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ABSTRACT

Accurate temperature measurement of Lithium-ion battery cell is essential for proper
safety and operation of your battery design. This application note discusses the use of
several different types of thermistors with Texas Instruments (Tl) advanced battery fuel
gauges with reference to application note literature number: SLUA398. Mitsubishi
Materials Corporation (MMTL) offers various Thermistors to accommodate each cell type.

Precise temperature testing was run by MMTL using Tl standard Evaluation Modules
(EVM) for three different types of Thermistors discussed in more detail below. The “B
Value” of each type of Thermistor is calculated and shown along with physical size and a
picture of each device.

For TI's 2-4s cell battery configuration products (bq20z**), the temperature coefficient for
each Thermistor is calculated using polynomial models discussed in Tl Literature #

SLUA398. These values are shown in section 4 below.
(** tested with bq20z40, bq20z45, bq20z60, bq20z65, bq20z70, bq20z75, bq20z80, bq20z90, bg20z95 series of gauges)

For some of TI's 1s cell configuration battery fuel gauge (bq27***), the temperature
coefficients are not programmable and the data sheet states the use of Semitec 103AT or
equivalent. Fortunately designers have many more choices as all the thermistors reviewed
in this application note are within +/-1°C measurement over the temperature range of 0°C

to 80°C, and better than -1.7°C from -20 °C to 80°C temperature range.
(*** tested with bg27410, bg27500, bg27501, bg27505, bg27510, bq27520-G1, bq27541 series of gauges)

1 Introduction

This report is an application note discussing thermistor temperature accuracy using Tl
advance fuel gauge battery management IC’s. Calculating method of temperature
coefficients and measurement results of Mitsubishi Materials Corporation Thermistors is
discussed in detail.
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Calculation of B Values for Three different Types of Thermistors

Thermistor characteristics of three different types of MMTL Thermistors are shown in Table 1.
The characteristic of a thermistor is defined by the resistance at 25°C (R25) and Beta (B) Value
characteristics as temperature coefficient (B25/50 or B25/85). The B Value is determined by
following formula:

B=m it 1
RT T,

R: resistance at absolute temperature T (K)

Where:

Ro: resistance at absolute temperature T, (K)
B: B Value
*T (K) =1 (°C) +273.15

Table 1. Characteristics of Three Different Types of Thermistors based on Beta Value

No. Resistance(R25) B Value Manufacturer
B2s/85 B25/50
THA1 3486K 3450K+1%
TH2 3416K 3392K+1% MMTL
TH3 10KQ+1% 3413K 3370K1%
Tl Reference 3435K+1% 3392K —

2-2 MMTL Thermistor lineup

Below Table 2 list three different types of Thermistors based on the characteristic Beta Value for
different MMTL Thermistor part number.

Table 2. Part number of MMTL Thermistor based on Beta (B) Value Characteristic

B Value Characters
TH2 TH3

Type

BN25-3H103F
BN35-3H103F
RH16-3H103F
CH25-3H103F
BM22-3H103F
BM38-3H103F
BF05-31103F v
BH30-3H103F v
THF5-31103F v
THO05-3H103F
THO03-3H103F

—_

<<l |k ) )T

ANAN
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Shape and Dimension for MMTL Thermistor

Table 3 shows the physical dimensions and appearance for different series of MMTL

Thermistors.

Table 3. Appearance, Dimensions and B Values for MMLT Thermistor Lineup
) . . B Value
Series Appearance Dimensions B25/50 Remark
10max
— <>
BN25 %% 3450K+1% Epoxy resin
D2.5m
12max
<«
BN35 |56 %:% 3450K+1% | Epoxy resin
$3.3m
7max
e <>
RH16 %J;f 3450K+1% | Epoxy resin
$1.8m
4max
— e — g |
CH25 oy 3450K+1% Epoxy resin
2.2
= Tw 15
BM22 | — %%ﬁ 3450K£1% | Thermoplastic resin
3.8
|—— 3.8
BM38 |— =|:|:e 3450K+1% | Thermoplastic resin
BFO5S | =L 0| ot | Fim
- 1% iim type
3.1
BH30 ¥ ] 3370K+1% | Thermoplastic resin
<93>] I3 i
' 0.35
THF5 ] @@%0 3392K+1% | Chip Thermistor
<1005
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@0.50
THO5 o @ngo 3370K+1% | Chip Thermistor
<1005
@OBO
THO3 = @ql £ 2030 3370K+1% | Chip Thermistor
<060

4  Calculating method of temperature coefficients by SLUA398
Coefficient calculator

R-T data for each Thermistor was entered into the Thermistor Coefficient Calculator
Spreadsheet and calculated suitable temperature coefficients for polynomial models as below.
Details are available in Application Report Thermistor Coefficient Calculator for TI Advance Fuel
Gauges. — Tl Literature number SLUA398.

TH1 TH2 TH3

Temp °C | Resistance Temp °C | Resistance Temp °C | Resistance

-20 74890 -20 70300 -20 64790

-15 57980 -15 55230 -15 51790

-10 45310 -10 43640 -10 41570

-5 35720 -5 34690 -5 33530

0 28380 0 27750 0 27110

5 22720 5 22340 5 21990

10 18320 10 18110 10 17920

15 14880 15 14770 15 14680

20 12160 20 12120 20 12090

25 10000 25 10000 25 10000

30 8272 30 8299 30 8314

35 6881 35 6924 35 6946

40 5754 40 5807 40 5832

45 4837 45 4895 45 4921

50 4085 50 4147 50 4171

55 3466 55 3531 55 3551

60 2955 60 3020 60 3036

65 2530 65 2593 65 2606

70 2174 70 2236 70 2245

75 1876 75 1935 75 1942

80 1624 80 1682 80 1686

Polynomial coefficients Value Polynomial coefficients Value Polynomial coefficients Value

AO=ExtCoef4 4024 AO=ExtCoef4 4037 | | AO=ExtCoef4 4034
A1=ExtCoef3 -7842 A1=ExtCoef3 -7889 | | A1=ExtCoef3 -7827
A2=ExtCoef2 22292 A2=ExtCoef2 22269 | | A2=ExtCoef2 22104
A3=ExtCoef1 -29950 A3=ExtCoef1 -29960 | | A3=ExtCoef1 -30092

4 Thermistor Selection Guide for Texas Instruments Advanced Fuel Gauges
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5 Measurement Conditions and Results

5-1 Evaluation Module (EVM) Measurements

MMTL performed temperature test measurements with three of Tl battery management EVM
listed in table 4. On each of these EVMSs, each of the three different types of Thermistors (based
on Beta Value described in section 3) was tested. The test conditions were as follows:

e  Temperature range : -20°C to 80°C (with 5°C increments)
e  Accuracy of temperature measurement : £0.01°C

e Standard EVM modules thermistor was swapped out with TH1, TH2, TH3 type Thermistor
shown in section 3.

Table 4. Tested Texas Instruments Evaluation Modules with Thermistors
bq20z45 EVM (for 2, 3 or 4 cells) | See Table 5 and 7 below
bq20z75 EVM (for 2, 3 or 4 cells) | See Table 6 and 8 below
bq27541 EVM (for single cell) See Table 9 below

Measurement System
5%
DC Power
N\ Water Tank

X

UsBE

== I I
m
<
=
EV23C0 /

/

Waherpléof Bag

‘:Measurementbegan when temperature stabilized

Figure 1. Test setup for MMTL Thermistor Testing with Tl Evaluation Module
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5-2 Comparison of temperature measurement accuracy

The following tables compare the temperature measurement accuracy of MMTL Thermistors to
the Tl Reference Thermistor.

(1) Using SLUA398, MMTL was able to calculate suitable coefficients for MMTL Thermistors

(TH1, TH2, and TH3) to fine tune the temperature measurement for the bq20z45 (Table 5) and
bg20z75 (Table 6) evaluation modules. See the suitable coefficients below for each Thermistor.

TH1 suitable coefficient Ext Coef : [1, 2, 3, 4]
TH2 suitable coefficient Ext Coef : [1, 2, 3, 4]
TH3 suitable coefficient Ext Coef : [1, 2, 3, 4]

[-29950, 22292, -7842, 402.4]
[-29960, 22269, -7889, 403.7]
[-30092, 22104, -7827, 403.4]

(2) Default temperature coefficients were used for all Thermistors to measure EVM Modules for
bq20z45 (Table 7) and bq20z75 (Table 8).

Default coefficient Ext Coef : [1, 2, 3, 4] = [-28285, 20848, -7537, 401.2]

(3) Default temperature coefficients were used for all Thermistors to measure EVM Modules for
bqg27541 (Table 9).

6 Thermistor Selection Guide for Texas Instruments Advanced Fuel Gauges
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5-3 Temperature Difference Data for TH1, TH2 and TH3 type MMTL Thermistors

Table 5. bg20z45 EVM collected data (Suitable coefficients)

Temp. Reference TH1 TH2 TH3
['C] Temp. I AT Temp. AT Temp. AT Temp. AT

-20 | -18.45 1.55| -18.15 1.85| -18.05 195 -18.05 1.95
-15] 1425 0.75| -14.05 0.95| -14.15 0.85 -13.95 1.05
-10 -9.65 0.35 -9.45 0.55 -9.65 0.35 -9.55 0.45
-5 -4.85 0.15 -4.65 0.35 -4.95 0.05 -475 025
0 0.25 0.25 0.35 0.35 0.25 0.25 0.15 0.15
5 5.35 0.35 5.45 0.45 5.35 0.35 5.25 0.25
10 1035 0.35| 1055 055| 1035 035 10.35 0.35
15 15.35 0.35 15.45 0.45 15.35 0.35 1535 0.35
20 2025, 0.25 20.35 0.35 20.25 0.25 20.25 0.25
25 25.05 0.05 25.05 0.05 25.05 0.05 25.05 0.05
30 2985 -0.15 2985 -0.15 29.85 -0.15 29.95 -0.05
35 34.65 -0.35 34.65 -0.35 3475 ° -0.25 3485 -0.15
40 39.65 -0.35 39.65 -0.35 39.65 -0.35 39.75 -0.25
45 4465 -0.35 4465 -0.35 4475 -0.25 4485 -0.15
50 4965 | -0.35 4985 | -0.15 4985 -0.15 4985 -0.15
55 54.85 -0.15 5495 -0.05 55.05 0.05 55.15 0.15
60 60.05  0.05 60.15 0.15 60.25 0.25 60.25  0.25
65 65.25 0.25 65.35 0.35 65.45 0.45 65.45 0.45
70 70.25 0.25 70.45 0.45 70.45 0.45 70.45 0.45
75 75.15 0.15 75.35 0.35 75.35 0.35 75.35 0.35
80 79.75 | -0.25 79.95 | -0.05 79.85 \ -0.15 \ 79.85 | -0.15

bq20z75 EVM

******************* Reference| 1
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Figure 2. Plotted Temperature Readings from Tl bq20z45 EVM
with Optimized Coefficients

Note: All Thermistors performed equivalently
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Table 6. bg20z75 EVM collected data (Suitable coefficients)
Temp. Reference TH1 TH2 TH3
[1C] Temp. AT Temp. AT Temp. AT Temp. AT
-20 -18.65 1.35 -18.25 1.75 -18.25 1.75 -18.05 1.95
-15 -14.35 0.65 -14.15 0.85 -14.25 0.75 -13.95 1.05
-10 -9.75 0.25 -9.55 0.45 -9.75 : 0.25 7 -9.65 | 0.35
-5| -475 025| -455 045| -475. 025 -475. 025
0 0.15 0.15 0.35 0.35 0.25 0.25 -0.05, -0.05
5 5.25 0.25 5.35 0.35 5.25 0.25 5.05 0.05
10 10.35 0.35 10.45 0.45 10.35 _ 0.35 10.35 0.35
15 15.25 0.25 15.45 0.45 15.35 0.35 15.25 0.25
20 20.15 0.15 20.25 0.25 20.25 0.25 20.25 0.25
25 25.05 0.05 25.05 0.05 25.05 : 0.05 25.05 _ 0.05
30| 2985 -0.15| 29.85 -0.15| 29.85 -0.15 29.95 -0.05
35| 34.65 -0.35| 3465 -0.35| 34.75: -0.25. 3475 -0.25
40 39.55 -0.45 39.55 -0.45 39.65 : -0.35 39.75 -0.25
45 4455 -0.45 44.55 -0.45 44.65 -0.35 44.75 -0.25
50 49.65 -0.35 49.65 -0.35 49.75 -0.25 49.85: -0.15
55 54.85 -0.15 54.85 -0.15 54.95 = -0.05 55.05 0.05
60 60.01 0.01 60.15 0.15 60.25 _ 0.25 60.15 0.15
65 65.15 0.15 65.35 0.35 65.35 0.35 65.25 0.25
70 70.25 0.25 70.35 0.35 70.45 0.45 70.45 0.45
75 75.05 0.05 75.25 0.25 75.25 . 0.25 75.25 0.25
80| 7965 -0.35| 79.85 -0.15| 79.85  -0.15| 79.75| -0.25
bq20275 EVM
3.0 T T T
— 25 7777777777777777%7 Reference[
3 N 1_|——TH1
8 oqp Lo ___ . TH2
% 10 7777& 7777777777 “F’ T TH?) T
E 05 r —— | L,\ |
E 00 [------- N~ ,,),,,i‘,,, I NN
505 f-—mmmmmm e 3o
© 0 fem SRR S —
£ -20 ! ! !
T 25 prmmmmmmmmme i,
-3.0 1 1 L
-40 -20 0 20 40 60 80 100
Temp. [C]
Figure 3. Plotted Temperature Readings from Tl bq20z75 EVM
with Optimized Coefficients
Note: All Thermistors performed equivalently
8 Thermistor Selection Guide for Texas Instruments Advanced Fuel Gauges
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Table 7. bg20z45 EVM collected data (Suitable coefficients)
Temp. Reference TH1 TH2 TH3
[C] Temp. AT Temp. AT Temp. AT Temp. AT
-20 -18.45 1.55 -19.45 0.55 -18.35 1.65 -17.35 2.65
-15 -14.25 0.75 -15.35 -0.35 -14.55 0.45 -13.45 1.55
-10 -9.65 0.35 -10.65 -0.65 -9.85 0.15 -9.15 0.85
5| -485 015| -585 -085| -525. -025! -455. 0.45
0 0.25 0.25 -0.65 -0.65 -0.15 -0.15 0.35 0.35
5 535  0.35 465 -0.35 495 -005! 535 0.35
10 10.35 0.35 9.85 -0.15 10.15 0.15 10.45 . 0.45
15 15.35 0.35 15.05 0.05 15.15 0.15 15.35 0.35
20 20.25 0.25 20.05 0.05 20.15 0.15 20.35 0.35
25 25.05 0.05 25.05 0.05 25.15 0.15 25.15 0.15
30| 29.85| -0.15| 3005, 005| 3005, 0.05, 29.95 -0.05
35 34.65 -0.35 35.05 0.05 34.95 -0.05 34.85 -0.15
40 39.65 -0.35 40.15 0.15 39.85 -0.15 39.75 -0.25
45 44.65 -0.35 45.25 0.25 44.95 -0.05 44.85 -0.15
50 49.65 -0.35 50.35 0.35 49.95 -0.05 49.85 -0.15
55 54.85 -0.15 55.65 0.65 55.15 0.15 54.95 -0.05
60 60.05 0.05 60.85 0.85 60.25 0.25 60.05 0.05
65 65.25 0.25 66.05 1.05 65.35 0.35 65.15 0.15
70 70.25 0.25 71.05 1.05 70.25 0.25 70.15: 0.15
75 75.15 0.15 75.75 0.75 74.95 -0.05 74.85 -0.15
80| 7975 025| 8025 025| 79.35| -065| 7925 -0.75
bq20z45 EVM Qefault Coef)
3.0 Rof
25 —_ eference||
£ 20 igé
5 15 TH3
% 10 F==-\\ -2 N
505 /\‘
§ 0.0 ——mS T N\ - - - -
205 F-——- N -\
210 l l
s -15 : :
§ 20 - - m s oo
T 25 ! !
_30 1 1
60 80 100
Temp. [C]
Figure 4. Plotted Temperature Readings from Tl bq20z45 EVM
Using Non-optimized Temperature Coefficients
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Table 8. bg20z75 EVM collected data (Default coefficients)
Temp. Reference TH1 TH2 TH3
['C] Temp. AT Temp. AT Temp. AT Temp. AT
-20 | -18.45 1.55| -19.65 0.35| -18.55 145: -17.35 2.65
-15 | -14.25 0.75| -15.45 -0.45| -14.65 0.35: -13.45 1.55
10| -965 035| -1085 -0.85| -9.95 005 -9.15 0.85
-5 -4.85 0.15 -5.85! -0.85 -5.15 . -0.15 -4.45 0.55
0| 025 025 -065 -0.65| -0.05 -005 035 0.35
5 5.35 0.35 455 | -0.45 495! -0.05 5.35 0.35
10| 1035 0.35 9.85 -0.15| 10.05 0.05: 10.35: 0.35
15 15.35 0.35 15.05 0.05 15.15 0.15 15.25 0.25
20 20.25 0.25 20.05 0.05 20.15 0.15 20.35 0.35
25 25.05 0.05 25.05 0.05 25.05 0.05 25.15 0.15
30 2985 -0.15 30.05 0.05 29.95 | -0.05 29.95| -0.05
35| 3465 -035| 3495 -0.05| 3485 -0.15, 3485 -0.15
40 39.65 -0.35 40.15 0.15 39.85 -0.15 39.65 -0.35
45| 4465| -035| 4515 0.15| 4485 -0.15. 4475 -0.25
50 49.65 | -0.35 50.35 0.35 4995 -0.05 49.75 ¢ -0.25
55 5485 -0.15 55.55 0.55 55.05 0.05 5495: -0.05
60 60.05 0.05 60.85 0.85 60.25 0.25 60.05 0.05
65 65.25 0.25 65.95 0.95 65.25 0.25 65.05 0.05
70 70.25 0.25 70.95 0.95 70.15 0.15 70.05 0.05
75 75.15 0.15 75.55 0.55 74.85 1 -0.15 74751 -0.25
80 79.75  -0.25 80.15 0.15 79.25 ¢ -0.75 79.25 -0.75
bq20z75 EVM Qefault Coef)
3.0 \ T T T Rof N
_. 25 ,,,,‘,,,7%777%777%77_eerenuei
£ 20 ig;
5 15
f% 1.0
S 05
g 0.0
% -0.5
Z -1.0
a —-1.5
g -20
25
-3.0 | | | | | |
-40 -20 0 20 40 60 80 100
Temp. [C]
Figure 5. Plotted Temperature Readings from Tl bq20z75 EVM
Using Non-optimized Temperature Coefficients
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Table 9. bq27541 Evaluation Module Collected Data (Default coefficients)
Temp. Reference TH1 TH2 TH3
['C] Temp. AT Temp. AT Temp. AT Temp. AT
-20 | -19.40 0.60| -20.60: -0.60| -19.40 0.60 : -18.40 1.60
-15| -15.20 -0.20| -16.40 -1.40| -15.50 -0.50 : -14.40 0.60
-10| -10.60 -0.60( -11.70 -1.70| -10.70 -0.70 : -10.00 0.00
-5 -5.60  -0.60 -6.60 -1.60 -5.90 -0.90 -5.30: -0.30
0 -0.50 -0.50 -1.40 1 -1.40 -0.80 -0.80 -0.40 @ -0.40
5 4.60 | -0.40 4.00, -1.00 4.40 -0.60 4.80: -0.20
10 9.90 -0.10 9.50 | -0.50 9.70 | -0.30 10.10 0.10
15| 1510, 0.10| 1480 -0.20| 15.00| 0.00| 1510| o0.10
20 20.10 0.10 19.90 . -0.10 20.00 0.00 20.10 0.10
25| 2500 0.00| 2500 000| 2500 0.00 2510 0.10
30 29.90: -0.10 30.00 0.00 29.90 : -0.10 29.80 - -0.20
35 34.70 -0.30 34.80 -0.20 34.70 : -0.30 34.60: -0.40
40 39.50 -0.50 39.80 -0.20 39.60 : -0.40 39.50: -0.50
45 4450 . -0.50 44.80 ¢ -0.20 4450 : -0.50 44.40 : -0.60
50 49.30 , -0.70 49.80 | -0.20 49.40 : -0.60 49.30: -0.70
55 54.40 -0.60 5490  -0.10 54.50 : -0.50 5430 . -0.70
60| 59.60| -0.40| 6030, 0.30| 59.70 -0.30 59.60 -0.40
65 64.80 -0.20 65.40 0.40 64.80 | -0.20 64.50 | -0.50
70| 69.80 -020| 7070, 0.70| 69.90| -0.10| 69.70| -0.30
75 74.80 ;. -0.20 76.00 1.00 74.80 : -0.20 74.70 : -0.30
80| 79.60 -0.40| 80.60 060| 79.60 -0.40 79.50 -0.50
bq27541 EVM
3.0 :
25 bFo-mmm e Reference| |
- —TH1
£ 20 - TH
T i TH3
v 1.0
£ 05
§ 0.0
Z -05
E -1.0
g —1.b
€ -2.0
T 25 femmmmmem e P
-3.0 I I | |
-40 =20 0 20 40 60 80 100
Temp. [C]
Figure 6. Plotted Temperature Readings from Tl bq27541 EVM
Using Default Temperature Coefficients.
Thermistor Selection Guide for Texas Instruments Advanced Fuel Gauges 11
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From Figure 6 results, note TH2 and TH3 Type Thermistor performed equivalent to reference
Thermistor (within +/-1°C measurement over the temperature range of -15°C to 80 °C). TH1
type Thermistors are within +/-1°C measurement over the temperature range of 5°C to 80 °C,
and better than -2 °C error from -20°C to 5°C temperature range.

Conclusion

This application note shows temperature measurement data for three different types of MMTL
Thermistors based on different Beta Values characteristics. From this data we find that all three
Thermistors types tested (TH1, TH2 and TH3) achieved similar temperature measurement
results as Tl reference Thermistor.

For the bq20z## products with new Thermistor coefficients calculated based on SLUA398, from
figures 3 and 4 we see that temperature measurement is essentially identical.

For some bq27### single cell gas gauge products, default Thermistor coefficients must be used
as coefficients are not programmable. From this data we see that TH2 and TH3 type
Thermistors performed equivalent to reference Thermistor (within+/-1°C measurement over the
temperature range of -15°C to 80°C). TH1 type Thermistor is within +/-1°C measurement over
the temperature range of 5°C to 80°C, and better than -2°C error from -20°C to 5°C temperature
range.

Therefore, the battery pack designer can comfortably design in any of the Thermistors reviewed
in this application note.

For more information on calculating thermistor coefficients, see the application note:
http://www.ti.com/lit/an/slua398/slua398.pdf

Thermistor Selection Guide for Texas Instruments Advanced Fuel Gauges
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such safety-critical applications.
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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 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
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