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Abstract—This paper analyses the behaviour of resistive bridg- \[oltage on bridged nets
ing faults under process variation and shows that process M o
variation has a detrimental impact on test quality in the form —) >— VIA)

of test escapes. To quantify this impact, a novel metric called
test robustn(gss is prgpose(];y and to r?ﬂtigate test escapes, a new i|> A $D22 Pr}; —_—————
process variation-aware test generation method is presented. iR Th3 »
T.he method.(.exploits the observation that logic faults .tha.t.have 1 B ] Thar. O3 gw .
high probability of occurrence and correspond to significant | )J—|>°— CR2ICRT  Bridge resistance
amounts of undetected bridge resistance have a high impact CR3
on test robustness and therefore should be targeted by test (a) Example bridge location (b) Nominal parameter behaviour of bridge
generation. Using synthesised ISCAS benchmarks with realistic Fig. 1. Example bridge location and bridge behaviour
bridge locations, results show that for all the benchmarks, the . . . .
method achieves better results (less test escapes) than testdlistribution and line edge roughness and affects threshold
generated without consideration of process variation. voltage (VT), oxide thickness (TOX) and transistor geometr
Index Terms—Resistive Bridges, Process Variation, ATPG (Width,w and length L) [2], [9]. Process variatio_n affectdye
behaviour through two parameters: (1) gate drive strength a
(2) logic threshold voltage [1]. Change in behaviour result
I. INTRODUCTION in test escape and loss of test quality. The test robustness
It is widely recognised that process variation is emergif§€tric [1] quantify the test quality loss by considering the
as a fundamental challenge to IC design with scaled CM@&obability of test escape and undetected bridge resistafio
technology [2]. Process variation has a negative effect GAUCE the occurrence of test escapes a process variatae-a
circuit design with respect to performance, power and meff@St generation method is proposed. The method is guided
ory stability [2]. Recent research has reported that pmcé_@’ the test robustne_ss metric to target logic faults V\_/Itf‘hhlg
variation has an impact on manufacturing test quality. THEWPact on test quality. Therefore each test pattern imgrove
work in [3]-[6] considered the effect of process variatiam otest quality, while avoiding unnecessary test patterns.
at-speed and delay test, addressing the issues of cahgulati
delay as a function of process variables [5], identificain !l BRIDGE BEHAVIOUR UNDER PROCESSVARIATION
the longest path [3], [6] and calculation of a test responseBridges are unintended resistive connections between two
capture time that tolerates variation [4]. This paper asklte nets. Nets A and B in Fig. 1(a) are bridged with resistance R.
the impact of process variation on static defects with focusg. 1(b) shows how the voltages on the bridged nets depend
on resistive bridging faults. In [7], [8] it was shown thaste on R, as has been discussed in [10]-[12]. From Fig. 1(b),
for bridging faults can be generated such that they are vatlte voltages on nets A and B can be read for a range of
independent of process variation. However, these tests niaidge resistances. The logic behaviour depends on how thes
include many test patterns that do not contribute to detgctivoltages compare with logic threshold voltages Th1, Th2 and
unique bridge resistance ranges, leading to an unnedgssarh3 of driven gate inputs. This example results in threetyaul
large test set. This paper provides a test generation métlaod logic behaviours, BH1, BH2 and BH3, corresponding to the
achieves high test quality in the presence of process i@riatresistance ranges between the critical resistaf€esC R1,
while keeping the test set small. Process variation is densd CR2 and CR3. In the rest of the paper, Fig. 1(b) is called
either across different dies or within each die [2], [9]. Inthe nominal scenario. For bridging faults, logic fault cage
this paper, within-die variation is considered. Procesmtian is misleading as a test quality metric, since a bridge defect
is due to sub-wavelength photo-lithography, random doparause many different logic faults. Therefore, the briddamgjt
model proposed in [13] which takes into account process
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Voltage on bridged nets Vel \joltage on bridged nets ‘ K ‘ g “ ‘ K ‘ g “ ‘ H ‘ g

Vad 1 Vo % L [45nm| 5nm [|[TOXN|17.54[1.54|[VTHN| 0.471V|0.045V
o Voom(A) Th2shit 4 Wi * 5nm |[TOXP [18.54|1.5A||VTHP [-0.423V|0.045V
Tht = T 7(Shift in Togic * depends on ga Vdd [ 0.878V|[0.022V
Th2 g/ —_———— - Th2nom i | threshold voltage | s
Tha ) Th3 e TABLE Il
shift V(B
%§ e 55 (B) VARIED PROCESS PARAMETERS

: : CR31 CR2  Bridge resistance . i
CR1CR3  Bridge resistance CR1 gate drive strengths and the logic threshold voltages. A PVC

(a) Shift in gate drive strength  (b) Shift in logic threshold voltage Th2 ¢ iSs used to consider the influence of process variation on a

Fig. 2. Examples of process variation induced behaviour particular unit-under-test, by defect coverage Eq. 1 anthby
Nominal case GDSS LTVS probability P(c) for the PVC to occur, which varies with the
BH1 [ BH2 | BH3 || BH2 | BH4 || BH1 | BH5 | BH6 values for the gate drive strengths and logic thresholdigels.
Thi |l 0x | 0x | 0x |} 0x | 13/ [ 0x [ 0x | 1y/ To calculate the robustness of a test ¥etEq. 2, a Monte-
Th2 || 0x 1V | 1/ 1v | 1/ 0x | Ox | Ox . . .
Tha || 1x | 1x | oy || 1x | 1x || 1x | oy | oy Carlo simulation is performed for a set of PVCs. Heré
GDSS gate drive strength shift LTVS logic threshold voltahét  is the set of PVCs and while considering a PV¥G= PP,
TABLE | DC(b,e,T) is the defect coverage for bridgeand P(c) is the
LOGIC BEHAVIOURS FOR THE3 SCENARIOS probability for PVCc. The denominator in Eq. 2 adjusts so that

full robustness has the value of one. Experiments have shown
that Eq 2 is a useful metric for test quality in the presence of
rocess variation [1]. For a set of bridg&s we calculate the

detectable defect resistance respectively, [10], [11]. iWes-

tigated, using SPICE simulations, the behaviour of rem'sticp
bridges in the presence of process variation. In this sectio . ;
we present a brief review of the findings. The interest%ﬁe'ghted average test robustnd$si using Eq. 3 to account

reader is referred to [1] for more details. It was found th:’il?r tthe prgbabllltz/ of getting 3 b:'d?ﬁ déefc;,-cttfor ebacgl_?efg
variation in parameters such as VT, W, L and TOX affe peation. erew(b) corresponds to the defect probability for

the following two gate parameters: gate drive strength a(;t{&dgeb, defined so thad . 5 w(b) = 1.

logic threshold voltage (Th). These two parameters inflaenc > ecpp Pc) - DC(b,c,T))

the behaviour of resistive bridges and the subsequent logic Robustness(b,T) = > sepp P(d) @
values as can be seen from Fig 2. Fig. 2(a) shows the increased
voltages on the bridged nets due to a process variation @tiuc WA(T) = Z Robustness(b, T') - w(b) ®)

change in the gate drive strength of the gate that drives net A beb

(Fig. 1(a)). A new logic behaviour BH4 is introduced, which As a pre-step to test robustness calculation, a Monte-Carlo
did not occur in the nominal case (Fig. 1(b)). Similarly, wéimulation is performed. In this process, we compute the
investigated the impact of logic threshold shift on resesti logic threshold voltage for each gate input, while varyigy |
bridges. Fig. 2(b) shows how a process variation induc@@rameters with mean.) and standard deviatiorv) values
increase on Th2 induces two new logic behaviours, BH5 aagcording to Table II. From simulation, we get the mea#
BH6. This shows that a process variation changes the logigd standard deviatiowr{;) of the logic threshold voltage for
behaviour of a bridge. If the fanout increases, so does tBach gate input in the gate library. The, and o7, values
number of variation induced logic faults. Process variaticare used to generate PVCs. 11% to 15% standard deviation
induced logic faults can become test escapes, i.e. unddtedr(Th)) was observed for the logic threshold voltages. Table |
faults that correspond to loss of defect coverage. Tableis|based on data for relevant parameters based on [14]-{16]
illustrates this using the logic behaviours from Fig. 1(b@nd 45nm transistor models from [17]. To account for voltage
Fig. 2(a) and Fig. 2(b). Faulty values are marked and drop in practise, Vdd is varied by 2.5% (0.022V) around
fault-free ',/. Consider the nominal scenario. Test generatidh878V for a 0.9V nominal Vdd. A standard deviation of 5nm
without consideration of process variation would propadgae is assumed for the transistor length (L) and width (W) due
fault effect through input 1, because Thi sees faulty Légicto line edge roughness affecting the geometry of fabricated
for all the logic behaviours BH1, BH2 and BH3 of the nominalransistors [15]. For the thickness of the gate oxide, TOX, 1
scenario (underlined). That means that logic behaviourd Bigtandard deviation reflects the thickness of one atom layer.
and BH6 are test escapes, since they cannot be detedtet the transistor threshold voltage, VT, 0.045V standard
through input 1. This shows that process variation causss tdeviation was chosen for random dopant fluctuations based

escapes. on [16]. Gaussian distribution was used to approximateethes
variations, supported by observations in [16] and practice
DC(b, e, T) = |CADI(b,c,T)|| (1) in [15]. In this study, the variation on VT, W, L and TOX
o |GADI(b,c)| is assumed to be independent between transistors for the
following reasons. The effect of random dopant fluctuatioms
Ill. TESTROBUSTNESS VT is independent between transistors because of the random

This section is a review of test robustness [1], a metric foumber and location of dopant atoms [16]. With respect to W
guantifying the impact of process variation on test qualitand L, it was observed in [18] that there is no correlation on W
The influence of process variation is modelled by a Paramegard L across transistors due to line edge roughness. Further
Value Configuration (PVC), which is a set of parameter valuege have performed Monte-Carlo simulation with and without
that are influenced by process variation, i.e. values for tNé and L correlation and it was found that the simulation
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results do not change and therefore W and L are assumed to 71 T —
be independent. For TOX variation, there is lack of publishe Nextbridge| 1B ey e
data and the TOX variations are in terms of one atom-layer | | "wes" e b e

. . . . A
across different transistors, which is why we have assumed T L
the effect to be independent between transistors. MontkCa Eeciiloeralt (Fault domain)

simulation was performed using Table 1l to see the impact of
process variation on gate drive strength. Two gates drige th
bridged nets, so each pair of gates in the gate library were
simulated. In this work, the gate drive strength is reprasen
by the resistanc&kH (RL) between the Vdd (ground) node
and the gate output for the gate that is driving high (low).
The meanugry (urr) and standard deviatiofgy (ogr) for L
the resistance are calculated and used to generate PVCs. The[
standard deviation foRH and RL was found to be in the  §
range 29% to 38% (measured for R¥0 The distributions ~ ° (BoRED) AT arilRR(RRCFig.‘t)\
of logic threShmq V.Olta.ge and gate drive strength b(.)th. Shqyl\é 3.7 Flow of the process variation-aware ATPG method (PYAA
a bell-shaped distribution around the mean. This is in-line
with observations of the transistor threshold voltage (J4B], Fig- 4. Algorithm RRC - Robustness ReCalculation
which is almost Gaussian. Based on such observations andfiyt: | Test patterrtp, Fault domaini”

- . Bridge locationsB and weightsw(b), b € B
c_ent_ral limit theqrem (a sum of a large n_umber o_f similarly  get of PVCSPP and probabilityP(c), c € PP
d|Str|bUted and Independent random Va”ables W|” haVe an Remaining (not yet Covered) resistance ranges
approximately Gaussian distribution) we assume that both RR(b, f,c) forbe B, f € F andc € PP
the logic threshold voltage and the gate drive strength have Set of detectable defect resistar@el DI(b, c)

. L . ; . forb € B andc € PP
Gaussian distribution. This assumption is used when PVCs Weighted average test robustnd&sA(T)

are generated. PVCs are generated by assigning a ranc@ur{but UpdatedW A(T), RR(b, f, )
number to each logic threshold voltage parameter and gasg for all faults f € F detected7b§tp do
drive strength parameter. The random number is taken frem tke:  // b is the bridge location of fault f

1E
Identify resistance intervals RR remaining
for each detectable logic fault resistance
1E v
Calculate the set of GADI

detectable bridge P/ detectable
resistances resistances

1
lave all PVCs
TRUE ~Xeen processed?

2B

Select the logic fault fwith the highest
IRC (Eq. 5)and add tp(f) to T

Step 1

FALSE

Gaussian distribution using the mean and standard dewiati®: for all PVCsce PP do 0. Pey. LRG0
values for the considered parameted,, RH andTh. These 4: WA(T) .= WA(T) + — EC leimel
mean and standard deviation values are obtained by Montg- . ,_ depr

: : : . : covered_resistance :== RR(b, f, c)
Carlo simulation as discussed above. The probabifify) . for all faults ¢ for bridgeb do
of a PVC ¢ is the product of the probability(z) (Eq. 4) 7 RR(b,g,c) := RR(b, g, c)\covered_resistance
for each parameter value. This probability p(z) is taken 8 end for

from the Gaussian probability density function according tg:_ S”fd for
Eq. 4. The robustness metric (Eq. 2) improves in accurady wit?: end for

increasing number of PVCs considered®. In the experi- fayts that can be detected, the probability for each sugte o
ments presented? P is limited to 500 PVCs for each bridge.taylt to occur and the range of bridge resistance that would
Experiments with smaller and larger sets of PVCs showed ths covered by detecting it. Furthermore, step 1 generates a
500 PVCs identify the majority of process variation inducegst pattern for each detectable logic fault, as if it was the
logic faults for the benchmarks considered in the expertmerbmy bridge fault in the entire circuit. In step 2, the gatigbr
(Section V). The set of considered PVCs is limited to 50fformation is used to select the logic fault to target byt tes
PVCs to limit test robustness calculation time. generation, and as a test pattern has already been generated
for it, this test pattern is added to the final test set. Thihoug
p(x) = e (4) this procedure, the test set is built to efficiently achievesar
v2-m defined weighted average test robustness target whilergepi
the test set small. Step 1 of PVAA begins with a bridge locatio
b € B with bridge defect probabilitys(b) which is estimated
The proposed process variation-aware test generation PVdm the layout of the design (see Section V for more details)
(Process Variation-Aware ATPG) for bridge defects emplaysEach bridge locatio is considered with respect to a set of
key observation from [1] that logic faults with high problityi PVCs calledP P, where each PVE € PP, has an occurrence
of occurrence and with a large amount of undetected bridge peobability P(c) calculated as discussed in Section Ill. PVAA
sistance should be prioritised in test generation. Emplpytie processes the complete set of PVCs for each bridge location,
observation leads to small yet effective test size for bngg as shown by the loop between steps 1B and 1G. In step 1C
faults in the presence of process variation. The test géaera logic faults are identified for bridgieand PVCc using the fault
flow is shown in Fig. 3 and includes the following two stepssimulation method in [11]. To determine if the identified ilog
Step 1 gathers all information required to enable PVAA tfaults are detectable, deterministic test pattern geioeras
target logic faults according to the key observation froh [1performed in step 1D, using an ATPG-engine based on a solver
This information includes the set of process variation getl for the Boolean satisfiability problem [19]. This procedure

1 _(m=w)?/o?
. 2

IV. PROCESSVARIATION-AWARE ATPG METHOD
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will generate a test if one exists and otherwise the fault #how the impact of process variation on test sets that are
undetectable and subsequently ignored. The set of detectajenerated unaware of process variation, we have employed
logic faults form the fault domairf’. Through this process, a single-Vdd version of the test generator presented in [12]
each detectable logic fault becomes associated with a tesi. Analysis: Process variation impact on test quality
patterntp(f). Step 1E determines the bridge resistance rangeTo demonstrate the impact of process variation on test qual-
that would be covered by detecting each logic fault and logg, we calculated the robustness for test sets of 12 bendtsma
this resistance range in the sBi? (Remaining Resistance).in two scenarios: (1) Nominal and (2) with process variation
This is followed by step 1F that determines el DI(b,c)- Table Ill, columns 2-7 show the results. Column 2 and 3 show
value for defect coverage calculation using Eq. 1. The aboMge number of gates and bridges and column 4, marked TPs,
steps are repeated for all the bridges and their respe@ise show the test set size. In the nominal case the test sets have
of PVCs as shown by the loop between 1A and 1H. Stégll defect coverage. Column 5 shows the fault domain, i.e.
2 is then initiated by PVAA after processing all the bridgeshe number of detectable faults identified in the nominakcas
The aim of step 2 is to identify and select a small numb@olumn 6 and 7 show how the test sets perform under process
of test patterns such that the user-specified weighted g@ergariation. The fault domain of all benchmarks has increased
robustnessV A¢,qrge: is achieved. In step 2B, PVAA selectsSome of the faults escape the tests leading to low weighted
a logic fault f which has the highest incremental robustnesgerage robustnesd’ A as demonstrated in column 7. For
contribution (IRC, Eq. 5). Targeting logic fault with a hifRC  example, 31 test patterns for design C432 achieve 100%tdefec
value is the recommendation of the observation that a faultcoverage in the nominal scenario. Under process variation,
that has a high probability of occurrencg (., P(c)) and there are 1719 detectable logic faults, but some of thenpesca
correspond to a large amount of undetected bridge resestastge test, which reduce®’ A to 0.916. From Table Ill, it can
(X_ccpp RRE(D, f,c)) has a high impact on test robustness. Thge seen that process variation has a negative impact on test
bridge defect probabilities(b) are used in Eqg. 5 to comparequality, because the weighted average test robustnesd is
logic faults for different bridge locations. The logic fayl indicating escapes for all the considered tests.

with the highest RC' marks the preferred logic fault to targetp, Test quality gain through process variation-aware ATPG

and therefore, the test pattei( f) (generated in step 1D) that 1o mitigate the test escapes and to improve test robustness,
detects that logic fault is added to the final test SetThis \ye employ PVAA. Two experiments were performed. In the
is followed by step 2C that updaté®' A(T') and RR after a fjrst experiment (Table 11l columns 8-13) we kept the oridina
test pattern has been added to the test/5etl” A(T') is the test set of each circuit and augmented it with additional tes
weighted average test robustness of test/Send RR is the patterns to reduce test escapes for three weighted aversige t
set of remaining resistances, those that are not coveréd. byrgpustness target$i Avarger 0.96, 0.98 and 0.995). Columns
Fig. 4 shows the algorithm RRC (Robustness ReCalculatioflrked “WA’ show the weighted average robustness of the
for step 2C. A newly selected test pattépnis fault simulated test sets, evaluated with other PVCs than those that werk use
to determine the detected set of logic faults as shown inllinej, test generation. The PVCs for evaluation were generated
The detection of logic faulf implies that the weighted averageith another sequence of random numbers regarding the
test robustness$VA(T) is increased byl RC(f,b) (EQ. 5), parameters (logic threshold voltages and gate drive stieng
which is implemented by the loop starting on line 3 and thgse Section I11). The evaluatéd A value varies around the
summation on line 4RR(b, f,c) is updated on lines 5-8 SOintendediV Ayq,4.;. For example, the test generated for design
that resistances that are covered for the first timelpyare c432 andW Ay qrge: 0.995 achieved-0.995 for PVCs used in
counted as covered only once, because logic faults for &t generation, but when evaluated with another set of PVCs

same bridge can have overlapping resistance ranges. it achieved WA 0.993 (column 13). The columns marked
RR(b.£.0)] “TPs” represents the total number of test patterns (orlgina
IRC( = Y w(b) - P(c) - 1Gapigal (5) testset plus added test pattern). As can be seen from column
C(f, 2 > aerp P(d) 13, it is possible to achieve highé# A in comparison to

column 7 by including additional test patterns. For example
W A has increased from 0.899 to 0.995 for design S838 at
the expense of 17 additional test patterns. Table Il shows
Experiments were performed on ISCAS85 and -89 benctiat significant increase in test patterns is required tdeseh
mark circuits, synthesised with the default options of $8ys the W A;;4.:=0.995 when compared withl” A;,r4.:=0.96.
Design Compiler to a 45nm gate library [20] consisting of 38Vhen the test robustness is high and only faults with low
different characterised gates, including AOI, OAl, FA, MUXimpact on robustness remain, the benefit of adding a single
and XOR, with transistor models from [17]. The ISCAS8%est patterns is low. To increase the test robustness furthe
benchmarks are sequential circuits with full scan-cha®s. many test patterns are required. In the second experiment, w
dence Encounter was used to identify bridge locations asthrted with empty test sets and used PVAA to achieve the
defect probabilities from layout. Layout information istnorequiredWW A. The results are shown in Table Ill, column 14-
required in PVAA, but used to conduct realistic experiment49. The required? A for a given design can be met using a
Bridge defect probabilities were estimated from the cowupli smaller test set (TPs) than the test sets shown in column 9-
capacitance between nets. A pair of nets with a high couplidg. For example, design S9234 needs 84 test patterns (column
capacitance has high defect probability and vice versa. T@) to achieve test robustness of 0.98 compared to 101 test

V. EXPERIMENTAL RESULTS
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Section V-A First experiment of Section V-B Second experiment of Section V-B
Evaluating original test set || Original test set augmented by PVAA  Test set generated by PVAA

Nominal|| With process variatiof] target 0.96 target 0.98 target 0.995| target 0.96 target 0.98 target 0.995

Design|| Gates| Bridges[ TPs|| Domain [[ Domain] WA WA TPs| WA TPs| WA TPs|| WA TPs| WA TPs| WA TPs
C432 || 175 36 31 363 1719 0.916 0.958 32[0.978 39[/0.993 53(/0.964 27[0.977 33[0.992 49
C499 || 211 | 107 | 37 1560 9990 0.958 0.971 38|0.981 40(0.994 54 0.960 26|0.977 37(0.994 53
C880 || 297 96 45 1981 10654 0.978 0.978 45|0.980 47|0.995 73/ 0.956 43|0.980 59(0.995 97
C1355|| 307 | 111 | 46 2912 24008 0.965 0.965 46|0.979 52|0.993 74/ 0.961 34|0.977 44|0.994 71
C1908|| 278 | 154 | 55 2042 10691 0.971 0.971 55|/0.980 59(0.994 76/ 0.961 42|0.981 58|0.995 78
C2670|| 481 | 154 | 68 2434 9499 0.943 0.961 74[0.981 92|0.994 136(/0.960 62]0.980 85|0.994 134
C3540(| 1001| 695 |138| 9317 50586 0.992 0.992 138 0.992 138 0.995 156|/0.958 62|0.980 89|0.995 147
S641 175 44 20 649 4976 0.938 0.964 22|0.979 27|0.994 43/0.959 27|0.980 36|0.994 50
S838 265 28 11 343 1357 0.899 0.958 14|0.980 19|0.995 28/ 0.959 13|0.979 18|0.994 27
S1488|| 704 | 873 |124| 9613 53925 0.991 0.991 124 0.991 1240.995 129|/0.958 56|0.980 76|0.995 119
S5378|| 1365| 727 |168| 10024 || 50619 0.984 0.984 168 0.984 168 0.994 228[/0.965 82[0.979 103 0.995 191
S9234|| 1015| 318 | 89| 4593 28354 0.956 0.959 91|0.978 101/ 0.994 143|/0.959 56|0.980 84|0.994 131

TABLE Il

EXPERIMENTAL RESULTS

patterns (column 11). The smaller number of test patterpsocess variation-aware ATPG method, which target theclogi

is due to the fact that PVAA targets logic faults that (idault
being detected) have the largest contribution to robustnesesu

s that have the largest impact on test quality. Expenital
Its show that for all considered benchmarks, the pexpos

Since the original test set used as a starting point in the firmethod achieves better results (less test escapes) than tes
experiment is not generated with this objective, it is §kelgenerated without consideration of process variation.

that the original test patterns are less effective in adhipv
high robustness, leading to a higher number of test patterns
This is true for a large majority of cases, except for example
C880, W At4rge:=0.98 andW Ayqr46:=0.995, which are due

to accidental detection. With accidental detection we meald!
that a test pattern is generated for a particular logic faulg
but is found to be effective at detecting other logic faults
as well. The computational time for PVAA range from 304
minutes for design C432 to 22 hours for design S5378. Ovegg)
50% of the time is spent using the solver for the Boolean
Satisfiability problem [19] for ATPG. We believe that the (6]
computation time can be significantly reduced if a morgz
efficient commercial ATPG-engine is available. To give an
insight into how PVAA improves test quality, compare thel®]
original test set in column 4 with the test set in columns 14-
19 (Table 1l1). For all designs but C880, PVAA achieves highe [9]
W A than the original test sets with a smaller test set size. F[%
example, the original test for S9234 achiey&d=0.956 with

89 test patterns and PVAA achievéd A=0.959 with 56 test
patterns (improvement of 36%). For C880, the test set siZél
is increased by PVAA, but highdi’ A is still achieved. The [1]
results show that test sets generated without considarafio
process variation are compromised in terms of test quality 613]
the presence of process variation. To regain the lost teditgu
additional test patterns can be generated (Table Il col8mn[14]
13). Alternatively, high test quality in the presence of qass
variation can be obtained by generating a new test set (Thbley; 5
column 14-19). The latter option leads to a smaller testiget s

—

[16]

VI. CONCLUSION

This paper investigated the impact of process variation &
test quality of bridging faults. It has been shown that pssce(;g
variation influences two parameters (logic threshold gdta
and gate drive strength) which affects the logic behavio 1r9]
of bridging faults leading to test escape. To quantify the
impact of process variation on test quality, a metric callgdo]

test robustness has been presented. The metric guides la nove
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