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ABSTRACT This paper describes the technology of BIST, which is implemented in 3 different circuits. Technologies are 
changing day by day. All the functions are implemented in a single chip. As the size reduces by increasing the 

number of functions testing becomes more and more complicated. One of the promising solution to this is Built In Self Test (BIST).Here 
a VLSI implementation of built in repair analyzer (BIRA) to word oriented memories is done as a first phase. This is done in both 32 
&64 bits. Both BIST and (BISR) Built in Self Repair is implemented in it. It does not need automatic test equipments (ATE).With the 
trend of SOC technology; good embedded memories are needed i.e. with high density and high capacity for successful implementation 
of system products. This paper is implemented in VHDL HDL.Simulation and synthesis is done using Modelsim&XilinxISE8.1 tools.

A VLSI Implementation of Word Memories, 
by Using BIST&BIRA
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I.INTRODUCTION:
A SOC that integrates all the components into a single chip. 
Testing a soc is very much difficult. One of the greatest bar-
rier is achieving good manufacturing yeild.integrating num-
ber of memory bits per chip create powerful SOC.Which is 
mainly used for large memory hungry applications. A main 
disadvantage of that is large die size and poor manufacturing 
yield .in 2001International Technology Roadmap for Semi-
conductors (ITRS) saying that embedded memories are occu-
pying from 52 % to 94%by 2014.[1]so if any fault occurs the 
whole die is wasted. In early times the size of the system is 
large. But the trend now is reduced size with all applications. 
So testing embedded memory is an important fact. Thus for 
testing embedded memories we are implementing BIST.not 
only BIST, after that diagnosing the fault and repairing it with 
reconfiguration. This is done in word memories. The flow is 
as follows in Fig.1

Fig.1.Flow of BIST to BISR

BIST is a design for testability technique, that automatically 
test the Circuit under Test (CUT).The basic BIST architecture 
is given bellow. [2]. In Fig.2 there are 3 main parts. Test pat-
tern generators, a response analyzer, and a test controller 
(output response analyzer). The test pattern generator gen-
erates the test patterns for the CUT. A response analyzer is a 
comparator with stored responses or a Linear Feedback Shift 
Register (LFSR) used as a reference (signature) analyzer. It 
compresses and analyzes the test responses and determines 
the correctness of the CUT. [3]. A control block is must to ac-
tivate the test and analyze the responses. However, in gen-
eral, many test-related functions can be simulated through 
a test controller circuit. In the most common type of BIST, 
test responses are compressed in output response compac-
tor to form (fault) signatures. The response signatures are 
compared with reference signatures generated and the error 
signal indicates whether chip is good or faulty.BIST reduces 
testing and maintenance cost because it requires simpler 
and less expensive ATE. Also it reduces cost of automatic 
test pattern generation (ATPG), storage and maintenance of 
test patterns. It can test many units in parallel. It takes very 
short time to test CUT .It can test at functional system speed. 
On-line BIST is usually implemented with the twin goals of 
complete fault coverage and low fault latency. These are Ad-
vantages of BIST. Test generation (TG) and response monitor 
(RM) are often implemented by simple, counter circuits, es-
pecially linear-feedback shift registers (LFSRs).
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Fig.2.BIST architecture

The LFSR is simply a shift register formed from standard flip-
flops. The outputs of selected flip-flops being fed back (modu-
lo-2) to the shift register’s inputs. When used as a TG, an LFSR 
is set to cycle rapidly through a large number of its states. These 
states, whose choice and order depend on the design param-
eters of the LFSR, define the test patterns. In this mode of op-
eration, an LFSR is seen as a source of (pseudo) random tests, 
applicable to any fault types. An LFSR can also serve as an RM 
by counting the responses produced by the tests. An LFSR RM’s 
final contents after applying a sequence of test responses forms 
a fault signature, which can be compared to a known or gener-
ated good signature, to see if a fault is present [4].

Fig.3.Conventional memory repair.
 
Not only diagnose the fault it also must be repaired. Conven-
tional Memory Repair Flow is as follows in Fig.3.Repair is one 
popular technique for memory yield improvement yield im-
provement. Memory repair consists of three basic steps Test 
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Redundancy analysis, Redundancy analysis and Repair delivery 
[5]. This conventional memory repair is replaced in to memory 
BISR.By changing in to this test time reduces. The memory BISR 
flow is shown below in Fig.4.the functions of each module are 
listed by side. Built in redundancy analyzer is done (BIRA) as a 
part of BISR.

Fig.4. Memory BISR flow.
 
II.WORDMEMORIES:
Designed a BIST and BISR for word memories. Here the memory 
used is CAM Memory and used a BIRA approach. The approach 
name is CRESTA (Comprehensive Real Time Exhaustive Test 
search Analysis) [6]. 

Fig.5.CAM vs. RAM
 
The difference between a CAM memory and a RAM memory is in 
RAM we are giving address as input we will get the correspond-
ing data in that address. But in a CAM we are giving data as input 
and will get address. Location of that data. Hence its name is 
CAM (Content Addressable memory). The CRESTA which con-
sists of several parallel sub analyzers. 

Each one searches for a solution. The sub analyzer consists of 
CAM with r rows and c columns.CRESTA requires a total number 
of  sub analyzer. Each CAM consists of r row entries and c col-
umn entries. The total number of CAM entries is given by .this is 
done in both for a single word (32 bit) &64 bit memories.

III.PROPOSED METHOD
In the classical spare allocation, we consider a bit oriented 
memory array with r spare (repair) rows and c spare (repair) 
columns. Any fault row (column) can be replaced with a spare 

row (column). A repair solution is a set of at most row addresses 
and at most column addresses that cover all faults. If a repair 
solution exists for a memory array, the memory array is repair-
able. A repair strategy is a string of the alphabet {“R”, “C”} such 
that R occurs r times and C occurs c times. Thus there are repair 
strategies. For example, if r=3 and c=3, the set of all possible 
repair strategies is{“RRRCCC ”,“CCCRRR” ,“RRCCCR  ”,“ RCCCRR 
”,“ CCRRRC”,“ CRRRCC” }.Given a sequence of fault addresses, a 
repair strategy can generate a repair solution candidate and 
the solution space consists of Solution candidates. For exam-
ple, given a sequence of fault addresses {(R1, C2), (R5, C8), (R4, 
C9), (R7, C2)}.A repair strategy RRCC generates a solution {(R1, 
R5, C9, C2)} [7]. Fig.6.shows the infrastructure for bit-oriented 
memories. For extending in to word memories we are modify-
ing the must repair analyzer.In this which has a BIST module, a 
SOLVER module, CAM memory, registers etc.it consists of must 
repair analysis and final analysis. BIST engine tests a memory 
array and provides fault addresses whenever detected. The 
must-repair analysis is performed concurrently with the test, 
while the final analysis is done after the test is completed. The 
must repair analyzer (MRA) is shown in Fig.7. The MRA con-
sists of a pair of CAMs for fault addresses, called the fault-list, 
and a pair of CAMs for a repair solution, called the solution re-
cord. In the fault-list, each CAM has one extra valid bit for each 
word, and the valid bits are initialized to “0” in the beginning. 
[8]. During the test, if the BIST engine detects a fault, it sends 
the fault address to the MRA through row _add and col_add, and 
continues the test. The row (column) fault address is compared 
against row (column) CAM entries, and the number of matched 
entries is counted by a parallel counter

Fig.6. on-chip infrastructure for bit-oriented memories
 
The L registers are used as valid bits for the solution record and 
also determine the next available CAM entry. The SOLVER in-
cludes the address, and faults on the address do not affect the 
final analysis. Therefore, such faults do not need to be stored, 
and we can collect all necessary information for the final analy-
sis [9] [10].  The SOLVER module controls the MRA. The opera-
tion of the SOLVER and the MRA in the final analysis phase is 
illustrated in Fig.7

Fig.7.SOLVER and the MRA in the final analysis phase
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The SOLVER will generate repair strategies one by one .If “R” 
and “C” are mapped to “1” and “0”, respectively. The SOLVER 
generates the first repair strategy and the MRA reads each fault 
address in the fault-list in order until the RESTART signal is ar-
rived or no faults ahead The SOLVER generates the next repair 
strategy and asserts the RESTART signal. The next repair strat-
egy can be generated directly from the current repair strategyby 
a combinational circuit called K-subset enumerator.

Repair strategy Bit representation

RRCC 1100

RCRC 1010

RCCR 1001

CRRC 0110

CRCR 0101

CCRR 0011
 
TABLE 1
 
Bit Representations.
We can define a cost function the cost is defined as the number 
of used spare elements the current cost is compared against the 
minimum cost which generates the Better signal. If the Better 
signal goes down during the evaluation, the SOLVER immedi-
ately asserts the RESTART signal and moves on to the next re-
pair strategy. If the Better signal stays at “1” until the end of the 
evaluation, the SOLVER saves the current repair strategy and its 
cost [11] [1 2] [13].

V1. RESULTS
Here 32 bit constitute a word i.e. a single word. Time taken 
for transmitting a single word is about 2408ns.when read op-
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eration matches write operation there is no fault but if it fails 
it indicates corresponding location as fault. Here the address 
location is indicated by fault row column address. That error is 
repaired by using must repair analyzer 

And corrected. Without asking additional time. The primary 
change between 64 bit and 32 bit  is the width of the address 
field, which has increased to 8 bytes from 4 bytes. So, evidently, 
more the number of address fields, pointers in our application, 
more is the  memory consumption in 64  bit. Here 64 bit con-
stitute 2 word i.e. time taken for transmitting a single word is 
about 5000 ns.when read operation matches write operation 
there is no fault. But if it fails it indicates corresponding loca-
tion as fault. Here the address location is indicated by fault row 
column address. That error is repaired by using must repair 
analyzer and corrected. Without taking additional time. Com-
pared to 32 bit the band width increased. The amount of data 
transmitted also increased. This can be used for large memory 
storage applications. No wastage of memory space.

VII.CONCLUSION
In this work importance of testing is done .with the increase of 
submicron technology the number of transistors is increasing 
day by day. Here word memory, for word memories BISR was 
also done, by BIRA approach. We can use a very powerful cam 
memory .which can be done in both 32 bit and a 64 bit memory. 
For example 64 bit can be implemented in laptops.32 bit can 
be implemented in computers. For 64 bit wide amount of data 
can be stored and transmitted. Bandwidth is more when com-
pared to 32 bit. In UART which has normal mode and testing 
mode. In testing mode it has different sub modes. If any fault 
or mismatch occurs BIST module can be easily detected. The 
LFSR replaces the function of an external tester and give 100 
percent fault coverage. Like that in first in first out, if it does not 
occur correctly fault appears. As a future enhancement we can 
implement BIRA&BIST to both UART &FIFO.Thus BIST is one of 
the promising solutions to testing and achieving good yield thus 
productivity increases.


