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Abstract— In a BIST design, the generation and application of the test vectors and the analysis of the resulting
response are part of the circuit (or system) under test. Weighted pseudorandom built-in self- test (BIST) schemes
have been used to reduce the number of test vectors for achieving complete fault coverage in BIST applications. 3weight pattern generation uses only three weights, 0, 0.5 and 1. An accumulator-based 3-weight test pattern
generation scheme is presented that tests the MAC unit with different multiplier such as Vedic Multiplier, Booth
multiplier, Array multiplier and different adders such as Carry look ahead adder, Ripple carry adder; the proposed
scheme generates set of patterns with weights 0, 0.5, and 1. Comparison is done based on the speed of operation of
MAC with all these three types of multipliers and finally we carried out BIST with proposed Accumulator Based 3Weight Pattern Generation by changing the adders used in the MAC.
Keywords— VLSI testing, weighted test pattern generation, Built-in self-test (BIST), Carry Select adder(CSA), Carry
look ahead adder (CLA), Ripple carry adder (RCA).
I. INTRODUCTION
In recent years, developing BIST for all type types of design by reusing the design components has become one of
the greatest challenges in very large scale integration (VLSI) design. Pseudorandom built-in self test (BIST) generators
have been widely utilized to test integrated circuits and systems. The pseudorandom generators includes, linear feedback
shift registers (LFSRs) [1], cellular automata [2], and accumulators driven by a constant value [3]. Large number of
random patterns has to be generated before high fault coverage is achieved. Therefore, the proposed pseudorandom
pattern uses inputs that are biased by changing the probability of a ―0‖ or a ―1‖ on a given input from 0.5 (for pure
pseudorandom tests) to some other value. And also, the power consumed during test mode operation is always much
higher than during normal mode operation.
Multiple weight assignments utilize weights 0, 1, and 0.5 to minimize the hardware implementation cost. This
approach boils down to keeping some outputs of the generator steady (to either 0 or 1) and making the remaining outputs
to change values (pseudo-) randomly (weight 0.5).Current VLSI circuits, e.g., data path architectures, or digital signal
processors commonly contain arithmetic modules [accumulators or arithmetic logic units (ALUs)]. This has led to the
idea of arithmetic BIST (ABIST) [4]. The basic idea of ABIST is to utilize accumulators for built-in testing and also it
has been shown to result in low hardware overhead and low impact on the circuit normal operating speed [4]–[10]. In [5],
accumulator-based test pattern generation scheme that compares favorably to previously.

Fig1. Block Diagram for BIST
In [12], it was proved that if the input pattern is properly selected then the test vectors generated by an accumulator
whose inputs are driven by a constant pattern can have acceptable pseudorandom characteristics. An accumulator-based
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weighted pattern generation scheme was proposed in [12], to overcome this problem. In order to reduce the test
application time in accumulator-based test pattern generation one of the three weights, namely 0, 1, and 0.5 were used.
However, the scheme proposed in [12] possesses three major drawbacks:
1) The adder used in the accumulator must be a ripple carry adder only.
2) Redesigning and modification of accumulator is required, which increases cost and requires redesign of the
core of the datapath that is generally discouraged in current BIST schemes.
3) The normal operating speed of the adder is affected which increases delay.
This paper is organized as follows. In Section II, the concept of the accumulator-based 3-weight generation is
presented. In Section III, the design methodology of MAC unit utilizing different multiplier and adders are
presented. In Section IV, the proposed scheme is compared with the previously proposed ones w.r.t area and also
comparison done based on the speed of operation of MAC unit. Finally, Section V concludes this paper.
II. ACCUMULATOR-BASED 3-WEIGHT PATTERN GENERATION
A. Weighted Pattern Testing
Weighted pattern testing is performed by weighting the signal probability (probability that the signal is a ‗1‗)
for each input to the CUT. Two issues in weighted pattern testing are what set of weights to use and how to generate the
weighted signals. For computing weight sets, many techniques have been proposed. It has been shown that for most
circuits, multiple weight sets are required to achieve sufficient fault coverage. For BIST, the weight sets must be stored
on-chip and control logic is needed to switch between them which can result in a lot of overhead. In order to reduce the
BIST overhead for weighted pattern testing, researchers have looked for efficient methods for on-chip generation of
weighted patterns.
B. 3-weight pattern generation
The implementation of the weighted-pattern generation scheme is based on the full adder truth table, presented in
Table I. From Table I, we can see that in lines #2, #3, #6, and #7 of the truth table, Cout = Cin. So, to transfer the carry
input to the carry output, it is enough to set A[i] =NOT (B[i]). The proposed scheme is based on this observation.
Table I Full Adder Truth Table

The implementation of the proposed weighted pattern generation scheme is based on the accumulator cell presented.
in Fig.2, which consists of a Full Adder (FA) cell and a D-type ﬂip-ﬂop with asynchronous set and reset inputs whose
output is also driven to one of the full adder inputs. In Fig. 2, we assume, without loss of generality, that the set and reset
are active high signals. In the same Fig.2, the respective cell of the driving register B[i] is also shown. For this
accumulator cell, one out of three conﬁgurations can be utilized. Here we present these conﬁguration that drives the CUT
inputs
 For A[i] == 1 is required. Set[i] =1 & Reset[i] = 0 hence A[i] = 1 & B[i] = 0. Then output =1.
 For A[i]=0 is required Set[i] = 0,Reset[i] = 1,A[i] =0, B[i] =1.Then output = 0.
 For A[i] =‘--‘ is required Set[i]=0,Reset[i]=0, register B is driven by either 1 or 0, depending on the value that
will be added to the accumulator inputs in order to generate satisfactorily random patterns to the inputs of the
CUT.

Fig 2.Accumulator cell
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III. MAC UNIT
Multiplication is the most important fundamental arithmetic operation. Multiplication-based operations such as
Multiply and Accumulate(MAC) is shown in Fig.3 and inner product are among
some of the frequently used
Computation- Intensive Arithmetic Functions(CIAF) currently implemented in many Digital Signal Processing
(DSP)applications such as convolution, Fast Fourier Transform(FFT), filtering and in microprocessors in its
arithmetic and logic unit. Since multiplication dominates the execution time of most DSP algorithms, so there is a need
of high speed multiplier. Currently, multiplication time is still the dominant factor in determining the instruction.
basic multiplier can be divided into three parts i) partial product generation ii) partial product addition and iii)
final addition. In this paper we present three types of methodology for multiplication and two types for addition.
Here we develop
 Array multiplier.
 Booth multiplier
 Vedic multiplier.
 Carry look ahead adder.
 Ripple carry adder.
Finally we compare the speed of MAC with all these three types of multipliers and adder in Table III and finally
we carried out BIST with proposed accumulator Based 3-Weight Pattern Generation by changing the adders used in the
MAC.

Fig 3.MAC unit
IV.
PROPOSED SYSTEM ARCHITECTURE
The proposed system architecture is shown in Fig 4.The number of test patterns applied by [12] and the proposed
scheme is the same, since the test application algorithms that have been invented and applied b y previous researchers,
e.g., [13], [14], [15] can be equally well applied with both implementations. Therefore, the comparison will be performed
with respect to: 1) the hardware overhead and 2) the impact on the timing characteristics of the adder of the accumulator.
Table II, presents the proposed scheme is compared with the previously proposed ones w.r.t area.
Both schemes require a session counter in order to alter among the different weight sessions; the session counter
consists of log2k bits, where k is the number of test sessions (i.e., weight assignments) of the weighted test set. The
scheme proposed in [12] requires the redesign of the adder; more precisely, two NAND gates are inserted in each cell of
the ripple-carry adder. In order to provide the inputs to the set and reset inputs of the ﬂip ﬂops, decoding logic is
implemented, similar to that in [14]. For the proposed scheme, no modiﬁcation is imposed on the adder of the
accumulator.
Table II, Compares the proposed Accumulator with previously designed Accumulator without redesigning.
TABLE II Comparison of Hardware Overhead

The simulation results for Accumulator based 3 weight pattern generation and the MAC unit using Vedic multiplier &
CLA is respectively shown below.
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Fig 4.Accumulator-Simulated output

Fig 5.Simulation of MAC unit using Vedic Multiplier and Carry look ahead adder

Fig 6.Proposed Accumulator architecture
Table III, Compares the operation speed of MAC Unit using different configurations in terms of frequency.
TABLE III Speed Analysis of MAC Unit using different configurations

V.
CONCLUSION
An accumulator-based 3-weight (0, 0.5, and 1) test-per-clock generation scheme, which can be utilized to
efficiently generate weighted patterns without altering the structure of the adder. Accumulator-based 3-weight
pattern generation technique indicate that the hardware overhead of the proposed scheme is lower (≈26%), while at
the same time no redesign of the accumulator is imposed, thus resulting in reduction in test application time.
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MAC (multiplier accumulator control unit) is been designed and the accumulator is been reused as BIST, which
is available in MAC unit to test that design. The proposed Accumulator based 3-weighted pattern generation is used with
both RCA and CLA of adders in order to generate the pattern.
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