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§ /:fJNational Semiconductor 
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LF147/LF347 Wide Bandwidth 
Quad JFET Input Operational Amplifiers 

General Description 
The LF147 is a low cost, high speed quad JFET input opera· 
tional amplifier with an internally trimmed input offset volt· 
age (SI·FET IIn.4 technology). The device reouires a low 
supply current and yet maintains a large gain bandwidth 
product and a fast slew rate. In addition, well matched high 
voltage JFET input devices provide very low input bias and 
offset currents. The LF147 is pin compatible with the stan· 
dard LM148. This feature allows designers to immediately 
upgrade the overall pertormance of existing LFI48 and 
LM 1 24 deSigns. 

Tne LF147 may be used in applications such as high speed 
,ntegrators, fast 0/ A converters, sample·and·hold circuits 
and many other Circuits requiring low input offset voltage, 
low Input bias current, high input impedance, high slew rate 
and wide bandwidth. The device has low noise and offset 
voltage drift. 

Simplified Schematic 
'I. Quad 

ycco----.... ------1~--., 

11rIl( RkAll Y 
1IU""(0 

INTERNALLY 
lRIWMED 

-'If 0--.... ---... ----.----..... 
TI..IHJ5647-1J 

Features 
• Internally trimmed oHset voltage 
• Low input bias current 
• Low input noise current 
• Wide gain bandwidth 
• High slew rate 
• Low supply current 
• High input impedance 
• Low total harmonic distortion Av= 10, 

5 mV max 
50 pA 

0.01 pM/Hi 
4 MHz 

13 V/)J.s 
7.2 mA 
101 20 

<0,02% 
AL = 10k. Vo~ 20 Vp-p, SW~ 20 Hz -20 kHz 

• low lit noise corner 
• Fast settling time to 0.01 % 

Connection Diagram 
Dual-In-Line PaCKage 

OUT 1 '''' ,- u. ,t y' 

Top View 

50 Hz 
2 )J.s 

I~l- OUT) 

IN 2- DUT2 

TlIH/5647-1 

Order Number LFI47J, LF347M, LF347BN, 
LF347N, LF147D/883 or LF147J/883' 

See NS Package Number D14E, J14A, M14A or N14A 

1-22 
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Absolute Maximum Ratings ~ 

-1:>0 

It Military/Aerospace specified devices are required, lF147 lF3478/lF347 ~ ....... 
please contact the National Semiconductor Sales Operating Temperature (NOle 4) (Note 4) 
Office/Distributors for availability and specifications. Range 

LF147 LF347B/lF347 Storage Temporature 

Supply Vollage ±22V ±18V Range - 65'C,; T A'; 150'C 

D,iforenll3llnput Voltage t38V t30V Lead Temporature 

IODut Voltngo Rango t19V ±15V (Soldorrng, 10 soc.) 260'C 260'C 

(~J()l f) 1) Soldorinn InfOfmntion 

OUlput SllOrt Circuli Conlinuous Conllnuous Dual·ln·Llno Packago 

Duration (Note 2) Soldering (10 seconds) 260'C 

Power Dissipation 900mW 1000mW Small Outline Package 

(Notes 3 and 9) Vapor Phase (60 seconds) 215'C 

TI max 150'C 150'C 
Infrared (15 seconds) 220'C 

AJA 
See AN·450 "Surface Mounting Methods and Their Effect 

Cavoty DIP (D) Package 80'C/W on Product Reliability" for other methods of soldering sur· 

CoramlC DtP (J) Package 70'C/W face mounl deVices. 

Plasllc DIP (N) Pack ago 75'C/W ESD Tolerance INote 10) 900V 

Sufiacs Mounl Narrow (M) 100'C/W 
Surlaes Mount Wide (WM) 85'C/W 

DC Electrical Characteristics (Note 5) 
I 

Symbol \ Parameter Conditions 
lF147 LF347B lF347 

Units 
\ 

I Min Typ Max Min Typ Max Min Typ Max 

I 
Iinput Oflset Voltage Rs = 10 kll, T A = 25'C 1 5 3 5 5 10 mV ';:'5 

Over Tomperature 8 7 13 mV 
i 

~',' :Js1 ~ T 'i Averago TC of Inpul Offset Rs=10kll 10 10 10 )J.VI'C 
I Voltage 

25 'I Input OHset Current Tj = 25'C. (Notes 5, 6) 25 100 25 1 DO 25 100 pA 
I Over Temperature 25 4 4 nA , 

-
- ! Input BIas Current Tj= 25'C, (Notes 5, 6) 50 200 50 200 50 200 pA 

I Over Temperature SO 8 8 nA 

;:::;,r-, l:."rul ReSlstanco Ti~ 25'C 1012 10 12 1012 Il 

"\'.0 .. I Largo Signal Voltage Gain Vs~±15V,TA=25'C 50 100 50 100 25 100 V/mV 
Vo~ ±10V,RL=2kll 

I Over Temperature 25 25 15 V/mV 
-. , I Ou!put VollagG Swing VS=:t 15V, RL = 10 kl! ±12 ±13.5 ';:12 ± 13.5 :::12 :t 13.5 V 

. :' .. I" Input Common.Modo Voltage 
Vs~::.15V 1: 11 

• 15 \ , 11 ' 15 ; 15 V 
IRango -. t 2 -12 I' t I I - 12 V 

:l.JRR i Common·Mode ReJecllon Ratio Rs,;10kll 80 100 80 100 70 100 dB 

"S~Fl I Supply VOllage RCleelion Ratio (Note 7) 80 100 __ \ 80 tOO 70 100 dB .-
s I Supply Curren I 7.2 I t I 7.2 1 t 72 11 mA 

I , 

i 
I 

, ------------------
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AC Electrical Characteristics (Nolo 5) 

Symbol Parameter Conditions 
LF147 LF347B LF347 

Units 
Min Typ Max Min Typ Max Min Typ Max 

Amplifier to Amplifier Coupling TA =2S'C, -120 -120 -120 dB 
f=1 Hz-20kHz 

(Input Referred) 

SR Slew Rale Vs= ± 15V, T,,=2S'C 8 13 8 13 8 13 V/!'>S 

GBW Gain-Bandwidth ProduCI Vs= ±15V, TA =2S'C 2.2 4 2.2 4 2.2 4 MHz 

8 n Equivalent Input Noise Voltage TA =2S'C, As= lOOn, 20 20 20 nV/,fHz 
f = 1000 Hz 

'n Equivalent Input Noise Current Ti-2S'C, f= 1000 Hz 0.01 0.01 0.01 pAl,1Hz 

Not. 1: Unless: otherwise specified U'\t. Ibiotute maximum negative input \foltage i. equal 10 the negative power supply voltage. 

Not. 2: Any 01 the ,"'plifler OU\pIJtl can be shoned 10 Q10und il'ldefiMely, how8V«. m<ke than one should not be simultaneously shorted IS the maximum junction 
lemperature will be exceeded. 

Not. 3: For oP9faling at elevated l'l11pOIlture, lhese davie .. musl be derated baaed on I thermal re,islance of 81.'.' 

Not •• : The LF1.71. Ivall'bilin lhe mWtary temperature rang. - 55·C s;T "s; 12S·C. while the LF347B and th.lF347 ".,val/able in the commercia' 'emptJraturl 
ranQt O"C:s; T ... ~ 70-e. Juncllon t.~.tur. can ri .. to T, max - 1 SO-C. 

Not. 6: Unlaa' o\herwi ••• peal/ad the ,pecifications ,ppt)' over the lull temperatUTe r8119" and'or Vs· ±20V for the LF147 and for Vs - :t 15V lor the LF347BI 
LF34 7. Vas. 'e. ar.d los ate meaaured at Vcu - O. 

Not. e: Th. input bias currant. ar. Junction leakage current. which approximat.,y dOObl. for .very 10"C increase in the junction temperature, Tj• Due to limited 
prOductiOn la,l time, \he inpvt bial CUl'T,nll mauured ,fa co",laled to junction temperatur'. In normal operation tha junction temperature nae, above the ambient 
temperaturl aa • 'taull 01 int8(n&j power dia"palion, Po. Tj- TA, + 91A Po whete 'IA i, the (h8fmaf resistance from junction to ambient. U88 of I heat aink i, 
recommended jf input b4aa curr."t II to be klpt to a minimum. 

Not. 7: Suppty voltagl faj9C1ion ratio ia m.aWfed tor both ,upply magnitude, iner •• sing or decreasing simultaneously in accordance with common prictice Irom 
Vs - t 5Vto t:15I1forlhaLF3047andLF347BlndlromVS - %201110 t5l1fOlthaLF147. 

Not. I: A.ref' to RETS147)( 'OIlF1'70 and LF147J militaty specification •. 

I Not. V: MD. Power DI.sipation i, defined by the package characleristics. Operating lhe Ptlrt ne., the Max. Powet O,.aip.bon mly (:11,11, the Plrt 10 ope'a" 
ol,lt"de guafanl,ed bini'" 

Not. 10: Human body model. 1.5 kO in sen., with 100 pF. 

, 
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Typical Performance Characteristics 
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Typical Performance Characteris tics (Continued) 
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Small Signal Non·lnverting 
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Large Signal Non-Inverting 

TIME 12 .. ,IOIVI 
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Current Limit (Rl tOO!!) 

> 
c 
:> 

TIME 15 ",/O/VI 

Application Hints 
-:--rh.: LF 1.~ 7 I~ an op amp with an Internally Iflmmt.:d Input 

:"5.,1 vollage and JFET Input deVices (BI.FET IITM) 1 Mse 
JE-s have large reverse broakcJown voltages from g,lte to 
souc(, and drain eliminating the need for clamps acros~ tile 
'lr:::,,:~ Tr)croforc. large diflerent1a1mplJI voltages can L'aslly 
~cl Jc,:::ommodated without a large Increase In Input current 
~rw r'l,hlmum dlfforentlal mput vOllagc IS Indepond,on! of 

",,_~ s,,;:,pl\ \OltdQGS However, neither 01 the Inpllt Vlll!,lqL'S 

shOuld (Jt' Jilowoll to exceed Ith~ Ilt..'yall've supply as thiS will 
CaljSL' IdrvC currents to flow whiCh can resull In a destroyed 
W11! 

Excep.tiln4 tt)e negatrve common·mode IHnit on either Input 

Will forrL' tIl\! uulput to a high state. potentially causing a 

rC!verSdl ~)I phase 10 Ihe Outpul Exceedmg the negat1vo 
comnh)r -rl'onu Ilml~ on both Hl~lIt~ Will 10fCO 111\) amplif'f"Jf 
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Application Hints (Continued) 

output 10 a high state. In neither case does a lalch occur 
since raiSing Ihe input back within the cOmmon-mode range 
again puts the input stage and thus the amplifier in a normal 
opera ling mode . 

Exceeding the positive common-made limit on a single mput 
will not change the phase of the output; hOwever. If both 
Inputs exceed the limit, the output of the amplifier 1\111 be 
forced to a h'lgh state. 

The amplifiers will operate with a common-mode input volt­
age equal to the positive supply; however, the gain band­
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3Y of the negative supply, an increase in input offset voltage 
may occur. 
Each amplifier is individually biased by a zener reference 
which allows normal circuit operation on ± 4.SY power sup­
plies. Supply voltages less than these may result in lower 
gain bandwidth and slew rale. 

The LF147 will drive a 2 k!lload resistance to ± lOY over 
the full temperature range. If the amplifier is forced to drive 
heavier load currents, however, an increase in input offset 
VOltage may occur on the negative voltage swing and finally 
reach an active current limit on both positive and negative 
SWings. 

Precautions should be taken to ensure that the power sup· 
ply for the integrated circuit never becomes reversed in po· 

Detailed Schematic 

Lamp. B 

larity or that the unit is nOI inadvertently Installed backwards 
in a socket as an un'lmlted current surge through the result· 
Ing forward diode withm the IC could cause fusing of the 
internal conductors and result m a destroyed unit. 

As With most amplifiers, care should be taken With lead 
dress. component placement ana supply decoupllng In or­
der to ensure stability. For example. resistors from Ihe out­
put to an input should be placed With the body close to Ihe 
input to minimize "pick-up" and maXimize the frequency of 
the feedback pole by minimizing the capacitance from Ihe 
input to ground. 

A feedback pole is created when the feedback aroun:! any 
amplifier is res·,stive. The parallel resistance and capaci­
tance from the input of the device (usually the inverting in­
put) to AC ground set Ihe frequency of the pote. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently Ihere is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constanl of this capacitor and the resistance it parallels 
is greater than or equaf 10 Ihe original feedback pole time 
constant. 

vcco-----------~~----------~--~~----._--------------_. 
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Typical Applications Digitally Selectable Precision Attenuator 

'" 
." 

All reSistors \ "'~ lCI9rance 

." 

Al A2 A3 Vo ':'" .... --,-,--0 11 

0 
0 
0 
0 

Attenuation __ -_ DV....J \- 011 

0 0 0 
0 1 -1 dB 

0 -2dB • Accuracy 01 belter than 0,4" With standard 1 % yalU9 resistors 
1 1 -3 dB • No oil,s! aoiusl~nl necessary 
0 0 -4 dB • Expandable to any number 01 stages 

0 1 -5 dB • Very high input impedance 

0 -6 dB 
-7 dB 

Long Time Integrator with Reset. Hold and Starting Threshold Adjustment 

.---, 

-uv 

Ii 
- I 

l' - I 
.-------vV~----~.-o" I 

'" .----~ 

1" I. I", 
riIllU .. OlO 

"OJ"n 

I 
I 

L ___ ._~====:. __ J ~"UI' ... " go, 
""'CIOII 

u 
o III "-II-OIG 

VOLtA" 

'. " 

• YOuT starts Irom zero Ind 15 eQual to the Integral or the Input voltage wl\h rf) sPac~ to Ihe IhrBsl"lold vOltage 

VOUT"'-...2- I' (V1N-VH;)dl 
Re.o 

• 0;JlpUI slans when V1N:-VTH 

• SWitCh S 1 Dormll, stoPPIng aM hOldJn.9 0")' O/JIPtil ... a/U6 

• SWI\Ch S2 resets system to zerO 

1-29 
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[2 Typical Applications (Continued) 
-' ..... ,... 
..... 
u: Universal State Variable Filter 
-' 

10k 

For circuit shown' 

10 '" 3 kHz. 'NOTCH - 9.S kHz 

0-3 .• 
? ... b.nd gain: 

Hlghp,,,-O.l 

8andpass-1 
Lowpau-1 
Notch-l0 

• '0:.'0:£:200 kHz 

IDOl 

IANO,AS$ 
10k ounUT 

• , OV peak sinusoidal output swing wilhoul slew ',m/ling 10 200 kHz 

• See LM 1 "H (I",tlt l\hOAI 101 !hlsign OQlIAtions 
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