RENESAS Application Note

Thermistor Linearization
SLG47011

Abstract

This application note describes how to use the SLG47011 to implement a design for a Thermistor Linearization
application. Since the thermistor component is categorized as a negative-temperature-coefficient (NTC) resistor,
the linearization process can convert rows of NTC data into linear data. The Memory Table macrocell in the
SLG47011, which can contain a dataset of 4096 12-bit words, is the primary component used to process rows of
NTC data to be linearized.
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Thermistor Linearization

1. Terms and Definitions
ADC  Analog to Digital Converter

AFE  Analog Front-End

12C Inter-Integrated Circuit

LUT  Look Up Table

MEM  Memory

NTC  Negative Temperature Coefficient
PIR Passive Infrared

PGA  Programmable Gain Amplifier

2. References

For related documents and software, please visit:

AnalogPAK™ | Renesas

Download our free Go Configure Software Hub [1] to open the design file [2] and view the proposed circuit design.
Use the AnalogPAK development tools to freeze the design into your own customized IC in a matter of minutes.
Renesas Electronics provides a complete library of application notes [4] featuring design examples, as well as
explanations of features and blocks within the Renesas IC.

[1] Go Configure Software Hub, Software Download and User Guide, Renesas Electronics

[2] AN-CM-401 Thermistor Linearization.aap, AnalogPAK Design File, Renesas Electronics

[3] AnalogPAK Development Tools, AnalogPAK Development Tools Webpage, Renesas Electronics

[4] Application Notes, GreenPAK Application Notes Webpage, Renesas Electronics
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https://www.renesas.com/en/products/programmable-mixed-signal-asic-ip-products/greenpak-programmable-mixed-signal-products/analogpak
https://www.renesas.com/software-tool/go-configure-software-hub
https://www.renesas.com/en/document/scd/cm-401-gp-file
https://www.renesas.com/products/programmable-mixed-signal-asic-ip-products/greenpak-programmable-mixed-signal-products#tools_resources
https://www.renesas.com/en/support/document-search?doc_file_all_types%5BApplication+Note%5D=Application+Note&doc_file_sub_types%5B756%5D=756&doc_file_sub_types%5B761%5D=761&doc_file_sub_types%5B766%5D=766&doc_file_sub_types%5B771%5D=771&doc_file_sub_types%5B776%5D=776&doc_file_sub_types%5B781%5D=781&doc_file_sub_types%5B786%5D=786&doc_file_sub_types%5B791%5D=791&doc_file_sub_types%5B796%5D=796&doc_file_sub_types%5B801%5D=801&doc_file_sub_types%5B806%5D=806&doc_category_tier_1=1570441&doc_category_tier_2=1570446&page=0

Thermistor Linearization

3. Introduction

The SLG47011 is comprised of a diverse collection of digital and analog marcocells for AFE applications. One
14-bit SAR ADC and one 4-channel PGA (shown in the Block Diagram of the SLG47011 in Figure 1) are used to
perform Analog Front-End signal capturing. The PGA is capable of operating in different configurations such as
single-ended mode and differential mode. Additionally, the reference voltages used by the PGA and ADC can be
configured independently as needed. The ADC supports resolutions ranging from 8 bits to 14 bits. Moreover, the
SLG47011 offers four Buffer blocks in which averaging and over-sampling functions are used to process ADC

data.
12C Serial SPI Serial POR with Combination Function Macrocells New
Communication Communication CRC 2bit 2 bit 3-bit 3-bit GPIO Block
LUT2_0 LUT2_1 LUT3_0 LUT3 1
Filter or DFFO or DFF1 or DFF2 or DFF3
Temperature Programmable
with edge T
sensor Delay defector 3-bit 3-bit 3-bit 3-bit Existi ng
LUT3 2 LUT3_3 LUT3 4 LUT3_5 GPIO
or DFF4 or DFF5 or DFF6 or DFF7 Block
Oscillators Py
3-bit Voitage 3-bit 3-bit 3-bit LUT3_8 | |3-bitLUT3 9
‘ 2 kHz / ‘ 20 MHz/ ‘ Con LUT3 6 LUT3_7 or DFF10 or | | or DFF11 or
Current Source or DFF8 or DFF9 Shift Req0 Shift_Reg1
10 kHz 40 MHz g GPIO Improved

b
-
3-bit LUT3_10 | [3-bit LUT3_11 | [3-bit LUT3_12 | [3-bit LUT3 13 Block
\'\\ or DFF12 or or DFF13 or or DFF14 or or DFF15 or
N Shift_Reg2 shift_Reg3 Shift_Reg4 Shift_Reg5
GPIO 0 ACMPH > - - = GPIO
12C_SCL - . .
- 4-bit 4-bit
> LUT4_0 LUT4 1
VREF or DFF16 or DFF17
oPi0 |
12C_SDA Multi - Function Macrocells
Er T (s Muttichannel 12-bit . o
DCMP with hysteresis Width Converter LUT3. 1 Lu%m%s Lugrémwe LL?TC? It17 16 PIN STQFN
V/DFF18+12bit| DFF19+12pit| |/DFF20+12bit |/DFF21*12pbit
&PIO CNTBLYO ERSnI &4 CNT/DLY?2 ENTIDLYS aPIo 2.0x 2.0 mm,
ADC and Buffers Blocks = .
3bit 3bit 3-bit 3bit
LUT3 18 LUT3_19 LUT3_20 LUT3_ 21 0.4 mm pItCh
8x 16 - bit Buffer, Avg, Ovs 8 x 16 - bit Buffer, Avg, Ovs DFF22+12bit] [/DFF23+12bit| |/DFF24+12bif| DFF25+12bit
CNT/DLY4 CNT/DLY5 CNT/DLY6 CNT/DLYT
GPIO 8% 16 - bi Ovs 8 16 _ bi Ovs 35it 3-bit Thit GPIO
8 x 16 - bit Buffer, Avg, Ovs 8 x 16 - bit Buffer, Avg, Ovs LUT3 22 LUT3 23 LUT3 24 il F’ower Supply
VDFF26+12bitl |/DFF27+12bit| DFF28+12bit| [io]Z il
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GPIO (x)/Vref- ~ . - N
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BP0 (43)—| oo CNT

Figure 1. SLG47011 Block Diagram

Linearization is the process of taking the nonlinear data with respect to all variables and creating a linear
representation for any point of data (see Figure 2). The SLG47011 accomplishes this by utilizing its internal
Memory Table microcell as shown in figure below.

Input signal Output signal
¥ 3 -~
Linearization
temperature temperature
Figure 2. Conversion from Nonlinearity to Linearity
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Thermistor Linearization

4. Design Principle

Figure 3 shows the system diagram of our Thermistor Linearization design. PIN 7 acts as the sensing input
which captures the voltage drop across the thermistor. The resulting linear thermistor data from the DAC is
output on PIN 12.

DD SLG47011
—l_ (" (vbD) A
. —~—{FIN'1 PIN 16 }
(:1 (GND)
L 10 PN PIN 15 |-
VDD ~ JpIN3 PIN 14 |
SEm—
L eU ‘ [ SDA {PIN 4 PIN 13 |}
C2
100 scL B
n} PIN 5 PIN 12— oaco
{pPiNG PIN 11 f22ce
M PINT PIN 10 |
Y
{priNs PINO |
N ")

94

NTC
100k

Figure 3. System Diagram

In general, the NTC characteristic of the thermistor component are non-linear, which can create challenges and
errors in applications. To combat this, signal conversion is used to transform non-linear signals from the
thermistor into linear signals. The SLG47011 can reshape the digital signal from the ADC and output an analog
signal corresponding to the rate of temperature change.

1000 - —— Thermistor Characteristic

900
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Figure 4. NTC thermistor characteristic. (Rzsc = 100 KQ; 8 = 3950)

R19ANO378EE0100 Rev.1.00 RENESAS Page 4
Nov 5, 2024



Thermistor Linearization

5. GreenPAK Design Internal Block Configuration
The GreenPAK Design as shown in the GoConfigure software is presented in Figure 4.

CSource

°
o
o
o
o
o
o
o

00000000

Figure 4. GreenPAK Designer Schematic

The current source is assigned to PIN11 and provides a configurable constant current through the external
thermistor component. The PGA is configured as a single-ended buffer AFE channel. The 12-bit resolution ADC
performs the conversion of the analog signals into a digital representation. BufferO is used to provide averaging
to filter the ADC digital signals.

To accomplish linearization, the SLG47011 utilizes the Memory Table and DAC macrocells. The Memory Table
and DAC offer a convenient way to convert the non-linear thermistor signal into a linear signal based on the
digital data from Memory Table. The configuration settings for the design are shown in Figure 5.

Properties Properties | Properties (3 Properties B Properties ®
ADC PGA Data Bufferd DAC 12-bit CNTO/DLY0 (MF0)
_ Out+ to PIN 13 . Multi-function .,
Clock selection: | 05T N Disable T Mode: Maimglieaiclis Input mode: Normal - — CNT/DLY -
- . Out- to PIN 14 .
Vref selection: 1.62V internal Vrel = (GPIO10) Disable = Length: 3 words = Input source: Memaory Table = e Delay .
. - PGA/ADC ) ! —
AVDD divider: (1/8)AVDD manual mode Disable - Initial data: 0000h = Static value: 600
Resolution: 12.bit . | enable: - Counter data: 3 =
'esolution: -bi Manual channel Input source: ADC - Buffer enable: Disable o  GolS
Sample per selection: Channel 0 M AEDE U
: 2 Delay tir
channel: 1 s q 10 Load source: ADC ready 0 > Vref MUK: 1.62V internal Vrel ¥ {w;:al‘}we 36 ms Formula
Channel 0 system | _ _ Edge mode
B Disable - AVDD divider: [1/8)AVDD a9 Ri -
. Load . M - . 15ing
;“bmlglsyst Input mode: Single ended inpL ™ N Syne © syne select:
iannel fem . o T e DLY IN init. R
calibration: Disable - . Buffer . | OUT source: Result - Math selection: | IMsth OUT [11:0] e Bypass the initial ~
Clock divider: /2 divider = I 1 = Apply
Gain: 1x Buffer ready: 8 M W ’ Output polarity: | Non-inverted [OU ~
samplingrate oo 3 ops Formul -
(single channel): IN+ source: PIN 7 {GPIO3) = [ 7 ] D] Apply
Dt s Properties [ Up signal SYNC: | None
lay between -
channels: 25 * | IN- source: AGHND Current Source Keep signal P
Properties ® SYNC: -
Delay between Current selection |5 uA v Mode signal
channels 1 - Memory Table SYNC: Bypass -
predivider:
Delay: 25 us o= EOM - v = el Connections
Add : i -
Dataaligment: | LSB - et U Bufter e Clock source: O5C0 B
Ck 10 Table size: 4085 - Clock divider: Qsco /8
Memory 1SB = Clock frequency: 250 Hz
Input mode: Single ended inpL ™ truncate:
Skip NVM load No ski - .
Mode: Buffer - memory: P \ 1 ) el Apply
Gain: 1% Initial value: Disable i
IN+ source: PIN 7 [GPIO3) = \ ) el Apply
[TOR—— aemn
Properties Schematic Library
Figure 5. Design Configuration Settings
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Thermistor Linearization

This SLG47011 thermistor linearization design supports a temperature range from 10 °C to 120 °C.
The NTC thermistor resistance is given by:
Ry = Rysc - eB{1/(T+273)-1/298}

where:
Rzsc = thermistor’s resistance at 25 °C
T = temperature
B = material coefficient.
PIN 11 (CS source) produces a constant value Ics of current through the NTC thermistor.

Iecs=5uAd
The non-ideal signal of the NTC thermistor can be expressed as:

V, = 100kQ - Ics - 23950-(1/(T+273)~1/298}

where:
Rzs¢ =100 kQ
B = 3950

It is assumed that the DAC output provide linearization with 0.5 V ~ 1.2 V variation corresponding to a
temperature range of 10 °C to 120 "C.

R19ANO378EE0100 Rev.1.00 RENESAS
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Thermistor Linearization

The Python script showing the calculation is shown in the code snippet below.

1mpor t as
1mport as
1mport as

# setup temperature range for -20 C~120 C,
10, 120+0.05, 0.005
# set up constant current provided by PINI1 (CSource)

Se-6
#func Define: Thermistor R equation
def , 3950
100000
1 273)-1/298
return
#func Define: PIN12 (DAC output) perform linearization
def
0.5 # T= 10C
1.2 # T= 120C
120-10
10
return

#Calculation
#Calculation

#plot

figsize=(12, 8

, label="NIC Thermistor, Coefficient=3950 "

s , label="Linearization-->DAC output "
#plt.plot(t,np.log(50)+3950*(1/(t+273)-1/298), label="Linearization-->DAC output ")

fontsize=18

"Temperature, C", fontsize=18

"Volage, V", fontsize=18

fontsize=18

fontsize=18

# Next
121 — NTC Thermistor, Coefficient=3950
Linearization-->DAC output
1.0
0.8
>
[
E’ 0.6
S
0.4
0.2
0.0
20 40 60 80 100 120
Temperature, °C
Figure 6. NTC Thermistor and DAC output corresponding to Temperature
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Thermistor Linearization

The GoConfigure software provides an import tool for manipulating data sets to achieve the desired digital
transfomation.

The Memory Table import tool accepts both .csv and/or .txt files (see Figure 7). The following python script
completes preparation of the data sets.

"NTC(bit)" 1.62%4095 int),
"DACout (bit)" 1.62%4095 int
#
for 1n range "NTC(b1t)" , "NTC(b1t)" ]
try
"NTC(bit)" ,[ "DACout (bit)" "NTC(bit)" ,[ "DACout (bit)"
except
pass
#
subset="NTC(bit)"', keep="first
'NTC(bit)' ]|, ascending= True,ignore index=True
#
"NTC(bit)"
"NTC(bit)"
#
"DACout (bit)" ,df["DACout(bit)"],
"DACout (bit)" 4095
#
"Memory Table data" list(map(lambda f"OX{x:#0{6}x}"[2:], list(map(int,
#
"MEM Table rO01 1.csv", index= False
A B
1 [Memory Tl_ib]c‘ data
2 0xObda
3 0xObda
4 0xObda
5 0xObda
6 0xObda
Figure 7. Importing the data set using .csv file
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Thermistor Linearization

6. Simulation Results

The simulation results of the SLG47011 linearization is shown in Figure 8.

PIN7: V. 0.5V@25C 0.035V @100°C

_thermal 0.104V @65°C
B 104052 v

GreenPAK -> DAC -> OUT

PIN12: DAC o
= aid 0.87V @65°C 1.10V@100C

0.6V @25°C

ADC -> Channel 0 data

Data OUT [Buffer0 OUT]

Figure 8. Simulation results

7. Design Verification Using Hardware Prototype

A hardware prototype used to verify the simulation results at varying temperatures shows that the SLG47011
can convert the non-linear thermistor signal to a linear signal properly.

7.1 Thermistor results at 25 °C

Channel 1 (yellow/top line) — PIN# 7 (IN) > Thermistor (NTC 10K/B3950 1%) signal.
Channel 2 (light blue/2nd line) — PIN# 12 (DAC_output) ->DAC output

Calculation for operation at 25 “C, Thermistor signal = 0.500 V; DAC output = 0.595 V

Measured result shows DAC output = 0.594 V
> [c2] c3| o4 | 52768 sarmples ot 200.76 iz | 2024.04-15 11:43:16 452 190 348 orEE @@y

X1: 14.68 ms

C2:5035mV A BSO UV BX: 6.4718 Wifus

CL 4063 mV A 398 mV BAX: 3021479 mVYms

My Project

ADP3450
b SN:210018B48873
2024-04-15 11:43:16.792
X |-10ms oms 10ms wms 0ms wms sams & ms 20ms 80 ms 9 ms

Figure 9. Thermistor results at 25 °C, cursor indication
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Thermistor Linearization

7.2 Thermistor results at 65 °C

Channel 1 (yellow/top line) — PIN# 7 (IN) > Thermistor (NTC 10K/B3950 1%) signal.
Channel 2 (light blue/2nd line) — PIN# 12 (DAC_output) - DAC output

Calculation for operation 65 “C, Thermistor signal = 0.104 V; DAC output = 0.85 V

Measured result shows DAC output =0.831V
.ca €4 | 32768 samples at 209.76 kHz | 2024-04-15 11:43:16.452.199.448 L, = = -:_ﬂ Y

/—vvﬁ |
C2: 831 mV.
/ X 40.26 ms

C1: 104.9 mV.

My Project

SN:210018848873
2024-04-15 11:43:16,792

X |10 ms oms 10ms 20 ms W ms 40 ms 50 ms s0ms 70 ms 80 ms. 90 ms

Figure 10. Thermistor results at 65 °C, cursor indication

7.3 Thermistor results at 100 °C

Channel 1 (yellow/top line) — PIN# 7 (IN) > Thermistor (NTC 10K/B3950 1%) signal.
Channel 2 (light blue/2nd line) — PIN# 12 (DAC_output) - DAC output

Calculation for operation 100 °C, Thermistor signal = 0.035 V; DAC output = 1.072 V
Measured result shows DAC output =1.010V B

[c2] c3| o4 | 2768 sarmples ot 200.76 iz | 2024.04-15 11:43:16 452 190 448 | = o @ v

-
X1: 5471 ms

©2: 1.019V 8 3.76 mv. QB0 21,276 mfms

CLIAMY AT AIAX: 4 45836 s
My Project

5N:210018848873
2024-04-15 11:43:16,792

X |10 ms oms 10ms 20 ms W ms 40 ms 50 ms s0ms 70 ms 80 ms. 90 ms

Figure 11. Thermistor results at 100 °C, cursor indication

8. Conclusion

The SLG47011 can be used to achieve thermistor linearization with proper design and configuration with the
output verified between software simulation and hardware validation.
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Thermistor Linearization

9. Revision History

Revision Date Description
1.00 November 5, Initial release
2024
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IMPORTANT NOTICE AND DISCLAIMER

RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (‘RENESAS”) PROVIDES TECHNICAL
SPECIFICATIONS AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING
REFERENCE DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND
OTHER RESOURCES “AS IS” AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, OR NON-INFRINGEMENT OF THIRD-PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for developers who are designing with Renesas products. You are solely responsible for (1)
selecting the appropriate products for your application, (2) designing, validating, and testing your application, and (3)
ensuring your application meets applicable standards, and any other safety, security, or other requirements. These
resources are subject to change without notice. Renesas grants you permission to use these resources only to develop an
application that uses Renesas products. Other reproduction or use of these resources is strictly prohibited. No license is
granted to any other Renesas intellectual property or to any third-party intellectual property. Renesas disclaims
responsibility for, and you will fully indemnify Renesas and its representatives against, any claims, damages, costs, losses,
or liabilities arising from your use of these resources. Renesas' products are provided only subject to Renesas' Terms and
Conditions of Sale or other applicable terms agreed to in writing. No use of any Renesas resources expands or otherwise
alters any applicable warranties or warranty disclaimers for these products.

(Disclaimer Rev.1.01)
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