vo =15V
for Large Vo Swing
Ta= Trighn ™ Tiow 25 - - 15 - - 15 - - 15 - - 15 - -
(Nate 5)

Charnel Separation cs - | -120 - - }-120 - - |-120]| - - [~120} - - {-120 - d8
tOKHz < f< 20 kHz.
Input Referenced

Comimon Mode CMR O 85 - a5 70 - 65 O - 50 O - 50 70 - dB
Rejaction,
Rg = 10 k2

Powet Supply PSR 65 | 100 - 65 | 100 - 65 { 100 - 5 | 100 - 50 | 100 - dB8
Rejection

5. LM224: Ty = =25°C, Ty = +85°C
LM324/LM324A T, = 0°C, Tiygh = +70°C
LM2O02: Ty = —40°C, Ty = +105°C
LM2902V & NCV2902: Tigy = —40°C, Ty = +125°C
NCV2902 ks qualified for autornotive use.

8. The input commmon mode voltage or either input signal voltage should not be allowed 1o go negative by more than 0.3 V. The upper end of
the common mode voltage range is Voo —1.7 V, but either or both inputs can go to +32 V without damage, independent of the magnitude
of Voo

7. Guaranteed by design.

hitp://onzemi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

ELECTRICAL CHARACTERISTICS (Voo = 5.0 V, Ve = GND, T = 25°C, uniess otherwise nated.)

Characteristics

Symbot

Lik324A

LM2902

uin | Typ

Ty

Typ

Typ

Unit

Quiput Voltage -
High Limit
T

Voo =5.0V. R =
2.0kQ, Ty =25"C

Voo =350V
Ry =2.0kQ

Voo =30V
Ry = 10 k2

Vor

a3 as

a3

as

33

a5

3.5

24

3.3

23

3.5

24

Output Volinge —
Lowr Lirmd,

Voo =50V,

R, = 10 kD,
T‘_=T|i#,t0'fh
{Note 8)

Vou

5.0

5.0

5.0

100

5.0

100

mVY

Output Source Curment
Vp=+10V,

Vo =15W)
Ta=25"C
Ta = Trighto Tow
{Nate 8)

los

38

10

10

38

10

23

tQ

38

838

mA

Outpust Sink Current
NVp=-1.0V,
Voo = 15W)
Ta=25C
Ta=Trighto Tow
(Nota &)
Vp=-10V,
VQ=2|.’0rnV.
Ta=2510Q

10 0

5.0 8.0

12 50 ]

10

5.0

12

8.0

10

5.0

12

8.0

10

5.0

8.0

10

5.0

8.0

mA,

Output Short Gircult
to Ground !
(Note 9)

Power Supply Cument
(T = Trign 1o Tiow)
{Nate

Ve =30V
Vo=9V.R ==

Ve =50V,
Vo=0V.RL ==

30

t2

0.7

3.0

t.2

3.0

1.2

3.0

1.2

2.0

12

8. LM224: Tigw =—25°C, T,

- +85°C

LM324/LM32AA. Ty, = 0°C, Thlgh = +70°C
LM2902: Ty, = —40°C, T,
LM2902V & NCV2902: Tigy = —40°C, Tpigy = +125°C
NCV2902 i qualified for autornolive use.
9. The input common mode voltage or either input signal voltage shoukl not be allowed o go negative by more than 0.3 V. The upper end of
the common mode voltage range & Voo =1.7 V, but either or both inputs can go to +32 V without damage, independent of the magnitude

of Ve

= +105°C

http://onseml.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

Bias Circuitry
Common to Four
Output Amplifiers
[+]
. - i °
- ats . w1 { Vee
Q16 Rym—— Ry Q14 1 Q22 _-""]
Q13 I - 14
- 40k I N
018 %-— | !
L 4 I ] I
5.0 pF .

. rF’ Q12 b E |
" 25 % { g
+ o— T |
)
: |
QH 41
_Em l\ J. {1
o 11
Qi 5 |
Q%‘ a1 ! 11
r, \l 20k : I

. . . ‘ Lo vee/GND

Flgure 1. Representatlve Clrcult Dlagrem
(One-Fourth of Circuit Shown)
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

CIRCUIT DESCRIPTION

The 1M324 series is made using four internally
compensated, two—stage operational amplifiers. The first
stage of each consists of differential imput devices Q20 and
Q18 with input buffer transistors Q21 and Q17 and the
differential to single ended converter Q3 and Q4. The first
stage performs not only the first stage gain function but also
performs the level shifting and transconductance reduction
finctions. By reducing the transconduclance, a smaller
compensation capacitor (only 5.0 pF) can be employed, thus
saving chip area. The tramsconductance reduction is
accomplished by splitting the collectors of Q20 and Q18.
Another feature of this input stage is that the input common
mode range can include the negative supply or ground, in
single supply operation, without saturating either the input
devices or the differential to single—ended converter. The
second stage consists of a standard current source load
amplifier stage.

Voo = 15 Vde
Ry =20hQ
Ta=25"C

pu :s::j&

[TEY RIS
LB BAA A S B R E sy b a

1.0 VDIV

A

E:lll IEERNINEEY
U ARE LARA |l|l£ll|v IR EREiREE]

-

o

-

ahp o Loy o lsany

\

5.0 usiDiv
Figure 2. Large Signal Voltage Follower Response

Each amplifier is biased from an internal-voltage
regulator which has a low temperature coefficient thus
giving each amplifier good temperature characteristics as
well as excellent power supply rejection.

10 VIDVQC(M Veo
—All——= Ve o
pe 1 o ot~} 0 = 15V 10 Vogmag
o
g 2 -0 o 2 [~
o
g 3 O o 3 i =
[+ —
z p | o o ‘ 4 Y 1.5VNVEE(,M
2 o
Single Supply = VggGND Spiit Supplias
Figure 3.
70 70
60 ’ m ; &0
'\L\ Phase Margin
& 5 . s 7
g z
£ 0 4 M
) 5
2w m » 3
= z
g 20 Gain Margin 0
10 w S 10
0 [
10 10 1600 10000

LOAD CAPACITANCE (pF)
Flgure 4. Gain and Phase Margin
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V|, INPUT VOLTAGE (V)

Vg, OUTPUT VOLTAGE RANGE (Vpg)

I ¢ POWER SUPPLY GURRENT {mA)

LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

2 120
. _ T
‘ g 100 L — Veo=15V
16 s h"'ﬂ!\ Ve = GND
" - 23 n 4B Ta=2C
’ 0w i\
12 . A L@ - i
Ve d 88
10 i / “ e <~ g -gl N
80 Neget a3z 4 i
A Pusiive >3 NN
60 g7t <2 .
o A z -
L~ g N
aoi/ < o
0 : -2 ‘
0 20 40 60 60 10 12 14 16 18 2 1.0 10 160 10k 10% 100k 1.0M
x Voo/Vr, POWER SUPPLY VOLTAGES (V) f, FREQUENCY (H2)
Flgure 5. Input Voltage Range Flgure 6. Open Loop Frequency
i) Lad T o
12 \ Vog = 15V g W ‘
Vee = GND S s Input
1 Gain = -100 [ S ~
Ay =10k 400
80 : Ry = 100kQ 2 e /
. ‘ 5 30
60 \ " E a0 \ A /
A" 4
40 f——t—t = < \ /
: TN S 250 Vec=30V
\ > v Veg - GND
20 200 |- Tp = 25°C
0 ‘ 0 Cu-%00F
10 10 100 1000 0 1.0 20 0 40 50 6.0 70 80
f, FREQUENCY (dt) L TIME (us)
Flgure 7. Large-Signal Frequency Response Figure 8. Small-Signal Voltage Follower
Pulse Response (Honinverting)
24 T 1
21 . TA =25°C
Ay = = X 0
18 2
= —
15 & N
n=: Y
12 =]
09 fs.? 0
0.6 g
23 =z
0 py!]

0 50 10 15 M % B 35
Vg, POWER SUPPLY VOLTAGE (v)

Figure 9. Powar Supply Current versus
' Power Supply Voltage

-]

20 40 60 80 1w 12 4 16 1B 2N
Voo, POWER SUPPLY VOLTAGE (V)

Figure 10. Input Bias Current versus
Power Supply Voltage
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

il
v,
[r e Vg ®
] - Vo
: 1
NG 1 b= TR FAC
Vgl = 3 Veo
1 For { = 10KH2
= R=16k0
- R C =001 uF
Vg = 25V (H Frz)
Flgure 11. Voltage Reference Flgure 12. Wien Bridge Oacillator
A2
g Hysteresis
0 Vou |'_'
Rt v l
AN Y O o |
Lo aR 04— I
> Vin 0 VO v I
ANA- oL Viﬂ__{ Vﬁ-ﬂ
V. | Veed + V, v
L =TI~ (Voo - Veed) + Vi ref
Ri
Vi= Ry, pp (You - Vil + Voot
= He—Pl e Vo)
eo=C (1 +a+b)(e2-2y) “Rl+pz 'YOH
Figure 13. High Impedance Differential Amplifier Figure 14. Comparator with Hysteresls
A
_n'A'A' 1
100k © 2 wRC
I e iy Ri= QR
C o Bl V=3 Ve
T
100k R =Tyme
- ol C1=10C
° For %, = 1.0kHz
Vi Q=10
3 Tgp =
A Tn =
AN )
{——enNachOupnt R = 160K
0 C =0.001 wF
A1 =1.6MQ
Viat Where: Tgp = Center Frequency Gain A2 = 1.6MQ
T = Passhand Notch Galn 3 -16MQ

Filgure 15. Bi-Quad Filter

http://fonsomi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

Ve = 7:, Veo T'W‘Q’B"ﬁ:'.e
Vet o
0 J_ c
v Ri
u——-——-—-—-—-{é——-——-
Ry 2
Rt+R A2 At =
“am " RemTm
Figure 16. Function Generator Figure 17. Multiple Feedback Bandpass Filter

Ghven:  {, = conter frequency
Alfo} = gain al center frequency
Choose value fy, C

. .
Then: R3-“f°c

bi<)
At= 2Al)
R1R3
Rz —
QA1 -R3
Q,
For less than 10% emmor from operational ampifier, ;\:,0
where {, and BW are expressed in Hz.

If source impedance varles, flter may be preceded with
vaftage follower buffer to stahilize fiter parameters.

<01
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9




LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

ORDERING INFORMATION

Device Operating Temperature Range Package Shippingt
LM224D S0IC-14
1 LM224DG S0IC-14 55 Units/Rail
(Pb~Free)
| LM22aDR2 SOIC-14
LM2R24DR2G S0IC-14 2500{Tape & Reel
(Pb-Free)
LM224DTB o TSSOP-14*
-25°C{ip +85°C
26 U be
LM224DTBG TSSOP-14% lta/Tu
Liv224DTBR2 TSSOP-14*
- - 2500/Tape & Reel
LvM224DTBR2G TSSOP-14*
LM224N PDIP-14
LMZ24NG POIP-14 25 Units/Rait
(Pb-Free)
LM3240 SOIC-14
LMa24DG SOIC-14 55 Units/Rail
{(Pb—Free)
LM324DR2 SOIC-14
LM324DR2G SOIC-14 2500/Tape & Reel
{Pb—Free)
LM324DTH TSSOP-14*
96 Units/Tube
LM324DTBG TSSOP-14* /T
LM324DTBR2 TSI0OP-14*
2500/Tape & Reel
LM324DTBER2G TSSOP-14*
LM324N POIP-14
LMI24NG PDIP-14 25 Units/Rail
(Po—Free)
0°Clp +70°C
LM3X24AD SOIC-14
LMIR24ADG SOIC-14 55 Units/Rail
(Pb—Free)
LM3I24A0R2 SOIC-14
LM324ADRRG 50IC-14 2500/Tape & Ree!
(Pb-Free)
LM3I24ADTB TSSOP-14*
‘ 98 U ba
LM324ADTEG TSSOP_14* nits/Tu
LM324ADTBR2 TSSOP-14*
- - 2500/Tape & Reel
LM324ADTBR2G TSSOP-14*
LM324AN PDIP-14
LM324ANG PDIP-14 25 Units/Rail
(Pb-Free)

tFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRDB011/D.
*This package is inherently Pb—Free.

hitp://onseml.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

ORDERING INFORMATION (cortinuec)

Device Cperating Temperature Range Package Shipping?
LM2602D ; S0IC-14
LM2002DG S0IC-14 55 Units/Rait
_ {Pb~Free}
LMZO02DR2 SOIC-14
LM2002DR2G SOIC-14 2500/Tape & Reel
(Pb~Free)
LM20020TB —40°Cllo +105°C TSS0P-144 06 Units/Tube
LM2902DTBG TSSOP-14*
LM2o02DTBR2 TSSOP-14*
5 SSOPo1a 2500/Tape & Reel
LM2D02N PDIP-14
LM2O02NG PDIP-14 25 Units/Rait
(Pb-Free)
LM2902VD SOIC-14
LM292VDG SOIC-14 55 Units/Rail
{Pb-Free)
LM2502VDR2 SOIC-14
LM2902VDR2G SOIC-~14 2500/Tape & Reel
(Pb—Free}
LM2002VDTB TSSOP-14*
: T Y™ 66 Units/Tube
LM2G02VDITBG SS0OP-
L M2OO2VDTBR2 ~40°Cflo +125°C TSSOP-14*
D T Py~ 2500/Tape & Ree!
LM2002VN : PDIP-14
LM2O02VNG PDIP-14 25 Units/Rait
(Pb—Free)
NCV2902DR2 S0IC-14
I
NCV20020R2G o trae) 2500/Tape & Reel
NCV2002DTBR2G TSSOP-14*

1For information on tape and reel specifications, including part oriertation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.
*This package is inherertly Pb—Free.

http://onsemi.com
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LM324, LM324A, LM224, L M2902, LM2902V, NCV2902

MARKING DIAGRAMS
PDIP-14
N SUFFIX
CASE 646
14 14 14 14
LMB24AN LMX24N LM2OO2N LM2B02VN
O AWLYYWWG O AWLYYWWG O AWLYYWWG O AWLYYWWG
1 1 1 1
SOIC-14
D SUFFIX
CASE 751A
“AAAARAA “RAARARARA
' LM2002DG § wveso2voa *
o AWLYWW s AwLYww

TSSOP-14
DTB SUFFIX
CASE 948G

X
A
WL L =Wafer Lot
YY,Y = Year
WW, W = Work Week
Gor = =PbFree Package
{Note: Microdot may be in either location)
*This marking dlagram also applies to NCV2902.

http:/fonseml.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

PACKAGE DIMENSIONS

PDIP-14
CASE 646-06
ISSUE P

NOTES:
AN A AN 1. DIMENSIONING AND TOLERANCING PER ANSI
- Y14.5M, 1682
" L] 2. CONTROLLING DIMENSION: INCH.
3. DIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL
4. DIMENSION B DOES NOT INCUIDE MOLD FLASH.
5 ROUNDED CORNERS OPTIONAL.

|_MiN_ _!I!_tﬁ
6715 T o770 § 1619 |

0240 10260 | 610 | 660 |

O

TATRTATATATET
fe———a |

la— [ —

%
;
b

' 1 L i

NL ‘ }
SCR [

FLANE J L d~afle
i G DpL
BEEEDE

1.78

pl- {

o>
mERRAREARG-
:
:

g
:
SRR

hitp://onsami.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

PACKAGE DIMENSIONS

SOIC-14
CASE 751A-03
ISSUE H

R I

=B~} prpL

—{Gle

i =
T — e — —
—

BEATING le— DupL K
[®]o2s poi@]T[6 ©]AG]

O .1 |]$|u.2s po@ie @]
i i 7

NOTES:

1. XMENSIONING AND TOLERANCING PER
ANSE Y1454, 1062,

2. CONTROLLING DIMENSION: MILLIMETER.

A DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.

4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER STDE,

5. EXMENSION D DOES NOT iNCLUDE
DAMBAR PROTRUSION. ALLOWABLE
CAMBAR PROTRUSION SHALL BE D.12T
{0.005) TOTAL IN EXCESS OF THE O
CIMENSION AT MAXIMUM MATERIAL

CONDITION,

SOLDERING FOOTPRINT*

X

7.04

14X
1.52

L1
]

: 1.27
‘E}_‘ _[ PITCH
=

DIMENSIONG: MILLIMETERS

*For additional information on our Pb—Free strategy and sokdering

details,

downioad the ON Semiconductor Soldering and

Mounting Techniques Reference Manual, SOLDERRM/D.

http:/fonsemi.com
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[a]a1s posfT{v ©

LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

14x K Rer

PACKAGE DIMENSIONS

TS50P-14

CASE 948G-01
ISSUEB

r—[q;i 0.10 @[T ®v O]

ARAAAAN

—T

[a]e1s sty @]

e A ——a]

[0.25 (0.010)

DETAILE

14x}_| | 14

 —
 —
 —
—=

3
=7

NOTES:

1. DIMENSIONING AND TOLERANCING PER
ANSI Y1454, 1862,

2 CONTROLLING DIMENSION: MILLIMETER.

3. DIMENSION A DOES NOT INCLUDE MOLD
FLASH, PROTRUSIONS OR GATE BURRS.
MOLD FLASH OR GATE BURRS SHALL NOT
EXCEED .15 (0.008) PER SIDE.

4. DIMENSION B DOES NOT INCLUDE
INTERLEAD FLASH OR PROTRUSION,
INTERLEAD FLASH OR PROTRUSION SHALL
NOT EXCEED 0.25 (0.010} PER SI1DE.

S DIMENSION K DOES NOT INGLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.08 {.003) TOTAL
IN EXGESS OF THE K DIMENSION AT
MAXIMUM MATERIAL CONDITION.

& TERMINAL NUMBERS ARE SHOWN FOR
REFERENCE ONLY.

7. DIMENSION A AND B ARE TO BE
DETERMINED AT DATUM PLANE =W~

0.65
PITCH

DIMENSIONS: MILLIMETERS

*For additiona! imformeation on our Pb-Free strategy and soldering
detaits, please download the ON Semiconductor SoMdering and

Mounting Techniques Reference Manual, SOLDERRM/D.

hitp://onseml.com
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