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Abstract-Memory is one of the computer components. Therefore likely to be affected by manufacturing faults 

rather than components in the system on chip (soc). Memory Built-in Self Test (MBIST) is used to test embedded 

memories. Many algorithms were developed for MBIST, but few of these techniques focus reducing the switching 

in the address bus. The MBIST architecture is programmed using VHDL and then five address generators were 

simulated using ISE tools. The switching activity is proportional to the test power.  
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I. Introduction 

The power becomes one of the important issues that should be taken into consideration. The test power is a principal 

contributor for this power dissipation. Researches show that the consumed power during the testing mode could be 

twice the power consumed in the normal mode [5]. This is because of applying parallel testing, wherein multiple 

embedded memories will be tested simultaneously while few memories are accessed during the normal mode. If the 

power consumed during the testing mode exceeds the power constraint of the chip, then the chip may become 
subjected to structural degradation and may be damaged [6]. 

A test algorithm is a finite sequence of test elements. A test element contains a number of memory operations, data 

pattern specified for the read operation, address specified for the read and write operations. We divided these test 

algorithms into two 

groups: Traditional tests and March-based tests. The following are the well known traditional tests: zero one, 

checkerboard, GALPAT and walking 1/0, sliding diagonal and butterfly. These are either simple, fast but have poor 

fault coverage or have good fault coverage but complex and slow. Due to these imbalanced conflicting traits, the 

popularity of these algorithms is decreasing. A March-based test algorithm is a finite sequence of March elements. A 

March element is specified by an address order and a 

number of reads and writes. Examples of some March based tests are MATS, MATS+, Marching 1/0, March C-, 

March Y, March A, March B, and etc.. Since March-based tests are all simple and possess good fault coverage, they 

are the dominant test algorithms implemented in most modern memory BIST [8]. 
VLSI circuits are based on Complementary Metal Oxide Semiconductor (CMOS) technology in which dynamic 

power is the dominant source of power dissipation. The dynamic power is related to the number of Switching 

Activities (SA) during testing.. For this reason, reducing the switching activity   during testing is a basic technique 

for power saving. 

Many techniques were developed for memory testing, such as Zero-One, Walking 1/0, checker board, March 

sequences and others. Unfortunately, only few techniques focus on reducing the test power [7]. A good technique 

was based on reducing the switching activity in the address decoder using the Single Bit Change (SBC) instead of 

using the normal counter [5]. This technique minimizes the switching activity in the address bus but it entails large 

overhead in the hardware area since a modified counter is used. Another technique was based on generating new 

march sequences with low switching activity by reordering the test sequences using genetic algorithm. This 

reordering reduces the switching activity in the data bus whereas it remains the same in the address bus.  Another 
good approach is based on reducing the peak power in the SoC when multiple memories are being tested in parallel, 
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in this approach; a skew is applied in order to avoid simultaneous write operations, since the write operation draws 

about 10 times more current than a read operation. Using this approach will not affect the power consumed in each 

individual memory. Reducing the pre-charging activity in SRAM during testing was another method used for test 
power saving [10]. 

This paper focuses on reducing the switching activity in the address decoder during testing SRAM for stuck-at 

faults. Five address generators were simulated and compared in their switching activity. All these simulations were 

performed using Xilinx ISE tools. 

 

II. Memory Fault 

Bit-oriented memory (in which each memory location consists of 1 cell) is considered. Since the memory is 
intensively accessed through read and write operations, it is more likely to be affected by manufacturing faults. The 

following is a brief description about the main types of these faults [7]. 

 

A. Stuck-at Faults: This is the most common type of faults in memory. The memory cell itself may be stuck at 

0 or stuck at 1.  

 

 
   

                                        

B. Address Decoder Fault (AF): This type of faults can be classified under the stuck-at faults since one of 

the nodes in the address decoder may stuck at 0 or 1 leading to accessing wrong address, no address, or multiple 

addresses. 

 

 

C. Transition Fault (TF): This fault causes the memory cell state to go into one direction only. For example,  

if the cell contains 0 and 1 has been written to it, then it cannot be written back to 0 and vice-versa. 

D. Coupling Fault (CF): In this fault, transition in one cell may affect its neighboring cell and cause it to go 

into erroneous state. The cell that causes the coupling fault in its neighbor is called the aggressor whereas the 

affected cell is called the victim cell. 

 

III. Memory BIST 

In Memory Built-in Self Test (MBIST), embedded memories can be tested without any communication with the 

external world Memory BIST consists of Pattern Generator, Memory Under Test, Signature Analysis and Controller. 
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The BIST controller can be implemented by either microcode, hardwired logic, or processor-based. Built-in self-test 

(BIST) is considered the best solution for testing embedded memories within SOCs. 

Controller Generate control signals to the test pattern 
generator & the memory under test. Test pattern generator (TPG) Generate the required test patterns and Read/Write 

signals. 

 

 

 
MBIST  Architecture 

 

 

 

Signature analysis is systems provide a window into the die and the process. Memory Under Test is pattern consists 

of the address that has to be accessed, the data that will be written to the memory, and the control signal that 

determines whether a read or a write operation is performed [1].  

 

 

IV. Dual Speed LFSR 
 

The Linear Feedback Shift Register (LFSR) is used as an address generator due to its little overhead in the hardware 

area. With the appropriate location for the XOR gate; it could generate all the possible addresses of the memory. 

Although the LFSR occupies a low hardware area, there is low correlation between the addresses generated by it 

which means a high switching activity in the address decoder. Therefore, other types of LFSR were dedicated in 

order to reduce the switching activity in the vectors generated. The following provides a brief description about 

these types of LFSR. 

 

 
 

 

Linear feedback shift registers (LFSR’s) are an efficient way of describing and generating certain sequences in 

hardware implementations. Dual Speed LFSR is commonly used in testing since it reduces the switching activity 

effectively. Instead of using one LFSR, two LFSRs are used. slow speed LFSR and normal speed LFSR. The slow-
speed LFSR is driven by a slow clock whose speed is a fraction of the speed of the normal clock that drives the 

normal-speed LFSR. This will reduce the frequency of transitions in the circuit inputs that are driven by the slow-

speed LFSR [2]. 
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DS-LFSR 

 

V.  Design and Address  Generators 

 
In MBIST, the BIST engine generates the testing patterns that are applied to the Memory Under Testing (MUT); 

each pattern consists of the address that has to be accessed, the data that will be written to the memory, and the 
control signal that determines whether a read or a write operation is performed [7]. As shown in above figure, the 

BIST engine (controller) provides mr and mw signal to determine whether the operation is read or write operation. It 

also generates the address that will be accessed, and the data (sdi) that will be written to the memory in case of write 

operation. If the operation is read, then the excepted data to be read (sdo) will be sent to the comparator that 

compares this data with the one read from the memory. 

 

 
 

MBIST Design 

 
The Mux has the test signal as its selection line in order to determine whether the system is in the normal mode or in 

the testing mode. Finally, the comparator compares the data read from the memory with the expected data, if these 

two values are different, then the test fail signal will be activated. The test continues until the test end signal is 

activated by the BIST engine. In  more details are provided about building MBIST systems [12]. Testing memory 

for stuck-at faults is usually performed using Zero-One testing pattern. This pattern consists of the following 

operations 

 

 (W0); (R0); (W1);  (R1). 

 

During this test, zero is written to all memory locations then it is read from these locations in order to detect any 
stuck-at one cell. Then, the same operations are performed with writing 1 in order to detect the stuck-at zero cells. 

The symbol _ indicates that the order of addresses that will be accessed is not important. 

 

VI.  March Test Algorithm 

 
One family of tests that has proven to be particularlyeffective in test time and complexity is the March algorithm [8]. 

A March test consists of a sequence of March elements. An operation can consist of writing a 0 into a cell (w0), 
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writing a 1 into a cell (w1), reading a cell with an expected value 0 (r0) and reading a cell with an expected value 1 

(r1). After all operations of a March element have been completed they are applied to the next cell. The address of 

the next cell is given by the address order either ascending or descending. An ascending order moves from address 0 
to n-1 denoted by ↑ and a descending order, from address n-1 down to 0 denoted by ↓. When the order is irrelevant ↕ 

is used. In an ascending order any address sequence may be used as long as the descending order uses the exact 

inverse sequence. There are a range of March algorithms that exist that test for a wide number of faults. For 

instance, to test for a stuck-at fault (SAF) the algorithm must contain a sequence that verifies that a 0 and a 1 can be 

read from every cell. MATS+ is an example of a simple March test. 

  

       ↕(w0) ↑(r0,w1) ↓(r1,w0)  

 

It will detect all AFs and SAFs as a 0 and 1 are read and written from each cell. Common to all memory BIST 

implementations is an address generator, a test pattern generator and BIST control logic. The BIST controller can be 

implemented by either hard-wired logic or microcode. The most common type of hard-wired memory BIST consists 
of a finite state machine (FSM) performing three basic operations: writing patterns to the memory, reading them 

back and comparing them to the expected results. It has been shown that the most costly feature to implement when 

using BIST is the storage space required for the algorithms and instructions. One common approach is to use an on-

chip ROM to store the instruction set [7]. The area overhead is significant, however, and removing this factor could 

reduce cost considerably. Assuming the logic area overhead is negligible the silicon area for memory BIST, AMB is 

calculated by  where Ma is the memory size used to store the test instructions. To try to overcome this area issue, 

attempts have been made to use microcode instructions that call on specific March operations [8]. Although this 

approach reduces stored memory overhead, March primitives must still be stored on chip and the logic overhead is 

significant. A microcode example, the MATS+ algorithm is given in (1). Each operation is given a code (see table 1) 

and a complete code string is constructed. 

 

operation code 
r0 00 

r1 01 

w0 10 

w1 11 

direction 1 

Delay 00 

delay1 01 

delay2 10 

delay3 11 

EE 1/0 

 

Microcode operation assignments 
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VII. SIMULATION RESULT 

 
Simulation Result for MBIST using DS-LFSR 

 

VII.       Conclusion 

 
The test power of embedded memories is a serious 

concern that may damage the chip if it exceeds the power envelop of the mobile device. High switching activities is 
the dominant source of power dissipation during testing. Thus, these signal activities have to be minimized. 

In  March-based test algorithm is a finite sequence of March elements. A March element is specified by an address 

order and a number of reads and writes. March-based tests are all simple and possess good 

fault coverage, they are the dominant test algorithms 

implemented in most modern memory BIST. LFSR occupies a low overhead in hardware area. Nevertheless, it 

causes a high switching activity in the address decoder. To solve this issue, other types of LFSR can be used as 

address generators for MBIST. Obtained results show that using  DS LFSR as address generator can  achieve around 

60% reduction in switching activity in the address decoder for large address spaces with negligible overhead in 

hardware area. One of the possible future work is to combine the low power address generators with other low 

power algorithms such that low power tests so that total switching activity in address bus and data bus both are 

minimized. 
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