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Abstract—Multiple-voltage is an effective dynamic power re-
duction design technique, commonly used in low power ICs.
To the best of our knowledge there is no reported work for
diagnosing multiple-voltage enabled ICs and the aim of thipaper
is to propose a method for diagnosing bridge defects in sucltCis.
Using synthesized ISCAS benchmarks, with realistic extraed
bridges and a parametric fault model, the paper investigate the
impact of varying supply voltage on the accuracy of diagnosiand
demonstrates how the additional voltage settings can be leraged
to improve the diagnosis resolution through a novel multi-wltage
diagnosis algorithm. In addition it also identifies the mostuseful
voltage settings to reduce diagnosis cost by eliminating s&s at
certain voltage setting using the proposed multi-voltage idgnosis
approach thereby achieving high diagnosis accuracy at redred
cost.

Index Terms—Logic based Diagnosis, Multiple-Vdd designs,
Resistive Bridge Faults, Hard-Shorts

I. INTRODUCTION

IAGNOSIS is a systematic way to uniquely identify the

defect causing malfunction in the circuit. It is critical

to silicon debugging, yield analysis and for improving su

A bridge is defined as an un-wanted metal connection
between two lines of the circuit, which may deviate the
circuit from its ideal behavior. In considering diagnosits o
bridge defects we used a cause-effect diagnosis procedure
which uses dictionaries [13]. The amount of information
stored in a dictionary is a trade off between storage space
and diagnostic resolution. A study reported in [14] compare
these parameters for full response dictionary (that hdhes t
detailed output response for each fault per test vectogs-pa
fail dictionary (which stores one bit, indicating pass oil fa
of a test, per test per fault) and frequency based dictionary
(that holds the detection count of each fault over the entire
test set). The study shows that pass-fail dictionary prewid
high diagnostic power (much higher than frequency based
dictionary but slightly lower than full response dictiogpr
and higher space compaction (much higher space compaction
than full response dictionary). Therefore in order to conse
storage requirements for the dictionaries we used a pass-
fail dictionary [4]. However conclusions drawn through the
experiments reported in this work are expected to hold if

p-other diagnosis procedures are used (including full respon

sequent manufacturing cycle. There has been extensive woflictionary or effect-cause diagnosis procedure [1], [13])

on modeling, detection and diagnosis of bridge defects [1]-
[10]. However these works implicitly consider only designs
using a single supply voltage Vdd. Many modern processor'%l
allow use of multiple Vdds which can be dynamically selectec®ccuracy [15].
to reduce power consumed and still meet the computation

requirements [11] and [12]. Thus it is important to inveat&

A study comparing between better fault models or better
diagnosis algorithms revealed that using a simple diagnosi
Igorithm on a better fault model achieves higher diagnosis
It was shown by Zoet al. [7] that using an

gdvanced parametric bridge fault model [16], [17], diagno-

sis resolution can improve over algorithms that use simpler

the effect and potential advantage of using multiple vddault models. This work also uses the same parametric fault

settings to improve diagnosis accuracy for such designs.
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model [17].

The nature of bridge defects in multi-vVdd designs is such
that they manifest themselves at one or more voltage set-
tings [18]-[20]. Existing diagnosis techniques use a gngld
setting and therefore diagnosis for multi-Vdd designs isgso
a challenge as bridge defects exhibit supply voltage degr@nd
behavior. Single Vdd diagnosis for multi-vVdd designs may
lead to imprecise diagnosis as shown by experimental sesult
(Section V) of this work. Furthermore, it raises the follogi
questions: 1) Is diagnosis resolution affected by differen
voltage settings? 2) If so, what voltage setting achieves th
best level of diagnosis? 3) Is it possible to improve diagnos
resolution further by carrying out diagnosis at more thae on
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Fig. 1. Bridge fault example Fig. 2. Effect of supply voltage on bridge fault: Analog/R& domain

voltage setting? To the best of our knowledge, the work repytput of D1 §/5) on the equivalent resistance of the physical
ported here is the first to consider diagnosing bridge defiect prigge is shown in Fig. 1-B (based on Spice simulation with
multi-vVdd designs and present results to show that the lbwe$) 12,m library and the well-known behavior of resistive bridge
supply voltage provides the best resolution for singleagdt for different resistance values). The deviation WG from
diagnosis. This work further exploits the additional inf@tion  the ideal voltage level (Vdd) is highest for small values of
from other voltage settings to improve the diagnosis aayura . and decreases for larger values®f,. To translate this
up to 72% over single voltage diagnosis. In addition thiskvor analog behavior into digital domain, the input thresholtiage
also analyses hard-shorts (bridges witH20resistance) and |evels V;,, and V;;, of the successor gates S1 and S2 have
experimental results show that diagnosis accuracy hds littheen added to thé/, plot. For each value of the bridge
variation across different voltage settings for this clads resjstancez,,, the logic values read by inpufs andZ, can be
defects. determined by comparingp with the input threshold voltage
For Multi-Vdd designs that operate at more than one voltaggf the corresponding input. These values are shown in the
setting, it is desirable to reduce diagnosis cost by ach@evi second part of Fig. 1-B (marked as “digital domain”). Crasse
the minimum possible Test Application Time (TAT), while are ysed to mark the faulty logic values and ticks to mark the
achieving high diagnosis accuracy. Therefore, it is imutrt correct ones. It can be seen that, for bridges with > Ro,
to investigate the most useful Vdd settings or combinatibn othe |ogic behavior at the fault site is fault-free (all inpuead
Vdds, which may yield the desired outcome by omitting testshe correct value), while for bridges witR,;, between 0 and
at some voltage settings. In this work, we show experimentak, one or more of the successor inputs are reading a faulty
results using different Vdd pairs and identify the most ubef |ogic value. TheR,), value corresponding td, is normally
Vdd pair, such that high diagnosis accuracy is achievedgusineferred to as “critical resistance” as it represents tiossing
reduced TAT, thereby reducing diagnosis cost. point between faulty and correct logic behavior. Methods fo
The paper is organized as follows: Section Il gives aryetermining the critical resistance have been presentigiin
overview of resistive bridge defects and their behavior in A number of bridge resistance intervals can be identified
the context of multi-vdd design. The motivation for multi- hased on the corresponding logic behavior. For example,
Vdd diagnosis is discussed in Section Ill. In Section IV wepyigges withR,), € [0, R1] exhibit the same faulty behavior in
present a multi-Vdd diagnosis algorithm for bridge defectsyhe digital domain (all successor inputs read the faultjdog
Experimental setup and results are reported in Section ¥, anq\ye), similarly, for bridges withR;, € [R1, R»], successor

finally Section VI concludes the paper. gate S2 reads the faulty value, while S1 reads the correct
value, and finally forR,, > Rs all the successor gates read
Il. PRELIMINARIES the correct logic value. Consequently, each inteff&al R, 1]

A typical bridge fault behavior is illustrated in Fig. 1. Fitr ~ corresponds to a distinct logic behavior occurring at theder
A shows a resistive bridge, D1 and D2 are the gates driving th&ault site.
bridged nets, while S1 and S2 are successor gates, i.es gate Next, we provide an analysis of the effect of varying supply
having inputs driven by one of the bridged nets. Let us cansid voltage on bridge fault behavior, which explains why defect
the case when the output of D1 is driven high and the output diehave differently at different voltage settings [17], ][18
D2 is driven low. The dependence of the voltage level on thé&ig. 2-A show the relation between the voltage on the output o
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TABLE |

gate D1 (Fig. 1-A) and the bridge resistance for two différen RESISTANCE INTERVALS EXPOSED BY SINGLE FAILING TEST AT
supply voltagesV’dd4 and Vddg. Fig. 2-A also shows how DIFFERENT VOLTAGE SETTINGS

the analog behavior at the fault site translates into théadig

domain. Using similar explanation (as for Fig. 1-B), we caa s Bridge Location-A Bridge Location-B
that two distinct Logic Faults LF1 and LF2 can be identified A|/BICID|J]EJA]BJ]C]D]E

for each Vdd setting. However, because the voltage levetent| Y1 || © | D |D|ND |ND || D | D | ND | ND | ND
output of D1 does not scale linearly with the input threshold V2 | ND | D | D | D |ND |ND | D | D | D | ND
voltages of S1 and S2 when changing the supply voltage, theV3 || ND [ND |D | D | D [ND |ND |[ND | D | D
resistance intervals corresponding to LF1 and LF2 diffentr

one supply voltage setting to another [19], [20]. Fig. 2-Bwh i ) i i

the Total Detectable Resistance (TDR) for the LFs detected S for_F|g. 2 using three volta}ge settings. Fig. 3_shov_vsV£he
two voltage settings separately and combined as well. Thi ehavior of bridges at three different voltage settingsnalag

Vdd behavior of defect also means that a test pattern taigeti domain and corresponding 'Ogic Ifaults r:na:ked by TD‘B(h

a particular logic fault will detect different ranges of el TDR(VQ,)' and TDR,%) respectwg y. It should be noted t qt

defects when applied at different supply voltage settiffgs. two logic faults exist for each bridge at t_aach voltage settin

example, atVdd 4, a test pattern targeting LF2 will detect (shown by TDR%) etc), but °’."y one 1S assume(_j_to be

bridges WithRy;, € [R14, Raa], while atVdd it will detect detectable. Logic faults shown in Fig. 3 are magnified and
a much wider range of ’physical bridgeB., € [Riz, Ron)) re-drawn in Fig. 4, which shows the total detectable restsa

Furthermore, this means that same defect can be coveredfgf the two ?”dges by. Comb'“'”g information from all .three
more than one voltage setting. voltage settings. For instance, in case of BL-A, resistance

A sub-class of resistive bridging faults is hard-short,ebis ~ 'a"9€ marked by interval-A is detectable at V1 only, sinylar

observed when the nets connected with one another ar@at 0 resistance range marked by interval-B is detectable atbth

The behavior of hard-shorts in the context of multiple vpéta and V2.' . S
settings can be understood from Fig. 1 and Fig. 2. In Fig. 1 The illustrative examples show the possible improvement by

since the value ofR., is 0 Ohms, the logic behavior at the multiple voltage diagnosis over single voltage diagnoshse

fault site does not vary at two different Vdd settings (LF1 attwo examples inject two different defects and are based en th

both Vdd settings). In general, this similarity in logic efor I.O""Wé”%’rfs“’.“p“ol”s 1) ?Ul@}'e ‘ffg“ CaI':‘FE’e. a‘t’ﬁ"e d‘f’“’?"g'
at two Vdd settings suggests that fault detection (for hard-'mte' )t (re]rehlsdor;y?n?h altlng daf et[n (F' ) '2 ﬁ 'agnﬁsth
shorts) may have lesser dependence on voltage setting usé%S Set, which detects Ine two detects. Fig. = shows all the

. : : : : ; intervals that are detectable at different supply voltabggs
in comparison to bridges with higher resistance values.
From diagnosis point of view it is interesting to analyzethe same FP. Table | maps the Detected/Not-Detected (D/ND)

the impact of covering the same defect (specially, bridgegtatus of all intervals shown in Fig. 4 for the two bridges.
with higher resistance values) at more than one voltagmgett o ] ] )

and to analyze its effect on diagnosis resolution, i.e., ican A Combining Diagnosis Information

help to improve the diagnosis resolution over single vatag In the first case, we inject a defect consisting of resistance
diagnosis? The next section uses illustrative examplebdws Vvalue from intervalC of bridge-A (Fig. 4). In this scenario the
that combining the information gathered by diagnosing atliagnostic test applied at each voltage setting would treésul
different voltage settings may help improve the diagnosi¢he following response: (V1, V2, V3 (D, D, D), i.e., the
accuracy over single voltage diagnosis. defect is detected at all three voltage settings.

We first carry out diagnosis at each voltage setting sefdgrate
and then at all three voltage settings, using the informatio
provided by Table | and the tester response. As mentioned

This section presents two illustrative examples to hidttlig earlier Table | shows the (D/ND) status of each interval ef th
the possible improvement in diagnosis by carrying it out atwo bridges, as detected by the only FP. The tester response
multiple voltage settings, using a simple pass/fail tess. Aat V1 is “D”, which means that the diagnosis callout at V1 is:
discussed in section Il, defects caused by a resistive @ériddridge-A (intervals A, B, C) and bridge-B (intervals A, B)t A
consists of resistance interval(s) detectable at one ormoN2 the tester response is “D”, which means that the diagnosis
voltage settings. The resistance range (at each voltaiegdet callout at V2 is: bridge-A (intervals B, C, D) and bridge-B
corresponds to a faulty logic behavior in digital domaintalo (intervals B, C, D) and finally at V3 the tester response is,“D”
detectable resistance for the bridge comprises of union aind the diagnosis callout is: bridge-A (intervals C, D, Ejlan
resistance intervals detectable at each voltage settinig.i$  bridge-B (intervals D, E). Next, we take into account thedes
further elaborated in Fig. 3, which shows two bridge locadio response at all three voltage settings, which is (D, D, D) and
(BL-A and BL-B) in a circuit structure similar to the one by combining the diagnosis callout at each voltage settirgy,
shown in Fig. 1-A and is found by using the same mechanisman identify the bridge and resistance interval that is comm

I11. M OTIVATIONS FORMULTI-VDD DIAGNOSIS
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Fig. 4. Two bridges detected by the same test pattern

across all three voltage settings, i.e., bridge-A (intei®g
which is indeed the actual inserted defect.

From this example, we can see that it is possible to improve
the diagnosis callout by combining the information obtdine
from diagnosing the defect at three different voltage sg#i

B. Passing Resistance Interval

This step further exploits the additional information, atni
is only available by diagnosing the design using multiple
voltage settings. The diagnostic test applied at multipleage
settings may detect a defect at one voltage setting but it may
not detect it at another voltage setting. This concept isvsho
in Fig. 2-B, a resistance rang®,;, € [R2a, R2p| of Total
Detectable Resistance (TDRY{d4 & Vddg) can only be
covered atVddp. This means that a test pattern can detect
this defect atVddg only and will not be able to detect it at
Vdd 4. Such test patterns that show a Detected “D” status at
one voltage setting and Not-Detected “ND” status at other(s
are referred to as Partially Passing (PP) patterns.

The following example shows the effect of using PP patterns
to improve diagnosis resolution. For this example we assume
that intervalC of bridge-B is causing malfunction and only
one test pattern is a failing test pattern (FP). In this cHse,
tester response at three voltage settings (V1, V2, V3) is,(ND
D, ND). The diagnosis is carried out using the information
available in Table | and the tester response. Table Il shows
the progressive reduction in the list of suspected bridges a
result of each diagnosis step. The left most column shows the
voltage setting, the next column shows the Bridges (Rexista
Intervals) detected by the FP at the particular voltagei{aws
in Table 1) and the last column shows the D/ND status, using
the Tester Response (TR). We first carry out diagnosis at V2
as that has the detected status alone. The tester respovBe at
is “D”, which means that the diagnosis callout at V2 is: BL-A
(intervals B, C, D) and BL-B (intervals B, C, D). Next, we
take into account the resistance intervals for the two lesdg
that are detectable at other voltage settings, i.e., V1 aBd V
At V1, the detected bridges (resistance intervals) by the FP
are: BL-A (intervals A, B, C) and BL-B (intervals A, B), but
since the tester response is “ND”, this means that all these
intervals for the two bridges can not be causing malfunction
in the circuit, and therefore the common intervals (for each
bridge) can be removed from the suspected bridge list. As
shown in Table I, after removing the common intervals, the
remaining intervals for the two bridges are: BL-A (interval
D) and BL-B (interval C, D). Next, we carry out the same
procedure at V3 and remove the common interval for the two
bridges from the suspected bridge list, i.e, interval D fothb
BL-A and BL-B. This gives BL-B (interval C) alone as the
suspected candidate list, which in turn is the exact diaghos
Furthermore it is an improvement over single-Vdd diagnosis
(at V2: BL-A (intervals B, C, D) and BL-B (intervals B, C,

D)).
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TABLE I -
IMPROVEMENT BY REMOVAL OF PASSING RESISTANCE INTERVALS Tester ! Bnd_ge N _ Dictionary
Response Intersection (BI)
Vvdd Bridges (Resistance Intervals) | TR
V2 | BLLA(B,C,D) | BL.B(B,C,D) | D Resistance Range Intersection
V1l | BL-A (A, B, C) BL-B (A, B) ND (RRI)
Suspected Bridges: BL-A (D), BL-B (C, D)
v3 | BLA(C,D,E) | BL-B(D,E) | ND Passing Resistance Intersection
Suspected Bridges: BL-AX), BL-B (C) (PRI)

Primary Output Matching
The above example shows the usefulness of Partially Passing (POM)

patterns in improving diagnosis, which are not available at
single voltage setting.

’ Diagnosis Callout ‘

IV. MULTI-VDD DIAGNOSIS ALGORITHM Fig. 5. Flow of proposed Multi-vVdd Diagnosis Algorithm
This section presents the diagnosis algorithm that carries

out diagnOSiS a Single/mU|tip|e VOItage Settings USingnpk? DIAGNOSIS IMPROVEMENTE\A(\BRLEESII!TANCE RANGE INTERSECTION
pass/fail (D/ND) test. The algorithm uses dictionary arstee

response; the flow is shown in Fig. 5. The dictionary holds Suspected Bridges (Resistance Intervals)

the resistance range of each bridge, which is detected by a (FP, V1) | BL-A (A B, C) BL-B (C, D, E)

Test Pattern (TP) when it is applied at a certain voltagénggtt (FP, V2) | BL-A (B, C, D) BLB (A B F)

V;, whereV; could beV;, Vs, or V5. From now onwards, we (FP, V3) | BL-A (A, C, D) BL-B (A E)

will refer to it as (TP,V;) pair. Every bridge with its complete RRI_| BL-A (C)

resistance range is fault-simulated separately by eachobne
the (TP, V;) pair. The detected resistance interval(s) of each

. . . o . ; ted candidate list. This idea is illustrated by Talble
bridge is stored in the dictionary, against the (VP, pair that suspec _ ) .
detects it. Fault simulation is performed using the procedu The table lists the two bridges (BL-A and BL-B) and their

outlined in [19], [20]. The tool flow for generating dictiories respective_resistance intervals, detected_by eac_h oneeof th
is shown by Fig. 8 and further explained in section V. The(FP: Vi) pair. It can be seen that only resistance interval “C”

diagnosis algorithm also uses emulated tester responsg usiOf BL'A IS common to all three_(FH/,-) pairs and there IS no
the fault simulator presented in [19], [20]. It provides all resistance interval of BL-B that is common across all FP$s Th

the Failing Patterns (FP), corresponding voltage seftingn means BL-B can be removed from the suspected candidates

which the defect is detected, and the observed primary 0utpﬂ5t' RRI removes the bridges with inconsistent resistance

response of the design, i.e., all (FB, PO) tuple(s). This intervals and returns the “second suspected candidatés lis
diagnosis algorithm consists of three types of intersacsiod
primary output matching scheme, which are explained next: C. Passing Resistance Intersection (PRI)

The purpose of Passing Resistance Intersection (PRI) is
A. Bridge Intersection (BI) to remove the resistance interval(s) (for each bridge in the
“second suspected candidate list”), which is not causing ma
function in the circuit, thereby narrowing the suspectst dif
bridges. This is achieved by using the PP Patterns (tesrpatt
that pass at one voltage setting but fail at another), diefies

then identifies the common bridges that each one of the (F nd the “second suspected candidate list”. Dictionaridd ho

V;) pair detects. The list of common bridges across all the (F%het dftgcgable tre?stagce mtr?rval(s) I(')fda”t bndget I_MEEUIt
V;) pairs gives the “first suspected candidates list". elected by a test paitern when applied at a certain voltage
setting. Test patterns that pass at a certain voltage gedtim

_ _ referred as (PPV;) pair. This means that (P®;) pair holds
B. Resistance Range Intersection (RRI) the resistance interval(s) (for respective bridges) tsahat
The size of “first suspected candidates list” can be furthecausing malfunction in the circuit and can be safely removed
reduced by using the fact that resistive bridge defectsimsisi from the resistance range of suspected bridges. Bridgds wit
themselves at a single resistance value. This means thatempty list of resistance intervals can be removed from the
defect should show a common resistance interval across allspected candidates, thereby improving diagnosis amcura
the failing patterns, otherwise it can be removed from thélhe algorithm for this diagnosis step is outlined in Fig. 6.

The diagnosis algorithm starts by reading all the (FP,
pairs generated by the tester. Using the dictionary and @agh
V;) pair, it retrieves all the bridges along with their resista
intervals that are detected by the particular (FP, pair. It
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Input: List of (FP,V;) pairs, Suspected Bridge List Input: List of (FP,V;, PO) tuple, Suspected Bridge List
1: Using the (FPV;) pair, compile the list of (PP/;) pair. Output: Final Bridge List
2: for all (PP,V;) pairsdo 1: for all BL; € Suspected Bridgedo
3: Fetch the detected resistance interval for each bridge2: for all RI; € Resistance Interval aBL; do
from the dictionary. 3 for all F'P; € (FP,V;, PO) tupledo
4: end for 4: fault simulateRI;, using ' P;, V;)
5. PP Bridge List = Compute the overall passing resistances: OR = Output of DUT in presence oRI}
interval(s) for each bridge in all of (PP;) pairs. 6: if OR # PO of F'P; then
6: for all BL; € Suspected Bridgedo 7: RemoveRI,; from BL;
7. RI; = Resistance Interval(s) dBL; 8: Move to nextRI of BL; (k=k+1)
8: for all BL; € PP Bridge Listdo 9 break /* go to line 3 */
o: if BL; = BL; then 10: end if
10: RI; = Resistance Interval(s) dBL; 11 end for
11: ORI = RI; (| RI; 12:  end for
12: RI; = RI; — ORI 13: if BL; = ( then
13: end if 14: RemoveBL; from Suspected Bridge List
14:  end for 15:  end if
15.  if RI; = 0 then 16: end for
16: RemoveBL; from Suspected Bridge List 17: Final Bridge List= Suspected Bridge List
17:  end if 18: return Final Bridge List
18: end for
19: return Suspected Bridge List Fig. 7. Primary Output Matching

Fig. 6. Passing Resistance Intersection

stores the primary output values for each failing patterthan

orm of (FP,V;, PO) tuple. POM is accomplished by applying
ailing pattern(s) in presence of each resistance intefofl
every bridge) and comparing the observed output response

gg;rrzslt;:c?i?] fertgs]iifat:felIisnttgrfvzlll(s(,j)e:‘i?tz(ljl :)hned%;; V\A:i?': with the one recorded by the tester for the particular (EP,
P 9 ' w7:palrs, PO) tuple. The resistance intervals, which deviate from the

from the dictionary. These two steps are shown in lines 1- ;
4. In line 5, the algorithm compiles the “PP Bridge List" by expected output response (stored in the tuple) are removed

combining the resistance interval(s) of each bridge o from the resistance intervals of the suspected bridge. ik th
by (PP,V.) pair, i.e., “PP Bridge List" holds the non-faulty way suspected resistance intervals are reduced (fromaespe

resistance interval(s) of each bridge. tive bridges); finally bridges without any suspected resise

The algorithm goes over each bridge in Suspected Bridg%‘r:ir\;?l)i;%z?em izlitjtlﬁ/nr;;n i(;vi?gfr(;m the suspected bricsge |

list (one-by-one) and identifies the overlapping resistaime , ) i ,
The algorithm starts by fault simulating (using the proagedu

terval(s) of the same bridge in PP Bridge list. This overlagp . ) | X
resistance interval(s), marked as ORI, is removed fromigte | IN [19], [20]) each resistance interval of the suspecteddi
list using the (FP,V;, PO) tuple and compares the output

of resistance interval(s) of the particular bridge in Suspe . .
Bridge list. This process is repeated for all the bridges if€SPonse of the DUT (marked by OR on line 5) with PO

Suspected Bridge list and is shown by lines 6-14. Next, if"€mPer of the tuple. It removes resistance interval from
removes bridges with empty list of resistance intervalspfr SuSPected bridge in case of a mismatch and moves to the next
Suspected Bridge list. This step is shown by lines 15_17_r_e3|stance interval, otherwise it applies next failingtgat, this

Finally, the algorithm returns the “Final Bridge List", wti |s_shown by lines 6-10. FinaI_Iy the_ algo_rithm removes _those
holds all the bridges with their resistance intervals. bridges from the suspected bridge list which have no remsia

interval, as shown by line 13-15. This process is repeated fo
all the suspected bridges.

D. Primary Output Matching (POM) It should be noted that proposed diagnostic flow outlined
Primary Output Matching (POM) improves diagnosis ac-in Fig. 5 applies POM as the last step. The suspected bridge

curacy further by removing resistance intervals (for eacHist is greatly reduced by first three intersection procedur

suspected bridge), which produce a different output respon (Bl, RRI, PRI) and POM is applied on reduced number of

than produced by the defect. The improvements achieved tsuspected bridges, which restricts the computation timtbaef

this step are demonstrated by experimental results, assdisd  algorithm, as fault simulation is applied only on the renirain

in section V. As mentioned earlier, the emulated testeraesp resistance intervals of suspected bridges.

The algorithm starts by first finding the passing voItage(s$
for all the (FP,V;) pairs and storing the corresponding (PP,
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V. EXPERIMENTAL RESULTS Gate Gate extractRC Supply
. . . Library Level extracted voltage
Five experiments are conducted to analyze and validate/ (.12 ym Netlist bridge settings
the proposed Multi-vVdd diagnosis algorithm and to analyse locations
the trade-offs between diagnosis cost and accuracy. These
experiments use ISCAS’85 and '89 full scan circuits. The v ' ) v
benchmark circuits are synthesized using ST Microeleatson Candidate bridge
0.12um cell library. The tool flow to generate dictionaries is Pseudo-Random (Log\'/cdga““)
shown by Fig. 8. For each design, non-feedback bridges are Test patterns Logic beh’avior,
identified from the circuit layout. The “extractRC” tool fro Resistance Intervals
Cadence is used to get all the pairs of nets that are capyitiv
coupled. These pairs of nets are the most likely bridge loca-
tions. Feedback bridges are identified and removed. Table 1V »| Fault Simulator =
shows different circuits used, along with total number dega
and extracted bridges for each circuit. The dictionaries ar i
generated by fault-simulating 500 pseudo-random test et Test Pattern,
at three different voltage settings (0.81.0V, 1.2V) against Vdd Setting,
each bridge, as discussed in section IV. Same test pattesns a Resistance Intervals
applied at each voltage setting for fair comparison between
diagnosis at different voltage settings. The tester is ated| D;ta
using the fault simulator described in [20]. A study present i storage in ;
in [22] on 14 wafers from different batches and different dictionar
production lines concluded that 98.3% of resistive bridges
are < 5 k2, while considering upper bound of uncertainty. Fig- 8. Tool flow for Dictionary generation
Therefore to mimic the real scenario, defects are injected b TABLE IV
randomly selecting a resistance value between @5fd a BENCHMARKS
randomly selected bridge. The tester applies all 500 TPs at
different voltage settings and outputs the (FB, PO) tuples CKT. | # Gates| # Bridges
for the diagnosis algorithm. For each circuit, 500 such cemd €432 93 47
defects are injected (one at a time). A set of parameters are €880 161 69
defined as follows to categorise the diagnosis callout fehea c499 187 85
test case. 1908 205 98
1) Exact (EXT): The test case for which the diagnosis 1355 | 226 80
procedure returns a single bridge location and that bridge s1488 | 281 i
matches with the injected random bridge. 9234 | 434 223
2) Contains (CNT): The test case for which the diagnosis €340 | 439 363
procedure returns more than one bridge location and one $5378 | S8 305
of them matches with the injected random bridge. T 578
3) Empty (EMT): The test case for which the diagnosis s13207| 1064 398
procedure does not return any bridge location. s15850| 1578 943
This setup is used to conduct five experiments. The first $35932) 3689 1170
$38584 | 5133 2937

experiment analyses the voltage setting that achieves best
level of diagnosis, second shows the possible improvement
in diagnosis accuracy by carrying it out at multiple-voktag

settings. Third experiment analyses the impact of missin
out diagnosis at one of the three voltage setting and sho
the effect of conducting diagnosis on different Vdd pairs
{(0.8V, 1.0V), (0.8V, 1.2V), (1.0V, 1.2\}). This experiment

is motivated towards saving tester time while recognizimg t

Vdd pair that achieves highest diagnosis accuracy. ThaHour
experiment is geared towards getting an insight into diagno A. First Experiment

N The first experiment uses first two steps of the proposed
Please note that we used 1000 pseudo-random test patteeastatv/dd di . | ith . Brid | . d Rasi
setting in the earlier version of this work presented at EBS'therefore lagnosis agor't_ m, 1.€., bridge ntersectl_on an asise
diagnosis callout differ from results reported in ETS’08. Range Intersection at each voltage setting separately. For

f hard-shorts in the context of multi-vVdd designs, as they
ehave differently than bridges with higher resistanceieal
Last experiment shows that higher diagnosis accuracy can be
achieved using larger (or high resolution ATPG generated)
tests.
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TABLE V TABLE VI
DIAGNOSIS CALLOUT AT SINGLE VOLTAGE SETTING ANALYSIS FOREMPTY CALLOUTS
@ Vdd 0.8V @ Vdd 1.0V @ Vdd 1.2V @ Vdd 0.8V @ Vdd 1.0V @ Vdd 1.2V

CKT. | EXT| CNT| EMT| EXT| CNT| EMT| EXT| CNT| EMT CKT. | EXT| CNT| EMT| EXT| CNT| EMT| EXT| CNT| EMT
c432 | 350 | 107 | 43 302 | 94 104 | 264 | 101 | 135 c499 | 385 | 115 | O 336 | 107 | 57 283 | 109 | 108
c880 | 423 | 41 36 355 | 47 98 297 | 45 158 c1908| 291 | 209 | O 252 | 192 | 56 220 | 170 | 110
c499 | 330 | 97 73 290 | 88 122 | 245 | 91 164 c1355| 415 | 85 0 367 | 189 | 44 321 | 90 89
c1908| 263 | 190 | 47 230 | 174 | 96 202 | 154 | 144 s9234| 0 499 | 1 0 415 | 85 0 365 | 135
c1355| 372 | 76 52 329 | 79 92 289 | 81 130 s5378| 113 | 384 | 3 93 342 | 65 84 291 | 125
s1488| 228 | 230 | 42 194 | 200 | 106 | 173 | 171 | 156 s13207 117 | 380 | 3 96 341 | 63 185 | 203 | 112

s9234| 0 362 | 138 | O 305 | 195 | O 271 | 229
c3540| 339 | 133 | 28 | 281 | 141 | 78 | 239 | 133 | 128
s5378| 102 | 320 | 78 | 85 | 286 | 129 | 75 | 246 | 179 shows that for some bridges connected by gates of equal drive
c7552| 369 | 99 | 32 | 298 | 100 | 102 | 253 | 91 | 156 strength, higher VVdd is more effective for fault detectidhis
s13207 79 | 266 | 155 | 66 | 241 | 193 | 129 | 141 | 230 experiment shows that logic faults have higher detectglal
s15850 0 468 | 32 | 0 406 | 94 | O 355 | 145 the lowest voltage setting (0.8V) as a defect does not show a
$35932 276 | 150 | 74 | 250 | 141 | 109 | 211 | 120 | 169 faulty logic behavior at higher voltage settings, whichridine
$38584 180 | 265 | 55 | 159 | 233 | 108 | 133 | 206 | 161 with previously reported research [25]. Secondly high empt
callouts (in Table V) is also due to using pseudo-random test
patterns, which are not optimized for defect detection aed a
every defect these two steps are carried out at each voltageed for illustration purposes.
setting independently and results are compiled to comjere t
diagnosis accuracy at each voltage setting. )
Table V tabulates the outcome of the experiment. The firs?' Second Experiment
column shows the benchmark circuits, the next three main The second experiment uses the complete diagnosis algo-
columns, marked with “@ Vdd 018", “@ Vdd 1.0V” and rithm across all the voltage settings. In this case, theetest
“@ Vdd 1.2V, show the number of test cases which fall into response holds the failing patterns over all three voltage
one of the three diagnostic categories (EXT, CNT, EMT) assettings and corresponding primary output response. Téble
a result of applying first two steps of the proposed diagnosishows the outcome of this experiment. TH& main column
procedure at the particular voltage setting. It can be ofeser marked with “RRI”, shows the effect of “Resistance Range
from Table V that diagnosis accuracy is highest ailOWith  Intersection” by taking into account all bridges (with thei
highest number of Exacts and least number of Empty calloutesistance ranges) detected at all voltage settings. 3Tfie
for all the circuits. It is only for s13207 that we notice hagh main column marked with “PRI”, shows the effect of applying
number of Exacts at 112 in comparison to other voltage “Passing Resistance Intersection” by using the partialysing
settings. It was further investigated by analyzing the itketa patterns. The last main column marked with “POM”, shows
diagnosis callout, which shows that majority of test caseshe effect of applying “Primary Output Matching” by fault
diagnosed exactly at 1.2V are included in the CNT groupmimulating the suspected bridges using (KPR, PO) tuples.
with 2-3 candidate bridges at other voltage setting. Froim th From Table VII it can be observed that in all cases POM
experiment we can observe that the lowest voltage settingchieves best diagnosis accuracy with highest number of
achieves highest diagnosis accuracy for a large majority dExact callouts for all the circuits. It should also be noted
circuits, which is similar to the findings reported recerttly ~ from Tables V and VII that “RRI” marginally improves over
Arumi et al., using current based diagnosis [23]. diagnosis at 0.8V. For majority of circuits, the number oBE«X
From Table V it can also be observed that the numbecallouts at 0.8V have improved by less than 10. It is in case of
of empty callouts are quite high for all the circuits. This isc1908, s1488 and especially s13207 that it achieves signitfic
further probed by a small experiment using circuits withHgig  improvement over Exact callouts at 0.8V.
number of empty callouts in Table V. In this experiment 500 The relative increase (Incr) in the number of Exact callouts
random defects are inserted but unlike previous experimenby PRI and POM over other schemes are show2i*thand3”¢
each defect is detectable at at-least one voltage settidg amain columns of Table VIII by comparing the number of Exact
the outcome is tabulated in Table VI. In Table VI it should callouts in each case. 12 main column of Table VIII, we
be noted that the number of empty callouts are quite high dist the relative increase in diagnosis accuracy of PRI a&gr
1.0V and 1.2V in comparison to 0.8V. Empty callouts at 0.8V“0.8 V" (2" column of Table V) and B) “RRI”2"¢ column of
are very few and these defects are then detected at high&ble VII). It should be noted that “PRI" achieves substanti
voltage settings for s9234, s5378 and s13207. This behaviamprovementin diagnosis accuracy for all the circuits vging
can be understood from the study reported in [24], whictup to 32.8% improvement over diagnosis callout at “0.8V” and
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TABLE VII TABLE VI
DIAGNOSIS CALLOUT AT MULTIPLE VOLTAGE SETTINGS DIAGNOSISIMPROVEMENT BY PRIAND POM
RRI PRI POM PRI %Incr. over || POM %lncr. over
CKT. | EXT| CNT| EMT| EXT| CNT| EMT| EXT| CNT| EMT CKT. 0.8V RRI RRI PRI
c432 | 357 | 100 | 43 383 | 74 43 419 | 38 43 c432 6.6 5.2 12.4 7.2
c880 | 424 | 40 36 437 | 27 36 441 | 23 36 c880 2.8 2.6 3.4 0.8
c499 | 330 | 97 73 376 | 51 73 410 | 17 73 c499 9.2 9.2 16 6.8
c1908| 276 | 177 | 47 326 | 127 | 47 385 | 68 a7 c1908 | 12.6 10 21.8 11.8
c1355| 373 | 75 52 396 | 52 52 423 | 25 52 c1355 4.8 4.6 10 5.4
s1488| 251 | 207 | 42 347 | 111 | 42 389 | 69 42 s1488 | 23.8 19.2 27.6 8.4
s9234| 0 363 | 137 | 109 | 254 | 137 | 275 | 88 137 s9234 | 21.8 21.8 55 33.2
c3540| 340 | 133 | 27 395 | 78 27 427 | 46 27 c3540 | 11.2 11 17.4 6.4
s5378| 105 | 320 | 75 250 | 175 | 75 355 | 70 75 s5378 | 29.6 29 50 21
c7552| 371 | 97 32 400 | 68 32 428 | 40 32 c7552 6.2 5.8 114 5.6
s13207 160 | 188 | 152 | 200 | 148 | 152 | 224 | 124 | 152 13207 | 24.2 8 12.8 4.8
515850 0 468 | 32 164 | 304 | 32 360 | 108 | 32 s15850| 32.8 32.8 72 39.2
s35932 276 | 151 | 73 295 | 132 | 73 351 | 76 73 s35932| 3.8 3.8 15 11.2
s38584 183 | 262 | 55 303 | 142 | 55 383 | 62 55 38584 | 24.6 24 40 16

“RRI”. This clearly demonstrates the useful contributioh o C&Ty out diagnosis using 3 Vdd pairs, i.e., (0.8V, 1.0V)8{0
test patterns that pass at one voltage setting but fail ahano 1-2V) and (1.0, 1.2V). The outcome of this experiment is

. . .. . L. H nd rd It i
(Partially Passing Patterns) in improving the overall diagis ~ Shown in2"¢, 37¢ and 4 main columns of Table IX. From
accuracy. Next, ir8"® main column of Table VIII we list the Table I1X it can be observed that the diagnosis callout atV/0.8

relative increase in diagnosis accuracy of POM over: A) “RR| @nd 1.0V” achieves the highest accuracy in comparison to the
(2nd main column of Table VII) and B) “PRI” i{"d main other two Vdd pairs, i.e., (0.8V, ;I..ZV) and (l.QV, 1.2V).
column of Table VII). It can be observed that “POM” achieves !t ¢an be observed that Multi-Vdd diagnosis scheme that
highest overall diagnosis accuracy for all the circuitgveing ~ USeS all Vdd settings (shown if" main column of Table VII)

upto 72% improvement over “RRI” and 39.2% improvementaChieveS slightly better diagnosis accuracy than diagnati

over “PRI”. This points to the success of POM in reducing the 0-8V and 1.0V". In terms of the number of exact callouts
callouts catogrized as “CNT” by PRI scheme. found by the two, the maximum difference is 12 for all the

From this experiment, we can observe that the Partiall)‘FirCUitS- On the other hand, the maximum difference in numbe

Passing patterns, which are not available at single voltagf‘éf exact caIIouts" between diagnosis at all Vdd settings and a
diagnosis can significantly improve diagnosis accuracye Th 0-8V and 1.2V"is 44 (in case of s15850). The maximum
time taken by the Multi-Vdd diagnosis algorithm ranges fromdifference is even higher, i.e., 104 (in case of s1488) in

a second to few minutes, depending on the size of benchmafiPmparison to the number of exact callouts at “1.0V and
circuit. 1.2V". This experiment shows that the tester time, which

is a crucial parameter in the diagnosis cost can be reduced
. . by 33% by carrying out diagnosis at “0.8V and 1.0V” only,
C. Third Experiment while achieving very high (close to the overall best) diagigo

Diagnosis cost is directly affected by the time individual&ccuracy.
IC spends on the tester while running diagnostic test. Her th
reason, it is desirable to reduce tester time to achieve lowP- Fourth Experiment
cost diagnosis with least compromise on diagnosis accuracy The purpose of this experiment is to get an insight into
From previous experimental results we have seen that higiagnosis of hard-shorts in the context of multi-vVdd design
diagnosis accuracy is achieved by carrying out diagnosis @and make appropriate recommendations for diagnosing such
multiple voltage settings. The aim of this experiment is todefects. The same experimental set up is used for diagn®sis a
evaluate the trade-off between diagnosis cost and accuradgr the first two experiments, but instead of inserting rando
This is accomplished by investigating the most useful Vddesistance range for each bridge, resistance value is set to
settings or combination of Vdds, which may yield the desiredd Ohms for all the selected bridges. In this experiment the
outcome by omitting tests at a certain voltage setting.eiwer number of test cases are limited by the number of bridges
reducing diagnosis cost. extracted by the layout tool and listed in Table IV, however
The third experiment also uses the complete diagnosidesigns with more than 500 bridges are restricted by 500 test
algorithm across different voltage settings. In this case, cases.
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TABLE IX TABLE X
DIAGNOSIS AT DIFFERENTV OLTAGE PAIRS DIAGNOSIS CALLOUT FORHARD SHORTS AT SINGLE VOLTAGE SETTING
@ 0.8Vand 1.0V | @ 0.8Vand1.2V| @ 1.0V and 1.2V @ Vdd 0.8V @ Vdd 1.0V @ Vdd 1.2V
CKT. | EXT| CNT| EMT| EXT| CNT| EMT| EXT | CNT| EMT CKT. | EXT| CNT| EMT| EXT| CNT| EMT| EXT | CNT| EMT
c432 | 417 | 40 43 416 | 41 43 357 | 39 104 c432 | 44 3 0 44 3 0 44 3 0
c880 | 440 | 24 36 438 | 26 36 380 | 22 98 c880 | 67 2 0 67 2 0 67 2 0
c499 | 409 | 18 73 408 | 19 73 364 | 14 122 c499 | 72 13 0 72 13 0 72 13 0
c1908| 383 | 70 47 376 | 77 47 325 | 79 96 c1908| 63 34 1 67 30 1 67 30 1
c1355| 423 | 25 52 419 | 29 52 378 | 30 92 c1355| 71 9 0 72 8 0 72 8 0
s1488| 377 | 81 42 375 | 83 42 285 | 109 | 106 s1488| 306 | 127 | 2 323 | 110 | 2 332 | 101 | 2
s9234| 268 | 95 137 | 270 | 93 137 | 218 | 87 195 s9234| 0 188 | 35 0 190 | 33 0 190 | 33
c3540| 420 | 53 27 416 | 56 28 352 | 70 78 c3540| 286 | 76 1 287 | 75 1 287 | 75
s5378| 347 | 78 75 344 | 80 76 279 | 92 129 s5378| 96 199 | 10 97 199 | 9 99 197
c7552| 426 | 42 32 426 | 42 32 343 | 55 102 c7552| 464 | 29 7 465 | 28 7 465 | 28 7
s13207 215 | 132 | 153 | 220 | 127 | 153 | 190 | 118 | 192 s13207 63 214 | 81 63 215 | 80 140 | 138 | 80
s1585( 348 | 120 | 32 316 | 152 | 32 323 | 83 94 s15850 0 491 | 9 0 491 | 9 0 491 | 9
s3593%2 351 | 76 73 351 | 76 73 317 | 74 109 s35932 383 | 115 | 2 383 | 115 | 2 383 | 115 | 2
s38584 371 | 74 55 366 | 79 55 312 | 80 108 s38584 381 | 115 | 4 383 | 113 | 4 382 | 114
TABLE XI

. . . DIAGNOSIS CALLOUT FORHARD SHORTS ATMULTIPLE VOLTAGE SETTING
The first part of experiment uses first two steps of the

proposed diagnosis algorithm, i.e., Bridge Intersection a RRI PRI POM
Resistance Range Intersection at each voltage setting sepaxt [ExT| cNT| EMT| EXT] CNT] EMT| EXT] ONT] EMT
rately. For every defect these two steps are carried out @tz35 | 44 | 3

0 |44 |3 |0 [46 |1 O
each voltage setting independently and results are cothpile¢ gg0 [ 67 | 2 0 67 | 2 0 67 0
to compare the diagnosis accuracy at each voltage settinGcag0 (72 |13 |0 | 73 | 12 |0 |84 |1 0
Table X tabulates the outcome of this experiment in the samM&.19081 67 | 30 | 1 67 130 |1 18 |10 |1
fashion as for Table V. It should be noted that the numberzssT72 18 1o |73 |7 |o |8 |o |o
of exact callouts are in close proximity at all voltage sejt s1488| 334 | 99 | 2 343 | 90 | 2 201 | 32 | 2

for all the circuits other than s13207. Higher number of éxac—g5347 190 |33 | 15 | 175 | 33 | 147 | 43 | 33
callouts are observed for s13027 at 1.2V than at other ltad 35401 288 | 72 | 1 301 |61 |1 344 | 18
settings, as noted in first experiment. The number of empt
callouts are also in very close proximity for all the cirg,it
which suggests that injected defects are in CNT group fi
defects that are not uniquely identified (EXT group).

The second part of the experiment uses complete diagnos
algorithm across all voltage settings. In this case, theetes
response holds the failing patterns over all three voltag
settings and corresponding primary output response as used
for th_e secon_d experiment. Table XI tabulates the OUtCOME, gistive bridges than for hard-shorts.
of this experiment using RRI, PRI and POM. In case of
hard-shorts, while comparing the number of EXT callouts ]
with single voltage diagnosis (Table X), PRI shows up tof- Fifth Experiment
8.5% improvement (in case of s5378, while comparing with The aim of this experiment is to show the impact of test
diagnosis at 1.2V) over single voltage diagnosis. Howener isize on diagnosis accuracy. In this experiment, we have used
case of resistive bridges this improvement is up to 32.8%, a8000 pseudo-random test patterns (4 times that of test size
shown in Table VIII. Next we analyze the impact of POM in used in previous experiments) at each Vdd setting. Dictiesa
improving the diagnosis accuracy, as it can be seen that POlre generated using the same flow as shown in Fig. 8 and
shows significant improvement over PRI and other techniquegxplained in section V. The defects are randomly injectetl an
but this improvement should not be entirely attributed toare detectable at least at one voltage setting, which is aat
using more than one Vdd settings, as inserted defect may B PG normally aims to target during test generation.
identified by POM using one of the three Vdd settings. Table XII shows the results of diagnosis callout at single

In the light of this discussion it is fair to conclude that voltage setting using first two steps of the diagnosis allyorj
multiple voltage diagnosis shows higher improvement foii.e., Bridge Intersection and Resistance Range Intemsechs

s5378] 101 | 195 | 9 125 [ 171 | 9 277 | 19
c7552| 467 | 26 | 7 469 | 24 | 7 487 | 6 7
"'s13207 143 [ 136 | 79 | 146 | 133 | 79 | 191 [ 88 | 79
_s1585() 0 491 | 9 39 [ 452 |9 436 | 55 | 9
P1835932 383 | 115 | 2 383 | 115 | 2 477 | 21 | 2
$38584 383 | 113 | 4 383 | 113 | 4 445 | 51
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TABLE Xl TABLE XIlI
DIAGNOSIS CALLOUT FORRESISTIVEBRIDGES AT SINGLE VOLTAGE DIAGNOSIS CALLOUT FORRESISTIVEBRIDGES AT MULTIPLE VOLTAGE
SETTING SETTINGS
@ Vdd 0.8V @ Vvdd 1.0V @ Vvdd 1.2v RRI PRI POM
CKT. | EXT| CNT| EMT| EXT| CNT| EMT| EXT| CNT| EMT CKT. | EXT| CNT| EMT| EXT| CNT| EMT| EXT | CNT| EMT
c432 | 422 | 78 0 355 | 100 | 45 316 | 97 87 c432 | 428 | 72 0 445 | 55 0 473 | 27 0
c499 | 406 | 94 0 362 | 81 57 309 | 83 108 c499 | 406 | 94 0 442 | 58 0 480 | 20 0
c1908| 381 | 119 | O 333 | 119 | 48 285 | 113 | 102 c1908| 398 | 102 | O 439 | 61 0 465 | 35 0
c1355| 430 | 70 0 388 | 68 44 340 | 71 89 c1355| 431 | 69 0 447 | 53 0 471 | 29 0
s9234| 198 | 302 | O 164 | 256 | 80 137 | 235 | 128 s9234| 198 | 302 | O 284 | 216 | O 375 | 125 | O
c3540| 383 | 116 | 1 320 | 129 | 51 281 | 115 | 104 c3540| 389 | 111 | O 445 | 55 0 474 | 26 0
s5378| 259 | 240 | 1 204 | 237 | 59 168 | 213 | 119 s5378| 263 | 237 | O 371 | 129 | O 450 | 50 0
c7552| 411 | 89 0 334 | 96 70 286 | 82 132 c7552| 412 | 88 0 441 | 59 0 467 | 33 0
s13207 228 | 270 | 2 193 | 251 | 56 187 | 202 | 111 s13207 246 | 254 | O 303 | 197 | O 355 | 145 | 0

expected, for all the circuits shown in Table XII the diagsos used. This paper has addressed for the first time diagnosis of
accuracy has improved in comparison to results shown imultiple-Vdd ICs and proposed a novel multi-Vdd diagnosis
Table V, primarily due to increased test size. algorithm to exploit the information from all voltage setis

In the second part of the experiment, complete diagnosi® achieve higher diagnosis accuracy. This work provides a
algorithm is used and results are shown in Table XIIl. As Carproof_of_concept that Multi-vdd diagnosis can improve di-
be seen from Table XIII multiple voltage diagnosis shows sig agnosis accuracy over single-vdd diagnosis. In addition, i
nificant increase in the number of Exact callouts in comparis recommends a way to reduce diagnosis cost by carrying it out
to single voltage diagnosis (shown in Table XII). For PRpste at (0.8, 1.0V) Vdd settings and still achieve high diagnosis
the %age increase in the number of Exact callouts is up taccuracy. The improved diagnosis accuracy justifies thgeusa
22.4% (as for s5378) over single voltage (0)8diagnosis. of test patterns at more than a single-Vdd setting. Lastly,
These results are further improved by the POM step, whiclt shows experimental results to establish that Multi-Vdd
shows up to 38.2% increase (as for s5378) in the number fiagnosis is more effective for resistive bridges than farda
Exact callouts in comparison to single voltage diagnosis.  shorts. Our future work includes integrating other reakedef

The key observation of this experiment is that better diagusing their respective advanced fault models, and utiizin
nosis can be achieved with a large (high resolution) ATPGecently reported approaches [8], [9] to make it a more robus
test set. It should be noted that for single voltage diagnosidiagnostic suite. Furthermore, in deep submicron tectgyolo
highest accuracy is achieved at the lowest ¥Q.8/0ltage  process variation has increased impact on effectivenetssbf
setting, which can be further improved by multiple voltagequality, therefore its impact on diagnosis accuracy wilabe
diagnosis. In [20], it was shown that for 8 out of 12 multi- investigated.
Vdd designs, 100% bridge defect coverage can't be achieved
at single voltage setting. The study shows that most amount
of bridge defect resistance is covered by tests at lowest Vdd
setting (0.87), however for 100% defect coverage it is essential The authors would like to thank the reviewers for their
to generate tests at higher Vdd settings. The proposed-mulgéomments which helped improve the quality of this paper.
Vdd diagnosis approach capitalizes on these findings and
achieves overall high diagnosis accuracy by using multiple
voltage settings.
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