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Abstract—Precise and accurate logic diagnosis for integrated 

circuits enables fast analysis of defect locations and their 

corresponding behaviors that leads to valuable feedback for 

achieving fast yield ramp-up. However during large-volume 

production, limited tester time or memory restrict the amount of 

data that can be recorded for each failing chip, thus making 

diagnosis more difficult. To help mitigate this challenge, a test-

reordering method is developed to improve diagnosability for 

chips that fail scan-based logic testing. Experiment results show 

that the number of failing chips with perfect diagnostic resolution 

is increased by 10.6% and 5.1%, respectively, for two industrial 

designs after tests are reordered using the method described in this 

work. 
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I. INTRODUCTION 

Logic diagnosis is an important first step for identifying the 
defect locations within the logic of a failing chips. Diagnosis 
takes as input a design description, a set of tests, and a tester 
response (i.e., a fail log collected from a tester during the test of 
a failing chip), and produces one or more circuit locations (wire, 
gate, etc.) typically called candidates, where defects are believed 
to be most likely located. Most state-of-the-art diagnosis tools 
(including the commercial diagnosis tools used in this work) use 
a combination of cause-effect and effect-cause methods to 
perform diagnosis [1]. More specifically, regions where defects 
are possibly located are first identified using an effect-cause 
approach. Then faults (typically SSL faults) within the identified 
regions are simulated, and their simulation responses are 
compared with the tester response to score and report candidates 
in a cause-effect manner.  

Precise and accurate diagnosis enables further analysis of the 
failure mechanisms using techniques like physical failure 
analysis (PFA), which provides important feedback for 
improving the fabrication process, the design, and even test itself 
[2-4]. The precision of diagnosis is typically measured by 
diagnostic resolution. Diagnostic resolution refers to the number 
of candidates associated with each defect location within a 
failing chip. Higher diagnostic resolution (fewer candidates) is 
desired because the success rate of PFA is very much related to 
the number of candidates. The accuracy of diagnosis is also very 
important. Accuracy can be calculated in many ways, for 
example, as the fraction of failing chips whose candidates 
include the real defect locations. Inaccurate diagnosis leads to 
wasted efforts for PFA and volume diagnosis [4], leading to 
potential erroneous feedback to design, fabrication and test. The 
major objective of this work is to improve diagnostic resolution, 

which is accompanied by the very important secondary goal of 
maintaining diagnosis accuracy. 

There is a significant number of prior publications focused 
on improving diagnostic resolution. One category of approaches 
looks to improve resolution through the use of more 
sophisticated fault models or algorithms in order to cope with 
defects that manifest complicated behaviors [5-9]. While an 
alternative category of approaches is to provide diagnosis with 
more input data, for example, by applying extra tests or 
recording more tester response. Diagnostic ATPG [10][11] 
generates and applies additional tests to make faults 
distinguishable. In other words, the objective of diagnostic 
ATPG is to make the simulation response of each fault unique. 
Faults that are distinguished from each other are unlikely to 
become diagnosis candidates at the same time, which leads to 
improved diagnostic resolution. However, applying additional 
tests increases test cost and adds complexity to a production 
flow. 

There are several recent publications focusing on improving 
diagnostic resolution without using additional tests, either by 
collecting the tester response in an “intelligent” way [12-14], or 
by altering the order of tests applied [15][16]. The work in [12] 
uses diagnosis results from previously tested chips to 
dynamically predict when a sufficient amount of tester response 
has been recorded for each failing chip. Alternatively, the work 
in [13][14] describes testers that dynamically determine a subset 
of tests whose tester responses will be recorded. The work in 
[15] improves the resolution of scan-chain diagnosis by placing 
the tests with high chance of accurate scan-chain diagnosis with 
good resolution at the beginning of the test set. The work in [16] 
reorders tests by selecting tests from the original test set and 
inserting them into a new test set. The reordering process 
involves multiple rounds of fault simulation and calculation, 
where each round prioritizes on selecting tests that can 
distinguish faults that have been detected many times thus far.  

The test-reordering method developed in this work 
optimizes a test set for achieving a better diagnostic resolution 
for chips that fail scan-based logic testing when only a limited 
tester response is recorded for each failing chip. The method 
does not require real-time computation on testers, and uses a 
one-pass approach to save CPU time and memory. The rest of 
the paper is organized as follows: Section II introduces the test-
reordering method. Section III provides experiment results 
verifying diagnostic resolution improvement for two industrial 
designs (an IBM ASIC and an NVIDIA GPU). Finally, Section 
IV summarizes the contributions of this work. 
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II. METHODOLOGY 

This section introduces the test-reordering method and is 
organized as follows: Section II.A reviews the practice of 
collecting incomplete tester response in production testing, and 
how diagnostic resolution can be adversely affected. Section 
II.B describes the one-pass flow for test-set reordering. 

A. Incomplete Tester Response 

The chips that fail during high-volume production can 
provide valuable information for yield learning. However, the 
limited and arbitrarily collected tester data for each failing chip 
makes diagnosis difficult. For better diagnostic resolution, it is 
desired that all tests are applied and the full tester response (all 
failing tests and erroneous output bits) is recorded. However due 
to limited tester time and/or memory, typically only the tester 
response from a subset of tests (i.e., incomplete tester response) 
is recorded. Common practice is to record the tester response for 
a failing chip on a first-come basis until the tester memory is 
full, from which point no more tester responses are recorded. 
This practice adversely affects diagnostic resolution since a 
limited, arbitrarily amount of data is provided to diagnosis [12]. 
As an alternative solution for improving diagnostic resolution, 
recent work has described an “intelligent” manner for collecting 
a tester response, such as allowing testers to dynamically 
determine when to stop recording [12], or to select which test 
responses to record [13]. However, these approaches for tester-
response collection require real-time computation on testers 
which are not yet commonplace. In this work, the tester response 
is assumed to be collected normally, that is, on a first-come 
basis. 

 
Table 1: The average, median and maximum number of failing tests per chip 
recorded in the tester response from six industrial designs fabricated in various 
technologies. 

In order to find an optimal ordering for improving diagnostic 
resolution when an incomplete tester response is collected, 
certain assumptions need to be made concerning when a tester 
stops collecting data. This work assumes data from the first N 
failing tests are recorded. This assumption is a simplification of 
common practice in tester response collection. In reality, the 
number of failing tests recorded for each failing chip may vary 
based on the size of tester memory and the number of failing 
output bits associated with each failing test. Table 1 shows the 
average, median and maximum number of failing tests per chip 
recorded in the tester response from six different fabricated chip 
designs (tester responses are all collected on a first-come basis). 
The IBM and NVIDIA GPU designs will later be used in 
experiments in Section III. An empirical value of N can be 
derived from the statistics of previously-tested chips based on 
the median values listed in Table 1. This simplified assumption, 
although not ideal, makes the test-reordering problem solvable 
in a reasonable amount of time using only the set of faults 

detected by each test, which can easily be acquired from fault 
simulation or a pass-fail fault dictionary. 

The goal of test reordering in this work is to find near-
optimal ordering that ensures faults are distinguishable, under 
the assumption that only the first N failing tests are recorded. 
Because the set of diagnosis candidates is typically obtained 
based on faults (in particular, SSL faults) [10]. When the 
simulation responses of faults are different from each other, they 
are unlikely to simultaneously be candidates for a given failing 
chip. As a result, the number of reported diagnosis candidates is 
effectively reduced and diagnostic resolution is improved. 

B. One-Pass Test Reordering 

To save time and memory, tests are reordered in a one-pass 
approach as described in the flow diagram of Figure 1. The input 
data of the test-reordering method is an ordered test set 
consisting of T tests (t1, t2, …, tT) called here the original set, 
which could be a set of production tests generated from ATPG. 
Tests from the original set are fault simulated and processed by 
the test-reordering method one by one in a streaming fashion.  

 
Figure 1: The flow of one-pass test reordering. 

Assume t1, t2, …, ti-1 have already been processed by the test-
reordering method, and the |i-1| processed tests are reordered 
and placed in a new test set, called the reordered set. When the 
test-reordering method begins to process ti, the first step is to 
fault simulate ti and identify all faults detected by ti. Then based 
on faults detected by previous tests t1, t2, …, ti-1 and  ti, an optimal 
insertion point is found for ti in the reordered set to minimize 
average diagnostic resolution ADR, which is formally defined 
in the subsequent paragraph. After the insertion of ti into the 
reordered set, the next test ti+1 is fault simulated and inserted in 
the same way. After all T tests are inserted into the reordered set, 
test reordering is complete and the reordered set becomes the 

Average Median Max

NVIDIA GPU 90 nm 117 93 655 

IBM 130 nm 8.09 6 20 

Freescale 55 nm 32.3 10 255 

LSI 110 nm 64.2 61 200 

NVIDIA test chip 28 nm 47.9 9 402 

GLOBAL FOUNDRIES 28 nm 165 159 276 

No. of recorded failing tests

Design Technology
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final test-reordering output. The benefit of this one-pass 
approach is that reordering can be performed simultaneously 
with fault simulation to save overall computation time. 
Moreover, after ti is inserted into the reordered set, the majority 
of fault simulation results for ti can be deleted from memory 
(except for a small portion of fault-detection information 
required for ADR computation). So throughout the reordering 
process the memory requirement is also extremely low.  

The process of finding an insertion point for ti into the 
reordered set begins by listing all possible insertion points (i 
points), and then identifying a point where if ti is inserted, ADR 
is minimized, as illustrated in the center of Figure 1. Under the 
assumption that only N tests are recorded in the tester response, 
and the defect behaves as an arbitrarily-selected fault from a 
fault set F, the value of ADR for a given test set s, ADR(s, N) is 
calculated as follows: 

∑ |∀𝑓𝑘:   𝑓𝑘 ∈  𝐹 𝑎𝑛𝑑 𝑆𝑅(𝑓𝑘 , 𝑠, 𝑁) = 𝑆𝑅(𝑓𝑗 , 𝑠, 𝑁)|𝑓𝑗 ∈ 𝐹

|𝐹|
 

 

(1) 

where SR(f, s, N) represents the first N failing tests in the 
simulation response of fault f in test set s, ADR(s, N) is the 
expected diagnostic resolution if the defect behaves like an 
arbitrarily-selected fault fj in F, and only the first N tests are 
recorded in the tester response. Because in diagnosis, all faults 
(fk in Equation 1) that have the same failing tests as fj will be 
reported as candidates (assuming failing-pin data is not used in 
diagnosis). Consider the example shown in the left part of Table 
2(a), where s = (t1, t4, t3, t2), N = 2, and F = {f1, f2, f3, f4}. For f1, 
there is only one fault k=1 that satisfies both fk ∈F and SR(fk, s, 
N=2) = SR(f1, s, N=2), because faults other than f1 have 
simulation responses different from f1. However for f3, there are 
two faults k=3 and k=4 which satisfy fk ∈F and SR(fk, s, N=2) = 
SR(f3, s, N=2), because f3 and f4 have the same simulation 
responses. So ADR(s, N=2) = (1+1+2+2)/4 = 1.5. 

After a new test is inserted into a reordered set s, the newly 
reordered set becomes s′. The test-reordering method attempts 
to find an insertion point where ADR(s′, N) can be minimized. 
As shown in the right part of Table 2(a), a new test t5 detects 
three faults f1, f2 and f3 and has to be inserted into s. Table 2(b) 
shows SR(f, s′, N=2) when t5 is inserted before t4 and after t1, s′ 
= (t1, t5, t4, t3, t2). After the insertion of t5, ADR(s′, N=2) becomes 
larger than ADR(s, N=2), because f1, f2 and f3 now have the same 
SR(f, s′, N=2) and are no longer distinguished from each other, 
which implies this insertion point might not be optimal. The 
calculation of ADR(s′, N=2) for all possible insertion points 
where t5 can be inserted is shown in Table 3. SR(f, s′, N=2) is 
listed for each fault and each possible s′ after t5 is inserted.  The 
insertion example shown in Table 2(b) corresponds to the 
second column in Table 3. Equivalent values for SR(f, s′, N=2) 
are marked in the same color in Table 3. As can be seen, the last 
two insertion points “after t3, before t2” and “after t2” cause the 
four faults to have three different values for SR(f, s′, N=2) 
compared to other insertion points that only have ≤2 different 
values for SR(f, s′, N=2). In other words, these two insertion 
points make faults more distinguishable and become the ideal 
insertion points for t5. The last row in Table 3 shows the 
calculation of ADR(s′, N=2) for each insertion point. The last 
two insertion points have the lowest values for ADR(s′, N=2), 

which means the test-reordering method can choose either of 
them as an insertion point for t5. 

           
                   (a)                                                                     (b) 

Table 2: An example illustrating the change of fault simulation responses (a) 
before and (b) after a new test t5 is inserted into the test set (t1, t4, t3, t2), when N 
= 2. 

 
Table 3: Calculation of ADR for all possible points for t5 (N=2). The first two 
tests that detect each fault after t5 is inserted at each insertion point are listed. 
The last two insertion points have the lowest ADR and become the ideal 
insertion points. 

III. EXPERIMENT 

This section presents the experiment results verifying the 
diagnostic resolution improvement of the test-reordering 
method on a virtual and a fabricated failing-chip population. 
Section III.A describes the flow of both experiments. Sections 
III.B and III.C present the virtual experiment results using an 
IBM ASIC and silicon experiment results using an NVIDIA 
GPU, respectively. Section III.D provides further discussion on 
the experiment. 

A. Setup 

Two experiments are conducted to verify the diagnostic 
resolution improvement of the test-reordering method for two 
industrial designs, an IBM ASIC and an NVIDIA GPU. The 
setup of both experiments can be described using the flow 
diagram illustrated in Figure 2. The original set of tests for both 
experiments use the production tests generated from ATPG. The 
reordered set of tests are generated from the original set using 
the test-reordering method to optimize ADR for all collapsed 
SSL faults. Before test reordering, the value of N (the number of 
failing tests recorded by a tester) needs to be specified, because 
the calculation of ADR and the resulting reordered set are 
dependent on the choice of N. A number of different N values 
are investigated to verify the robustness of the test-reordering 
method. The major input data for diagnosis is the original full 
tester response, which is either collected from testing of actual 
chips or from the simulation of chips injected with virtual 
defects.  Based on the reordered set, the original full tester 
response can be transformed into the reordered tester response 
by changing the test indices. The original and reordered versions 

t 1 t 4 t 3 t 2 t 5

f 1 F P P P F

f 2 F F F

f 3 F P F F

f 4 F P F P

t 1 t 5 t 4 t 3 t 2

f 1 F F

f 2 F F

f 3 F F

f 4 F P F

Before t 1

After t 1, 

before t 4

After t 4, 

before t 3

After t 3, 

before t 2 After t 2

f 1 {t 1,t 5} {t 1,t 5} {t 1,t 5} {t 1,t 5} {t 1,t 5}

f 2 {t 1,t 5} {t 1,t 5} {t 1,t 4} {t 1,t 4} {t 1,t 4}

f 3 {t 1,t 5} {t 1,t 5} {t 1,t 5} {t 1,t 3} {t 1,t 3}

f 4 {t 1,t 4} {t 1,t 4} {t 1,t 4} {t 1,t 4} {t 1,t 4}

ADR

(3×3+1)/4

=2.5

(3×3+1)/4

=2.5

(2×2+2×2)

/4=2

(2×2+1+1)

/4=1.5

(2×2+1+1)

/4=1.5

!
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of incomplete tester responses can then be generated from the 
two versions of full tester responses, respectively, by emulating 
a tester that only records the first N failing tests of each failing 
chip. A commercial diagnosis tool is then used to diagnose the 
original and reordered tester responses. Diagnostic resolution 
and accuracy are measured from diagnosis logs and compared. 

 
Figure 2: Experiment flow comparing the diagnostic resolution achieved using 
the original test set and the reordered test set. 

B. IBM ASIC Experiment Result 

The IBM ASIC used in this experiment is manufactured in 
130nm technology and contains about 10 million transistors. 
The total number of uncollapsed SSL faults is 4.4 million. The 
original production test set includes 3,321 stuck-at tests that 
achieve more than 99% SSL fault coverage, following the same 
order as tests are applied in production testing. The original full 
tester response is generated from the fault simulation results of 
a population of 1,689 virtual failing chips. The virtual failing 
chip population is created by injecting various types of faults, 
including SSL, dominant bridge, AND/OR bridge, input-pattern 
[17] and MSL (multiple stuck line), into each virtual failing chip, 
in order to ensure the virtual failing chip population resembles a 
realistic failing chip population. 

The top of Table 4 compares the diagnostic resolution 
achieved from the original and the reordered test sets for the 
IBM virtual failing chip population. Seven separate experiments 
are conducted with different N values ranging from 1 to 20. The 
number of failing chips that have ≤5 diagnosis candidates are 
listed since failing chips with this number of diagnosis 
candidates have higher success rate for PFA. As can be seen, the 
number of failing chips that have perfect diagnostic resolution 
(K=1) is increased (by 10.6% on average) in all seven 
experiments after tests are reordered. The number of failing 
chips with diagnostic resolution ≤ 5 is increased by 2.2% on 
average after tests are reordered. The bottom part of Table 4 
shows the comparison of diagnosis accuracy. A diagnosis 
candidate is identified as a “true candidate”, if it is located on 
the same signal line where the virtual defect is injected. 
Diagnosis is considered accurate if a true candidate is included 
in the set of diagnosis candidates. As can be seen in the bottom 
part of Table 4, the number of failing chips that have both perfect 
diagnostic resolution (K=1) and accurate diagnosis is increased 
(by 10.0% on average) in all seven experiments after tests are 
reordered. The number of failing chips with perfect diagnostic 
resolution (marked as “all”), and with both perfect resolution 
and accurate diagnosis (marked as “accurate”) are plotted in 
Figure 3. From Table 4 and Figures 3, it can be seen that the test-
reordering method not only improves diagnostic resolution, but 
also maintains diagnosis accuracy. 

 
Figure 3: Comparison of the number of failing chips with perfect resolution 
(all), and also with accurate diagnosis (accurate) between the original and the 
reordered test sets for the IBM virtual failing chip population. 
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Table 4: Comparison of diagnostic resolution and diagnosis accuracy achieved from the original and the reordered test sets for the IBM virtual failing chip 
population. 

Original Reordered Original Reordered Original Reordered Original Reordered Original Reordered Original Reordered Original Reordered

1 397 511 811 812 870 889 867 960 850 946 855 944 840 933

2 247 262 295 340 289 273 305 259 318 271 321 269 324 283

3 160 195 149 123 151 132 158 126 147 122 146 137 158 137

4 123 130 96 78 97 68 87 70 95 79 100 88 104 95

5 100 84 45 57 48 61 48 43 57 47 54 50 50 50

SUM 1027 1182 1396 1410 1455 1423 1465 1458 1467 1465 1476 1488 1476 1498

Original Reordered Original Reordered Original Reordered Original Reordered Original Reordered Original Reordered Original Reordered

1 315 412 683 685 739 762 744 809 736 812 740 801 729 792

2 202 220 251 290 252 230 263 217 269 224 268 223 272 237

3 134 170 131 115 129 116 130 118 125 111 129 131 143 129

4 99 110 88 66 87 63 80 68 87 76 92 84 97 91

5 92 76 43 51 45 57 44 41 54 45 51 45 46 45

SUM 842 988 1196 1207 1252 1228 1261 1253 1271 1268 1280 1284 1287 1294

N  = 10

N  = 15 N  = 20

The number of failing chips that have K  diagnosis candidates

The number of failing chips that have K  diagnosis candidates and at least one candidate is true candidate

N  = 15 N  = 20
K

K
N  = 1 N  = 3 N  = 5 N  = 8 N  = 10

N  = 1 N  = 3 N  = 5 N  = 8

!
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C. NVIDIA GPU Experiment Result 

The chip design used in the second experiment is an 
NVIDIA GPU manufactured in 90nm technology and contains 
about 100 million transistors. The total number of uncollapsed 
SSL faults is 45 million. The original production test set includes 
1,000 stuck-at tests that achieve 98.2% SSL fault coverage. The 
original full tester response is collected on testers from 1,000 
actual chips that failed during production testing.  

The top part of Table 5 compares the diagnostic resolution 
achieved from the original and the reordered test sets for the 
NVIDIA failing chip population. Seven separate experiments 
are conducted with different N values ranging from 1 to 20. As 
can be seen, the number of failing chips that have perfect 
diagnostic resolution (K=1) is increased in five out of seven 
experiments after tests are reordered. On average, test reordering 
increases the number of failing chips with perfect diagnostic 
resolution by 5.1%, and increases the number of failing chips 
with diagnostic resolution ≤ 5 by 1.5%. The bottom part of Table 
5 compares the number of failing chips that have K diagnosis 
candidates and are also accurately diagnosed (the true candidate 
is included in the set of diagnosis candidates). Because the real 
defect locations are unknown for the 1,000 NVIDIA chips used 
in this experiment, diagnosis is run using the original full tester 
response, and diagnosis candidates with the highest score are 
assumed to be the true candidates. The true candidates found in 
this way, however, may not be accurate because diagnosis may 
not be perfect even when the full tester response is provided. So 
the numbers shown in the bottom part of Table 5 are an 
estimation of the actual number of chips that are accurately 
diagnosed. As can be seen, the number of failing chips that have 
both perfect diagnostic resolution (K=1) and accurate diagnosis 
also increases by 2.7% on average after tests are reordered. The 
number of failing chips with perfect diagnostic resolution 
(marked as “all”) and with both perfect diagnostic resolution and 
accuracy (marked as “accurate”) are plotted in Figure 5. As can 
be seen from Table 5 and Figures 5, diagnostic resolution is also 
improved after tests are reordered for this NVIDIA failing chip 
population, although to a lesser extent than the IBM virtual 
failing chip population. One possible explanation for this 
difference is that the NVIDIA design has a larger number of SSL 

faults and a smaller number of tests, which intuitively makes 
faults harder to distinguish even after reordering. 

 
Figure 5: Comparison of the number of failing chips with perfect resolution 
(all) and also with accurate diagnosis (accurate) between the original and the 
reordered test sets for the NVIDIA failing chip population. 

D. Discussion 

Because the diagnosis tools used in the experiments identify 
diagnosis candidates using collapsed SSL faults, ADR is only 
calculated and minimized during test reordering for all collapsed 
SSL faults only. If diagnostic resolution is defined as the number 
of uncollapsed SSL faults, then tests should be reordered by 
minimizing ADR calculated for uncollapsed SSL faults. If 
another fault model, e.g., the bridge fault model is also used in 
diagnosis, tests can then be reordered to minimize ADR for a 
fault set which includes both SSL and bridge faults. If some 
areas of the circuit are not tested by the original test set, then the 
faults in these areas can be excluded from the calculation of 
ADR. In a more complicated scenario, if defects are more likely 
to occur in certain areas of a chip than other areas, then ADR, 
the average diagnostic resolution, should be replaced by a 
weighted average calculation of diagnostic resolution, where the 
weight represents the relative likelihood a defect occurs at the 
location of each fault. The overall point here is that the test 
reordering method can easily be adjusted and customized for 
specific scenarios. 

When N = 20 (the worst case in the conducted experiments), 
the CPU time required for test reordering (not including fault 
simulation) is 118 hours for the NVIDIA experiment, and 194 
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Table 5: Comparison of diagnostic resolution and diagnosis accuracy achieved from the original and the reordered test sets for the NVIDIA failing chip 
population. 

Original Reordered Original Reordered Original Reordered Original Reordered Original Reordered Original Reordered Original Reordered

1 75 83 154 145 154 160 161 178 165 187 177 182 174 174

2 107 97 151 143 167 169 167 173 167 183 164 172 170 165

3 53 53 96 112 102 100 100 103 104 95 110 106 109 116

4 75 86 108 98 110 94 116 107 111 108 107 109 99 114

5 50 42 59 72 66 61 61 59 56 61 54 59 64 58

SUM 360 361 568 570 599 584 605 620 603 634 612 628 616 627

Original Reordered Original Reordered Original Reordered Original Reordered Original Reordered Original Reordered Original Reordered

1 57 66 128 125 143 141 151 158 157 161 169 170 163 161

2 84 84 141 126 156 149 160 156 161 167 162 162 168 159

3 46 47 82 94 92 90 95 92 97 90 105 102 102 108

4 72 74 102 96 103 87 112 101 108 99 105 104 97 108

5 43 38 52 66 61 55 56 57 48 58 51 57 62 56

SUM 302 309 505 507 555 522 574 564 571 575 592 595 592 592

The number of failing chips that have K  diagnosis candidates

The number of failing chips that have K  diagnosis candidates & at least one candidate is true candidate

K
N  = 1 N  = 3 N  = 5 N  = 8 N  = 10 N  = 15 N  = 20

N  = 10 N  = 15 N  = 20
K

N  = 1 N  = 3 N  = 5 N  = 8
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hours for the IBM experiment on an Intel Xeon 2.53GHz 
machine. The fault simulation time for both experiments is less 
than 200 hours and can be reduced through parallelization. 
Because the one-pass approach enables simultaneous fault 
simulation and test reordering as demonstrated in Figure 1, the 
overall computation time is less than 200 hours. The CPU time 
for test reordering can be further reduced if parallel computing 
is used in the calculation of ADR, since the diagnostic resolution 
of each fault can be calculated independently using multiple, 
parallel processes. 

The worst-case memory required for test reordering (N = 20) 
is 44.6 GB for the NVIDIA experiment, and 18.9 GB for the 
IBM experiment. The one-pass test reordering approach requires 
very little memory, compared with reordering tests using the 
whole pass-fail fault dictionary (>360GB for the NVIDIA 
experiment). 

IV. SUMMARY 

A one-pass test-reordering method is developed to improve 
diagnostic resolution for production tests, which to our 
knowledge, is the first-ever work that examine the impact of test 
order on logic diagnosis. Due to constraints such as limited tester 
time or memory, a commonly-used practice during production 
testing is to only record the first few failing tests and/or output 
bits for a failing chip. This recording of an incomplete tester 
response could lead to poor diagnostic resolution because less 
information is provided for diagnosis. The test-reordering 
method attempts to find an optimal test ordering that can better 
distinguish stuck-at faults when an incomplete tester response is 
used in diagnosis. The reordering is performed in a one-pass 
approach, that is, tests from the original test set are fault-
simulated and inserted into a new reordered test set one by one 
in a streaming fashion, in order to save time and memory. 

Experiments comparing the diagnostic resolution and 
accuracy of tests before and after reordering are conducted for 
two industrial designs (an IBM ASIC and an NVIDIA GPU). 
Tests and tester response collected from a population of virtual 
failing IBM ASIC chips and a population of real failing NVIDIA 
GPU chips are used as experiment input data. Experiment results 
demonstrate that the number of failing chips with perfect 
diagnostic resolution is increased by 10.6% for the IBM ASIC, 
and 5.1% for NVIDIA GPU. In both experiments diagnosis 
accuracy is maintained. Future work includes improving test-
reordering speed and application to other chip designs. 
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