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TI Designs Design Features
The TIDA-00650 reference design shows how to build • Wireless Thermocouple Sensor Transmitter
a wireless thermocouple-based temperature • 24-Bit ΔΣ Sensor AFE
transmitter. The design is in the DevPack form factor,

• Bluetooth Smart Interfacewhich can be used in combination with TI’s
• Type-K TC Sensor ImplementationSensorTag. This allows realizing a wireless link with

Bluetooth® Smart® or other wireless technologies • PT100 Sensor for CJC
(Zigbee®, Wi-Fi, sub 1GHz). The 24-bit ΔΣ sensor

• TC Temperature Error: 0.8°C Across TC andfront-end used allows this design to operate over the
Ambient Temperature Range–40°C to 85°C temperature range.

• TC Temperature Range: –270°C to 1372°C
Design Resources • Ambient Temperature Range: –40°C to 85°C

Design FolderTIDA-00650 Featured Applications
ADS1220 Product Folder • Isolated Sensors and Field Transmitters
TS5A3159 Product Folder

• Factory Automation and Process ControlSensorTag Product Folder
• Building AutomationMSP430FR5969 Product Folder

• Portable Instrumentation
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An IMPORTANT NOTICE at the end of this TI reference design addresses authorized use, intellectual property matters and other
important disclaimers and information.
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1 System Description

1.1 System Introduction
This TI Design is a thermocouple-based sensor transmitter front-end in the DevPack form factor, which
can be connected to the SimpleLink™ Bluetooth Smart/Multi-Standard SensorTag. With this wireless
solution, a thermocouple temperature transmitter can be realized in an isolated fashion.

A standard Type-K thermocouple can directly be connected. Either the PT100 Sensor or the internal ADC
temperature sensor acts as the cold-junction compensation (CJC). Both values are measured with an
ADC and provide the digital converted signal to the SensorTag.

1.2 Key System Specification

Table 1. Key System Specifications

PARAMETER SPECIFICATION AND FEATURES
Sensor type Type-K thermocouple (all with firmware update)

Thermocouple temperature range –200°C to 1372°C
CJC RTD PT100 (optional: internal temperature sensor)

CJC temperature range –40°C to 85°C
Nominal: Coin cell from SensorTagPower supply voltage range Max limits (ADS1220): 2.3 to 5.5 V

Surge transient immunity Designed to meet IEC 61000-4
Interface connector DevPack connector for SensorTag
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2 Block Diagram

Figure 1. TIDA-00650 Block Diagram

2.1 Highlighted Products

2.1.1 ADS1220
The ADS1220 is a precision, 24-bit, analog-to-digital converter (ADC) that offers many integrated features
to reduce system cost and component count in applications measuring small sensor signals. The device
features two differential or four single-ended inputs through a flexible input multiplexer (MUX), a low-noise,
programmable gain amplifier (PGA), two programmable excitation current sources, a voltage reference, an
oscillator, a low-side switch, and a precision temperature sensor.

The device can perform conversions at data rates up to 2000 samples per second (SPS) with single-cycle
settling. At 20 SPS, the digital filter offers simultaneous 50-Hz and 60-Hz rejection for noisy industrial
applications. The internal PGA offers gains up to 128 V/V. This PGA makes the ADS1220 ideally-suited
for applications measuring small sensor signals, such as resistance temperature detectors (RTDs),
thermocouples, thermistors, and resistive bridge sensors. The device supports measurements of pseudo-
or fully-differential signals when using the PGA. Alternatively, the device can be configured to bypass the
internal PGA while still providing high input impedance and gains up to 4 V/V, allowing for single-ended
measurements.

Power consumption is as low as 120 µA when operating in duty-cycle mode with the PGA disabled. The
ADS1220 is offered in a leadless VQFN-16 or a TSSOP-16 package and is specified over a temperature
range of –40°C to 125°C.
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Figure 2. ADS1220 Functional Block Diagram

Features:
• Low current consumption: As low as 120 μA (typ) in Duty Cycle Mode
• Wide supply range: 2.3 to 5.5 V
• Programmable gain: 1 V/V to 128 V/V
• Programmable data rates: Up to 2 kSPS
• Up to 20-bit effective resolution
• Simultaneous 50-Hz and 60-Hz rejection at 20 SPS with single-cycle settling digital filter
• Two differential or four single-ended inputs
• Dual matched programmable current sources: 10 μA to 1.5 mA
• Internal 2.048-V reference: 5 ppm/°C (typ) drift
• Internal 2% accurate oscillator
• Internal temperature sensor: 0.5°C (typ) accuracy
• SPI-compatible interface (Mode 1)
• Package: 3.5×3.5×0.9-mm VQFN
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2.1.2 TS5A3159
The TS5A3159 device is a single-pole double-throw (SPDT) analog switch that is designed to operate
from 1.65 to 5.5 V. The device offers a low ON-state resistance and an excellent ON-state resistance
matching, with the break-before-make feature to prevent signal distortion during the transferring of a signal
from one channel to another. The device has excellent total harmonic distortion (THD) performance and
consumes very low power. These features make this device suitable for portable audio applications.

Figure 3. TS5A3159 Block Diagram

Features:
• Specified break-before-make switching
• Low ON-state resistance (1 Ω)
• Control inputs are 5-V tolerant
• Low charge injection
• Excellent ON-resistance matching
• Low total harmonic distortion
• 1.65-V to 5.5-V single-supply operation
• Latch-up performance exceeds 100 mA per JESD 78, class II
• ESD performance tested per JESD 22

– 2000-V human-body model (A114-B, Class II)
– 1000-V charged-device model (C101)
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3 System Design Theory
The general thermocouple theory, as well as the protection and filtering of the ADS1220, is described in
detail in the TI Design TIDA-00168. The few adjustments to this TI Design are described in this document
and focuses on the test setup and the test results.

3.1 Thermocouple Channel (TC)
This TI Design uses a Type-K thermocouple for calculation and testing. According to ITS-90 [1], Type-K
thermocouples are specified with polynomials from –270°C to 1372°C for a reference temperature (cold-
junction temperature) of 0°C. The corresponding voltage range, based on the Seebeck-Effect [3] can be
calculated either with the polynomials and the Seebeck coefficients [1] or with the help of available online
calculators or look-up tables. With the online calculator [4], the voltage range for a Type-K thermocouple is
shown in Table 2.

Table 2. Equivalent Type-K TC Voltage for Minimum and Maximum Temperature Range

TEMPERATURE (°C) TYPE-K VOLTAGE FOR 0°C CJC (mV)
–270 –6.457738
1372 54.886364

Because the thermocouple does not require an excitation current, the internal IDAC1 and IDAC2 are not
required, meaning a ratiometric measurement is not available. Therefore, the internal reference voltage
VREF of ADS1220 is used, which is 2.048 V.

3.1.1 PGA Gain for TC
To achieve the best resolution, use the entire ADC full-scale range (FSR); as a result, Equation 1 provides
the PGA gain (PGAGAIN) to get close to the FSR. With VREF = 2.048 V and the maximum TC voltage of
54.886 mV:

(1)

The closest PGA gain setting without saturating the ADC is 32.
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3.2 CJC
For CJC, the PT100 is used in a ratiometric measurement technique to eliminate errors from the excitation
current. Therefore, an external precision resistor RREF is placed across the ADCs REFP and REFN inputs
to generate the reference voltage VREF for the ADC. Figure 4 shows the simplified circuitry. The RTD is
connected to AIN2 and AIN3 of the ADS1220. It is configured to source current IDAC1 at terminal AIN3
and IDAC2 at terminal AIN2. Both are set to 250 µA. IDAC1 develops across the PT100 element a voltage
according to its resistor value, which depends on the temperature. The sum of IDAC1 and IDAC2 flows
through RREF and generates the external reference voltage for the ADC.

Figure 4. CJC Diagram

With Equation 2, Equation 3, and Equation 4, the resulting resistor value RPT100 can be calculated from the
measured ADCCODE at terminals AIN3 and AIN2 and the know reference resistor RREF. The excitation
current of IDAC1 and IDAC2 cancel out. The accuracy is determined by RREF; therefore, this reference resistor
should be a precision resistor. In this TI Design, RREF has a value of 3.24 kΩ with a tolerance of 0.1% and
a temperature coefficient of 10 ppm/°C . The latter is important to have less variation across the ambient
temperature.

(2)

(3)

(4)

In Equation 2, the current through RREF given by IDAC1 + IDAC2 was replaced with 2 × IDAC1 because IDAC1
and IDAC2 always have the same value. There is obviously a small matching error between the two
current sources. This error can be removed when only one excitation current (here: IDAC1) is being used.
Plus, it will reduce the current consumption. In this case, only IDAC1 develops the reference voltage across
RREF. This decreases the external voltage reference by a factor of 2 while keeping RREF and IDAC1, or it can
be compensated by either using IDAC1 or RREF twice.

Since the temperature of the cold junction is limited to the operating temperature of the design, the entire
range of the PT100 sensor is not used. Even though this TI Design is a DevPack for the SensorTag for
which the ambient temperature is specified from 0°C to 70°C, the following calculations are based on
ambient temperature range from –40°C to 85°C.
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From the resistor value of the PT100 sensor, the temperature can be derived with Callendar-van Dusen
equations [1] or with the help of many available PT100 look-up tables.

Used PT100 temperature range in TIDA-00650: –40°C to 85°C
• –40°C → 84.2707 Ω
• 85°C → 132.8033 Ω

Extending the range slightly from 84 Ω (–40.68°C) to 134 Ω (88.14°C) gives the excitation current of IDAC1
= 250 μA a voltage range from 21 to 33.5 mV.

The RTD configuration in this design is according to the ADS1220 datasheet [2] and considered to be a
pseudo-differential signal. The negative terminal of the PT100 sensor is set by RREF × 2 × IDAC1 = 3.24 kΩ ×
2 × 250 μA = 1.62 V and stays at this potential. Thus, the positive leg of the PT100 sensor changes
between 21 mV and 33.5 mV on top of the 1.62 V. With this information, the PGA gain setting of the
ADS1220 can be calculated.

(5)

which gives an available PGAGAIN of 32 V/V. The resulting FSR is given by Equation 6:

(6)

3.2.1 Common-Mode Voltage Requirements for CJC Channel
Because the design uses the low-noise PGA of the ADS1220, verify that the PGA common-mode voltage
requirements are met. In the ADS1220 datasheet [2], the following three equations are used to meet those
requirements:
• VCM(MIN) ≥ AVSS + ¼(AVDD – AVSS)
• VCM(MIN) ≥ AVSS + 0.2 V + ½Gain × VIN(MAX)

• VCM(MAX) ≤ AVDD – 0.2 V – ½Gain × VIN(MAX)

With Equation 7 through Equation 9, the PGA common-mode voltage for the RTD channel is from 0.825 V
to 2.564 V. As described in Section 3.2, the RTD channel is a pseudo-differential signal. The negative
input is held at a constant voltage, which in this design is the external reference voltage, VREF = 1.62 V.
The positive input varies between 1.62 V + 0.021 V = 1.641 V and 1.62 V + 0.0335 V = 1.654 V, resulting
in a common-mode voltage between those two voltages, which is within the calculated compliance range.

(7)

(8)

(9)
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4 Getting Started: Hardware

4.1 Board Description

Figure 5. TIDA-00650 Board Overview

• CJC clip for TO-92 RTD
– Mounts an RTD in a TO-92 package on to the cold junction

• Protection
– Protection of the input towards the ADC

• PT100
– RTD for measuring the cold-junction temperature

• ADS1220
– Located directly at the cold-junction area (isothermal block)
– Internal temperature sensor can be used for the CJC instead of PT100

• Reference resistor
– Precision resistor to generate with IDAC of the ADC the external reference voltage for the ADC

• Switch
– GPIO-controlled switched to power on or off the entire board
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4.2 Hardware Setup Without SensorTag
The main purpose of this design is to use a DevPack in combination with the SensorTag. However, to
evaluate and test the TI Design itself, leaving out the SensorTag is an easier approach. With a small
adapter board, the TIDA-00650 can be easily connected to any MSP430™ LaunchPad™. Figure 6 shows
the basic setup used to test and characterize the TIDA-00650. Programming the MSP430FR5969
LaunchPad was realized with Energia [6] and is explained in Section 5.2.

Figure 6. TIDA-00650 With MSP430FR5969 LaunchPad Setup

With the setup shown in Figure 6, the ADS1220 can easily be programmed and data read out on a PC.
The MSP430 LaunchPad just acts as a bridge between USB and SPI as well as a control for the GPIOs.
Table 3 is an overview of the connections between the TIDA-00650 and the LaunchPad.

Table 3. Connection Between TIDA-00650 and MSP430FR5969 LaunchPad
Through SensorTag Adapter

SENSORTAG SENSORTAG MSP430FR5969TIDA-00650 (J2) FUNCTIONADAPTER BOARD (J1) ADAPTER BOARD (J2) LAUNCHPAD (J4, J5)
2 1 2 VCC VDD from SensorTag
1 2 1 GND GND from SensorTag
13 14 13 10 PWR_UP_CHIP
19 20 19 11 LED
5 6 5 7 SCLK_ADC
17 18 17 13 nCS_ADC
12 11 12 15 DIN_ADC
14 13 14 14 DOUT_ADC

In addition to the connection between the TIDA-00650 and the LaunchPad, the LaunchPad must be
connected to a PC through USB.
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4.3 Firmware and Software
For a basic functional test, the Energia firmware "TIDA-00650_EnergiaCode_01" is used on the
MSP430FR5969 LaunchPad. See Section 5 for more details on firmware and software.. The Python™
script "TIDA-00650_gettempint.py" runs on a PC to send the appropriate commands to the LaunchPad
and displays the temperature in the console (Figure 7). The example shows five readings. The first value
is the calculated thermocouple temperature in Celsius, and the second value is the read-out temperature
of the internal temperature sensor of the ADS1220.

Figure 7. Python Console Output Displaying TC and CJC Temperature
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5 Firmware and Software Description

5.1 ADS1220 Register Settings
Table 4 and Table 5 show the command definitions and configuration register map of the ADS1220,
respectively. Find additional information in the ADS1220 datasheet [2]. In this TI Design, set the ADC into
different modes to measure the thermocouple channel, the RTD channel, and the internal temperature
sensor. The used configurations to test the TIDA-00650 are shown in Table 6 through Table 10.

Table 4. ADS1220 Command Definitions

COMMAND DESCRIPTION COMMAND BYTE (1)

RESET Reset the device 0000 011x
START/SYNC Start or restart conversions 0000 100x

POWERDOWN Enter power-down mode 0000 001x
RDATA Read data by command 0001 xxxx
RREG Read nn registers starting at address rr 0010 rrnn
WREG Write nn registers starting at address rr 0100 rrnn

(1) Operands: rr = Configuration register (00 to 11), nn = Number of bytes – 1 (00 to 11), and x = Don't care.

Table 5. ADS1220 Configuration Register Map

REGISTER BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0(HEX)
00h MUX[3:0] GAIN[2:0] PGA_BYPASS
01h DR[2:0] MODE[1:0] CM TS BCS
02h VREF[1:0] 50/60[1:0] PSW IDAC[2:0]
03h I1MUX[2:0] I2MUX[2:0] DRDYM RESERVED

Five different configuration settings are pre-defined:
1. CONFIG TC1 (Table 6)

• Configures the MUX of the ADC to measure the TC
– AINP is connected to AIN0
– AINN is connected to AIN1

• PGA gain is set to 32
• Internal reference voltage is used for VREF
• IDAC1 and IDAC2 are disabled

Table 6. ADS1220 Configuration for Reading TC

CONFIG TC1: THERMOCOUPLE MEASUREMENT
REGISTER BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 COMMENT(HEX)

AINP: AIN0; AINN: AIN1; Gain: 32;00h 0 0 0 0 1 0 1 0 PGA bypass: Off
DR: 20 SPS; Normal mode;01h 0 0 0 0 0 0 0 0 Single shot; Int temp: Off

02h 0 0 1 0 0 0 0 0 VREF: Internal; FIR: 50 Hz; IDAC: Off
03h 0 0 0 0 0 0 0 0 IDAC1: Disabled; IDAC2: Disabled

12 Wireless Thermocouple Sensor Transmitter DevPack for SensorTag TIDUAP1A–September 2015–Revised November 2015
Submit Documentation Feedback

Copyright © 2015, Texas Instruments Incorporated

http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUAP1A


www.ti.com Firmware and Software Description

2. CONFIG TC2 (Table 7)
• Configures the MUX of the ADC to measure the TC, but with changed polarity for optional

chopping
– AINP is connected to AIN1
– AINN is connected to AIN0

• PGA gain is set to 32
• Internal reference voltage is used for VREF
• IDAC1 and IDAC2 are disabled

Table 7. ADS1220 Configuration for Reading TC Swapped

CONFIG TC2: THERMOCOUPLE MEASUREMENT
REGISTER BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 COMMENT(HEX)

AINP: AIN1; AINN: AIN0; Gain: 32;00h 0 1 1 0 1 0 1 0 PGA bypass: Off
DR: 20 SPS; Normal mode;01h 0 0 0 0 0 0 0 0 Single shot; Int temp: Off

02h 0 0 1 0 0 0 0 0 VREF: Internal; FIR: 50 Hz; IDAC: Off
03h 0 0 0 0 0 0 0 0 IDAC1: Disabled; IDAC2: Disabled

3. CONFIG RTD1 (Table 8)
• Configures the MUX of the ADC to measure the RTD channel

– AINP is connected to AIN2
– AINN is connected to AIN3

• PGA gain is set to 32
• External reference voltage is used for VREF (IDAC1 + IDAC2 across RREF)
• IDAC1 and IDAC2 are each set to 250 µA

Table 8. ADS1220 Configuration for Reading RTD Channel

CONFIG RTD1: RTD MEASUREMENT
REGISTER BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 COMMENT(HEX)

AINP: AIN2; AINN: AIN3; Gain: 32;00h 0 1 0 1 1 0 1 0 PGA bypass: Off
DR: 20 SPS; Normal mode;01h 0 0 0 0 0 0 0 0 Single shot; Int temp: Off
VREF: External; FIR: 50 Hz;02h 0 1 1 0 0 1 0 0 IDAC: 250 µA

03h 0 1 1 1 0 0 0 0 IDAC1: AIN2; IDAC2: AIN3
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4. CONFIG RTD2 (Table 9)
• Configures the MUX of the ADC to measure the RTD channel, but with changed polarity for

optional chopping
– AINP is connected to AIN3
– AINN is connected to AIN2

• PGA gain is set to 32
• External reference voltage is used for VREF (IDAC1 + IDAC2 across RREF)
• IDAC1 and IDAC2 are each set to 250 µA

Table 9. ADS1220 Configuration for Reading RTD Channel Swapped

CONFIG RTD2: RTD MEASUREMENT
REGISTER BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 COMMENT(HEX)

AINP: AIN3; AINN: AIN2; Gain: 32;00h 0 1 1 1 1 0 1 0 PGA bypass: Off
DR: 20 SPS; Normal mode;01h 0 0 0 0 0 0 0 0 Single shot; Int temp: Off
VREF: External; FIR: 50 Hz;02h 0 1 1 0 0 1 0 0 IDAC: 250 µA

03h 0 1 1 1 0 0 0 0 IDAC1: AIN2; IDAC2: AIN3

5. CONFIG INTTEMP (Table 10)
• BIT 1 of register 01h is set to 1, which enables the reading of the internal temperature sensor.
• In this mode, all required settings are made automatically

Table 10. ADS1220 Configuration for Reading Internal Temperature

CONFIG INTTEMP: INTERNAL TEMPERATURE SENSOR
REGISTER BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 COMMENT(HEX)

00h 0 0 0 0 0 0 0 0 Default
01h 0 0 0 0 0 0 1 0 Internal temp sensor activated
02h 0 0 0 0 0 1 0 0 Default
03h 0 0 0 0 0 0 0 0 Default

5.2 MSP430FR5969 LaunchPad With Energia
The MSP430FR5969 LaunchPad is used to realize the communication between the Python script running
on the PC and the TIDA-00650, specifically the ADS1220. The LaunchPad provides the link between the
PC’s USB port (virtual COM Port) and the SPI of the ADS1220. In addition, the different configurations
listed in Section 5.1 are pre-programmed in the MSP430. The programming has been realized with
Energia.
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#include <SPI.h>

const int ADS1220_CS = 13; // Define GPIO for ADS1220 CS

const int LED = 11; // Define GPIO to control LED

const int power_up=10; // Define GPIO to Power up the board

unsigned char byte1;

unsigned char byte2;

unsigned char byte3;

signed long result;

signed long ADCcode;

float inttemp;

float RTD;

float Volt;

float data[5];

int incomingByte[5];// = 0;   // for incoming serial data

void setup()

{

  pinMode(ADS1220_CS, OUTPUT); // Define ADS1220 CS GPIO as output

  pinMode(LED, OUTPUT);     // Define LED GPIO as output

  pinMode(power_up, OUTPUT);    // Define Power up GPIO as output

  SPI.begin();                 

  SPI.setDataMode(SPI_MODE1);  // SPI mode 1 config

  SPI.setBitOrder(MSBFIRST); // SPI Bitorder set to MSB first

  SPI.setClockDivider(128);    // Define SPI clock frequency

  Serial.begin(9600);     // opens serial port, sets data rate to 9600 bps

  digitalWrite(power_up,HIGH);  // Set GPIO power-up High

  LED_blink(200); // Call function LED_blink  

}

void loop()

{

  incomingByte[0]=0;

  incomingByte[1]=0;

  incomingByte[2]=0;

  incomingByte[3]=0;

  incomingByte[4]=0;

  while (Serial.available() == 0) // Wait until a serial command is available

  {

    delay(10);

  }

www.ti.com Firmware and Software Description

5.3 Energia Script
The following script shows the code for the MSP430FR5969 LaunchPad realized with Energia. The
MSP430 is used to wait for pre-defined commands through the serial port (USB virtual COM Port).
Depending on the command being sent, the ADS1220 is configured according to the description in
Section 5.1. The read back values from the ADS1220 are then sent back to the PC.
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    incomingByte[0] = Serial.read();

    switch(incomingByte[0]) // Check for the incoming command

    {

      //CONFFIG TC1 // Call Function tc1 when command is "q"

      case(113): //q

      LED_blink(50);

      tc1();

      break;

      

      //CONFFIG TC2 // Call Function tc2 when command is "w"

      case(119): //w

      LED_blink(50);

      tc2();

      break;

      

      //CONFFIG RTD1 // Call Function rtd1 when command is "e"

      case(101): //e

      LED_blink(50);

      rtd1();

      break;

          

      //CONFFIG RTD2 // Call Function rtd2 when command is "r"

      case(114): //r

      LED_blink(50);

      rtd2();

      break;

      

      //CONFFIG INTTEMP // Call Function temp when command is "t"

      case(116): //t

      LED_blink(50);

      temp();

      break;

      

      //CONFFIG SHORTINPUT // Call Function shortinput when command is "y"

      case(121): //y

      LED_blink(50);

      shortinput();

      break;

      

      //GETDATA // Call Function getdata when command is "u"

      case(117): //u

      LED_blink(50);

      getdata();

      break;

    }

  }

Firmware and Software Description www.ti.com

16 Wireless Thermocouple Sensor Transmitter DevPack for SensorTag TIDUAP1A–September 2015–Revised November 2015
Submit Documentation Feedback

Copyright © 2015, Texas Instruments Incorporated

http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUAP1A


void getdata()

{

    digitalWrite(ADS1220_CS,LOW);  //CS low

    delay(10);

    //Single Shot Acquisition Mode

    SPI.transfer(0b00001000);              //transfer start/sync command

    delay(500);  //wait until data ready

    byte1=SPI.transfer(0b00000000);      //Data MSB

    byte2=SPI.transfer(0b00000000);      //

    byte3=SPI.transfer(0b00000000);      //Data LSB  

    ADCcode = (((long)byte1<<24) + ((long)byte2<<16) + ((long)byte3<<8))/256;

    Serial.println(ADCcode);

    delay(10);

    digitalWrite(ADS1220_CS,HIGH);

}

void shortinput()

{

    digitalWrite(ADS1220_CS,LOW);  //CS low

    delay(10);

    SPI.transfer(0b00000110);       //ADC RESET

    //CONFIG 0

    SPI.transfer(0x40);            // Write Config Register 0

    SPI.transfer(0b11101010);      // MUX: shorted; Gain: 32; PGAbypass: 0

    //CONFIG 1

    SPI.transfer(0x44);            // Write Config Register 1

    SPI.transfer(0x00);

    //CONFIG 2

    SPI.transfer(0x48);            // Write Config Register 2

    SPI.transfer(0b00100000);     // VREF: INT; 50/60Hz: 50; PSW: 0; IDAC; OFF

    //CONFIG 3

    SPI.transfer(0x4C);            // Write Config Register 2

    SPI.transfer(0b00000000);      // IDAC1: OFF; IDAC2: OFF; DRDY: default

    delay(10);

    digitalWrite(ADS1220_CS,HIGH);

}

    

void tc1()

{

    digitalWrite(ADS1220_CS,LOW);  //CS low

    delay(10);

    SPI.transfer(0b00000110);       //ADC RESET

    //CONFIG 0

    SPI.transfer(0x40);            // Write Config Register 0

    SPI.transfer(0b00001010);      // MUX: AIN0,AIN1; Gain: 32; PGAbypass: 0

    //CONFIG 1

    SPI.transfer(0x44);            // Write Config Register 1

    SPI.transfer(0x00);

    //CONFIG 2

    SPI.transfer(0x48);            // Write Config Register 2

    SPI.transfer(0b00100000);      // VREF: INT Rref; 50/60Hz: 50; PSW: 0; IDAC; off

    //CONFIG 3

    SPI.transfer(0x4C);            // Write Config Register 2

    SPI.transfer(0b00000000);      // IDAC1: off; IDAC2: off; DRDY: default

    delay(10);

    digitalWrite(ADS1220_CS,HIGH);

}

www.ti.com Firmware and Software Description
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void tc2()

{

    digitalWrite(ADS1220_CS,LOW);  //CS low

    delay(10);

    SPI.transfer(0b00000110);       //ADC RESET

    //CONFIG 0

    SPI.transfer(0x40);            // Write Config Register 0

    SPI.transfer(0b01101010);      // MUX: AIN1,AIN0; Gain: 32; PGAbypass: 0

    //CONFIG 1

    SPI.transfer(0x44);            // Write Config Register 1

    SPI.transfer(0x00);

    //CONFIG 2

    SPI.transfer(0x48);            // Write Config Register 2

    SPI.transfer(0b00100000);      // VREF: INT Rref; 50/60Hz: 50; PSW: 0; IDAC; off

    //CONFIG 3

    SPI.transfer(0x4C);            // Write Config Register 2

    SPI.transfer(0b00000000);      // IDAC1: off; IDAC2: off; DRDY: default

    delay(10);

    digitalWrite(ADS1220_CS,HIGH);

}

    

void rtd1()

{

    digitalWrite(ADS1220_CS,LOW);          //CS low

    delay(10);

    SPI.transfer(0b00000110);       //ADC RESET

    //CONFIG 0

    SPI.transfer(0x40);            // Write Config Register 0

    SPI.transfer(0b01011010);      // MUX: AIN2,AIN3; Gain: 32; PGAbypass: 0

    //CONFIG 1

    SPI.transfer(0x44);            // Write Config Register 1

    SPI.transfer(0x00);

    //CONFIG 2

    SPI.transfer(0x48);            // Write Config Register 2

    SPI.transfer(0b01100100);      // VREF: EXT Rref; 50/60Hz: 50; PSW: 0; IDAC; 250uA

    //CONFIG 3

    SPI.transfer(0x4C);            // Write Config Register 2

    SPI.transfer(0b01110000);      // IDAC1: AIN2; IDAC2: AIN3; DRDY: default

    delay(10);

    digitalWrite(ADS1220_CS,HIGH);

}

void rtd2()

{

    digitalWrite(ADS1220_CS,LOW);          //CS low

    delay(10);

    SPI.transfer(0b00000110);       //ADC RESET

    //CONFIG 0

    SPI.transfer(0x40);            // Write Config Register 0

    SPI.transfer(0b01111010);      // MUX: AIN3,AIN2; Gain: 32; PGAbypass: 0

    //CONFIG 1

    SPI.transfer(0x44);            // Write Config Register 1

    SPI.transfer(0x00);

    //CONFIG 2

    SPI.transfer(0x48);            // Write Config Register 2

    SPI.transfer(0b01100100);      // VREF: EXT Rref; 50/60Hz: 50; PSW: 0; IDAC; 250uA

    //CONFIG 3

    SPI.transfer(0x4C);            // Write Config Register 2

    SPI.transfer(0b01110000);      // IDAC1: AIN2; IDAC2: AIN3; DRDY: default

    delay(10);

    digitalWrite(ADS1220_CS,HIGH);

}

Firmware and Software Description www.ti.com
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void temp()

{

    digitalWrite(ADS1220_CS,LOW);          //CS low

    delay(10);

    SPI.transfer(0b00000110);       //ADC RESET

    SPI.transfer(0x44);

    SPI.transfer(0x02);

    delay(10);

    digitalWrite(ADS1220_CS,HIGH);

}

void LED_blink(int td)

{

  digitalWrite(LED ,HIGH);

  delay(td);

  digitalWrite(LED ,LOW);

  delay(td);

  digitalWrite(LED ,HIGH);

  delay(td);

  digitalWrite(LED ,LOW);

  delay(td);

  digitalWrite(LED ,HIGH);

  delay(td);

  digitalWrite(LED ,LOW);

  delay(td);

  digitalWrite(LED ,HIGH);

  delay(td);

  digitalWrite(LED ,LOW);

  delay(td);

}

www.ti.com Firmware and Software Description
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########################################

# DESCRIPTION                          #

########################################

# TIDA-00650

# Test Script #1

# Configures ADS1220 to read Thermocouple

# Configures ADS1220 to read internal Temp Sensor

# Uses Python Module "thermocouples" to calculate

# the temperature

# NOTE: This script does not use PT100

########################################

import datetime,time

import serial

from thermocouples_reference import thermocouples

import bitstring

typeK = thermocouples['K']

ser=serial.Serial('COM45',timeout=0)

ser.close()

ser.open()

for x in range(5):

    ## Config TC2

    ser.write('w')                              # Command to MSP430 to configure ADS1220 in TC2 

Mode

    ## GET DATA

    ser.write('u')                              # Command to MSP430 to read out the captured data

    while ser.inWaiting() == 0:                 # Wait for completing the datatransfer

        pass

    tc2=float(ser.readline())                   # Store the data in variable "tc2"

    ## Config TEMP

    ser.write('t')                              # Command to MSP430 to configure ADS1220 in 

Internal Temp Mode

    ## GET DATA

    ser.write('u')                              # Command to MSP430 to read out the captured data

    while ser.inWaiting() == 0:                 # Wait for completing the datatransfer

        pass

    temp=float(ser.readline())                  # Store the data in variable "temp"

    s = bitstring.pack('int:24',int(temp))      # Generate a bitstring

    c = s[:14]                                  # extract the 14Bits out of the 24Bits

    t = c.int*0.03125                           # calculate the temperature based on the internal 

Temp Sensor

    adcvoltage = (tc2/(2**23))*(2.048/32)       #calculated ADC voltage from tc2

    tctemp = typeK.inverse_CmV(adcvoltage*1000, Tref=t)    #calculated TC temp from tc2 for 

Tref=internal Temp sensor

    print tctemp                                # Print on concole thermocouple temperature

    print t                                     # Print on console CJC temperature (internal Temp 

Sensor)

    print(' ')

ser.close()

Firmware and Software Description www.ti.com

5.4 Python Script
For the simple setup described in Section 5.3, the following Python script is running on a PC.
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6 Test Setup
The entire test setup is automated. A Python [5] script controls all measurement instruments as well as the
configuration register of the ADC with the help of the MSP430FR5969 LaunchPad, programmed with
Energia [6]. Figure 8 shows the test setup used to characterize the TIDA-00650.

Figure 8. Test Setup

Instruments:
• Keysight Dual Source Meter Unit (SMU): B2912A
• HP 8.5 Digit Digital Multimeter (DMM): 3458A
• Time Electronics: PT100 Simulator
• Climate Chamber
• MSP430FR5969 LaunchPad
• PC

With the SMU the Type-K equivalent thermovoltage can be generated and provided to the input of the
design. The PT100 Simulator has a set of high precision resistor values representing 23 fixed
temperatures in the range from –200°C to 800°C. This allows testing the two channels independently.
With the 8.5-digit DMM, the PT100 Simulator resistors are measured up front to calculate with the exact
values. In addition, the DMM measures the provided thermocouple voltage directly at the connector.

The converted ADC raw data are sent through the LaunchPad at the top the Python script on the PC
where all data are stored.

For further readings on the theoretical part of the thermocouple, see the TI Design TIDA-00168.
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7 Test Results

7.1 PT100 Simulator
For the different tests, a PT100 simulator provides high precision resistors at the RTD channel. The RTD
channel measures the CJC; therefore, resistor values representing the temperature range from –50°C to
125°C are sufficient. The PT100 simulator is connected with long leads to the PCB, which have to be
taken into account as well. A separate measurement of the actual PT100 simulator resistor values and the
resulting equivalent temperature have been performed prior the actual board characterization. Table 11
shows the measured results. The highlighted values have been used for further calculations.

Table 11. PT100 Simulator

PT100 EQUIVALENTPT100 PT100 SIMULATOR TEMPERATURESIMULATOR SIMULATOR TEMPERATURE RESISTOR ERRORMEASURED FROM MEASUREDTEMPERATURE RESISTOR VALUE ERROR (°C) (R)RESISTOR VALUE PT100 RESISTOR(°C) (R) (R) VALUE (°C)
–50 80.306282 80.6509886 –49.13186760 0.868132398 0.3447067
–20 92.159898 92.4676791 –19.21715314 0.782846856 0.3077807
-10 96.085879 96.4005896 –9.19706791 0.802932091 0.3147106

0 100.000000 100.3435740 0.87920231 0.879202314 0.3435740
10 103.902525 104.2424849 10.87253189 0.872531894 0.3399599
20 107.793500 108.1364338 20.88278288 0.882782881 0.3429338
30 111.672925 112.0142825 30.88134539 0.881345394 0.3413575
40 115.540800 115.8702743 40.85320509 0.853205095 0.3294743
50 119.397125 119.7203596 50.83955618 0.839556181 0.3232346
60 123.241900 123.6163923 60.97563759 0.975637589 0.3744923
80 130.896800 131.2386250 80.89591277 0.895912769 0.3418250

100 138.505500 138.9175985 101.08670820 1.086708234 0.4120985
150 157.325125 157.7162725 151.04740460 1.047404600 0.3911475

Figure 9. PT100 Simulator Equivalent Temperature Offset Including Test Wire
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7.2 TC
For the TC test, the SMU provides the equivalent thermocouple voltages for a CJC reference of 0°C. In
the Python code, the captured ADC codes are converted into the voltage and the equivalent thermocouple
temperature. The differences in the thermocouple voltages are shown in the following graphs over
different ambient temperatures with gain and offset calibration.

Figure 10 shows the temperature error across the provided thermocouple temperature from –200°C to
1200°C. The tests were done at different ambient temperatures (–40°C, –20°C, 0°C, 25°C, 50°C, 70°C,
and 85°C). Prior to the test run, a gain calibration has been done at room temperature. Also, the offset
error is eliminated because the test software has implemented chopping.

Figure 10. Thermocouple Temperature Error for All Tested Ambient Temperature With Gain and Offset
Calibration

Since the TIDA-00650 design is made as an attachment to the SensorTag, which is specified for an
ambient temperature from 0°C to 70°C, the overall error of the TC can be minimized compared to an
operating temperature range from –40°C to 85°C. Figure 11 and Figure 12 indicate an improvement of
around 0.2°C.

Figure 11. Thermocouple Temperature Error (TA = –40°C Figure 12. Thermocouple Temperature Error (TA = 0°C to
to 85°C) 70°C)
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Figure 13 to Figure 17 are histogram plots of the TC. In all cases, the input voltage is 50 mV, and 1000
captures are taken for different ambient temperatures.

Figure 13. Thermocouple VIN = 50 mV at TA = –40°C; Figure 14. Thermocouple VIN = 50 mV at TA = 0°C;
Min/Max = 1.189 Min/Max = 1.118

Figure 15. Thermocouple VIN = 50 mV at TA = 25°C; Figure 16. Thermocouple VIN = 50 mV at TA = 70°C;
Min/Max = 0.966 Min/Max = 0.962

Figure 17. Thermocouple VIN = 50 mV at TA = 85°C; Min/Max = 1.084
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7.3 RTD Channel
Table 11 shows that for a set PT100 simulator temperature of 0°C, the equivalent PT100 resistor must be
100 Ω. For the used PT100 simulator including the lead resistance, the resistor value is 100.34 Ω,
resulting in an equivalent temperature of 0.88°C. Taken this into account, the temperature error of the
RTD channel across ambient temperature is shown in Figure 18.

Figure 18. RTD Channel Temperature Error for PT100 = 100 Ω Across Ambient Temperature

The variations between an ambient temperature of –40°C to 85°C are approximately 0.3°C. Also
comparing the range –40°C to 85°C with the limited ambient temperature range of 0°C to 70°C as shown
already in Section 7.2, further improvements can be achieved (Figure 19 and Figure 20). In this case, the
RTD temperature error is 0.2°C.

Figure 19. RTD Channel Temperature Error for Figure 20. RTD Channel Temperature Error for
PT100 = 100 Ω at –40°C, 25°C, and 85°C PT100 = 100 Ω at 0°C, 25°C, and 70°C

25TIDUAP1A–September 2015–Revised November 2015 Wireless Thermocouple Sensor Transmitter DevPack for SensorTag
Submit Documentation Feedback

Copyright © 2015, Texas Instruments Incorporated

http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUAP1A


RTD Temperature [qC]

N
um

be
r 

of
 C

ou
nt

s

0

5

10

15

20

25

30

35

40

45

50

0.
06

0.
06

1

0.
06

2

0.
06

3

0.
06

4

0.
06

5

0.
06

6

0.
06

7

0.
06

8

0.
06

9

0.
07

0.
07

1

0.
07

2

0.
07

3

0.
07

4

5
8 9

12

28

32

45

38

34

22
20

15

10

6

2

D012

TA = 85qC

RTD Temperature [qC]

N
um

be
r 

of
 C

ou
nt

s

0

5

10

15

20

25

30

35

40

45

50

55

60

-0
.0

66

-0
.0

65

-0
.0

64

-0
.0

63

-0
.0

62

-0
.0

61

-0
.0

60

-0
.0

59

-0
.0

58

-0
.0

57

-0
.0

56

-0
.0

55

-0
.0

54

3 3

16

26

41

52 53

47

26

9
5 4

1

D010

TA = 25qC

RTD Temperature [qC]

N
um

be
r 

of
 C

ou
nt

s

0

5

10

15

20

25

30

35

40

45

50

55

60

0.
03

1

0.
03

2

0.
03

3

0.
03

4

0.
03

5

0.
03

6

0.
03

7

0.
03

8

0.
03

9

0.
04

0.
04

1

0.
04

2

0.
04

3

0.
04

4

1 1 2

11

24

41

54 54

41

33

16

5
2 1

D011

TA = 70qC

RTD Temperature [qC]

N
um

be
r 

of
 C

ou
nt

s

0

5

10

15

20

25

30

35

40

45

50

55

60

65

-0
.2

38

-0
.2

37

-0
.2

36

-0
.2

35

-0
.2

34

-0
.2

33

-0
.2

32

-0
.2

31

-0
.2

30

-0
.2

29

-0
.2

28

-0
.2

27

1
5

10 11

39

48

57
54

25
27

7

2

D008

TA = -40qC

RTD Temperature [qC]

N
um

be
r 

of
 C

ou
nt

s

0
5

10
15
20
25
30
35
40
45
50
55
60
65
70

-0
.1

32

-0
.1

31

-0
.1

30

-0
.1

29

-0
.1

28

-0
.1

27

-0
.1

26

-0
.1

25

-0
.1

24

-0
.1

23

-0
.1

22

-0
.1

21

1 3

11

23

44
40

47

61

38

15

2 1

D009

TA = 0qC

Test Results www.ti.com

From the previous plots where around 280 data points were taken, Figure 21 to Figure 25 show the
corresponding histograms for different ambient temperatures and a PT100 simulator setting of 0°C.

Figure 21. RTD Channel Histogram (280 Data Points) for Figure 22. RTD Channel Histogram (280 Data Points) for
PT100 = 100 Ω at –40°C PT100 = 100 Ω at 0°C

Figure 23. RTD Channel Histogram (280 Data Points) for Figure 24. RTD Channel Histogram (280 Data Points) for
PT100 = 100 Ω at 25°C PT100 = 100 Ω at 70°C

Figure 25. RTD Channel Histogram (280 Data Points) for PT100 = 100 Ω at 85°C
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Figure 26. RTD Channel Temperature Error for Different Figure 27. RTD Channel Temperature Error for Different
PT100 Simulator Settings Across Ambient Temperature PT100 Simulator Settings at 0°C, 25°C, and 70°C

Figure 28. RTD Channel Temperature Error for Different PT100 Simulator Settings at –40°C, 25°C, and 85°C
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8 Design Files

8.1 Schematics
To download the schematics, see the design files at TIDA-00650.

Figure 29. TIDA-00650 Schematic

space
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8.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-00650.

Table 12. BOM

PACKAGEITEM DESIGNATOR QTY VALUE PARTNUMBER MANUFACTURER DESCRIPTION REFERENCE
1 !PCB1 1 TIDA-00650 Any Printed Circuit Board

CAP, CERM, 0.1 µF, 50 V, +/-2 C1, C4, C8, C11 4 0.1uF C1005X7R1H104K050BB TDK 040210%, X7R, 0402
CAP, CERM, 1 µF, 10 V, +/- 10%,3 C2, C3, C13, C15 4 1uF GRM155R61A105KE15D MuRata 0402X5R, 0402
CAP, CERM, 0.22 µF, 6.3 V, +/-4 C5, C6 2 0.22uF GRM155R60J224KE01D MuRata 040210%, X5R, 0402
CAP, CERM, 0.27 µF, 6.3 V, +/-5 C7, C12 2 0.27uF GRM155R60J274KE01D MuRata 040210%, X5R, 0402
CAP, CERM, 1 µF, 50 V, +/- 10%,6 C9 1 1uF UMK107AB7105KA-T Taiyo Yuden 0603X7R, 0603
CAP, CERM, 4.7 µF, 10 V, +/-7 C10 1 4.7uF C1005X5R1A475K050BC TDK 040210%, X5R, 0402
CAP, CERM, 10 µF, 10 V, +/-8 C14 1 10uF GRM155R61A106ME11 MuRata 040220%, X5R, 0402
Diode, TVS, Uni, 13 V, 600 W,9 D1, D2, D5, D6 4 13V PTVS13VP1UP_115 NXP Semiconductor SOD-128SOD-128

Micro Commercial Diode, Switching, 70 V, 0.215 A,10 D3, D4 2 70V BAV199-TP SOT-23Components SOT-23
11 D8 1 Green LG L29K-G2J1-24-Z OSRAM LED, Green, SMD 1.7x0.65x0.8mm
12 H1 1 PCC-SMP-CLIP Omega Mounting bracket for PCC-SMP

Circuit Board Thermocouple
13 J1 1 PCC-SMP-K-5-R Omega Connector, Miniature Size, Type 20.8x6.3x15.5 mm

K, Horizontal installation, TH
Terminal/Socket Combo, 25mil, Terminal Socket, 10x2,14 J2 1 LSS-110-01-F-DV-A Samtec 10x2, Gold, SMT Gold, SMT
Ferrite Bead, 5 ohm @ 100 MHz,15 L1 1 5 ohm BLM18BB050SN1D MuRata 06030.7 A, 0603

16 R1 1 10.0 CRCW040210R0FKED Vishay-Dale RES, 10.0, 1%, 0.063 W, 0402 0402
17 R2, R11 2 2.00Meg CRCW04022M00FKED Vishay-Dale RES, 2.00 M, 1%, 0.063 W, 0402 0402
18 R4, R7, R8 3 47 CRCW040247R0JNED Vishay-Dale RES, 47, 5%, 0.063 W, 0402 0402
19 R5, R6, R9, R10 4 499 CRCW0402499RFKED Vishay-Dale RES, 499, 1%, 0.063 W, 0402 0402
20 R12 1 3.24k PFC-W1206R-12-3241-B TT Electronics/IRC RES, 3.24 k, 0.1%, 0.333 W, 1206 1206
21 R13 1 240k CRCW0402240KFKED Vishay-Dale RES, 240 k, 1%, 0.063 W, 0402 0402
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Table 12. BOM (continued)
PACKAGEITEM DESIGNATOR QTY VALUE PARTNUMBER MANUFACTURER DESCRIPTION REFERENCE

22 R14 1 470 ERJ-2RKF4700X Panasonic RES, 470, 1%, 0.1 W, 0402 0402
23 R15 1 2.2Meg CRCW04022M20JNED Vishay-Dale RES, 2.2 M, 5%, 0.063 W, 0402 0402

Temperature Sensor, 100ohm,24 RT1 1 100 Ohm 32209210 Heraeus Sensor Technology TO-92, 2pinTC=+3850ppm, TO-92, TH
Low-Power, Low-Noise, 24-Bit

25 U1 1 ADS1220IRVAR Texas Instruments Analog-to-Digital Converter for RVA0016A
Small Signal Sensors, RVA0016A
1 ohm SPDT Analog Switch,26 U2 1 TS5A3159DBVR Texas Instruments DBV0006ADBV0006A

27 D7 0 3.813V PTZTE253.6B Rohm Diode, Zener, 3.813 V, 1 W, SMA SMA
Fiducial mark. There is nothing to28 FID1, FID2, FID3 0 N/A N/A N/Abuy or mount.
Thermal Transfer Printable Labels, PCB Label 0.650"H x29 LBL1 0 THT-14-423-10 Brady 0.650" W x 0.200" H - 10,000 per 0.200"Wroll

30 R3 0 2.00Meg CRCW04022M00FKED Vishay-Dale RES, 2.00 M, 1%, 0.063 W, 0402 0402
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Place the RTD next to the TC 
connector with the TO-92 clip

www.ti.com Design Files

8.3 Layout Prints
To download the layer plots, see the design files at TIDA-00650.

8.4 Altium Project
To download the Altium project files, see the design files at TIDA-00650.

8.5 Layout Guidelines

8.5.1 ADS1220
Since the main and only critical component on this design is the ADS1220, please refer to its datasheet [2]
for a detailed description, layout recommendations, and example layout.

8.5.2 CJC
For proper CJC, place the temperature sensor at the isothermal block. The TIDA-00650 uses a PT100
sensor element in a TO-92 equivalent package, which can be mounted onto the dedicated clip of the
Type-K thermocouple connector. Therefore, place the PT100 element to the connector accordingly.
Figure 30 illustrates the placement of the PT100 element. Note that during the actual assembly of the
RTD, the package must be placed on top of the thermocouple connector. See Figure 31 for an example of
how to mount the RTD to the connector.

Figure 30. CJC Layout Requirements Figure 31. Assembly of PT100 on TC Connector Clip
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8.6 Gerber Files
To download the Gerber files, see the design files at TIDA-00650.

8.7 Assembly Drawings
To download the assembly drawings, see the design files at TIDA-00650.

Figure 32. Top Layer Assembly Drawing Figure 33. Bottom Layer Assembly Drawing

9 Software Files
To download the software files, see the design files at TIDA-00650.
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate TI semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.
TI reference designs have been created using standard laboratory conditions and engineering practices. TI has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. TI may make
corrections, enhancements, improvements and other changes to its reference designs.
Buyers are authorized to use TI reference designs with the TI component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right,
or other intellectual property right relating to any combination, machine, or process in which TI components or services are used.
Information published by TI regarding third-party products or services does not constitute a license to use such products or services, or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from TI under the patents or other intellectual property of TI.
TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.
TI reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESD46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers should obtain the latest relevant
information before placing orders and should verify that such information is current and complete. All semiconductor products are sold
subject to TI’s terms and conditions of sale supplied at the time of order acknowledgment.
TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques for TI components are used to the extent TI
deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not
necessarily performed.
TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.
Reproduction of significant portions of TI information in TI data books, data sheets or reference designs is permissible only if reproduction is
without alteration and is accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for
such altered documentation. Information of third parties may be subject to additional restrictions.
Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify TI and its representatives against any damages arising out of the use of any TI components in
Buyer’s safety-critical applications.
In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.
No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.
Only those TI components that TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.
TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.IMPORTANT NOTICE
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