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ABSTRACT

This paper presents the new algorithms contents
independent testing approaches embedded RAM's.
In this suggested approach the memory in the form
of bits matrix is tested. New method based on
memory testing in two-dimensional space.
Algorithms calculating the memory characteristic
and comparing it to the initially computed

reference memory characteristic during the process
of memory refreshing and allows to get a high

level of fault coverage with low hardware
overhead.

1. INTRODUCTION

H:gh -density memories cgnstitute an integral
part m 'most present day micro- ere%tronlc systems
151 In order tg,ensyre reliability or data stored m
RAMs and ROMs it 1S very |mportant to be sure
that there are rrors, or at least know that error
has appeared. However, regardless of the chosen
method or increased_reliability, errors practically
a ways occur. Therelﬂore, it is essential to examine
correct functioning of a device - this process is
called testing. The maior aim of testing is fo
achieve the highest level of reliability ,n the series
period of time. Besides production testing,
periodic maintenance testing is especially
important for memories to deal with the problem
of data retention, e.g. checking for data losses
after power-off condition or during run-time.
Moreover, frequent operations on memory
contents require on-line or periodic consistency
checks [5]. When memories are embedded in
larger integrated circuits, such as microprocessors
or digital communication devices, conventional
techniques for external memory testing can no
longer be applied due to the limited accessibility
of the memories [5]. To solve this problem, and
also to reduce the long testing, a number of
theoretical and practical built-in self-test (BIST)
solutions have been proposed in the past.

100% of error detection is the aim but in
practice a test designed to detect alt probabie errors
is impossible to create both from the theoretical
and practical point of view. Therefore, the problem
of defining the optimal testing sequence is to find a
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set of tests, which would guarantee possibly the
highest parameter of error detection with the
minimum of costs.

One of the main testing problems is the
difficulty in acquiring the minimal set of testing
vectors covering all, or almost all, types of possible
errors. As a result, the time of calculations
exponentially increases along with the increasing
size of the problem. There is also a dilemma of the
choice between the precise problem solving and
the costs generated by the solving method. Every
computer user expects his hardware and stored
data to work reliably and failure-free regardless of
external factors. The basis of automatically
generated test algorithms is to find a set of tests

allowjng detecting as defects.

Currently used RAM arid testing methotls
require additional’ miemoty for ;em orary*storage 0
data existmg in .the tested rea ot ngﬁry here isa
group or Systems, i which the% SO|utI b this Kind i is,
impossible to apply. 1n ‘such case$ the methods that
dob not change the contents or the memory should be
usef? "In cohtrast’ to_the méthods used so far the
reference characterisfi¢: in'the suggested algorithm is
calculated by "dynamic adjusting, and” ngt during
periodical é%agr}ng of tﬂ}e g\ntl{lemrgemory. H gl[\l/eéjan

3fighty hieber hardware costs.

2 DescmptlOn of THE ALGORITHM

In this suggested approach the memory in the
form of 0-1 matrix is tested. Its size is rxr (where
r=2"-1; n - is the number of address bits). Every line
and column has their own defined address. Parities
Py Pr are defined on the base of cell values for

particular columns and rows. (tabl. 1.)

Table 1 An example of memory in two-
dimensional space.
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For the given example on tabl. 1 the value of
the characteristics is as follows:

Oil 001
---------- N0 W
Sx~ 111 101
_________ N o
SY= 001

The memory characteristic is the concatenation
of both characteristics and its form is:

111001 (2)

During cyclical memory refreshing, the
characteristic STis calculated and compared to the
initially computed reference memory characteristic
5 with the aim to pick out eventual inefficiencies.

During write  operations the reference
characteristic S is automatically adjusted to the

new correct value.
3. Error Detection Analysis
Error detection depend upon multiplication
errors.
3.1. Single Errors

Single errors are detectable and correctable.
The expression S®ST gives the address of joined
addresses of a line and column of a faulty memory
cell.

Table 2. An example of memory in two-
dimensional space with single error.

3.2. Double Errors
Double errors are always detectable, because
St*S'

Table 3 An example of memory in two-
dimensional space with double error.

1001 1010 1Qil 1100 1201 1110 1 111 1Py~
in o o o0o__ 1 1 1 o0 i

no 1 L o 1 L o o o
loi I o i o o i 10
J.ee— 0 2 01 0 1 0 0
011 1 1 1 i 1 i
oo o I o | I 1 i
001 0 1 1 0 11 11
Px 1 o 1 I I 0 o
001 001
011 010 (6)
100 011
101 111
Sh= oil Sn= 111
SVASatSVerO 11T (N
SNSj (8)

3.3. Triple Errors

Tn the case of triple errors (and higher), there is
nonzero probability of their detection. The number
of undetectable triple errors for two-dimensional
memory rxr is s follows:

M3=3([r(r-1)]/6)2 9)

3,4, Quadruple Errors

------- OOl—OlO_OJ_l_lOO_lO}_I—D_LU __There are six cathegories of quadruple errors

5= Q- 0 t----- b=l 0L
- -1 o I I 0O _0__0_
1 1 0 1 0__0__1 1 0_
0 0 0 0 1 0 1 0 0
o110 1 1 1 1 1 1 0
000 0__1 0 1 1 1 1 1
o0 o1 I 0 I «+ 1+ T

Px]JoJo]l[T]I[oJol 'l

For the given example on tabl. 1the value of
~e characteristics is as follows:

OH 001
100 010 (3)

101 111

5/T= 010 SYr—~ 100
St=Sx1-Syt =010100 4

S®St=101101 (5)

according to their position in two-dimensional

* two errors every line and column in the
number of:

N4 =CrCr (10)

e error occurence in one column

ne define the number of these errors, it is
indispensable to define variables NO, which

describe the quantity of combinations of modulo-2
addresses leading to 0. The dependence between
them is as follows:

/o N —NQ(r—i/i (1)

NA=rN| (12)
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— Table 7. An example of memory in two-
\ P4 S dimensional space with quadruple error.
100,0000000 _ | S
% T 1001 010 Oil 100 101 110 111 Py
100000000% ... Il o 0 0 1 1 1 0 1
1,0000000% _ 110 1 1 0 1 10 0 0
0,1000000% - 101 1 0 1 0 1 1 ! L_
0,0100000%0 : 100 O 0 0 0 0 1 0 0
0,0010000% 1 —
(000000027 — n B S, WSSO, B B i —
0100 1011017 —— n [ S S DR E— w—
00000010%J -oW-----Q-—--- i -0 1 ! 2 —
I1Px 10 10 To I'2 10 10 101
) N * every two errors intwo lines
Figure 1 Probability of the occurrence of an
undetectable triple error = NgCrCH (15)

Table 4. An example of memory in two-
dimensional space with quadruple error.

Table 8 An example of memory in two-
dimensional space with quadruple error.

ooi 1oio 1on ltwp Iloi Ino lin 1Pyl looi loio lon lwp Iloi Ino Lill jPy
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Table 5. An example of memory in two- ~ A . . .
simensfonal space with quadruple error e tour errors at the intersection of a line and
' column
001 1010 loil 100 101 1110 1111 IPy]
il 0__ o 1 1 1 1 _o_ 1 TV6 = 41(A™ )2 (16)
110 1 1 0 1 1 0 0 0
0 1 0 0 0 1 1 1 1 . .
99 9 9 ] ] qg | 0 0 Table 9 An example of memory m two-
qa J - i J i i dimensional space with quadruple error.

-9 ! } } } (R L 1001 1010 jOil 1100 1101 110 1111 IPy
-Mi— Q ! ! 0 t ! e L 111 0 0 0 1 1 1 0 1
iM-i-p-LAL LLILU ~ Lo.lo.l X H o lir MNin o iir £ x  x

101 1 0 1 1 1 1 1
errors m one line w 0 0 ~1 | | | 5 r
ol o1 1 1 1 1 1 0
Nt=rN* (13) 010 o 1 1 1 1 1 | i
ooi O O 0O . 1 1 i
Table 6. An example of memory in two- I.LPx _Q 0o 1 1 0 0 o0
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nopn

DO
001111111117

J| » «000000000% --m *

0.1000000000%

0.0100000000%

0,0010000000% J

0.0001000000%  ---------------

Calculation probabilities these errors will
subject area next investigation.
NEB#H A n
o Yoo
i 10.0000000%
! 1.0000000% — L —

0.1000000%

0.0100000%

! 0,0010000%

| 0.0001000% —  ==--mmmemmmmemmeeeeees

0.0000100000% 0,0000100%

!
| 0.0000010000% J-------

Figure 2 Probability of the occurrence of an
undetectable quadruple error

3.5. Quintuple Errors

The number of undetectable quintuple errors is
as follows:

A j [A4-Na-N3{r-5)}/5 (18)

4. NEW MODIFICAFION OF Algorithm

Propose algorithm one can a modification to
better quality

For better efficiency let parities Py, Px be
defined on the base of cell values for particular

rows and columns, and PXDbe a quantities of ones
m columns (tabl. 10).

Table 10. An example of memory in two-
dimensional space.

X 001 o010 Oil 100 100 110 ill Py
ill o 0 0 1 i | o i
110 1 1 0 1 1 Q oo
1 | S SO S Y, GO R Y W, S
T Yy Y Y
. soboa Jor 1=
joor 0 i i 0 i i i 1
Px o 0 1 1 0 0 0
Pto 010 100 011 101 110 110 100

Reference characteristic be define as follows:

Sr~SnSrySrxno, (19)
where Skx is the sum of modulo-2 addresses of
columns, which parity equals 1 and SRYis the sum of
modulo-2 addresses of lines, which parity equals 1
5~mo Is modulo-2 sum all Pxno-

Add Srxno to previous characteristic induce
detection all odd errors and decrease probability of
even errors.
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Figure 3 Probability of the occurrence of an
undetectable quintuple error.

CONCLUSIONS
Qn tjje ~"ase Of

decreased number of undetectable errors in
comparison with all errors can be observed. Along
with a greater number of multiplication factor the

number of undetectable errors does not increase,
The most significant advantage of the suggested

solution is testing directly durin§ the work of a
device. It will surely be applicable in the future.

conducted research, a
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