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Operational Amplifier and Voltage Reference
General Description
The LM10 is a monolithic linear IC consisting of a precision
reference, an adjustable reference buffer and an indepen-
dent, high quality op amp.

The unit can operate from a total supply voltage as low as
1.1V or as high as 40V, drawing only 270μA. A complemen-
tary output stage swings within 15 mV of the supply terminals
or will deliver ±20 mA output current with ±0.4V saturation.
Reference output can be as low as 200 mV.

The circuit is recommended for portable equipment and is
completely specified for operation from a single power cell. In
contrast, high output-drive capability, both voltage and cur-
rent, along with thermal overload protection, suggest it in
demanding general-purpose applications.

The device is capable of operating in a floating mode, inde-
pendent of fixed supplies. It can function as a remote com-

parator, signal conditioner, SCR controller or transmitter for
analog signals, delivering the processed signal on the same
line used to supply power. It is also suited for operation in a
wide range of voltage- and current-regulator applications,
from low voltages to several hundred volts, providing greater
precision than existing ICs.

Features
■ Input offset voltage:  2.0 mV (max)

■ Input offset current: 0.7 nA (max)

■ Input bias current: 20 nA (max)

■ Reference regulation: 0.1% (max)

■ Offset voltage drift: 2μV/°C

■ Reference drift:  0.002%/°C

Ordering Information

NS Part Number SMD Part Number NS Package Number Package Description

LM10H/883 5962–8760401GA H08A 8LD Metal Can

Connection and Functional Diagram

Metal Can Package (H)

20149701

See NS Package Number H08A

© 2010 National Semiconductor Corporation 201497 www.national.com
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Absolute Maximum Ratings (Note 1)

Total Supply Voltage 45V

Differential Input Voltage (Note 3) ±40V

Power Dissipation (PDmax) (Note 2) Internally Limited

Output Short-circuit Duration (Note 4) Continuous

Storage Temperature Range −55°C ≤ TA ≤ +150°C

Maximum Junction Temperature (TJmax) 150°C

Lead Temperature (Soldering 10 seconds) 300°C

Thermal Resistance  

 θJA
 

  Still Air 150°C

  500LF/Min Air flow 45°C

 θJC
 

   45°C

ESD Rating to be determined

Quality Conformance Inspection
Mil-Std-883, Method 5005 - Group A

Subgroup Description Temp °C

1 Static tests at +25

2 Static tests at +125

3 Static tests at -55

4 Dynamic tests at +25

5 Dynamic tests at +125

6 Dynamic tests at -55

7 Functional tests at +25

8A Functional tests at +125

8B Functional tests at -55

9 Switching tests at +25

10 Switching tests at +125

11 Switching tests at -55

12 Settling time at +25

13 Settling time at +125

14 Settling time at -55
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LM10H Electrical Characteristics

DC Parameters
The following conditions apply to all the following parameters, unless otherwise specified.

DC: At room temperature 1.2V ≤ VS ≤ 45V, VS
- ≤ VCM ≤ V± 0.85V.

DC: At temperature extremes 1.3V ≤ VS ≤ 45V, VS
- ≤ VCM ≤ V± 1.0V.

Symbol Parameter Conditions Notes Min Max Unit
Sub-

groups

VIO Input Offset Voltage

IO = 0mA
 -2.0 2.0 mV 1

 -3.0 3.0 mV 2, 3

VS = 1.2V, IO = ±2mA  -3.0 3.0 mV 1

VS = 1.3V, IO = ±2mA  -4.0 4.0 mV 2, 3

VS = 4V, IO = ±20mA  -3.0 3.0 mV 1

VS = 4V, IO = ±15mA  -4.0 4.0 mV 2, 3

IIO Input Offset Current
  -0.7 0.7 nA 1

 -1.5 1.5 nA 2, 3

IIB Input Bias Current
  20 nA 1

 30 nA 2, 3

CMRR Common Mode Rejection VS = 45V, -20V ≤ VCM ≤ 24.2V
 93 dB 1

 87 dB 2, 3

PSRR Supply Voltage Rejection

VS
+ = 0.85V,

-0.35V ≥ VS
- ≥ -44.2V

 
90 dB 1

VS
+ = 1V,

-0.3V ≥ VS
- ≥ -44.2V

 
84 dB 2, 3

0.85V ≤ VS
+ ≤ 44.6V,

VS
- = -0.35V

 
96 dB 1

1V ≤ VS
+ ≤ 44.6V,

VS
- = -0.3V

 
90 dB 2, 3

VRLine Line Regulation IRef = 1mA
 91 dB 1

 85 dB 2, 3

VRLoad Load Regulation
VS = 1.2V, 0 ≤ IO ≤ 1mA  60 dB 1

VS = 1.3V, 0 ≤ IO ≤ 1mA  57 dB 2, 3

IS Supply Current
  400 µA 1

 500 µA 2, 3

AV Large Signal Voltage Gain

VS = ±20V, IO = 0A,

VO = ± 19.95V

 120 K 4

 80 K 5, 6

VS = ±2V, IO = ±20mA,

VO = ±1.4V

 5.0 K 4

VS = ±2V, IO = ±15mA,

VO = ±1.4V

 1.5 K 5, 6

VS
+ = 0.85V, VCM = -0.25V

VS
- = -0.35V, IO = ±2mA,

-0.15V ≤ VO ≤ 0.65V,

 1.5 K 4

VS
+ = 1V, VCM = -0.35V

VS
- = -0.3V, IO = ±2mA,

+0.05V ≤ VO ≤ 0.65V,

 0.5 K 5, 6
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Symbol Parameter Conditions Notes Min Max Unit
Sub-

groups

AVSH Shunt Gain

1.1V ≤ VOUT ≤ 6.1V,

-5mA ≤ IOUT ≤ -0.1mA
(Note 6) 14 K 4

1.2V ≤ VOUT ≤ 6.2V,

-5mA ≤ IOUT ≤ -0.1mA
(Note 6) 6.0 K 5, 6

1.4V ≤ VOUT ≤ 6.4V,

-5mA ≤ IOUT ≤ -0.1mA
(Note 6) 8.0 K 4

1.4V ≤ VOUT ≤ 6.4V,

-20mA ≤ IOUT ≤ -0.1mA
(Note 6) 4.0 K 5, 6

AV Amplifier Gain
0.2V ≤ VRef ≤ 35V, IRef = 1mA  50 K  

 23 K  

VSense Feedback Sense Voltage
0.2V ≤ VRef ≤ 35V,

0 ≤ IRef ≤ 1 mA

 195 205 mV  

 194 206 mV  

ISense Feedback Current
  50 nA  

 65 nA  

ΔIS Supply Current Change
0.5V ≤ VO ≤ 25V  -75 75 µA  

VS = 5V, 4.5V ≤ VO ≤ 5V  -60 60 µA  

RI Input Resistance
 (Note 5) 250 KΩ  

(Note 5) 150 KΩ  

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test
conditions.

Note 2: The maximum power dissipation must be derated at elevated temperatures and is dictated by TJmax (maximum junction temperature), θJA (package
junction to ambient thermal resistance), and TA (ambient temperature). The maximum allowable power dissipation at any temperature is PDmax = (TJmax - TA)/
θJA or the number given in the Absolute Maximum Ratings, whichever is lower..

Note 3: The Input voltage can exceed the supply voltages provided that the voltage from the input to any other terminal does not exceed the maximum differential
input voltage and excess dissipation is accounted for when VI< VS

-.

Note 4: Internal thermal limiting prevents excessive heating that could result in sudden failure, but the IC can be subjected to accelerated stress with a shorted
output and worst-case conditions.

Note 5: Guaranteed parameter, not tested,

Note 6: This defines operation in floating applications such as the bootstrapped regulator or two-wire transmitter. Output is connected to the VS
+ terminal of the

IC and input common mode is referred to VS
- (see typical applications). Effect of larger output-voltage swings with higher load resistance can be accounted for

by adding the positive-supply rejection error.
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Definition of Terms

Input offset voltage:  That voltage which must be applied between the input terminals to bias the unloaded output in the linear
region.

Input offset current:  The difference in the currents at the input terminals when the unloaded output is in the linear region.

Input bias current:  The absolute value of the average of the two input currents.

Input resistance:  The ratio of the change in input voltage to the change in input current on either input with the other grounded.

Large signal voltage gain:  The ratio of the specified output voltage swing to the change in differential input voltage required to
produce it.

Shunt gain:  The ratio of the specified output voltage swing to the change in differential input voltage required to produce it with
the output tied to the VS

+ terminal of the IC. The load and power source are connected between the VS
+ and VS

- terminals, and
input common-mode is referred to the VS

- terminal.

Common-mode rejection:  The ratio of the input voltage range to the change in offset voltage between the extremes.

Supply-voltage rejection:  The ratio of the specified supply-voltage change to the change in offset voltage between the extremes.

Line regulation:  The average change in reference output voltage over the specified supply voltage range.

Load regulation:  The change in reference output voltage from no load to that load specified.

Feedback sense voltage:  The voltage, referred to VS
-, on the reference feedback terminal while operating in regulation.

Reference amplifier gain:  The ratio of the specified reference output change to the change in feedback sense voltage required
to produce it.

Feedback current:  The absolute value of the current at the feedback terminal when operating in regulation.

Supply current:  The current required from the power source to operate the amplifier and reference with their outputs unloaded
and operating in the linear range.

7 www.national.com
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Typical Performance Characteristics (Op Amp)

Input Current

20149718

Common Mode Limits

20149719

Output Voltage Drift

20149720

Input Noise Voltage

20149721

DC Voltage Gain

20149722

Transconductance

20149723
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Output Saturation
Characteristics

20149724

Output Saturation
Characteristics

20149725

Output Saturation
Characteristics

20149726

Minimum Supply Voltage

20149727

Minimum Supply Voltage

20149728

Minimum Supply Voltage

20149729
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Frequency Response

20149730

Output Impedance

20149731

Typical Stability Range

20149732

Large Signal Response

20149733

Comparator Response
Time For Various
Input Overdrives

20149734

Comparator Response
Time For Various
Input Overdrives

20149735
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Follower Pulse
Response

20149736

Noise Rejection

20149737

Rejection Slew Limiting

20149738

Supply Current

20149739

Thermal Gradient
Feedback

20149740

Thermal Gradient
Cross-coupling

20149741
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Shunt Gain

20149742

Shunt Gain

20149743

Shunt Gain

20149744

Shunt Gain

20149742

Shunt Gain

20149743

Shunt Gain

20149744
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Typical Performance Characteristics (Reference)

Line Regulation

20149745

Load Regulation

20149746

Reference Noise Voltage

20149747

Minimum Supply Voltage

20149748

Output Saturation

20149749

Typical Stability Range

20149750
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Typical Applications (Note 8)

(Pin numbers are for devices in 8-pin packages)

Op Amp Offset Adjustment
Standard

20149751

Limited Range

20149752

Limited Range With Boosted
Reference

20149753

www.national.com 14
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Positive Regulators (Note 7)

Low Voltage

20149754

Best Regulation

20149755

Zero Output

20149756

Note 7: Use only electrolytic output capacitors.

15 www.national.com
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Current Regulator

20149757

Shunt Regulator

20149758

Required For Capacitive Loading

Negative Regulator

20149759

*Electrolytic

Precision Regulator

20149760

www.national.com 16
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Laboratory Power Supply

20149761

*VO=10−4 R3

HV Regulator

20149762

20149784
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Protected HV Regulator

20149763

Flame Detector

20149764

*800°C Threshold Is Established By Connecting Balance To VRef.

Light Level Sensor

20149765

*Provides Hysteresis

www.national.com 18
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Remote Amplifier

20149766

Remote Thermocouple Amplifier

20149767

Transmitter for Bridge Sensor

20149768
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Precision Thermocouple Transmitter

20149769

10 mA ≤ IOUT≤50 mA  500°C ≤ TP ≤ 1500°C  *Gain Trim

Resistance Thermometer Transmitter

20149770

www.national.com 20
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Optical Pyrometer

20149771

††Level-shift Trim

 *Scale Factor Trim

 †Copper Wire Wound
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Thermocouple Transmitter

20149772

200°C≤Tp≤700°C

1 mA≤IOUT≤5 mA

†Gain Trim

Logarithmic Light Sensor

20149773

1 mA ≤ IOUT≤5 mA

‡50 μA ≤ ID ≤ 500 μA

††Center Scale Trim

†Scale Factor Trim

*Copper Wire Wound

www.national.com 22
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Battery-level Indicator

20149774

Battery-threshold Indicator

20149775

Single-cell Voltage Monitor

20149776

Flashes Above 1.2V

Rate Increases With

Voltage

Double-ended Voltage Monitor

20149777

Flash Rate Increases

Above 6V and Below 15V

Meter Amplifier

20149778

  Input

10 mV, 100nA

Full-Scale
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Thermometer

20149779

*Trim For Span

†Trim For Zero

Light Meter

20149780

1 ≤ λ/λ0 ≤ 105

www.national.com 24
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Microphone Amplifier

20149781

ZOUT∼680Ω @ 5 kHz

AV ≤ 1k

f1∼100 Hz

f2∼5 kHz

RL∼500

*Max Gain Trim
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Isolated Voltage Sensor

20149782

†Controls “Loop Gain”

*Optional Frequency Shaping

Light-level Controller

20149783

Note 8: Circuit descriptions available in application note AN-211.

Application Hints
With heavy amplifier loading to VS

-, resistance drops in the
VS

- lead can adversely affect reference regulation. Lead re-
sistance can approach 1Ω. Therefore, the common to the

reference circuitry should be connected as close as possible
to the package.
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Revision History

Date Released Revision Section Changes

10/26/2010 A New release to corporate format 1 MDS converted to standard corporate format.

MNLM10-X Rev 0AL will be archived
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Physical Dimensions inches (millimeters) unless otherwise noted

Metal Can Package (H)
NS Package Number H08A
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For more National Semiconductor product information and proven design tools, visit the following Web sites at:

www.national.com

Products Design Support

Amplifiers www.national.com/amplifiers WEBENCH® Tools www.national.com/webench

Audio www.national.com/audio App Notes www.national.com/appnotes

Clock and Timing www.national.com/timing Reference Designs www.national.com/refdesigns

Data Converters www.national.com/adc Samples www.national.com/samples

Interface www.national.com/interface Eval Boards www.national.com/evalboards

LVDS www.national.com/lvds Packaging www.national.com/packaging

Power Management www.national.com/power Green Compliance www.national.com/quality/green

  Switching Regulators www.national.com/switchers Distributors www.national.com/contacts

  LDOs www.national.com/ldo Quality and Reliability www.national.com/quality

  LED Lighting www.national.com/led Feedback/Support www.national.com/feedback

  Voltage References www.national.com/vref Design Made Easy www.national.com/easy

PowerWise® Solutions www.national.com/powerwise Applications & Markets www.national.com/solutions

Serial Digital Interface (SDI) www.national.com/sdi Mil/Aero www.national.com/milaero

Temperature Sensors www.national.com/tempsensors SolarMagic™ www.national.com/solarmagic

PLL/VCO www.national.com/wireless PowerWise® Design
University

www.national.com/training

THE CONTENTS OF THIS DOCUMENT ARE PROVIDED IN CONNECTION WITH NATIONAL SEMICONDUCTOR CORPORATION
(“NATIONAL”) PRODUCTS. NATIONAL MAKES NO REPRESENTATIONS OR WARRANTIES WITH RESPECT TO THE ACCURACY
OR COMPLETENESS OF THE CONTENTS OF THIS PUBLICATION AND RESERVES THE RIGHT TO MAKE CHANGES TO
SPECIFICATIONS AND PRODUCT DESCRIPTIONS AT ANY TIME WITHOUT NOTICE. NO LICENSE, WHETHER EXPRESS,
IMPLIED, ARISING BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS
DOCUMENT.

TESTING AND OTHER QUALITY CONTROLS ARE USED TO THE EXTENT NATIONAL DEEMS NECESSARY TO SUPPORT
NATIONAL’S PRODUCT WARRANTY. EXCEPT WHERE MANDATED BY GOVERNMENT REQUIREMENTS, TESTING OF ALL
PARAMETERS OF EACH PRODUCT IS NOT NECESSARILY PERFORMED. NATIONAL ASSUMES NO LIABILITY FOR
APPLICATIONS ASSISTANCE OR BUYER PRODUCT DESIGN. BUYERS ARE RESPONSIBLE FOR THEIR PRODUCTS AND
APPLICATIONS USING NATIONAL COMPONENTS. PRIOR TO USING OR DISTRIBUTING ANY PRODUCTS THAT INCLUDE
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RIGHT.
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whose failure to perform when properly used in accordance with instructions for use provided in the labeling can be reasonably expected
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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.

TI 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 TI deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

TI assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI 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 TI patent right, copyright, mask work right,
or other TI intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI 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 TI under the patents or other intellectual property of TI.

Reproduction of TI 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. TI is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

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

TI products are not authorized for use in safety-critical applications (such as life support) where a failure of the TI 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 TI products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify TI and its representatives against any damages arising out of the use of TI products in
such safety-critical applications.

TI products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by TI as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of TI products which TI 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.

TI products are neither designed nor intended for use in automotive applications or environments unless the specific TI products are
designated by TI 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 www.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
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