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LM60/LM60-Q1 2.7V, SOT-23 or TO-92 Temperature Sensor
Check for Samples: LM60/LM60-Q1

1FEATURES DESCRIPTION
The LM60/LM60-Q1 is a precision integrated-circuit• Calibrated linear scale factor of +6.25 mV/°C
temperature sensor that can sense a −40°C to

• Rated for full −40°C to +125°C range +125°C temperature range while operating from a
• Suitable for remote applications single +2.7V supply. The LM60/LM60-Q1's output

voltage is linearly proportional to Celsius (Centigrade)• Available in SOT-23 and TO-92 packages
temperature (+6.25 mV/°C) and has a DC offset of• LM60Q is AEC-Q100 Grade 1 qualified and is +424 mV. The offset allows reading negative

manufactured on an Automotive Grade flow. temperatures without the need for a negative supply.
The nominal output voltage of the LM60/LM60-Q1

APPLICATIONS ranges from +174 mV to +1205 mV for a −40°C to
+125°C temperature range. The LM60/LM60-Q1 is• Automotive
calibrated to provide accuracies of ±2.0°C at room

• Cell Phones & Computers temperature and ±3°C over the full −25°C to +125°C
• Power Supply Modules temperature range.
• Battery Management The LM60/LM60-Q1's linear output, +424 mV offset,
• FAX Machines & Printers and factory calibration simplify external circuitry

required in a single supply environment where• HVAC & Disk Drives
reading negative temperatures is required. Because

• Appliances the LM60/LM60-Q1's quiescent current is less than
110 μA, self-heating is limited to a very low 0.1°C in

KEY SPECIFICATIONS still air in the SOT-23 package. Shutdown capability
for the LM60/LM60-Q1 is intrinsic because its• Accuracy at 25°C: ±2.0°C and ±3.0°C (max)
inherent low power consumption allows it to be• Accuracy for −40°C to +125°C: ±4.0°C (max) powered directly from the output of many logic gates.

• Accuracy for −25°C to +125°C: ±3.0°C (max)
TYPICAL APPLICATION• Temperature Slope: +6.25mV/°C

• Power Supply Voltage Range: +2.7V to +10V
• Current Drain at 25°C: 110μA (max)
• Nonlinearity: ±0.8°C (max)
• Output Impedance: 800Ω (max)

CONNECTION DIAGRAMS

SOT-23 (TOP VIEW)

VO = (+6.25 mV/°C × T°C) + 424 mV

Temperature (T) Typical VO

+125°C +1205 mV

+100°C +1049 mV

+25°C +580 mV
TO-92 (BOTTOM VIEW) 0°C +424 mV

–25°C +268 mV

–40°C +174 mV

Figure 1. Full-Range Centigrade Temperature Sensor
(−40°C to 125°C) Operating from a Single Li-Ion

Battery Cell
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These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
during storage or handling to prevent electrostatic damage to the MOS gates.

ORDERING INFORMATION
ACCURACY OVER SPECIFIED SPECIFIED

ORDER NUMBER DEVICE TOP MARK
TEMPERATURE RANGE TEMPERATURE RANGE

LM60BIM3 T6B
±3 –25°C ≤ TA ≤ +125°C

LM60BIM3X T6B

LM60CIM3 T6C
±4 –40°C ≤ TA ≤ +125°C

LM60CIM3X T6C

LM60QIM3 L60Q
±4 –40°C ≤ TA ≤ +125°C

LM60QIM3X L60Q

LM60BIZ LM60BIZ ±3 –25°C ≤ TA ≤ +125°C

LM60CIZ LM60CIZ ±4 –40°C ≤ TA ≤ +125°C

ABSOLUTE MAXIMUM RATINGS (1)

over operating free-air temperature range (unless otherwise noted)

VALUE UNIT

Supply voltage +12 to −0.2 V

Output voltage (+VS + 0.6) to −0.6 V

Output current 10 mA

Input Current at any pin (2) 5 mA

Human Body Model 2500 V

ESD Susceptibility (3) SOT-23 250 V
Machine Model

TO-92 200 V

Storage temperature −65 to +150 °C

Maximum junction temperature (TJMAX) 125 °C

(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 specified specifications and test conditions, see the
Electrical Characteristics. The specified specifications apply only for the test conditions listed. Some performance characteristics may
degrade when the device is not operated under the listed test conditions.

(2) When the input voltage (VI) at any pin exceeds power supplies (VI < GND or VI > +VS), the current at that pin should be limited to 5 mA.
(3) The human body model is a 100 pF capacitor discharged through a 1.5 kΩ resistor into each pin. The machine model is a 200 pF

capacitor discharged directly into each pin.

RECOMMENDED OPERATING CONDITIONS (1)

over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT

TMIN ≤ TA ≤ TMAX

Specified Temperature Range: LM60B –25 ≤ TA ≤ +125 °C

LM60C/LM60-Q1 –40 ≤ TA ≤ +125 °C

Supply Voltage Range (+VS) 2.7 10 V

Thermal Resistance, θJA
(2) SOT-23 450 °C/W

TO-92 180 °C/W

(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 specified specifications and test conditions, see the
Electrical Characteristics. The specified specifications apply only for the test conditions listed. Some performance characteristics may
degrade when the device is not operated under the listed test conditions.

(2) The junction to ambient thermal resistance (θJA) is specified without a heat sink in still air.
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ELECTRICAL CHARACTERISTICS
Unless otherwise noted, these specifications apply for +VS = +3.0 VDC and ILOAD = 1 μA. Boldface limits apply for TA = TJ =
TMIN to TMAX; all other limits TA = TJ = 25°C.

LM60B LM60C/LM60-Q1
PARAMETER CONDITIONS TYPICAL (1) UNITS (Limit)

Limits (2) Limits (2)

±2.0 ±3.0 °C (max)
Accuracy (3)

±3.0 ±4.0 °C (max)

Output Voltage at 0°C +424 mV

Nonlinearity (4) ±0.6 ±0.8 °C (max)

+6.25 6.06 6 mV/°C (min)
Sensor Gain (Average Slope)

6.44 6.5 mV/°C (max)

Output Impedance 800 800 Ω (max)

+3.0 V ≤ +VS ≤ +10 V ±0.3 ±0.3 mV/V (max)
Line Regulation (5)

+2.7 V ≤ +VS ≤ +3.3 V ±2.3 ±2.3 mV (max)

+2.7 V ≤ +VS ≤ +10 V 82 110 110 μA (max)
Quiescent Current

125 125 μA (max)

Change of Quiescent Current +2.7 V ≤ +VS ≤ +10 V ±5.0 μA (max)

Temperature Coefficient of Quiescent Current 0.2 μA/°C

TJ = TMAX = +125°C
Long Term Stability (6) ±0.2 °C

for 1000 hours

(1) Typicals are at TJ = TA = 25°C and represent most likely parametric norm.
(2) Limits are specified to National's AOQL (Average Outgoing Quality Level).
(3) Accuracy is defined as the error between the output voltage and +6.25 mV/°C times the device's case temperature plus 424 mV, at

specified conditions of voltage, current, and temperature (expressed in °C).
(4) Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line, over the device's

rated temperature range.
(5) Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output due to heating

effects can be computed by multiplying the internal dissipation by the thermal resistance.
(6) For best long-term stability, any precision circuit will give best results if the unit is aged at a warm temperature, and/or temperature

cycled for at least 46 hours before long-term life test begins. This is especially true when a small (Surface-Mount) part is wave-soldered;
allow time for stress relaxation to occur. The majority of the drift will occur in the first 1000 hours at elevated temperatures. The drift after
1000 hours will not continue at the first 1000 hour rate.
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TAPE AND REEL INFORMATION

*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

LM60BIM3 SOT-23 DBZ 3 1000 178.0 8.4 3.3 2.9 1.22 4.0 8.0 Q3

LM60BIM3/NOPB SOT-23 DBZ 3 1000 178.0 8.4 3.3 2.9 1.22 4.0 8.0 Q3

LM60BIM3X SOT-23 DBZ 3 3000 178.0 8.4 3.3 2.9 1.22 4.0 8.0 Q3

LM60BIM3X/NOPB SOT-23 DBZ 3 3000 178.0 8.4 3.3 2.9 1.22 4.0 8.0 Q3

LM60CIM3 SOT-23 DBZ 3 1000 178.0 8.4 3.3 2.9 1.22 4.0 8.0 Q3

LM60CIM3/NOPB SOT-23 DBZ 3 1000 178.0 8.4 3.3 2.9 1.22 4.0 8.0 Q3

LM60CIM3X SOT-23 DBZ 3 3000 178.0 8.4 3.3 2.9 1.22 4.0 8.0 Q3

LM60CIM3X/NOPB SOT-23 DBZ 3 3000 178.0 8.4 3.3 2.9 1.22 4.0 8.0 Q3

LM60QIM3/NOPB SOT-23 DBZ 3 1000 178.0 8.4 3.3 2.9 1.22 4.0 8.0 Q3

LM60QIM3X/NOPB SOT-23 DBZ 3 3000 178.0 8.4 3.3 2.9 1.22 4.0 8.0 Q3

PACKAGE MATERIALS INFORMATION
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*All dimensions are nominal

Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

LM60BIM3 SOT-23 DBZ 3 1000 210.0 185.0 35.0

LM60BIM3/NOPB SOT-23 DBZ 3 1000 210.0 185.0 35.0

LM60BIM3X SOT-23 DBZ 3 3000 210.0 185.0 35.0

LM60BIM3X/NOPB SOT-23 DBZ 3 3000 210.0 185.0 35.0

LM60CIM3 SOT-23 DBZ 3 1000 210.0 185.0 35.0

LM60CIM3/NOPB SOT-23 DBZ 3 1000 210.0 185.0 35.0

LM60CIM3X SOT-23 DBZ 3 3000 210.0 185.0 35.0

LM60CIM3X/NOPB SOT-23 DBZ 3 3000 210.0 185.0 35.0

LM60QIM3/NOPB SOT-23 DBZ 3 1000 210.0 185.0 35.0

LM60QIM3X/NOPB SOT-23 DBZ 3 3000 210.0 185.0 35.0
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI’s terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license 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 significant portions 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. TI is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

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

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify TI and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those TI components which TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.

Products Applications

Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive

Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications

Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers

DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps

DSP dsp.ti.com Energy and Lighting www.ti.com/energy

Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial

Interface interface.ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt power.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Applications Processors www.ti.com/omap TI E2E Community e2e.ti.com

Wireless Connectivity www.ti.com/wirelessconnectivity

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2013, Texas Instruments Incorporated
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