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ABSTRACT

We can examine the open-circuit voltage (Voc), short-circuit current (Isc), maximum
power of the cell (Pmax), voltage at Pmax (Vmax) and current at Pmax (Imax) of solar cell by
tester. To get the clear and absolute result of the examination, the solar simulator are essential to
the accurate measurement results. And can be applied to the other instrumentation. So we perform
the project about solar simulator by using LabVIEW with active load circuit. In addition, the solar
simulator can connect to the computer to show the graph of relationship between voltage and

current through the monitor
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Classification Effic(%) Voc(V) Jsc(mA/cm) | FF(%)
Si (crystalline) 24.0 0.709 40.9 82.74
Si (moderate area) 23.7 0.704 41.5 81.00
Si (multicrystalline) 17.8 0.628 36.2 78.50
Si (large multicrystalline) 17.2 0.610 36.4 77.70
Si (thin crystalline) 21.5 0.600 37.9 81.10
Si (supportted film) 14.9 0.608 31.4 79.20
Si (large thin film) 14.2 1.022 30.0 78.10
GaAs (crystalline cell) 25.1 1.011 28.2 87.10
GaAs (thin film cell) 233 4.040 27.6 79.70
GaAs (submodule) 21.0 0.944 6.6 80.00
GaAs (multicrystalline cell) 18.2 0.878 23.0 79.70
InP (crystallinecell) 21.9 0.843 29.3 85.40
CdTe (cell) 15.8 9.406 25.1 74.50
CdTe (multicrystalline cell) 10.5 9.406 1.7 64.90
CIGS (cell) 16.4 0.678 32.0 75.80
CIGS (submodule) 14.2 6.808 3.1 68.30
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¥ ad L 3 'as o o a
parnduysel (T > 0 K)dfinaseuszganszdunnuaumudlivullegdaavih vltiians

i iy Feenunsathanldlss Tend 1dngaumngives

‘o ;;-',”#59}; s
ST
*' 2lsg ’:7‘&‘?‘
i PPRLE A PR
AL S KN
433'/ R (g
@ AT

- & ‘\‘

Ti0 2( 110) (rutile) surface

31 2.6 uamalnssadraves Tio,
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a15 lnnudlon laeen lydl Tnssadranuumass Inuea (Tetragonal structure) Tag T

AN ANTANIINININLY 52 MIAINT197 2.3

d' wa - d
MATNN 2.3 !!ﬁﬂﬂﬂﬂ&ﬁﬂ‘ﬂﬂ‘ﬂ]ﬂmElﬂ'lW‘UN‘lJ‘S%ﬂ1§°llﬂs‘lﬂﬁllﬂﬂnuﬂﬂulﬂﬂi)ﬂll°liﬂ

A0 1UZNN T VoL Fv10
ANUNUIUY 423 g/em’
9ANADNNA? 1843 °C
yaIfDn 2972°C
FBITNUDUNTINUY 32eV
Arnafianiiy a=b=4.59
c=2.958
ﬁﬂmﬁﬂimaqa 79.866 g / mol
AANUAIUMU (Resistivity, 25°C) 10” ohm.cm
Modulus of Elasticity 230 GPa

2.4.4 MISUnag (Photosensitizer)

o { @ a d (B ad @
ddou loums dmdinganiundsnusaserinduas deiudidnaseulifueyma

U

v
s o

Tonzeonlud ﬁquzﬁ’mﬁﬁwwmﬁm wu Talnasunsgandunasndalugefimueaiiu
uazlndBurisaileganduuaserfindlildunfiqa SaduissAninsgandunasguieviu
Usz@nsnmnssuuas Waewufiannszny ﬁQmﬁuﬁamammazﬁmmmm:zﬂszé’uﬁ
wngery Tiadesnmgeluannzgnesnd lad uazannsobamizuuieynialanzeon lod 14

~

a =) o § g v @ @

A raduasenadriaddonsz dadon Iuasiminfdudrsuuasoinneuen adousasiy
] al' o @ d' o a o c:yd'( S Y =1 Y ::{' [~1 1 o a
dauilszneuidiwyNgaveusaduaseriadlszaniiiiesnindfouinihnduunasduia
a d o o 4 a o a 4" A 9 Yo @ 9 a [
sianaseudmiumaduaseriindyiail Wedden laTundsauuasTuagavesdfoudioglu

3 ) ) ad
anuziiu (LUMO) szgnnszquld lleglusrouznszdu (HOMO) Bidnpseusinddeuazgniia

:/l @ o . Y o a 4 4 ad
W'l lusuno i (conduction band) ¥83ensned1th Jufamsinfeufivesdianaseuld

:; o & @ 2 o 4

lumsidenadeiusuiludeudenddoulivinz auduasiemti devdenadoud

' £ 4 v i1
152A1 HOMO g4nT132AL conduction band ¥eIa3AedNIU AegUf 2.7 mnidenasiedii
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{ 1% . 1 @ 4 9 Yar [ a o
i3z AU conduction band gandszdu HOMO vesdfen Wieddeou lAsundsaunnumseriiad

udaee lieninsof e 11y conduction band  wesashedatirla

VAC NHE
(eV) (V)
-1.5 + -3.0

-3.5 +-1.0

4.0 +-0.5

4.5 A0 A e lhy e'(

-5.0 + 0.5 . " /’Ox {,-—--

55 110 A% ____\‘\Red‘/
e -~ LUMO

6.0 1.5 13} Dye
TiO, Pt
anode cathode

310 2.7 samsmsifSeuieuszdundenuwes Dry uag conduction band ve4 TiO,

2 Ay ) ' o Ty Yo A
Faadenlwaeiu munsoudsesniu 2 Uszanlnaiqlaseil
a9 o d
1. ddounnmsdunzv
o ¢ I { o wa a 1 a @ y
flounnmsdunsgiiiudfoni lénnmahguruifvessifuaazsianisufuie
a$reiusz lunisaniz Aulaa ludeqiiulinsdansizi@feunatongu 19y Porphyrins,
Phthalocyanines, Coumarin 343, Carboxylated WAz NAALINIIN Anthracene 4t61¢ Polymeric film

miﬁ"lﬁ%’uﬂ'mﬁauqaqﬂﬁa Transition metal complexes

S QY - a
2. AdeNNNYEITUTIA
9
floudszaniiansoadaldansssuand wu wa'ld aen'lsd uieluld Hudy d8sw

:syqsl a 1 ' o 2 Y o v & A
ﬂ‘izlﬂ‘ﬂuﬂ‘ﬂi’)ﬂﬂ@ TN 9197190 th‘Vnﬁ'lfJfNLﬂﬂﬁ@iJ "H'lﬂIiQ\‘l'luQﬂ‘VHa'lEJLLﬁ’JLﬂSEN?J@ﬂ'Ii

a a o @ S A 4 0 w a a g
wandadusegUiidesns inhdadligilyanfieniiingdulusssunauul sgUld 1 dumndu
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v & : Ao v s o a X
vl ud@dons1man Organic dry N Inseariavesas lalasmsuowmenuTusiiv aq

AGEN R NORpHTEY
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Molar Extinction Coefficient

=
<
<

2.8 Az luaNInAIN1s 19N 2.4

CcOO
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2
5 O O
Br Br

319 2.8 urasgasinssa319ved Eosin-Y
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<
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<
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314 2.9 namamsganauWEINUVe Eosin-Y
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MINN 2.4 uaasnaanAved Eosin-y

Common name Eosin Y

Suggested name Eosin Y ws

Other names Eosin Yellowish
Bromoeosine
Tetrabromofluorescein

C.I. number 45380

C.I. name Acid red 87

Class Fluorone

Ionization Acid

Solubility aqueous 40%

Solubility ethanol 2%

Absorption maximum 514

Color Red

Empirical formula C,,H,O,Br,Na,

Formula weight 691.9

Y] (Y | (Y] d d
2.5 nanmsudaswasnuaadlunasanyiwihveawaauasenads iaado

WewmsriindnsewdsauTnlaoy nzgiunszeni funasznuduTuanavesddond

[

Aa ~ s Aa Y ad ay
lﬂ1$1’lN'J‘U'Oﬂﬁ'lillwﬂ'lluﬂwllﬂﬂﬂﬂqmﬂ T‘V\IWEJHVIMWE‘NQ'l‘L!ﬂJ'lﬂWﬂﬂ%ﬂi%ﬂuﬂlﬁﬂﬂﬁf)uﬂlﬂﬂﬁﬂ@ﬂ

Y

X :
ANTDIUEWU(Highest occupied molecular orbital (HOMO))Ll‘lJ ADIULNTTAU(Lowest unoccupied

Q
]

a d 4 Y o
molecular orbital (LUMO)) diannsenluaauznszduazgniansemionn llduoviiweais
TInnudisulaoonlod udundoundelumulysinszantildieonlUlsesmeuen uda

A a v A tszll & 4 Ao 9 a ad v’;‘l KR ad
naeuh ldadndmilaveuwad luvaziddougadedianasoulliiu  szfediinnsousin
ad J anan d’l a § ] < A = [ a ad =%
asazmedianins lag Iavdfsoilzifatustesiaduiieeusumsaadidnaseuainddon
@ o = o A 9 [ [ ad [ oy/
TuSwoviivesms Innudionlavenlaa otlosdtumsvanduvosdidnnsou M1ty

v ad

ad sl a2 ad 1 va ¥ & A
’f]mﬂT‘Vlihlam’lqm!ﬁﬂmﬁﬂﬂiﬂui}mmimulﬂﬂx‘l’ﬂﬂs\l’mud (counter electrode) INDITUDLANAIDU
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1Y T a 1 o { 4 a o a
wdrndumeglugamzfl¥inasouds T dagild 2.10 ueraslassadruvaduaserfindsiiad

Fou'luaa
%)és sunlight A schematic diagram of the energy
< > o i . flow in the dye-sensitized solar cell
P 3
TCO %ISnOzix TCO :.‘Snoz‘)
counter
electrode

electrolyte

®

@~ o ®

! o d J
314 2.10 narmsmsulaswasnueadunasnu lnihvesraduaserindsiiaddon

v v ¢ A A ay S & o &
nanmaasndsnuveusaauasoadsiadion Wudunsudil
& o Y q Y ' Y :
1) WeTuana dye gouas szganasnuuaenszqulv llegluaniuznssdu(Excited state)
dye + light » dye’ )
2) BidnnTouanIULATE AUV dye Indsnufiganhszdundenudgaveauauiirinfhves
1357198211 (Conduction band) vz ée Weguuuauth lwthvesasfsdnh
Dye* + TiO, - e” (Ti0,) + oxidized dye )
3) Bilinaseundeufinnaisiedarihesn Ivgasesneuen diu photo electrode
a { P! 1Y [ 1 g
4) BnaTeUNYTINAIIUIINVINOUBN NTVAUGBATHIUNS counter electrode

5) dianaseunduAug lumnadfon AmfATe1 redox ¥4 electrolyte

119422
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Oxidized dye + 31 > dye+2I; (3)

I,- + 2¢~(counter electrode) — 31~ (4)

2.6 aawudameiihvesmaadurseriing

2.6.1 dszansmumsutaanasnu (Energy Conversion Efficiency)

A v '

o v J @ { a o
fo dnsrdruvessias iueiyagegadendinuveamsinnnsznuiradiaseiiing

v
o ' a a a <3|
aniundua N UsgAnimmwveuraduaoiiing Weuiluges Idno

P, /Area
E (L (1 i %1009
ff Pin/Area A)

o w

Pmax (W) fie Miae MAueninagage

]
A o

2 A
Area (cm’) A9 WUNITVUAY
" 2 = o w a Canl a 2
Pin (W/cm') A9 MANUDULEINANNTENULEAAADAIT1UFUAUUNT(100 mW/cm))
2.6.2 n3zua InHW18929935 (Short Circuit Current)
Y] s o 4 A% o = g A '
mmmwmmwaaummwmﬂﬂg“luﬁmwamms seiFonnszua lWinIvaluleesh

nszua TWfhaanes daydnuaifo Ise

o
£y
AT

e &
PN
£ R

-

=
AP
o

% :
i

=i ¢ a do
U7 211 yravrsesanyave uaauasindnaly

1ngl  dusaduaseriind ligndesdiouas anuduiussendenssua lWfihia 1

S

HAZUSIAU V  veuwaauasernadluaniizia wiigduumileunuaumsnszua Ifhwes
laTon nafe
I =1, [exp(qV/nkt)-1]
Tavft 1, entinszua iifhédoudusune n Aodunaesgauniveslalon
sadunszua 1l Tout 7 lnavengreesmenensziitunadessnienszue i
fia Tuaznszua W ph dil

Iout =1—Iph
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Y a Y s A R Y Y
mwﬂﬁmm31nmu‘mumﬂiummmaaumammmﬂmm ﬂ'J'lJJﬂ']uVﬂu'ﬂHﬂ’ilJ(R@

' W

uazAMUAUMUILIY (Rsh) Usenouiudae azvh Inszua e ving fout Tareail

Iout = Io {exp [M] 1} + VRSIRS — Iph

2.6.3 U390 712995@@ (Open Circuit Voltage)

duerdyaveuraduaserindogluanininsidla (Open Circuit) usean Irihndald

571 usedu IH1299517a ( Open Circuit Voltage : V) A1V, fiuaas ldanaunisi Taguny
1 [ g)/ =< Y1
1 I, =0 Aerudala

Voc ="ZIn( +1)

2.6.4 Fladuvinimes (Fill Factor)

o w o &R oA

1% a ot @ s 4 = Wy
1NN NN eI Nd1AydnaIniane HaduWnmes ( Fill Factor ) 1WguEaN FF
& A & 3
10949 FF A08AT1d14v0afiufived Vimax x Imax ANUAY0Y Voo x Isc amrsoidowily

aums1dn

Vmax X Imax
Pt
Voc XIsc

v aAa v & d allld
2.7. ﬂﬂﬂﬂﬂﬂﬂﬂﬂ@ﬂ‘lﬁﬂ'lﬂ]ﬂﬂl@ﬂ!“lfﬂﬁ!!ﬁ\‘l@‘lﬂﬂﬂ

'
da

2.7.1 Saaadgeniadniilan
a a o [ 1 { 1 1 1 [
Pinaaeefindiialdluermeaiiaineii o071 Solar Constant LRUNIAY 1,365
1 9y L]
W/m'  ouaufun1eiusuussemealananudunaazanalszunm 30% 1099101y
[ A
nanq Ae

I o y e :
1. MINTZBI (Scattering) ¥0353d TavTuanalusuusserma Funadunuynnanue1Inay

v
v AdaA

Tagwiznus Qﬁ‘ﬂllﬂ’ﬂll&ﬂ’.lﬂauﬁu (ﬂﬁ'l’Jﬂ'f) Llﬁﬁﬁ‘u1N‘Lﬁ]uﬂ‘i‘”li]\'l\i'lﬂﬂ’ﬂuﬁdﬁllﬂﬁ)

v A

ﬂ"l‘iﬂ‘izﬁdSU’t’NLLﬁdﬁﬂﬁlﬁﬂﬂm‘ﬁlﬂﬁl@ﬁﬂﬁﬂﬂﬁ\‘l‘ﬂ531!1‘&1! 10 %

= 5 v A 9 1 23 =
2. MIYANAULEN (Absorption) UDITIT ITNNAANAUAIYUTUUN F;Ju NIHLIDUNTSINUAS

U U

v

2 a A a A 1
‘BHTGT%H miﬁmlﬁﬂmﬂﬂmﬂmiﬂﬂﬂﬂuiﬂﬁ’ﬂﬂ‘ﬂﬂ‘i‘"mm 18 %

U

v
il 1 a A

272 eedilsznevveuasnfindfiinadedszinEanmsasundsauveusad
T RCR ]

1. awnefuveuaoing
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2. AMNULEINANeTag
3. eermvRaINannIz nuLKe Isanyag
o = = 1 2y e ] A -
4, WOSNIUSITAD NN UIENUNABMTIIMUI8287 1138 Insolation
2.7.3 Air mass
ANUMUIYYDI Air mass ApTinafiudaaianITgauonaan Yo InMI LAY

MNRIUFUVTSMIe Tan

Y
o

] ¥ 1
HeIU89 Air mass A8 I2ENISNUAUAUNINAIUTULTTEIMAMAROUAUTL o N 19T a1
Y

{ { H ~ { Q’ :: Q/ ~
figa lag AM = Tae? B feyuiinasernindnieesnanuuIfsdeInfiuEa Tan

cos@

31 2.12 uAAINITMIA Air mass

4’1 q': a 9 1 v KR Yt o a Jduo dy
wesnni lanlannuduuasaisiu 39 ldlmsfmuainasguvesiaseiadfatl
v
AMO : Lo iadmiledussena Nanudunas1,353 Wm’
e :; a o = =1
AM1 :ugseMindunizfinigerindegassisyzned
a a 1 I~ o
AM 1.5 : uersonfindinasgiuanavuiiTan Tasuvseendy 2 xiia fe
@ [ U '8 [l
- G (Global) : S4@ase+9@nsz e (dnaasu lyauwaduiuEoy) Taudueds 1,000 W/m’

- D (Direct) : Fefasaminiu (dmaseu Tsauwadsiuues) Jausd uies 900 W/m?

2.8 TUsunsy LabVIEW
wa1l37 (LabviEW) huaieaionannagendnsineunldludumsiauazinsesiesa
S miuaun1edImnIsy A191 LabVIEW 6811910 Laboratory Virtual Instrument Engineering

é = d‘ Y d:l A @ A = 9 a wva a [V 0’1‘
Workbench %Qﬁll'lﬂﬂﬁI'l’ﬁLLﬂ'ﬁJVIﬁi'NLﬂﬁ'E'NNﬂ')mﬂﬂ@u%ﬁﬁiuﬂﬂﬂﬂgﬁﬂﬂ'lﬁ“fl']\?’]ﬁ'lﬂﬁiﬂ ANUU
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yaszasAndnvesmsiinuvenadis AemssansludumsiauaziniesiioTaeg el
sz AnSamwiues

LabVIEW ifuerenlifiinfa1nuSn National Instruments Ausni3uiiu nednduaesiund
dmsumsiannTilsunsuniuquiniesileunzqinsainanesludesfianisnde luTsesam
gaanIsN TaogaiAuves LabVIEW de ifunivilusunsufisuuunsiiin (Graphic
programming language) fierysaiuuy fe 9aq HafFunaunugronsmifiaionue limiousy
yaRanuonnAinFusu idesdnu U sunsui ey text 1150950 19U Visual Studio 92 1§l
BASIC, C++ %50 Delphi fiiflu Pascal Lwﬂuﬂ%Qﬁuﬁ"mmmmmmﬁumﬁu LabVIEW 3990309
d'l"laj“laf'tﬂmﬁmuﬁnmﬂﬂiuﬂsm‘jammﬂswlﬂﬂﬁIﬂmduﬁms"mﬂ?mﬁmmq Wity usndy

| @ a o At o @ ' @
I “gaRmu e nNALATU” 1139 Application Tool N4y I mswannUIeWis MsuMs

IFuesailu'l)1dedrsazaansas)

311 2.13 namserednalilsunsunalda

Yo

2.8.1 TngdoRves LabVIEW swsuaua §iRins DSP enansauualddan

1) Tvrhas User Interface N91aomsnau Talsunsy

H
=~ o

4 (5 ] 4
LabVIEW i sgfinine it mthiidemsiudldaulasmnz nii1aefiisenn Front panel

v et ' : 1
TasiinguginsaifiSenit “Control” IMidenldunue FezanelFevesnugiliugeviung

[l U 4 5 Lo w
AT U Yunanainnatglszan n9miaz ¥15a Ring text Nd1dgyARe A151A8A Control
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) g : v x A =
1190 Front panel 9¥1/510QUADA Function 114 111199 Block Diagram (oM siaeu Tusunsy
Tuviun

= S a v 1
20 myden T sunsudunslilnauyselunvuazfiinde

Yy g Y

mMs@eouTUsunsuly LabviEW szdlununs il Ml ledelasmmzdnduinsny

Y 9
[

a = a 1 < o [ d y a4
NUNNIFINTTUNITOTUITEUURN N 611-!3l]"ll@\ﬁ_lﬂ@ﬂvlﬂ'f)a‘illﬂiiJLLﬁ&’ﬂﬂluaﬂ‘Hmﬂglﬁ?Jﬂ UDAN

9_ v @ [ ] { v ' o
d1AyAD LabVIEW azlianduudenmmeosanmesussoznaimsiauiavas iy 1dunn Tay
&Y < o % L4 ° 1 @
WINFUUADNIZIIUDUNTI90 Block Diagram #41111190H941191150AUNTI190 Front panel
' o S Y o A a ' ) A
agnanaal MeauvesTlsunsulu LabVIEW diulduanmsnizonin mslvavesdoyanio
b4
“Data Flow Programming” ¥11¥nsatinlusunsui ldhemncunaziuaoumsiaiuazuaag
< 9 a a a 9 A v ' I A
Wuwdumaduvesgnuoaduasddldmudumadondoszuinaufoniouaaims lnaves
9 Y
doyaluvaziy
3) mswousenuginsal ldnannaty

=)

[ o a Ay Y 2 o g = q
LabVIEW @101359 “au” ﬂUQﬂﬂimﬂﬂ18“]5”9]1’1?”531’7@‘1@6511\111“1“15 Fauuuaaana
6']
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q

ece. o

dnganilaves LabVIEW  Wenduudenilfidenldnudullslaneanazuinsgiuang fie
1 o { g
WYY 1¥Y Serial, Parallel, GPIB, TCP/IP 1ag VISA f1 VXI 53u89ms 1Ferninuindoninilu
NET, a2 55017114 103a (Database) A28
a A A i Y
4) TinTeaiiorred1u DSP
=} = o ] [ (] I 3 o
1u LabVIEW 1 Toolset 1Aga€0ary DSP at1ensuasuhitnsilu vaenmsadedayn o

[~ ) . s 5

UaanNN1INI Convolution, FFT, Digital Filter Design, Linear Algebra, Wavelet Analysis, Joint Time-

9 o Y A o o a Jd o ¥y g Yy <3
Frequency Analysis ¥ 1A nulineanumsansizddyanaduiiulldedazainsaaswn

=) 7

OJ v v IS U ] \ 4 1
ﬂ%ﬂﬂu‘izﬂﬁﬂﬁﬂﬂuﬂﬂiuﬂﬂﬁﬂﬂﬂ11’1111ﬂ‘111!ﬂ1J'J\3ﬂ'15Qﬂﬁ1ﬂﬂiiiJE)UNﬂE]lﬁﬂx‘l!‘lf‘lHﬂﬂ'Jﬂ‘U

aQ

Y

Y a d a Ja A o A A W 1 aa aa
gaemnssu Wi Biannselindnilsuiuouasesilo angaamnssy 15y AlnoalaAlinos
a o 4 1w 4 o ' o d
(Digital Multi-meter), 00a%alaa 1y (Oscilloscope) (HuAY uuFouaonU 1NYiIUI AWMU
szuunsesliodauuuon Tulidvinalug thorulsz@nniwuazuersian U 1u150903
ALt v Y gy 2 A 1 ) o ) A A o
(ATBINDAN o tna1uu 1AL theawedennudoamsnazldau msaiuquinseiiedndoy

4

Y 9 4 14 d' [ [ ) 1 ] gl/ U P XK Y
doams [weldiniiioniugu damsnudeyanian wu msasniensy msastoyadyyiaun
] a <
uvuReuiame suazuaana Ingldns 1w Hudu
9 o o 4 4 y o o '
dmSumsnanngendusivemsaugunsosiioia laewa ld drauanneglfisms@oulas

¥ Tdsunsu@aTaseade 1 MuIUEA(Basic) , MIF(C), MYIIBIAUAN (Visual Basic)
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1 o/ | 33 | ] 4 [ Y] é ; g’l L
uanareiu lludrudjunasiiovosdunioaiiotaiu q Hedeelfinardnszoznila Nanuaas

v A @ 1

v dy 9 @ o Jd Y ) 1 Y] v a A ga 9
nanil AiansenduaidouihnusutunuImnineaunielieined e lnd¥adnaie uas
v o A A v & d a 'd 4
Feoszuumsmaumeluaiesdiods FuilululasaouiuneiuazlulasnouInsames n1s
a (BN R i ) ) ' 9 ' [y a
@ouTdsunsusudeduazdoyanenaaonsumsasioud ludounniosdien iy TUsun s

Y a a ] 3 = a [ [ o 4'1 A [ G- o o
Taseadngainnugeeniu ldn walingordenanmsyhauveunsodieianiensiagy M
{ o @ ' [] I~ 1
Tdldanseeenuuugiluuy Tusunsuamunidlddesms nannisdsnautisesnilu 3 du
Tna) q fagiin 2.14

[y a 1 g I i { o
1) duSudeyauazniugaduma (Acquisitions and Controls Unif) dauiaziiludiuiih

e

4 Y Y a o =i £ = Y ndy d A
YAVINAILINADNMYUDNVIFISUUABNNIAUADY Tﬂﬂ‘ﬂ‘il’émqa‘ﬂl‘iJ']EJimJ‘UU@ﬁ]?J'lmﬂmiﬂmﬂ

v 9

1 (DAQ Card) dmsusudoyaiidudanamani, mialeduedr MAQ Card) dm3y
foyasuangl viennnesiloTaialimeilofiva (GPIB Bus)
2) dndiansideya (Analysis Unit) 1ile 185 udoyanud sxfosrhudauil ez 1d
Joyaluuanwalugiideanumneludaiidldauamns o ldusaumudon Sauag 118
3) daunaasHa (Presentation) (HumsuansraluguuuiidhladwuaziluiseTonide
Al wu Aineaifadiined uaamammzdygyuifald Taolisuiludesdnnuduiuiy

{ ' a ]
nan Idunnnddnszideya itudu

ACQUISITION ANALYSIS
AND : PRESENTATION
CONTROLS /I UNIT UNIT
UNIT v
SIGNALS
DAQ FFT GRAPH
IMAQ BLOB FILE
MOTION PID TCP/IP
GPIB

31 2.14 yaamdnmahauveunsesiio arsems Tanu
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v

2.8.2 ®anms mﬂﬁamawaun (Dataflow Programming Fundamental)

U

v £ [ ) d'g (Y 9 ]
nanmams Imavesdeya Wugduumsiaunvuegiums Inavesdeyasening
[ ) 1 @ A o [ o a 2 o Y Y A
vaenWenduae ludnvasmhaundoudu frmisvems Inatduszgnimuadioduion
' 1 { ] a ° 1 1 &
a1 q 1z lUndmla umsdsafumatazdinludinlathe vazez Iuanwase1els &
v £y d" A v A ) s
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3.2.2.2 Instrument & Mesurement Process
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1) tn5eennefideaiulndh 3 989800 (Triple Output Power Supply) 9910 Agilent\HP §u E3631A

laus15uea Agilent E3631A ¥iaviua 19 Henduiszneudne
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U1 3.15 vamsganalapzunsuveunesiiodn Agilent E3631A

2.1.1) Initialize (1 Harida)
e Initialize
2.1.2) Configure (6 Wﬁﬁ‘ffu)
* Configure Output
* Configure Tracking
* Configure Current Limit 37
2.1.3) Low Level Configure (1 Wﬁﬁ‘i}’u)
* Configure Trigger
2.1.4) Action/ Status (2 TafiFw)

* Configure Output Range
* Configure OVP

* Configure Coupling



* Output Protection Status
* Reset Output Protection
2.1.5) Low Level Action/Status (2 Waﬁ%’u)
* Initiate
¢ Send Software Trigger
2.1.6) Data (1 Hafidu)
* Read Output
2.1.7) Utility (5 afidu)
* Reset e Self-Test
* Error Query * Revision Query
» Save-Recall Setup
2.1.8) Close (1 Hafid)

* Close
{
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2.) in5esloTanaegiuia 6% widn (Digital Multimeter 6% Digit) 8910 Agilent\HP JU 34401A

lavs15ves Agilent 34401A Wanua 28 Haddusznoudie

/( Initalize Device )

USER \\C Set Utlhtles )
\C , Clo'se Device )

/ «Extendsy/ Low
z@onﬁgure Measuremel% 7

Low Level Configure
Measurement

Extend ~
_{ Query Data )(:35» Low Level Query '
Data ‘

31 3.16 uaasganalaezunsuveuniesilodn Agilent 34401A




1.1 Tnitialize (1 WaRd)
* Initialize
1.2 Configure (9 ﬂﬂﬁ‘ﬁ’u)
* Configure Measurement
* Configure Aperture
* Configure AC Filter
* Configure Offset Compensation
* Configure Temperature (RTD)
1.3 Low Level Configure (2 ﬂﬂﬁ‘ffju)
* Configure Trigger
* Configure Multipoint
1.4 Data (4 MeAFw)
* Read Single-Point
* Read Transient
1.5 Low Level Data (4 Wansu)
* Initiate Measurement
* Fetch Measurement
1.6 Utility (7 Wafd)
* Error Query
* Self-Test
¢ Device Clear
* Recall Instrument Settings
1.7 Close (1 ‘ﬂﬂﬁ’“ﬁ'u)

* Close

* Configure Auto Zero
* Configure Integration
« Configure DC Input Resistance 30

¢ Configure Math

» Read Multi-Points

» Read Math

* Send Software Trigger

* Query Questionable Data Register

* Revision Query
* Reset

¢ System Option

3.2.2.3 Analysis and Presentation By LabVIEW Program

4 '
druilaz1d LabView 1@unIUaNdIIULALTUNAVYDI Multimeter LAE Power

Supply 11151 Multimeter 9¥A2UANAINUNII GPIB Port 140¢ Power Supply 9AILANAIUNI

42

RS232 Port iiosurhanazsuloumaaldidy Power Supply tazaziua1i lae1n Multimeter

o ] a 4 { a’; LY { [
Wliuaaswarnumenihoeneuiiuned wain ldiuezgniiudin 137 Excel lundouqiudndae



43
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v EY 1 1
anudumulilaides « il Fensousasnszuiunsineu 1ddeglii 3.17 uaz 3.18

START

Configure initial for Power Supply & DMM i

Create logging file
- :

Measure Volt (Voc)

Set Power Supply
Channel 3 (12 V)
e e

Test & Measurement
T e

Set Power Supply
Channel 2 (0 \)
i

Waiting for switch No
Pressed :

™ Yes

Set Power Supply Channel 3 (1 V)

Measure Current (Isc)
i

Calculated & Display

Data,lV-Curve
. i

END

3141 3.17 Flow chart yamsmsvnuaunanveslisunss



Adjust the voltage (Vm)
& The Number of Adjustment (N)

Adjust the voltage to active load
Vi=Vi+$

Measure V and | at the output of
active load

Record :
Voltage & Current

31 3.18 Flow chart uamamsiauveslisunsuautonvesaau Test Measurement
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ariy 30l d A d A Ay =
4.1 Nﬁﬂ]i')ﬂﬂ1ﬂ']1Nﬂ1ﬂﬁﬂﬂ!!ﬁ3ﬂi$!lﬂ\]ﬂﬁ1‘ll’t‘)si!“liﬁﬂ!!ﬁﬂﬂ1ﬂﬂﬂ%Hﬂﬁﬂﬂ?ﬂ']!!ﬁ@ NN

¥ v

AWUA 0.5%0.5, 0.5x1, 1x1 1AZ1X2 cm’

4.1.1 vamsiaaauasomadvinadenlmas vina 0.5x0.5 cm’

v o :‘Sl
I¥inansnaassnatl

M99 4.1 wamsTaaduasv1ing Y 0.5x0.5 cm’

V (Volt)

1 (Ampare)

P(watt)

0.60010200 E-3
1.26338000E-3
2.97753800E-2
5.83200500€E-2
8.68625600E-2
1.15439900E-1
1.43981700E-1
1.72491100E-1
2.01026700E-1
2.29598500E-1
2.58137500E-1
2.86684300E-1
3.15259900E-1
3.43771000E-1
3.72316100E-1
4.00860500E-1
4.29431000E-1
4.57969900E-1
4.86470200E-1
5.15007500E-1
5.43553600E-1
5.72125800E-1
6.00669300E-1
6.29250000E-1

2.53915600E-04
2.51535300E-04
2.52714700E-04
2.51468600E-04
2.49180000E-04
2.48281800E-04
2.48816500E-04
2.47823000E-04
2.46621000E-04
2.45023000E-04
2.43957100E-04
2.43675700E-04
2.39294800E-04
2.36934500E-04
2.31000800E-04
2.26446000E-04
2.21573100E-04
2.13329100E-04
2.03376800E-04
1.78262300E-04
1.47374200E-04
1.10442070E-04
6.07222200E-05
8.39104600E-06

1.43E-05
6.91E-06
3.21E-07
7.49E-06
1.47E-05
2.18E-05
2.88E-05
3.57E-05
4.17E-05
4.29E-05
4.98E-05
5.63E-05
6.30E-05
6.99E-05
7.54E-05
8.15E-05
8.60E-05
9.08E-05
9.52E-05
9.77E-05
9.89E-05
9.18E-05
8.01E-05
6.32E-05

Isc 0.254 mA
Voc 0.629 V
Area 0.25 cm?
Jsc 8.16E-04 Alcm?
Pmax 0.099 mwW
Efficiency 0.396 %
Fillfacter 0.619 WIW
IV Curve (0.5x0.5 cm?)
1(A)
3.00E-04
2.50E-04
2.00E-04
1.50E-04
1.00E-04 \
5.00E-05
0.00E+00 X L
0 0.2 0.4 0.6 0.8

V v a s o
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d A daa A A 2
LHAAUAIDINAUNNUYHIANUN 0.5x0.5 em
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o d
4.1.2 wamsinraduasanadriaadonliuas v 0.5x1 em’

{ (v} d
M319N 4.2 MamITarraauase1Nng YA 0.5x1 em’

V (Volts) 1 (Ampares) P(Watt)
1.07010400E-3 | 4.62806000E-4 5.90E-07
2.97873000E-2 | 4.60849300E-4 1.37E-05
5.83334000E-2 | 4.60739100E-4 2.69E-05
8.68775800E-2 | 4.58732200E-4 3.99E-05
1.15456100E-1 | 4.55546900E-4 5.26E-05
1.43997700E-1 | 4.53698900E-4 6.53E-05
1.72505100E-1 | 4.53695100E-4 7.83E-05
2.01038100E-1 | 4.51969700E-4 9.09E-05
2.29608300E-1 | 4.46832300E-4 1.03E-04
2.58145800E-1 | 4.45798000E-4 1.15E-04
2.86694000E-1 | 4.43194800E-4 1.27E-04
3.15271100E-1 | 4.37910600E-4 1.38E-04
3.43782900E-1 | 4.33277000E-4 1.49E-04
3.72330200E-1 | 4.28928200E-4 1.60E-04
4.00875600E-1 | 4.22030500E-4 1.69E-04
4.29444300E-1 | 4.09268100E-4 1.76E-04
4.57980900E-1 | 4.00957700E-4 1.84E-04
4.86479000E-1 | 3.88376800E-4 1.89E-04
5.15014600E-1 | 3.66494500E-4 1.89E-04
5.43561700E-1 | 3.45082000E-4 1.88E-04
5.72142400E-1 | 3.08699400E-4 1.77E-04
6.00685800E-1 | 2.50971400E-4- 1.51E-04
6.29201500E-1 | 1.61453600E-4 1.02E-04
6.57745200E-1 | 3.21682600E-5 2.12E-05

1.00E-04
5.00E-05
0.00E+00

Isc -0.465 mA
Voc 0.658 \%
Area 0.5 cm?
Jsc 9.30E-04 Al cm?
Pmax 0.189 mw
Efficiency 0.378 %
Fillfacter 0617 WIW
IV Curve (0.5x1 cm?)
1{(A)

5.00E-04

4,50E-04

4.00E-04

3.50E-04

3.00E-04

2.50E-04

2.00E-04

1.50E-04

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

| v w d o o
Eﬂﬁ 4.2 !!ﬁﬂ\?ﬂ?TNﬁNWNﬁ?%ﬁi]@ﬂi%!!ﬁﬂ‘ﬂ&!i\‘lﬂ‘l«ﬁ!ﬂ\i

¢ a dda & A 2
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a d a ¢ a a4y 2
4.1.3 wam'saﬂwaaummwmwwaﬂan"hm YU 1x1 cm

4' [ d Aa. d 2
AN 4.3 HaN1FIALHAAUNIDINAY YHIA 1X1 cm

V (Volts) I{Ampares) P (Watt)
0.70258100E-3 | 7.57200600E-4 9.66E-07
1.27577800E-3 | 7.50565200E-4 2.24E-05
2.97915900E-2 | 7.52607100E-4 4.39E-05
5.83403100E-2 | 7.46416600E-4 6.49E-05
8.68856900E-2 | 7.41136300E-4 8.56E-05
1.15467100E-1 | 7.41758200E-4 1.07E-04
1.44007900E-1 | 7.36863400E-4 1.27E-04
1.72514200E-1 | 7.27699600E-4 1.46E-04
2.01045500E-1 | 7.26777600E-4 1.67E-04
2.29613100E-1 | 7.18583800E-4 1.86E-04
2.58148700E-1 | 7.06375100E-4 2.03E-04
2.86698300E-1 | 7.05860300E-4 2.23E-04
3.15277300E-1 | 6.90025000E-4 2.37E-04
3.43792400E-1 | 6.76629100E-4 2.52E-04
3.72341600E-1 | 6.76629100E-4 2.52E-04
4.00887500E-1 | 6.59868900E-4 2.65E-04
4.29454800E-1 | 6.40767900E-4 2.75E-04
4,57989000E-1 | 6.11649500E-4 2.80E-04
4.86485700E-1 | 5.80439200E-4 2.82E-04
5.15019400E-1 | 5.36004400E-4 2.76E-04
5.43566200E-1 | 4.74266200E-4 2.58E-04
5.72150100E-1 | 3.92679100E-4 2.25E-04
6.00696200E-1 | 2.65601200E-4 1.60E-04
6.29206500E-1 | 9.23294100E-5 5.81E-05
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Isc 0.760 mA
Voc 0.629 \Y
Area 1 cm?
Jsc 7.60E-04 A/cm?®
Pmax 0.282 mWwW
Efficiency 0.282% %
Fillfacter 0.591 WIW
IV Curve (1x1 cm?)
1(A)
8.00E-04
7.00E-04
6.00E-04
5.00E-04
4.00E-04
3.00E-04 ‘
2.00E-04 \
1.00E-04
0.00E+00 L Y
0 0.1 0.3 0.4 0.5 0.6 0.7
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LHARUTIDING
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SNUVUIANUN
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4.1.4  wamiaaduase nndshinagonliuas vina 1x2 em’

~ o d a d 2
19NN 4.4 HAN1TIALBAAUTIDINAE VKA 1X2 cm

V (Volts)

|1 (Ampares)

P (Watt)

0.99822100E-3
1.28197700E-3
2.97982700E-2
5.83472300E-2
8.68938000E-2
1.15475700E-1
1.44016700E-1
1.72516300E-1
2.01047400E-1
2.29613300E-1
2.58148900E-1
2.86698800E-1
3.15278100E-1
3.43795100E-1
3.72344500E-1
4.00892300E-1
4.29456700E-1
4.57991400E-1
4.86486700E-1
5.15020100€E-1
5.43566900E-1
5.72151200E-1
6.00699800E-1
6.29214400E-1

1.02661000E-3
1.01749800E-3
1.01923700E-3
1.01436300E-3
1.00714800E-3
1.00652100E-3
1.01307100E-3
9.89979500E-4
9.81515200E-4
9.71285000E-4
9.71285000E-4
9.57337600E-4
9.37484100E-4
9.19643000E-4
8.98414900E-4
8.70100800E-4
8.28661800E-4
7.89551400E-4
7.35626700E-4
6.62026300E-4
5.73732000E-4
4.50268900E-4
2.82287800E-4
0.00010100E-5

1.32E-06
3.03E-05
5.95E-05
8.81E-05
1.16E-04
1.45E-04
1.75E-04
1.99E-04
2.25E-04
2.41E-04
2.51E-04
2.74E-04
2.96E-04
3.16E-04
3.35E-04
3.49E-04
3.56E-04
3.62E-04
3.58E-04
3.41E-04
3.12E-04
2.58E-04
1.70E-04
5.15E-05
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Isc 1.026 mA
Voc 0.629 \Y
Area 2 cm?
Jsc 7.60E-04 A/cm?
Pmax 0.362 mw
Efficiency 0.181% %
Fillfacter 0.560 W/W
IV Curve (1x2 cm?)
1(A)

1.20E-03

1.00E-03

8.00E-04

6.00E-04

4.00E-04

2.00E-04 \
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daya 0.5%0.5 (cm’) 0.5x1 (cm’) 1x1 (cm’) 1x2 (em®)
1. 91 Voc (V) 0.629 0.658 0.629 0.629
2. 1 Isc (mA) 0.254 0.465 0.760 1.026
3. A1 Pmax (mW) 0.099 0.189 0.282 0.362
4. 1 Efficiency (%) 0.396 0.378 0.282 0.181
5. 11 FF (W/W) 0.619 0.617 0.591 0.560
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Philips Semiconductors
B B B e R e e S e i s e s

NPN power transistors

Product specification

BD135; BD137; BD139

e e e e e S e e I e ]

DESCRIPTION

emitter

collector, connected to metal part of
mounting surface

FEATURES PINNING

¢ High current (max. 1.5 A) PIN

¢ Low voltage (max. 80 V). 1
2

APPLICATIONS

e Driver stages in hi-fi amplifiers and television circuits. 3

DESCRIPTION

NPN power transistor in a TO-126; SOT32 plastic
package. PNP complements: BD136, BD138 and BD140.

base

©

Il

1UZU 3U Top view

Fig.1 Simplified outline (TO-126; SOT32) and

MAM254

symbol.
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veeo collector-base voltage open emitter
BD135 - 45 \%
BD137 - 60 \Y
BD139 - 100 \Y
Vceo collector-emitter voltage open base
BD135 - 45 \Y
BD137 - 60 \Y
BD139 - 80 \Y
VEeBO emitter-base voltage open collector - 5 \
Ic collector current (DC) - 1.5 A
lem peak collector current - 2 A
Ism peak base current - 1 A
Piot total power dissipation Tmb<70°C - 8 w
Tstg storage temperature -65 +150 °C
T junction temperature - 150 °C
Tamb operating ambient temperature -65 +150 °C
1999 Apr 12 2



Philips Semiconductors Product specification

NPN power transistors BD135; BD137; BD139

THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rihj-a thermal resistance from junction to ambient note 1 100 K/W
Rth j-mb thermal resistance from junction to mounting base 10 KIW
Note
1. Refer to TO-126; SOT32 standard mounting conditions.
CHARACTERISTICS
Tj = 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
lceo collector cut-off current le=0;Veg=30V - - 100 nA
lg=0;Veg =30V, Tj=125°C - - 10 pA
leo emitter cut-off current Ic=0;Vegg=5V - - 100 nA
hrg DC current gain Vce =2V, (see Fig.2)
lc=5mA 40 - -
Ic =150 mA 63 - 250
Ic =500 mA 25 - -
DC current gain lc =150 mA; Ve =2V,
BD135-10; BD137-10; BD139-10 | (see Fig.2) 63 |- 160
BD135-16; BD137-16; BD139-16 100 |- 250
VcEsat collector-emitter saturation voltage |lc =500 mA; Ig =50 mA - - 0.5 Vv
Vge base-emitter voltage Ilc =500 mA; Ve =2V - - 1 Y,
fr transition frequency Ilc=50mA; Ve =5V, - 190 - MHz
f=100 MHz
hex; DC current gain ratio of the llc] = 150 mA; [Veel =2V < 1.3 1.6
T complementary pairs
FE2

1999 Apr 12



Philips Semiconductors Product specification

NPN power transistors BD135; BD137; BD139
160 MBH729
heg Vce=2V
120 \\

80

40 \

0
1071 1 10 102 I (mA) 108

Fig.2 DC current gain; typical values.

1999 Apr 12 4



Philips Semiconductors Product specification

NPN power transistors BD135; BD137; BD139

PACKAGE OUTLINE

Plastic single-ended leaded (through hole) package; mountable to heatsink, 1 mounting hole; 3 leads SOT32

|
|
|

AT ; i

|
T

1
|
T
|
|
!
| L
l
|
1
l
l
|
I

[ & |
|| |
I |
! |
M\ |
1| |
i S\ - Y
bp - l=c !

0 25 5mm

Vi T |
scale
DIMENSIONS (mm are the original dimensions)
L4
UNIT A bp c D E e eq L o Q P Pq w
2.7 0.88 | 0.60 11.1 7.8 16.5 1.5 3.2 3.9
uull ey e e o ey e e e
Note
1. Terminal dimensions within this zone are uncontrolled to allow for flow of plastic and terminal irregularities.
REFERENCES
OUTLINE bl ISSUE DATE
VERSION IEC JEDEC EIAJ PROJECTION
SOT32 TO-126 ==} @ 97-03-04

1999 Apr 12 5
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1N5400 THRU 1N5408
3.0 AMPS. Silicon Rectifiers

1]

Voltage Range
50 to 1000 Volts

Current
3.0Amperes
DO-201AD
Features e
< Low forward voltage drop
< High current capability |
< High reliability
< High surge current capability %%%)l 1.0 (25.4)
Mechanical Data o
. L ‘
< Cases: Molded plastic % E
< Epoxy: UL 94V-O rate flame retardant g G
< Lead: Axial leads, solderable per MIL-
STD-202, Method 208 guaranteed
< Polarity: Color band denotes cathode end 1.0 (25.4)
< High temperature soldering guaranteed: 052(1.3) il
2 N ods (1) =
250°C/10 seconds/.375",(9.5mm) lead BA.
lengths at 5 Ibs., (2.3kg) tension
< Weight: 1.2 grams
Dimensions in inches and (millimeters)

Maximum Ratings and Electrical Characteristics
Rating at 25°C ambient temperature unless otherwise specified.
Single phase, half wave, 60 Hz, resistive or inductive load.

For capacitive load, derate current by 20%

Type Number 1N5400|1N5401|1N5402 | 1N5404 | 1N5406 (1N5407 [ 1N5408 | Units
Maximum Recurrent Peak Reverse Voltage 50 100 | 200 | 400 600 800 | 1000 | V
Maximum RMS Voltage 35 70 140 | 280 | 420 | 560 | 700 Vv
Maximum DC Blocking Voltage 50 100 | 200 | 400 | 600 | 800 | 1000 | V
Maximum Average Forward Rectified Current
.375 (9.5mm) Lead Length @Ta = 75°C 3.0 A
Peak Forward Surge Current, 8.3 ms Single
Half Sine-wave Superimposed on Rated Load 200 A

JEDEC method )

Maximum Instantaneous Forward Voltage 1.0 V
3.0A

Maximum DC Reverse Current @ Ta=25°C 5.0 uA
at Rated DC Blocking Voltage @ Ta=100°C 100 uA
Maximum Full Load Reverse Current, Full 30 uA
Cycle Average .375"(9.5mm) Lead Length

T, =75°C
Typical Junction Capacitance ( Note 1) 50 pF
Typical Thermal Resistance ROJA ( Note 2) 18 °C/W
Operating Temperature Range T, -65 to +125 °C
Storage Temperature Range Tsre -65 to +150 il 65

Notes: 1. Measured at 1 MHz and Applied Reverse Voltage of 4.0 V D.C.
2. Thermal Resistance from Junction to Ambient .375” (9.5mm) Lead Length.

- 296 -




RATINGS AND CHARACTERISTIC CURVES (1N5400 THRU 1N5408)

FIG.1- MAXIMUM FORWARD CURRENT DERATING FIG.2- MAXIMUM NON-REPETITIVE FORWARD
CURVE SURGE CURRENT
4 200
\\\~
N~
3 100
NON-REPETITIVE =
50 :

Single Phase \

Half Wave 60Hz
| Resistive or

ST SR T

PEAK FORWARD SURGE CURRENT. (A)

AVERAGE FORWARD RECTIFIED CURRENT AMPERES
N

1
| i L T
&S?Effv(é,é‘r’narﬂ) 8.3ms Single Half REPETITIVE L
Lead Length Sine Wave

| JEDEC Method

10 1 155

0 25 50 75 100 125 150 175 1 5 10 50 100
AMBIENT TEMPERATURE. (°C) NUMBER OF CYCLES AT 60Hz
FIG.3- TYPICAL FORWARD CHARACTERISTICS FIG.4- TYPICAL JUNCTION CAPACITANCE
100 T 1 100 i
= ~—T—
30 QU
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E 10 / 5]

z v 2

w v 4 E S

& (= EmY

Q ;

8 fan o~ Ti=25°C 2N Tj=25°C

g i I Pulse Width=300us 6
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g 10 2
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(2] : =)
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z 03 7 1

=

z I 1 5 10 50 100

& A i REVERSE VOLTAGE. (V)
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03 FIG.5- TYPICAL REVERSE CHARACTERISTICS
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May 2000

National Semiconductor

LM78XX
Series Voltage Regulators

General Description

The LM78XX series of three terminal regulators is available
with several fixed output voltages making them useful in a
wide range of applications. One of these is local on card
regulation, eliminating the distribution problems associated
with single point regulation. The voltages available allow
these regulators to be used in logic systems, instrumenta-
tion, HiFi, and other solid state electronic equipment. Al-
though designed primarily as fixed voltage regulators these
devices can be used with external components to obtain ad-
justable voltages and currents.

The LM78XX series is available in an aluminum TO-3 pack-
age which will allow over 1.0A load current if adequate heat
sinking is provided. Current limiting is included to limit the
peak output current to a safe value. Safe area protection for
the output transistor is provided to limit internal power dissi-
pation. If internal power dissipation becomes too high for the
heat sinking provided, the thermal shutdown circuit takes
over preventing the IC from overheating.

Considerable effort was expanded to make the LM78XX se-
ries of regulators easy to use and minimize the number of
external components. It is not necessary to bypass the out-

put, although this does improve transient response. Input by-
passing is needed only if the regulator is located far from the
filter capacitor of the power supply.

For output voltage other than 5V, 12V and 15V the LM117
series provides an output voltage range from 1.2V to 57V.

Features

Output current in excess of 1A

Internal thermal overload protection

No external components required
Output transistor safe area protection
Internal short circuit current limit
Available in the aluminum TO-3 package

Voltage Range

LM7805C 5V
LM7812C 12v
LM7815C 15V

Connection Diagrams

Metal Can Package
TO-3 (K)
Aluminum

OUTPUT — ~—GND

INPUT —
DS007746-2
Bottom View
Order Number LM7805CK,
LM7812CK or LM7815CK
See NS Package Number KC02A

Plastic Package
TO-220 (T)

> OuTPUT

::,‘:: GhO

RR—— T

a2/

DS007746-3
Top View
Order Number LM7805CT,
LM7812CT or LM7815CT
See NS Package Number T03B

© 2000 National Semiconductor Corporation DS007746

www.national.com
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Absolute Maximum Ratings (ot 3)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Input Voltage

Maximum Junction Temperature
(K Package)
(T Package)

Storage Temperature Range

Lead Temperature (Soldering, 10 sec.)

150°C
150°C
-65°C to +150°C

(Vo = 5V, 12V and 15V) 35V TO-3 Package K 300°C
Internal Power Dissipation (Note 1) Internally Limited TO-220 Package T 230°C
Operating Temperature Range (T,) 0°Cto +70°C
Electrical Characteristics LM78XXC (Note 2)

0°C < T, < 125°C unless otherwise noted.
Output Voltage 5V 12v 15V
Input Voltage (unless otherwise noted) 10V 19V 23v Units
Symbol Parameter Conditions Min I Typ |Max Min I Typ |Max Min ‘ Typ ]Max
Vo Output Voltage Tj=25'C,5mA<isg<1A 4.8 5 528wl 5™ ]2 125]14.4 15 156 \%
Pp < 15W, 5 mA<ig< 1A 4.75 525 |11.4 12.6 [14.25 15.75 Y
Vmin € Vin £ Vuax (7.5 < V|y < 20) (145 <V < (17.5< V) < \%
27) 30)
AVg Line Regulation lo = 500 Tj=25C 3 50 4 120 4 150 mVv
mA
AVy (7<Vin<25) | 14.5<Vy<30) (17.5< V) < Vv
30)
0°'C< Tjs +125°C 50 120 150 | mv
AViy (8 <V|n <20) (15 < Vi £ 27) (18.5 <V < Vv
30)
lo < 1A Tj =25°C 50 120 150 | mV
AViy (7.5 < Vy < 20) (14.6 < Vjy < (17.7 <V < Y,
27) 30)
0°C< Tj< +125°C 25 60 75 mV
AViy (8 <Viny<12) (16 =Viny<22) | (20< V)N <26) \
AVq Load Regulation Tj=25C [5mA<Iy<15A 10 50 12 120 12 150 mV
250 mA<lp < 25 60 75 mV
750 mA
S5mMA<Io<1A, 0C<Tj< 50 120 150 mV
+125°C
la Quiescent Current | I < 1A Tj =25°C 8 8 8 mA
0°'C < Tj< +125°C 8.5 8.5 8.5 mA
Alg Quiescent Current | 5 mA < Ig < 1A 0.5 0.5 0.5 mA
Change Tj=25°C, lo < 1A 1.0 1.0 1.0 mA
Viin € Vin € Vuax (7.5 <V £20) | (14.8 < V(< 27) (17.9 <V < \Y
30)
lo £500 mA, 0°C < Tj< +125°C 1.0 1.0 1.0 mA
Vain € Vin € Viax (TSVin<25) | (145<V€30) | (1755 V< \%
30)
Vn Output Noise Ta =25°C, 10 Hz < f < 100 kHz 40 75 90 pv
Voltage
Ripple Rejection lo<1A, Tj=25'C| 62 80 55 72 54 70 dB
AViN or
AVour f=120 Hz | Io <500 mA 62 55 54 dB
0°C<Tj<s+125°C
Vuin € Vin € Vuax (8 <Vin<18) (15 < Vin £ 25) (185 <V < \
28.5)
Ro Dropout Voltage Tj =25°C, loyr = 1A 2.0 2.0 2.0 \
Output Resistance | f = 1 kHz 8 18 19 mQ

www.national.com
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LM78XX

Electrical Characteristics LM78XXC (Note 2) (Continued)

0°C < T, < 125°C unless otherwise noted.

Output Voltage 5V 12v 15v
Input Voltage (unless otherwise noted) 10V 19V 23V Units
Symbol Parameter Conditions Min I Typ |Max Min I Typ |Max Min | Typ ]Max
Short-Circuit Tj=25C 2.1 1.5 1.2 A
Current
Peak Output Tj=25C 24 2.4 24 A
Current
Average TC of 0°C<Tj<+125C, Ip = 5mA 0.6 1.5 1.8 mV/"C
VOUT
Vin Input Voltage
Required to Tj=25C, lo <1A 7.5 14.6 17.7 \"
Maintain

Line Regulation

Note 1: Thermal resistance of the TO-3 package (K, KC) s typically 4'C/W junction to case and 35°C/W case to ambient. Thermal resistance of the TO-220 package

(T) is typically 4°C/W junction to case and 50°C/W case to ambient.

Note 2: All characteristics are measured with capacitor across the input of 0.22 pF, and a capacitor across the output of 0.1uF. All characteristics except noise voltage
and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature must

be taken into account separately.

Note 3: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. For guaranteed specifications and the test conditions, see Elec-
trical Characteristics.

www.national.com




LM78XX

Typical Performance Characteristics (continued)

Output Impedance

L Ele =10V

o [Vout = 5V
= :’ﬂUT =500 mA
et T; = 25°C
S o1 L
<<
=]
w
o
= 4
-
o
= o0t
=S
=)

0.001

10 100 1k

10k 100k 1M

FREQUENCY (Hz)
DS007746-11

Dropout Characteristics

8 T
LM7805C
T =25%C
N
w loyt = 0A
o \
= B
o 4
= )
5 lgyT = 500 mA 4
= 1
=) 2 ) lourt © 1A
0
0 2 4 6 8 10
INPUT VOLTAGE (V)
DS007746-13
Quiescent Current
b5 T o]
Vgyt =5V
= 6 + louT=10mA
E Tj= 25
S 55
w * /,
g ,//
=4 5
(&}
=
-4
8 48
W
=
I
35 -
5 10 15 20 2% 35

INPUT VOLTAGE (V)
DS007746-15

Dropout Voltage
2.5

05

INPUT TO OUTPUT DIFFERENTIAL (V)

0
~75 -50 -26 0 25 50 75 100 125 150

JUNCTION TEMPERATURE ( C)

DS007746-12
Quiescent Current
25 VIN =10V
Vouyr = 5V —
< lgut = 5 A
it 2 guy=5m
=
=
o
&
AL

3 45 Y
=
4
w
(=]
2 4
=]
(-

3.5

-75 -50-25 D 25 50 75 100 125 150

JUNCTION TEMPERATURE (“C)
DS007746-14
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Physical Dimensions inches (millimeters) unless otherwise noted

0.940 —0.980
—»-{(23.88 — 24.80) |t—
0.800-0.815 | o 0.250 —0.350
(20.32DI—A20.70) - > (6.350 —8.890)
0.107-0.123 '
(2.718=3.124) + v
062 T W S * 0.445—0.522
{0.635) e SEATING PLANE (11.30-13.26)
UNCONTROLLED LEAD DIA 7372?) 'L_u,oaa_u.m *
MAX ~»| |[<-(0.965-1.092)
DIA TYP
0.420—0.440
e (10.67-11.18)
(3.835—4.089)

DIA TYP 0.970—-1.050

0.165-0.179 (24.64 —26.67)

(4.191 -4.547) B
RTYP 0.210-0.220
(5.334 —5.588) =
4 |, _0.655—0.675
(16.64 —17.15)
1.177-1.197
(29.90-30.40)

KCO02A (REV C)

Aluminum Metal Can Package (KC)
Order Number LM7805CK, LM7812CK or LM7815CK
NS Package Number KC02A
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NNational Semiconductor

General Description

These are the first monolithic JFET input operational ampli-
fiers to incorporate well matched, high voltage JFETs on the
same chip with standard bipolar transistors (BI-FET™ Tech-
nology). These amplifiers feature low input bias and offset
currents/low offset voltage and offset voltage drift, coupled
with offset adjust which does not degrade drift or
common-mode rejection. The devices are also designed for
high slew rate, wide bandwidth, extremely fast settling time,
low voltage and current noise and a low 1/f noise corner.

Features

Advantages
® Replace expensive hybrid and module FET op amps

® Rugged JFETs allow blow-out free handling compared
with MOSFET input devices

m Excellent for low noise applications using either high or
low source impedance —very low 1/f corner

m Offset adjust does not degrade drift or common-mode
rejection as in most monolithic amplifiers

B New output stage allows use of large capacitive loads
(5,000 pF) without stability problems

B Internal compensation and large differential input voltage
capability

Applications

B Precision high speed integrators

® Fast D/A and A/D converters

® High impedance buffers

® Wideband, low noise, low drift amplifiers

LF155/LF156/LF256/LF257/LF355/LF356/LF357
JFET Input Operational Amplifiers

December 2001
B | ogarithmic amplifiers
B Photocell amplifiers
B Sample and Hold circuits
Common Features
® Low input bias current:  30pA
® Low Input Offset Current: 3pA
B High input impedance: 10'2Q
® Low input noise current:  0.01pA/yHz
B High common-mode rejection ratio: 100 dB
B Large dc voltage gain: 106 dB
Uncommon Features
LF155/ LF156/ LF257/ Units
LF355 LF256/ LF357
LF356 (Ay=5)
B Extremely 4 1.5 1.5 ps
fast settling
time to
0.01%
B Fast slew 5 12 50 Vius
rate
B Wide gain 25 5 20 MHz
bandwidth
B Low input 20 12 12 nV/yFz
noise
voltage

Simplified Schematic

m

G BALANCE

ey
(‘;)-‘t’—‘ -
(3) (2)

(5 Q)
c*
wpp Y
Hh %
=l 14

0 +Vge

c{_{

I AAA. (6)

ouT

® ® © 3=

(a)

*3pF in LF357 series.

BI-FET™, BI-FET II™ are trademarks of National Semiconductor Corporation.

O ~VEE
00564601

© 2001 National Semiconductor Corporation DS005646
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LF155/LF156/LF256/LF257/LF355/LF356/LF357

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for
availability and specifications.

LF155/6 LF256/7/LF356B LF355/6/7
Supply Voltage +22V +22V +18V
Differential Input Voltage 140V t40V 30V
Input Voltage Range (Note 2) 20V 20V 16V
Output Short Circuit Duration Continuous Continuous Continuous
TJMAX

H-Package 150°C 115°C 115°C

N-Package 100°C 100°C

M-Package 100°C 100°C
Power Dissipation at T4 = 25°C (Notes
1, 8)

H-Package (Still Air) 560 mW 400 mW 400 mW

H-Package (400 LF/Min Air Flow) 1200 mW 1000 mW 1000 mW

N-Package 670 mW 670 mW

M-Package 380 mW 380 mW
Thermal Resistance (Typical) 0,4

H-Package (Still Air) 160°C/W 160°C/W 160°C/W

H-Package (400 LF/Min Air Flow) 65°C/W 65°C/IW 65°C/IW

N-Package 130°C/W 130°C/W

M-Package 195°C/W 195°C/W
(Typical) 6,

H-Package 23°C/W 23°C/W 23°C/W
Storage Temperature Range -65°C to +150°C  —-65°C to +150°C ~ -65°C to +150°C
Soldering Information (Lead Temp.)

Metal Can Package

Soldering (10 sec.) 300°C 300°C 300°C

Dual-In-Line Package

Soldering (10 sec.) 260°C 260°C 260°C
Small Outline Package

Vapor Phase (60 sec.) 215°C 215°C

Infrared (15 sec.) 220°C 220°C

See AN-450 "Surface Mounting Methods and Their Effect on Product Reliability” for other methods of
soldering surface mount devices.
ESD tolerance

(100 pF discharged through 1.5kQ) 1000V 1000V 1000V

DC Electrical Characteristics

(Note 3)
LF256/7
LF155/6 LF355/6/7
Symbol Parameter Conditions LF356B Units
Min| Typ | Max|Min| Typ | Max|Min| Typ [ Max
Vas Input Offset Voltage Rs=50Q, To=25"C 3 5 3 5 3 10 mV
Over Temperature 7 6.5 13 mV
AVos/AT | Average TC of Input Rg=50Q 5 5 5 Ve
Offset Voltage
ATC/AVs |Change in Average TC |Rg=50Q, (Note 4) pvre
: i 0.5 0.5 0.5
with Vgog Adjust per mV
los Input Offset Current T,=25°C, (Notes 3, 5) 3 20 3 20 3 50 pPA
Ti<ThicH 20 1 2 nA

www.national.com 2




DC Electrical Characteristics (continued)

(Note 3)
LF256/7
LF155/6 LF355/6/7
Symbol Parameter Conditions LF356B Units
Min| Typ |Max|Min| Typ | Max|Min| Typ | Max
I Input Bias Current T,=25°C, (Notes 3, 5) 30 100 30 100 30 200 pA
T,<ThicH 50 5 8 nA
Rin Input Resistance T,=25'C 1012 1012 1012 Q
AvoL Large Signal Voltage V=115V, To=25°C 50 | 200 50 | 200 25 | 200 VimV
Gain Vo=+10V, R =2k
Over Temperature 25 25 15 VimV
Vo Output Voltage Swing |Vg=%15V, R =10k 12 [ -£13 12| %13 12|13 \
Vg=115V, R =2k +10| %12 +10| %12 10| %12 Vv
V, Input C -Mod =+15V +15, *+15.1 +15.1 Vv
oM nput Common-Mode Vg £14 15.1 £11 16
Voltage Range -12 -12 -12 Vv
e i 85 | 100 85 | 100 80 | 100 dB
Rejection Ratio
FeRE LG [l il o ol 85 | 100 85 | 100 80 | 100 dB
Rejection Ratio
DC Electrical Characteristics
Ta=T,=25C, Vg = 215V
LF155 LF355 LF156/256/257/356B LF356 LF357 -
Parameter Units
Typ Max Typ Max Typ Max Typ Max Typ Max
Supuly 2 4 2 4 5 7 5 10 5 10 mA
Current
AC Electrical Characteristics
Ta=T,=25C, Vg = £15V
LF155/355 | LF156/256/ | LF156/256/356/ | LF257/357
Symbol Parameter Conditions 356B LF356B Units
Typ Min Typ Typ
SR Slew Rate LF155/6: 5 25 12 Vlius
AV=11
2 LF357: Ay=5 50 V/us
GBW Gain Bandwidth Product 25 5 20 MHz
12 Settling Time to 0.01% (Note 7) 4 145 1.5 ys
“n Equivalent Input Noise Rg=100Q
Voltage f=100 Hz 25 15 15 nV/JAz
f=1000 Hz 20 12 12 nv/JAz
[ Equivalent Input Current | =100 Hz 0.01 0.01 0.01 Az
Nolbe £=1000 Hz 0.01 0.01 0.01 T
Cin Input Capacitance 3 3 3 pF

Notes for Electrical Characteristics

Note 1: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by T uax, 844, and the ambient temperature,
Ta. The maximum available power dissipation at any temperature is Pp=(T jmax~Ta)/8,a or the 25°C Pyyax, whichever is less.

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.

Note 3: Unless otherwise stated, these test conditions apply:

www.national.com
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LF155/LF156/LF256/LF257/LF355/LF356/LF357

Notes for Electrical Characteristics (continued)

LF155/156 LF256/257 LF356B LF355/6/7
Supply Voltage, Vg 15V < Vg < £20V 15V < Vg < £20V +15V < Vg £20V Vg= 15V
Ta =55°C < Tp< +125°C -25°C < To<+85°C 0°C < Tp <+70°C 0°C <TAs+70°C
ThicH +125°C +85°C +70°C +70°C

and Vgg, Ig and lgg are measured at Vg = 0.

Note 4: The Temperature Coefficient of the adjusted input offset voltage changes only a small amount (0.5uV/"C typically) for each mV of adjustment fromiits original
unadjusted value. Common-mode rejection and open loop voltage gain are also unaffected by offset adjustment.

Note 5: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, T. Due to limited
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient
temperature as a result of internal power dissipation, Pd. T = Ta + 634 Pd where 64 is the thermal resistance from junction to ambient. Use of a heat sink is
recommended if input bias current is to be kept to a minimum.

Note 6: Supply Voltage Rejection is measured for both supply magnitudes increasing or decreasing simultaneously, in accordance with common practice.

Note 7: Settling time is defined here, for a unity gain inverter connection using 2 kQ resistors for the LF155/6. It is the time required for the error voltage (the voltage
at the inverting input pin on the amplifier) to settle to within 0.01% of its final value from the time a 10V step input is applied to the inverter. For the LF357, Ay = =5,
the feedback resistor from output to input is 2kQ and the output step is 10V (See Settling Time Test Circuit).

Note 8: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate outside

guaranteed limits.

specified.

Input Bias Current

00564639

Input Bias Current

Typlcal DC Performance Characteristics curves are for LF155 and LF156 unless otherwise
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= 1 = 1
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-55 2% 5 35 65 95 %y -85 -25 5 ki 65 95 125
CASE TEMPERATURE (°C) CASE TEMPERATURE (°C)
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Supply Current
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g ]
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00564641

Negative Current Limit
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Typlcal DC Performance Characteristics curves are for LF155 and LF156 unless otherwise
specified. (Continued)
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LF155/LF156/LF256/LF257/LF355/LF356/LF357

Typlcal DC Performance Characteristics curves are for LF155 and LF156 unless otherwise
specified. (Continued)

Open Loop Voltage Gain Output Voltage Swing
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Typical AC Performance Characteristics
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Typical AC Performance Characteristics (continued)
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LF155/LF156/LF256/LF257/LF355/LF356/LF357

GAIN (dB)
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Typical AC Performance Characteristics (Continued)

Open Loop Frequency Response
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LM158,A-LM258,A
LM358,A

LOW POWER DUAL OPERATIONAL AMPLIFIERS

INTERNALLY FREQUENCY COMPENSATED
LARGE DC VOLTAGE GAIN: 100dB

WIDE BANDWIDTH (unity gain): 1.1MHz
(temperature compensated)

VERY LOW SUPPLY CURRENT/OP (500pA)
ESSENTIALLY INDEPENDENT OF SUPPLY
VOLTAGE

LOW INPUT BIAS CURRENT: 20nA
(temperature compensated)

LOW INPUT OFFSET VOLTAGE: 2mV

LOW INPUT OFFSET CURRENT: 2nA
INPUT COMMON-MODE VOLTAGE RANGE
INCLUDES GROUND

DIFFERENTIAL INPUT VOLTAGE RANGE
EQUAL TO THE POWER SUPPLY VOLTAGE

LARGE OUTPUT VOLTAGE SWING 0V TO
(Vecc - 1.5V)

DESCRIPTION

These circuits consist of two independent, high
gain, internally frequency compensated which
were designed specifically to operate from a sin-
gle power supply over a wide range of voltages.
The low power supply drain is independent of the
magnitude of the power supply voltage.

Application areas include transducer amplifiers,
dc gain blocks and all the conventional op-amp
circuits which now can be more easily implement-
ed in single power supply systems. For example,
these circuits can be directly supplied with the
standard +5V which is used in logic systems and
will easily provide the required interface electron-
ics without requiring any additional power supply.

Inthe linear mode the input common-mode voltage
range includes ground and the output voltage can
also swing to ground, even though operated from
only a single power supply voltage.

PIN CONNECTIONS (top view)

u

N
DIP8

*

D&S

®

P

(Plastic Package)

S0O8 & miniSO8
(Plastic Micropackage)

TSSOP8
(Thin Shrink Small Outline Package)

ORDER CODE
Part Temperature Package

Number Range N s D P
LM158,A -55°C, +125°C ° ° °
LM258,A -40°C, +105°C ° ° °
LM358,A 0°C, +70°C ° ° ° °
Example : LM258N
N = Dual in Line Package (DIP&
D = Small Outline Package g - also avallable in Tage & Reel (DT
|§ Small Outline Package (miniSO) only available in Tape & Reel

Thin Shrink Small Outline Package
&Reel (PT)

SSOP) - only available in ape

1[5} = [ ] 8
2 [ .7
3|: [ ] 6
4 []5

1 - Output 1

2 - Inverting input

3 - Non-inverting input
4 -Veo©

5 - Non-inverting input 2
6 - Inverting input 2

7 - Output 2

8-Vee©

January 2002
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LM158,A-LM258,A-LM358,A

SCHEMATIC DIAGRAM (1/2 LM158)

Vee
&
ORNG
GD Bk 4pA 100pA

Q2

l Q5
C C mm L[\/SG
Inverting

input Q1
R
sC
Non-inverting 4 N 4{\/?11
input L 9 Output

o leg

Q8 Q9
50uA
2 T g T == GND
ABSOLUTE MAXIMUM RATINGS

Symbol Parameter LM158,A LM258,A LM358,A Unit

Vee | Supply voltage +32 \Y,

Vi Input Voltage -0.3 to +32 \Y

Vig Differential Input Voltage +32 Vv
Pt |Power Dissipation ") 500 mw

Output Short-circuit Duration ) Infinite

lin Input Current 3) 50 mA
Toper | Opearting Free-air Temperature Range -55 to +125 | -40 to +105 | 0to +70 °C
Tstg Storage Temperature Range -65 to +150 °C

1. Power dissipation must be considered to ensure maximum junction temperature (Tj) is not exceeded.
2. Short-circuits from the output to V¢ can cause excessive heating if V¢ > 15V. The maximum output current is approximately 40mA independent

of the magnitude of V. Destructive dissipation can result from simultaneous short-circuit on all amplifiers.

3. This input current only exists when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP
transistor becoming forward biased and thereby acting as input diodes clamps. In addition to this diode action, there is also NPN parasitic action on
the IC chip. this transistor action can cause the outpu voltages of the Op-amps to go to the V¢ voltage level (or to ground for a large overdrive)
for the time duration than an input is driven negative.

This is not destructive and normal output will set up again for input voltage higher than -0.3V.

4
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LM158,A-LM258,A-LM358,A

ELECTRICAL CHARACTERISTICS
Vet = +5V, Vo™= Ground, Vo = 1.4V, T, = +25°C (unless otherwise specified)

LM158A-LM258A LM158-LM258
Symbol Parameter LM358A LM358 Unit
Min. | Typ. Max. Min. | Typ. Max.
Input Offset Voltage - note ')
Tamp = +25°C 1 3 2 7
Vi LM158, LM258 5 v
: LM158A 2 b
Tmin = Tamb = Tmax C 9
LM158, LM258 4
Input Offset Current
lio Tamp = +25°C 2 10 2 30 nA
Tmin < Tamb = Tmax 30 40
Input Bias Current - note 2
lip Tamp = +25°C 20 50 20 150 nA
Trmin < Tamb < Tmax 100 200
Large Signal Voltage Gain
Vee = 15V, R = 2kQ, Vg = 1.4V to 11.4V
M| Ty = 4288 50 | 100 50 | 100 Mimy
Tmin = Tamb = Tmax 25 2
Supply Voltage Rejection Ratio (Rg < 10kQ)
Ve =5V to 30V
SR | 1. dbsw 65 | 100 65 | 100 o
Tmin = Tamb < Trax 65 G
Supply Current, all Amp, no load
Icc Trmin < Tamb < Trmax Ve = +5V 0.7 172 0.7 1.2 mA
Tmin < Tamb < Tmax VCC = +30V 1 2
Input Common Mode Voltage Range
Vee = +30V - note 3)
Viem Tamp = +25°C 0 Vect-15| 0 Veet -1.5 4
Trin < Tamb < Tmax 0 VCC+ -2 0 VCC+ -2
Common Mode Rejection Ratio (Rg < 10kQ)
CMR Tamp = +25°C 70 85 70 85 dB
Tmin < Tamb < Tmax 60 60
| Output Current Source oA
Source Ve = +18V, Vg = +2V, Vg = +1V 20 40 60 20 40 60
Output Sink Current (Vg =-1V)
lsink Vee = +15V, V, = +2V 10 20 10 20 mA
Ve = +15V, V, = +0.2V 12 50 12 50 pA
Output Voltage Swing ( R, = 2kQ)
Vopp Tamb = +25°C 0 Vec'-1.5| 0 Vee* 1.5
Trmin < Tamb < Tmax 0 Vee' -2 0 Veet -2
I1S7] 3112




LM158,A-LM258,A-LM358,A

LM158A-LM258A LM158-LM258
Symbol Parameter LM358A LM358 Unit
Min. | Typ. Max. Min. | Typ. Max.
High Level Output Voltage (Ve = 30V)
Tamp = +25°C R =2
N i L 26" |27 26 | 27
OH Trin < Tamb < Tmax 26 26 v
Tamp = +25°C R = 10kQ 27 | 28 o7 28
Trmin < Tamb < Trmax 27 27
Low Level Output Voltage (R = 10kQ)
VoL Tamb = +25°C 5 20 5 20 mvV
Tmin s Tamb s Tmax 20 20
Slew Rate
SR Vee =15V, V; = 0.5 to 3V, R = 2kQ, Vius
C_ = 100pF, unity Gain 0.3 | 0.6 0.3 | 0.6
Gain Bandwidth Product
GBP Ve = 30V, f =100kHz,V;, = 10mV, R_ = 2kQ, MHz
C_ = 100pF 0.7 ,§ A1 0.%, §1.1
Total Harmonic Distortion
THD f=1kHz, A, = 20dB, R_= 2kQ, V, = 2V, %
CL = 100pF, Vo = 2Vpp D2 O
= Equivalent Input Noise Voltage nVv
n f=1kHz, Rg = 100Q, V¢ = 30V 55 55 JHz
DVi, |[Input Offset Voltage Drift 7 15 7 30 uvrc
Dljio  |Input Offset Current Drift 10 200 10 300 pA/°C
Channel Separation - note 4
Vorloz |41 S < 20kHZ 120 120 B

1. Vg=14V,R = 0Q, 5V < Vge* <30V, 0< Vi, < Vet - 1.5V

2. Thedirection of the input current is out of the IC. This current is essentially constant, independent of the state of the output so no loading change
exists on the input lines.

3. Theinput common-mode voltage of ejther

common-mode voltage range is Vg™ - 1.

] 5ir\1}3ut signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the

but either or both inputs can go to +32V without damage.

Due to the proximity of external components insure that coupling is not originating via stray capacitance between these external parts. This typically
can be detected as this type of capacitance increases at higher frequences.
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LM158,A-LM258,A-LM358,A

VOLAGE FOLLOWER PULSE RESPONSE

OUTPUT CHARACTERISTICS
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LM158,A-LM258,A-LM358,A

POSITIVE SUPPLY VOLTAGE (V)

INPUT VOLTAGE RANGE SUPPLY CURRENT
15 4 | |
Vee
= / g 3 w0 %
= Eial
O 10 v g
E Négative / e e
<) L 2t
= O
[ =
i ek
; 5 4/ Positive - = Tamb. = 0°C to +125°C
/ ? "
Tamp =-55°C
0 5 10 15 0 10 20 30
POWER SUPPLY VOLTAGE (+V) POSITIVE SUPPLY VOLTAGE (V)
160 T T T 100
R = 20k z.
) 120 E 75
z T~ =
z e £
3 R, =2k ¥
80 L= < x 50 2
w )
Q O ,/
5 40 § 25 adl
2 = T, 0= +25°C
0 10 20 30 40 0 10 20 30
POSITIVE SUPPLY VOLTAGE (V) POSITIVE SUPPLY VOLTAGE (V)
160 T T § 1.5
R, =20k | 2 135
—~ = ~L_
S 120 o ) 12 2.4
z — 8 1.05 N
R £ € 09 N
80 R = 2k = o
& T 075 Voo = T15V—]
l_
E o 06 =
g 40 2 045
% 0.3
z 0.15
< o0
0 10 20 30 o -55-35-15 5 254565 85 105 125

TEMPERATURE (°C)

6/12

3




Si photodiode

S1226 series

For UV to visible, precision photometry; suppressed IR sensitivity

@ High UV sensitivity: QE 75 % (A=200 nm)
@ Suppressed IR sensitivity
@ Low dark current

@ High reliability

pl

@ Analytical equipment
@ Optical measurement equipment, etc.

H General ratings / absolute maximum ratings
Dimensidhdl Absolute maximum ratings
¢ Active Effective Reverse Operating Storage
outline/ Package 3 4
Type No. Windby area size active area voltage temperature | temperature
matehidl * VR Max. Topr Tstg
(mm) (mm) (mm?) M (C) (C)
S1226-18BQ @/Q -20 to +60 -55 to +80
$1226-18BK oIK I £y DAY/ I3 4010 +100 | -55 to+125
S$1226-5BQ @/Q 24x24 57 -20 to +60 -55 to +80
S1226-5BK @/K TO-5 . ; ) 5 -40 to +100 -55 to +125
S1226-44BQ @/Q 3.6 % 3.6 13 -20 to +60 -55 to +80
S1226-44BK @/K y i -40 to +100 -55 to +125
S$1226-8BQ ®/Q -20 to +60 -55 to +80
S1226-88K QK L Saad 2 4010 +100 | 550 +125
H Electrical and optical characteristics (Typ. Ta=25 °C, unless otherwise noted)
Peak > Short circuit Terminal
Spectral |sensi- Bjia scsansmvnty current cx?r?'rzt Ig;nft’"?-. Rise time| capaci- | Shunt
response | tivity (AW) Isc IDe Sy tr tance [resistance NEP
T N range |wave- 100 Ix VR=10 mV ofeID VR=0V Ct Rsh
YRETNO: A |length T T HeNel . T Max. | Top |REETKQ| VR=0V [VR=i0 mV
Ap P M | Jaser ¥ R4% ? f=10 kHz
vinvo. 633 Min.|Typ.
(hm) | (nm) PP uA) [ (uA) | (pA) [fimesr Ol (us) | (pF) (GQ)I(GQ) (W/HZ')
S1226-18BQ 190 to 1000 0.10]0.12 15
S1226-18BK 39010 1000 T 0.5 | 0.66 2 0.15 35 5150|1.6 x 10
S$1226-5BQ 190 to 1000 0.10{0.12 22|29 5 05 160 | 2 |20|25 x 10"
Si226:5BKC = V0 INOL 5 Lo spil = 1= .34 1.12
S122644BQ  |190 to 1000 ~%lo.10[0.12] ™ e : 1 380 | 1 |10]3.6 x 10
S1226-44BK 320 to 1000 2 z : : 2
S1226-8BQ 190 to 1000 0.10{0.12 15
S1226-8BK 39010 1000 e 12 | 16 20 2 950 |0.5( 5 (5.0 10
* Window material, K: borosilicate glass, Q: quartz glass
s os':-!'g ¥ 'l'.su,n

HAMAMATSU



B Spectral response
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M Rise time vs. load resistance

(Typ. Ta=25 "C, VR=0 V)
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B Shunt resistance vs. ambient temperature
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B Photo sensitivity temperature characteristic
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M Dark current vs. reverse voltage
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_S1226 series_

B Dimensional outlines (unit: mm)

| ® S1226-18BQ/-18BK [ @ S1226-5BQ/K, S1226-44BQ/K |
WINGOW ¢5410.2 $9.1+0.2
¢3.0£0.2 ¢4.7£0.1 ?;ﬁgofgﬂ ¢8.1+0.1
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!
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The K type borosilicate glass
CONNECTED TO CASE CONNECTED TO CASE window may extend a maximum
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N @>—+— D of the cap.
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HA“AMATS“ Ir ion furnished by t \TSU is believed to be reliable. However, no responsibility is assumed for possible inaccuracies or omissions.

Specifications are subject to change without notice. No patent rights are granted to any of the dircuits described herein.

Type numbers of products listed inthe specification sheets or supplied as samples may have a suffix *(X)" which means Lentative specifications or a suffix *(Z)"
which means ! | ificati ©2009 + Photonics K.K.

HAMAMATSU PHOTONICS K.K., Solid State Division
1126-1 Ichino-cho, Higashi-ku, Hamamatsu City, 435-8568 Japan, Telephone: (81) 53-434-3311, Fax: (81) 53-434-5184, www.hamamatsu.com

U.S.A.: Hamamatsu Corporation: 360 Foothill Road, P.O.Box 6910, Bridgewater, N.J. 08807-0910, U.S.A., Telephone: (1) 908-231-0960, Fax: (1) 908-231-1218

Germany: H; Ph ics Det d GmbH: Arzbergerstr, 10, D-82211 H hing am Germany, (49) 8152-375-0, Fax: (49) 8152-265-8

France: Hamamatsu Photonics France S.A.R.L.: 19, Rue du Saule Trapu, Parc du Moulin de Massy, 91882 Massy Cedex, France, Telephone: 33-(1) 69 53 71 00, Fax: 33-(1) 69 5371 10

United Kingdom: Hamamatsu Photonics UK Limited: 2 Howard Court, 10 Tewin Road, Wetwyn Garden City, Hertfordshire AL7 1BW, United Kingdom, Telephone: (44) 1707-294888, Fax: (44) 1707-325777

North Europe: Hamamatsu Photonics Norden AB: Smidesvagen 12, SE-171 41 Solna, Sweden, Telephone: (46) 8-509-031-00, Fax: (46) 8-509-031-01

Italy: Hamamatsu Photonics ltalia S.R.L.: Strada della Moia, 1/E, 20020 Arese, (Milano), ltaly, Telephone: (39) 02-935-81-733, Fax: (39) 02-935-81-741 Cat. No. KSPD1034E06
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&National Semiconductor

LF155/LF156/LF256/LF257/LF355/LF356/LF357
JFET Input Operational Amplifiers

General Description

These are the first monolithic JFET input operational ampli-
fiers to incorporate well matched, high voltage JFETs on the
same chip with standard bipolar transistors (BI-FET™ Tech-
nology). These amplifiers feature low input bias and offset
currents/low offset voltage and offset voltage drift, coupled
with offset adjust which does not degrade drift or
common-mode rejection. The devices are also designed for
high slew rate, wide bandwidth, extremely fast settling time,
low voltage and current noise and a low 1/f noise comer.

Features

Advantages

m Replace expensive hybrid and module FET op amps

® Rugged JFETs allow blow-out free handling compared
with MOSFET input devices

m Excellent for low noise applications using either high or
low source impedance —very low 1/f corner

m Offset adjust does not degrade drift or common-mode
rejection as in most monolithic amplifiers

m New output stage allows use of large capacitive loads
(5,000 pF) without stability problems

B Internal compensation and large differential input voltage
capability

Applications

m Precision high speed integrators

m Fast D/A and A/D converters

® High impedance buffers

m Wideband, low noise, low drift amplifiers

December 2001
® Logarithmic amplifiers
® Photocell amplifiers
m Sample and Hold circuits
Common Features
® Low input bias current:  30pA
® Low Input Offset Current: 3pA
® High input impedance: 10'2Q
® Low input noise current: 001 pA/YHz
m High common-mode rejection ratio: 100 dB
m Large dc voltage gain: 106 dB
Uncommon Features
LF155/ LF156/ LF257/ Units
LF355 LF256/ LF357
LF356 (Ay=5)
B Extremely 4 1.5 1.5 Hs
fast settling
time to
0.01%
B Fast slew 5 12 50 Vius
rate
B Wide gain 25 5 20 MHz
bandwidth
B Low input 20 12 12 nv/Jhz
noise
voltage

Simplified Schematic

a

€ BALANCE

]‘ -0 +V(e

c‘
10pF N 6)
g 25 |our
lal
L

TN

diide

*3pF in LF357 series.

BI-FET™, BI-FET II™ are trademarks of National Semiconductor Corporation.

&0 -VEE
/ 00564601

© 2001 National Semiconductor Corporation

DS005646

www.national.com
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&National Semiconductor

LF155/LF156/LF256/LF257/LF355/LF356/LF357
JFET Input Operational Amplifiers

General Description

These are the first monolithic JFET input operational ampli-
fiers to incorporate well matched, high voltage JFETs on the
same chip with standard bipolar transistors (BI-FET™ Tech-
nology). These amplifiers feature low input bias and offset
currents/low offset voltage and offset voltage drift, coupled
with offset adjust which does not degrade drift or
common-mode rejection. The devices are also designed for
high slew rate, wide bandwidth, extremely fast settling time,
low voltage and current noise and a low 1/f noise comer.

Features

Advantages

m Replace expensive hybrid and module FET op amps

® Rugged JFETs allow blow-out free handling compared
with MOSFET input devices

m Excellent for low noise applications using either high or
low source impedance —very low 1/f corner

m Offset adjust does not degrade drift or common-mode
rejection as in most monolithic amplifiers

m New output stage allows use of large capacitive loads
(5,000 pF) without stability problems

m Internal compensation and large differential input voltage
capability

Applications

® Precision high speed integrators

m Fast D/A and A/D converters

u High impedance buffers

m Wideband, low noise, low drift amplifiers

December 2001
® Logarithmic amplifiers
u Photocell amplifiers
® Sample and Hold circuits
Common Features
m Low input bias current:  30pA
® Low Input Offset Current: 3pA
® High input impedance: 10'2Q
® Low input noise current:  0.01 pA/YHz
® High common-mode rejection ratio: 100 dB
® Large dc voltage gain: 106 dB
Uncommon Features
LF155/ LF156/ LF257/ Units
LF355 LF256/ LF357
LF356 (Ay=5)
B Extremely 4 1.5 15 Us
fast settling
time to
0.01%
B Fast slew '3 19, 50 Vlius
rate
H Wide gain 2.5 5 20 MHz
bandwidth
® Low input 20 12 12 nv/Jhz
noise
voltage

Simplified Schematic

@ BALANCE

10 pF

*3pF in LF357 series.
BI-FET™, BI-FET II™ are of National Corporation,
© 2001 National Semiconductor Corporation DS005646 www.national.com

siayljdwy jeuonesado nduj 134 L6€47/95€471/66€471/262471/962471/9G51L4T1/SS L4





