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Objective 

This example demonstrates how to use a PSoC® 3, PSoC 4, or PSoC 5LP device to measure temperature using a resistance 
temperature detector (RTD). 

 

Overview 

This code example shows how to use a PSoC 3, PSoC 4, or PSoC 5LP device to measure temperature using an RTD. RTDs 
are sensors commonly used for temperature measurement. PSoC devices contain the necessary resources to do a four-wire 
RTD measurement; this includes an IDAC, an ADC, and a CPU to perform calculations. For more information on the theory 
behind RTD measurement, see AN70698. 

Requirements 

Tool: PSoC Creator™ 4.2 or newer 

Programming Language: C (Arm® GCC 5.4.1, Arm MDK 5.22, DP8051 Keil 9.51) 

Associated Parts: All PSoC 3, PSoC 4100, PSoC 4100 BLE, PSoC 4100 M, PSoC 4200, PSoC 4200 BLE, PSoC 4200 L, 
PSoC 4200 M, All PSoC 5LP 

Related Hardware: CY8CKIT-025, CY8CKIT-030, CY8CKIT-050, CY8CKIT-042, CY8CKIT-042-BLE, CY8CKIT-042-BLE-A, 
CY8CKIT-043,  CY8CKIT-044, CY8CKIT-046. 

Hardware Setup 

For PSoC 3 and PSoC 5LP devices, follow these steps: 

1. Plug CY8CKIT-025 into PORT E of either CY8CKIT-030 or CY8CKIT-050, as Figure 1 shows.   

Figure 1. CY8CKIT-025 Plugged into CY8CKIT-050 
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2. On KIT-025, ensure that there are wires shorting the terminals of J8 and J9, as Figure 2 shows.  

Figure 2. Shorting J8 and J9 on KIT-025 

 

3. (Optional) Plug an external RTD into J8 and J9, and remove the J6 jumper on CY8CKIT-025. 

4. Connect an LCD to the LCD Port on CY8CKIT-030 or CY8CKIT-050. 

5. (Optional) connect a DB9 cable from CY8CKIT-030 or CY8CKIT-050 to a PC, and connect P3[7] to TX, to connect 
the UART. 

For PSoC 4 devices follow these steps: 

1. Connect the CY8CKIT-025 to a PSoC 4 kit using fly wires. Connect the fly wires between the CY8CKIT-025 and 
the PSoC 4 kit as shown below 

CY8CKIT-025 Port.Pin Name of pin in cydwr of CE 

P3.1  RTD_Current 

P4.0 RTD_Positive  

P4.1 RTD_Negative 

P3.4 RefRes_Current 

P4.4 RefRes_Positive 

P4.5 RefRes_Negative 

2. On KIT-025, ensure that there are wires shorting the terminals of J8 and J9 as Figure 2 shows. 

3. (Optional) Plug an external RTD between J8 and J9, and remove the J6 jumper on CY8CKIT-025. 

4. Connect P0.5 on J4 of CY8CKIT-042 to P12.6 on J8 of CY8CKIT-019. This connects the UART. 

Software Setup 

The code example supports a terminal emulator interface. A UART interface outputs the temperature value to a terminal program 
on a PC. 

Serial Terminal 

This document demonstrates using TeraTerm but any terminal emulator software may be used that is configurable to the 
standard UART settings shown in Figure 4. TeraTerm is open-source and downloadable directly from the author’s website: 
https://en.osdn.jp/projects/ttssh2/. 

1. Create new connection. 

http://www.cypress.com/
https://en.osdn.jp/projects/ttssh2/
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Launch TeraTerm and select File > New connection. Select Serial as the connection type, and do the following: 

a. PSoC 4 Devices: Choose the KitProg USB-UART communication port (COM), as Figure 3 shows. The actual 
COM port number will vary between computers and USB ports. If multiple communication ports are listed, it 
can be helpful to disconnect and reconnect the development kit’s USB cable and look for the COM port that 
disappears and reappears.  

b. PSoC 3 or PSoC 5LP devices: Choose the COM port where you connected the DB9 cable. 

Figure 3. New Connection Creation 

 
 

2. Set up serial port parameters. 

Open TeraTerm Serial port setup dialog (Setup > Serial port…). Only the Baud rate: should require changing to 
115200, but it is good to also confirm that the other settings are as shown in Figure 4. 

Figure 4. Terminal Emulator Setup Parameters 

 
 

Operation 

1. Load the workspace into PSoC Creator by opening <Install_Directory>\CE210383\CE210383.cywrk.  

2. Select the project you wish to use. One project is for PSoC 4, the other is for PSoC 3/PSoC 5LP. To select the 
project, right-click on it and select set as active project.  

Note:  

i. PSoC 3/PSoC 5LP project by default uses PSoC 5LP. It can be changed to a PSoC 3 device by right-
clicking the project and selecting device selector. 

ii. The PSoC 4 project by default uses the 4200 device. It can be changed to another PSoC 4 device by right-
clicking the project and selecting device selector.  

http://www.cypress.com/


 PSoC Temperature Sensing with an RTD 

www.cypress.com Document No. 002-10383 Rev.*B 4 

 

3. Build the example project by navigating to Build > Build <Project Name> in PSoC Creator. 

4. Connect the device/board to a programmer connected to a PC. On-board KitProg devices are already connected 
to the programming pins of the on-board device. 

5. Program the example to the device by navigating to Debug > Program. 

6. Power the device if not already powered. 

7. Open the terminal program following instructions in the Serial Terminal section.  

8. Observe temperature display in the terminal program or on the LCD display of the -030 or -050 kit. 

  

http://www.cypress.com/
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Design and Implementation 

This example measures temperature using a four-wire RTD that uses a reference resistor, as Figure 5 shows. The RTD and 
reference resistor are excited through an IDAC. The voltage across the RTD and the reference resistor are measured by the 
ADC. The two measurements are combined to determine the resistance of the RTD. 

Equation 1 𝑅𝑅𝑇𝐷 =
𝑉𝑅𝑇𝐷

𝑉𝑅𝐸𝐹
∗ 𝑅𝑅𝑒𝑓 

Where 

VRTD is the voltage measured across the RTD. 

VREF is the voltage measured across the reference resistor. 

RREF is the resistance of the reference resistor. For this example, it is 100 Ω.  

The resistance is then given to the RTD Calculator Component “RTD”, which calculates the temperature from the resistance 
value. 

The temperature result is communicated over UART to a PC, or with KIT-030 and KIT-050 it is also displayed on a character 
LCD. 

Figure 5. PSoC 3/PSoC 5LP RTD Measurement 

 

Note that this schematic applies only to PSoC 3 and PSoC 5LP. The schematic for the PSoC 4 project is very similar except for 
the ADC and IDAC used; in addition, it does not use the LCD. See Figure 6.  

 

http://www.cypress.com/
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Figure 6. PSoC 4 RTD Measurement 

 

 

The following chart shows the firmware flow for this example. 

http://www.cypress.com/
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Figure 7. RTD Measurement Firmware Flow 

Read  voltage across reference 

resistor at zero current for 

Correlated Double Sampling (CDS)

Connect IDAC current mux to  

Reference resistor and measure 

voltage V1.  

Connect IDAC current mux channel  

to RTD and measure voltage V2.  

Calculate temperature using the 

RTD_GetTemperature(uint32 res) 

API of the RTD component

Start IDAC and set to source 1-mA 

current 

END

CDS V1  and filter (IIR Filter)

CDS V2 and filter

Measure RTD resistance 

from V2 and V1

RRTD = (V2/V1)*Rref  

Read  voltage across RTD sensor 

at zero current for CDS
Start

 

Design Considerations 

Note: The schematic shown in Figure 5 does not match the schematic shown in Figure 5 of AN70698. The reason for 
this is that this code example uses KIT-025. KIT-025 does not have a dedicated reference resistor—it is shared with a 
diode temperature sensor. Because the reference resistance is not in series with the RTD, the current through the 
reference resistance can differ from the current through the RTD. If the currents through the reference resistance and 
RTD are not equal, you may get a temperature error. Manual analog routing is used to avoid a significant error. In your 
design, always use a reference resistor in series with the RTD.  

Note: KIT-025 is not required for RTD temperature measurement. You can connect your own RTD and reference 
resistor directly to PSoC device pins. KIT-025 is meant to make the processes easier for demonstration purposes. 

If you are designing your own board for RTD measurement, use a reference resistor in series with the RTD, as shown in 
AN70698.  
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Components and Settings 

Table 1 lists the PSoC Creator Components used in this example, as well as the hardware resources used by each. 

Table 1. List of PSoC Creator Components for PSoC 3 or PSoC 5LP 

Component Name Hardware Resources Non-default Parameter Settings 

ADC_DelSig ADC 1 DelSig ADC Block 

Config1 

     Conversion Mode: 0 – Single Sample 

     Resolution(bits): 20    

     Conversion rate (SPS): 166 

     Input Rage: +/- 0.512 V (-Input +/- Vref/2) 

     Buffer Mode: Level Shift 

Common 

     Number of Configurations: 1 

Current DAC (8-bit) IDAC 1 ViDAC 

Polarity: Source 

Speed: High Speed 

Range: 0 – 2.04 mA 

Value: 1000 µA 

RTD_Calculator  RTD N/A 

Temperature Min: -200 

Temperature Max: -850 

Calculation Error Budget: 0.01 

UART  UART UDBs 

Configure: 

    Mode: TX Only 

    Bits per second: 115200 

Character LCD LCD 7 Pins N/A 

Table 2. List of PSoC Creator Components for PSoC 4  

Component Name Hardware Resources Non-default Parameter Settings 

Sequencing SAR ADC  

 
ADC 1 Sequencing SAR ADC 

Channels 

    A clks: 17 

    Sequenced Channels: 1 

    Channel 0: AVG checked 

General 

    Channel sample rate (sps): 3225 

    Vref Select: Internal 1.024 volts 

    Samples averaged: 16 

Current DAC (8-bit) 

(PSoC 4) 
IDAC 1 IDAC 

Polarity: Source 

Resolution: 8-bit 

Range: 0 – 612 µA 

Value: 612 µA 

RTD_Calculator 

 
RTD N/A 

Temperature Min: -200 

Temperature Max: -850 

Calculation Error Budget: 0.01 

UART  

 
UART UDBs 

Baud Rate (bps): 115200 

 

http://www.cypress.com/
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Design-Wide Resources 

Pin locations for PSoC 3, PSoC 5LP and, PSoC 4200 

Table 3. Pin locations for PSoC 3, PSoC 5LP, and PSoC 4200 

 

 

Reusing This Example 

This example is designed for the CY8CKIT-042, CY8CKIT-050, and CY8CKIT-030. To port the design to a different PSoC device 
or kit change the target device under the Device Selector and update the pin assignments in the Design Wide Resources Pin 
settings as needed.  

For PSoC 4 designs it is recommended to have the four ADC inputs use the SAR MUX. Check the device datasheet to determine 
which port is connected to the SAR MUX. Any pin can be used for the IDAC output. UART tx output will vary depending on SCB 
pin restrictions. Note on all PSoC 4 kits except the CY8CKIT-042 there is a dedicated connection between the UART and the 
KitProg, this removes the need for a flywire. To determine which pins connect directly between the PSoC 4 device and the 
KitProg look on the underside of the kit and find the connections printed on the silkscreen, or look in the kit user guide.  

  

Pin Name PSoC 3/ PSoC 5LP  
Pin Location 

PSoC 4200 Pin Location 

LCD P2[6:0] - 

RefRes_Current P3[4] P1[0] 

RefRes_Positive P4[4] P2[3] 

Ref_Res_Negative P4[5] P2[2] 

RTD_Current P3[1] P3[5] 

RTD_Positive P4[0] P2[7] 

RTD_Negative P4[1] P2[6] 

TX/ UART: tx P3[7] P0[5] 

UART: rx -  

ADC : Bypass - P1[7] 

http://www.cypress.com/
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Related Documents 

Table 4. Related Documents 

Application Notes 

AN70698 
PSoC - Temperature 
Measurement with an RTD 

Theory behind RTD temperature measurement. 

Code Examples 

CE210435 PSoC 3 and PSoC 5LP Broken 
RTD Reconfiguration 

Demonstrates how to detect a broken wire on an RTD connection and 
reconfigure the analog front end to keep measuring the RTD 

CE210434 PSoC 3 and PSoC 5LP RTD 
Calibration 

Demonstrates how to calibrate out the interchangeability error of an RTD 

PSoC Creator Component Datasheets 

RTD Calculator Component datasheet for RTD Calculator Component  

ADC DelSig Component datasheet for ADC DelSig Component 

IDAC8 Component datasheet for IDAC8 Component 

UART Component datasheet for UDB based UART Component 

LCD Component datasheet for LCD Component 

ADC SAR Seq Component datasheet for ADC SAR Sequencer Component 

IDAC Component datasheet for IDAC Component 

UART (SCB) Component datasheet for SCB based UART Component 

Device Documentation 

PSoC 3 Datasheets PSoC 3 Technical Reference Manuals 

PSoC 4 Datasheets PSoC 4 Technical Reference Manuals  

PSoC 5LP Datasheets PSoC 5LP Technical Reference Manuals 

Development Kit (DVK) Documentation 

CY8CKIT-025 PSoC Precision Analog Temperature Sensor Expansion Board 

PSoC 3 and PSoC 5LP Kits 

PSoC 4 Kits 
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