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Application Note Abstract 
The battery packs are widely used in notebooks, PDAs, mobile phones, and other consumer and industrials applications. This 
Application Note describes an accurate thermistor-based temperature measuring technique for battery packs. The proposed 
technique is implemented with minimal PSoC® device resources and external components. 

  

Introduction 
A battery pack consists of one or more batteries 
connected together and a thermistor that controls battery 
pack temperature during use. Figure 1 shows the internal 
schematic of an example battery pack.  

Figure 1. Battery Pack Internal Schematic 
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The measurement of accurate battery temperature is very 
important during battery charge. For example, in the Li-Ion 
and Li-Pol batteries, the charge is allowed only when the 
temperature falls within the predefined range.  

For Ni-Cd and Ni-MH batteries, the battery temperature is 
used to switch between rapid (large charge current) and 
trickle (small charge current) charges, to detect the 
completion of the charge cycle by checking the 
temperature slope. Therefore, it is important to measure 
battery temperature accurately.  

Temperature Measuring Technique 
Using a thermistor to measure temperature is described in 
Application Note AN2017, A Thermistor-Based 
Thermometer, PSoC Style. 

A thermistor has a non-linear transfer function. The 
Steinhart-Hart equation describes the resistance change 
of a semiconductor thermistor that is related to its 
temperature. Equation 1 shows it to be a 3rd-order 
logarithmic polynomial using three constants (A, B, and 
C): 
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 A, B, and C are empirical constants. 

 R is the thermistor’s resistance. 

 Tk is the temperature in Kelvin. 

The next equation shows the temperature in Celsius: 
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Equation 2 shows that for temperature calculations, 
knowing the thermistor resistance and its function 
approximation coefficients is required. These coefficients 
are often given in the thermistor datasheet or can be found 
from a resistance table by using any curve-fitting 
technique. 

Several methods can be used to measure the resistance. 
For example, a simple resistive divider powered by 
constant DC source can be used. Thermistor resistance 
can be calculated from the voltage drop on the thermistor. 
But this method has disadvantages, such as the bottom 
lead of the thermistor (Figure 1) can be biased to some 
voltage caused by the voltage drop on the battery pack 
ground connector. This drop is proportional to the 
connector pins’ resistance and battery current, and varies 
during battery pack usage. Note that some systems have 
a current sense resistor in the negative battery lead that 
additionally increases the voltage drop in the negative 
battery lead path. This condition decreases the accuracy 
of temperature measurement, especially at high 
temperatures when the thermistor resistances are low. 

The drawback-free method is proposed to measure the 
temperature. The idea lies in applying the two different 
voltages to a resistive divider and then calculating the 
thermistor resistance based on the difference between 
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voltages at the upper thermistor lead. Figure 2 shows the 
proposed thermistor resistance measurement scheme. 

Figure 2. Thermistor Resistance Measurement 
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cV  is the cumulative offset voltage caused by the voltage 
drop on battery pack ground lead resistance and the 
voltage drop on PCB tracks. 

ofV  is the ADC offset voltage. 

The measurement cycle consists of two stages. During the 
first stage, the REFHIV  reference voltage is applied to the 

resistive divider and ADC code 1tn  is collected. During the 

second stage, the AGNDV  reference voltage is applied and 

ADC code 2tn  is collected. The thermistor resistance is 

calculated by subtracting the two ADC code values, 1tn  

and 2tn . The following equations show the  
resistance-measuring scheme: 
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1tV , the voltage level on the thermistor, is set to AGNDV  

(1.3-V) reference voltage. 2tV  is the voltage level on the 

thermistor during application of the REFHIV  (2 VAGND 2.6-V) 

reference voltage. CV  is the cumulative offset voltage on 

the bottom lead of the thermistor. 
ofV is the ADC offset 

voltage. tR is the thermistor resistance. REFR  is the 
reference resistor value.  

Bias voltages are formed by using the PSoC device’s 
TestMux to apply VREFHI and VAGND levels. Taking into 
account that full-scale ADC code maxn  corresponds to the 
1.3 V input voltage (VREFHI-VAGND, VREFLOW = 0, all voltages 

considered relative to PSoC’s VSS ground), then 
Equation 7 can be simplified as:  
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       Equation 8 

maxn  = 2047 for a 12-bit ADC. 

Because the measurement is the difference between the 
ADC code values, the ADC offset is automatically 
compensated. 

Calculating the temperature directly from Equation 2 
requires complex, float-point calculations that are not well 
suited to an 8-bit microcontroller. However, it can be done 
using integer arithmetic by applying a lookup table. The 
allowed temperature range for battery usage is only - 
20...60 C, which reduces table size. The table is an array 
of calculated ADC code values from Equation 8 for a linear 
set of temperatures. The search algorithm looks at the 
table value that is nearest to the measured ADC code 
difference. The table index reflects a linear approximation 
to battery temperature between the measured points. If 
higher resolution is required, additional interpolation 
between adjacent table values can be applied to limit the 
size of the lookup table, within reason. 

The overall accuracy of the temperature measurement 
technique is limited by resistor reference tolerances and 
ADC gain errors. It is easy to reach a 1-1.5 C temperature 
measurement error within the battery operation 
temperature range with no calibration. For further details 
regarding the temperature measurement accuracy, see 
the Appendix: Temperature Measurement Error Analysis.  

Schematic Examples 
The variety of operational characteristic measurements 
(different cell voltages and charge/discharge currents for 
each type of battery) requires several connections to the 
analog capability on the PSoC’s Port 0 inputs. Two 
methods of implementation are proposed. The first method 
uses two Port 0 pins and the second method uses one 
Port 0 pin and one Port 2 pin with analog input capability. 
The advantage of the first method is that the same PSoC 
internal structure for temperature measurement is used for 
cell voltage, charge/discharge current measurement. The 
advantage of the second method is the usage of fewer 
pins on Port 0. Users can choose among the method that 
is appropriate, depending on their own project specifics. 

 



AN2314 

July 5, 2013 Document No. 001-26119 Rev. *B  3 

Figure 3 shows a temperature measurement circuit using 
the first proposed method of thermistor-to-PSoC 
connection.  

Figure 3. Thermistor Resistance Measurement 
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Similar to the Equations 3–8, the ADC code values for the 
schematic in Figure 3 must be calculated by Equation 9. 
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
    Equation 9 

INAGAIN  is the instrumentation amplifier gain (equal to 1). 
Note that the unity gain PGA can be used instead of the 
INA. But the INA is useful for other functions, such as the 
battery voltage and current measurements. 

Figure 4 shows a temperature measurement circuit using 
the second proposed method of thermistor-to-PSoC 
connection. It uses only one analog pin on Port 0 and one 
pin on Port 2. 

Figure 4. Temperature Measuring using One Pin on Port 0 
and One Pin on Port P 2 
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Note that this method provides a less accurate resistance 
measurement when working with high-impedance 
thermistors, especially at low temperatures. The primary 
error source is the ADC input impedance because the 
switched capacitor ADC input is connected directly to the 
resistive divider. The ADC input impedance is sum of the 
internal routing resistance (approximately 12 kΩ) and the 
switched capacitor module impedance:  

5 1

2
ADC

clk

Z
F

    Equation 10 

ZADC is the ADC input stage impedance. Fclk is the ADC 
sample clock frequency in Hz (1/4 of the column clock 
frequency). 

Sample Project 
The project based on the circuit in Figure 3 is described in 
this section. Figure 5 shows the PSoC device’s internal 
structure. 

Figure 5. PSoC Internal User Module Configuration 

 
In the project, a three-opamp topology of an instrumental 
amplifier (INA) is used. This INA can be used in the 
battery charger or for other tasks, such as battery 
current/voltage handling. The INA is placed on blocks 
ACB00, ACB01, and ASD11. The incremental ADC is 
placed on ASC10 and DBB00. The ADC resolution is set 
to 12 bits. The resolution and the sample rate can be 
increased if the application requires a higher temperature 
measurement resolution and faster conversion. In this 
project, the analog ground bias is set to BandGap 
reference value, or 1.3 V (RefMux is set 
BandGap ± BandGap). However, a different set of 
reference voltages can be used if they are more suitable 
to the balance of the design. 

The control software is written in ‘C’ and shown in 
example Code 1. 
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Code 1. Temperature Measuring using Two Pins on Port 0 
#include <m8c.h>         

#include "PSoCAPI.h"     

#include "globdefs.h"     

 

INT iTb;//voltage on thermistor (in ADC counts) 

CHAR cTemperature =0; // temp (in Celsius) 

 

//temperature lookup table from -20C to 60C  

//with step 1C by thermistor temperature- 

//resistance relations measured in ADC counts 

const WORD anwLookTable[TEMP_DATA_COUNT] ={ 

ADC_R20C_MINUS, ADC_R19C_MINUS, 

 … , … ,… 

ADC_R1C_MINUS, ADC_R0C, ADC_R1C, … ADC_R60C}; 

 

INT iGetADCData(void) { 

   INT iData = 0; 

 

   ADC_GetSamples(1); 

   while (!ADC_fIsDataAvailable()); 

   iData = ADC_iClearFlagGetData(); 

   return iData; 

} 

 

// Convert temp ADC code to temp value 

CHAR cADCtoTemp(INT iTb){ 

   CHAR cIndex, cTemperature;      

   INT iForward, iBack; 

 

   // find position (cIndex) in temperature 

   // lookup table  

   // where the value is greater then measured 

   for (cIndex = 0; cIndex < TEMP_DATA_COUNT-1; 

cIndex++) { 

      if (iTb > anwLookTable[cIndex]) { 

         break ; 

      } 

   } 

 

   // establish what value in temperature 

   // lookup table is near  

   // to measured  (back or forward) 

   if (0!=cIndex) {  

      iForward = anwLookTable[cIndex]-iTb; 

      iBack = iTb - anwLookTable[cIndex-1]; 

      if (iBack < iForward) cIndex--;  

   } 

 

   // as the index in lookup table shows  

   // the real temperature value with  

   // shift in maximum negative temperature 

   // value (if temperature step is 1 degree)  

   // then the real temperature value is:   

   cTemperature = cIndex + TEMP_MIN_VALUE; 

   return cTemperature; 

} 

 

void main() { 

   INA_Start(INA_HIGHPOWER);  // init INA 

   ADC_Start(ADC_HIGHPOWER);  // init ADC 

   // configure INA inputs to measure temp 

   AMX_IN = MUX_THERMISTOR_SETTING;  

   INA_Set2StageGain(INA_INGAIN_1, 

       INA_OUTGAIN_1_00); 

 

   M8C_EnableGInt;   

 

   ACB00CR1 |=0x03; //Set INA-in to AGND (PMUX) 

   //ACB00CR1 &=0xFD; //Ret INA-in to Port-in  

    

   while (1) { 

      // measure battery temp in ADC counts 

      ACB00CR2 |= 0x1C; // Set P0[3] = RefHI 

      iTb =  iGetADCData(); 

      ACB00CR2 &= 0xF7; // Set P0[3] = AGND 

      iTb -=  iGetADCData(); 

 

      // real temperature value calculation  

      // in battery charger is recommended  

      // to use only for Fuel Gauge function  

      cTemperature = cADCtoTemp(iTb); 

   } 

} 

During initial configuration, one of the INA analog inputs is 
configured directly to VAGND on the ACB00 continuous time 
block via PMux. Next, the routine sets the VREFHI, retrieves 
the ADC code value for this bias, sets the VAGND level, 
obtains the ADC code value, and calculates the difference. 
The algorithm searches the lookup table to find the 
nearest table index. The temperature is now proportional 
to the table index. If Celsius is the required temperature 
value, the index is scaled during the table temperature 
step and biased to the start of the lookup table. 

All global resources for this project are located in the 
header file globdefs.h, that is in the project folder. An 
example for the thermistor temperature-resistance 
relationship at 25 C and the ADC code calculation is 
shown in Code 2. Equation 9 describes the calculation 
method for this example. 

Code 2. ADC Code of Thermistor Temperature-
Resistance Relationship at 25 °C Calculation 
#define TEMPERATURE_GAIN 1.0 

#define TEMPERATURE_R_REF 10000 

#define ADC_MAX 2047  

 

//Thermistor Temperature-Resistance Relations  

#define R25C 10000 //Ohms 

 

//Thermistor Parameters in ADC counts 

#define ADC_R25C  

(INT)((ADC_MAX*R25C/ 

(TEMPERATURE_R_REF+R25C))*TEMPERATURE_GAIN) 

An additional project based on Figure 4 is similar to this 
project. All these projects are available on the Cypress 
website at http://www.cypress.com/. 

Project Adaptation to Selected 
Thermistor 
To set the project up to accommodate the selected 
thermistor, it is only necessary to modify the temperature-
resistance relations in the header file globdefs.h. All other 
tasks are performed by the pre-designed macros (see 
Code 2). The thermistor temperature-resistance 
relationship can be taken directly from the thermistor 
datasheet or calculated by hand. For example, for this 
application, a BetaTHERM’s 10K3A1A thermistor is used. 
It is a precision thermistor with the following parameters: 

 10,000 Ω at 25 C 

 Tolerance = ±0.1 C from 0 C to 70 C 

 -80 C to 150 C operating range 
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Table 1 gives the thermistor temperature-resistance 
relationship taken directly from the thermistor datasheet. 

Table 1. 10K3A1A Thermistor Temperature-Resistance 
Relationship (from -20 C to 60 C)  

Temp (C) R (Ω) Temp (C) R (Ω) 

-20 96974 51 3466.9 

-19 91525 52 3338.6 

-18 86415 53 3215.6 

-17 81621 54 3097.9 

-16 77121 55 2985.1 

-15 72895 56 2876.9 

-14 68927 57 2773.2 

-13 65198 58 2673.9 

-12 61693 59 2578.5 

-11 58397 60 2487.1 

Note: Table Example (Not all Values Shown) 

In the sample projects associated to this Application Note 
these exact temperature-resistance values are used. If the 
thermistor datasheet is not available, the user can 
measure the resistance of at least three different 
temperature points with values distributed in the expected 
operation range for better temperature-resistance curve 
interpolation. For example, for our thermistor we used the 
following points shown in Table 2.  

Table 2. Three Data Points for the 10K3A1A Thermistor 

Temperature (C) Resistance (Ω) 

-20 96974 

25 10000 

60 2487.1 

The three data points in Table 2 are used to calculate the 
Steinhart-Hart coefficients A, B, and C in Equation 2. The 
results are shown in Table 3. If more than three data 
points are known or the user wants to increase the 
resolution of the known thermistor-resistance relationship, 
then the Steinhart-Hart coefficients A, B, and C should be 
calculated by using the least squares fitting method. 

 

Table 3. Steinhart-Hart Coefficients for 10K3A1A  

Steinhart-Hart Coefficient Value 

A 0.001129676798 

B 0.0002340323705 

C 8.808445665*10-8 

Using these coefficients and Equation 2, the thermistor 
temperature-resistance relationship can be easily 
calculated for all necessary temperature points.  

Summary 

The thermistor-based temperature measurement 
technique for the battery packs is discussed in this 
Application Note. The proposed technique and its 
modifications have been used in the Application Notes 
AN2260, Rapid NiCd/NiMH Battery Charger and DC 
Brushed Motor Controller for Autonomous Appliances, and 
AN2267, Single Cell Li-Ion Battery Charger along with 
others.  
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Appendix: Temperature Measurement Error Analysis 
The general circuit for temperature measurement with 
possible error sources for the two proposed methods of 
thermistor connection (Figure 3 and Figure 4, respectively) 
is shown in Figure 6. 

Figure 6. General Circuit for Temperature Measurement 
with Possible Error Sources 
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 ADC  is the ADC cumulative error (ADC noise, 
nonlinear and others). It is closest to the LSB. 

 
Rref is the absolute error of REFR  tolerance. 

 GAIN is the absolute error of the INA/ADC gain error. 

 ADCZ  is the ADC input stage impedance (using the 
first method, it tends toward infinity, using the second 
method, it can be evaluated as shown in Equation 10. 

Equation 2 shows that the temperature is a function of 
thermistor resistance tR  in Equation 11. 

( )tT F R            Equation 11 

From Equation 9, the tR  value can be represented as: 

max 1

REF

t
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R
R
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




           Equation 12 

n  is the resultant ADC code difference ( 2 1t tn n n  ).  

Taking into account Figure 6 and Equation 12, it follows 
that the measured thermistor resistance value determined 
by this system is dependent on several factors with 
possible error sources as shown in Equation 13: 

1 2 3( , , ,..., )kR R a a a a      Equation 13 

 1a  is the ADC value n  with cumulative error ADC . 

 2a is the REFR  with tolerance 
Rref . 

 3a is the INA/ADC gain with error GAIN . 

 4a is the ADC value with the difference between the 
calculated n  value for the specific temperature in the 
firmware (see Code 2) and the measurement through 
the ADCZ  influence error. 

 5a is the thermistor resistance error. 

 6 ka a  are other, but less significant, errors. 

The ADC , 
Rref , INA  are well known. The absolute error 

between the calculated n  value and measurement 
through the ADCZ  influence can be evaluated using 
Equation 14:  

n Zadc calcn n               Equation 14 

calcn is the calculated n  value for the specific temperature 

in the firmware (see Code 2). Zadcn  is the measured n  

value with the ADCZ  influence. 

Taking into consideration the ADCZ  influence (see Figure 

6 schematic), the value of Zadcn  is found:  
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  Equation 15 

Next, the summary absolute error of the temperature 
calculation by the proposed method can be evaluated with 
a sensitivity analysis with respect to each of the 
parameters. As the error sources are not correlated, an 
RMS evaluation (Equation 16) yields a relatively accurate 
result: 

1
2 2
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i i
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T
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





  
   

   
    Equation 16 

i  is the absolute error of parameter ia .  

max

i i ia                    Equation 17 
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max

ia  is the maximum value of parameter ia . i  is the 

relative error of ia .  

Figure 7 shows the absolute error for the temperature 
measurement using the first proposed method of 
thermistor connection (Figure 3) and Figure 8 shows the 
absolute error for the temperature measurement using the 
second proposed method of thermistor connection 
(Figure 4). The calculation technique for the two methods 
is identical except that using the first method, the ADCZ  
value tends toward infinity and using the second method, it 
is evaluated as in Equation 10.  

Figure 7. Temperature Measurement Absolute Error 
Comparison Relative to Rref Tolerance 

Rref                

 

(Figure 3 Schematic: ADC =1 LSB, GAIN = 1%, 

ADCZ  ) 

Figure 8. Temperature Measurement Absolute Error 
Comparison Relative to Rref Tolerance 

Rref  

 
(Figure 4 Schematic: ADC =1 LSB, GAIN = 1%, 

1.2ADCZ MOhm ) 

Temperature Measurement Error 
Analysis Conclusion 
The research shows that the absolute error of the 
proposed temperature measurement scheme is lower than 
1 C across all temperature measurement ranges. This 
level of error is suitable for all battery pack charger 
operations that are temperature based. Therefore, the 
temperature measurement technique proposed in this 
Application Note can be used in battery pack chargers 
without calibration of individual PSoC parameters. 
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