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Abstract

Power amplifier Class D have an efficiency up to 90% and have a small size thus as power
Amp Class D is more popular used. The Power Amp Class D use a technique “ Pulse Width
Modulation” (PWM) , it’s can be make by compared sound signal to have a bandwidth in audio
region (about 20Hz — 25KHz) with triangle wave to have highest frequency more than sound
signal. So the PWM output signal have a duty cycle change by following with pressure’s level of
sound signal then the signal result which has shifted the power MOSFET that the output is filled
by second order low pass filter will received back the sound signal besides circuit’s power supply
has designed to switching because it’s have power dissipation less than linear power supply and

power of output signal has setting as 100 Watts
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Fyanantumumdouiinurhsundotan1af 180 e VAL uaz VA2 Smuehduaeani
wea VA dnfuadad swi uaz sw2 sxlladlaihiszoznafiiiu usadufununzsenves VA

eq _1d .
aalugin 10 Tao sw1 uaz sw2 szhidandoudu



d , o
yimaes gl 9 97188 Vpl uaz vp2 (nanegilvesdggne 13 ugyf 10) Al
Vpl=Vp2= -Vin & SW1 auaz sw2ila, +Vin &1swi ia uaz sw2 la
0 H1swiidla uaz sw2 ila

L'
A t
SW1 closed
VA1 SYW1 open t
SW2 closed
Vv A2 W2 open t
Vo1~ Vp2 Yin t

Vin
Ve NVul .

4 a v
11N 2.2:.4.3 nFvuhvudggrm v, v, V,, .V, Uaz v,

Vsl ung Vs2 seiiginveadganumiousu vpl uag vp2 uaiiteumagaihu o v
uazfisuiidu el vsi fisudhiuan 1aTes D1 sxthinszua udlalea D2 sz hivinszue
1az18 VB =n * Vin dmiuluvaeh vsi dsuftuan 1alen D1 sxliriinssus uglalen D2 s2
snszia az1d VB = o * Vin mileutaedi Vsl Shuwan Wuvaeit vsi=0 ung vs2=0 taTeati
sewszadouian Tuadedunang laTeanaaesiasahmnaih Flyback diode Tusail
VB=0

; d .
91nmM3A L uag € wimiimihe Low-pass filter 11139149
Vo = AuNduYes VB

= n * Vin * Duty cycle 194 VA

1 r 1 J 1o t
r¥unad fves Vo enszlivinamnnimisdeonit vin A1ATusgiuaes n

uag Duty cycle ¥849 VA nazdusinduirveslaloamiansdusnez1d vo nithiou
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uni 3
1388 NIV

3.1 7397 Puise Width Modulator (PWM)

INPUT RIGHT

-

JHUl
. PWM
- OUTPUT
Comparators =
I _J_ Triangle Wave Oscillator 1
INPUT LEFT

¥
i
l"—

A a
31N 3.1 nemnaesadredggm PWM

3.11 vismamhaumawod aduogiaines (PWM)

i * A 1 A o 3 o
vt Idnan tuumiudrimshee 1édgena pwm fiinawasduauaz Indifvaiy

o - - A . ] [4 . » = o J
dygpudumiAuiaimrumslaneiuda SulluszResdidygruglamumao

< Ny ' a o d
munzaud iuumiisznantddinad aesdudadyguglaumaoy

]
oo

d4d
MARNUN
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Triangle Wave Oscillator
o A .' L] & A
myadndgopumumdnnivenson i lac i msnhdga ugaindoy (Square
1 - - o A A A A v oW &
Wave)l 12393 8uTinaiae] (Integrater) oz 1A dgygnagamumasufilisimdo fudyg

d 0 o -
zﬂﬁmauunmmaumnsn

A o o ) 4
31 3.1.1 umanesdutiedgapugimumdoy

’ o 4 i A o -~ - U-
nngleziuhdgrruzldmaouieni lsuiinamivawisoadialdvinesy-uoud
Y E [ 4 - % N
(Op - Amp) AwsnFlfmanmavesneumiuned Aeiliosvssuhaudufiuliy ¢, vevhims
o . = ar o o 1] - - & = (I
$159 (Charging) Yszoutiaszduus iduinnn 31118unmuInves Op — Amp Fasziinuniiy
V3 R,/ R+ R, (MBNN13984 Voltage Divider) STRUNIIR O N HNSBUA (Saturation) M9

o A A o
aw e wniiaomzaldounn + v il v Smmonesiiviu1dvag)
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R I nizuniflasmaninuite

Hhhmavinlizqies
VV'V ; Vo=+V.

e .
wisdseynalisqaaun by
wmnir+l v,
ey ous ivmex
B madnnven
Hi¥nnI1wea cumparater

TN

i}

Ry

Fursodgniteciin ik Ry vent
AS ——— age
+1 v R+ R> divider

1]::!' = - - ﬂw 4 wd ﬂ « 1] "
31U 3.1.1 (0) uvaavigmsvonssuauas JFy g mymeash C Mimsninlizy

»
o ) = . . A o [ o =)
9Imin ¢ 9xmIAa i (Discharge) szgoanioFnussdunsafumduyman i
VoW o i o o A - r ] - o
mitulsusnnaiiessdutswuinsunmavveseetaeuiiianisoniiszAuusedu
] »
sunmnveseet-ueuilizduussdueniymezdudamaduvannmiu ¢ esvisdszpdi 1y

- 4 o [} J
uazAaysvesnadn dunyuil

? Ve

31U 3.1.1 () ugtastismians Inavssnmzuasaizi C, Minmsdszy

vingfivisaile ¢, Rinmuohzyez danseyiuldfsaums

q = CV [1-e¥/RC] + g, g t/RC
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Tay V= -vg
g = ICV..

4 '
dioumusngluernmsez Weumsmsmolseyilu

= ~CVee [1-8"VRE] + ALV, 0-t/RE

A \J L i L d
unziile C, y1¥nhizyauilsyy q sy AoV, (Aussduewviymltousimnniiuow)

& A < a0 | L) 1w 4 ]
fennmsnaunm lumsninlssquazmeolssyiaunidudsesiisuiiu T/ 2 wounudinalu

aumseg Waumsnsvfedszyiiu

~ACVeq = ~CVeo [1-0°T/2REC] + A LY 0~ T/2RE

ynihmsudaunsmmatunm (1) vesdggnanemymez 1d

T = 2RCIn [i%:]

Tau A = R /R,

A d . F 3 o i o« o [
elfdygrapimindmmnaandesmsudnminhdygagimiodlfninnes
o = I ﬂ o g ] o r- v d o é =
ouiinInlaoezil R, uaz C; iWludrdimuamaimi lassufonmmmnzauiudygudimaoy
4 ¥ o 4 4 s

N lasaunawesdygamumasuneonnmevnemymezih lnwaums

T= RxC;

3 I da 4 M i o o
e TAdygagdanumdouiiinmmdandesmsudnmiumsnenidggredoan

r o o o : ° ¥ L] =) = * o
nhsumsuiudygagdaumdsniusduiiudenhdggnadoduymunhnsvnodoyga
fiou
iiosemnAnenlagn (Amplitude) gaavesdygnandosdunmeziindunn sz 1v,)
A o - A o O 1
weli IRdygnaudesduminnemlumainuBoufoufudygragilaumaoyTasvua

L4 = A
verdganauynimunzanaunsodnna lAnnaums
Vo = ViaxD + V,_x(D-1)

Tav v, feAmsspuggavesdgygaglanumaoy



14

a

V... Remusdudigavesdygnagdmumaon

D femianleifa (Duty Circle) vosdgyanw PWM AdeanalauD=T /T
FaTaoa Tiludrez Wmaan laia 90% Tumsdnasuiteiaeam oN vasfiusinligaves
dyyrasuymimgqauasdiga (Guezndufudhmedumnuazaunudidiisnan

nerunsuazaanduiullawszduusduvesdggudumm

3.2 1IN M HIHTOINAVHITULUTIAF S

L] L A b s & o d
NeIMAIIei Fefudggruvudinnmaraudygnu PWM uaalddagii 3.2

+25V +25V
R2 100
1NATSS .
of AN —
13
Q1
KTCIZ
Wil
O——VWA—
4K7 PWM
'::‘“ OUTPUT
Ut —=10n
_—Eﬂcm =
Q2 p—
e
i AN (-
1N4745 15
100 R4
.25V -25V

A - -
31U 3.2 Nvsmaveoiigs
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3.2.1 nEPMIMNUYEIMAYNBULLTIRNFA (Class D Power Amplifier)
& A aw o ¥ ﬁ o A é < Aa
mahaveanavowssFunnieddgyg rasuymdnniudygpayladuiivioun i
:] -y - o 4 -’1 - A\’ [
a2wd 200 Alaidsas Wanluszuy dggpaimdun dussgrihifalinsfudygnamiaiy 2
1 4 A L r A A & A
d2u Aeduniiuiin uazdndwfedmnitiuoulas Q, ZD,, R, Wi Miludgygnaludun
+ b 4
dhin uag Q,, ZD,, R, Mimimiiudygnaludaumoutunsnddmivded dygruiies
ifamaussRuanaseussn s unaveea A M, uaz M, szna 16 Tied  uaziflusm
- o o d 1] ¥
usaulueafuvunavesvemra lussdunszuah fvane Tao1dTnmsvavodorneinAinmg
»
o -3 A L
ol inayesweamanaesdommesueana M, uas M, it ludnyazyeams
¥
3% ON — OFF dgyg1u RC fie R, 1oz C, WuszAvaglusznitevunaveaueding N-isun
> Jd da & a 4
uaz P- uvuuua Natimeisz Tenilumsaaneudgygrusvniufinaiunnmsaiage
. . a4 a y & 9 ™ R
(Distortion) Neziinnde Fyoaua1anaveyuluadionnzy21 HAWwINNIAILIIL Low Pass
. a o o ] °
Filter sonuuiudeggiae o0f Toezinasnudrecnunsovulawiin Tnaafuuiludr ineving s
- ¥ d d o ; . -
Terviu1Agarn 100 Jad anea sruanutidos Musedunines 50 Tand Taomiuthunssdu

1 4 4y : 2
Tidssvunn 25 Taod e lfinsnses ludwvesmnediednavenseriaesdiu

3.3 199INTRININORIHIU HOZMIDBALVY (Low pass filter)

32 uF
—TY
n = 24
Vin onr § R LOAD
220 nF
[ I Il

< g2
IIJ‘VI 3.3 299503V NUDATRIU
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mIeenLL

B lumsdmuadwegUnsallundazaa fie m3lFasadmuamginsaisinas
uefuenalas (Normalized element value table) Falums1a#l 1 uanasmefuoalaguesgy
nsalanaq 711912393 Romedinn Butterworth AuApofiaed® 2 s oodinodi 6 Aeq 7
uaaslumnaiiumratanns ssRameifiimanuidneed w,= 1 rads uazii Inan
ouRuaud
R~ 1 Tevfu Anfudoemuunisdaninisuesionladiadu (Denormatization) nen Taunns

A1 imidiogasisclling factor) Aa €I

Ln=lnx( RL/WD)

C,=C, x(1/(R, xwp)

o ] ' 4 - '
a1 1 uamsimoiuoalodussiiginssl M1 TuessHamesiny Buerworth Ausoesined
-1
#i2-6

L1 c2 L3 c4 L5 C6
1.4142 0.7071

1.5000 1.3333 0.5000

1.5307 1,5772 1.0824 0.3827

1.5451 1.6944 1.3820 0.8944 0.3090

1.5529 1.7593 1.5529 1.2016 0.7579 0.2588

A a P ot ed ° P
WOl MNTANNINANLABINIs Y TN S sy dama@iienins Aawmes
4
3 P-1 Y Aq J -
T 1eznuinassvuwitezdesmuisovu Tnaaniiing 4 Teviu nie 8 Tevu'ld (1nsz
d1Tnafunuy 4 ToviunTe 8 Tevuihudulng) niseenuuuRames isoaiuTnan

dufinausMesmuzauigalunsdlil fio mahmumdvvesmgaganazdiqaves Inan
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» [] I3
Sufneudindundsluns@inae WBradniimnzauiqene 6 Tevy
° A oA o d s -3
mIfanioesnuuNsHameife fMvuandiInan ¢ Teuuaziin
1 o ‘:i - - A ] 1] i
anudsanonii 40 Aladsad vah ldnnnsannamm L TunesAameslueesiaeii 2

» ;4 1]
sz 1wadsiianarsueuea ladWamoimia Butterworth Aditd Bo3ARTN 2 T 6 9214

L=14142 % (6/(40000 x 2 x 9)=33.76 pH
C=0.7072 x (1/(6 x 40000 x 2 x {)) = 468 nF

° » 1o e d 4 '
dualdnied L uaz ¢ s l&nnasmisiduinlunestamesiioud

- - 14 o A ' v ¥
suvuSanaeusimudin L, uae c domInan@nifudsdmia1dnidum L uas

¢, lussiamed1Adal
L=Lg/2

C=Cex2

»
dmium cuar R annsodnnu Wnngasdail
C,=2/Lw]-2C,

» ¥
[ Y e o

Py a i o -
Thuft w, msiauilu 90 nlefvudvesndnaeed AniudmsulsAawmednl

AnuAABaNIMIAL 40000 (@504 M
w,=0.9 x 40000 x 2 x § = 226,195 rad/s
faiudmivsefameiilm L=33 pHuaz C,=470 oF 10T 24 ohm AWAIWY

33,1 nEIMIMIIIHYBIIININIBIANNDAINIM (Low Pass Filter)
a A 4o A 4 4 4 s
mithauseszunssGunnielidygrusedufimbsufioenuninedyaves
A L1 1 ; r i
mpveenmad weidhigmansean i Taveslimsdeaugiuuuves LC uwy Butter
o { 1 a a id
Worth Tag9nmseen nuusitmualge cut off voanmdogh 40 i ladsa Sriinnwdig

u:l’d o ] cl'd’ Y - o [] P
ANMUNMEANUINTINITUNITHNARDON Tamsreusodonndid cut off 1ﬁﬂ1ﬂﬂ'mﬂ'ﬂllﬂ

83007
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2 . . 2 .
Audio Y530 20Hz - 20 kHz TAus1 92180099 cut off IRgINTItIUAILD Audio Yu1Bn
fowlszanw 30 kHz 30 40 kHz

3.4 2399 Switching Power supply

34.1 msasnuul

=l

12v_— * —:[-

= 68uF
-25V

21]71 3.4.1 (N) 193 switching power supply
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nrIsonILYNeITUNeTING

10K -
WA
Output
controt
14 13 L
Voot Q
4 KTA1218
10K gé-— Dy TL494 Qutput to Drive
& o = MOSFET
Rr &
8 5 r
=
18K

3N 3.4.1 (V) NesVvvEaY

poniwy Tao19le3 TLavs Hasaadradgya aueninm inv uas non inv ifte 14
Tumsaiugy MOSFET Tavlumsihdymen ic T4y MOSFET fusz1$2eesdunuy
totem pole Frernnsndunszuaganaldt 4a uaz TLasabseusmin1$lunsmungy
sAuLT AU Ao M Feedback szAVITIRUYBITY g BTN A 1RIEH ErrorAmp i

noludrvoalod TLA94

arseenuuunTeidaainge
- I's A’ u:i [ 3 . [ o,
nsienvuIaknume s tsdlasue UM aufuME 1IN IRA1 Horsan 14
INVUIANTIARVDALNU (Ac) LAZVUIATOIT M TUNUVARIAYBIVOLTIU(AW) TATDTe
o L 1 J
s ldenaunisaede Ui
Ae Aw =(0.68P_ D)10’/fAB(max)
= (0.68x150x200x10>)A(35x10’x1000)
=0.527 cm'

Taof  AB(max) = mammunniundndgagaluunumes1sd dhumd

F = fnawdinsiauvsanumeslsd Hudsad
4 d v 4 -
Ac = wuiimbhdavosunumedlsd duasiusuduas
J ﬂ' * -~ o -’ -
Aw  =hufivesdmiuiuvaalavesueviiu iuasasuiiugs
D = mnnurmuuniunszualuvaingy’d dugeigaiiadeusnd
P = Mdsnugagai onunumes1sd Wuisd
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° = o | v o
dedonvinaunumeslsd IAd e s nowminouseuideaiu luva nsuid 188

9 AB= [V*UNp*Ae]l x 10°

Aniu Np =[V*VAB *Ae} x 10°
= 12x10%4x35x10°x 1000x1.73

=5501
3 " e o
Taoh Np = fdnusauveva sy iusew

¢ | ] o r 4 - J
AB = srununiuddndumaninavulunnoy dhamd
v = fusessuannsouva nsus Wuliad

l 4 a -

Ae = vwsnunmhaavedny dumsiurudiuas

] d'd a o o ] o - J = o
t = ¥rnafiinsltounlamandusmandatu Muiui

> ' 4 o o a a
ﬂ’J'IlJﬁIJWIJi‘i:H’JN'IIﬂ.lﬂ'i U'lillﬁz‘llﬂl‘iﬂﬂﬂﬁ'!lﬂiﬂﬂﬂllﬂﬂQ‘d’Jﬂ‘N

aawdiusezdiullawmguindeulanill navessuuseuuazfiwesedu

An J = o oo a’
NINAVULA NUTUAUTAIU
Lp
Vp/Vs=Np/Ns=Is/Ip uUnz Np/Ns= Te
5
lao Np = A mmsouveva Insus
Ns = ASIUINTOVYDIVALTAUATT
vVp = Aussiuanasouvalnsus
Vs = ANISIAUANAS DLVAIFAUAS
. 4 . 4
Ip = fnmumiioniwealnsus
ILs = AN T NIVOIVALFAUATS
p = mnszuan InaduvaInsuis
] o ' o =
Is = fAnszuan THar uvaIsiua13

PN NUFURUT Vp/Vs = Np/Ns 1015 0f muaam 1$ 10 s ouve wasiua 13 14aai
Ns1 =NpVs/Vp
=5x12/12=5 30U
Ns2 = 5x25/12 = 10 501
- PMINMUAYHIAYEIYARIA
UnAmaiuvaainez19a1an0a 1011101 (enameled copper wire) laun1s
finusvuaveuduarsmusednnunnandni linsenfusisniwazdoaves

iWuala
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Py <t
@1519M 2 naasswazidsaveuduada

Dimeter over insulation Norminal
(inches) Resistance Current capacity in milliampare
AWG Circular
Per1000 ft base on 1000 c.m/A
Min Max Mil arca
8 0.139 0.133 16510 0,6281 16510
9 0.116 0.119 13090 0.7925 13090
10 0.104 0.106 10380 0.9985 10380
11 0.0928 0.0543 8230 1.261 8226
12 0.0329 0.0847 6530 1.588 6529
13 0.0741 0.0757 5180 2.001 5184
14 0.0667 0.0682 4110 2.524 4109
15 0.0595 0.0609 3260 3.181 3260
16 0.0532 0.0545 2580 4.020 2581
17 0.0476 0.0488 2050 5.054 2052
18 0.0425 0.0437 1620 6.386 1624
19 0.0380 0.0391 1290 8.046 1289
20 0.0340 0.0351 1020 10.13 1024
21 0.0302 0.0314 812 12.77 812.3
22 0.0271 0.0281 640 1620 640.1
23 0.0244 0.0253 511 20.30 5108
24 0.0218 0.0227 404 25.67 404
25 0.0195 0.0203 320 3237 3204
26 0.0174 0.0182 253 41.02 252.8
27 0.0157 0.0164 202 51.44 201.6
28 00141 0.0147 159 65.31 158,8
29 0.0127 0.0133 128 81.21 1273
30 0.0113 0.0119 100 103.7 100
3 0.0101 0.0108 79.2 130.9 79.21
32 0.0091 0.0098 64 162 &4
33 0.0081 0.0088 504 205.7 50.41
34 0.0072 0.0078 397 2613 39.69
35 0.0064 0.0070 314 330.7 3136

L 3 r 4
1NMIAIUNIACAC IBBNAIUMUNLIUNSZIAN 200 cV/A LAZIIABINTS
4 .2 ley o o A -
pszuMmeIIA 4 A Aniuvuirveadualan 1y 200 x 4 = 800 ileABIIUIIM

13 1ud7 asdudunrawes 21
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ASBENUUUAIAIBININN
ATseBNLULANNTHENI1MEIR MBI (Out Power Inductor)

o .A » o A ('] r
FaqfifionhaniiuunudamiloninnnTdun erurdes1sd unuleseumures(iron

powden) llaliNUOAIMB T uDATB(molypermalloy, MPP)

A n: ) cl’ ] g 5 o o =‘ °
wunu'nmuﬂma1uﬁ'1uuﬂﬁr]mﬂumﬁﬁmu1=n’uﬂ'unuﬁ'1umsaammummumm
» t
frda Taodidauals i s1m1imin v, 3ls,aa udnseiaIssomdraneniiudugulu

r-] o & -] :
nstdenuazmsantulednnis

A L] -y A
nau'leseumuaesiiaz MPP drulngjezrimnlugiiuumessud (orodiileaninuny

ewuiimnzeidumnes 14 lﬁmﬂnﬁqmﬂmﬁﬁ'ﬁ:
1. mmnu‘mﬁuﬂgnéguﬁaqq
2. ihuazmumdnamdinand
3. flvualdidenlding
msfmaasvesdmienhannsedmoaldnn
L=E_t40.25,, Tav 1= %[(-E /E)A
fmaum 1= %l(1-25/50)/(35x107)] = 7.14 us

Alu L =25x7.14x10%/0.25x4 = 178.5 uH

prsenuBUR NIz gmaeninm

deidosiliisdiuedianniesarmunszumvaz1§augaqa, mudaiat uas
yiiavesConverterit 1§ Togtiuiionldupudido Insladn Fuilsmdnmmeyonusien
(ESRY¥ F9A1 ESR 1] sediann lnvnssfumsnszRouveanssdue iy uaze1gn1s amvea
dumnlszydao 1A ESRiiAgan i:ﬁﬂﬁtﬁﬂf’ﬂﬁumqqlﬂuluﬁmﬁuﬂ'i:wﬁ'mmu duwa

- ¥ = .‘.'
mliiiannudou uazeyns auduas
® v w oo o ° o
afmnumsRadulszgenhymdgaasodn 1dnngas
A
c.=AIssfAv, e 1,=0251
I, i NIzUmMBYY
o A

Av Ao ussdunszieuninveaiiseen
F fie Anwd g

o d
fufoutput2sV €, = 1/8x35x10°x1 = 3.57 uf
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finudoutputl2V  C, =0.25/8x35x10°x1 = 0.89 uF

3.4.2 NANMIMINYE2993 Switching Power supply

Mainuvensssenmdgonuessaudunn Iase 12v swiifuorounaives
wianlaanmiuyemmamasziaTaonisandensasuilutieg #n0wd 35k MU
v r ¥ P < o r o L=
A landenlasnnutige Sueninavenfominsssdefnaesionszua uaznsos
o o 3 a J o o/ A

ussdubiiSon udrhnsdeundusussuenina ldndnndnesagy Monsuguld

o o d a = vod 2 A a4
vemafidnhinszumnniunindssasmunsildouninvensduiierana dassinam

o d 4
Musdueanansi
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wnansiidwenasianubdmsunislsnuionisnwiniy lweygslmhluladsslosununisen

lunsdllas visdu dnnamuillndnudadilen wagnedensdisaivesenarsynaseninisiluly
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wnansiidwenasianubdmsunislsnuionisnwiniy lweygslmhluladsslosununisen

lunsdllas visdu dnnamuillndnudadilen wagnedensdisaivesenarsynaseninisiluly
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uni 5

4
aqfisneiasmsioueuus

5.1 apfiensed

M3IOONUYY Class D Power Amplifier 18M1n13#011 M3%191MY892993 Class D power
Amplifier TapdimsAnymdnnmahiauvesmsnssiadinduegiomes PWM) nisiam
uann:n1nwwuuua‘1‘n=§§a Haz N3 Power supply AIUNANNMIVDY Class D Power
Amplifier

Tuszozusn1&dnuBannudforfundnmaves Class D Power Amplifier Tudaud

199 192111114 1uMs00AULI9935 Class D Power Amplifier Ta1299389 naurlioniiy
1. nesedRadInanognes (PWM)

2. NUEMANIBIYUA AT

32993 N58IANINDAN (Low Pass Filter)

4.19935910M a3 T 1weas2 1Y Power supply

5.2 JamimulumsdfiRanueznsudym

1. psmgUnselAdgumiRamdesmniuseutiamonisdemiginseiigumnialnd
RS bnewamsmanesd dfunaanden Tnndute

2. qUnsali lTinnumanyiammaseudugeondeiineu Ak wmuil§innm
Aanata 5% 9 galussdunidsSahiaeshem LifilszAnimmaui TaonmzdiodesTy
Ardestinesideinoates sumuidgeilgmdandnamunsoudtvidlaomsl§gunsali
InmmAssmmlesdniuiine midswl nsrdwdeafugedunmnlszininaideans ¥
i

A d. o d' » g o A 12
3.’Nii‘lﬂlﬂﬂ']iﬂiﬂﬂﬂ'ﬂl!ﬂ‘ﬂ‘lUUﬂllUUﬂ'lﬂ’NiiﬂUNi :umzawamnaammu'luﬁuﬁ'

nufadgygs sunumesiunes
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Hniladed 1904

390 AdBIMIMINY, M’Hle'himnﬁumsﬁnw-umﬂ‘a‘n%mqnamaf", HINBUAN
inesBdnmIniing aiudl 160, figuiou 2539

giand du, "maiiauaznsesnuuueiadumneisnmaer, wuma'ne, figuieu
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1N4728 THRU 1N4764

ZENER DIODES

FEATURES
DO-41 Glass + Silicon Planar Power Zener Diodes
A e
, + For use in stabilizing and clipping circuits with -
5 i high power rating.
&
gl b ¢ Standard Zener voltage tolerance is +10%. Add
= !/ . @ 0102 (2.6 suffix “A” for 5% tolerance. Other Zener voltages and
SE SR CRIEEY tolerances are available upon request.
f i __Cathode ¢ These diodes are also available in the MELF case with type
g ":' Mark designation ZM4728 thru ZM4764
sl |
8 ;ﬂ;;
'; _|j| mex 20034 @56) MECHANICAL DATA
"l Case: DO-41 Glass Case
1

Weight: approx. 0.35 g

Dimensions in inches and (millimeters)

MAXIMUM RATINGS

atings at 25°C ambient temperature unless otherwise specified.

SYMBOL VALUE uNnIT

ener Current (see Table “Characteristics”)
rower Dissipation at Tamb = 25°C Piot 1.0 Watts
unction Temperature Tj 175 °C
itorage Temperature Range Ts - 6510 +175 °C
‘haracteristics at Tamb = 25 °C

SYMBOL MIN. TYP. MAX. umt
herrTlaI ReSista.nce . RihJA _ _ 1700 C/W
unction to Ambient Air
orward Voltage VE - - 1.2 Volts
1F = 200 mA
OTES:

) Valid provided that electrodes at a distance of 10mm from case are kept at ambient temperature

. GENERAL )
:6 SEMICONDUCTOR
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1N4728 THRU 1N4764

ELECTRICAL CHARACTERISTICS

jatings at 25°C ambient temperature unless otherwise specified.

Nominal Test Maximum Zener impedance'” Maximum .
Zenerm current reverse leakage current csut::g:t n‘z:::g:‘;‘
voltage current®?
at ZzT at at
Izt at Izt Zzk Izk Ir at Ve Ta = 25°C
Type vzVv Izt mA (0] Q mA HA v Ir mA Izm mA
1N4728 3.3 76 10 400 1.0 100 1 1380 276
1N4729 3.6 69 10 400 1.0 100 1 1260 252
1N4730 3.9 64 9 400 1.0 50 1 1190 234
1N4731 43 58 9 400 1.0 10 1 1070 217
1N4732 47 53 8 500 1.0 10 1 970 193
1N4733 5.1 49 7 550 1.0 10 1 890 178
1N4734 5.6 45 5 600 1.0 10 . 2 810 162
1N4735 6.2 41 2 700 1.0 10 3 730 146
1N4736 6.8 37 3.5 700 1.0 10 4 660 133
1N4737 7.5 34 4.0 700 0.5 10 5 605 121
1N4738 8.2 31 4.5 700 0.5 10 6 550 110
1N4739 9.1 28 5.0 700 0.5 10 7 500 100
1N4740 10 25 7 700 0.25 10 7.6 454 H
1N4741 11 23 3 700 0.25 5 8.4 414 83
1N4742 12 21 g 700 0.25 5 9.1 380 76
1N4743 13 19 10 700 0.25 5 9.9 344 69
1N4744 15 17 14 700 0.25 5 11.4 304 53
(IN4745 {163 5.5y 16 700 0.25 5 12.2 285 ( 575
1N4746 I8 kil 20 750 0.25 5 13.7 250 50
1N4747 20 125 22 750 Q.25 5 15.2 225 45
1N4748 22 11.5 23 750 .25 5 16.7 205 41
1N4749 [ 24> 10.5 25 750 0.25 5 18.2 190 38
1N4750 27 9.5 35 750 0.25 5 206 170 34
1N4751 30 8.5 40 1000 0.25 5 22.8 150 30
1N4752 33 7.5 45 1000 0.25 5 25.1 135 27
1N4753 36 7.0 50 1000 0.25 5 27.4 125 25
1N4754 39 8.5 60 1000 0.25 5 29.7 115 23
1N4755 43 8.0 70 1500 0.25 5 32.7 10 22
1N4756 47 5.6 80 1500 0.25 5 35.8 g5 19
1N4757 51 5.0 95 1500 0.25 5 38.8 a0 18
1N4758 56 4.5 110 2000 0.25 5 42.6 80 16
1N4759 62 4.0 125 2000 0.25 5 47 1 70 14
1N4760 68 3.7 150 2000 0.25 5 51.7 65 13
1N4761 75 3.3 175 2000 0.25 5 56.0 60 12
1N4762 82 3.0 200 3000 0.25 5 62.2 55 1
1NA763 9 2.8 250 3000 0.25 5 69.2 50 10
1N4764 100 2.5 350 3000 0.25 5 76.0 45 9
IOTES:

1) The Zener impedance is derived from the 1KHz AC voitage which resulis when an AC current having an RMS value equal to 10% of the Zener current (iZT or Iz}

is superimposed on IzT or Izk. Zener impedance is measured al two points 1o insure a sharp knee on the breakdown curve and to eliminate unstable units
) Valid provided that electrodes at a distance of 10mm from case are kept at ambient temperature

3} Measured under thermal eguilibrium and DC test conditions

©
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RATINGS AND CHARACTERISTIC CURVES 1N4728 THRU 1N4764

04

0.2

Admissible power dissipation
versus ambient temperature

Valid provided that ieads are kept at ambient
temperature at a distance of 10 mm from case

1N4728 ... IN4764
\
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\
\\
N
\\
\
\
0 100 200°C
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K E E SEMICONDUCTOR KTA1281

KOREA ELECTRONICS CO.LTD. TECHNICAL DATA EPITAXIAL PLANAR PNP TRANSISTOR

POWER AMPLIFIER APPLICATIONS.
POWER SWITCHING APPLICATIONS.
FEATURES
« Low Collector Saturation Voltage
D Versan=-05V(Max.) (Ic=-1A)
- High Speed Switching Time © tq=1.0uS3(Typ.) DM MLU::E:;"S
» Complementary to KTC3209. ; 5.20 WAY
c 0.60 MAX
D 2.50 MAX
E 1.15 MAX
VIAXIMUM RATINGS (Ta=25TC) : ’A,'f;“
H 3
CHARACTERISTIC SYMBOL | RATING | UNIT T iseress
X 035 MIN
Collector-Base Voltage Vcso -50 Vv o
N 25
Collector-Emitter Voltage Veeo -50 \Y o 125
P 81.50
Emitter-Base Voltage Vero -5 \% R Ly oo
S 1.00
Collector Current Ic -2 A z Comfron
3. BASE
Collector Power Dissipation Pc 1 W
TO—-92L
Junction Temperature Tj 150 T
Storage Temperature Range Tep _55~150J T
‘LECTRICAL CHARACTERISTICS (Ta=25T)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. { MAX. { UNIT
Collector Cut-off Current Icso Vep=-50V, 1z=0 - - -0.1 LA
Emitter Cut-off Current Irso Vep=-5V, 1c=0 - - -0.1 LA
Collector-Emitter

= = - - - V
Breakdown Voltage Viercgo | Ie=-10mA, 1s=0 20
hre (1) Veg=-2V, Ic=-0.5A (Note) 70 - 240
DC Currenmt Gain
hre (2) Veg=-2V, Ic=-150A 40 - -
Collector-Emitter
VeEtsa =- =-0. - - -05 A%
Saturation Voltage CElsan Ie=-14, Is=-005A
Base-Emitter
=- =~ - - L \%
Saturation Voltage Veesao | le=-1A, 1s=-005A 1.2
Transition Frequency fr Vee=-2V, Ie=-05A - 100 - MH:z
Collector Qutput Capacitance Cob Vep=-10V, 1:=0, f=1MHz - 40 - pF
T'urn-on Time ton a0ps ﬁxm —— OUTPUT - 0.1 -
Switchin . WA
Time & Storage Time Lstg lm[ gy - 1.0 - S
~1g;=1gp=0.05A 2
Fail Time U DUTY CYCLE = 1% Vep=—30V _ 0.1 _
ote @ hi(1) Classification 0:70~140 , Y:120~240
LA ATANEE FaUR I | TV el e RNTL N L wa K ] 1/



KTA1281

Ic (4)

BASE-EMITTER COLLECTOR CURRENT

VOLTAGE Vcg (V)

COLLECTOR-EMITTER VOLTAGE
Ve (V)

DC CURRENT GAIN hrg

STATIC CHARACTERISTICS

I [
-2.0 AR 1
- N, =I5
1.8 %\\ — =
3 =10
-1.2 o) . _3
-0.8 4] =
-0.4 \ Ig=-2m4 -
N i)
-0.4
-0.8 — COMMON
~-1.2 Ta=25C
I Y O

-30-20-10 0 -2 -4 -6 -8
BASE CURRENT COLLECTOR EMITTER

Ig (mA) VOLTAGE Vcg (V)
Veg - ¢
-1.2
COMMON EMITTER
10 Ta=100"C
) g o 9 [ ]
AT
‘_O.B /] ) ahs
aiAVAV, // &
N
— d W\
_04 V' A /200
' /Y VAN
Yvir
-0.2 .
0

0 -04-08-12-1.6-2.0-24 -2.8
COLLECTOR CURRENT Ic (&)

hgg - I¢
1k
COMMON EMITTER
500 VcE=-2V
300
Taz100°C
T
Tac25'C u
100 L RN
Tac b5
50 =
30
10
-0.01 -0.03 -0.1 -03 -1 -3

COLLECTOR CURRENT lc (A)

Vee - Ic

<)

-1.2
2 COMMON EMITTER
B Te=25C
2 _-1.0 3
= T
%o -0.8 SN S8
B I AR BV
= O y
& ;51 0.6 IL / // ol
& -0.4 [ F200
(=]
B [ d
g -0.2
g o .

0 -0.4-08-1.2 -1.86 -2.0 -2.4 -2.8
COLLECTOR CURRENT Ic (A)
Vee — I¢

B 1.2
2 COMMON EMITTER
= Ta=-55C
8 _1.0 l
S _os SCSISI S8

—U. — /
E':; a TV AA .3?
E~ o6 ot | ">
2 8 il /] P
e 2 LA /A ~200
L -04 .
= /A
= A,
5 -0.2
(=) 0 r
[ &

0 -04-0.8-1.2 -1.6 -2.0 -2.4 -2.8
COLLECTOR CURRENT Ic (A)

LR Ta Yo N
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KTA1281

Vegeat) ~ Ic

A
S -1 —
g F COMMON EMITTER ——
ﬁ -0.5 ,IC/IB=20 Y 4
% -03 / 4
"3
oom A
El’ﬂ
£ -0.1 2308,
29 _0.05 b,
12 Ttz
Ot — ==
5n-0.03 Ta=25°C
=
§>
-0.01
2 -0.01 -0.03 -0.1 -03 -1 -3
COLLECTOR CURRENT Ic (A)
Ic - Vg
= -20
~ [ COMMON EMITTER
o Veg =2V
- -1.5 []
= ol fe
5 -1.0 niiln
o &1 18S
=
= =05
8]
3 /]
2 /,
& 0
0 -04 -08B -12 -1.6 -2.0
BASE-EMITTER VOLTAGE Vgg (V)
PC - Ta
2,
S 1200
E 1000
% N
(2]
Bg 800 AN
2 g
B~ 600
g o
[« I
. 400
N
5 200 N
o 0
v 0 40 80 120 160 200

AMBIENT TEMPERATURE Ta (°C)

VBE(sat) — Ic

-1
S FCOMMON EMITTER
Eo -05 [lc/Ig=20
<>,
S5 -03
Ha
< @
B
2]
B> 0,1 2] Ta=-55°Cot
B T
og - 0-05 Ta=25'C
?E‘—o.os H1] Ta=100°C
o
B
}
R ~0.01
-0.01 -0.03 0.1 -0.3 -1 -3
COLLECTOR CURRENT Ic (A)
SAFE OPERATING AREA
) :g Te MAX (PULSED)S T
1c MAX.[CONTINUOUS)N \:
4 —ﬁ i 1 %
— N D,
-1 S 0,0 — N
E 0.5 ™~ M * Y
—y. N h\}
% 0.3 ‘%4»
% Jag
© * SINGLE R |
@ ~O-1E NONREPETITIVE EEFRC:
© _0.05F PULSE Ta=25'C T X 3
© —0.03 [CURVES MUST BE
g | DERATED LINEARLY WITH 2
INCREASE IN TEMPERATURE K
v} -0.01 LLLp g 1 b ELtIE f
&) .
-0.2 -05-1 -3 -10 -30 -100
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KE E SEMICONDUCTOR KTC3209

KOREA ELECTRONICS COQ.LTD. TECHNICAL DATA EPITAXIAL PLANAR NPN TRANSISTOR

POWER AMPLFIER APPLICATION.
POWER SWITCHING APPLICATION.
FEATURE
- Low Saturation Voltage.
. VC)E‘.sa]FOﬁV(MAX) e=1A)
. H]gh Speed SWi[Ching Time : tslgzl.O#S(TYP.) DM | MILLIMETERS
- Complementary to KTA128]. A 7.20 MAX
B 520 MAX
C 0.80 MAX
MAXIMUM RATINGS (Ta=25T) 2 ff:::
F 127
CHARACTERISTIC SYMBOL | RATING | UNIT c 170 WA
H 0.55 MAX
Collector-Base Voltage Vero 50 v : ';;5'&;:(’
L 0,75 0.10
Collector-Emitter Voltage Vero 50 Vv u ¥
N o5
Emitter-Base Voltage Vero 5 v z .ii::
Q 0.10  MAX
Collector Current Ic 2 A 1. EMITTER R_| 1230050
2. COLLECTOR S L0
Emitter Current Ig -2 A a pasE
Collector Power Dissipation Pc 1 W
TO-92L
Junction Temperature T, 150 T -
Storage Temperature Range Teg -55~150 T
ELECTRICAL CHARACTERISTICS (Ta=25T)
CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
| Collector Cut-off Current Icwo Vep=50V, 1g=0 - - 01 uA
Emutter Cut-off Current Ieno Vep=hV, =0 - -] 0.1 HA
Collector-Emitter _ _ | _ -
Breakdown Voltage Visceo | 1c=10mA, 15=0 = v
Emitter-Base . - . - -
Breakdown Voltage Vippeso | 1s=ImA, 1c=0 5 v
, hell) 1 V=2V, 1e=05A 70 - 240
. . ote)
DC Current Gatn hon(2)
FE o : - -
(Note) Vep=2V, I=1.5A 40
Collector-Emitter - _ _ _
Saturation Voltage VcEisa Ic=1.0A, Iz=0.05A 05 Vv
Base-Emitter Satiratopm Voltage VBESAT Ic=1.0A, Ig=005A - - 1.2 v
Transition Frequency fr V=2V, 1c=05A - 100 - MH:z
Collector Output Capacitance Cob Vep=10V, =0, f=-1MHz - 30 - pF
Turn on Time ton 2ous . v 0.1 -
]Bl}:_ Input o 300
Switching Time Storage Time st 0 Ise The - 1.0 - us
: @t _
Fall Time l Dty Corte S 1% - 01 -

Note : hiz  Classification O0:70~140,  Y120~240

1G60A 1111 Rewvician Nn - 1 B 7 == g—= 1/?



KTC3209

STATIC CHARACTERISTICS z
B m
& ) A
B 24 nE .
& 2529 2]
o 20 jx 108 151 ;
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g 50 5.
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KTC3209
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National
Semiconductor

LM118/LM218/LM318
Operational Amplifiers

General Description

The LM118 series are precision high speed operational am-
piifiers designed for applications requiring wide bandwidth
and high slew rate. They feature a factor of ten increase in
speed over general purpose devices without sacrificing DC
performance.

The LM118 series has internal unity gain frequency compen-
sation. This considerably simplifies its application since no
external components are necessary for operation. However,
unlike most internally compensated amplifiers, external fre-
quency compensation may be added for optimum pertor-
mance. For inverting applications, feedforward compensa-
tion will boost the slew rate tc over 150V/ps and almost
double the bandwidth. Overcompensation can be used with
the amplifier for greater stability when maximum bandwidth
is not needed. Further, a single capacitor can be added to
reduce the 0.1% settiing time to under 1 ps.

The high speed and fast settling time of these op amps make
them useful in A/D converters, oscillators, active filters,

August 2000

sample and hoid circuits, or general purpose amplifiers.
These devices are easy to apply and offer an order of
magnitude better AC performance than industry standards
such as the LM709.

The LM218 is identical to the LM118 except that the LM218
has its performance specified over a -25°C to +B5'C tem-
perature range. The LM318 is specified from 0°C to +70°C.

Features

® 15 MHz small signat bandwidth

m Guaranteed 50V/ps slew rate

& Maximum bias current of 250 nA

® Operates from supplies of x5V to £20V

® Internat frequency compensation

m Input and output overioad protected

| Pin compatible with general purpose op amps

Fast Voltage Follower
{Note 1)

5 pF

R1?
10K

ouTPUT

10K 3

00776613
Note 1: Do not hard-wire as voltage follower (R1 > 5 kQ2)

© 2004 Nationat Semiconductor Corporation DS007766 www.national.com
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LM118/LM218/LM318

Absolute Maximum Ratings (vote 7)

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

Supply Voltage
Power Dissipation (Note 2)

Differential Input Current (Note 3)

Input Voitage (Note 4)

Output Short-Circuit Duration

Operating Temperature Range
LM118

20V

500 mwW
+10 mA
15V
Continuous

-55'C to +125'C

Lead Temperature (Soldering, 10 sec.)

Hermetic Package
Plastic Package
Soldering information
Dual-in-Line Package
Soldering (10 sec.)
Small Outline Package
Vapor Phase (60 sec.)
Infrared (15 sec.)

300°C

260°C

260°C

215°C
220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering

LM218 -25°C to +85°C surface mount devices.
LM318 0°C to +70°C ESD Tolerance (Note 8) 2000V
Storage Temperature Range -65°C to +150°C
Electrical Characteristics (note 5)
Parameter Conditions LM118/LM218 LM318 Units
Min Typ | Max Min Typ | Max
Input Oftset Voltage Ta=25C 2 4 4 10 mv
Input Ottset Current Tn=25C 6 50 30 200 nA
Input Bias Current To=25C 120 | 250 150 | 500 nA
Input Resistance Ta=25C 1 3 0.5 3 MQ
Supply Current Ta=25C 5 8 5 10 mA
Large Signal Voltage Gain Ta=25C, Vg = £15V 50 200 25 200 vimv
Vour = 210V, R 2 2 kQ
Slew Rate Ta=25C, Vg =215V, A, =1 50 70 50 70 Vips
(Note 6)
Small Signal Bandwidth Ta=25'C, Vg = 15V 15 i5 MHz
Input Oftset Voltage 6 15 mV
Input Ottset Current 100 300 nA
Input Bias Current 500 750 nA
Supply Current Ta=125C 4.5 7 mA
Large Signal Voltage Gain Vg = £15V, Vour = 10V 25 20 vimv
R .z 2kQ
Output Voitage Swing Vg= =15V, B =2k} *12 13 +12 +13 ')
Input Voltage Range Vg = 215V +11.5 *11.5 v
Common-Mode Rejection Ratio 80 100 70 100 dB
Supply Voltage Rejection Ratio 70 80 65 80 d8

Note 2: The maximurm junction temperature of the LM118 is 150°C, the LM218 is 110°C, and the LM318 is 110°C. For operating at elevated temparatures, devices
in the HOB package must be derated based on a thermal resistance of 160°C/W, junction to ambient, or 20°C/W, junclion to case. The thermal resistance of the
dual-in-line package is 100°C/W, junction to ambient.

Note 3: The inpuls are shunted with back-to-back diodes for ovesvoltage protection. Therelore, excessive current wilt ow 1t a difierential input voltage in excess of
1V is applied between the inputs unless some limiting resistance is used.

Note 4: For supply voliages less than +15V, the absolute’maximum input voltage is equal to the supply voltage.

Note 5: These specilications apply for £5V € Vg € 20V and ~-55'C € Ty € +125°C {LM118}, -25°C £ T4 § +85°C (LM218), and 0°C < Tp < +70°C (LM318). Also,
power supplies must be bypassed with 0.1 uF disc capacitors.

Note 6: Slew rate is lested with Vg = 15V. The LM118 is in a unity-gain non-inverling configuration. V) is stepped from ~7.5V to +7.5V and vice versa. The slew
rates beiween -5,0V and +5.0V and vice versa are tested and guaranteed to exceed SOV/us.

Note 7: Refer to RETS118X for LM118H and LM118J military specifications
Note 8: Human body model, 1.5 k() in series with 100 pF.

www national.com




Typical Performance Characteristics
LM118, LM218

INPUT CURRENT {nA)

SUPPLY REJECTION (d8)

COMMON MODE REJECTION {dB}

Input Current
200 T
150 |—1 m1as
100 1
50

Vg = 215V

-

e N B O m B o

=55 -35 -15 5 25 45 65 B85 105 125
TEMPERATURE {*C)

QOT76625
Power Supply Rejection
100 r
n Ta=25°C
80 {
M POSITIVE SUPPLY
50 0
: A p
a0 - NEGATIVE SUPPLY 4
20 i \
1
i} 1 ~§_
-20 4

100 1k 10k 100 L] 10M
FREQUENCY (H2)
00776627

Common Mode Rejection
120

T
Rg = 2kN}
10Q TA'= 25°C

" ™

N
50 AN

a0

20

100 1k 0k 100k M 10m

FREQUENCY (Hz2)
00776629

NOISE (nV/\/Hz) VOLTAGE GAIN (dB)

SUPPLY CURRENT (ma)

115

(1]

105

100

Jooo

1000

300

100

30

55

50

45

4.0

Voltage Gain

[ ——— Ta=25"C
<
LT, - 125°C

5 10 15 20

SUPPLY VOLTAGE {1V}
Q0776626

Input Noise Voltage

Ta=25C
[} Vs =218V

11
21
i

HIE 1
10 100 1k 10k 100k
FREQUENCY (Hz}

00776628

Supply Current

Ta:25C—

Ta = 125°C

5 10 15 20
SUPPLY VOLTAGE (V)

00776630
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LM118/LM218/LM318

INPUT CURRENT {nA) OUTPUT IMPEDANCE {0}

SLEW (Vi)

Closed Loop Output

Impedance
3
10 V=215V
Ta=25C
10? -
—
Ry = mn%/
0’ T
109 \ _ A
A, /
10"
10 2 : 7
10-3
1 100 1k 10k 100k 1M
FREQUENCY (Hz)
00776631
input Current
500 1
Ta=25°C
400
200 Y
0
-200
400
-600
-08-06-04-02 0 02 04 06 08
DIFFERENTIAL INPUT {V)
00776633
Voltage Follower Slew Rate
He T 11
120 POSITIVE SLEW
o
110 M
100
90
NEGATIVE SLEW
80
Vg = 115V ""‘r\
70 }Rs=R,=10kQ
Ci=5pF
50 — I\ 1

-§5 -35-15 5 25 45 55 B85 105 125
TEMPERATURE {°T)

00776635

UNITY GAIN BANDWIDTH {MH2) QUTPUT SWING (£V)

QUTPUT YOLTAGE (V)

12

W

28
22
20

Typical Performance Characteristics Lmt1s, LM218 (Continued)

Current Limiting

Vg = 15V
\

Ta=125"C

Ta=125'C

5 10 15 20 25

QUTPUT CURRENT {mA)
00776632

Unity Gain Bandwidth

] v =220v

-55-35-15 5 25 a5 &5 85 105125
TEMPERATURE {*C)

007765634
Inverter Settling Time
|
10my
300 mV 1 mvi—]
A ¥
Vg = $15V
Ta =25'C ™ \\
Rs = 5k Ui
B, -5k 100mV
C=10pF Wmv
Csy = 0.1 pF |
0.03 0. 02 1 3
TIME us)
00776636

www.national.com




Typical Performance Characteristics Lmi1s, Lm218 (Continued)

Large Signal Frequency

Response
) Taiase
a=2C |
'2 \ Vs=:til\f
§ 0
(L]
z 3
13
E B
2
= \\
2 8
2
N“
]
O5M 1M M 5M  10M 20M  50M
FREQUENCY (Hz)
00776637
Voltage Follower Pulse
Response
4]
16
12
O
© INPUT—~4 4 OUTPUT
z 4
x
wo g
2
-
s 8
>
-12
Vg = 215V
-8 Ta=26C ]
-20 A
02 02 U8 10 14 18
TIME (us)
Q0776638
Open Loop Frequency
Response
120 T
Vg =115V
100 Ta-25C 120
gwn P, 120 ¥
z AN Z
EL N PHASE 7—{ 135 c
] %0 =
<<
= 3
S a5 8
FEEDFORWARD ‘\
0 ]
GAINY
_20 H

10 100 thk 10k 100k 1M 10M 100M

FREQUENCY {Hz)
00776641

1

2 8§ & 8B

VOLTAGE GAIN (dB)

Open Loop Frequency
Response

T
A\ Ta=25%C

N ve=tisy |25
N ] LT 180
N

\\ I['HASEI, / -
XA
N

(senbop) 9y ISYHd

A a5
N

\ ]

0 100 1k 10k 100k 1M 1OM 1DOM

OUTPUT SWIKG (V)

VOLTAGE SWING (V)

FREQUENCY (Ha)
00776638

Large Signal Frequency
Response

14

TT1
Ta=25C ||
Vg =115V

12

FEEDFORWARD

™ k| 10M 30m 100M
FREQUENCY (Hz)

Q0776640

Inverter Pulse Response

INPUT —{ OUTPUT

L o
1"

- L 2 1 I 1
FEEDEGRWARD |71, -25°C

l l I ] Vg =115V
-20 A
01 0 0.3 0.5 67T 08
TIME {s)

00776642

www.national.com
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LM118/LM218/LM318

Typical Performance Characteristics
LM318

input Current
200 I

150 t
BIAS

OFFSET

INPUT CUH'HENT (nA}
J\V
IV

0 10 20 30 40 5 60 V0
TEMPERATURE (°C)

00776643

Power Supply Rejection

T
Ta=25C
80 !

—_ T

] \\l"osmve SUPPLY

= 1

s |

5 A | 2

S 40 |- NEGATIVE SUPPLY  y

[- <

o \

: \

=2

E N

0 i

-20

100 1k 100 100k 1M om
FREQUENCY {#3)

00776645

Common Mode Rejection
120

4
Rg= 240
Ta=257C |

100 e

80 \

N

40

20 N

COMMOCN MODE REJECTION (dB}

0
100 T 10k 100k m 10M

FREQUENEY (Hz}
00776647

T}

NOISE {nV

VOLTAGE GAIN (dB)

1%

10

105

100

95

Jooo

1000

300

100

30

10

55

5.0

45

SUPPLY CURRERT (mA)

40

Voltage Gain

T, =0C
y

—

i T
Ta=25°C “

\
Ta=T70°C

5 10 15 20
SUPPLY VOLTAGE k)

00776544

Input Noise Voltage

T, = 25°C
Vs =215V

Wl R = 100k

A

10 100 1k 10k 100k

FREQUENCTY (H2)
00776646

Supply Current

[ i
T4=0C

,IJ—
| i

Ta=25C

| e
=T

Ta=70°C

5 10 15 20

SUPPLY VOLTAGE v}
00776648
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Typical Performance Characteristics wmsis (Continuea)

JQUTPUT IMPEDANCE {0))

INPUT CURRENT (nA)

SLEW (Vi)

Closed Loop Output Impedance

w0
Vg =15V
w b T, £ 25°C
Ay = 1000 L~ |
1”0’ - -
- ™\
AV=V

w' /
02 —
w?

10 100 Tk 10k 100k 1M

FREQUENCY (Hz)
00776649
Input Current

600
400
200

]
-200
-0
-600 j \

08 -06 04 -02 0 02 04 06 OB

120

110

100

90

J0

OIFFERENTIAL INPUT (V)

00776651

Voltage Foltlower Slew Rate

T
POSITIVE SLEW ]
Vg =115V
R =R, = 10 KN
C,=5pF
NEGATIVE SLEW
—
——
P W0 20 30 40 50 60 70

TEMPERATURE {*C}

00776653

UNITY GAIN BANDWIDTH (MH3) OUTPUT SWING BV}

OUTPYT VOLTAGE (V)

Current Limiting
I
12 $%P
0
Ta=WC—
B i
Ta=25°C
]
q
?
Vg = £15Y
0 |
0 5 10 15 [ I
OUTPUT CURRENT {mA)
00776650
Unity Gain Bandwidth
22 T
¥i Vg =120V
ﬁ_:; | lvg=15v
v
18 ]
P— ' :\
16 Pt Ve =HOV -
—
1% Vg =28V T
| ~
1 1
D 10 20 30 & 50 60 70
TEMPERATURE {*C}
00776652
Inverter Settling Time
15
l 10 mv
i /
5 100 mv A T mvi—]
A4 14
D [ Vg =215V
newe NN (N
-5 TRg=5uN \\ 1 mVi—]
Re=5 M) 100 m¥Y
-0 fg,=10pF
! _n" ; wmv"
5 Cs7=004 1]
0.03 0. 03 ) 3
TIME ()
Q0776654
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LM118/LM218/LM318

Large Signal Frequency

Response
14 r T
i Ta=25°C
1 \ ‘ Vg =115V
ERRL , B
z s ; t !—
z ! l :
é 6 \ | , -
5 Ni [
a1 y I 1
i P
2 N H—t
i
0
O5M 1M 2M  5M oM 20M  50M
FREQUENCY (H2)
Q0776655
Voitage Follower Pulse
Response
20 . T
T
12 +4 - =
R
s \ NPUT =4 fl-OuTPUT
z 4 .
- A
& |
s V1
-
g ! 1% F
12 A
Vg =215V
-16 [ Ta= 25
20 el
-2 02 06 1.0 14 18
TIME {us)
00776657
Open Loop Frequency
Response
12
° A
s=il
100 T, - 25 1228
g 30 \\ o 3
z NG @
< 60 PHASE {ns e
o N r
B g an
9% =
£ )
2 20 - N 8% 3
FEEDF ORWARD \\
0 AN 0
GAIN
-20 1

10

100 1k 10k 100k M 0M 100M
FREQUENCY (Kz)

00776659

Typical Performance Characteristics Lm31s (Continued)

Open Loop Frequency

(aa163p) 97 ISYHS

Response
120 l ri T
'\ A=25'c
100 AN Vg - 15v 126
3w AN a0
:_z' \\ PHASE
2 60 N {135
b ):<
2 a0 \ 80
[
S 45
smr\
0 \ ]
-20

QUTPUT SWING £ty)

VOLTAGE SWING {V)

10 100 1k 10k 100k 1M 10M 100M
FREQUENCY (Hz}

00776856
Large Signal Frequency
Response
" TTTITT
12 Ta=25"C 1
‘ Vg = +I5V
10
8
6 ' | ; ; .
. i |
4 JEEA | i [ |
TN AR
; ! FEEDFORWARD
3 !
| N
0
™ m 10M 30M 100M
FREQUENCY {H1)
00776558
Inverter Puise Response
20
16 -
12
- e =} = 4
]

A\
mneuT— F—outpur

. /

&
| et

- —— e ane

FEEDFORWARD |7, = 25°C

_2,, L1

-1 01 @3 05 01 09
TIME {3z3)

Q0778660
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Auxiliary Circuits

Feedforward Compensation
for Greater Inverting Slew Rate
(Note 9)

5K
MV

IK

INPUT

QUTPUT

2.5K
BALANCE"

00776608
‘Balance circuit necessary for increased slew.

Note 9: Slew rate typically 150V/ps.

Compensation for Minimum Settling Time
{Note 10)
5pF -

I

10K

MV~

INPUT

OuTPUT

00776609

Note 10: Slew and settling time to 0.1% for a 10V step change is 800 ns.

INPUT

Offset Balancing

vt
200K
z —_—
[
LMI18
3
—

00776610

Isolating Large Capacitive Loads

Overcompensation

00776612

ouTPUT
100
G

00776611

www.national.com

8LEWTVSICW/8LLWT



LM118/LM218/LM318

Typical Applications

Cg = Large
(Cr 2 50 pF)

INPUT

Fast Voltage Follower
(Note 11)

Integrator or Slow Inverter

00776814

CUTPUT

00776613

“Do not hard-wire as inlegrator or slow inverter; insert a 10k-5 pF network in serfes with the input, to prevent oscillation.

Note 11: Do not hard-wire as voltage tollower (R1 2 5 k()

Fast Summing Amplifier

5pF

5K
INPUT

10K

INPUT

INPUT
QUTPUT

Q0776615

Differential Amplifier

10K
A AA

GuTPUT

00776616

www.nationai.com




Typical Applications (continued)

Fast Sample and Hold

10 pF
5K
2
]
OUTPUT
2N4391 3
INPUT
100K
1000 pF
INSi4 10pF =
SAMPLE
00776618

D/A Converter Using Ladder Network

5pF

5K 5K K

10K 10K 10K

FROM SWITCHES

00776619
*Optional — Reduces settling time.

11

www.national.com
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LM118/LM218/LM318

Typical Applications (continued)

Four Quadrant Multiplier

15

50K S0X

INPUT

AQultput zero,
YT 2ero

+X" zero

iFull scale adjust.

-

2N2272

150m
%

-15V

00776617

D/A Converter Using Binary Weighted Network

5pF

ouTPuUT

FROM SWITCHES

00776620

“Optional— Reduces setlling time.

www. national.com
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Typical Applications (continued)

Fast Summing Amplitier with Low Input Current
1313

QuTPUT

INPLT

BALANCE
vt
00776621
Wein Bridge Sine Wave Oscillator Instrumentation Amplitier
Rl +15Y
750 *
ouTPuT
- INPUY
500
+ INPUT ==AAA.
00776622
*L1—10V—14 mA bulb ELDEMA 1869
Rt = R2
Ct=C2 (MIB5-1.2
_
27A2C1 NI

200K
*Gain 2

9

for 15K < Ry < 200K

100K

00776623

13
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LM118/LM218/LM318

Schematic Diagram

, -
"y $nn *y
m A e n
(S hs N s
ot e iy -
" (13
o
nig LI}
0 i
A — O\ aré
5
o
13
I
I
[}
6or
3
L
arw
or ) 1
ar
2
o
an o o
2 n g < nis
P41 o $ Re <0
110
b - 9
00776601
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Connection Diagram

Dual-In-Line Package

Dual-In-Line Package
BAL/COMP - 1k U ! _cowr-1
-] o B
= 15 INPUT —2 .l-.-v*
BALANCE/COMPENSATION 1 3 i COMPENSATION 2 >]
— 4 >—L LN v NPUT 2 E  quteut
5 ]
INPUT+ * OUTPUT s 5
s q N —— BAL/COMP ~2
Y- [==— BALANCE /COMPENSATION 3
= K 00776603
Top View
0077862¢ Order Number LM118J-8/883 (Note 13),
Top View LM318M or LM318N
Order Number LM118J/883 (Note 13) See NS Package Number JOSBA, MOSA or NO8B

See NS Package Number J14A

Note 12: Pin conneciions shown on schematic diagram and typical applica- Note 13; Available per JM38510/10107.

tions are for TO-5 package.

Metal Can Package
(Note 12)

COMPENSATION-2

BALANLE/
COMPENSATION-1

0
INPUTS L o BALANCE/

COMPENSATION-]

00776602

Top View
Order Number LM118H, LM118H/883 (Note 13),
LM218H or LM318H
See NS Package Number HOBC

15 www . national.com
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LM118/LM218/LM318

Physical Dimensions inches (millimeters)

unless otherwise noted

0.350 — 0.370
[8.890 - 9.398)
0IA 0.315-0.935
®1T (8.001 - 8.508)
1 MAX
1 0.025
0.165-0.185 | O] :-JEN:I:JP;;TDLLED
(3.197-4.699) i '
REFERENCE PLANE — —— 1y SEATING PLANE
0.035
0.500 {0.889) T t 0.015-0.040

{0.381 - 1.016)

N

->| L+ 80160019 ) yyp

{0.406 — 0.483)
0.195-0.205 DIA

0.100 {4.953-5.207) P.C.
{2.540) TP
0.029-0.045
{0.737 -1.143)
0.028-0.034
————— 0.115-0.145
711 --0.864 —
0711-0 }\%,< [2.921-3.683)
DIA

45° EQUALLY
SPACED ~—=|

Metal Can Package (H)
Order Number LM118H, LM118H/883, LM218H or LM318H
NS Package Number HO8C

HOBC (REV £y

RO.O10 TYP

¢.220 0.310 uwaX
0.291 GLASS

R.025 TYP

0.045
= [ ooss™?

0.290 l+— 0.905 GLASS
" 0.320 MIN /sznum
0.180 i I /.

- 0.020
uax OQZA:O 1 T 0.060
f T o150
I f 0.125  MIN
: 0.200 [
) 90° + 4° TYP
950457 TYP N 0.310 ' 0.055 MAX —»f |=—
J 0.410 I BOTH ENDS ) i
5.008 0.018 2 0,003 TYP
0.012
0.10040.010 TYP L8 (REY K}

Ceramic DualIn-Line Package (J)
Order Number LM118J-8/883
NS Package Number JOSA

L.

www.national.com 16



Physical Dimensions inches (milimeters) uniess otherwise noted (Continued)

0,745
| {19.939}
0.025
“":ﬁ]’ 1.220-0.310
{5.588-7.874)
0.290-0.320 0005 0.200
{7.366-3.128) |n$1:‘) GLASS 0.060 +0.D0§ {5.080)
! S“"“"" Gscnizn ] MAX g 020-0.060
. T
am v = {2.500-1524)
4.572)
? 96°34° TYP § +
L 10° MAX 0.008-0.012
0.310-0470 | (0.203-0.305) D.018 +0.003 .“_.
1874-1041) 0.098 [__ A e 6.125-0.200
i 0.457 =0.0761 3.175-5.080)
MAX BOTH ENDS 0.100 :0.010 0.150
{2.540 +0.254) o
MiN 14k {REV G)
Ceramic Dual-In-Line Package (J)
Order Number LM118J/883
NS Package Number J14A
0.189-0.187
T T
s 7 6 s/
I b
Ap A AA
0228-0.244
{5.791-6.198)
0.010 pax
j 0254
LEADND.YY 7 2 3 & ;—f
IDENT 3‘#
0.150 - 0.357
{3810 -3 988)
0.010-0.020 . gov ol o 0053 -0 059
9.254 - 0.508) o max TIP (1.346—-1.753) 0.004 - 0.510
l ALLLEADS ¥ {002 -0.2%4)
& i—“* - _{ SEATING
| B
oo A f } PLANE
10.102) ! 0.014
0,008~ 0.010 TP D050 0.014 - 0.020 1yp
g LT ‘g':;:":‘g;‘.] 038 oo 1035 0.509)
X -1 0.1
TYF ALL LEADS enr i w & zm)m -— I

§.0. Package (M)
Order Number LM318M or LM318MX
NS Package Number MOSA

17
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LM118/LM218/LM318 Operational Amplifiers

Physical Dimensions

inches (millimeters) unless otherwise noted (Continued)

0.373—0.400
A 1016
0.090
? {2.266)
0092 8 [7] (5] [5] 0032 +0.005
am ~0 (0.81320.177)
oI D, 3 10BN ‘-@4 0.250:+ 0.005 AAD
: o (6.35£0.127) PIN ND. 11DENT
oPTioN 1 L® ¥ I
DN ERER
0.280 0.040
TRTT R 0.030 Tote o] e OPTION 2
——— MAX {1.016} 0.039
- {0.762) 303 0.145—0.200
9.300-0,320 5 0.145-0.200
™ Fezonizm | I il (0.997) (3,683 5.080)
o K] ¢ A A 0.130:+0.005 ]
ﬁ ‘ 1l Yy (3.30210.127) !
o8 45 4)‘ A 0130140
- 0.065 y {3.175-3.55)
0425 T 2000
oops-o0s _fl - aary 81 90° 140 (0.508)
{0.229-0.381) DIA TYP MIN
+0.040 HOM L L08£0.003
03257 o {0.457 £0.076}
(B 255 +1 _ms) 0.100+0.010
99 0,381 {2.580 +0.253)
0.M45£0.015
(1.143 % 0.381) 0.060
? 152
0.050
{1.270) NDBE (REY F!

Molded Dual-In-Line Package (N)
Order Number LLM318N
NS Package Number NOSE

LIFE SUPPORT POLICY

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

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

systems which, (a) are intended for surgical implant
into the body, or (b) suppont or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the

suppont 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.

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

BANNED SUBSTANCE COMPLIANCE

Nationa! Semiconductor certifies that the products and packing materials meet the provisions of the Customer Products
Stewardship Specification (CSP-9-111C2) and the Banned Substances and Materials of interest Specification
(CSP-8-11152) and contain no "Banned Substances” as defined in CSP-3-11182.

~

www.national.com

National Semiconductor
Americas Customer

Support Center

Email: new.feedback@nsc.com
Tet 1-800-272-9959

National Semiconductor
Eurcpe Customer Support Center
Fax: +49 (0) 180-530 85 86
Email: europe.support @nsc.com
Deutsch Tel: +49 {0) 69 9508 6208
English Tel: +44 (0) 870 24 0 2171
Frangais Tet: +33 (0) 1 41 9t 8790

National Semiconductor

Japan Customer Support Center
Fax: 81-3-5639-7507

Email: jpn.feedback @nsc.com

Tel: 81-3-5639- 7560

National Semiconductor
Asia Pacific Customer
Support Center

Emaii: ap.support@nsc.com

National does not assume any responsibility for use of any circuitry described. na circuit patent licenses are implied and Mational reserves the right at any time without notice to change said dircuitry and specifications.



TLO071, TLO71A, TLO71B, TL072

TLO72A, TL072B, TL074, TLO74A, TL074B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS0B0D - SEPTEMBER 1978 — REVISED AUGUST 1986
S S S S

® Low Power Consumption

¢ Wide Common-Mode and Differentiai
Voltage Ranges

¢ Low Input Bias and Offset Currents
Output Short-Circuit Protection

® Low Total Harmonic Distortion
0.003% Typ

description

Low Noise
V,=18 nVAHz Typ at f= 1 kHz

High Input Impedance . . . JFET Input Stage
Internal Frequency Compensation
Latch-Up-Free Operation

High Slew Rate . .. 13 V/us Typ

Common-Mode Input Voltage Range
Includes Voo +

The JFET-input operationat amplifiers in the TLO7_ series are designed as low-noise versions of the TLOB_
series amplifiers with low input bias and offset currents and fast slew rate. The low harmonic distortion and low
noise make the TLG7_ series ideally suited for high-fidelity and audio preamplifier applications. Each amplifier
features JFET inputs (for high input impedance) coupled with bipofar output stages integrated on a single

monolithic chip.

The C-suffix devices are characterized for operation from 0°C to 70°C. The I-suffix devices are characterized
for operation from —40°C to 85°C. The M-suffix devices are characterized for operation over the full military

temperature range of —~55°C 1o 125°C.

AVAILABLE OPTIONS

PACKAGE
Ta Viomax | SMALL CHIP CERAMIC { CERAMIC | PLASTIC | PLASTIC TSSOP FLAT
AT 25°C | QUTLINE | CARRIER DIP DiP DIP DIP PACKAGE PACKAGE
(D)t (FK) J) (JG) (N) (P (PW) w)
10my | TLO71CD TLO71CP | TLO7T1GPWLE
6mv | TLO71ACD — — — — TLO71ACP —_ —
3mv | TLO71BCD TLO71BCP —
0°C to 10mv | TLO72CD TLO72CP | TLO72CPWLE
70°C 6my | TLO72ACD — — — - TLOT2ACP — —
3mv | TLO72BCD TLO72BCP —
10mv | TLO74CD TLO74CN TLOT4CPWLE
6mv | TLO74ACD — — — TLO74ACN _ — —
3mv ] TLO74BCD TLO74BCN —
N TLO71ID —_ TLO71IP
‘2%0%‘° Bmv | TLO72ID — — — - TLOT2IP — —
TLO74ID TLO74IN —
_85°C to & my TLO71MFK — TLO71MJG — — -
1255C 6 mv — TLQ72MFK — TLO72MJG - TLOT2MP — —
9mv TLO74MFK | TLO74MJ — TLO74MN - TLO74MW

T The D package is available taped and reeled. Add the suffix R to the device type (e.g., TLO71CDR). The PW package is only available eft-ended

taped and reeled (e.g., TLO72CPWLE).

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

PRODUCTION DATA informalion is antent as of publication date.

testing of all parameters.

Products conform to specifications per the terms of Texas Instruments i
standard warranty. Production processing does not necessarily include TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1

Copyright © 1996, Texas Instruments Incorporated



TLO71, TLO71A, TLO71B, TLO72

TLO72A, TLO72B, TLO74, TLO74A, TL074B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOSO080D - SEPTEMBER 1978 - REVISED AUGUST 1996
———

TLO71, TLO71A, TLOT1B
D, JG, P, OR PW PACKAGE

TLO72, TLO72A, TLO72B
D, JG, P, OR PW PACKAGE

TLO74, TLOT4A, TLO74B
D, 3, N, OR PW PACKAGE

(TOP VIEW) (TOP VIEW) TLO74... W PACKAGE
- (TOP VIEW)
OFFSETN1 [] 1 8[JNC 10UT ] 1 Y 8l Vee + U
IN-[2  70Vees 1iN- (2 7[200T 10UT[} 1~ 1afl 40UT
IN+ []3 6 our 1IN+ [] 3 6 [] 2IN- 1IN—E 2 13{] 4IN—
Vee- [l 5[] oFFSET N2 Vee- s 5[l 2N+ 1IN+[] 3 12]} 4IN+
VCC+E 4 1] Vee -
2IN+[] 5 10]] 3IN+
2IN-[] 8 gaalN-
20uUT(} 7 8{] 30UT
TLO74 TLO72 TLO74
FK PACKAGE FK PACKAGE FK PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)
z 5 5 15 5
= O 000 pd ooz
% 4 9 4 9 pd - -O- z 9: =
) & CO O JLJLJL] s LI IUICIET
lio zz = NG a2 27 2% ne ine [ a® 2 T 218 aine
ga T 010 1IN- []5 17[] 20UT NG []s 17[]Ne
NC ] 4 18] NC NC [is 161] NC Vees 6 16 Veo -
IN-1]5 17 Vee+ N+ []7 15{] 2IN- NC 17 15[} NC
NC |18 18 NC NC [T 8 14[] NC 2IN+ [J 8 14[] 3N+
CIN+ 7 151 ouT 9 10 11 12 13 910 11 12 13
NC [T 8 1a[} NC e e
b
9 10 11 12 13 2,82¢ 25852
A (&) ~N ~ O QO™
O loNo > N @
Z2 0022z
o R
> 9]
[72]
(199
Lo
o
NC — No internal connection
symbols
TLO71
TLO72 (each amplifier)
OFFSET N1 TLO74 (each amplifier)
IN¥y ———{ + iN+ +
out out
IN--——J - IN— -
OFFSET N2
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L~
schematic (each ampilifier)

Ve + »

N\

¥

IN -
128 O
ouT
64 Q
—Pi * * l\
x| [
ﬂ 18 pF
1 e
r 1
|
: 1080 Q 1080 }Q
Vee- | o - o o . ®
| I
OFFSET OFFSET
NULL NULL
(N1) (N2)
\ /
vV
TLO71 Only
All component values shown are nominal,
COMPONENT COUNT?
COMPONENT
TYPE TLO71 TLO72 TLO74
Resistors 11 22 44
Transistors 14 28 56
JFET 2 4 6
Diodes 1 2 4
Capacitors 1 2 4
epi-FET 1 2 4
t Includes bias and trim circuitry
3 15
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Voo« (5B NOte 1) o 18V
Supply voitage, Voo (58 NOte 1) ... -18V
Differential input voltage, Vip (see Note 2) .. ... . e 30V
input voltage, Vi (see Notes 1 and 3) ... ... . +15V
Duration of output short circuit (see Note 4) ... ... . unlimited
Continuous total power dissipation ......... ... .. .. .. . . . . See Dissipation Rating Table
Operating free-air temperature range, Ta: Csuffix ... ... ... o il 0°C to 70°C

Tsuffix ... e —~40°C to 85°C

Msuffix ... ... .. -55°C to 125°C
Storage temperature range .. ... .. e -65°C to 150°C
Case temperature for 60 seconds: FK package ............ . . . i e 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: J, JG, or W package ............ 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, P, or PW package ......... 260°C

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

NOTES: 1. Allvoltage values, except differential voltages, are with respect to the midpoint between Voot and Ve -

2. Differential voltages are at IN+ with respect to IN—.

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less.

4. The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be fimited to ensure that the
dissipation rating is not exceeded.

DISSIPATION RATING TABLE

PACKAGE Ta 5 25°C DERATING DERATE Ta = 70°C Tp = 85°C Ta = 125°C
POWER RATING  FACTOR ABOVETp POWERRATING POWER RATING POWER RATING
D (8 pin) 680 mW 5.8 MW/°C 33°C 465 mW 378 mW NIA
D (14 pin) 680 mW 7.6 MW/PC 60°C 604 mW 490 mW N/A
FK 680 mwW 11.0 MWFC 88°C 680 mW 680 mW 273 mW
J 680 mW 11.0 MWPC 88°C 680 mW 680 mW 273mW
JG 680 mW 8.4 MWrC 69°C 672 mW 546 mwW 210 mwW
N 680 mW 9.2 mW/°C 76°C 680 mW 597 mw NIA
P 680 mW 8.0 MW/°C 65°C 640 mW 520 MW N/A
PW (8 pin) 525 mW 4.2 mW/eC 70°C 525 mW N/A N/A
PW (14 pin) 700 mw 5.6 MW/C 70°C 700 mW N/A N/A
w 680 MW 8.0 MW/C 65°C 640 mW 520 MW 200 MW

‘b TeEXAS
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electrical characteristics, Voo =15 V (unless otherwise noted)

TLOTIM
TLO74M
PARAMETER TEST CONDITIONSt Tat TLO72M UNIT
MIN TYP MAX | MIN TYP MAX
25°C 3 & 3 9
Vio Input offset voltage Vo =0, Rg=50Q mv
Fult range 9 15
Temperature coefficient of _ _ o
oo input offset voltage Vo =0, Rg=50Q | Fultrange 18 18 pvrec
25°C 5 100 5 100 pPA
Te) input offset current Vp=0
Full range 20 20 nA
| InpUt bi it Va0 25°C 65 200 65 200 pA
nput bias curren =
I8 P ' o 50 50 nA
. -12 =12
VICR S;g“?:’anm‘;de input 25°C +11 to 11 to v
g€ rang 15 15
_ RL=10kQ 25°C +12 1135 +12 +13.5
Vom Maximum peak cutput R 2 10 kQ2 12 12 v
voltage swing Full range
Ry 22 k2 10 310
-si i i 25°C 35 200 35 200
AVD Large-signal 'dlffe'rent;al Vo =410V, Ry 22kQ Vimv
voltage amplification 15 15
B Unity-gain bandwidth Ta =25°C 3 3 MHz
f Input resistance Tp = 25°C 1012 1012 0
Common-mode rejection Vic = VIgRmiN, .
CMRR ratio Vo =0, Rg = 50 Q2 25°C 80 86 80 86 dB
Supply-voltage rejection Veg=19Vio 215y, .
| ksvR ratio (AVEG 4 /AV]0) Vo =0, Rs = 50 Q 25°C 80 86 80 86 dB
Supply current (each _ o
Icc amplifier) Vo =0, No load 25°C 1.4 25 1.4 25| mA
Vo1/Voz Crosstalk attenuation Ayp = 100 25°C 120 120 daB

1 input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in
Figure 4. Puise techniques must be used that will maintain the junction temperature as close to the ambient temperature as possible.

t Al characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified. Full range is
TA =-55°C 1o 125°C.

wi

“.’? TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



I

TLO71, TLO71A, TLO71B, TLO72
TLO72A, TL072B, TL074, TLO74A, TL074B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

operating characteristics, Vcc:=15V, Tp = 25°C

SLOS080D — SEPTEMBER 1978 - REVISED AUGUST 1996
==

Figure 1. Unity-Gain Amplifier

TLO71

IN-

N2

1.5kQ

Voo -

TLO7xM ALL OTHERS
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP  MAX
. R V=10V, R =2kQ,
SR Slew rate at unity gain Cy = 100 pF, See Figure 1 5 13 8 13 Vius
| Rise time overshoot V) =20 mV, RL=2kQ, 0.1 0.1 us
d factor C( = 100 pF, See Figure 1 20% 20%
i i i f=1kHz 18 18 nviHz

Vi Equivalent input noise Rg =200

voltage f=10Hz to 10 kHz 4 4 nY
), ~ cauhalentinputnoise |60 f=1kHz 0.01 0.01 pANFZ

current

. Vims =6V, Avp = 1,

Thp otal harmonic RL 2 2k0, Rg < 1kQ, 0.003% 0.003%

distortion -

f=1kHz
L U
PARAMETER MEASUREMENT INFORMATION
10 kQ2
Vo 1k0
+ i
i Vo
CL=100pF RL= 2kQ
RL

I CL =100 pF

Figure 2. Gain-of-10 Inverting Amplifier

Figure 3. Input Offset Voltage Null Circuit
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TYPICAL CHARACTERISTICS

Table of Graphs

FIGURE

B Input bias current vs Free-air temperature 4

vs Frequency 5,6,7
VoM Maximum output voitage :: E;‘;Z—?;fslizgﬁggature g
vs Supply voltage 10
AvD Large-signal differential voltage amplification :: E;z::‘lég;(t;mperature :;
Phase shift vs Freguency 12
Normalized unity-gain bandwidth vs Free-air temperature 13
Normalized phase shift vs Free-air temperature 13
CMRR Common-mode rejection ratio vs Free-air temperature 14
loc  Supply curent e Froaai wmperature 1
Pp Total power dissipation vs Free-air temperature 17
Normalized slew rate vs Free-air temperature 18
Vn Equivalent input noise voltage vs Frequency 19
THD Total harmonic distortion vs Frequency 20
Large-signal pulse response vs Time 21
Vo Qutput voltage vs Elapsed time 22
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TYPICAL CHARACTERISTICST

INPUT BIAS CURRENT

MAXIMUM PEAK QUTPUT VOLTAGE

vs
Vs
FREE-AIR TEMPERATURE FREQUENCY
100 —— +15 TR T 11 TTTA T T 111
Evcciz_ﬂsv Vecr=215V RL=10kQ
> Ta =25°C
7 2 1125 See Figure 2
L4 10 g
: 7 S
E‘ - 3 =10 Vec+=110V ‘
E VA 3
3 4 (o]
M / T 475
s 1 2 g 7. \
m -7 o
g — E
g- £ +5 VCCt =15V
5]
@ = \
= !
.
= = 2.5
g N\
X
0.01 0
-75 -50 -25 O 25 50 75 100 125 100 1k 10k 100 k 1™ 10M
Tp ~ Free-Air Temperature - °C f—Frequency — Hz
Figure 4 Figure S
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE
vs vs
FREQUENCY FREQUENCY
+15 T 117 15 R
> RL =2 k2 - ;cu;k‘ilﬁV
| = Ta =25°C 1 = 980, L=
v =15V A TaA =25°C I
% 125 CCs See Figure 2| % +12.5 A See Figure 2
2 S ‘
5 10 5 *10
s g TA =-55°C
3 Ve = 210V o |
- 4
2 +7.5 \ 2 7.5 ’
o o
£ g Tp = 125°C
E 45 E 15
X x
g Ve =15 \ﬂ ‘E“ K
] I
= +2.5 = +25
S P S NL
0 . 0 L
100 1k 10k 100 k 1M 10M 10k 40k 100k 400k 1M 4M 10M
f - Frequency - Hz f - Frequency — Hz
Figure 6 Figure 7
T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
*3 15
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TYPICAL CHARACTERISTICST

MAXIMUM PEAK OUTPUT VOLTAGE

MAXIMUM PEAK OUTPUT VOLTAGE

vs vs
FREE-AIR TEMPERATURE LOAD RESISTANCE
+15 SR N +15 T T T
- R =10 kQ2 S Vegi=15V
[ ) TA = 250C ,‘___ fett
2 +125 % *12.5 [ see Figure 2 -
o [ e —— o
o o
> > /%
S +10 s 10
3 =1
o} < //
X x
© +7.5 w  +t7.5
g g /
E E
3 =1
E 15 E 15
b3 x
[ 1]
= =
' I
+2.5 +2.5
5 Vec+ =15V >§
See Figure 2 J
0 . . 0
-75 -50 -25 0O 25 50 75 100 125 0.1 0.2 04 07 1 2 4 7 10
Ta — Free-Air Temperature - °C Ry - Load Resistance — k(2
Figure 8 Figure 9
LARGE-SIGNAL
MAXIMUM PEAK OUTPUT VOLTAGE DIFFERENTIAL VOLTAGE AMPLIFICATION
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
15 T 1000
- Ry =10 kQ
i Ta = 25°C 400
S 12,5 -
8 2> S
= g E 200 \
> s>
5 <10 / £ 100 —
g / 55 —
S / S5 a0
® +7.5 28
& @&
£ s 2
=3
E 15 Jg 10
5 L S
= 3
.2 A < 4" Vees=215V
5 Vo=<10V
> 27 R =2kQ
0 1 I |
0 2 4 6 8 10 12 14 16 -75 -50 -25 O 25 50 75 100 125

Wce +| — Supply Voltage - V
Figure 10

Ta — Free-Air Temperature — °C

Figure 11

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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A .

TYPICAL CHARACTERISTICST

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
AND PHASE SHIFT

vs
FREQUENCY
106 T - T
Vocs =45Vto+15V
5 ~N RL =2kQ
5 10 N TA =25°C
b=
$5 0 N o°
g z 10 \ Differential %
= = \ Voltage 7]
= AN ; @
5, g_ 103 Amplification 45° _E
13 NER :
D
= -
55 DN
1> \
o
> -
§ Phase Shift \\ -
9 \ 180°
1 10 100 tk 10k 100k 1M 10M
f—~ Frequency - Hz
Figure 12
NORMALIZED UNITY-GAIN BANDWIDTH
AND PHASE SHIFT
VS
FREE-AIR TEMPERATURE
1.3 1.03
£ 12 Unity-Gain Bandwidth 1.02
hed
3 &
S 14 101
l:g ) "N . ?
§ | £
7 a
S 1 Phase Shift 1 S
E N
‘®
A E
£ 09 S, 0.99 5
S \ z
E Vv 15V
] cct %
Z 081 ok 0.98
t = B4 for Phase Shift
0.7 0.97

.75 -50 -25 0 25 50 75 100 125
Ta - Free-Air Temperature - °C

Figure 13

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TYPICAL CHARACTERISTICST
COMMON-MODE REJECTION RATIO SUPPLY CURRENT PER AMPLIFIER
vSs vS
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
89 T T 2 T T
a Vec=215V < Tp = 25°C
! RL = 10 kQ € 1.8 I” No signal
= 88 5 No Load
& 5 18
S 3
] 1.4
5 87 — s g
z 5 1.2
& b
= g 3
:é . = 0.8
85 a
E 2 06
O [72]
! . 0.4
¥ 84 &
= L 02
[
83 0
-75 -50 -25 0 25 50 75 100 125 0 2 4 6 8 10 12 14 186
Ta ~ Free-Air Temperature — °C Vo4 - Supply Voltage - V
Figure 14 ' Figure 15
SUPPLY CURRENT PER AMPLIFIER TOTAL POWER DISSIPATION
vSs vS
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
2 T T 250 T T
< Vece =215V Voci=+15V
§ 1.8 No Signat — | = 225 No Signal ~ |
- No Load N No Load
g 18 "\\\ € 200 P~ T
B ™ —— S —
E 14 \.\ = 175
T ~ g S~ TLo7s
& 12 2 150
E a \\
g 9 o 125
3 g
g ® T TLO72
5 06 e 75 —
u|7 '-'- \"'--..
w 04 L 5 TLOT1
3 Tt |
= 0.2 25
0 0
-75 -50 -28 O 25 50 75 100 125 -75 -5 =25 0 25 50 75 100 125
Ta — Free-Air Temperature — °C Ta - Free-Alr Temperature - °C
Figure 16 Figure 17

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TYPICAL CHARACTERISTICS

NORMALIZED SLEW RATE EQUIVALENT INPUT NOISE VOLTAGE
Vs vs
FREE-AIR TEMPERATURE FREQUENCY
1.15
I E 30 VeC+=15V
Vc(;i:-_t‘fSV ; AVD'—' 10
110 - L= 2K = Rg= 20Q
2 C =100 pF o 40 [N Ta = 25°C
1 g N
2 105 X S N
g | 3 a0 [
3 3 N
o 1 o \
b=
N £ 2
= : \ = N
E 095 &
Q [
Z \ z
o 10
0.90 ud
c
>
0.85 0
_75 —-50 -25 0@ 25 50 75 100 125 10 40 100 400 1k 4k 10k 40k 100k
Ta ~ Free-Air Temperature —°C f- Frequency - Hz
Figure 18 Figure 19
TOTAL HARMONIC DISTORTION
vs VOLTAGE-FOLLOWER
FREQUENCY LARGE-SIGNAL PULSE RESPONSE
1
= Veg+ =115V 6 Vgg+=+15V
= — Avp =1 > I_—"'l Ry =2kQ
5 Y virms)= 6V 2 4 Cy =100 pF
g Ta = 25°C 2 Ta = 25°C
'3 }— A % Output \
g 01 2
2 : 5 2
a g
2 5 \
E 004 o /
E 20 \
T 5
T 001 y 3
E - o _I _-2 r
I V4 o
% 0.004 = Input
= g -4 \
> L—TL
0'001100 400 1K 4k 10k 40k 100 k -
0 05 1 15 2 25 3 35
f - Frequency — Hz t—Time - us
Figure 20 Figure 21
3 7,
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28

24

20

16

12

Vo - Output Voltage — mV

-4

TYPICAL CHARACTERISTICS
OUTPUT VOLTAGE
vs
ELAPSED TIME
Overshoot \
= NS
-? 90%
71’
1
!
|
I
|
i
10%1 | Vec+=:15V
! RL=2kQ -
ot Ta= zs;c
i
Q 01 02 03 04 05 06 07

t — Etapsed Time — us

Figure 22
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APPLICATION INFORMATION

Table of Application Diagrams

PART
APPLICATION DIAGRAM NUMBER FIGURE
0.5-Hz square-wave oscillator TLO71 23
High-Q notch filter TLO71 24
Audio-distribution amplifier TLO74 25
100-kHz quadrature oscillator TLO72 26
AC amplifier TLO71 27
RE =100 kQ
—AAA
vVee+
L— Output R1 R2 '
Hep Input w T—-* Output
t c3 v
1k T ce-
X R1 = R2 = 2R3 = 1.5 MQ
. C1 c2 c1=c2-%§=11o pF
9.1k(2
ooV i i_- 1

L fo=35——— = 1kHz
2n Rp C — = 2n R1 C1
Figure 23. 0.5-Hz Square-Wave Oscillator Figure 24. High-Q Notch Filter
vVee+
1 MQ
AN TLO74 Output A
CC—
Input %{
TLO74 Output B
100 k2
Vee-
100 uF =
= = Output C
vee- ’

Figure 25. Audio-Distribution Amplifier
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p—

6 sin wt

88.4 kQ

18 pF

APPLICATION INFORMATION

1N4148 18 k{2 (see Note A)
-15V
18 pF 1kQ
'f—‘ 6———0
Vee+
9— Gcos wt
1kQ
- vee-
—t 15V
1N4148 18 k(Q (see Note A}

88.4 kQ

A

NOTE A: These resistor values may be adjusted for a symmetrical cutput.

Figure 26. 100-kHz Quadrature Oscillator

vee+

IN+

Figure 27. AC Amplifier

ouT
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