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Abstract: We propose a methodology to design a Finite State Machine(FSM)-based Programmable Memory Built-In Self Test 
(PMBIST) which includes a planned procedure for Memory BIST  which has a controller to select a test algorithm from a fixed 
set of algorithms that are built in the memory BIST. In general, it is not possible to test all the different memory modules present 
in System-on-Chip (SoC) with a single Test algorithm.  Subsequently it is desirable to have a programmable Memory BIST 
controller which can execute multiple test algorithms. The proposed Memory BIST controller is designed as a FSM (Finite State 
Machine) written in Verilog HDL and this scheme greatly simplifies the testing process and it achieves a good flexibility with 
smaller circuit size compared with Individual Testing designs. We have used March test algorithms like MATS+, March X, 
March C- to build the project. 
Keywords: Finite State Machine(FSM),  Programmable Memory Built-In Self Test(PMBIST), System on Chip(SoC), MATS+, 
March X, March C-  
 

I. INTRODUCTION  
According to Moore’s law, the number of transistors in IC’s doubled for every 2 years. This can be explained by the progression 
from Small Scale Integration to Very Large Scale Integration devices which are used in the current generation. The increase in the 
number of transistors drastically reduced the transistor size konwn as feature size of the transistor which led to increased operating 
frequencies.  
As the feature size reduces, it increases the probability of a manufaturing defect in the IC. This results in the production of a faulty 
transistor which corrupts the entire chip and affects its functionality at required operating frequency. But the defects created during 
manufacturung process can’t be avoided and so some of the IC’s are expected to be faulty / Thus the use of testing, especially 
memory testing holds primary importance to ensure fault free VLSI devices. 
The objective of this project is to design a on-chip testing device which is able to detect faults in the memory. Different types of 
faults can be detected using one or more test algorithms. Idea behind this project is instead of having an individual design for each 
algorithm, a design can be modeled to merge the testing algorithms and make a single design which will have the test algorithms to 
detect different faults. By having multiple algorithms in a single design instead of an unique test design for each and every 
algorithm ,the area of the SoC(System on Chip) for used by each testing design will be merged into a single testing are resulting in a 
reduced area of the SoC(System on Chip). 

II. METHODOLOGY 
In this report, we propose a FSM-based BIST engineering that is controlled by BIST controller. To execute a chose test algorithm, 
we only need to initiate the BIST controller by sending a select signal, and the test vectors will be automatically produced by the 
proposed Memory BIST. The Memory BIST consists of two FSMs, one of which is used to select a test algorithm and the other 
controls the individual read/write operation. By using this architecture, we can simplify the test process and reduce test time as well. 
The algorithms used in the architecture are March algorithms like MATS+, March X, March C-.  
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III. PROPOSED SYSTEM 
The proposed programmable MBIST design consists of two sections, as demonstrated in Figure1. The Sequencer has a selection 
table to select algorithms and with the assistance of that it selects March components according to the chosen testing algorithm in 
desired order. The Test Controller produces Read/Write signal for the memory and furthermore has Address generation logic which 
gets to the memory in right order. The Comparator compares a read information from the memory and an original information from 
March component. Accordingly, it determines if the current memory cell is acceptable or faulty. Here we have used a 6-bit memory 
for the implementation. 
 

 
Figure 1: Programmable Memory Buit-In Self Test Architecture 

A. Algorithm Generator 
A FSM of the Algorithm Generator also known as Sequence Generator is operated by 'START' which is a 1-bit input signal. At the 
point when we set value of select signal, a 2 bit input signal specifies which testing algorithm is to be configured. Further, it sends a 
MarchElement code i.e. ESTATE[2:0] to the TestController Unit. At that point the Sequence Generator holds up a signal ‘EM' 
meaning end of MarchElement. The Sequence Generator sends the next MarchElement code after its recieves a signal ‘EM' from the 
Test Controller. In the event that all of MarchElement codes of an algorithm are finished executing in their respective order, FSM 
raises a signal 'ebist' meaning finish of BIST. 
 
B. Test Controller 
Test Controller has three components :  
1) Address Generator Logic: Address Generator logic generates an address to access memory according to ‘Dir’ meaning 

Direction signal . When ‘Dir=1’ then , it will behave as up counter and for ‘Dir=0’ it will behave as down counter. 
2) Read/Write Signal Generator: The Read/Write Signal Generator is a FSM which executes read write operation on the memory. 

It is initialized by signal ‘SME’ i.e. start of march element and performs read write operations according to the march 
element(estate).For example if March element is M1 then according to the below mentioned Table-2 it will perform WriteZero 
(w0) operation on all the memory location in the respective sequence provided by address generator logic. Further, it will 
generate the ‘EM’ signal when all the rd/wr operations on the memory is performed. This ‘EM’ signal determines the end of 
March element and then wait for the next march element that is to be executed. 

3) Comparator: Comparator is a combinational block which compares a read data from the memory and an original data from 
March element and if the comparison fails it will generate the ‘error’ signal which will shut the further processing and raise the 
EBIST signal. 
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IV. RESULTS  
The top level view of Programmable Memory BIST and its RTL schematic are performed using Xilinx ISE and is shown in Figures 
2 and 3. 

 
Figure 2: Top level view of PMBIST 

 

 
Figure 3: RTL Schematic of PMBIST 

 
The simulation outputs are performed using Icarus Verilog as it helps in the analysis of each signal that is generated throughout the 
code. Now in order to check the working of Programmable Memory BIST let us introduce some faults. Whenever it encounters a 
fault the ‘ebist’ signal has to be activated by the FSM and Programmable memory BIST should stop. Let us add Stuck at 0 and 
Stuck at 1 at address location 10 and their detection is verified in the Figures 4 and 5. 

 
Figure 4: Detection of Stuck at 0 Fault 
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Figure 5: Detection of Stuck at 1 Fault 

 
In Inversion Coupling fault the address location 10 acts as aggressor cell and address location 11 acts as victim cell and its detection 
using March X algorithm is verified in Figure 6.  
 

 
Figure 6: Detection of Falling Inversion Coupling Fault using MARCH X algorithm 

 
The Table 1 summarises all the faults detected by the various algorithms of Programmable Memory BIST\ 

 

S.No. 

 

Test Algorithms 

 

 

Stuck at Faults 

 

Transition Faults 

 

Coupling Faults 

Stuck at 0 Stuck at 1 Rising 
Transition 
Fault 

Falling 
Transition 
Fault 

Inversion 
Coupling 
Fault 
(CFin) 

Idempotent 
Coupling 
Fault (CFid) 

1 March C- Yes Yes Yes Yes Yes Yes 

2 MATS+ Yes Yes Yes No No No 

3 March X Yes Yes Yes Yes Yes No 

Table 1: Test Algorithms and their fault Coverage 
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V. CONCLUSION 
A FSM based programmable memory BIST controller is put forward in the present study. This plan grants us adaptability in 
choosing the test algorithms with a select input. In contrast with individual testing plans, our strategy accomplishes the greater 
flexibility as we can test memory module using suitable testing algorithm at given time. The method which we had put forth will be 
valuable in SoC testing also, as various memory cores might be utilized in SoC which require distinctive testing algorithms. The 
presented architecture works on the reconfiguring process if another testing algorithm is chosen, and along with this the overall 
testing time is decreased. The upsides of the aforementioned configuration includes decreased testing data and testing time, re-
programmability and ease in controlling the testing process. 
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