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LF147/LF347

\ Lamp. B

&National Semiconductor

LF147/LF347 Wide Bandwidth
Quad JFET Input Operational Amplifiers

General Description Features
Tha LF147 is a low cost, high speed quad JFET input opsra-
tional amplifier with an internally trimmed input offset voit.

age (BI-FET IIT™ technology). The davice recuires a low Low input noise current 0.01 pA/JHz
supply current and yet maintains a large gain bandwidth

- Wide gain bandwidth 4 MHz
product and a fast slew rate. In addition, well matched high

® Internally trimmed offset voltage 5 mV max
=
]
|
m Righ slew rate 13 V/ps

voltage JFET input devices provide very low input bias and . g K
n
=

Low input bias current 50 pA

offset currents. The LF147 is pin compatible with the stan- t{o“;l §upply' Current 7'§$A
dard LM148, This feature allows designers to immediately igh input impedance 10120
upgrade the overall performance of exisling LF148 and Low total harmonic distortion Ay = 10, <0.02%
LM124 designs. A, =10k, Vo=20 Vp-p, BW =20 Hz-20 kHz

| The LF147 may be used in applications such as high speed m Low 1/ r?oise. corner 50 Hz
| imtegrators, fast D/A converters, sample-and-hold circuits W Fast settiing time t0 0.01% cps
i and many other circuits requiring low input offset voltage,
low input bias current, high input impedance, high slew rate
and wide bandwidith. The device has low noise and oifset
voltage drift,
Simplified Schematic Connection Diagram
1/2 Quad Duasl-in-Line Package
Yee O & 49 ouTH L e v© 'R Y (L ourl
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| TRIMMED ouT! Wi ot v w3’ Nz* our?
Vg O . o > TL/H/5647 =1
TU/H/SB47 <13 Top View

| Order Number LF147J, LF347M, LF3478BN,
‘ LF347N,LF147D/883 or LF147J/883"
See NS Package Number D14E, J14A, M14A or N14A

*Avanabie por SMD # 8102306, JMIE510/11906.
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Absolute Maximum Ratings

It Military/Aerospace specified devices are required,

LF147 LF3478/LF347
please contact the National Semiconductor Sales Operating Temperalure {Note 4) (Note 4)
Office/Distributors for avaliability and specitications, Range
LF147 LF347B/LF347 Storage Temperature
Supply Voltage 22V +18V Range -65°C<Tag150°C
Difforential Input Voitage +38V * 30V Lead Temperaturg
input Voltage Range + 19V +15V (Soldering, 10 soc.) 260°C 260°C
(Nolo 1} Soldering Information
Output Short Cireuil Conlinuous Conlinuous Dual-In-Lino Packagn
Duration {Note 2} Soldering (10 seconds) 260°C
R Small Qulline Package
Powar Dissipation 900 mW 1000 mW
(Notes 3 apnd 9) Vapor Phase (60 seconds) 215°C
T max 150°C 150°C infrared (.1.5 seconds) I Tizg Cé"
fia See AN-450 "Surface Mounting Methods and Their Eifect
JCavny DIP (D) Package BOC/W on Preduct Reliability” for other methods of soldering sur-
Ceramic DIP {J) Package 70°C/W taca mounl devices.
Plastic DIP (N} Package 75 C/W ESD Tolerance (Nota 10) 900V
Surtace Mount Narrow (M) 100°C/W
Surface Mount Wide (WM} 85°C/W
DC Electrical Characteristics (ot s
T i LF147 LF3478 LF347
Symbol \ Parameter Conditions Units
! Min! Typ [Max| Min) Typ |Max| Min! Typ {Max
+
Vs tinput Offset Voltage Rg=10kf, T4=25C 1 5 3 5 5 10 my
1 Ovar Temperature 8 7 1134 my
1
AVag/aTiAverage TC of Input Otiset Rg=10k{1 10 10 10 uv/°C
IVollage
s anut Ofiset Currant T|=25°C, (Notes 5. 6) 25 1100 25 1100 25 |100] pA
| Qver Temperature 25 4 4 nA
z imput Bias Current T-,==25°C. {Notes 5, 6) 50 1200 50 | 200 50 20Q| pA
| Over Temperature 50 8 8 1 nA
T . -
N i!npul Resistance T;=25'C 1012 1012 1012 N
Lo Largo Signal Vollage Gain Vg= 115V, Ta=25C | 50 | 100 50 { 100 251 100 V/my
Vo= 10V, R =2 k0
i Over Temperalurs 25 25 15 | Vimyv
Vo | Output Voltage Swing Vg=*15V R = 10kl +12{ £ 135 £12]£135 :12(_113.5 v
|
T "Input Common-Moda Vollage + 15 r 15 P15 Y
| =2 {58V 1 111 1
'Rango Vs® 213 1 e -12 | -2 v
T
MR | Common-Mode Rejection Ratio|Rg < 10 kil 80 | 100 80 | 100 70 I 100 dB
S5RA | Supply Voltage Rejection Ratic | (Note 7) 80 100_1; 80 100 L?O 100 } dB
- —_ - —t
5 | Supply Current 72 i n 72 1 I | 72 j_Hi mA

LeEA/LeLAT
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AC Electrical Characteristics (votos)

LF147 LF347B L.LF347
Symbol Parameter Conditlons Units
Min| Typ [Max|Min{ Typ | Max|Min} Typ | Max
Amplifier to Ampiifier Coupling | T4 =25'C, - 120 -120 -120 d8
f=1Hz—20 kHz
{Input Referred)
SR Slew Rate Vg= +15V, To=25C| 8 | 13 8 | 13 8| 13 V/us
GBwW Gain-Bandwidih Product Vg= t15V, To,=25'C| 2.2 4 2.2 4 : 2.2 4 MHz
&n Equivalent input Noise Voltage | T4 = 25'C, Rg =10011, 20 20 20 nv//Hz
1=1000 Hz
in Equivalent Input Noise Current | T;=25*C, { = 1000 Hz 0.01 0.01 0.01 | pA/HZ

Note 1: Uniess otherwise spacified the absolute maximum negatve input vollage is equal 10 the negative power Supply voltage.

Note 2: Any of the amplifier ouiputs can be shorted to ground indefinitely, however, macre than one should not ba simultansousty shorted as the maximum junction
temperalure wili be exceeded.

Note 3: For operaling al elevatsd lemperalure, these devices must be deraled based on a thermal resistance ol .

Nole 4: The LF147 |s availabie In tha mililary lemperature range ~55°C < T, < 125'C, while the LF347B and the LF347 are avallable in the commercial lemparalure
range *C3 T3 70°C. Junclion tempdraiure can rive 10 Ty max = 150°C.

Note 5: Unlass o\herwise spacified the specifications apply over the full tempersture range and for Vg = 20V for the LF147 and for Vg = % 15V tof the LF3478/
LF347. Vg, la, #nd Iog are measured at Vo =0.

Note € The input blas curants are junction leakage currants which approximately doubie for every 10°C increase in the junction temperature, T;. Due 10 limited
proguction test time, the inpul biss curtents measured are correlated to junction tempaerature. In normal operation the junction lemperature fses above tha ambien!
temperature as & result of internal power dissipation, Pp. Ty= Ty + 84 Pp where & is the thermal resistance Irom junction to ambient. Use of a heat 8ink is
racommended if input bias current is to be kept 1o a minimum.

Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simuitaneously in accorgance with common practice from
Vs = 2 5V 10 £ 15V for the LF347 ang LF347B and lrom Vg = 220V 10 %5V for the LF147.

Note 8 Refer to RETS147X lor LF147D and LF147J military spacifications.

Note 9: Max. Power Dissipation is defined by the package characleristics. Operaling the part near the Max. Power Dissipation may cause 1he part 10 operale
outside guaranieed limits.

Note 10: Human body model, 1.5 kD in sacies with 100 pF.
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Typical Performance Characteristics
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Typical Performance Characteristics (Continueq)
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Pulse Response R : 2ku. ¢~ 10pF

Small Signal Inverting
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QUTPUT VOLTAGE SWING (50 mV/0IV)

TIME (0.2 .5/DIV)

Toue BRAT L4

Large Signal inverting

QUTPUT VOLTAGE SWING (SV/C1V)

TIME (2 .y01V]

QUTPUT VOLTAGE SWING (1V/0DIV)

Lamp. B

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 us/01V)

TLiH/GHaT .5

QUTPUT VOLTAGE SWING (5V/DIV)

TIME (2 .5s/01V)

[FRAATEE

TIME (5 s/01V]

Application Hints

The LE1A7 15 an op amp with an internally tnmmwed nput
1Yset voltage and JFET input devices (BI-FET IITM) These
sFETS have large reverse breakdown vollages from gate 10
source and drain eiminating the need for clamps across the
~puis Therelore, large differential input voltages can casily
Te¢ accommodated withQul a large increase ninpul current
“ne mawmum dilfferential input voltage 1s independunt of
o osuph voltages However, neither of the input voltages

shoud be alluwed 1o exceed the negabve supply as this will
cause large currents 1o flow which can result in a deslroyed
unit,

Exceading the negative common-mode hnul on either input
will force the oulput to a high state, potentially causing a
reversdal of phase 1o the output Exceeding the negativa
commar-mode itmed on both inputs will force the amplihier

754 /760 40
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Application Hints (Continueq)

output to a high state. In neither case does a latch occur
since raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a2 normat
operating mode.

Exceeding the positive common-moda limit on a single input
will not change the phase of the output; however. I both
inputs excead the limit, the output of the ampiifier will be
forced to a high state.

The amplifiers will operate with a common-mode inpul voll-
age equal to the positive supply;, however, the gain band-
width and slew rate may be decreased in this condition.
When the negative common-mods voltage swings 1o within
3V 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 cperation on t 4.5V power sup-
plias. Supply voltages less than these may result in lower
gain bandwidth and slew rate.

The LF147 will drive a 2 k{1 load resistance to % 10V over
the full temperature rangs. If the amplifier is forced to drive
heavier [oad currents, however, an increase in input offset
voitage may occur on the nagative voltage swing and finally
reach an active current limit on both positive and negative
SWINgs.

Precautions should be taken 1o ensure that the power sup-
ply for the integrated circuit never becomes reversed in po-

Detailed Schematic

Vee O o &

larity or that the unit is not inadvertently installed backwards
in a sockel as an un’imiteg current surge through the result-
ing forward diode within the {C could cause fusing of the
internal conductors and result in a destroyed unit.

As with most amplifiers, care should be taken with fead
drass, component placement and supply decoupling in or-
der to snsure stability. For exampla, rasistors from the out-
put 1o an input should be placed with the body close fo the
input to minimize “pick-up’ and maximize the frequency of
the feedback pole by minimizing the capacitance from the
input to ground.

A feedback pole is created when the feedback around any
amplifier is resistive. The parallel resistance and capaci-
tance from the input of the devica (usually the inverting in-
put) to AC ground set the frequency of the pole. in many
instances the frequency of this pole is much greater than
the expected 3 dB trequency of the ciosed loop gain and
consaquently there is negligible effect on stability margin.
Howaever, 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 constant of this capacitor and the resistance it parallels

is greater than or equal to the original feedback pole time
constant.
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. Typical Applications

Digitatly Selectable Precision Attenuator

Q) vy
All resistors ' % lowerance

0 vy
‘ L
Al A2 A3 Vo Wor e 08
Attenuation 5 ¢ c‘}l S B
0 0 ¢ 0 ATTENUATION SELECT INPUTE TUHIS647 -0
. 47-1
0o 0 1 -1dB . ‘
‘, 0 ] 0 -24d8 * Accuiacy of better than 0.4% with standard 1% vaiue resistors
: o 1 i -3dB * No ofise! agjusiment nacessary
! 1 0 0 -4dB * Expandable to any numbar of slages
‘1 1 0 1 -5dB # Vary high input impedance
! 1 1 0 -6dB
1 1 1 -7dB

Long Time Integrator with Reset, Hold and Starting Threshold Adjustment
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\ 0 AN
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ineioE
fotomig

O $e1 TnREg=010

t
Ty T voLTaAly

i 1Y ™
ThAEtnOLD
Adusr

TU/H/5647 - 18
* Vg1 stants from zero and 15 equal to the intagral of tha input vollage wilh respect Lo 1he thrashold voltage

1
VoyrT Be [O(Vm‘vm)dl

¢ Qutput starts when Vi - Vg
¢ Swilch 51 pormils stopmng and holding any oulpu! value
* Switch S2 rasels syslem to zoco

LA/ LpLAT
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Typical Applications (continuec)

Universal State Variable Filter

1004
+ —AAA ’
0 i
0.001 4 F 0.001
oy
. w |,
'
VALFI4? —C ;ﬂ‘;’:::s
0o =
AP
PANDPASS
10k ouTryY

HIGH PASS
ouTRuT

For circuit shown:
1o™3 kHz, Inoren = 9.5 kH2
Q=34
Passband gain:
Righpass—0.1
Gandpass—1
Lowpass—1
Notch—10

* 1, ¥ Q<200 kMz

S

HeLhe?

* 10V peak sinusoidal cutpul swing withou! slow limhing 1o 200 kHz

* See LM14d data shaet for dosign oquations

NOTCH
ouTeur

TL/HIS64T =12
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