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A tool for teaching memory testing based on BIST

Maria Fischerova', Tomas Pikula', Martin Simlastik',
Alberto Bosioz, Stefano di Carloz, Giorgio di Natale?

! Institute of Informatics, Dubravska cesta 9, 845 07 Bratislava, Slovakia
’Politecnico di T orino, Corso duca degli Abruzzi 24, I-10129 Torino, Italy

ABSTRACT: The paper presents a tool that explains and
demonstrates the essentials of RAM testing and memory
built-in self-test. It also generates the BIST structure for the
given memory matrix together with a march test which is
provided by the march test generator according to the
defined list of faults. The developed system was implemente
as a Java applet what means its good compatibili
regarding different hardware and operating 59
platforms, its safety and accessibility while it is pl
Internet. The presented tool has been util
educational instrument in laboratory works.

1 Introduction

digital systems like sysf
vulnerable to physical de¥

high skills in memory testin
needs to fulfil this requirement

¢’of the joint experience of
developing an interactive

uidt-in self-test (BIST).

lividual tools, MemBIST and the March Test
Generator, des1gned and implemented at the two above-
mentioned institutions were merged into one tool in order
to facilitate its usage also by the professionals.

2 MemBIST

The operation and testing of memories are different from
logic. Memory testing needs special testing algorithms to
generate the required memory test patterns (a sequence of
write logical 0/1 and read logical 0/1 operations) since
many fault models have to be covered. Many testing
algorithms were developed in the past (e.g., Zero-one,
Walking, Galloping, or Checkerboard patterns) but at
present, mostly many types of march like algorithms are

or [4]. The developed and implemented
f two separate modules — Learning and

m, explains the BIST method for
its specific structure and
ive animation. It is divided into

ault_#models in memories (Figure 1). The next step is
sefting the address, data and control multiplexer’s
parameters. The control unit is composed of the March C-
algorithm (Figure 2) and an address generator. The March
C- algorithm can be implemented as a finite state machine
(FSM). As the address generator, the linear feedback shift
register (LFSR) was chosen, due to its easy hardware
implementation (Figure 3). The user can define the
characteristic polynomial and the initial value of LFSR
and observe the generated patterns. The last explained
component of MBIST is a comparator of fault-free value
with the output of the memory.

The Exercise part illustrates the testing performance of
March C- algorithm during fault detection and
localisation of an injected fault. First, the user defines
memory parameters — the number of rows, the number of
columns and the memory cell bit-width. After defining
the memory, the user injects selected faults into the
memory matrix and then defines the polynomial and the
seed of LFSR. The last step is the simulation of the
configured memory with injected faults (Figure 4). It can
run automatically, or the user can manually control the
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be eonfigured to stop

until the end to

iven tested memory. There are
the module. The size and

either typeq \directly into the module dialog window or
inserted in the form of a VHDL entity. The another
parameters, which have to be set in the following dialog
windows, are the characteristic polynomial and the seed
for LFSR, and the type of faults the march test has to
cover.

The generator can build the BIST circuit for single
port memories of arbitrary size (preferably the size of 2M).
As the BIST architecture is based on shifting, the tested
memory can even be word-wide [1].

The MBIST architecture contains the type-1 (external-
XOR) LFSR, which is responsible for the address
generation. This type of LFSR was chosen due to the
possibility of generating the maximum-length address
sequence including the all-zero pattern and its reverse

The maximum-length sequence
13 on the selection of the characteristic polynomial
ust be primitive.

An important issue of using the BIST architecture is
an efficient test, which has to guarantee the high fault
coverage with minimal area overhead and performance
penalty. The user selects the fault types from the list of
classic fault models typical for memories or defines own
fault models using the fault primitive’s formalism (Figure
5) [5]. The march test covering selected faults is then
generated by the March Test Generator [6].

All set parameters are considered in the generation of
the BIST circuit, especially its finite state machine (FSM).
The results of the March Test Generator directly influence
the VHDL description of FSM within the memory BIST.

The output of the presented tool is a hierarchical HDL
description of the generated BIST blocks - components
(address generator, test generator, control logic, output
response compactor and analyser) for the tested RAM on
the behavioural level (Figure 6).

The resulting VHDL code can be simulated in
commercial VHDL simulators (e.g. ModelSim) and is
fully synthesizable in commercial or freely available
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Fig. 5. MemBIST Generation module — fault list selection.

design tools. It can be used as an example implementation
of the memory BIST in the educational process.

The hardware design languages like VHDL ai
Verilog are the industry standards used for hard
modelling from the abstract to any particular le

. Lmultiple port memories
it of faults to be tested, the March Test

ult simulated to check its coverage and to
thally optimize the final test.

Using the Margi Generator students can become
familiar with of st used memory test algorithm

e emBIST tool has been utilized in the
caffpnal process at the Faculty of Informatics and
Inferfation Technologies of the Slovak University of
Technology. It has been regularly used for practical
exercises in the testing area as a new educational concept
at the lab works in the basic course Diagnostics and
Reliability of Digital Systems for undergraduate students,
in the advanced course Testing of Digital Systems for

E Fault Models j graduate students and in diploma works. The Web-based
applet simulates the learning subject in a well illustrative
graphical form that is self-explanatory, takes the
advantage of learning by doing and involves interaction
h 4 possibilities. Using such tools during the laboratory works
March Test March Tests II makes the course more attractive to the students.
Simulator | [€ In a similar way the same tool has been used at

comparing the interest of students with regard to the

Generator Students’ opinions, remarks and suggestions have been
Politecnico di Torino during lab sessions of the course
Fig. 7. March Test Generator. previous editions of the same course not using the

targeting different set
proposed [10]. Most ¢
hand, but with thx

fiefation process starts from the

Fault Graph
Generation

gathered and analysed in order to improve the MemBIST
Digital Systems Dependability for master students of

Fault modules.
March Test Electronics and Computer Science Engineering. By




MemBIST applet, more interest gained from the
possibility of applying theoretical notion was explained
during lectures on real test cases.

MemBIST is the part of a tool set for understanding
testability methodologies as the BIST (deterministic TPG
construction based on LFSR and CA, signature
compaction techniques, test response analysers) and DfT
techniques (compliant with the recommended IEEE
standards) that has been developed and implemented at
the Institute of Informatics (Figure 8) [11], [12].

Since the tool set is freely accessible on Internet [13],
teachers and students from other technical universities are
also encouraged to exploit the modules in the teaching
and learning process.

The work on MemBIST will continue with
implementing the neighbourhood pattern sensitive fault
model and the particular algorithm that is based on
Eulerian or Hamiltonian sequences for detecting
neighbourhood pattern sensitive faults. Further applet
improvement resides in the optimisation of the generat
VHDL code in terms of speed and area. The MemBIS
learning module should also contain some exer
localisation of hidden faults (stuck-at, b
coupling) in the memory matrix with {espe
behaviour of the memory cells.
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* Introduction

an be g , an,
dA@vels of preformance (e.g. ) b
finag-chst budget and time scale.” (R.G. Bennetts, Design of Testable Logic
on-Wesley, 1984).

in such a way

* Methods Y
n methods developed to improve the testability of designed drcuits/systems are:
1. design for testabllity (DfT)

- heuristics (ad hec metheds) - including test points into the circuit (it requires very
good design knowledge and skills);
- structure or "scan" metheds - can be divided into external and internal. These are
also the [EEE standards 1149.1 "Test Test Access Port and Boundary-Scan
Architecture” and P1500 "Embedded-core Test"

™

. bullt-in self-test (BIST) for logic and memory dircuits
The aim of these methods is a hardware realisation of a built-in test generator and of a
test result evaluation. The advantages of BIST are at-speed testing and low testing
cost.

* Web-based tools
Some DT standards and BIST

Mentor Graphics, Synopsis).

The offered products - BIST applet, MemBIST applet and Wrapper applet, developed
at our research Institute, can help to gain knowledge and skills of known and often used DfT
and BIST methods.

are parts of pi CAD tools (e.q.

Web-based tools for testing (c) Institute of Informatics SAS
Contact: Elena Gramatovd, elena.gramatova@savba.sk

u Institute of
Informatics

[ = & o] =

Fig. 8. Set of testability tools.

References
[1] AJ. van de Goor, “Testing Semiconductor
Memories, Theory and Practice”, ComTex

Publishing, Gouda, The Netherlands, 1998.

[2] R.D. Adams, “High Performance Memory Testing.
Design Principles, Fault Modeling and Self-Test,”
Kluwer Academic Publishers, Bostom / Dordrecht /
London, 2003.

[3] M.L. Bushnell, V.D. Agrawal, “Essential of
Electronic Testing for Digital, Memory and Mixed-
Signal VLSI Circuits”, Kluwer Academic Publisher,
Bostom / Dordrecht / London, 2000.

evova, M. Simlastik, “MemBIS

EEE VLSI Tes

A. Benso, S. Carlo, G. Di Natale, P.

Prinetto, March tests generation for
static afd dydami¢ faults in SRAMs”, 10th IEEE
Eu Symposium, May 22-25, 2005,
Talli nia, pp. 122—127.

“VLSI Testing Digital and Mixed
alogue/Digital Techniques”, The Institution of
ectrical Enginegrs, London, United Kingdom,

1998.

A.L Crouch,&]

n for Test for Digital IC’s and
-ms”, Prentice Hall PTR, New

, IKEE Design & Test of Computers, pp. 8—

—_

. van de Goor, B. Smit, “Automatic verification

March Tests”, IEEE International Workshop on
Memory Technology, Design and Testing, 1993,
pp-131-136.

[11] M. Balaz, T. Pikula, R. Lauko, M. Fischerova, E.
Gramatova, “eLearning and eTraining Tools for
Testability Techniques of Digital Circuits and
Systems”, 5th International Conference Virtual
University, Bratislava, Slovak Republic, December
16-17, 2004, pp. 95-100.

[12] M. Balaz, E. Gramatova, T. Pikula, M. Fischerova,
“eTool for Teaching and Application of Digital
System Testability Techniques”, IEEE Region 8
EUROCON 2005 Conference, Belgrade, Serbia and
Montenegro, 2005, pp. 831-834.

[13] www.ui.sav.sk/diag/tools/testability.html



