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Abstract correct circuit operation. There are no standard or

widely accepted rules for generating analog signa-

We formalize the problem of analog data com- tures. Since analog signatures are stored and pro-
pression and analyze the existence of a polynomial cessed by a computer they are discrete. Although
data compression function. Under relaxed condi- limited data storage imposed significant restriction
tions we explore the existence of a solution em- to the earlier implementations of fault dictionaries
ploying digital signature analysis in the analog do- the reported approaches do not employ data com-
main. pression techniques to reduce the need of mem-
ory resources. Rather they optimize the number of
stored values by selecting only those correspond-
ing to the selected significant measurements [1].

As technology advances, memory restrictions
are getting less stringent, but the problem of man-

Comparison of responses of a circuit-under-test ~ .
: : aging large amount of measurement data in prac-
to some previously determined reference values, . . . L i
tice still remains. An open questionis if it is possi-

obtained under the same stimuli, is a common ap- . . .
. ; : . . . ble to define also in the analog domain some com-
proach in automatic testing techniques in both dig- . )
. : mon way of compressing measurement data in a
ital and analog domain. A compact measurement 4 .
- . L unique signature. In that case, exhausive tables of
data characterizing the behavior of a circuit is often . .
measurement results which are used for plotting a

referred to as aignature S : . L2
: . . response of a circuit as a function of input stimuli
Signature analysis proved to be an effective . . .
: o . .~ could be compressed into a single signature. Such
fault detection and localization technique for dig- . . . .
signature could be a suitable basis for automatic

ital circuits, [2]. Conventional signature analy- . : . S
. : esting and diagnosing of analog circuits. Further-
sis uses a pseudorandom binary sequence (PRBS . . .
ore, it would become possible to characterize the

generator provided with an external input. Feed- . . . e . .

. . behavior of a mixed signal circuit byraixed signal
ing data into a PRBS generator has the same e1‘fectSi naturecomnosed of a sequence of digital and
as dividing the data by the characteristic polyno- 9 P q 9

mial of the PRBS generator. When the process analog signatures corresponding to given parts of

is stopped, the remaining contents of the PRBS thg cireutt durmg a cqmpllex f“”C“OF‘?' test (e.g.

; : built-in mixed signal circuit test, or digital/analog
generator represent the signature of the input data . o

2 core test in MCM applications).
stream. Successful application of the above tech- ) )
nique in practice is due to the fact that even for ~ The approaches to the analog signature analysis
PRBS generators of modest length the probability Proposed so far [3], [5], [6], diverge in methodol-
of two different input data streams of equal length ©9Y and application domain. In practice they have
having the same signature is close to zero. not converged to a widely accepted solution as it is

Simulation before test techniques in analog cir- the case With digital signature analysis technique.

cuit diagnosis also deal with "signatures®, but they Oneé of possible reasons may be the fact that an ex-
are rather used for characterization of the effects of Plicit definition of the problem has not been stated.
a selected set of faults than for the description of  In this paper we formalize the problem of ana-

1 Introduction



log data compression and analyze the existence ofthe fault is characterized by the reference vaNes
a polynomial data compression function. Under re- such that any set of measured valegs, ..., z,,
laxed conditions we explore the existence of a so- Z for short, for whichz <y; holds for alli, cor-
lution employing the conventional digital signature responds to the same fault. This will be denoted
analysis in the analog domain. Analytical expre- Z <Y. Sincenis in general large, we would like to
sions are derived which may serve for further anal- compres¥ € R" to someY’ € R, wherek << n,
ysis and assessment of aliasing of this approach. by standard arithmetic operations - addition and
multiplication. In fact, these are just the operations
2 Data compression of analog mea- (essentially)availablein computers. This compres-
surements sion means that we computéfromY using stan-
dard arithmetic operations, i.e. we are looking for a
polynomial function (of variables)f : R" — RX.
By the above we want such a polynomial that for

We analyze the possibility of data compression anyZ e R™:
of a series ofn real numbers characterizing the ~ Z <Y ifandonly if f(Z) < f(Y). 1)
response of a circuit for the defined stimuli. In Let us call such a functiovi-compatible
particular, we are looking for some data compres-
sion functionf that would enable us to determine 2.3 Existence of solution
for any two given responsé&s=yi,Yy,...,yn and
Z =21,2,...,Z, Whetherz <'y; holds for alli It is not difficult to find anY-compatible func-
merely on the basis of their signaturégr) and tion. Consider, for example, the following function
f(Z), as depicted in Figure 2. If such data com- g: R" — R:
pression function existed, one could describe re-
gions that characterize the response of a circuit 1yl _
simply by the signatures of their margins. Further- g(x) = { (=1) (Xl_yl)"'(X“_}’“)'x <Y,
more, from the signature of a response of a circuit- Max{Xy — Y1, ..., Xn —Yn}; Otherwise
under-test it would be possible to determine if the | i5 easy to see thag is continuous and/-

2.1 Description of the problem

response lies in the given region or not. compatible. However, the definition gfinvolves
compressed Y+ Which is clearly in contradiction with our inten-

measure values t!ons and furthermorey .is not a polynomial func-

values v ) tion. But for such functions we have:
z Theorem 2.1 For any Y€ R", n > 2, there is no
Y -compatible polynomial function :fR" — RX,
. 1<k<n.
1 2 n i

condition: 2,<y, - 1Y) <@ Proof. We will give only a sketch of the proof,

which can be found in [4]. Fom < n let Yy, =
(Yms Yme1, ... ,Yn) andletS={Ze R" 1, Z < Y,}.

Figure 1. Data compression of analog Suppose on the contrary that R" — RX is V-

measurements

compatible,f = (fy, fo, ..., fk). Then it is not
difficult to show that at least one of the following
holds:

2.2 Problem formalization . o .

(i) there existj € {1, 2, ... ,k}, Z € S and a neigh-

; -1
Suppose that we want to characterize the be- PourhoodJ C Sof Zin R™ * such that

havior of a circuit for a given type of fault by the fi(y,X) — f;(Y) =0, foreveryX € U.
valuesys, o, ---, ¥n, denoted aseference values
measured or obtained by simulation at some cho- (jiy there existsX € R, X < Y», such that for all
sen test point. We will briefly denote this values j _ 1 o
by Y. Clearly,Y € R". Y will always mean an ar- Y
bitrary but fixed vector. Furthermore, assume that fi(y1,X) = fi(Y) < 0.



If (i) would hold thenf (y1 +6,X) < f(Y) for 6 >
0 small enough, thereforé is notY-compatible.

error as low as possible. This can be done either
by increasing or by applying some additional se-

Therefore (i) holds. But in this case one can deduce lectivity criterion for further selection among the

that Y-compatibility of f : R™ — R implies an
existence oft> = (y2,Ys,...,Yn)-compatible func-
tiong: R"! — R*"1. We continue this procedure
and finally end up with &« = (Yk, Yk+1, --- > Yn)-
compatible real mappinlg. Again, at least one of
(i) and (ii) holds forh. If (ii) holds then as above
his notYi-compatible. And ih(yx,X) —h(Yx) =0
holds forX € R" ¥, it follows that we can easily
chooseX, which violates the compatibility. Q.E.D.
Although a negative result, presented proof of

non-existence o¥- compatible polynomial func-

candidate bit streams. For example, some quanti-
tative description of the shape of the reference re-
sponse curve can be used for this purpose. Since
reduced aliasing error is achieved at the expense
of decreased efficiency of data compression, the fi-
nal solution will be a compromise in each specific
case.

In the following we explore the possibility of
reducing the aliasing error by keeping track of the
number of increasing/decreasing samples in the in-
put sequence. We describe the idea on some illus-

tion for data compression actually states the limits trative examples and derive the expressions which
one should be aware of when searching for a satis-may serve as the basis for further study in this di-

factory practical solution.
By analogy with digital signature analysis, a so-
lution may become feasible if we relax condition

(1). For example, there may exist an analog data !
compression function which does not 100% sat-

isfy condition (1) but gives still acceptable results
in practice.

3 Possible directions toward practical
solutions

One possible approach, employed in [7], is to
divide the amplitude range of the response irfo 2

guantisation bands, denoted by the corresponding

m- bit binary numbers. The response of a circuit-

under-test can be represented by a bit stream com-
posed of a sequence of binary values of the mea-

sured response. For example, respaaiseFigure

2 can be represented by 1010 1010 1001 0101 0001
0001. The resulting stream can be compressed into
a signature by a PRBS generator. In this way one
could make use of the advantages of digital signa-

ture analysis in the analog domain.

Yet this approach faces some problems. When
samples are taken close to the edge of the quan-
tisation band outliers, different input streams may
result for two (nearly) equal responses. The second
and more serious problem concerns aliasing error

(i.e., the probability of some faulty response hav-

rection.

Figure 2.
sponses

3

Figure 3.
guences

Two compatible se-

ing the same signature as the reference fault-free3-1  Counting compatible sequences

characteristic). For @-bit input stream and abit
PRBS generator,"2Z — 1 different responses will

LetIN, ={1,2,...,n} be the set corresponding

result in an equal signature. Since the response ofto the range of a sampled response (AgRantisa-

an analog circuit may in principle result in an arbi-
trary bit stream it is imperative to keep the aliasing

tion bands) and leit be the number of samples of
aresponse.



Letb = (by,by,... ,by) andd = (di,dp,...,dk) of a sequencd which is compatible wittb briefly
be sequences of a series of samples. For ouras
purposes we will without loss of generality as- d= (dg,...,01),(dk41,---,02),..
sume that fori = 1,2,... .k — 1 we haveb; # (Ot 15+ -+, O1) -

bir1 as well asdi # di;1. Indeed, ifbj = biy Let Nt_1(&_1) be the number of sequences of
would hold for some, then the number of samples length p = ki + - -- + ki_1 which are compatible

which have the same increasing/decreasing patternyitn the first p terms of the sequendeand end
asb can be obtained by considering the sequence ith a fixed elemend_1. We now distinguish two
(b1,...,bi_1,bi4+1,...bn). Let cases.
b= (bla"' 7bk1)7(bk1+17"' 7bk1+k2)7"' )
(bk1+"'+|<t71+17 Tt 7bk1+-~'+k()

*

Case 1:tis even.

In this case the sequendamust be completed af-
ter the elemend;_; with a decreasing sequence of
lengthk. There are({"*klt’l) such sequences and
therefore we have:

and
d: (dl,...,dsl),(d51+l,...,d51+32),...,

(dsy+ts_g+15- - > Osy4ts)

be the partitions of the sequencesand d into

maximal monotone subsequences which we obtain _ A &-_1—1

from left to right. Clearly,k; + ... + k = k and Nb)= > ( ke Ne-1(3-1).

. . . & 1=k_1+1
s1+ -+ 5 = k. We say thab is compatible with
d,b~d,ift=randki=s5 fori=1,2,...t. Inthe

sequel we may without loss of generality assume Case 2:tis odd.
thatky > 2. Now the sequenced must be completed afté_1

Roughly speaking) ~ d if b andd coincide in via an increasing sequence of length There are
their increasing/decreasing intervals. For example, (nft"l) such sequences hence
if n=16,k=8andb=(2,4,15,3,9,16,2,1) then

the corresponding partition afis k1 /n_
pondingp N(b) = (” kf“) Ne—1(Bi-1).
b=(2,4,15),(3),(9,16),(2,1). & =1
We havet =4, k; =3, ky =1, ks =2 andks = The above recursion could be solved by induction,
2, and, for instanceb is compatible withd = but it would be rather time and space consuming.
(4,5,6,1,7,8,7,6) depicted in Figure 3. Instead, we present the formula for the case4
Note that (for fixech andk) the relation~ de- which essentially reflects the general case. Thus, if

fines an equivalence relation in the set of all se- bis a sequence of lengioverIN, andt = 4, then
quences of lengtlk over the alphabelN,. We N(b) is equal to
are interested in the size of its equivalence classes.

Thus, letN(b) denote the number of elements of | e
; o 03—1 3 03— -1
the equivalence class containing . z .
Consider first the cage= 1, i.e., the sequence  5;=Rg+1 ks 5=1 ks—1
b = (by,by,---,by) is strictly increasing. In this n
. . . 01—%—1\ /01
case the corresponding increasing sequences bijec- z )
tively correspond to th&-subsets of the sd,, &y =max{ky, ke—1 ki—1
hence %2+
N(b) = (E) . To the last formula we add that the functions max
and min are present to assure that the upper values
Note also, that there are of the binomial coefficients are nonnegative.
We use the above formula to compute the num-
n—1 :
(d B 1) ber of compatible sequences N(b) for the examples

in Figure 2. Table 1 gives the computed N(b) for
such sequences which end with the elemterifor ~ the responses;, 2 andrs for three different quan-

the general case let us write the partition tisation bands: 16, 32 and 64. Efficiency of the se-
d=(di,...,0k), (g1, ,Ogthr)s - s lectivity criterion is best characterized if we divide
(Ot g 25 -+ > Oy i) N(b) by the total number of possible responses of



N(b) N(b)/Ntotal
n=16 n=32 n=64 n=16 n=32 n=64
ri | 1820 35960 635376 | 1.08107% | 3.3510° | 9.2410°
r, | 8008 | 906192 | 74974368 4.7710% | 8.4310% | 1.09107?
r3 | 37688 | 1428976 | 49600992 | 2.2410° | 1.3310° | 7.2210°

Table 1: Computed N(b) for the responsasr, andrs

equal signatures aliasing error probability
z=4 z=6 | z=8 =4 z=6 z=8
ri | 111 | 34 9 | 6610°% | 2010°% | 53107
ro | 499 | 131 | 33 | 2.910° | 7.810°% | 1.910°
rs | 2353 | 589 | 147 | 1.410% | 3.510° | 8.710°

Table 2: Generated signatures for sequences compatibleryith andrs

consisting ok samples (in our case 6). The results References
are given in the right part of Table 1.

Tab'e 2 gives the number Of Sequences (Com_ [1] J.W. Bandler, A.E. Salama, ”Fault diagnOSiS
pat|b|e with ri, ro and ra ) generating 4, 6 and 8 of analog Cit‘CUitS“,PfOC. IEEE \ol. 73, No.
bit signatures that are equal to the signatures of the 8, August 1985, pp. 1279-1327.
responsesi, r, andrs . Associated aliasing error  [2] R.A. Frohwerk, "Signature analysis: A
probabilities are also given. new digital field service methodHewlett

Packard J, May 1977, pp. 2-8.
i [3] D.R. Glancy, "Analog Signature Analysis -
4 Conclusion Part 1“, Electronics Test, Vol.4, No.9, 1981,
pp.82-101, "Part 2", Electronics Test Vol4,

We have formalized the problem of analog data No.10, 1981, pp.38-50.
compression and presented proof of non-existence [4] B. Hvala, S. Klavzar, F. Novak, “Or¥-

of polynomial data compression function. The compatible and stricty-compatible func-
proof actually states the limits one should be aware tions®, Appl. Math. Letters Vol.10, No.1,
of when searching for a satisfactory practical solu- 1997, pp. 79-82.
tion. We have concentrated our discussion on poly- [5] M.Lubaszewski, S.Mir, L.Pulz, "A multi-
nomial functions because they can be easily im- functional test structure for analog BIST",
plemented by microprocessor-based measurement ~ Proc. IEEE Int. Mixes-Signal Testing Work-
instrumentation. Further work can be directed to- shop pp. 239-244, 1996.
ward searching for some other function possibly [6] N.Nagi, A.Chatterjee, H.Yoon, J.A.Abraham,
satisfying condition (1), or toward defining some "Signature analysis for analog test response
practical solution for a relaxed condition (1). compaction“,|IEEE Trans. CAD of Int. Cir-
Under relaxed conditions we explored the ex- cuits and Systems0l.17, No.6. pp.540-546,
istence of a solution employing digital signature 1998.
analysis in the analog domain. We analyzed the [7] M.Renovell, F.Azais, Y.Bertrand, "Analog
possibility of reducing the aliasing error by keep- signature analyzer for analog circuits: BIST
ing track of the number of increasing/decreasing implementations®,Proc. IEEE Int. Mixes-
samples in the input sequence. Some illustra- Signal Testing Workshopp. 233-238, 1996.
tive examples are given. Derived expressions may [8] G.E.Taylor, J.Webster, P.Skladel, P.Simek,
serve as the basis for further study in this direction. "Digital data compression technique for ana-
Assessment of efficiency of the proposed approach logue blocks in mixed signal devices", Proc.
on more complex examples is subject of our cur- IEE Collog. on Testing Mixed Signal Circuits
rent research. Further work can also be directed and Systems, pp.5/1-5/6, 1997.

toward defining other selectivity criteria.



	Main Page
	DATE99
	Front Matter
	Table of Contents
	Session Index
	Author Index


