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LM118/LM218/LM318

Operational Amplifiers
General Description

The LM118 series are precision high speed operational am-
plifiers 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 perfor-
mance. For inverting applications, feedforward compensa-
tion will boost the slew rate to over 150V/ys 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% settling 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,
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sample and hold 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 +85°C tem-
perature range. The LM318 is specified from 0°C to +70°C.

Features

® 15 MHz small signal bandwidth

m Guaranteed 50V/ps slew rate

® Maximum bias current of 250 nA

m Operates from supplies of +5V to +20V

m |nternal frequency compensation

m Input and output overload protected

® Pin compatible with general purpose op amps

Fast Voltage Follower

(Note 1)
5 pF
R1
10K
NN~ j
2
LM118 OUTPUT
10K 4
INPUT —AAA— *

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

00776613
kQ)
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LM118/LM218/LM318

Absolute Maximum Ratings (ote 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 Voltage (Note 4)
Output Short-Circuit Duration
Operating Temperature Range

+20V

500 mW
+10 mA
+15V
Continuous

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

LM118 -55°C to +125°C 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 Offset Voltage Tpo=25C 2 4 4 10 mV
Input Offset Current Tpo=25C 6 50 30 200 nA
Input Bias Current Tp=25C 120 | 250 150 | 500 nA
Input Resistance Tp=25C 1 3 0.5 3 MQ
Supply Current Tpo=25C 5 8 5 10 mA
Large Signal Voltage Gain Tpo=25C, Vg = 215V 50 200 25 200 V/mV
Vour = 10V, R > 2 kQ
Slew Rate Ta=25°C, Vg = %15V, A, =1 50 70 50 70 V/us
(Note 6)
Small Signal Bandwidth Ta=25"C, Vg = =15V 15 15 MHz
Input Offset Voltage 6 15 mV
Input Offset Current 100 300 nA
Input Bias Current 500 750 nA
Supply Current Tpo=125C 4.5 7 mA
Large Signal Voltage Gain Vg = 215V, Vot = =10V 25 20 V/imV
R =2 kQ
Output Voltage Swing Vg =15V, R =2 kQ +12 +13 +12 *13 Vv
Input Voltage Range Vg = =15V *11.5 +11.5 Vv
Common-Mode Rejection Ratio 80 100 70 100 dB
Supply Voltage Rejection Ratio 70 80 65 80 dB

Note 2: The maximum junction temperature of the LM118 is 150°C, the LM218 is 110°C, and the LM318 is 110°C. For operating at elevated temperatures, devices
in the HO8 package must be derated based on a thermal resistance of 160°C/W, junction to ambient, or 20°C/W, junction to case. The thermal resistance of the
dual-in-line package is 100°C/W, junction to ambient.

Note 3: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in excess of
1V is applied between the inputs unless some limiting resistance is used.

Note 4: For supply voltages less than £15V, the absolute maximum input voltage is equal to the supply voltage.

Note 5: These specifications apply for £5V < Vg < £20V and -55°C < Tp < +125°C (LM118), -25°C < Tp < +85°C (LM218), and 0°C < T < +70°C (LM318). Also,
power supplies must be bypassed with 0.1 pF disc capacitors.

Note 6: Slew rate is tested with Vg = £15V. The LM118 is in a unity-gain non-inverting configuration. V| is stepped from -7.5V to +7.5V and vice versa. The slew
rates between —-5.0V and +5.0V and vice versa are tested and guaranteed to exceed 50V/ps.

Note 7: Refer to RETS118X for LM118H and LM118J military specifications.
Note 8: Human body model, 1.5 kQ in series with 100 pF.
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Typical Performance Characteristics
LM118, LM218

Input Current Voltage Gain
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2 ., 100
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0 95
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Power Supply Rejection Input Noise Voltage
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= |
s 60 AE 300
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LM118/LM218/LM318

Typical Performance Characteristics tm11s, LmM218 (Continued)

Closed Loop Output

Impedance
103
Vg =115V
"2 Ta=25°C
= p—
;c: Ay = 1000 /
RTY A
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2 N\
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INPUT CURRENT (nA)
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10 100 1k 10k 100k 1™

FREQUENCY (Hz)
00776631

Input Current

Ta=25°C —

-08 -06-04-02 0 02 04 06 08
DIFFERENTIAL INPUT (V)

00776633

Voltage Follower Slew Rate

130

120

110

100

90

SLEW (V/jus)

80

70

[T

POSITIVE SLEW

NEGATIVE SLEW

Vg =15V T~
Rs = R¢= 10 kQ
Ci=5pF

L 1

A

-55 -35-15 5 25 45 65 85 105 125

TEMPERATURE (°C)
00776635

UNITY GAIN BANDWIDTH (MHz) OUTPUT SWING (£V)

OQUTPUT VOLTAGE (V)

24
22

20

Current Limiting

Vg =15V
\
Th=25°C
Th=125°C
5 10 15 20 25

OUTPUT CURRENT (mA)
00776632

Unity Gain Bandwidth

| ]

N Vs -t20v

>
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S
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-55-35-15 5 25 45 65 85 105 125

TEMPERATURE (°C)
00776634

Inverter Settling Time

|
10mV
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A |4
Vg =115V
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TIME (us)

00776636
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Typical Performance Characteristics Lmi1s, LM218 (Continued)

QUTPUT SWING (V)

Large Signal Frequency
Response

LA
Ta=25°C |

\ Vg =18V

P

05M 1M 2M 5M 10M 20M  50M

VOLTAGE SWING (V)
e boows
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00776637

Voltage Follower Pulse
Response

INPUT— OUTPUT
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TIME (us)
00776639

Open Loop Frequency

Response
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LM118/LM218/LM318

Typical Performance Characteristics

LM318
Input Current Voltage Gain
200 I 115 ‘
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Typical Performance Characteristics tvs1s (Continued)

Closed Loop Output Impedance Current Limiting
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LM118/LM218/LM318

Large Signal Frequency

Response
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Typical Performance Characteristics vs1s (Continued)
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Auxiliary Circuits

Feedforward Compensation
for Greater Inverting Slew Rate
(Note 9)

5K

5K
INPUT

ouTPUT

2.5K
BALANCE"

00776608
*Balance circuit necessary for increased slew.

Note 9: Slew rate typically 150V/ps.

Compensation for Minimum Settling Time
(Note 10)
5 pF
| |
R

10K

r MN—0

INPUT

QUTPUT

00776609

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

INPUT

Offset Balancing

vt
200K
2 -_—
6
LM118
3
— Y

00776610

Isolating Large Capacitive Loads
Re

?—OUTPUT

-

00776611

Overcompensation

00776612
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LM118/LM218/LM318

Typical Applications

Fast Voltage Follower
(Note 11)

OUTPUT

INPUT

00776613

Integrator or Slow Inverter

Y
RiN A
— AN e

) RF
| * >

5pF 10k

00776614
Cg = Large
(Cg 2 50 pF)
*Do not hard-wire as integrator or slow inverter; insert a 10k-5 pF network in series with the input, to prevent oscillation.

Note 11: Do not hard-wire as voltage follower (R1 > 5 kQ)

Fast Summing Amplifier Differential Amplifier
5 pF 10K
I I I ANf

INPUT

ouTPUT

INPUT
INPUT

OUTPUT

00776616

00776615
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Typical Applications (continued)

Fast Sample and Hold

ouTPUT

2N4391

INPUT

100K

1N914 10pF =

SAMPLE
00776618

D/A Converter Using Ladder Network

10K 10K 10K OUTRUT

FROM SWITCHES

00776619
*Optional — Reduces settling time.

www.BD TI C.com /TI wnationalcom

SLENT/8LCINT/BLLINT



LM118/LM218/LM318

Typical Applications (continued)

Four Quadrant Multiplier

15V

50K
1%
ﬁ

*
30K 30K

AOutput zero.
*Y” zero
+“X” zero

$Full scale adjust.

*Optional — Reduces settling time.

00776617

D/A Converter Using Binary Weighted Network

5pF

FROM SWITCHES

00776620
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Typical Applications (continued)

Fast Summing Amplifier with Low Input Current

5pF
I
LAY

Re

OUTPUT

SLENT/8LCINT/BLLINT

8

BALANCE

V‘
00776621
Wein Bridge Sine Wave Oscillator Instrumentation Amplifier
R1 +15V
750 100K

1%

OUTPUT

- INPUT

+INPUT

00776622

*L1—10V—14 mA bulb ELDEMA 1869

R1 = R2
C1 =C2 LM185-1.2 K
1 1%
~ 2wR2C1 _15v

00776623

200K
*Gain >
9

for 1.5K < Rg < 200K
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LM118/LM218/LM318

Schematic Diagram
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Connection Diagram

Dual-In-Line Package

[~ |-
w~

3 12
BALANCE/COMPENSATION 1 == —— COMPENSATION 2

4 11
INPUT- h — v+
5 . 10
INPUT+ — OUTPUT
6 9
V- — — BALANCE/COMPENSATION 3
7 8

00776624
Top View
Order Number LM118J/883 (Note 13)

Dual-In-Line Package

BAL/COMP — 1= U 8 comp-2
inpuT —2 AT
+
INPUT ouTPUT
=4 LS BAL/COMP -3
00776603
Top View

Order Number LM118J-8/883 (Note 13),
LM318M or LM318N
See NS Package Number JOSA, MO8A or NO8B

See NS Package Number J14A

Metal Can Package
(Note 12)

COMPENSATION-2

BALANCE/
COMPENSATION-1

COMPENSATION-3

00776602

Top View
Order Number LM118H, LM118H/883 (Note 13),
LM218H or LM318H
See NS Package Number HO8C

Note 12: Pin connections shown on schematic diagram and typical applica-
tions are for TO-5 package.

Note 13: Available per JM38510/10107.
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LM118/LM218/LM318

Physical Dimensions inches (millimeters)

unless otherwise noted

< 0.350-0.370
(8.890—9.398)
DIA 0315-0.335
(8.001—8.509)
MAX
0.025
0.165-0.185 | (UT35) EEN:[?::':ULLED
(4.191-4.699) + |
REFERENCE PLANE L — ] Y SEATING PLANE
t o f t 0.015-0.040
0.500 (0.889) . R

(0.381-1.016)

E
‘Pl l<— M DIATYP

(0.406—0.483)

0.195-0.205 DIA
(4.953 —5.207) P.C.

0.100

—>»
(2.540) e

0.029-0.045 #

(0.737-1.143)
0.028-0.034

EETTINN
A

45° EQUALLY
SPACED —3»|

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

01150145
(2.921—3.683)
DIA

HO8C (REV E)

re— 0.400 MAX

[s1 [71 [e] [5]

R0O.010 TYP

f

f

0.220  0.310 MAX

/f 0.291  GLASS
R0.025 TYP l l
KN E e
e S

0.290 l«— 0.005 GLASS
0.320 MIN /— SEALANT
0.180 . /

.

0.200 | 4 0.020

MAX MAX T 0.060
|

! ! 0.125

| 90° & 4° TYP
959 £5° TYP " 0.310 ! 0.055 MAX —»| |<— ]
0.410 > BOTH ENDS | |

0.018£0.003 TYP

0.008
0.0127"F
0.100 £0.010 TYP

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

0.150
MIN

: 0.200

JOBA (REV K)
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.785
{19.939)
MAX
0025 [a] [3] [iz] [n] [o] [e] [®]
(0.635)
RAD 0.220-0.310
(5.588—7.874)
LI Gl Lol [af [sf [s] 2]
0.290-0.320 0005 0.200
(7.366—8.128) (0'1w27) "GLASS 0.060 +0.005 — (5.080)
SEALANT {7524 20.127) | MAX' 0,020-0.060
0180 o r ] (0.508—1.522)
(4.572)
| 86°94° TV;\ T
10° MAX 0.008-0.012
- {0.203-0.305)
|l 0310-0410 | 0.018 :0.003 003
(7.874-1041) 0098 | (0.457 0.076) l]76) S AA
(2.489) (3.175-5.080)
MAX BOTH ENDS 0.100 +0.010 0.150
{2,540 £0.258) @
MIN J14A (REV G)
Ceramic Dual-In-Line Package (J)
Order Number LM118J/883
NS Package Number J14A
0.189-0.197
(4.8005.004)
|8 7 6 5
0.228—0.244
{5.791—6.198)
p 0.010 ax
) (0.254)
LEADNO. 1/ ! 3 ;T
30°
IDENT kol
0.150-0.157
{3.810—3.988)
0.010-0.020 , g5c ‘—':-gi:—?:gg)
(0.254 -0.508) 8 MAX TYP ' v : 0.004 —0.010
ALL LEADS {0.102—0.258)

L,, ¢ v —H= ¢ SEATING

oo A i ? i ? PLANE
00 i 0.014
0.008—0.010 So= 0.050 0.014-0.020
—_ ALL LEAD TIPS 0.016 —0.050 0.356) ——— 3| ——————_TYP
{0.203—-0.258) — Tt (0.3%) =77 R (0.356—0.508)
TYP ALL LEADS (0.406 —1.270) P 0.008 1yp | e—
TYP ALL LEADS (0.203) MOBA (REV H)

S.0. Package (M)
Order Number LM318M or LM318MX
NS Package Number MO8A
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LM118/LM218/LM318 Operational Amplifiers

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.373—0.400
(9.474—10.16)
0.090
> {2.286)
oo%2 8 [7] [6] [5] 0.032 +0.005 [8] [7]
(2.337) N ) (0.813%0.127)
PN N 1 IDENT \@' N 0.250:+0.005 RAD
' . . (6.35+0.127) PIN NO. 1 IDENT
oPTION 1 L® v T Re
0.280 Wl
—» =2 MIN 0.040
e gggg wax {1016 TYP_»I | 0.039 0.145-0.200 oFTioN 2
0.300-0.320 (0.762) 0o+ 1 0.997) 583 —5.080)
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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 support device or system whose failure to perform
into the body, or (b) support or sustain life, and can be reasonably expected to cause the failure of
whose failure to perform when properly used in the life support device or system, or to affect its
accordance with instructions for use provided in the safety or effectiveness.

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

BANNED SUBSTANCE COMPLIANCE

National 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-9-111S2) and contain no “Banned Substances” as defined in CSP-9-111S2.

National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Americas Customer Europe Customer Support Center Asia Pacific Customer Japan Customer Support Center
Support Center Fax: +49 (0) 180-530 85 86 Support Center Fax: 81-3-5639-7507
Email: new.feedback@nsc.com Email: europe.support@nsc.com Email: ap.support@nsc.com Email: jpn.feedback@nsc.com
Tel: 1-800-272-9959 Deutsch Tel: +49 (0) 69 9508 6208 Tel: 81-3-5639-7560
English Tel: +44 (0) 870 24 0 2171
www.national.com Francais Tel: +33 (0) 1 41 91 8790

National does not assume any responsibility for use of any mrcunrvB ﬁ TI Céd and National reserves the rlgyTvIut notice to change said circuitry and specifications.




IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TlI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Communications and Telecom www.ti.com/communications
Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers
Data Converters dataconverter.ti.com Consumer Electronics Wwww.ti.com/consumer-apps
DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy
DSP dsp.ti.com Industrial www.ti.com/industrial
Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical
Interface interface.ti.com Security www.ti.com/security
Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Power Mgmt power.ti.com Transportation and Automotive www.ti.com/automotive
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2011, Texas Instruments Incorporated
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