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ABSTRACT: - A program to implement Circular BIST for any circuit described
in Auburn Simulation Language (ASL) has been developed. Circular BIST has been
implemented for the circuit S5378 and the fault simulation results have been analyzed.
The code is written in ‘C’- Language and ASL tools have been used to convert the circuit
net list from HITEC to ASL. Fault simulation is performed using Auburn University
Simulator (AUSIM).

INTRODUCTION:-

The basic idea of BIST is to make the circuit test itself. The difficulty to test the
VLSI chips has been increasing continuously. The number of I/O pins for most VLSI
devices has increased by an order of magnitude where as the number of transistors has
increased by four orders of magnitude. In-circuit testing of most circuits became
infeasible because of the introduction of the surface mounted components, where the
components are placed on both sides of the Printed Circuit Board (PCB). The cost of the
test equipment is increasing as they are required to handle larger no. of I/O pins, higher
operating frequencies, and are required to generate larger sets of test vectors. All the
above mentioned difficulties can be minimized by the implementation of BIST in the
circuits.

In order to implement BIST we need to include extra circuitry. The extra circuitry
consists of Test Pattern Generator (TPG), to generate the test patterns, the Output
Response Analyzer (ORA), to compact the test results and the Test controller to control
the test.

BASIC BIST ARCHITECTURES:-

Built-in Logic Block Observer (BILBO) was the first BIST approach that was
proposed and was widely used. Its architecture is as shown in the fig.1. This BIST
structure was implemented by converting the normal flip-flops in BILBO flip-flops. The
BILBO structure is used both as a TPG and ORA. This can be operated in four modes of
operation as given in table 1.
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Fig. 1 Built-in Logic Block Observer



B2 | B1 | Mode of Operation
010 Shift (scan) mode
0 | 1 | MISR (BIST) mode
1 | 0 | Initialization Mode
1 |1 System mode

Table 1. Modes of operation of BILBO

The application and operation of BILBO is shown in fig. 2. BILBO is a test-per-clock

BIST architecture.

Primary,Inputs

cuT

A

| Flip-Flops I

Combinational
Logic

Flip-Flops

Primary Outputs

Prr'mmj'[]np.fm

CcuT

BILBO-TPG

Combinational
Logic

BILBO-MISR

Primary Outputs

Fig. 2 Simple BILBO application to a CUT

This approach has been modified into a test per clock Circular BIST approach by
connecting all the flip-flops in the form of a circular chain and operating the flip-flops in
the BIST mode. And the basic flip-flop architecture has been slightly modified from the

initial one.

Three different circular BIST approaches have been proposed. They are Circular

Self-Test path (CSTP), Simultaneous Self-Test (SST) and Circular BIST.
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(a) CSTP flip-flop and modes of operation
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(b) SST flip-flop and modes of operation
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(¢) Circular BIST flip-flop and modes of operation
Fig 3. Comparison of circular BIST flip-flops

The basic idea of all these approaches is to partition the circuit into flip-flops and
combinational logic and the flip-flops are augmented with additional logic to operate in
BIST mode to test the circuit.

The circular BIST approach forms a large Multiple Input Signature Register
(MISR) structure connecting all the flip-flops in the circuit. The output of the MISR for
the current cycle will be applied as the input for the next cycle. As we are using an MISR
the output responses are also being compacted simultaneously. The circular feed back
path is equivalent to a characteristic polynomial P(x) = x" + 1, where ‘n’ is the number of
flip-flops.

AREA OVERHEAD DUE TO FLIP-FLOPS:-

The area over head for CSTP flip-flop is an ex-or gate and a multiplexer. It has an
overhead of 7 gates, if we assume a 2-to-1 multiplexer is made up of 3 elementary logic
gates and an ex-or with 4 gates. The main disadvantage is that it does no have scan mode.
The area overhead for SST flip-flop is 9 gates and for Circular BIST flip-flop is 6 gates.
The circular BIST approach has the lowest area overhead and it has 4 possible modes of
operation including scan and initialization mode.

MY WORK:-

The Circular BIST approach has been used, for implementing the circular BIST
for s5378, as it has the lowest area and highest flexibility (not required for this project).
All the flip-flops, outputs and inputs of the circuit have been replaced by the circular
BIST flip-flop shown in fig. 3c. .

PROCEDURE TO IMPLEMENT CIRCULAR BIST:-
1) The file in ‘bench’ format has to be converted in to ASL file. This is done using

the tools provide by Dr. Stroud, the command is
~strouce/bin/isc2asl name.bench, name.asl file is created.



2) Circular BIST can be implemented by executing the provided program. This can
be done using the commands
cc name.c , An executable a.out is created, then the command
a.out name.asl cbistname.asl (name.asl is the input ASL file and
cbistname.asl is the output ASL file with the Circular BIST inserted).

3) After the Circular BIST has been implemented, fault coverage by implementing
the Circular BIST has to be calculated. Fault coverage can be calculated by using
fault simulation.

Procedure to perform Fault Simulation using ASL:-

a) The vector file (cbistname.vec) has to be created with the no. of inputs + 2. The
two additional inputs are the control lines to control the operation of the circuit.
The no. of vectors decide the no. of cycle for which the circuit has to be run in
BIST mode.

b) The control file (cbistname.cnt) has to be created. This file contains the
commands to generate fault list and perform the logic and fault simulation. (Once
the fault simulation has been done, we can find the fault profile).

EFFICIENCY OR COVERAGE :-

As the circuit is a sequential circuit, the test generation is difficult when compared
to the combinational circuit. So, the vectors produced by HITEC do not give good
enough fault coverage because of the difficulty in controlling the state of the flip flops.

ADVANTAGES:-
The testing is performed by the BIST circuitry at the system clock frequency; this
helps in the detection of delay faults also.

POSSIBLE IMPROVEMENTS:-

Once full circular BIST has been implemented, the program can be modified to
implement partial circular BIST. By implementing partial circular BIST, we can remove
the BIST flip-flops in the critical paths and reduce the delay overhead.

CONCLUSION:-

Circular BIST gives better fault coverage for this circuit than the fault coverage
with vectors produced by HITEC. The fault coverage is not too high when the circuit is
operated for 10,000 cycles in BIST mode. From the fault profile, we can notice that the
first 250 vectors (500 cycles) detect around 2900 faults where as the next 9,750 vectors
detected only 500 faults. Because we cannot apply deterministic vectors as inputs, we
cannot achieve the required fault coverage within limited no. of clock cycles. Hard to
detect faults take more amount of test time, this is one of the main problems associated
with BIST. The fault coverage can be improved and the test time can be reduced if we
use the scan mode of operation in between BIST cycles.



RESULTS:-

The fault coverage of HITEC can’t be compared with that produced by ASL
because they use different algorithms for collapsing the faults. The fault lists provided by
the two do not match. The fault coverage statistics of HITEC are presented just for
comparison. There are separate tests to test the scan chain, so the faults present in the
scan chain are removed when the fault simulation is performed with circular BIST
included.

Fault Coverage achieved using HITEC:-
Total No. of faults present: 4603

No. of faults detected: 3146

No. Undetected Faults: 1379

No. of Potentially Detected Faults: 78
No. of redundant faults: 166

No. of aborted faults: 1291

Coverage: 0.6385

No. of vectors generated by HITEC: 8§94

Fault Coverage achieved when Circular BIST was implemented and the circuit was
executed for 10,000 Clock cycles (Excluding faults in BIST flip-flops):-

No. of collapsed faults: 3905

No. of faults detected: 3409

No. of undetected faults: 496

Fault coverage: 0.87

Fault Profile:-

Vecnum — Vector Number, Each vector is counted twice so that it is applied for both the
low and high states of the clock

Numflts — No. of faults

Cumm — Cumulative number of faults

Fault detection 24 93 1445 48 22 1939
distribution 26 84 1529 50 13 1952
vecnum numflts cumm 28 63 1592 52 24 1976
6 356 356 30 64 1656 54 17 1993
8 163 519 32 39 1695 56 18 2011
10 243 762 34 38 1733 58 23 2034
12 121 883 36 36 1769 60 10 2044
14 103 986 38 34 1803 62 9 2053
16 90 1076 40 22 1825 64 5 2058
18 926 1172 42 27 1852 66 8 2066
20 86 1258 44 20 1872 68 32 2098
22 94 1352 46 45 1917
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