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INTERACTIVE EDUCATIONAL TOOL FOR MEMORY TESTING

ALBERTO BOSIO', STEFANO DI CARLO1, GIORGIO DI NATALE1,
MARIA FISCHEROVA TOMAS PIKULA MARTIN SIMLASTIK?
Polltecn/co di Torino, Corso duca degli Abru221 24, 1-10129 Torino, Italy
?Institute of Informatics, Dubravska cesta 9, 845 07 Bratislava, Slovakia

1. INTRODUCTION
Memories are one of the most important components in al systems like SoCs.

The high density of their cell array makes memoy ly vulnerable to
physical defects. Hence, memory testing and@e i lestbecame oneo

crucial tasks in the design of complex and g eois SoCs.
Politecnico di Torino and the Institute of Inf at \
field of RAM testing (i.e., automatic tes

3 aWIdeexper n
engration, fa
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of our research groups in de pi nteractive educa I for the

of memory

students that should introdu rd and well- kno

testing based on BIST.

The MemBIST Java A he March Test Sen re two individual
tools designed ar@g d at the two menti nstltutlons They were

merged into one t er to facilitat age also by the professionals.

d memory test
ing) Galloping, or
es of march like

but at present, most
use in testing of bif or |

stlng and Bis T architectures and generates the memory BIST (MBIST) structure
memory [3]. It consists of learning and generation modules.

2PLEARNING MODULE

The learning module deals with the explanation of the BIST method for RAMs,
presents its specific structure and functionality by an interactive animation. It is
divided into two parts — Learning and Exercise.

In the Learning part, the principles and components of MBIST are explained. It
starts with explanations of the memory model and the most common fault models
in memories (Figure 1). The next step is setting the address, data and control
multiplexer’s parameters. The control unit is divided into the March C- algorithm



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. 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 allows the user to define memory parameters — number of rows,
number of columns and memory cell bit-width. After defi the memory, the user
can inject faults into the memory. The user ca efine characteristic

polynomial and initial value of LFSR. The last

configured memory with injected faults. It ca
ion €dn be configure

manually control the simulation steps. Th
after the first detected fault or can be configuied t

detected faults.
2.2 GENERATION MODULE

The generation module aflaws ing the VHDL de
architecture startin st of parameters i by the student. The
parameters are t Ad-its memonycells, the characteristic
polynomial apd-se aults the march test has to cover.
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1. Learning module. Fig. 2. Generation module.

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

The MBIST architecture contains a 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 ordered sequence. The maximum-length sequence
depends on the selection of the characteristic polynomial which must be primitive.




All set parameters are considered in the generation of the BIST circuit, especially
its FSM. The results of the March Test Generator directly influence the VHDL
description of FSM within the memory BIST (Figure 3). The design of MBIST was
optimized for speed and area. The resulting VHDL is fully synthesizable in
commercial or freely available design tools and can be used as an example
implementation of memory BISTs in the educational process.
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redundant march test covering the selected faults. Each generated march test

sthen fault simulated to check both its coverage and to eventually optimize the
final test. Using the March Test Generator students can become familiar with one
of the most used memory test algorithm in the industry.

4. CONCLUSION

The MemBIST applet has been utilized in the educational process at the Faculty
of Informatics and Information Technologies of the Slovak University of



Technology. It has been regularly used for practical exercises in testing area as
new educational concepts 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 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 possibilities. Using such tools makes the course more attractive to the
students. Students’ opinions, remarks and suggestions
analyzed in order to improve the MemBIST modules
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