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V. CASTRO ALVES, M. S. LUBASZEWSKI, M. NICOLAIDIS
and B. COURTOIS

Key words: integrated circuits, VLSI, aplication-specific integrated circuits, computer storage devices, circuit testing, embedded random access
storage, built-in self test, fault models, boundary scan, test algorithms, self-checking circuits

Abstract: In this paper we present a general BIST scheme for the test of memories (single and multi-port) embedded in very complex ASICs. A
simple BIST circuit driven by the |IEEE standard for the Boundary Scan is shared by all the memories that are tested simuitaneously. The area
overhead is greatly compensated by the test development time reducation and the link with boundary.

Vgrajen samotest viozenega pomnilnika z veckratnim dostopom

Kljuéne besede: vezja integrirana, VLSI vezje, ASIC vezje, pomnilniki radunalniski, preskudanje vezij, RAM vstavijeni, BIST testiranje, modeli
napak, skaniranje robno, algoritmi testni, vezja samokontrolna

Povzetek: V ¢lanku je prikazan sploden pristop k realizaciji vgrajenega samotesta pomnilnikov z enojnim ali veékratnim dostopom vioZenih v zelo
kompleksna ASIC vezja. Preprosto vezje za vgrajen samotest, ki ga krmili IEEE standard za robno skeniranje, je primerno za testiranje vseh
spominov hkrati. Povecana povrsina je kompenzirana s skrajSanjem razvoja testnega programa in izboljSanjem povezave z robom vezja.

1. INTRODUCTION standard for the Boundary Scan (BS) (MAU 90) is
shared by all the memories that are tested simulta-
neously. Although the application of such a circuit is
exemplified herein for a memory set, it is also suitable
for the go/no-go test of any functional blocks set whose
checking scheme is based on signature analysis. Pro-
vided that the proposed scheme supplies compact re-
sponse for the BIST of the entire circuit, its use will lead
to a more efficient way of carrying out the testing of the
individual ICs on the board.

Testing VLSI circuits is one of the great challenges that
IC designers and test engineers are facing nowadays.
As RAM generators are being introduced in most of the
existing ASIC libraries, many IC designers use em-
bedded memories as macrocells. Moreover, multi-port
RAMs are now widely used as embedded memories in
telecommunication ICs and multi-processor systems.
The testing of these memories is getting more important
sincethey are often embedded in high gate-count ASICs
requiring short test development time due to time to

market delay requirements. A complete test of an em- Il. RAM FAULT MODEL

beded RAM can bring two problems: increase the test

length as well as the test development time. This is due Some recent work have introduced new specific fault
to the fact that it may be difficult to reach data, address models for multi-port RAM testing in order to achive a
and control signals from external pins and that it could high quality test. They are:

also be hard to run the test of the embedded RAM
concurrently with the test of another block of the circuit.
If one considers that in practice, an ASIC design may

~— shorts between word lines and bit lines (resp.) of
different ports (NAD 80)

have more than one embedded memory, and that some — complex coupling (CAS 91), where the simulta-
can be multi-port RAMs, it is easy to understand that neous, transition which is possible in multi-port
powerful DFT and BIST techniques are needed in such RAMs, of two or more cells (say cells C1, Cp, ..., Cn)
cases. Many authors have preposed built-in self-test can influence a cell Co in the memory array, even if
schemes for embedded single or dual port RAM testing the sigle transitions of cells C1, C2, ..., Cn do not
(SUN 84) (SAL 87) (NAD 90) (SAS 90) (RIT 91), and influence Co.

recently some authors have proposed other schemes

that include some interface with a boundary scan chain Fault models containing complex coupling faults ensure
(KRI'91) (RIJ 91). In this paper, we present an efficient a very high quality test at the expense of an increase of
BIST scheme for the test of embedded single and multi- the test complexity. In the following, we will assume that
port RAMs. A simple BIST circuit driven by the IEEE the fault model, as they were defined for single port
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RAMs in (MAR 82) or (SUK 81), are sufficient to ensure
the detection of most of the faults occuring in multi-port
RAMs. We will see later that some topological restric-
tions must be considered in order to use properly this
kind of model. Marinescu, for example, uses the follow-
ing fault model:

— memory cell stuck-at

transition fault

— decoder and read/write logic faults

idempotent coupling faults

Initially, coupling fault models were used for the test of
single port 1 bit wide RAMs and they have often been
adapted to the test word wide single (RIT 91) (DEK 88)
and dual port (NAD 90) RAMs. However, as it has been
pointed out in (CAS 91), some restrictions concerning
the memory array topology, as well as the use of more
than one port in parallel for test application, must be
carefully analysed.

Let us first examine the case in which we use more than
one port of a multi-port RAM to apply the test vectors in
order to speed up the test. If multiple coupling faults are
present, they may occur simultaneously if the concerned
cells are written at the same time. To illustrate this case
let us assume we have a dual port RAM together with
the following fault configuration:

— Ci T==> Ck { (i.e. the positive transition of cell C;
torces cell Ck to make a negative transition)

— Cj T ==> Ck T (i.e. the positive transition of cell C;j
forces cell Ck to make a positive transition)

Inthis case we are not able to determine the state of cell
Ck if simultaneous transitions of cells Ci and C; are
performed. Unless we use an appropriate fault and test
algorithm, it is not recommended to use more than one
port at a time when we are testing multi-port RAMs.

Another problem arises when you have to test word
organized memories, which is common for embedded
RAMs. Inthe general case, there can be coupling faults
between any two cells of the memory array, and thus we
must considerinfluences between bits of the same word.
Note that when a write access is performed to a given
word, we are implicitly performing simultanecus write
access to different cells of the array. Thus, as explained
previously, conventional coupling fault mode! cannot
predict effect of simultaneous multiple coupling faults.

It seems evident that in order to test such faults, one
must use complex coupling fault models that have al-
ready been defined in (CAS 91). However, on the one
hand, we should use the same algorithm for all types of
memories and on the other hand, the number of bits per
word can be quite high (there is no real limit in practice),
thus pushing up the complexity of the coupling fault
model. This is due to the fact that the more bits perword
are used, the more we have simultaneous transitions
occuring in the memory. This can lead to unacceptably
long tests sequences because the test complexity grows
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with the number of simultaneous write operations. In
order to simplify the problem (and thus the algorithm
comiexity), we shall use in the following some topologi-
cal restrictions. They are:

(1) coupling faults exist only between adjacent
cells. This assumption is quite realistic and is in
fact a simplified dynamic Patern Sensitive Fault
model

The above restriction is necessary but not sufficient to
avoid concurrent coupling faults testing (CAS 91) in
word organized RAMs. We will investigate also, the
effect of some topological restrictions of the memory
array structure.

(2) the use of column multiplexing (see figure 11.1)
may avoid that cells belonging to the same word
(i.e. simultaneosly written) are adjacent.

This technique is commonly used for word organized
random access memories so that we can say that it is

biti-1 biti biti +1
0 1 2 3 0 1 2 3 0 i 2 3
4 5 6 714 5 6 7|14 5 6 7
8 9 10 11 8 9 10 11 8 9 10 11
(a)
bit i-1 biti biti+1 biti-1  biti bit
i+
O\ 1 0 1 0 1 0 0 0
2 3 2 \3 2 3 1 1 1
4 5 4 5 4 5 2 2 2

FIGURE Il.1 - Column multiplexing

also a quite realistic assumption. Figure 1.1 details
various possible cases.

In figure 11.1.a, the column muftiplexing m is equal to 4.
We note that cells belonging to the same word are
separated by m-1 cells, so that if condition (1) is true, we
avoid concurrent coupling faults. We also note that no
cell can be neighbour of two other cells belonging to the
same word. This eliminates the possibility of having
complex couplings when a single write operation is
performed. Figures 1l.1.b and [i.1.c depict the config-
uratons for m=2 and m=1 respectively. In these two
case, complex couplings can exist when a single write
operation is performed (see arrows). For m=1 we can
also have concurent couplings between cells of the
same word since cells of bit i has as its neighbour cells
of biti-1 and i+1.
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We can conclude saying that with a column multiplexing
greater than four, the memory designer can obtain
RAMs with no adjacent cells belonging to the same
word. This can greatly simplify the algorithm used to test
single and multi-port word wide random access
memories.

- TEST ALGORITHM

The test algorithm must ensure the detection of all faults
of the model. Besides of that, the algorithms may satisfy
some other conditions:

short test length (the best known algorithms for test-
ing simplex coupling faults range between 9n (DEK
88) and 17n (MAR 82))

simple test pattern sequences (which means simpler
hardware and less area overhead)
perform the test of word organized RAMs (note that

most of the test algorithms are valid only for 1bit word
wide RAMs)

The goal to be reached is to test simultaneously all the
embedded memories of a circuit. Provided that the
restrictions presented in section Il are respected, it is
possible to apply stimultaneously the test patterns to all
the bits of the selected word. In the case where
memories of different word size are tested, the same test
pattern is applied in each test cycle to each selected
word. The same principle can be applied in the selection
of words belonging to different memories. The scheme
proposed in the following is valid for any test algorithm
provided that the words are addressed sequentially
either in an incrementing order or in a decrementing
order.

Let us suppose we have to test two embedded
memories: memory A with n words and memory B with
m words (and n < m), using a march test (where words
are addressed sequentially according to the definition
(GOO 90)) like MARCH C (MAR 82). This algorithm
consists of 2 incrementing addressing sequences and
two decrementing addressing sequences. For the first

address address

. m-1

Ay

Z»

FIGURE Ill.1 - Testing memories of different sizes
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type of sequence, from @ 0 to @ n-1, test patterns are
applied to both memories. From @ nto @ m-1 the
test patterns are aplied to memory B and the content of
memory A is not modified. The same procedure is used
in decreasing addressing sequences (see figure lil.1).
Inthis way, the test length is determined by the longuest
memory (i.e. the one that has the greatest number of
words). It is obvious that the test algorithm must be
independent of the topology of the memory and the
address the memory cells to be tested, otherwise it
would be impossible to share the RAM BIST circuit with
memories of different sizes.

IV - RAM BIST SCHEME

Most of the existing RAM BIST circuits (SAL 87) (You
84) (MAZ 87) have been developped for the test of big
dynamic RAM chips where the main targets were test
speed and area overhead. Complex ASIC testing re-
quires also a short test development time because of
time to market delay requirements. Some recent work
(NAD 90) (DEK 88) deal with the problem of embedded
memories although there is a lack of an efficient general
scheme for a BIST circuit because many designs use a
variety of RAMs with different sizes, different word sizes
and different number of ports. It is not uncommon to find
RAMs with up to four ports and system designers are
asking for a growing number of ports. A recent work on
BIST of RAMs (FRA 90) seems to indicate that ap-
proaches based ontest architectures rather than on test
algorithms are more versatile and will predominate in the
future. In the following we will assume that the circuit
may have any number of single port and multi port RAMs
(with any number of ports), that these memories may
have different sizes and that they may have different
number of bits per word. BIST circuit sequencing will
depend both on the chosen algorithm and on the char-
acteristics of the RAMs to be tested. They are: number
of RAMs, number of ports and memory size. Let us use
the example of figure V.1 to explain the BIST scheme.

fn this configuration, RAM A has 2" word of a bits and
two read/write ports; RAM B has 2™ words of b bits and
RAM C has 2" words of ¢ bits and three read/write ports.
Note that c<a<b and that k<n<m. The word size of each
memory defines the test pattern bus width, in the same
way thatthe size of the RAMs (m,n k) define the address
bus width.

We know that some errors of the RAM address decoder
are mapped into coupling faults in the memory array
(THA 78). It is thus essential to fully test each port of
each embedded memory. The test sequencing is thus
splitted in three phases.

*phase 1; test RAM B
test RAM A through port 1
test RAM C through port 1
*phase 2: test RAM A through port 2

test RAM C through port 2
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*phase 3: test RAM C through port 3

The number of phases is equal to the greatest number
of ports to be tested among all the memories. In each
phase, the test length depends only on the size of the
greatest memory to be tested. Once all the ports of a
memory are tested, it will not be tested inthe nextphase.
The test ends when all ports of all memories have been
tested. in the example shown above the test length is
proportional to:

oM 4 20 4 2K

and obviously depends on the complexity of the test
algorithm that is implemented.

Note that read-only ports can be associated to a
read/write port and they can be checked simultaneously
by reading from both ports at the same time. Write-only
ports are tested by using another port: either read-only
or read/write.

Single port RAMs have one port of order one, dual port
RAMs have one port of order one and one port of order
two etc... Note that, only ports of the same order are
tested simultaneously. Read-only ports are associated
to a read/write port of the same memory and receive the
same order, so that they are tested at the same time.

CLK ISTEND
RUNBIST = 4 [ B
[ psters gonorator ) gt secuencen © goneratr
i 3 E - ny
M RaMa H
a L 2 potts, 2nwords %‘ a
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data oul
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L— ™ RAMB
b [P
AT > 1 pott, 2 M words o
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FIGURE IV.1 - RAM BIST scheme
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Test verification is done by using one signature analyser
per memory. The size of each SA depends on the word
size of each memory but the lower limit is given by
calculating the aliasing. The advantage of using signa-
ture analysis is detailed in section V.

In fact, the goal is to design a programmable BIST
generator that is provided with all the necessary infor-
mation about the memories to be tested. The proposed
scheme is composed of three main functional blocks:
the address generator, the test pattern generator and
the sequencer. The address generator is implemented
as a reconfigurable counter because the addressing
space might vary during the test phases defined
above.The test pattern generator depends only on the
chosen test algorithm and is controlled by the se-
quencer. It can thus be implemented as a non- pro-
grammable part of the BIST circuit. Finally, the se-
quencer is a programmable Finite State Machine be-
cause the sequencing of the BIST depends on the
characteristics of the memories. As shown in figure V.2,
we use PLA based FSM in order to obtain a greater
flexibility tor the hardware implementation of the ex-
pected sequencing. Moreover, it is quite easy to write a
programmable generator for such a structure given that
the tools are available in most of the commercial CAD
tools.

—.

PLA 80dr6SS QENGralor

recontiqurabie counter

non-programynable sequerntial
ogic r—] programmabie generalor
i .
i

pattern generalor

test patterns agdress bus

sequencer
programmabie FSM

control signalsi
1

FIGURE V.2 - BIST implementation

FIGURE V.2 - BIST implementation

V - COMBINING BIST AND BOUNDARY SCAN

The |EEE standard implementing the boundary scan
technique defines a logic to be designed into chips,
which is mainly aimed at testing their internal blocks and
atchecking board interconnections. Its architecture con-
sists of a 4-pin test access port (TAP), a 16-state con-
troller, an instruction register, a boundary scan register,
a bypass register and optional user- defined test data
registers. A test instruction set is also defined by the
|IEEE standard. This set is composed by instructions
achieving device identification check, circuit bypass,
single-step test of circuit internal logic, board intercon-
nection test, circuit interface real-time snapshots and
circuit BIST execution.

Inthe context of this paper, we are interested inthe BIST
capabilities embedded in the |[EEE standard for the
boundary scan, e.g. the means of serially reading and
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writing into user-defined test data registers within de-
vices and the means of starting circuits BIST process by
loading instruction registers with the RUNBIST test in-
struction. For more details concerning to this standard,
readers are refered to (MAU 90).

The availability of a complete BIST process for inte-
grated circuits can greatly reduce the board test time and
the test controller memory requirements, since single-
step test executionis avoided. Such a complete process
is supposed to achieve the test of each entity without the
need of loading different instructions for checking differ-
ent functional blocks, and without the need of neither
scanning-in test pattern generation seeds nor scanning-
out long signatures. When feasible, this goal should be
reached by combining BIST and BS through a proper
implementation of the RUNBIST test instruction.

To reach such a goal, first of all the test of all functional
blocks must be started by RUNBIST and performed
concurrently on the circuit during the Run-Test/Idle TAP
controller state activation. Following the BIST comple-
tion, alltest signatures must be verified inside the circuit,
in such a way that a compressed test response for the
entire functional block set is provided. Finally, the com-
pressed test responses must be shifted outside circuits
in the Shift-DR TAP controller state and analysed by a
boardtest controller circuit. A finite state machine (FSM)
for controlling the presented BIST process at the circuit
tevel is shown in figure V.1,

Our BIST scheme for testing single and multiport RAMs
was already described in previous sections. BIST
schemes for testing other classes of functional blocks
can be found in the literature. To complete hardware
requirements for testing, we present in the following a
built-in test response verification approach, which is
applicable whenever all test schemes employed in a
circuit are based on signature analysis.

The built-in approach we propose for verifying test re-
sponses is based on the combination of the signature
verification scheme presented in (NIC 88) and the error
memorization capability found in the fail-safe system
theory (NIC 89). It consists of an internal scan chain of
signature registers, a flip-flop implementing a very

RG]

RB:  RUNBIST instruction
ATl Aun-TesVidie TAP
controller state
. Initialisation
: BIST end
Signature Verification
= SV end

FIGURE V.1 - The BIST controller.
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simple state machine, two double-rail checkers and an
errorindication register providing both parallel and serial
loading modes (figure V.2).

wg CK [ ko o
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to the

from the

Test-Data-input —=i FF1[FF2 #1 FF3 | FF4t= Tast-Data-Output
pin [—// \\ pin

. -

v
Error Indication Register

FIGURE V.2 - Signature verification and error
memorization.

The checker employed in our approach is a very simple
circuit which verifies whether its inputs are double-rail
encoded (lo lo I |1 ,where lo |o and I '1 e {"01", "10"})
ornot (lolo" Iy 11'), where lo I or I+ 11" or both e {"00",
"11"}). It delivers at its outputs an encoded word in the
former case and a noncoded one in the latter one (CAR
68). This kind of checker is largely used in self- -checking
circuits (AND 71) (NIC 84) for veritying functional block
encoded outputs. One possible logic network imple-
menting it is presented at figure V.2,

The checker feedback configuration depicted at figure
V.2 ensures that noncoded inputs coming either from
the signatures chain and FF output, or from checker
outputs due to their own fauits, provoke the memoriza-
tion of a noncoded word in the error indication register.

The functional principle of our approach is to initialise
signature analysers in such a way that, after applying
the whole set of test vectors, we have as signatures
sequences of the type 0101... (McA 86) presents a
simple procedure for computing the signature analyser
initial state so that the final state is aconstant, regardless
of the circuitry being tested. After circuit BIST comple-
tion, signature registers are connected serially and
shifted into an input of the error memorization circuit.
Meanwhile, a flip-flop changing of state at each shift
puise provides the complementary sequence 1010... to
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the other error memorization circuit input. Since the
refered pair of signals is sent to double-rail checker
inputs, the faulty-free condition (a double-rail encoded
word) will be memorized when both generated sequen-
ces are properly encoded. Whenever an erroneous sig-
nature is verified, an error indication (a non-double-rail
encoded word) will be memorized by the error indication
register.

As we can easily realize, this approach offers a very low
surface overhead, whose size does not depend on the
number of functional blocks being tested in a circuit.
Furthermore, the test hardware duplication employed
herein ensures a high coverage of single faults affecting
the approach itself, what implies in a hihg safety.

Concerning to the signature verification time, it is ob-
vious that a parallel approach would be more performant
than the one we propose. On the other hand, if the
combination of all-zero final signatures and an OR-tree
for checking their correctness (as proposed in (McA 86))
is employed, the implied surface overhead willbe greatly
increased. Beside this, only hardware duplication (the
inclusion of an AND-tree in this case) or a test phase
checking the OR-tree hardware would provide sufficient
safety for such a built-in comparison scheme.

The main goal achieved by our approach in relation to
other BIST-BS combination propositions ((KRI 91) (RiJ
91)...) canbe summarized by the fact that signatures are
verified inside circuits by a very small self-checking
logic, avoiding so several time-consuming board scan
operations for analysing test results.

VI. CONCLUSION

In this paper we present an efficient general BIST
scheme suitable for the test of embedded memories. It
can be used for any number of different RAMs, each of
which having different word sizes and any number of
ports, provided that a minor restriction on memory array
topology is respected. Various classes oftest algorithms
can be implemented on the proposed structure, like
march algorithms that are among of the most performing
tests actually used. The great flexibility of the BIST
scheme here proposed is mainly based on the im-
plementation of a programmable module generator. The
techniques here used are based on a previous experi-
ence of a BIST generator design (CAS 91). We are now
developping a BIST generator thatimplements MARCH
C Marinescu’s algorithm (MAR 82), using the L language
available under GDT CAD tool.

The area overhead is not yet quantified but simitar to
other RAM BIST schemes proposed in the literature.
The penalty is greatly compensated for three reasons:

— the flexibility of the BIST circuit allows the test of any
kind of embedded memory,
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the proposed scheme allows an efficient sharing of
the BIST since the memories are tested simulia-
neously

the test development time is greatly reduced

Inthe proposed scheme, BIST circuit is linked to bound-
ary scan thus providing at-speed high fault coverage
capabilities to board test. We also propose a self-ckeck-
ing interface to the boundary scan chain. The aim is two
fold:

perform internally the signature analysis verification,
thus avoiding several time-consuming board scan
operations for analysing test resuits

maintain a high safety for test result compaction

The area overhead resulting from self-checking inter-
face implementation is very small compared to BIST or
BS circuitry.

REFERENCES

(AND 71) ANDERSON D. A. "Design of self-checking digital net-
works using coding techniques”. CSL Univ. of llincis, Urbana, sept.
1971. Report 527.

(CAR 68) CARTER W. and SCHNEIDER P. "Design of dinamically
checked computers”. IFIP Congress, Edinburg, 1968. Inf Process-
ing 68. Amsterdam, North Holland, 1969. V.2, pp.878-83

(CAS 81)CASTRO ALVES V., NICOLAIDIS M. LESTRAT

P .COURTOIS B. - "Built-in self-test for multi-port RAMs" - to be pub-
lished in the proceedings of the ICCAD - Santa Clara - November
1991,

"Fauit mode-
-1TC 1988.

(DEK 88) DEKKER R., BEENKERF., THIUSSEN L. -
ling and test algorithm development for static RAMs”

(FRA 90) FRANKLIN M., SALUJAK K. -
RAMs" - IEEE Computer - October 1990.

"Built-in self-testing of

(GOO 90) VAN DE GOOR A. J., VERRUWT C. A. - "An overview of
deterministic functional RAM chip testing” - ACM Computing Sur-
veys, Vol. 22 N° 1, March 1990.

(KRI91) KRITTER S., RAHAGA T. - "Boundary and BIST com-
patible IEEE 1149.1: VHDL & autosynthesis of a SRAM tester mac-
rocell and chip” - European Test Conference - April 1981,

(MAR 82) MARINESCU M. - "Simple and efficient algorithmes for
functional RAM testing" - IEEE International Test Conference 1982.

(MAU 90) MAUNDER C. M. and TULLOSS R. E. “The Test Access
Port and Boundary-Scan Architecture”. |EEE Computer Society
Press, 1990.

(McA 86) MCANNEY W. H. and SAVIR J. "Built-in Checking of the
Correct Self-Test Signature”. IEEE International Test Conference,
1986. pp, 54-8.

(MAZ 87) MAZUNDER P, PATEL J. H. - "An efficient built-in self-
testing for random access memory” - ITC 1987.

(NAD 90) NADEAU-DOSTIE B, SILBURT A, AGERWAL V. K. -
"Serial Interfacing for Embedded-memory Testing" - IEEE Design &
Test of computers - April 1990.

(NIC 84) NICOLAIDIS M., JANSCH 1. and COURTOIS B. "Strongly
Code Disjoint Checkers". 14th Fault Tolerant Computer Sympo-
sium, Kissemme, USA, 1984.



V. Castro Alves, M. S. Lubaszewski, M. Nicolaidis,
B. Courtois: BIST Scheme for Embedded Multiport RAMS

Informacije MIDEM 22(1992)4, str. 215-221

(NIC 88) NICOLAIDIS M. "A Unified Built-In Self-Test Scheme:
UBIST". 18th Fault tolerant Computer Symposium, june 1988. pp.
157-683.

(NIC 89) NICOLAIDIS M., NORAZ S. and COURTOIS B. "A Gener-
alized Theory of Fail-Safe Systems". 19th Fault Tolerant computer
Symposium, june 1989. pp. 398-406.

(RAT 90) RATIU I M.BAKOGLYU H. B_, - "Pseudorandom built-in
self- test methodology and implementation for the IBM RISC Sys-
tem/6000 processor” - IBM Journal Res. Develop. Vol 34 N°1
January 19380.

(RIJ91) RIJK R. H. A, SCHWAIR T.M.- "A universal test algorithm
for the self-test of parameterizable RAMs" - European Test Con-
ference - April 1991

(RIT 91) RITTER H.C., DEKKER R. KERKHOFF H. G: - "Self- test
of a 256kx4 bit stand alone static RAM" - European Test Con-
ference - April 1991

{SAL 87) SALUJA K.K., SNG S H , KINOSHITA K: - "Built -in self-
testing RAM: a practical alternative” - IEEE Design&Test - February
1987

(SAS 90) van SAS J., CATTHOOR F, INZE L., De MANH. - "Testa-

bility strategy and test pattern generation for register files and cus-

221

tomized memories” - Microprocessors and Microsystems - Vol 14
No 7 September 1990.

(SUN 84) SUN Z, WANG L. - "Self-testing of embedded RAMs" - In-
ternational Test Conference - 1984

(SUK 81) SUK D., REDDY S.M. - "A march test for functional faults
in semiconductor random access memories” - IEEE Transactions
on Computers vol. C-30 n® 12 December 1981.

(THA 78) THATTE S M., ABRAHAM J_ A - "Testing of semiconduc-
tor random access memories” - |EEE Transactions on Computers
vol. C- 28 June 1978,

(YOU 84) YOU Y HAYES J P. - "A self-testing dynamic RAM
chip" - Conference on advanced research in VLSI, M.I.T. - 1984-9

V. CASTRO ALVES , M. S. LUBASZEWSKI, M.
NICOLAIDIS and B. COURTOIS

IMAG/TIM3 LABORATORY

"Reliable Integrated System Group

46, av. Felix Viallet 38031 GRENOBLF CEDEX -
FRANCE

Prispelo: 15.10.92 Sprejeto: 24.11.92



