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ABSTRACT
         Microcontrollers have made their way into embedded applications such as automobile electronics, industrial automation and 

peripherals for computer systems. For the microcontroller to perform efficiently it is necessary for a test engineer to check the proper 
operation of a product. Manufacturing test is one of the most difficult tasks in the semiconductor industry. This paper presents a 
novel approach for testing a microcontroller with software based tests using RTOS (Real Time Operating System). The methodology 
exploits existing manufacturing test programs designed for software based self test and enhances them by using a new approach with 
RTOS. Experimental results are reported in this paper showing the reliability and effectiveness of the method in detecting faults in a 
microcontroller.
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I. INTRODUCTION
Testing is used to measure the quality of a 

manufactured chip before shipping it to the customer. 
The microcontroller can be tested based on its 
functionality and structural design. Functional testing is 
used to check the operation of the microcontroller as per 
design by generating test patterns which excites the 
instruction sets and observes the response. Structural 
testing is used to check whether the chip is manufactured 
as per design by testing the circuit elements and their 
interconnections. Structural testing is used to locate the 
physical faults in a chip. Accurate location of faults is 
useful for improving the manufacturing process.  In 
manufacturing most of the faults which occur are due to 
fabrication errors affecting the interconnections between 
components. The testing methods applied to detect the 
faults must be cost efficient and should not exceed the 
manufacturing cost. Testing can be done by software or 
hardware methods or a combination of both. Automatic 
Test Equipments (ATE) can be used to apply a test 
pattern and store the response back in their memory [1]. 
These external hardware equipments are more expensive 
and hence are not the ideal method for testing. Software 
tools such as simulators and monitors do not require 
external hardware equipments. Incircuit emulators and 
Incircuit debuggers integrates the use of both hardware 
and software methods in testing. The emerging method 
of self testing allows the microcontroller to test itself by 
using pseudorandom pattern generators, linear feedback 
shift registers or by making use of the processor’s 
instruction set architecture [2]. 

Software based self test (SBST) is a low cost 
testing methodology which utilizes the resources of the 
device under test and reduces the need for ATE. The 
software based test using Real Time Operating System 
(RTOS) can be seen as an advancement of SBST [3]. The 
SBST process can be performed at speed without using 
external hardware equipment and they do not require any 
hardware structure to be included in the circuit. As a case 
study, results obtained on a widely used ARM 

(Advanced Risc Machine) based microcontroller 
demonstrate the effectiveness of the proposed strategy in 
terms of detecting fault. In this paper Section II provides 
a background in software based self test and RTOS. 
Section III details the proposed approach. Section IV 
presents some experimental results and Section V 
provides the conclusion of this paper.

II. BACKGROUND REVIEW

A. Software Based Self Test
The key advantage of SBST is that it uses on-

chip programmable resources to run programs that test 
the processor itself. The microcontroller generates test 
patterns using its own instruction set, eliminating the 
need for additional test specific hardware. In the first step 
of an SBST application the test code is downloaded into 
a microcontroller. Then the processing unit executes test 
programs at its actual speed. Finally the test responses 
are stored in the data memory to indicate the faults in the 
test unit [4]. 

The other advantages of SBST which make 
them suitable for microcontroller testing are:
1. It is obtrusive and does not need any extra hardware. It 
also consumes power efficiently in normal operation 
mode.
2. It allows the test to be performed at the processor’s 
actual speed, detecting faults that are not detectable at 
lower frequencies.
3. It allows programs from manufacturing test to be 
reused in the field throughout the lifetime of the product.

B. Real Time Operating System
Traditionally developers of small embedded 

applications had to write all the code that runs on the 
microcontroller, which is in the form of interrupt service 
routine triggered by an interrupt. Now with the latest 
advancements in microcontrollers we have low cost, high 
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performance devices with large amount of internal 
memory. This makes it possible to introduce more 
advanced software development techniques in 
programming. Introducing a Real Time Operating 
System (RTOS) into test programs has its advantages. 
With an RTOS, all functional blocks in the program are 
developed as tasks and are scheduled by the kernel. This 
provides a detailed design analysis of the final program 
structure at the beginning of the development [5]. Each 
of the program tasks can be developed and tested 
separately before integration into the complete system. 
Each RTOS task is then easier to document and reuse.

III. PROPOSED METHODOLOGY
The proposed methodology has an effective set 

of test programs, taking advantage of an initial test set of 
the SBST programs devised for processor manufacturing 
testing. The RTOS used is RTX from Keil and the ARM 
processor based microcontroller used is LPC2148. A new 
project is created in Keil IDE (Integrated Development 
Environment) by selecting the microcontroller from the 
device database. This step is necessary to configure the 
right complier and debugger. The configuration settings 
for RTOS like time slice for each task and stack size are 
modified through the RTX_Config.c file which is added 
to the project. A total of six tasks are created by 
assigning individual task ID’s. They are executed by 
cooperative multitasking supported by the scheduler. 
These tasks are the same as C functions with the 
exception that they are executed in an endless loop. The 
scheduler allots time slices to each task which by 
cooperative multitasking appears to be executing 
simultaneously. 

The main function in the program is used to start 
the RTOS and also initializes the external interrupt, 
peripherals such as ADC (Analog to Digital Converter), 
LCD (Liquid Crystal Display) and serial interfaces 
UART (Universal Asynchronous Receiver Transmitter) 
and I2C (Inter-IC). After reset the microcontroller 
executes the main function and the first task, which is 
assigned with default priority. The first task is used to 
create the other five tasks. All tasks are assigned with the 
same priority. Since all tasks have equal priority they are 
allotted run time in a round robin fashion. However when 
a task becomes ready to run with a high priority the 
scheduler halts the current task and executes the task 
with high priority. After creating all the tasks the first 
task deletes itself in order to reduce context switching 
overhead. Each task checks for an event flag which is use 
to trigger the task corresponding to an interrupt. The 
interrupt code is executed as tasks within the RTOS. 

The microcontroller is connected with a PC 
(Personal Computer) through UART0 port. The user 
communication is established through the tera term 
program available in the PC. This program is an open 
source terminal emulator which supports serial port 
connections. The individual flags are enabled by entering 
a number through the UART0 serial interface. The hex 
file generated from the Keil IDE is downloaded to the 
microcontroller using flash magic tool available in the 
PC. The flash magic tool is configured with the required 

baud rate before programming the microcontroller. The 
functions of individual task are explained separately. The 
I2C based Electrically Erasable Programmable Read 
Only Memory (EEPROM) is tested in the main function 
itself by writing consequent numbers to each address of 
the memory and verifying it by reading back the values. 
This confirms that each location in the memory is 
working properly. The result of the memory test is 
displayed on the LCD as pass or fail.

Figure.1 Tera Term application through which the user 
interacts with the microcontroller

Figure.2 I2C Test result displayed in LCD

A. Task 2
This task performs the testing of special function 

registers and Test LED’s present on the chip. It checks 
for the display entry flag, register dumping flag and test 
led flag. The display entry flag is set upon reset of the 
microcontroller and it displays the user interactive 
command line interface on the hyper terminal program in 
PC. The command line interface allows the user to enter 
a number which triggers a specific task by setting the 
appropriate event flag. The number 8 is used to set the 
register dump flag which triggers the task to dump the 
values of the UART, I2C, ADC, SPI and Interrupt 
registers on the display. Comparing with the default 
values to be present in the registers confirms the working 
of storage locations in memory. The value present in 
UART0 register is the number currently pressed by the 
user. These two functions are performed inside the same 
task by lowering the priority of the task after sending the 
text to the display and passing the execution to another 
task. Thereby when the register dump flag is enabled by 
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pressing 8 the same task gets executed and dumps the 
values of registers. The number 3 is used to check the test 
LED’s connected through SPI serial interface. The same 
process of low prioritizing the task and passing the 
execution is repeated after every function. By combining 
functions which does not interfere with each other in the 
same task reduces the number of tasks to be created and 
thereby reducing the context switching overhead. 

Figure.3 Dumped register values

B. Task 3
This task has two functions to test the LCD 

integrated with the microcontroller and UART1 
interface. The function of the LCD is tested by 
generating the commands and sending the string to be 
displayed. Although it is not necessary to test the LCD 
separately as it displays some string once the device is 
powered on, this function can be used for 
microcontrollers having more than one LCD. The 
UART1 serial interface is tested by connecting to a PC 
through UART1 port and sending some data to be 
displayed. The data is sent as per the UART protocol.

C. Task 4
This task also contains two functions, to test the 

buzzer integrated with the microcontroller and the 
external interrupt. These two functions are performed by 
turning on the buzzer for a particular time interval and by 
turning it on when the external push button is pressed. 

D. Task 5
This task is used to test whether a Secure Digital 

(SD) card is detected or not. The SD card is accessed 
through SPI interface. By initializing the card through 
SPI protocol the status of the card is verified and the 
result is displayed on the LCD.

E. Task 6
This task is used to test the ADC peripheral in 

the microcontroller. These converters act as an interface 
between sensors connected to the microcontroller and the 
processing unit by encoding continuous analog signals 
into digital values. The value of the ADC is changed 
manually through a potentiometer provided in the 
microcontroller. The analog value of the ADC is read, 

converted into digital value and displayed in the LCD. 
These values are compared with the expected range of 
values thereby verifying the ADC.

Figure.4 ADC value displayed in LCD

IV. EXPERIMENTAL RESULTS
The proposed method was tested on LPC2148, a 

32 bit ARM7TDMI-S microcontroller. The structural 
faults in the device were detected efficiently and 
displayed to the user. The tests were performed with 
minimum interrupt latency and context switching 
overhead. This method of testing shows that test 
programs for complex microcontrollers can be executed 
in real time with each function getting ensured time 
slices to execute. This method can also be enhanced by 
modifying the tasks to be executed in a round robin 
manner or preemptive manner. Thus software based 
testing using RTOS has shown that it is more effective 
than the traditional testing methods. 

Figure.5Task status and memory utilization

V. CONCLUSION AND FUTURE SCOPE
In this paper, we presented a software based test 

method which uses RTOS to test the structural faults in a 
microcontroller. This method significantly reduces the 
interrupt latency and requires only minimum manual 
intervention. The usage of RTOS significantly reduces 
the code complexity and increases reliability. The 
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method has been experimentally validated on an ARM 
based microcontroller LPC2148. The obtained results 
clearly show the advantages over the traditional methods. 
As future work, we plan to implement this method to 
execute online as a part of device function.
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