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LM6164/LM6264/LM6364 
High Speed Operational Amplifier
G eneral Description
The LM6164 fam ily o f h igh-speed am plifie rs exhibits an ex
ce llen t speed-pow er product in delivering 300V per /is  and 
175 M Hz GBW  (stable dow n to  gains as low  as + 5 )  w ith 
on ly 5 mA o f supp ly current. Further pow er savings and ap
p lication conven ience  are poss ib le  by taking advantage o f 
the w ide dynam ic range in operating supp ly vo ltage which 
extends all the  w ay down to  +  5V.
These am plifiers are built w ith  N ationa l’s VIP tm (Vertica lly 
Integrated PNP) process w hich produces fa s t PNP transis
to rs  tha t are true com plem ents to  the  a lready fast NPN de
vices. Th is advanced junc tion-iso la ted  process delivers high 
speed perform ance w ithou t the  need fo r com plex and ex
pensive d ie lectric  iso lation.

Features
■ High s lew  rate 300 V / jlis

■ High GBW  product 175 MHz
■ Low supp ly current 5 mA
■ Fast settling 100 ns to  0 .1%
■ Low d iffe ren tia l gain < 0 .1 %
■ Low d iffe ren tia l phase <0.1°
■ W ide supp ly range 4.75V  to  32V
■ S tab le  w ith  un lim ited capacitive  load
■ W ell behaved; easy to  apply

Applications
■ V ideo am plifie r
■ W ide-bandw idth  signal cond ition ing

Sim plified Schem atic  C onnection  Diagram

Adjust V+ v0UT N/C

TL/H/9153-8
Order Number LM6164J or LM6264J 

See NS Package Number J08A
Order Number LM6364M 

See NS Package Number M08A
Order Number LM6264N or LM6364N 

See NS Package Number N08E
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A bsolute Maxim um  Ratings
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications.
Supply V o ltage  (V +  -  V ~ )  36V
Differentia l Input Voltage  (N ote  8) ± 8V
C om m on-M ode Input Voltage 

(N ote 12) (V +  -  0.7V) to  (V ~  -  7V)
O utput S hort C ircu it to  Gnd (N ote  1) C ontinuous
Soldering In form ation 

Dual-In-L ine Package (N, J)
S oldering (10 sec.) 260°C

Small O utline  P ackage (M)
Vapor Phase (60 sec.) 21 5°C
Infrared (15 sec.) 220°C

See AN -450 “ Surface M ounting M ethods and The ir E ffec t 
on P roduct R eliability”  fo r o ther m ethods o f so ldering sur
face  m ount devices.
S torage T  em perature  R ange -  65°C to  + 1 50°C
M ax Junction Tem perature  (N ote  2) 150°C
ESD To le rance  (N otes 8 &  9) ± 700V

O perating Ratings
Tem perature  Range (N ote 2) 

LM6161 
LM6261 
LM6361

Supply V oltage Range

— 55°C <; T j  <; +  125°C 
— 25°C <; T j  <; +  85°C 

0°C ^  T j  ^  +  70°C 
4.75V  to  32V

DC Electrical C haracteristics (Note 3)

Parameter Conditions Typ

LM6164 LM6264 LM6364

UnitsTested 
Limit 

(Note 4)

Design 
Limit 

(Note 5)

Tested 
Limit 

(Note 4)

Design 
Limit 

(Note 5)

Tested 
Limit 

(Note 4)

Design 
Limit 

(Note 5)

Input O ffset Voltage 2 4
6

4 6 9 11 mV
m ax

Input O ffset Voltage 
Average Drift 6 juV/°C

Input Bias Current 2.5 3
6

3 5 5 6 jaA
m ax

Input O ffset C urrent 150 350
8 0 0

350 6 0 0 1500 1900 nA
m ax

Input O ffset C urrent 
Average Drift 0.3 nA /°C

Input Resistance D ifferentia l 100 kH

Input C apacitance 3.0 PF

Large S ignal 
V oltage Gain

V o u t  =  + 1 0 V , R L =  2 k f l  
(N ote  11)

2.5 1.8
0.9

1.8 1.2 1.3 1.1 V /m V
min

R L =  1 0 k f t 9

Input C om m on-M ode 
V oltage Range

Supply = ± 15V +  14.0 +  13.9 
+ 13.8

+  13.9 + 13.8 +  13.8 + 13.7 V
min

- 1 3 .5 - 1 3 .3
-1 3 .1

- 1 3 .3 -1 3 .1 - 1 3 .2 -1 3 .1 V
min

Supply =  + 5V 
(N ote 6)

4.0 3.9
3.8

3.9 3.8 3.8 3.7 V
min

1.5 1.7
1.9

1.7 1.9 1.8 1.9 V
m ax

C om m on-M ode 
Rejection Ratio

- 1 0 V  <; V Cm  £ + 1 0 V 105 86
8 0

86 82 80 78 dB
min

Power Supply 
Rejection Ratio

± 1 0 V  <: v ±  <; ± 16V 96 86
80

86 82 80 78 dB
min

O utput V oltage 
Swing

Supply =  ± 15V 
and R l =  2 kH

+  14.2 +  13.5 
+ 13.3

+  13.5 + 13.3 +  13.4 + 13.3 V
min

- 1 3 .4 - 1 3 .0
- 1 2 .7

- 1 3 .0 - 1 2 .8 - 1 2 .9 - 1 2 .8 V
min
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DC E lectrical C haracteris tics (Note 3) (Continued)

Parameter Conditions Typ

LM6164 LM6264 LM6364

UnitsTested 
Limit 

(Note 4)

Design 
Limit 

(Note 5)

Tested 
Limit 

(Note 4)

Design 
Limit 

(Note 5)

Tested 
Limit 

(Note 4)

Design 
Limit 

(Note 5)

O utput Voltage Supply =  +  5V and 4.2 3.5 3.5 3.3 3.4 3.3 V
Swing R L =  2 kH  (Note 6) 3.3 min

1.3 1.7 1.7 1.9 1.8 1.9 V
2.0 m ax

O utput Short Source 65 30 30 25 30 25 m A
C ircuit C urrent 2 0 min

S ink 65 30 30 25 30 25 m A
20 min

Supply Current 5.0 6.5 6.5 6.7 6.8 6.9 m A
6.8 max

AC Electrical C haracteris tics (N otes 3 &  7)

Parameter Conditions Typ

LM6164 LM6264 LM6364

UnitsTested 
Limit 

(Note 4)

Design 
Limit 

(Note 5)

Tested 
Limit 

(Note 4)

Design 
Limit 

(Note 5)

Tested 
Limit 

(Note 4)

Design 
Limit 

(Note 5)

G ain-Bandw idth
Product

@ F =  20 M Hz 175 140
100

140 120 120 100 M Hz
min

Supply =  ± 5V 120

S lew  Rate Av  =  + 2 0  (N ote  10) 300 200
180

200 180 200 180 V/jutS
min

Supply =  ± 5 V 200

Power Bandw idth VoUT =  20 Vpp 4.5 M Hz

S e ttin gT im e 10V S tep to  0 .1%
A y =  —4, R l  =  2 kft

100 ns

Phase M argin Ay =  + 5 45 Deg

D ifferentia l Gain NTSC, A v  =  + 1 0 <0.1 %

D ifferentia l Phase NTSC, Av  =  + 1 0 <0.1 Deg

Input N oise V oltage F =  10 kHz 8 nV/VHz

Input Noise C urrent F =  10 kHz 1.5 pA/VHz
Note 1: Continuous short-circuit operation at elevated ambient temperature can result in exceeding the maximum allowed junction temperature of 150°C.
Note 2: The typical junction-to-ambient thermal resistance of the molded plastic DIP (N) is 105°C/Watt, the molded plastic SO (M) package is 155°C/Watt, and the 
cerdip (J) package is 125°C/Watt. All numbers apply for packages soldered directly into a printed circuit board.
Note 3: Unless otherwise specified, all limits guaranteed for Ta -  T j =  25°C with supply voltage =  + 1 5V, Vqm =  OV, and n ^  100 Kft Boldface limits apply over 
the range listed under “Operating Temperature Range”.
Note 4: All limits guaranteed at room temperature (standard type face) and at temperature extremes. All limits are 100% production tested.
Note 5: All limits guaranteed at room temperature (standard type face) and at temperature extremes. All limits are guaranteed via correlation using standard 
Statistical Quality Control (SQC) methods.
Note 6: For single supply operation, the following conditions apply: V +  =  5V, V -  = 0V, Vqm =  2.5V, Vqu t  = 2.5V. Pin 1 & Pin 8 (Vos Adjust) are each 
connected to Pin 4 (V—) to realize maximum output swing. This connection will degrade Vos- 
Note 7: CL <; 5 pF.
Note 8: In order to achieve optimum AC performance, the input stage was designed without protective clamps. Exceeding the maximum differential input voltage 
results in reverse breakdown of the base-emitter junction of one of the input transistors and probable degradation of the input parameters (especially Vos. los. and 
Noise).
Note 9: The average voltage that the weakest pin combinations (those involving Pin 2 or Pin 3) can withstand and still conform to the datasheet limits. The test 
circuit used consists of the human body model of 100 pF in series with 1500ft.
Note 10: V in =  4V step. For supply =  ±5V, V in =  1V step.
Note 11: Voltage Gain is the total output swing (20V) divided by the input signal required to produce that swing.
Note 12: The voltage between V +  and either input pin must not exceed 36V.
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Typical P erform ance C haracteris tics (R l = 10 k n , Ta  =  25°C un less o therw ise  specified)
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TL/H/9153-5
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Typical Perform ance C haracteristics
(Rl_ = 1 0  k f l ,  T a  =  25°C unless o therw ise specified) (Continued)

Differential Gain (Note)

TL/H/9153-6

Differential Phase (Note)

TL/H/9153-7

Note: Differential gain and differential phase 
measured for four series LM6364 op amps con
figured as unity-gain followers, in series with an 
LM6321 buffer. Error added by LM6321 is negli
gible. Test performed using Tektronix Type 520 
NTSC test system.

TIME (50 ns/div)
TL/H/9153-1

Input Noise Voltage Input Noise Current

0.1 1 10 100

FREQUENCY (MHz)
TL/ri/9153-3

3-686



3-687

LM6164/LM6264/LM6364



LM
61

64
/L

M
62

64
/L

M
63

64
Applications Tips
The LM6364 has been com pensated  fo r gains o f 5 or g reat
e r (over specified ranges o f tem perature , pow er supply vo lt
age, and load). S ince th is  com pensation  involved adding 
em itter-degeneration resistors in the  op am p’s input stage, 
th e  open-loop gain was reduced as the  stab ility increased. 
Gain error due to  reduced A v o l  is m ost apparent a t high 
gains; thus, the  uncom pensated LM 6365 is appropriate fo r 
gains o f 25 o r more. If unity-gain operation is desired, the 
LM6361 should be used. The LM 6361, LM6364, and 
LM 6365 have the  sam e high slew  rate (typically 300 V /jus), 
regardless o f the ir com pensation.
The LM 6364 is unusually to le ran t o f capacitive  loads. M ost 
op am ps tend  to  osc illa te  w hen the ir load capacitance is 
g reater than about 200 pF (in low-gain circuits). However, 
load capacitance on the  LM 6364 e ffective ly  increases its 
com pensation capacitance, thus slow ing the  op am p’s re
sponse and reducing its bandw idth. The com pensation is 
no t ideal, though, and ringing o r osc illa tion may occur in 
low-gain circuits w ith large capacitive  loads. To  overcom 
pensate  the LM 6364 fo r operation a t gains less than 5, a

Typical A pplications

series resisto r-capacito r netw ork should be added between 
the  input p ins (as shown in the Typical App lica tions, Noise 
Gain C om pensation) so tha t the  h igh-frequency noise gain 
rises to  a t least 5.
Pow er supp ly bypassing w ill im prove the  stab ility  and tran 
sien t response o f the  LM6364, and is recom m ended fo r ev
ery design. 0.01 jj,F to  0.1 juF ceram ic capacito rs  should be 
used (from  each supply “ ra il”  to  ground); if the  device is fa r 
away from  its pow er supply source, an add itiona l 2.2 juF to  
10 jaF (tanta lum ) may be required fo r extra  noise reduction. 
Keep all leads short to  reduce stray capacitance  and lead 
inductance, and m ake sure ground pa ths are low -im ped
ance, especia lly  w here heavier currents w ill be flow ing. 
S tray capacitance  in the c ircuit layout can cause signal cou 
pling between ad jacent nodes, so th a t circu it gain un in ten
tiona lly varies w ith  frequency.
B readboarded circuits w ill w ork best if they are built using 
generic PC boards w ith a good ground plane. If th e  op am ps 
are used w ith sockets, as opposed to  being so ldered into 
the  circuit, the  additional input capacitance m ay degrade 
circuit perform ance.

Offset Voltage Adjustment

v*

100k
TL/H/9153-10

Video-Bandwidth Amplifier

TL/H/9153-12

Noise-Gain Compensation for Gains ^5

rf

RXCX ^  (2tt«25 MHz)“ 1 
5 Rx =  R i +  R F(1 +  F V R 2)
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