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BUILT-IN SELF TEST FOR

Abstract

The paper shows a march algorithm which per-
formed concurrently in each basic marching block
which makes up whole memory cell array. The new
parallel access method is very efficient in speed and
a very tiny hardware overhead for BIST circuitry is
required.

1 Introduction

With the progress in IC fabrication technology
and the growing need for large memories, the den-
sity of memory circuits has increased rapidly. The
test cost and the test time for semiconductor mem-
ories have grown significantly along with the grow-
ing density of memory chips. Several innovative test
algorithms for RAMs have been developed. In these
algorithms, either whole memory is read after chang-
ing the value of one ce!l or only the cell whose value
1s changed is read. And many researches about built-
in self test(BIST) of RAMs based on the march al-
gorithms have been reported [1,2]. However, each
march test has a test complexity of O(n) for an a-
bit RAM and requires a very large test time. As a
result, the conventional march tests are no longer ad-
equate for the large memories. Thus the technique
of parallel testing has been proposed as an alterna-
tive to overcome a very large test time required for
testing high density RAM:s.

In this paper, a new SRAM BIST architecture
with parallel testing technique has been designed,

and a new test algorithm based on marching has been
developed.

2 Test Methodology

The faults in SRAMs often occur in the memory
cell array, the address decoder, and the read/writc
logic [3]. The major fault models in the memory cell
array of SRAM can be categorized as follows: stuck-
at faults(SAFs), transition Jeults(TFs) and coupling
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faults(CFs) [4].  Address decoder faults(AFs) may
occur in the address decoder. In read/write logic,
some output lines of the sense amplifier logic or write
driver logic may be stuck-at 0 or stuck-at 1. In ei-
ther case, this fault can be considered as the
as stuck-at 0 or stuck-
array [2,3].

same
at 1 fault in the memory cell

To detect these faults in memories, a lot of algo-
rithms were developed and is still used in the indus-
try. One of the most popular algorithm is the March
tests. But with the conventional March test algo-
rithms which have the complexity of O(n), it takes
much time to test large size memories. In order to
reduce the test time, multiple cells should be tested
at a time by modifing the address decoder. With the
modified decoder, a write operation results in paral-
lel writing a logic value to all the locations selected
by the decoder. In read mode, only one word line
and multiple bit lines are selected, and the contents
of the cells accessed by the selected word line and
bit lines are read in parallel. The paralle] compara-
tor, which does not require a prior known reference
value, is used to determine whether all the accessed
cells have tke identical content. If due to some fault
a write operation on a cell fails or the contents of
some cells change, all the inputs to the compara-
tor are not identical. The comparator detects this
anomalous input and indicates the occurrence of a
fault. The modified address decoder has two input
words; a normal address word and a mask address
word. The decoder can be modified as in [5]. In.

this way, the mask address word allows one to
multiple cells at a time.

access
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A parallel comparator is shown in Figure 1.
The parallel comparator monitors the outputs of the
sense amplifiers of the selected cells by comparing
the output values. When any selected bit line has a
different value from the other bit lines in the selected
group, the output of the circuit will be 0 indicating
the occurrence of a fault. In the normal mode of
operation the comparator is isolated from the sense
amplifiers.
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Figure 1: Parallel Comparator

3 Test Algorithm

Suppose that the memory cell array consists
of /n bit-lines and \/n word-lines such that the
memory cells are organized into a /n x \/n two-
dimensional array. The memory plane can be
thought of as a set of small blocks. Let the block
consist of Vk x vk, where 0 < k < n. With the
mask address decoder the cells in the same position
in each block can be accessed and tested simultane-
ously. Then the test time can be reduced to the time
taken for testing a block. Let this block be a basic
marching block. The size of a basic marching block
is decided according to the fault cove.age, test time,
and the hardware overhead. '

March C- algorithm shown in Fig. 2 is adopted
to the proposed parallel BIST scheme. March C-
requires 10 x n operations and detects all SAFs, all
AFs, all TFs and all CFs [4,6]. With, the parallel test
scheme, the test time can be reduced. .

f(x0,wl);  f(r1,w0); Y(r0,wl); (r1,w0);

M 1 M2 3 Nl; M5 MG

Figure 2: March C- Algorithm

In test mode, the write operation of march ele-
ment M; can be carried out by increasing the nor-
mal address with the mask address fixed; all the
mask addresses are 1’s. The cells at the same po-
sition in each block are written simultaneously with
the value 0. Thus the write operation required for

" march element M; is the same as the number of cells

in the basic marching block. The number of opera-
tions required for the march elements Mz, M3, M4
and Ms can be calculated easily because they require
the identical number of operations. The read oper-
ation requires more accesses to the memory arrays.
Note that in this test scheme, only the cells shar-
ing the same word line can be read simultaneously.
Thus the row normal addresses are not masked and
the number of read operations are several times the
number ‘of write operations. The operations for the
march element Mg can be thought of as same as the
read operation in the marchelement M. The total
number of oper‘ations required to test a v/n x \/n
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memory which consists of V& x vk basic marching
blocks is calculated as 5 x vk x (\/E—i— ﬁ) The

complexity would be varied by the variable k.

The variable k also affects the fault coverage. The
SAFs and TFs are 100% detected but in case of the
AFs and CFs the fault coverage is slightly lower than
that of the conventional March C- algorithm. This
problem arises because the coupling between the cells
which are in the same position in each block. There-
fore the fault coverage is reduced to 100(1-1/2)%.
However if the variable k is large enough then the
fault coverage would be above 99.9%. For example,
consider a 4M bit memory consists of 64k bit basic
marching blocks. Then the fault coverage will be
99.998%.

4 BIST Architecture

The implemented BIST architectures to perform
March C- in parallel should generate the appropriate
address sequences and data to be read or written. To
distinguish the normal address bits(logan) and the
masked address bits 1/2(logz (n/k)), two up/down
synchronous counters, BMBAG and MdAG, shown
in Figure 3 and Figure 4 respectively, are used.
In the test ‘mode(T'M), 1/2(log2(n/k)) bits of the
column address bits are always masked. But the
same number of bits of the row address are masked
only in write operations. So MdAG which gener-
ates these row address bits for read operations in
the test mode is required. MdAG generates the
higher 1/2(log2 (n/k)) row address bits and the lower
1/2(log2k) row address bits can still be generated
by BMBAG in read operations. This approach us-
ing two counters solves the problem of the difference
of the number of read and write operations which ~
could result in a complex control logic in case of us-
ing only one counter. In Figure 3 and Figure 4,
the added bits such as I/D, A, B, and C are used
to generate control signals. Only these signals and
the generated clock signal are needed with the inde-
pendence of the memory size. These signals indicate
that which march element to be performed, that the
current operation should be a read operation or a
write operation, and that the next address to be a
increased value or a decreased value. The mask ad-
dress generator( MAG) is shown in Figure 5. All
mask column address bits are always 1’s in the test
mode to mask 1/2(logz (n/k)) bits of the column ad-
dress. However, the mask row address is in value
of 0’s in order not to mask 1/2(logz (n/k)) bits of
the row address when the read operations(RM) are
performed in the test mode as shown in Figure 5.
The data generator and the fundamental signal gen-



erator to generate the BIST control signals can be
easily designed.
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Figure 3: Basic March Block’ Address Generator
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Figure 4: Masked Row Address Generator
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Figure 5: Mask Address Generator

5 Results and Conclusion

In the previous sections, the parallel testing
methodology and the BIST architecture has been
presented. By using parallel testing technique, the
test time can be reduced to a great extent. The pro-
posed algorithm can test an \/n x \/n RAM which
consists of vk x vk basic marcliing blocks in @

(5xVEx (\/; + \/ﬁ)) time. Table 1 shows the num-

ber of operations required for different block sizes.
The number of the additional transistors and the
fault coverage loss for different block sizes are shown

in Table 2. The total hardware overhead becomes

(201ogy k + 23.5log, n + 291). The fault coverage
loss results from the undetectable coupling faults be-
tween the cells at the same position in each block.
Note that the proposed parallel test method is much
more faster than the conventional March C- algo-
rithm and as the RAM size increases by a factor of
4, the test complexity increases by a factor of 2 and
3

the hardware overhead in the BIST architecture in-
creases only by 47 transistors.

Thus this architecture can be efliciently used for
ultra high density memories and can be modified a
little to speced up the other march algorithms. The
fault coverage loss which is proportional to the in-
verse of the Llock size is very small and can be neg-
ligible.

Block The Number of Operations
Size AM_ | 16M | 64M | 256M
64K 2.93M | 557TM | 10.81M | 21.29M
256K 6.55M | 11.79M | 22.28M | 43.25M
1M 15.73M | 26.23M | 47.18M | 89.12M
March C— || 41.94M | 167.77TM | 671.08M | 2.68G

Table 1: The Number of Operations

Block || The number of Added TRs | Fault Coverage
Size 4M l 16M J 64M I256M Loss

64K 1128 | 1175 | 1222 | 1269 0.001526 %
256K || 1168 | 1215 | 1262 | 1309 0.000381 %
M 1208 | 1255 | 1302 | 1349 0.000095 %

Table 2: The Hardware Overhead and the Fault Cov-
erage Loss -
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