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Abstract

Area and test time are two major overheads encountered
during data path synthesis for BIST. This paper presents
an attempt towards testability enhancement in data path
BIST synthesis by considering two factors simultaneously.
It is achieved by incorporating two testability constraints
in data path synthesis. Experimental results are presented
to demonstrate the effectiveness of the proposed (data
path) BIST synthesis approach.

1. Introduction

Investigation of synthesis methods that take into account
BIST techniques has recently received attention from the
research community. These BIST-oriented approaches
usually assume the presence of a PRPG for test pattern
generation and a MISR for responses compression. The
modules which are required to perform a test (i.e., PRPG
and MISR) are known as test resources. Since the BIST
logic is combined with the system logic, opportunities
exist for the synthesis techniques to generate hardware that
can be shared by both the system and test operation,
resulting in improved performance and reduced cost.

Area and test time are major overheads encountered
when using BIST techniques. Approaches have been
proposed either towards the minimal (extra) area overhead
solution (MAOS), or the minimal test (application) time
solution (MTTS). Both approaches have merits and
limitations. In general, the area overhead of MTTS may be
too high and the test time of MAOS may be too long.
Neither is acceptable when both attributes are important.

The MAOS-oriented approaches focus on minimizing
area overhead. The basic approach is to maximize the
sharing of test registers resulting in a fewer number of
registers being modified for BIST [1-3]. The goal is to
reduce BIST area overhead without sacrificing the quality
of the test. The main limitation is the test time may be too
long. The MTTS-oriented approaches focus on exploiting
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test concurrency. The basic approach is to maximize the
test concurrency resulting a fewer test session [4]. The
goal is to reduce test time. The main limitation is the area
overhead may be too high.

MAOS-oriented approaches dominate current research.
A prime concern in BIST implementation is the area
overhead due to the modification of normal registers to be
test registers. One of the difficulties is the register self-
adjacency problem. To cope with it, methods have been
proposed either to avoid producing such self-adjacent
register [2] or to minimize the number of it [1] during
synthesis process.

The key aspect of this study is to propose an approach
to BIST resource optimization. This is formulated as an
0/1 integer linear programming. Experimental results on
academic benchmarks demonstrate the effectiveness of the
proposed approach.

2. Test Resource Optimization

The synthesis model used in this work assumes single-
cycle operations, individual register storage and point-to-
point multiplexer (MUX) connectivity.

Give a scheduled data flow graph (DFG) and a module
assignment, we exploit register assignment process with
the objective of minimizing the cost:

C= WIT +w, A (1)
where T and A represent test application time and test
resources cost, respectively. w; and w, are non-negative
weighting factors.

2.1 Data Path Behavioral Synthesis

The register assignment problem can be modeled as
coloring register conflict graph (RCG). A coloring of this
graph corresponds to a valid register assignment with each
color corresponding to a register. All nodes with the same
color can be mapped to the same register in the final
implementation.

We define the test resource sharing effectiveness E(v)
of a variable v as the sum of the number of modules for
which v is a PRPG-variable and the number of modules



for which v is a MISR-variable. We associate a E(v) with
each variable v (node in the RCG). Using this measure, the
assignment process can be guided by choosing merges that
result in large increases in the E(v) of registers. Details of
the metrics, and the algorithm which use it (to color the
RCQG), can be found in [8].

2.2 Structural Synthesis for BIST

The BIST resources minimization problem is to decide
which register to modify and the modes (PRPG, MISR or
BILBO) to add, in such a way that every module in the
given data path can be tested with minimal number of
registers being modified as test registers.

Consider a data path comprising m modules M*
(k=1,2,...,m) and r register R' (i=1,2,...,r). We associate
with each register R!, three integer variables, namely, RP,
R™ and R™. Each of them has a value of 0 or 1. In a BIST
solution, each register R' is either a normal register
(unmodified for BIST) or one type of a BIST register, i.e.
PRPG, MISR, or BILBO. This gives us the foliowing
constraint for every R,

R” +R" +R" <1 )]

As a BIST solution, any module M* should have at
least one input register act at pattern generator. It also has
at least one output register act as response compressor. A
PRPG or BILBO can be used to generate necessary test
patterns. An MISR or BILBO can be used to compress test
responses. This gives us the constraints for covering every
input port of M with a BIST register:

> (R* +R")21 (3)
and covering every output port of M* with a BIST register:
Z(Rim'i‘Rib)Zl (4)

- We associate a modification cost with each register:
C®, C™ and CP are costs of a PRPG, MISR and BILBO,
respectively. The total area of the test registers is:

A:i(cfp *Rip)+i(cim *Rim)-l-i(cih *Rib) (5)

The size of the ILP is linear with respect to the number of
registers and modules in the synthesized data path.

2.3 Optimized BIST Solution

If two modules share PRPG-resources, they can receive
test pattern simultaneously. If they share a MISR-resource,
they can not compress test responses concurrently. Hence,
sharing of MISR-resources increases test sessions. The
trade-off between the BIST resources sharing and the test
application time has to be made when using objective .

To make this problem more tractable, solutions for
objective (5) has to be partitioned into groups, only the
one with minimal test sessions is considered. The detailed
procedure can be found in [8].
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4. Experimental Study

We present some results on three high-level synthesis
benchmarks (the 2™ order differential equation DiffEq [5],
the Tseng’s DFG Tseng [6] and the auto regression filter
element AR_Filter [7]) in table 1.

Table 1. Experimental Results on Benchmarks.

DFG DifjEq Tseng AR_filter
Module Assignment | 1+, 2% 1- | 24, 1%, 1- | 4+, 8*

# Register 7 8 16

# MUX 26 31 48
# CBILBO 1 2 0
# BILBO 2 1 7

# PRPG 2 2 8

# MISR 2 2 1

5. Conclusions and Ongoing Work

In this paper, we exploited test resources optimization
during data path synthesis for BIST. A trade-off between
extra area and test application time was given. Approach
and experimental results were outlined. There are several
ways the presented approaches can be improved upon [8].

As part of our future work, the proposed test resource
optimization approach will be tested on more academic
(and industrial) benchmark circuits.
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