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Abstract— Presented here is a memory design project using 

Verilog hardware description language (HDL). The single-

port memory is basically the design as per your defined 

specifications. Then, as per the specified width and depth, 

define the memory block that can also be verified using field 

programmable gate array (FPGA) boards. Low power and 

low area Static Random-Access Memory (SRAM) is essential 

for System on Chip (So C) technology. Dual-Port (DP) 

SRAM greatly reduces the power consumption by full 

current-mode techniques for read/write operation and the area 

by using Single-Port (SP) cell. An 8bit DPSRAM is proposed 

in this study. Negative bit-line technique during write has 

been utilized for write-assist solutions. Negative voltage is 

generated on-chip using capacitive coupling. The proposed 

circuit design topology does not affect the read operation for 

bit interleaved architectures enabling high-speed operation. 

Designed in XILINX ISE 14.4 Simulation results and 

comparative study of the present scheme with state of-the art 

conventional schemes proposed. show that the proposed 

scheme is superior in terms of  process  variations impact,  

area  overhead, timings and dynamic power consumption. 

The proposed negative bit line technique can be used to 

improve the write ability of 6 T Single- Port (SP) as well as 8 

T DP and other multiport SRAM cells. 
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I. INTRODUCTION 

As technology develops, embedded memories use complex 

design structures. Because of this complexity in the circuits, 

chances of occurring defects in a memory are more 

compared to other components. So, testing of memories is 

important and is  a  real challenge. Though there are  several  

memory test algorithms such as classical Walking, 

Galloping and March pattern tests, March- based test 

algorithms etc., March-based test algorithms are preferred 

for memory testing as they are found to have highest fault 

coverage [1-4].Memory tests are done to ensure that each 

location in a memory core is working properly. This 

necessitates writing a set of data in the memory and verifying 

it by reading the data. If all the values read are same as that 

written in memory core, then that memory core is said to pass 

the test; otherwise the memory is faulty. All March-based 

algorithms perform Read and Write operations of 0’s and 1’s 

to the memory in a specific order. 

 For all March test algorithms the addresses must be 

accessed either in an increasing order in a decreasing order. 

This addressing order can be done using the proposed 

Configurable CLFSR.  CLFSR is a special type of LFSR 

configured by adding few components to the LFSR. It is 

basically a feedback shift register that is set to cycle through 

a number of random sequences including all-zero state [4]. 

Each states of its output sequence define Test vectors. LFSR 

output is  pseudo  random in  nature.  In  other  words,  

CLFSR  is  a feedback shift register that advances the signal 

by one bit and generates random pseudo patterns when 

clocked [1, 2]. A right shift operation and XOR operation are 

needed for this purpose. An LFSR is designed using the 

characteristic polynomial that describes its behavior [1]. 

Usually it is specified by its primitive polynomial which gives 

the maximal length sequence when shifting. 

 In general, LFSR with characteristic polynomial of 

degree n has 2n-1 states except all-zero state. That is, 2n-1 is 

the period of the LFSR. One can generate the complete states 

(2n states) by modifying the LFSR so as to obtain all-zero 

state in addition to normal LFSR output. Such a circuit is 

known as Complete Linear Feedback Shift Register 

(CLFSR). Hence for a polynomial of degree n, CLFSR 

generates 2n pseudo random patterns from 0 to 2n-1 and the 

sequence repeats after a period of 2n. CLFSR can be used in 

various applications such as data encryption, circuit testing, 

system simulation, BIST circuitry, and design for testability 

(DFT), especially for the address generation of memory core. 

 Compared to a counter circuit CLFSR has less 

hardware requirements and is less complex [2, 5, 6]. A 

counter supplies sequential output vectors in a specific order; 

either an up-sequence or down-sequence. In fact, there is no 

need for a conventional binary address sequence to test 

Memory cores, as any repetitive patterns are acceptable for the 

address generation [2, 4]. As the CLFSR output sequence is 

based on specific mathematical algorithms, output pattern is 

repetitive and predictable. 

II. MARCH TESTS  

March tests consist of finite sequences of March elements that 

are defined by a set of sequence of Read and/or Write 

operations. These sequences of Read and Write operations are 

applied to every cell of memory under test, either in 

increasing addressing order or in decreasing addressing order 

[4, 5, 12].  

 
Fig. 1: 64*8 Memory Design 

 All operations of March elements must be 

completed before proceeding to the next address location. 

Different March test algorithms are listed in table 1.The 

address order in a March element can be increasing (↑), 

decreasing (↓), or either increasing or decreasing (↕). 
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A. March Test Notations  

r 0 : Read 0 from a memory location. 

r1: Read 1 from a memory location. w0: Write 0 to a 

memory location. w1: Write 1 to a memory location. 

↑: increasing addressing sequence. 

↓: decreasing addressing sequence. 

↕: either increasing or decreasing addressing sequence. 

 From Table 1 it can be found that, for all Mach test 

algorithms two addressing orders, up (↑) and down (↓) are 

required. That is, the address must be accessed either in 

ascending order or in descending order for the March test. In 

fact, two random addressing orders are enough to satisfy 

March test. This concept led to the design of configurable 

CLFSR.  

Sl. 

No. 
Algorithms March Elements 

1 MATS+ { ↕ (w0); ↑ (r0,w1); ↓ (r1,w0) } 

2 March X 
{ ↕ (w0); ↑ (r0,w1); ↓ (r1,w0); ↕ 

(r0) } 

3 March C- 

{ ↕(w0); ↑(r0,w1); ↑l (r1,w0); ↓ 

(r0,w1); 

↓(r1,w0); ↕ (r0) } 

4 March B 

{ ↕(w0); ↑ (r0,w1,r1,w0,r0,w1); 

↑(r1,w0,w1); 

↓(r1,w0,w1,w0); ↓(r0,w1,w0) } 

5 March U 
{↕ (w0); ↑ (r0,w1,r1,w0); ↑(r0,w1); 

↓(r1,w0,w1,r0,w1); ↓(r1,w0) } 

6 March LR 

{ ↕(w0); ↓ (r0,w1); ↑(r1,w0,r0,w1); 

↑ (r1,w0); 

↑ (r0,w1,r1,w0); ↑(r0) } 

7 March SS 

{ ↕(w0); ↑(r0,r0,w0,r0,w1); ↑ 

(r0,w1); 

↑(r1,r1,w1,r1,w0); ↓ 

(r0,r0,w0,r0,w1); 

↓ (r1,r1,w1,r1,w0); ↕ (r0) } 

Table 1: Different March Test Algorithms [4, 10] 

III. CLFSR & CONFIGURABLE CLFSR 

CLFSR structure is developed by modifying LFSR structure 

[5, 7, 8]. Then by combining two different CLFSR structure 

of same bit size which produces different pattern sequences, 

a Configurable CLFSR is obtained. Additional control logic 

is required for this. This implies that, for designing a 

Configurable CLFSR, LFSR and CLFSR designs have to be 

made initially.  

A. LFSR Description and Design Considerations  

LFSR is a shift register whose input is a linear function of its 

previous state and the only linear functions of a single bit are 

found to be XOR and XNOR [1-6]. Hence an LFSR is 

designed using flip-flops and some XOR gates according to 

the characteristic equation that defines it. As its output 

sequence is based on specific mathematical algorithms, the 

pattern is repetitive and predictable. In an LFSR circuit the 

input bit of the shift register is driven by XOR gates according 

to the polynomial equation that describes the LFSR. Initial 

value of LFSR is known as seed value which may be any 

combination of ones and zeros except all-zero value. At all- 

zero state the LFSR is said to be in a locked condition [1, 4]. 

Seed value defines the deterministic output sequence of 

LFSR. With each shift LFSR moves to a new value which is 

determined by; the contents of the registers, bits tapped for 

feedback function and the output of feedback function. For 

any given state LFSR can have only one preceding state 

[3].For an n-bit LFSR there will be 2n-1 output patterns 

except all- zero pattern. After a period of 2n-1 the cycle 

repeats.  

 Galois implementation and Fibonacci 

implementation are the two methods for implementing an 

LFSR [3, 4, 6] as shown in figure 1 and 2. In Fibonacci 

implementation the XOR gates are placed in feedback path as 

shown in figure 2. In this paper Fibonacci implementation is 

considered to develop CLFSR structure.  

B. LFSR design  

An n-bit LFSR needs n number of flip-flops. For the 

designing of an n-bit LFSR, consider any Primitive 

polynomial having degree n. Primitive Polynomials are 

preferred, as it provides maximal-length output sequence 

without repetition [4].  

1) Form the feedback path from the output of nth flip- flop 

to the input of 1st flip-flop.  

2) Consider each term of the form x k where k>0, in the 

primitive equation.  

 Then there will be k-1 XOR gates in the 

corresponding LFSR structure. Outputs of flip- flops 

corresponding to these terms and a tap from the feedback path 

are the inputs to the XORs. Give the output of the XOR gates 

to the next flip-flop. That is, output of kt h flip-flop and tap 

from the feedback path are given to an XOR gate and the 

output of it is given to the k+1th flip-flop as shown in figure1 

and 2 to get the LFSR architecture.  

Consider the case of a 7-bit LFSR. Here, n = 7  

The Primitive polynomials with degree 7 are; x7 + x + 1, x7 

+ x3 + 1, x7 + x6 + x5 + x4 + x2 + x + 1 etc. 

 From these equations consider any polynomial, say; 

x7 + x3 + 1. Implementation of LFSR that is obtained from 

this polynomial is shown in figure 1 and 2. Both circuit counts 

through 27-1 different non-zero bit patterns (1 to 127). 

 
Figure1. Galois Implementation of 7-bit LFSR [4, 6] 

 
Fig. 2: Fibonacci Implementation of 7-bit LFSR 

C. CLFSR Design  

Additional XOR gate NOR gate are added to the LFSR 

architecture to obtain CLFSR structure as shown in figure3. 

When n-bit CLFSR has to be designed, the inputs to the NOR 

gates are outputs of first flip-flop to n-1th flip-flop. This 

circuit counts through 127 different bit patterns (0 to 127) 
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including all zero patterns. Since it produces 2n states it can 

be used for addressing memory locations 

 
Fig. 3: Fibonacci Implementation of 7-bit CLFSR defined 

by x7 + x3 + 1 

D. Configurable CLFSR Design  

Configurable CLFSR is obtained by combining two n-bit 

CLFSR structures using additional control logic. Using this 

Control logic, it can produce two different pattern sequences. 

One of the sequences can be used for ↑ addressing order and 

other for ↓ addressing order. Compared to an up- down 

counter this structure is easy to implement and is less 

complex. 

 
Fig. 4: Fibonacci Implementation of 7-bit CLFSR defined 

by x7 + x + 1 

 Consider the case of two 7-bit CLFSR circuits 

defined by Primitive polynomials, x7 + x3 + 1 and x7 + x + 

1, as shown in figure 3 and 4. These structures are combined 

to develop the proposed configurable CLFSR (fig.5) that 

generate different addressing order required for the March 

Test. Select line labeled as ‘up/down’ in figure 5, selects the 

address sequence for the March Test with less area overhead. 

We can also configure CLFSR to generate up and down 

counting sequence by designing the CLFSRs using primitive 

polynomial and its inverse polynomial. 

 
Fig. 5: Implementation of 7-bit Configurable CLFSR 

IV. EXPERIMENTAL RESULTS 

CLFSR and Configurable CLFSR have been implemented 

using synthesizable Verilog HDL. Simulation and synthesis 

of CLFSR and Configurable CLFSR has been done using 

Xilinx ISE 14.2. The target device used for the 

implementation of CLFSR and Configurable CLFSR is 

Xilinx Spartan 6 FPGA. 

 Functional verification and simulation of CLFSR 

and Configurable CLFSR have been done and corresponding 

results are given in the figures to prove the validity of the 

circuits. Configurable CLFSR is used in the March C- test 

algorithm for testing Memory core to show the effectiveness 

of the circuit. 

 
Fig. 6: Simulation Result of 3-bit CLFSR 

 Simulation result of 3-bit CLFSR shows that the 

circuit generates all possible combinations of 1s and 0s (001, 

011, 111, 110, 101, 010, 100, 000), thereby validating the 

circuit design. From the simulation result it could be observed 

that, output sequence of CLFSR is pseudo random in nature 

and has a length of eight (23) states and after this period the 

cycle repeats. 

 
Fig. 7: Simulation Result of 7-bit CLFSR 

Simulation result of 7-bit CLFSR shows that the output 

pattern has a length of 27 and after a period of 27, the cycle 

repeats. 

 
Fig. 8: Simulation Result of 7-bit Configurable CLFSR 

 Simulation of Configurable CLFSR structure proves 

the functionality of the structure. It generates different 

addressing sequences depending upon whether the Up-Down 

signal is at 1 or 0. Hence, from the simulation results, it is 

evident that outputs follow theoretical assumptions thereby 

validating the circuit design. Configurable CLFSR have been 

employed for the March C- test on an 8x8 RAM. It generates 

up-sequence and down-sequence for the test. Initial 

simulations are done without introducing faults. Simulations 

are then done by modeling stuck at fault to the memory core. 

In the memory test using March C- algorithm, write-read 

operation is done five times (labeled as, ‘out 1-5’ in figure 9 

and 10) for the entire memory in two different address order. 

Testing is done using 8-bit word. To every cell, the word is 

written, read and compared according to the algorithm. 

Whenever a fault is found, then faulty data will be the output 

corresponding to that cycle; otherwise content of the last cell 

will be the output for that cycle as in figure 9 and 10. 

Simulation result of March C- algorithm prove the 

effectiveness of the Configurable CLFSR circuit. 
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Fig. 10: Simulation Result of March C-Test using 

Configurable CLFSR on faulty memory 

Fig. 11: Synthesis report of 7-bit Configurable CLFSR 

V. CONCLUSION 

This work is focused on designing modified LFSR structures 

for memory test. Of these modified structures, CLFSR can be 

used for the address and test pattern generation for the 

memory cores and Configurable CLFSR is used for the 

generation of up/down addressing sequences for March Test 

algorithms in memory testing process. Both of these 

structures have successfully designed and implemented. 

From the simulation results, it has been proved that the 

proposed design generates complete patterns of 0s and 1s 

including all-zero pattern. Consequently, the CLFSR 

structure can be effectively used for the generation of 

memory address sequences as well as test pattern sequences 

for Built-in Self-Test applications. Simulation results of 

March C- test shows that proposed Configurable CLFSR 

generates two different addressing sequences making the 

March Test procedures simple.  
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