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Abstract - Symmetric Transparent BIST has been proposed 

as a means to skip the signature prediction phase during 

RAM testing thereby testing time can be reduced.  The 

proposed symmetric transparent BIST scheme is for single 

bit and multiple bit (word) RAM’s. The principle of this is a 

characteristic of a polynomial is modified based on the 

application of sequence of March events. In this paper an 

FSM is used to generate the mach events and are applied for 

the RAM to verify it. Compared to previous BIST 

techniques, controller complexity is reduced. Due to the 

reduction in the controller complexity the hardware required 

for the BIST also reduces and thereby reducing the power 

and delay. 
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I. INTRODUCTION 
 

Advances in the memory technology tend to make 

memory devices more and more complicated. The sizes of 

these memories are decreasing with increase in 

technology. These memories are tested after the 

fabrication and also to be tested in the field repeatedly. 

Testing these memories in the field is not an easy task for 

the user. If a failure occurs as some point in the field, user 

may not distinguish and a chance of erroneous outputs 

during read/write operations. For the testing these 

memories, a March algorithm is employed for effective 

and to minimize the verification time. March algorithms 

impose a series of march events that perform a 

predetermined sequence of Read/Write operations in every 

cell for bit organized RAM or Word for Word organized 

RAM’s [8].  

 

II. MARCH ALGORITHMS 

 
A. Traditional March Algorithms 

A March algorithm consists of n march elements, 

denoted by Mi, with 0<=i<n. Each March element 

comprises zero (or more) write operations, denoted 

byw0/w1 meaning that 0/1 is written to the RAM cell, and 

zero (or more) read operations denoted byr0/r1, meaning 

that 0/1 is expected to be read from the memory cell. For 

example, the C algorithm [see Fig. 1(a)] consists of six 

march elements denoted byM0 to M5. In Fig. 1,   denotes 

an increasing addressing order (which can be any arbitrary 

addressing order) and    denotes a decreasing addressing 

order (which is the inverse addressing order of    ). 

B. Transparent BIST Algorithms 
Traditional march algorithms erase the memory contents 

prior to testing; therefore, they do not serve as good 

platforms for periodic BIST. Nikolaidis [2] proposed the 

concept of transparent BIST where the initial w0 phase is 

bypassed, and a signature prediction phase is used instead. 

The signature prediction phase consists of read operations 

equivalent to all the read operations of the March 

algorithm and it is utilized in order to calculate a signature 

that will be compared against the compacted signature 

calculated during the (remaining) march test. The 

transparent version of the C-algorithm is shown in Fig. 

1(b). The notation for the transparent versions of the 

algorithms differs slightly from the one used in traditional 

march algorithms. Instead of r0, r1, w0, w1 the notations ra, 

ra
c
, wa, wa

c 
and (ra)

c
 are utilized. Their meanings are as 

follows. 

ra - Read the contents of a word of the RAM, expecting to 

read the initial contents of the RAM word (i.e., before the 

beginning of the test). 

 ra
c 
- Read the contents of a word of the RAM, expecting to 

read the complement of the initial contents of the RAM 

word. 

(ra)
c 

- Read the contents of a word of the RAM expecting 

to read the initial word contents and feed the complement 

value to the compactor. 

wa - Write to the memory word; the value that was stored 

in this memory word at the beginning of the test is 

(assumed to be) written to the word. 

wa
c
 - Write to the memory word; the inverse of the value 

that was stored in this memory word at the beginning of 

the test is (assumed to be) written to the word. 

By default, the data driven to the compactor with the (ra)
c
 

operation are identical to the data driven by the ra
c
 . The 

importance of the (ra)
c
 operation is the following: during 

the signature prediction phase the contents of the RAM are 

equal to the initial contents (since no write operation has 

been performed); therefore, in order to simulate the ra
c
 

operation we invert these contents prior to driving them to 

the compactor. 

It has been shown that, with the transparent BIST 

algorithms, the contents of the memory at the end of the 

test are identical to those before the test. Also, since the 

read elements of the signature prediction phase (M0) are 

identical to the read elements of the testing phase (M1-

M5), then if we store the result of the compaction of M0 

and compare it to the result of the compaction ofM1-M5, 

then we can detect faults that occur due to the write 

operations of the March algorithm. 

Traditional transparent BIST [1] has the disadvantage 

that the signature prediction phase adds up to the total 

testing time with a percentage of (more than) 30% [8]. In 

order to confront this problem, Yarmolik et al. introduced 

the concept of symmetric transparent BIST, which is 

explained in the next subsection. 
C. Symmetric Transparent BIST 

In order to define a symmetric transparent algorithm, 

some notations will be introduced first. Let d={d0,d1,---dn-

1}€{0,1}
n
 be a data stream, then d*={dn-1,dn-2,---

,d1,d0}denotes the data stream with components in reverse 

order and dc={d0
c
-----dn-1

c
} denotes the data stream with 

inverted components. For example, if 

d={1011},d*={1101} and d
c
={0100}. 
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A data string D € {0,1}
2n

 is called symmetric, if there 

exists a data string d € {0,1}
n 

with D={d, d*} or D={d, 

d*
c
}. For example, D1= {1010 0101} andD2= {1010 

1010} [11] are symmetric data strings, since 

{0101}={1010}* and{1010}={1010}*
c
. Furthermore, a 

transparent march test is called symmetric if it produces a 

symmetric test data string. 

In order to derive a symmetric transparent algorithm, the 

March series is modified in such way that the expected 

output response is equal to a known value. Therefore, the 

signature prediction phase can be skipped and the time 

required for the test is reduced. 

In order to achieve this, Yarmolik et al. noticed that 

most of the March algorithms used for transparent BIST 

produce test data with a high degree of symmetry [3]. For 

example, the read elements of the transparent C- march 

algorithms [see Fig. 1(b)], ignoring the signature 

prediction phase (and the write elements) are:  (ra),  (ra
c
),  

(ra),  (ra
c
),  (ra).It is easy to detect the approximate 

symmetry; furthermore, it is also easy to derive a 

symmetric sequence by adding an additional read element, 

resulting in the following sequence of read elements:    

((ra)
c
); (ra); (ra

c
); (ra); ( ra

c
); (ra). For example, for a bit-

organized memory with five words whose initial contents 

are (11010), the result of the latter sequence is (00101 

11010 00101 ! 01011 10100 01011)  which is easily 

shown to be symmetric with respect to the given 

definition. Yarmolik et al. have shown that by exploiting 

the previously mentioned symmetry and by using linear 

structures as compactors for the outputs of the RAM [21], 

the final value of the compactor is equal to a known value, 

i.e., the all-zero value. For the case of bit-organized 

memories, SISRs were utilized, while for word-organized 

memories MISRs were exploited. It was proven that by 

toggling between a primitive polynomial and its reciprocal 

one during the  r and   r operations, the final signature is 

equal to the all-zero state. They even reported marginal 

increase in the fault coverage of the symmetric schemes 

compared to the respective transparent ones with signature 

prediction. For example, in Fig. 1(c) the symmetric 

transparent version of the C- algorithm is presented. 

      (A)                  (B)                     (C) 

 

5. Proposed architecture for STBIST 

 
 

The accumulator-based response compaction scheme 

proposed in this paper stems from the following two 

observations. 

1) Observation 1: If the March algorithm is symmetric (as 

in the case of symmetric transparent BIST) then the 

number of ra elements equals the number of ra
c
 elements 

plus the number of (ra)
 c

) elements (without taking into 

account the addressing order, of the March element). 

2) Observation 2: The accumulator-based compaction of 

the responses holds the order-independent property (i.e., 

the final signature is independent of the order of the 

incoming vectors. Observation 2 stems directly from the 

per-mutational property of the addition operation. 

Accumulator-based compaction for symmetric transparent 

BIST for the case of word-organized memories is based on 

Lemma 1. 

Lemma 1: If a symmetric transparent march algorithm is 

applied to a word-organized memory whose word length is 

n and the responses are captured in an n-stage accumulator 

comprising a 1’s complement adder (starting from the all-

0 state), then the final content of the accumulator is equal 

to the all-1 state. 

 

III. MATHEMATICAL PROOF 

 
Let M be the number of elements of the march 

algorithm; since the algorithm is symmetric, the total 

number of ra elements is equal to the total number of ra 

(plus the number of (ra)
c
) elements. Therefore, for every 

vector a driven to the inputs of the accumulator, its 

complement a
c
 is also driven to the inputs of the 

accumulator exactly once. But  

      a + a
c 
= 2

n-1
  

Furthermore, for 1’s complement addition it holds that 

the sum of two numbers A and B is given by (A-1+B (mod 

2
n
-1))+1, therefore, the sum of 2

n
-1 and 2

n
-1 is (2

n
-1-1+2

n
-

1) mod (2n-1)+1=(2
n
-2)+1=2

n
-1. Therefore, it is trivial to 

show (by induction) that (2) holds for any value of   

      ∑i * (2
n
-1) = 2

n
-1 

From (1) and (2), and taking into account that the 

addition operation is per mutative (Observation 2), we 

have the proof. 

M0. (w0); 
 (ra);  ((ra)

c);  (ra);  

 ((ra)
c);  (ra); 

 ((ra)
c); 

M1.  (r0,w1);  (ra,wa);  (ra,wa
c); 

M2.  (r1,w0);  (rac,wa);  (rac,wa); 

M3.  (r0,w1);  (ra,wa
c);  (ra,wa

c); 

M4.  (r1,w0);  (rac,wa);  (ra
c,wa); 

M5.  (r0);  (ra);  (ra); 
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For example, let us consider the 4-word 3-bit RAM 

presented in Fig. 2(a). The outputs of the memory are 

driven to an n=3-stage accumulator comprising a 1’s 

complement adder, Fig. 2(b). For the implementation of 

the (ra)
c
 march element, the subtraction operation of the 

accumulator can be utilized. In order to apply march 

elements of the form (ra,wa
c
) or (ra

c
,wa) the output of the 

RAM must be inverted and then fed back to its  Inputs; 

with the proposed scheme, this can be one by forcing the 

all-1 vector to one input of the adder/subtractor and 

perform a subtract operation. This is done with the OR 

gates whose one input is driven by the inv signal in Fig. 2. 

Therefore, the inverse of the read vector appears at the 

outputs the adder/subtractor and applied to the RAM 

inputs. 

Taking into account the results related to transparent 

memory testing it should be concluded that the most 

frequently used test algorithms for transparent RAM BIST 

are march tests which combine a high fault coverage with 

an acceptable test time even for memories of the large 

sizes (1M and higher). Another advantage of these 

algorithms is that they can be easily extended to 

transparent versions. However, the traditional approaches 

to transforming non-transparent march algorithms to 

transparent tests implies significant increasing test time 

needed for calculating the learnt signature. It can be 

illustrated by the following example.  

 

IV. SYNTHESIS AND SIMULTION RESULTS 

 
a. Synthesis report 

 
 

b. Simulation report 

 

c. Power report 

 
 

V. CONCLUSION 
 

Periodic testing of small-and medium size RAMs 

existing into current VLSI DSP and processor chip 

requires that the contents of the RAM are not rubbed-out, 

in order for the system to be able to continue its normal 

operation after test completion. Transparent BIST 

proposed by Nikoladius meets this requirement, however 

testing tie is increased, compared to traditional matching 

tests due to the requirement for a signature prediction 

phase. Symmetric transparent BIST proposed by yarmolik 

et al skips the signature prediction phase. The proposed 

scheme presents lower hardware overhead and requires 

less complicated control compared to the schemes 

proposed in [8],[9],therefore may prove variable solution 

for periodic testing of RAMs embedded into current VLSI 

chips.  
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