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TMP63-Q1 £1% 100-kQ Automotive Grade Linear Thermistor With 0402 and 0603
Package Options

1 Features

* AEC-Q100 qualified for automotive applications
* Temperature Options:
— X1SON/DEC package grade 1: -40 °C < Tp <
125°C
— SOT-5X3/DYA package grade 0: <40 °C < Tp <
150 °C
» Silicon-based thermistor with a
positive temperature coefficient (PTC)
* Linear resistance change across temperature
* 100-kQ nominal resistance at 25 °C (R25)
— 1% maximum (0 °C to 70 °C)
» Consistent sensitivity across temperature
— 6400 ppm/°C TCR (25 °C)
— 0.2% typical TCR tolerance across temperature
range
» Fast thermal response time of 0.6 s (DEC)
* Long lifetime and robust performance
— Built-in fail-safe in case of short-circuit failures
— 0.3% typical long term sensor drift

2 Applications

* Thermal compensation
— Display backlight
— Battery management systems
* Thermal threshold detection
— Motor control
— On-board chargers & DC-DC converters
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BIAS TMP63

Typical Implementation

3 Description

Get started today with the Thermistor Design Tool,
offering complete resistance vs temperature table (R-
T table) computation, other helpful methods to derive
temperature and example C-code.

Linear thermistors offer linearity and consistent
sensitivity across temperature to enable simple and
accurate methods for temperature conversion. Low
power consumption and a small thermal mass
minimize the impact of self-heating. With built-in
failsafe behavior at high temperatures and powerful
immunity to environmental variation, these devices
are designed for a long lifetime of high performance.
The small size of the TMP6 series also allows for
close placement to heat sources and quick response
times.

Take advantage of benefits over NTC thermistors
such as no extra linearization circuitry, minimized
calibration, less resistance tolerance variation, larger
sensitivity at high temperatures, and simplified
conversion methods to save time and memory in the
processor.

The TMP63-Q1 is currently available in a 0402
footprint-compatible X1SON package and a 0603
footprint-compatible SOT-5X3 package.

Device Information (1)

PART NUMBER PACKAGE BODY SIZE (NOM)
X1SON (2) 0.60 mm x 1.00 mm
TMP63-Q1
SOT-5X3 (2) 0.80 mm x 1.20 mm

(1)  For all available packages, see the orderable addendum at
the end of the data sheet.
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Device Comparison Table

:ﬁTIITBER R25 TYP R25 %TOL RATING Ta PACKAGE OPTIONS
—40°Cto125°C X1SON / DEC (0402)
TMP61 10k 1% Catalog —40 °C to 150 °C SOT-5X3 / DYA (0603)
—40°C to 150 °C TO-92S / LPG
Automotive Grade-1 —40°Cto125°C X1SON / DEC (0402)
TMP61-Q1 10k 1% —40 °C to 150 °C SOT-5X3 / DYA (0603)
Automotive Grade-0
—40°Cto 170 °C TO-92S / LPG
—40°Cto125°C X1SON / DEC (0402)
TMP63 100k 1% Catalog
—40 °C to 150 °C SOT-5X3 / DYA (0603)
I 100k 1% Automotive Grade-1 —40°Cto125°C X1SON / DEC (0402)
’ Automotive Grade-0 —40 °C to 150 °C SOT-5X3 / DYA (0603)
A . X1SON / DEC (0402)
TMP64 47k 1% Catalog —40°Cto 125 °C
SOT-5X3 / DYA (0603)
TMPB4-O1 47k 1% Automotive Grade-1 —40°Cto125°C X1SON / DEC (0402)
° Automotive Grade-0 —40 °Cto 150 °C SOT-5X3 / DYA (0603)
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5 Pin Configuration and Functions

Pin Functions

Figure 5-1. DEC Package 2-Pin X1SON Bottom View

ID Area

. J

Figure 5-2. DYA Package 2-Pin SOT-5X3 Top View

PIN
TYPE DESCRIPTION
NAME NO.
- 1 _ Thermistor () and (+) terminals. For proper operation, ensure a positive bias where the +
+ 2 terminal is at a higher voltage potential than the — terminal.
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6 Specifications
6.1 Absolute Maximum Ratings

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

MIN MAX UNIT
Voltage across pins 2 (+) and 1(-) 6 \Y
Current through the device 450 HA
Junction temperature (T}) —65 155 °C
Storage temperature (Tsg) -65 155 °C

M

Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings

only, which do not imply functional operation of the device at these or anyother conditions beyond those indicated under
Recommended OperatingConditions. Exposure to absolute-maximum-rated conditions for extended periods mayaffect device
reliability.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM) per per AEC Q100-002 Q) +2000
HBM classification level 2
V(Esp) Electrostatic discharge - \%
Charged dc._a\_/lce_ model (CDM), per AEC Q100- 011 +1000
CDM classification level C6
(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX| UNIT
Vsns Voltage across pins 2 (+) and 1 (-) 0 5.5 \%
Isns Current through the device 0 40| pA
Ta Operating free-air temperature (X1SON/DEC Package) -40 125| °C
Operating free-air temperature (SOT-5X3/DYA Package) -40 150, °C
6.4 Thermal Information
TMP63-Q1
THERMAL METRIC () DEC (X1SON) | DYA (SOT-5X3) Units
2 PINS 2 PINS
Resa Junction-to-ambient thermal resistance(@ () 443.4 742.9 °C/W
ReJcitop) Junction-to-case (top) thermal resistance 195.7 315.8 °C/W
Reus Junction-to-board thermal resistance 254.6 506.2 °C/W
Wr Junction-to-top characterization parameter 19.9 109.3 °C/W
Y5 Junction-to-board characterization parameter 254.5 500.4 °C/W
Rauc(bot) Junction-to-case (bot) thermal resistance - - °C/W

(1)

report.

@)

For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

The junction to ambient thermal resistance (R84 ) under natural convection is obtained in a simulation on a JEDEC-standard, High-K

board as specified in JESD51-7, in an environment described in JESD51-2. Exposed pad packages assume that thermal vias are
included in the PCB, per JESD 51-5.

(©)

Changes in output due to self heating can be computed by multiplying the internal dissipation by the thermal resistance.
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6.5 Electrical Characteristics
Ta=-40°C - 125 °C, Igns = 20 YA (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Ros Thermistor Resistance at 25 °C Ta=25°C 100 kQ
Ta=25°C -1 1
RroL Resistance Tolerance To=0°C-70°C -1 1 %
Tao=-40°C-125°C -1.5 1.5
TCR35 T1=-40°C,T2=-30"°C +6220
TCRos Temperature Coefficient of Resistance T1=20°C,T2=30°C +6400 ppm/°C
TCRgs T1=80°C,T2=90°C +5910
TCR.35 % T1=-40°C,T2=-30"°C +0.4
TCRys % Temperature Coefficient of Resistance T1=20°C, T2 =30 °C +0.2 %
Tolerance
TCRgs5 % T1=80°C,T2=90"°C +0.3
96 hours continuous operation at RH = 85
%, and Ty =130 °C -1 +0.1 1
VBias =55V
600 hours continuous operation at Tp = 150
°C -1.5 +0.3 1.8
) o Vpgias = 5.5 V DEC Package
AR Sensor Long Term Drift (Reliability) %
600 hours continuous operation at Tp = 150
°C -1.2 +0.2 1.2
Vpgias = 5.5V, DYA Package
1000 hours continuous operation at Ty =
150 °C -1.2 0.3 1.2
Vgias = 5.5V, DYA Package
tres — oF o i QEIl AG _ o i
(stirred Thermal response to 63% -Sr:irrezzstigulig Still Air to T2 =125 °C in 0.6 s
liquid)
IRES (stil | Thermal response to 63% T1=25°C to T2 = 70 °C in Still Air 3.2 s
air)
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6.6 Typical Characteristics

at Tp = 25 °C, (unless otherwise noted)
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Figure 6-1. Resistance vs. Ambient Temperature
Using Multiple Bias Currents
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Figure 6-2. Resistance vs. Ambient Temperature
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Ambient material: still air

Figure 6-10. Thermal Response Time
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7 Detailed Description
7.1 Overview

The TMP63-Q1 silicon linear thermistor has a linear positive temperature coefficient (PTC) that results in a
uniform and consistent temperature coefficient resistance (TCR) across a wide operating temperature range. Tl
uses a special silicon process where the the doping level and active region areas devices control the key
characteristics (the temperature coefficient resistance (TCR) and nominal resistance (R25)) . The device has an
active area and a substrate due to the polarized terminals. Connect the positive terminal to the highest voltage
potential. Connect the negative terminal to the lowest voltage potential.

Unlike an NTC, which is a purely resistive device, the TMP63-Q1 resistance is affected by the current across the
device and the resistance changes when the temperature changes. In a voltage divider circuit, it is
recommended to maintain the top resistor value at 100 kQ. Changing the top resistor value or the Vgjas value
changes the resistance vs temperature table (R-T table) of the TMP63-Q1, and subsequently the polynomials as
described in the Section 8.2.1.1. Consult Section 7.3.1 for more information.

Equation 1 can help the user approximate the TCR.
TCR (ppm/°C) = (R12 = Rr1) / (T2 = T1) * R(72+T1y2) (1)

Key terms and definitions:

* lIgns: Current flowing through the TMP63-Q1 device
*  Vgns: Voltage across the two TMP63-Q1 terminal

* lIgias: Current supplied by the biasing circuit.

*  Vpas: Voltage supplied by the biasing circuit.

*  Vqewmp: Output voltage that corresponds to the measured temperature. Note that this is different from Vgns. In
the use case of a voltage divider circuit with the TMP63-Q1 in the high side, V1gpp is measured across Rgjas.

7.2 Functional Block Diagram

VBias VBias
Reias Iias
+ +
Rrmpes  VTEMP Rtmpes  VTEMP
r— r—

VBias X RtmMpe3

Rias + Rtmpes

Vremp Vremp = Igias X Rmpes

Figure 7-1. Typical Implementation Circuits

7.3 Feature Description
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7.3.1 TMP63-Q1 R-T table

The TMP63-Q1 R-T table must be re-calculated for any change in the bias voltage, bias resistor, or bias current.
Tl provides a Thermistor Design Tool to calculate the R-T table. The system designer must always validate the
calculations provided.

7.3.2 Linear Resistance Curve

The TMP63-Q1 has good linear behavior across the whole temperature range as shown in Figure 6-3. This
range allows a simpler resistance-to-temperature conversion method that reduces look-up table memory
requirements. The linearization circuitry or midpoint calibration associated with traditional NTCs is not necessary
with the device .

The linear resistance across the entire temperature range allows the device to maintain sensitivity at higher
operating temperatures.

7.3.3 Positive Temperature Coefficient (PTC)

The TMP63-Q1 has a positive temperature coefficient. As temperature increases the device resistance
increases leading to a reduction in power consumption of the bias circuit. In comparison, a negative coefficient
system increases power consumption with temperature as the resistance decreases.

The TMP63-Q1 benefits from the reduced power consumption of the bias circuit with less self-heating than a
typical NTC system.

7.3.4 Built-In Fail Safe

The TMP6 family feature a positive tempeature coefficient. During a short-to-supply condition, the thermistor will
have increased current and power dissipated. Due to the positive temperature slope, the TMP6 will increase
resistance and limit self-heating by design.

In contrast, a NTC would continually reduce resistance due to self-heating leading to a positive feedback of
increasing power dissipation and decreasing resistance.

7.4 Device Functional Modes

The device operates in only one mode when operated within the Recommended Operating Conditions.
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8 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification, and Tl
does not warrant its accuracy or completeness. TI's customers are responsible for determining
suitability of components for their purposes. Customers should validate and test their design
implementation to confirm system functionality.

8.1 Application Information

The TMP63-Q1 is a positive temperature coefficient (PTC) linear silicon thermistor. The device behaves as a
temperature-dependent resistor, and may be configured in a variety of ways to monitor temperature based on
the system-level requirements. The device has a nominal resistance at 25 °C (R25) of 100 kQ , a maximum
operating voltage of 5.5 V (Vgns), and maximum supply current of 40 pA (Igns). This device may be used in a
variety of applications to monitor temperature close to a heat source with the very small DEC package option
compatible with the typical 0402 (inch) footprint. Some of the factors that influence the total measurement error
include the ADC resolution (if applicable), the tolerance of the bias current or voltage, the tolerance of the bias
resistance in the case of a voltage divider configuration, and the location of the sensor with respect to the heat
source.

8.2 Typical Application
8.2.1 Thermistor Biasing Circuits

VBias
RB‘aS Bias
+
+
Rr VTemp
Rr VTemp
= Figure 8-2. Current Biasing Circuit With Linear
Figure 8-1. Voltage Biasing Circuit With Linear Thermistor
Thermistor
VBias
RBias% Bias
» 0+

R

D
E
s
o
<
5
[}
3
el
f-sa—H
s
o
o
<
2 +
3
o

= Figure 8-4. Current Biasing Circuit With Non-Linear
Figure 8-3. Voltage Biasing Circuit With Non-Linear Thermistor
Thermistor

8.2.1.1 Design Requirements

Existing thermistors, in general, have a non-linear temperature vs. resistance curve. To linearize the thermistor
response, the engineer can use a voltage linearization circuit with a voltage divider configuration, or a resistance
linearization circuit by adding another resistance in parallel with the thermistor, Rp. Section 8.2.1 highlights the
two implementations where Ry is the thermistor resistance. To generate an output voltage across the thermistor,
the engineer can use a voltage divider circuit with the thermistor placed at either the high side (close to supply)
or low side (close to ground), depending on the desired voltage response (negative or positive). Alternatively, the
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thermistor can be biased directly using a precision current source (yielding the highest accuracy and voltage
gain). It is common to use a voltage divider with thermistors because of its simple implementation and lower
cost. The TMP63-Q1 has a linear positive temperature coefficient (PTC) of resistance such that the voltage
measured across it increases linearly with temperature. As such, the need for a linearization circuits is no longer
a requirement, and a simple current source or a voltage divider circuit can be used to generate the temperature
voltage.

This output voltage can be interpreted using a comparator against a voltage reference to trigger a temperature
trip point that is either tied directly to an ADC to monitor temperature across a wider range or used as feedback
input for an active feedback control circuit.

The voltage across the device, as described in Equation 2, can be translated to temperature using either a
lookup table method (LUT) or a fitting polynomial, V(T). The Thermistor Design Tool must be used to translate
Vtemp to Temperature. The temperature voltage must first be digitized using an ADC. The necessary resolution
of this ADC is dependent on the biasing method used. Additionally, for best accuracy, tie the bias voltage (Vgjas)
to the reference voltage of the ADC to create a measurement where the difference in tolerance between the bias
voltage and the reference voltage cancels out. The application can also include a low-pass filter to reject system
level noise. In this case, place the filter as close to the ADC input as possible.

8.2.1.2 Detailed Design Procedure

The resistive circuit divider method produces an output voltage (Vtgpmp) scaled according to the bias voltage
(Vgias)- When Vpg)as is also used as the reference voltage of the ADC, any fluctuations or tolerance error due to
the voltage supply are canceled and do not affect the temperature accuracy (as shown in Figure 8-5). Equation 2
describes the output voltage (Vtgvp) based on the variable resistance of the TMP63-Q1 (Rtmpss-q1 ) and bias
resistor (Rgjas)- The ADC code that corresponds to that output voltage, ADC full-scale range, and ADC
resolution is given in Equation 3.

VBias

RBias
ReFiter REF
IN+

Rrwpes Criter i

1

Figure 8-5. Voltage Divider With an ADC
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ADC Code = (Mj x 2"

FSR 3)

where

* FSRis the full-scale range of the ADC, which is the voltage at REF to GND (VRrgr)
* nis the resolution of the ADC

Equation 4 shows whenever Vrer = Vgas, Veias cancels out.
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Use a polynomial equation or a LUT to extract the temperature reading based on the ADC code read in the
microcontroller. Use the Thermistor Design Tool to translate the TMP63-Q1 resistance to temperature.

The cancellation of Vg|ag is one benefit to using a voltage-divider (ratiometric approach), but the sensitivity of the
output voltage of the divider circuit cannot increase much. Therefore, this application design does not use all of
the ADC codes due to the small voltage output range compared to the FSR. This application is very common,
however, and is simple to implement.

A current source-based circuit, such as the one shown in Figure 8-6, offers better control over the sensitivity of
the output voltage and achieve higher accuracy. In this case, the output voltage is simply V = | x R. For example,
if a current source of 40 pA is used with the device, the output voltage spans approximately 5.5 V and has a gain
up to 40 mV/°C. Having control over the voltage range and sensitivity allows for full use of the ADC codes and
full-scale range. Figure 8-11 shows the temperature voltage for various bias current conditions. Similar to the
ratiometric approach, if the ADC has a built-in current source that shares the same bias as the reference voltage
of the ADC, the tolerance of the supply current cancels out. In this case, a precision ADC is not required. This
method yields the best accuracy, but can increase the system implementation cost.

Precision

loies Current Source

Rrmpes

Figure 8-6. Biasing Circuit With Current Source

In comparison to the non-linear NTC thermistor in a voltage divider, the TMP63-Q1 has an enhanced linear
output characteristic. The two voltage divider circuits with and without a linearization parallel resistor, Rp, are
shown in Figure 8-7. Consider an example where Vgas = 5 V, Rgjas = 100 kQ, and a parallel resistor (Rp) is
used with the NTC thermistor (Rytc) to linearize the output voltage with an additional 100-kQ resistor. The
device produces a linear curve across the entire temperature range while the NTC curve is only linear across a
small temperature region. When the parallel resistor (Rp) is added to the NTC circuit, the added resistor makes
the curve much more linear but greatly affects the output voltage range.

VBias
RBias
+
RTMPGS VTemp

Figure 8-7. TMP63-Q1 vs. NTC With Linearization Resistor (Rp) Voltage Divider Circuits
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8.2.1.2.1 Thermal Protection With Comparator

Use the TMP63-Q1 device along with a voltage reference, and a comparator to program the thermal protection.
As shown in Figure 8-8, the output of the comparator remains low until the voltage of the thermistor divider, with
Rgias and Rrupss-q1, rises above the threshold voltage set by Ry and Rp. When the output goes high, the
comparator signals an overtemperature warning signal. The engineer can also program the hysteresis to prevent
the output from continuously toggling around the temperature threshold when the output returns low. Either a
comparator with built-in hysteresis or feedback resistors may be used.

V_Bfas
RBias R1
RN
>_Q VTrip
Rrvpe3 -
R2 vd

Figure 8-8. Temperature Switch Using Voltage Divider and a Comparator

8.2.1.2.2 Thermal Foldback

One application that uses the output voltage of the TMP63-Q1 in an active control circuit is thermal foldback.
This is performed to reduce, or fold back, the current driving a string of LEDs, for example. At high temperatures,
the LEDs begin to heat up due to environmental conditions and self heating. Thus, at a certain temperature
threshold based on the LED's safe operating area, the driving current must be reduced to cool down the LEDs
and prevent thermal runaway. The device voltage output increases with temperature when the output is in the
lower position of the voltage divider and can provide a response used to fold back the current. Typically, the
device holds the current at a specified level until a high temperature is reached, known as the knee point, at
which the current must be rapidly reduced in order to continue operation. To better control the temperature/
voltage sensitivity, the device uses a rail-to-rail operational amplifier. Figure 8-9 shows the temperature knee
point where the foldback begins. The set by the reference voltage (2.5 V) at the positive input, and the feedback
resistors set the response of the foldback curve. The foldback knee point may be chosen based on the output of
the voltage divider and the corresponding temperature from Equation 5 (110°C, fo