Application Note
Designing the TS Pin Network for Battery Chargers with
Current-Based Battery NTC Temperature Sensing
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Alec Lehman
ABSTRACT

This application note explains how to design the external TS pin network for battery chargers with current-
based battery NTC temperature sensing. It is intended for system designers implementing battery temperature
monitoring and applies when a specific charging profile is required for the battery that cannot be achieved
through device configuration alone, or when the battery pack NTC thermistor does not match the type of NTC
the charger was designed for, a 10kQ at 25°C with $(25/85°C)=3435K. This application note presents a method
to calculate the required series and parallel compensation resistors, verify the resulting temperature thresholds,
and evaluate worst-case trip temperatures across component and device tolerances.

Table of Contents

B 111 oo [V Lo o o TP 2
b 0 LTy e T o o T o= [T PSPPSR 3
2.1 Step-by-Step Calculation MENOM.............ii ettt e et e e e st e e et e e e teeeeaneeeesnseeeesseeeeanseeesneeaeaneeeeans 3
B DESIGN EXAMPIES...... .. ittt oottt e oottt e e e e e aat et e e e e e at e et ee e e e nheeeeeeeanneeeeeeeaaneteeeeeeaanbeeeeeeaaanaeeeeeeaaannreeaeaann 4
3.1 Example 1: BQ25190 with Standard NTC Beta Value, 10°C t0 45°C.......oooi i 4
3.2 Example 2: BQ25188 with Different NTC Beta Value, 0°C t0 45°C........ooi oot 5
3.3 Example 3: BQ25170 with Standard NTC Beta Value, -10°C t0 B0°C.........cuviiiiiieiiieee ettt 6
Y o] N T 11 SO SPUPRPP 7
4.1 Worst-Case ANAlYSIS MELNOM. ...ttt e st e e et et e e neeeesnteeeanseeesanseeeanseeeeasaeeeanseeeaneeaeaneeeeann 7
4.2 Example: Worst-Case Error Analysis for BQ25190, 10°C 0 45°C....cooiiiiiiiie et e e eeee e 9
5 NTC Thermistor MOAEIING..........cccoiiiiieiie ettt e st et e e st e e et e e e e aaeeeeameeeeenteeesnseeesnseeeeaneeeeansaeesnneeeenn 10
LS U440 USSR 11
A > G5 (=) (=) 4 (o= SRR 11
Trademarks

All trademarks are the property of their respective owners.

SPVA059 — JUNE 2026 Designing the TS Pin Network for Battery Chargers with Current-Based Battery 1
Submit Document Feedback NTC Temperature Sensing
Copyright © 2026 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SPVA059
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPVA059&partnum=

13 TEXAS
INSTRUMENTS

Introduction www.ti.com

1 Introduction

This application note explains how to design the external temperature sensing (TS) pin network for chargers
with a current-based TS implementation. This applies when a specific charging profile is required for the cell
that cannot be achieved through device configuration alone, or the battery pack NTC thermistor does not match
the type the charger was designed for, a 10kQ at 25°C with $(25/85°C)=3435K. In these cases, resistors

in series and parallel with the NTC can be added to adjust the TS network resistance across temperature.

This application note shows how to select these compensation resistors and verify the resulting temperature
thresholds. Voltage-based TS implementations are not covered in this guide.

The current-based TS implementation uses an internal constant current source on the TS pin to bias the NTC,
and the resulting voltage is compared against internal reference voltage thresholds that correspond to discrete
temperature zones, typically COLD, COOL, WARM, and HOT. The TS pin voltage is therefore set by the
resistance of the NTC, or by the equivalent resistance of the full TS network if external compensation resistors
are added.
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Figure 1-1. Current-Based TS Block Diagram

The internal TS voltage thresholds are designed for use with an NTC with a nominal resistance of 10kQ at 25°C
and a beta value of (25/85°C)=3435K. When using this type of NTC, the NTC can be connected directly to the
TS pin, and the temperature thresholds align with the values specified in the charger datasheet.
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2 Design Procedure
2.1 Step-by-Step Calculation Method

Use the following procedure to calculate the required series and parallel compensation resistors.

1.

Identify the required battery temperature thresholds from the cell datasheet.

2. Find the corresponding TS voltage thresholds in the charger datasheet. For some chargers, the TS
voltage thresholds are configurable. Select the TS voltage thresholds that most closely match the desired
temperature limits. For an NTC thermistor, a hotter threshold corresponds to a lower TS voltage threshold,
and a colder threshold corresponds to a higher TS voltage threshold.

3. Determine the resistance of the NTC at Tyot and T¢oyp. If the NTC datasheet provides an R-T table, use
the Ry7c values from that table. Otherwise, use the exponential form of the beta equation to approximate the
resistance of the NTC across temperature:

1_ 1

Ry = R2563<T Tzs) (1)
Where:
* Ry5is the NTC resistance at 25°C
* T is the temperature (in kelvins)
* Tps=298.15K (25°C converted to kelvins)
* B is the beta value (in kelvins)

4. Use the following equations to calculate the required series and parallel resistor values.
2 VHOTYCOLD )
-(R R +4/(R R —4(RyoTR (R -R
B (RHoT + COLD)—\/( HoT + RcoLp) ( HorRcoLD + oy S (ReoLp ~ Rror)
Rg = 2 )
Vior(Rs + RHoT)
Rp =
P Ip1as(Rror + Rs) = VhHor 3)

Where:
* Vcovp is the cold temperature TS threshold
*  Vyor is the hot temperature TS threshold
* Rcolp is the NTC resistance at Tcop
* Ryortis the NTC resistance at Thot
* lIgas is the bias current from the internal constant current source on the TS pin
Mathematically, only two temperature thresholds can be met exactly when using series and parallel
compensation resistors. The compensated TS network has two unknowns, Rg and Rp. Specifying the
TS voltage at two temperatures, Tcop and ThoT, provides two equations: V1s(TcoLp)=VcoLp and
V1s(ThoT)=VHoT, Which can be solved simultaneously for Rg and Rp, resulting in Equations 2 and 3. In
most cases, it is best to meet the COLD and HOT thresholds exactly and then check the resulting WARM
and COOL thresholds.

5. Verify the HOT and COLD entry TS thresholds that are configured by the calculated Rs and Rp by plugging
in Ryt at the desired trip temperatures into Equation 4. Compare the resulting Vs to the TS thresholds in
the charger datasheet.

Vrs = Ipias(Rp Il (Rs + RnTc)) (4)
The remaining COOL, WARM, and exit thresholds can be checked by back-calculating the NTC resistance
at each TS voltage threshold and then converting that resistance to temperature using the NTC R-T table or
the beta equation given in Equation 14.
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3 Design Examples
3.1 Example 1: BQ25190 with Standard NTC Beta Value, 10°C to 45°C

Design the current-based TS network for the BQ25190 to support the following charging requirements for a
medical application:

Suspend charging when the battery NTC temperature is above 45°C or below 10°C.

1.

Identify the required battery temperature thresholds.

* THOT =45°C
. TCOLD =10°C

Find the TS voltage thresholds from the BQ25190 datasheet.

° VHOT =0.276V
* VCOLD = 0.580V

Determine the resistance of the NTC at Thot and Tcolp-

Assuming a 10kQ at 25°C NTC with B(25/85°C)=3435K, the exponential form of the beta equation given in
Equation 1 is used to calculate Ryot and Reoyp:

® RHOT = 4,847Q
* RCOLD = 18,41 0Q

Calculate the required series and parallel resistors.
From the BQ25190 datasheet:

* lpias = 80pA
* VHOT =0.276V
* VCOLD = 0.580V

Calculating the series resistor using Equation 2:

. RS,1 =1.79Q
® RS,Z = -23,2590

Calculating the parallel resistor, Rp, using the valid solution, Rg 1, and Equation 3:
* Rp=11,959Q
Selecting standard E96 series (1% tolerance) resistor values from the calculated values:

* Rg =0Q (short)
« Rp=12kQ

Verifying the TS thresholds that result from these resistor values using Equation 4:

* Vs Hot = 80pA (12kQ || (0Q + 4,847Q)) = 0.276V
* Vrs. coLp = 80pA (12kQ || (0Q + 18,410Q)) = 0.581V

These entry thresholds align with the COLD and HOT thresholds of the BQ25190 listed in step 2.
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3.2 Example 2: BQ25188 with Different NTC Beta Value, 0°C to 45°C

Design the current-based TS network for the BQ25188 to support the following charging requirements for a
wearables application:

Suspend charging when the battery NTC is above 45°C or below 0°C. Use a 10kQ, 3(25/85°C)=3610K NTC.
1. Identify the required battery temperature thresholds.

* Tpor=45°C

* Tcop=0°C
2. Find the TS voltage thresholds from the BQ25188 datasheet.

The BQ25188 has configurable HOT and COLD voltage thresholds, so select the thresholds that most
closely match the required temperature thresholds. HOT=45°C and COLD=0°C thresholds are available,
but these correspond to a 10kQ, $(25/85°C)=3435K NTC. Since a different NTC is being used, series and
parallel resistors are needed.

+ Vyor = 0.1850V
 Veolp = 1.0075V

3. Determine the resistance of the NTC at Tyot and Teorp-

Using the given 10kQ at 25°C NTC with B(25/85°C)=3610K, the exponential form of the beta equation in
Equation 1 is used to calculate Ryot and Reop:

* RHOT =4,671 Q
+ RcoLp = 30,2880

4. Calculate the required series and parallel resistors.
From the BQ25188 datasheet:

* Igias = 38UA
- Vyor = 0.1850V
- Veolp = 1.0075V

Calculating the series resistor using Equation 2:

- Rgq=320Q
- Rgy=-35279Q

Calculating the parallel resistor, Rp, using the valid solution, Rg ¢, and Equation 3:
+ Rp=198,178Q
Selecting standard E96 series (1% tolerance) resistor values from the calculated values:

« Rg=3160Q
.« Rp=196kQ

5. Verifying the TS thresholds that result from these resistor values using Equation 4:

* Vrs ot = 38pA (196kQ || (316Q + 4,671Q)) = 0.1848V
« V1s coLp = 38pA ( 196kQ || (316Q + 30,288Q)) = 1.0059V

These thresholds align with the COLD and HOT thresholds of the BQ25188 listed in step 2.
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3.3 Example 3: BQ25170 with Standard NTC Beta Value, -10°C to 60°C

Design the current-based TS network for the BQ25170 to support the following charging requirements for a
personal electronics application:

Suspend charging when the battery NTC is above 60°C or below -10°C. Use vendor R-T curve data for a 10kQ,
B(25/85°C)=3435K NTC.

1. Identify the required battery temperature thresholds.

* THOT =60°C
° TCOLD =-10°C

2. Find the TS voltage thresholds from the BQ25170 datasheet.

« Vyor = 0.188V
* VCOLD =1.04V

3. Determine the resistance of the NTC at Thot and T¢oLp.
From a vendor R-T table:

* RHOT = 3.02kQ
+ RcoLp = 42.47kQ

4. Calculate the required series and parallel resistors.
From the BQ25170 datasheet:

* Igias = 38UA
« Vyor =0.188V
* VCOLD =1.04V

Calculating the series resistor using Equation 2:

- Rg1=23010
. Rgy=-47,791Q

Calculating the parallel resistor, Rp, using the valid solution, Rg 1, and Equation 3:
*+ Rp=70,409Q
Selecting standard E96 series (1% tolerance) resistor values from the calculated values:

.+ Rg=2.32kQ
.+ Rp =69.8kQ

5. Verifying the TS thresholds that result from these resistor values using Equation 4:

* Vrs HoT = 38pA (69.8kQ || (2.32kQ + 3.02kQ)) = 0.188V
* Vrs coLp = 38HA (69.8kQ || (2.32kQ + 42.47kQ)) = 1.04V

These thresholds align with the COLD and HOT thresholds of the BQ25170 listed in step 2.
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4 Error Analysis
4.1 Worst-Case Analysis Method

The actual HOT and COLD trip temperatures vary with component and device tolerances. Therefore, to verify
that the required charging limits are still met across all conditions, the TS network should be analyzed using
worst-case analysis. This is the error analysis method implemented in the current-based TS calculator in the
TI Charger GUI. In this note, worst-case analysis means calculating the most extreme HOT and COLD trip
temperatures using the minimum and maximum values of the TS network parameters.

Use the following procedure to perform worst-case analysis on the TS network.
1. Identify the worst-case values of the TS network parameters.

* NTC Ry5 tolerance
* NTC beta tolerance
* Rs and Rp resistor tolerances
+ TS bias current variation (min/typ/max)
» TS threshold variation (min/typ/max)
2. Calculate the NTC resistance at the trip points for the worst-case parameter values using Equation 9. To
derive Equation 9, convert the selected TS threshold voltage into an equivalent TS network resistance.

Vry = IpiasReq (5)
_Vrn
€4 Ipas (6)

Using the compensated TS network equation:
Req =Rp Il (Rs+ Rnt() (7)
Solving for Rytc:

Req(RP +Rg) — RpRg

R =
NTC Rp—Req (8)
v
71 (Rp + Rg) — RpRg
Rum  1BIAS 9
NTC = Vo 9)
RP = Tp1as

The worst-case Rytc equations are:

VTH, max
W(RP, min T RS, min) - RP,minRS, min
RNTC, max = s 1% (10)
’ TH, max
Rp,min = Tp145, min
VTH, min
W(RP, max T RS, max) - RP, maxRS, max
R = ,max (11)
NTC, min VTH, min
RP’ max IBIAS, max
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3. Convert the calculated Ryt trip point resistance to temperature using the R-T table in the NTC datasheet. If
the calculated Ryt falls between two rows, linear interpolation can be used to calculate the corresponding
temperature. If the calculated Ryt falls within the error range for two rows, choose the worst-case

temperature.
* (T1,Ry)
* (T2, Ro)
T-Ty _RyTc—R1 (12)

T2—-T1~ Rp-Rq
RNTC — R
T = T1+%(TZ—T1) (13)
Repeat for the remaining cases to determine the worst-case trip temperature range.

If an R-T table is not available, the beta equation given in Equation 14 can be used to calculate the trip
temperature using the worst-case values for beta and Rys.

T= (L + lln(m))_l (14)

Where T is in kelvins

Worst-case minimum trip temperature:

(1 1 RNTC, max -1
r= (Tzs + Bminln< R25, min )) (15)

Worst-case maximum trip temperature:

. -1
1 1 RNTC, min
T= (— + m( : )) 16
T25 * Bmax R25, max ( )
8 Designing the TS Pin Network for Battery Chargers with Current-Based Battery SPVA059 — JUNE 2026
NTC Temperature Sensing Submit Document Feedback

Copyright © 2026 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SPVA059
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPVA059&partnum=

13 TEXAS
INSTRUMENTS

www.ti.com Error Analysis

4.2 Example: Worst-Case Error Analysis for BQ25190, 10°C to 45°C
In Example 1 for a 10°C to 45°C temperature range, series and parallel resistors were selected:

* Rg=0Q (short)
+ Rp=12.0kQ

1. Identify the worst-case values for the BQ25190.

* Rgs and Rp resistor tolerances: 1%

* Igjas: 76.8uA (min), 80pA (typ), 83.2uA (max)

* VcoLp: 0.576V (min), 0.580V (typ), 0.584V (max)
* Vyor: 0.272V (min), 0.276V (typ), 0.280V (max)

2. Calculate the equivalent TS network resistance for the worst-case parameter values using Equations 10 and
11.

HOT

* RnTC, max = 5,260Q
° RNTC, min — 4,477Q
COLD

* Rnromax = 21,1270
° RNTC,min = 16,1460

3. Using the R-T table for the NTC, find the worst-case temperature that corresponds to the calculated worst-
case Rytc. Alternatively, use the beta equation to calculate the worst-case temperature. In this example, the
beta equation is used.

» Highest HOT entry temperature = 48°C
* Lowest HOT entry temperature = 42°C
* Highest COLD entry temperature = 14°C
* Lowest COLD entry temperature = 6°C

These results align with the output of the current-based TS calculator available on the TI Charger GUI.

Table 4-1. Current-Based TS Calculator Output

Min Typ Max
Enter Cold 6 10 14
Exit Cold 8 12 16
Enter Hot 42 45 48
Exit Hot 39 42 45
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5 NTC Thermistor Modeling

The resistance of an NTC thermistor across temperature can be approximated using the beta equation:

1 1, Rt
T =T T BN Ry (17)

[uny

In In(R) vs 1/T space, the beta equation has the familiar linear form y=mx+b. For most battery temperature
ranges, the beta equation is usually accurate enough. However, it's important to consider the sources of error in
the TS system to ensure the desired temperature sensing accuracy (xC°) is achieved.

The beta value of an NTC thermistor is a material constant (in kelvins) that describes the exponential
relationship between its resistance and temperature. It describes how strongly resistance changes with
temperature. NTC thermistor datasheets often specify the beta value for a certain temperature range. For
example, $(25/85°C)=3435K. This is because the beta equation is only an approximation of the R-T curve of
the NTC thermistor. In In(R) vs 1/T space, the beta equation produces a perfectly straight line, but measured
NTC data is not perfectly linear; the curve is slightly steeper at lower temperatures and flatter at higher
temperatures. In other words, for a real NTC, resistance is more temperature-sensitive at lower temperatures
and less temperature-sensitive at higher temperatures.

For this reason, f is typically specified for mid-range temperatures, where the slope of the real NTC in In(Rt) vs
1/T space is very linear and matches the beta equation slope more closely. A beta of 3(25/85°C) is calculated by
experimentally measuring the resistance of the NTC at 25°C and 85°C, and using the beta equation at these two
points:

— (18)

Where T is in kelvins

NTC thermistor datasheets often specify B for a few different temperature ranges, such as $(25/85°C),
B(25/100°C), B(25/50°C) for sensing around room temperature, or even 3(0/50) for sensing around colder
temperatures.

Typical lithium-ion or lithium iron phosphate battery charging ranges include:

+ 0°Cto60°C
+ 10°Cto45°C
+ 0°Cto45°C

Therefore, for TS threshold monitoring, the beta value range which most closely matches the charging
temperature range of the battery should be considered. For example, if the charging temperature range is 0°C to
60°C, use the (25/85°C) value for the closest approximation of 3. This is a very common beta value.

For a current-based TS implementation, the exponential form of the beta equation given in Equation 1 can be
rewritten in terms of the voltage on the TS pin, Vrs:

1 1
Vrs = IBIAS<R259ﬁ(T - T_25)> (19)

Where T is in kelvins

Equation 19 can be rewritten to include the series and parallel resistors:

. A3 -)) !
Vrs =1Ipias| Rp ~ + | Rs+ Rase"\T  T2s (20)

Equations 19 and 20 can be graphed to visualize the TS voltage across temperature.
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6 Summary

This application note described how to design the external TS pin network for battery chargers with current-
based battery NTC temperature sensing. External series and parallel compensation resistors can be used when
a specific charging profile is required that cannot be achieved through device configuration alone, or when

the battery pack NTC does not match the default type the charger was designed for. This application note
presented a method to calculate the resistor values, verify the resulting thresholds, and evaluate worst-case

trip temperatures across component and device tolerances. If available, use the NTC R-T table for the most
accurate temperature calculations. Otherwise, use the beta equation as an approximation.
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