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Introduction
● Users

○ Sukup Electrical Engineer

○ Sukup Technician

● Problem
○ Test PCBs after production

○ Test newly developed PCBs

● Importance
○ Ensure faulty PCBs do not get sold

○ Streamline future design processes



User Needs
● Need kit to test RTD circuits

● Test circuit boards at end of production line

● Test newly developed circuit boards

● Create new testbenches

● Test boards on pass/fail basis, also include description of failures



Requirements
● Purpose - Our design simulates operational & fault conditions for testing

● Key Requirements
○ Uses standard USB

○ Simulates temperature values

■ Measure accuracy of temperature measurement chip (MAX31865)

○ Test open, short and over-voltage conditions in RTD

○ Test Modbus communication

○ Test surge protection



Design



Design Overview Description
● Host PC

○ Runs python script that allows user to define test case / temperature and sends to our PCB
○ Waits for our PCB to run tests and displays results

● MCU
○ Reads data from host PC
○ Controls the DAC and switches

● DAC
○ Generates the test conditions by outputting a simulated voltage

● Switch
○ Selects between test cases (4 cases)



Design Overview Visualization
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Software



Host PC
● User Interface

○ Command terminal

● Python script
○ Easy configuration

○ Simple interface

○ Same as Sukup code

● Sends data to MCU
○ Three bytes



Python Script
● Configure communications

○ COM port
● Test case

○ Short circuit
○ Open circuit
○ Over voltage
○ Temperature

■ RTD value
■ Test temperature

● CSV look-up table
● 3 bytes sent

○ First byte - Test case
○ Second and third byte - DAC code



Python Script



CSV File



Example Test



Host to MCU Requirements 
● MCU code needs to handle data sent by Host

● MSP430 microcontroller in C

● Wait for Host to send complete package 

● Confirm to user test case was set 

● Set test conditions 



MCU Code Block Diagram
● MCU is in low power mode

● Wakes and begins processing

● Checks first byte 

● Goes into test case loop

● Sets GPIO pins for condition



Example Loop Breakdown
● Example of Open test case

● Waits for 3 bytes 

○ Processes first byte

● Sets associated GPIO pins

● Send confirmation string for 

debug

● Sets two LEDs for user 

confirmation



Temperature Simulation 
● Find voltage drop across RTD

● Calculate DAC code needed to produce 

voltage

● Store DAC code as two bytes

● Load code into DAC one byte at a time



Loading the DAC
● Set chip select low

● Send data on 

falling edge

● Read data on 

rising edge

● Latch data when 

chip select is set 

high



DAC Output Script



Hardware



PCB Design Requirements
● Data lines need to be stable

● Power into sensitive components needs to 
be clean

● Outputs easily accessible and usable

● Able to be connected to MSP430 
Launchpad

● Avoid backfeeding during short and open 
circuit testing



Results



Progress / Outcomes
● Software and hardware have been developed
● Requirements met

○ Uses standard USB
○ Test open, short and over-voltage conditions in RTD

● Requirements partially met
○ Test Modbus communication

● Requirements not met
○ Simulates temperature value

■ Measure accuracy of MAX chip
○ Test surge protection



Future Work 
● Need to be able to sweep through all tests

● Test Surge protection

● Test Modbus communication protocol

● Incorporate faster connection changes for testing 



Questions?


