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1 Introduction 

This design note provides the necessary 
information in order to use the temperature 
sensor of the CC112X and CC1200 family. 
The temperature sensor is based on a 

Proportional to Absolute Temperature 
(PTAT) current from a bandgap cell fed to 
a resistor to generate a PTAT voltage. 
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2 Abbreviations 

VDD   Supply Voltage 
PTAT   Proportional to Absolute Temperature 
GPIO   General Purpose Input/Output 
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3 Operation 

The temperature sensor is activated using the register settings of Table 1, which makes the 
GBIAS output a single-ended voltage measurement on GPIO1.  
 

Register  Value 

IOCFG1 0x80 

ATEST 0x2A 

ATEST_MODE 0x0C 

GBIAS1 0x07 

Table 1. Register Settings for Temperature Sensor 

 
Setting IOCFG1 to 0x80 configures the GPIO1 pad into analog mode (digital GPIO input and 
output is disabled). The remaining registers set up the ATEST (analog test) module to output 
the temperature value as a PTAT voltage on the GPIO1. 

4 Temperature Sensor Parameters 

General Information Value Unit 

Temperature sensor fitted from -40 to +85 °C 

Effect of supply voltage deviance 1.17 mV/ VDD-V 

Effect of supply voltage deviance 0.44 °C / VDD-V 

Changes in the supply voltage affect the voltage of the GPIO pin, and the supply 
voltage must be stable in order to get accurate temperature sensor readings. 

VDD - 2V 
  Technical Information Value Unit 

Typical output voltage @ 0 °C 727.42 mV 

Typical output voltage @ 25 °C 793.73 mV 

Temperature coefficient  (tc) 2.6598 mV / °C 

   
VDD - 3V 

  

Technical Information Value Unit 

Typical output voltage @ 0 °C 728.55 mV 

Typical output voltage @ 25 °C 794.78 mV 

Temperature coefficient (tc) 2.6733 mV / °C 

   
VDD - 3.6V 

  

Technical Information Value Unit 

Typical output voltage @ 0 °C 730.62 mV 

Typical output voltage @ 25 °C 796.94 mV 

Temperature coefficient (tc) 2.6773 mV / °C 

Table 2. Typical Temperature Sensor Parameters 
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5 Calibration 

As seen in Figure 2, the CC112X/CC1200 temperature sensor voltage is highly linear, but for 
some devices there is an offset in the GPIO1 voltage from the typical (average) value that 
could potentially give an error of up to ±10

o
C in the temperature reading. In order to ensure 

accurate temperature sensor measurements the sensor must therefore be calibrated. There 
are two simple approaches depending on the required accuracy level; single- and two-point 
calibration. 
 

 

Figure 1. GPIO1 Voltage vs Temperature 

 

5.1 Single-Point Calibration 

This is a simple and fast approach, and can be applied for applications targeting 
approximately ±1

o
C accuracy within a limited temperature range around the temperature used 

for the single-point calibration, or approximately ±2
o
C accuracy across the -40

o
C to +85

o
C 

temperature range.  
 
5.1.1 Performing Single-Point Calibration 
 
The calibration should be performed at the centre of the temperature range in which the 
device will operate.  A given temperature T will thus be given as: 
 

t

)VV(
TT

C

NCALIBRATIOMEASURED
NCALIBRATIO              Equation 1 

 

 TCALIBRATION is the temperature when the calibration is performed 

 tc is the temperature coefficient for the given supply voltage (see the typical 
temperature parameters in Table 2) 

 VMEASURED is the voltage of the GPIO1 pin at a given temperature 

 VCALIBRATION is the GPIO1 voltage at the calibration temperature     
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Performing a single-point calibration removes the error caused by the device specific voltage 
offset seen in Figure 1. The temperature reading accuracy is then limited by the accuracy of 
the individual temperature coefficients as the typical temperature coefficient is used in 
Equation 1.   
 
Figure 2 shows the maximum error in the temperature reading when using the lowest and 
highest temperature coefficients out of 30 devices from different processing corners.  
 

 Approximately ±2
o
C accuracy is possible across the -40

o
C to +85

o
C temperature 

range with single-point calibration and using the typical temperature coefficient in 
Table 2.  

 

 Approximately ±1
o
C accuracy is possible across the temperature range defined by 

TCALIBRATION ± 25
o
C with single-point calibration and using the typical temperature 

coefficient in Table 2. 
 

 
 

Figure 2. Temperature Error due to Different Temperature Coefficients after Single-Point 
Calibration  

 
 
5.1.2 Single-Point Calibration Example 
 
A CC112X/CC1200 device is operated using at 3V supply voltage. The temperature 
coefficient is typically 2.673 mV/°C and for each degree Celsius increase in temperature the 
GPIO1 voltage increases by 2.673 mV.  
 
The device is calibrated at room temperature (25°C), and the GPIO1 voltage is measured to 
be 793.0 mV. After changing the temperature, the GPIO1 voltage is measured to be 830.0 
mV. This corresponds to a temperature T of:    
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5.2 Two-Point Calibration  

If the application requires better accuracy than given by the single-point calibration, a two-
point calibration must be used to correct for chip-to-chip variations in the temperature 
coefficients. As the sensor is highly linear, a two-point calibration will ensure high accuracy 
across the full temperature range of the chip. 
 
5.2.1 Performing Two-Point Calibration 
 
Choose two calibration temperatures more than 10

o
C apart, called T0 and T1, and set the 

reference voltage (VDD) to what it will be in the final product (Note that changes in the voltage 
supply will influence the temperature sensor output). Measure the output from the GPIO1 pin 
(V0 and V1) at the corresponding temperatures. 
 
The temperature coefficient has a typical value of 2.673 mV/°C. The exact coefficient (tc) for a 
given device is calculated as: 
 

01

01

TT

VV
tc  

 
Using the exact coefficient, the measured voltage of the GPIO1 pin (VMEASURED), the 
temperature (T0) and the GPIO1 voltage (V0) of the first calibration, the temperature T can be 
found as: 
 

t

VV
TT

C

MEASURED )( 0
0  

 
5.2.2 Two-Point Calibration Example 
 
A CC112X/CC1200 device is operated using a 3V supply voltage, and will thus have a typical 
temperature coefficient of 2.673 mV/°C.  
 
The device is calibrated at two temperatures, 0°C and 25°C (T0 and T1). The respective 
GPIO1 voltages are measured to be 743.379 mV and 808.312 mV (V0 and V1).  The exact 
temperature coefficient tc is thus given as: 
 

°C/5973.2
°C0°C25

379.743312.808
mV

mVmV
tc  

 
 

At a given temperature T, the GPIO1 voltage is measured to be 921.465 mV. This 
corresponds to:    
 

°C57.68
°C/5973.2

)379.743465.921(
°C0

mV

mVmV
T  

 
 

 
 

Note: Single-point calibration at 25°C, using the typical tc  of 2.673 mV/°C, would in this case 
give a temperature reading of 67.33 °C, which would have an error of 1.24°C. 
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5.3 Change in Supply Voltage (VDD) 

As seen in Figure 3, the voltage measured on the GPIO1 pin depends on the supply voltage. 
Changing the supply voltage affects the measured voltage on the GPIO1 pin by typically 1.17 
mV/V.  This means that if the supply voltage is decreased by 1 V, the voltage measured at the 
GPIO1-pin is typically 1.17 mV lower.  
 

 

Figure 3. Typical GPIO1 Measurements vs Supply Voltage 
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7 General Information 
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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.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
TI is not responsible or liable for any such statements.

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 which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm 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 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 a special agreement specifically governing such use.

Only those TI components which 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
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components which meet ISO/TS16949 requirements, mainly for automotive use. Components which
have not been so designated are neither designed nor intended for automotive use; and TI will not be responsible for any failure of such
components to meet such requirements.
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