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Abstract

As the number and complexity of electronic parts increases
with every vehicle, the demands for reliability continually
increase. This is even more acute when deploying
advanced materials such as SiC and GaN to address the
ever more stringent demands for electric powertrains.

An advanced statistical screening approach is proposed for
the purpose of identification of electronic parts that have
an elevated risk of field failure. A comparison is made
between the proposed Omnivariate approach, industry-
standard DPAT, and more commonly recognized
multivariate methods such as Mahalanobis Distance and
Hoteling T"2, which tend to provide less useful information

as the number of monitored parameters exceeds a few
hundred.

A few examples from known RMA devices on Silicon CMOS
manufacturing are used for demonstration.
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Mean
15957 mV
314435 mV

627 mV
939 539 mV
125181V
1.5644V
187661V
213921V
250083 V
281382V
312585V
343854V
375081V
406362V
437602V
468901V

Mean
46706V

-99 4057 mLSB
£53.591 mLSE

160475 LS8
626 945 mV
646 457 mV
665973 mV
685 434 mV
70495 mV

724 439 mV
744 001 mV
763 533 mV
783 061 mV
302 606 mV
822 151 mVv
S41. 712 mv

Mean

861275 mV
880 856 mV
900 454 mV
920 065 mV
293 121 mV

11,4251 mLSB
-229 164 mLSB

626 944 mV
628193 mV
629358 mV
630 556 mV
831 785 mV
632 985 mV
634 188 mV
635391 mV
635588 mV
Mean
637 506 mV
639 016 mV
640 228 mV
641 444 mV
642 662 mV
643 383 mV
645 109 mv
181646 mV

-9.60325 mLSB
-20 4716 mLSB

276499 s
276528 s
0LSB

-818.103 mLSB

248703V

Sigma
14 2497 mVv
12458 mV
108791 mV
931381 mVv
779812 mV
634684 mV
502956 mV
401584 mv
387857 mV
418855 mV
51235 mV
640188 mV
7.844 mV
937727 mvV
10,9556 mV
143586 mV
Sigma
26.562 mV
542086 LSB
552377 LSB
10 5458 LSB
8123 mV
382561 mv
383312 mVv
383494 mv
3840889 mVv
383893 mv
383495 mV
383037 mv
84941 mV
384531 mVv
384368 mv
3.84379 mVv
Sigma
351588 mV
381952 mV
38278 mV
35402 mv
583.601 uwv
453.008 mLSB
452039 mLSB
381234 mV
38168 mVv
381982 mv
382318 mV
3.82637 mV
382952 mV
38333 mV
383649 mV
84056 mV
Sigma
84364 mV
384764 mV
385084 mv
385447 mv

167 654 uV
161.873 mLSB
140 691 mLSB

0.345911
363095 ms
33305 ms
0LSB
281267 LSB
551925 mV

3xSigma
42749 mv
373739 mV
326372 mV
279414 mV
233844 mV
19.0405 mv
150887 mVv
120478 mV
11,6357 mV
12,5656 mV
15.3705 mV
192056 mV
23532 mv
281318 mV
32 5668 mV
430758 mV
3xSigma
796861 mV
16.2626 LS8
165713 LS8
316373LSB
11 4369 mV
114768 mV
114994 mV
115045 mV
11,5227 mV
115168 mV
11,5049 mV
1148511 mv
11.5482 mV
11,5359 mV
1"ns3iMmv
115314 mvy
3xSigma
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11.4586 mV
11,4834 mV
11 5206 mV
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135902 LSB
135612 LS8
11437 mV
11.4504 mV
11,4595 mV
11.4595 mV
114791 mV
11 4886 mV
11 4999 mV
11.5095 mV
11.5217 mV
3xSigma
11 5309 mV
11,5429 mV
11 5525 mV
11.5634 mV
11.5752 mV
11.5884 mV
116031 my
502 962 uwV

485618 mLSB
422073 mLSB
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Max
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769336 LS8
1.67579KLSB
178979 KLSB
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760.192 mV
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818.884 mVv
838315 mv
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Max
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205711 mV
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527.163 mLSB
643302 mV
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645.792 mV
54599 mVv
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650.505 mv
651.758 mVv
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1.9
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06613
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02126
0.1906
04015
07395
167
205
1.65
204
1.65
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165
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1.64
1.59
1.63
1.59
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164
1.67
1.62
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220
0.3595
05064
1.67
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1.69
167
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1.62
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1.67
1.65
1.63
1.66
105
123
0.0197
n'a
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Yield
100.00 %
100.00 %
100.00 %
100.00 %
100.00 %
100.00 %
100.00 %
100.00 %
100.00 %
100.00 %
100.00 %
100.00 %
100.00 %
100.00 %
100.00 %
9999 %

Yield
100.00 %
95,99 %
9999 %
100.00 %
100.00 %
100.00 %
100.00 %
100.00 %
100.00 %
100.00 %
100.00 %
100.00 %
100.00 %
100.00 %
100.00 %
100.00 %

Yield
100.00 %
100.00 %
100.00 %
100.00 %
100.00 %
8999 %
100.00 %
100.00 %
100.00 %
100.00 %
100.00 ¢
100.00 %
100.00 %
100.00 %
100.00 %
100.00 %

Yield
100.00 %
100.00 %
100.00 %
100.00 %
100.00 %
100.00 %
100.00 %6
100.00 %
100.00 %
100.00 %
99.10 %
100.00 %
100.00 %
100.00 %
8998 %
99.95 %

Skew
156,562
159271
150.205
137.997
119.706
927933
542322
12.5527
-00261886
-13. 8431
-57.182
-97 3443
124 25
-141.394
-152653
-143.167
Skew
-168.656
294702
278928
144328
00219976
00227774
0.023244
0.0226052
0. 0415589
00440723
-0.0452716
-0.0467892
-0 565143
0567223
.0 569694
0570649
Skew
000921444
0.0082134
0.00768267
000839755
-0.0036459
221962
-226.359
0.022071
002233
00218296
0022101
0.0225045
0.022135
00224938
0.0222309
0.0227069
Skew
00223393
0.0225967
00225727
0.0224071
0.0222066
00226283
0.0219525
00155024
0.091958
0.344409
536108
520146
5.2023
na
-69.0629
-41.6596

Kurtosis
271856
278093
257188
229701
190029
135306
6613.72
941553

00265532
1068.86
7094 56

4423
19970 4

237268

262791
21915

Kurtosis
291385
91057 .3

84511
243892
00317781
00312783
0.030301
00287073
1.17165
117359
1.1709
1.18107

22 3636
224TH
225069
224977

Kurtosis

0 0220939

00220421

0.0201306

0 0206975

000745272

62822 4

635225
00317485
0.0310383
00307263

0 030465

00304926

0.0293299

00289736

00283515

0.0287258
Kurtosis

00252649

00281457

0.0281088

00276008

00281629

00275506

00264705

00385429

-0 696456

-0.0520401

443265
66 9967

67.026
n'a

4768 43

1931.46

P2.5%
8.0785mVv
307119 mv
619 507 mV
93197 mV
124318V
155685V
186919V
218197 v
249323V
2380612V
3.11843V
3431s5Y
374343V
405633V
436878V
468195V

P2.5%

45696V
-1.62668 LSB
.2.86343LSB
5.0301LS8B
619.507 mV
639 008 mV
658 514 mV
678.027 mV
897 511 mV
717032 mV

73653 mV
756 073 mV
775601 mV
795 155 mV
814 659 mV
834256 mV

P2.5%
853812 mV
873 384 mV
892 958 mV
912541 mV
291 963 mV

-269 697 mLSB
-500.737 mLSB

819.507 mV
620746 mV
621937 mV
823.125 mV
524 319 mVv
625 523 mV
626.707 mV
627 906 mV
629102 mV
P2.5%
630302 mV
8631514 mV
632 714 mV
633.926 mV
635132 mV
836 352 mV
637 564 mV
17.836 mV
-264 81 mLSB
-226.18 mLSB
31
2032s
2032s
0LSE
-1 14746 LSB

247V

P50% - Median

15783 mV
314371 mV
626936 mV
939 479 mV
125177V
1.56438 V
187659 V
218921V
25003V
281365V
312589V
343858V
3.75087 V
40537V
43701V
468912V

P50% - Median

467329V

-664.559 mLSB

-1.1843 LSB
240304 LSB

26 936 mV
646 446 mV
665 963 mV
685473 mV
70497 mV
724477 mV
743994 mV
763528 mV
783.062 mV
802602 mv
822 155 mVv
S41 716 mv

P50% - Median

861278 mV
880.861 mV
900 461 mV
920071 mV
293. 121 mv

100 327 mLSB

-253.48 mLSB
626 935 mV
628.184 mV
629351 mV
630578 mV
831773 mV
832 978 mV
634162 mV
63538 mV
63659 mV

P50% - Median

637 797 mV
$39 008 mV
640 221 mV
641 436 mV
642651 mV
843376 mV
6545 099 mV
18.1645 mV

-72.0993 mLSB
-85.0395 mLSB

31
2703s
2.703s
0LSB
-3831
248798 V

42 mLSB

P97.5%
248755 mV
321621 mv
634472 mV
947 087 mV

1.25936 V
157185V
1.88301 vV
219631V
250842V
282099V
313315V
344582V
375811V
407091V
438325V
469615V

P97.5%

46765V
161205 LSB
219948 LSB
837468 LSB
634 471 mV
654 015 mV
673.55mVv
693.052 mV
712538 mV
732032 mV
751537 mvV
771.055 mV
790.553 mV
810,092 mVv
829626 mvV
549182 mv

P97.5%

927 568 mV
294 27T mV
274 119 mLSB
221239 mLSB
634471 mV
63573 mVv
636.921 mV
635.129 mv
639329 mVv
640532 mV

2723 mV
84955 mv
4635 mLSB
6.789 mLSB
3
3203s
3203s
oLSB
208.32 mLSB
250757V

O )

NN

IOR
63295 mV
497348 mV
SA13101 mV
519753 mV
5.20802 mV
5.16701 mV
5.06592 mV
4.94695 mV
S2511T mv
5.14007 mV
S.07593 mV
5.04399 mV
502396 mV
499916 mV
495005 mv
487232 mV

QR

2.388 mV
200597 LSB
268453 LS8
653394 LSE
S 13053 mV
5.14634 mV
S5.16403 mV
5.16146 mV
5.15802 mV
915902 mV
S 156804 mV
SA5097 mV
514454 mV
5.13899 mV
513804 mV
513399 mv

QR
5.13452 mV
$.13846 mV
S.15097 mV
517388 mV
790 507 uVv

331449 mLSB
163 063 mLSB
S.13148 mV
5.13399 mV
5.14048 mV
5.144 mV
S. 14603 mV
5.14996 mV
5.1595 mV
5.16099 mV
5.16546 mV
QR
5171 mV
S17249 mV
$.17899 mV
518101 mV
51889 mV
5.19588 mV
521147 mv
224wV

289 107 mLSB
251.651 mLSB

0
312ms
313ms
0LSS
317 44 mLSB
12.4509 mV

QR SD
469198 mV
3.6905 mv
3 80356 mV
3.85287 mV
3 86065 mV
383025 mV
3.75531 mV
366712 mV
3.69264 mV
381028 mV
376274 mV
3.74277 mV
372821 mV
3.70583 mV
366942 mV
36118 mVv
QR SD
1.7702 mV
1.487 LSB
189024 LSB
4 84354 LSB
380321 mV
381501 mV
3.82804 mV
382614 mV
3.82433 mV
382433 mV
3.82212 mV
3.81836 mV
381359 mV
3.80948 mV
3.80878 mV
380577 mV
QR SD
380617 mV
3.80908 mV
381836 mV
3.83542 mV
5859895 uwv
2457 mLSB
120877 mLSB
380392 mV
380577 mV
3.81059 mV
381319 mv
38147 mV
381761 mV
382468 mV
3.82579 mV
8291 mVv
QR SD
383321 mV
383432 mV
3.83913 mV
384063 mV
3.84655 mV
385172 mV
386321 mV
166.049 uV

214312 mLSB

186.547 mLSB
0
231282 ms
232.024ms
0LSB

235315 mLSB

922975 mV
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Method

Results (out of 50)

Yield Hit
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Method Results (out of Yield Hit
10)
DPAT
Production Rule Set 0 B
DPAT Aggressive 0 0.9%




Method Results (out of 50) Yield Hit
DPAT Production 0, 0,
Rule Set
DPAT Aggressive 0 0.9%
DPAT More 1 12.6%

Aggressive




Multivariate Methods.
What is a multivariate outlier?
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Results : :
Method (out of 50) Yield Hit
DPAT Production Rule Set 0 0
DPAT Aggressive 0 0.9%
DPAT More Aggressive 1 12.6%
MultiVariable 1: o
Z(c) Stacking 8 3%
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Correlations?

Overlay Tests/IParameters
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Leblond, Nicolas & Jochen Stephan. “Multi-Variate Part-Average-Testing
Analysis to Improve Outlier Identification.” Semicon Europa 2014.
Grenoble, France Oct 2014
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Results

Method (out of 50) Yield Hit
DPAT Production Rule Set 0 0
DPAT Aggressive 0 0.9%
DPAT More Aggressive 1 12.6%
MultiVariable 1: Z(oc) Stacking 8 3%
MultiVariable 2 : MV-PAT; Pearson 1 5 5o,

Correlation




Covariance Matrices, Mahalanobis Distance, and PCA? ... oo commo)

D =(x-m)-C' (x—m)

* Cansiz, S. (2022, January 26). Mahalanobis Distance and Multivariate Outlier Detection in R.
https://towardsdatascience.com/mahalonobis-distance-and-outlier-detection-in-r-cb9¢37576d7d



Method Results Yield Hit
(out of 50)

DPAT Production Rule Set 0 0
DPAT Aggressive 0 0.9%
DPAT More Aggressive 1 12.6%
MultiVariable 1: Z(c) Stacking 8 3%
MultiVariable 2 : o
MV-PAT Pearson Correlation 21 2-97%
MultiVariable 3 : o
PCA & Mahanalobis Distance 24 &.4%
MultiVariable 4: >7 13.1%

Same as above, more aggressive
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Another Problem: Mahalanobis distance performs poorly as p increases.*

Distributions approach Gaussian as p increases, reducing signal in the noise. (These data have p=1,156).

400 600 800 106D 200 400 B0 300 1000

* Allessandrino, S., et al; (ST Microelectronics & Ippon Innovation) From Space to Automotive:
Advanced Detection of Burn-in Rejects on SiC Products Using a New Statistical Screening Approach.
Automotive Reliability & Test Europe. 5 Feb, 2021



A 2L (L LTS &
8 g

ck to th ?‘?*-DL

\ b . (:t\ "I»i\ ( i

9
—~ K : (2.“\ Lo ‘OM’ + | 5M ‘1‘!‘“ +‘f0M ‘3& \ ®=
Rty oan e SECI\ - -

- . - et £ 5 LA ) v-4

A (oSDL B R e C
go B8 'm'~"»"-*“¢2z+«-v;'47.k¥¥'

: % %9? é@

i eo Go' | b. ) O

.......

! g - ": : ">'\ — e ¢ M & . 7 — 4 \ : ~ - - B, - p” - - . g - : ,' P SO oz N 3 e S J - '!.” .-t.r-;g
E/‘ . ALY, 2T W’ }(1 ’ 5‘?‘(‘ g r\ ‘W‘ b | " / f} e e 4 ausw ot RS : A,‘.‘ _-‘- : . ‘ - - /2 X 2 s . y : > - M; » - .‘.‘.l .
! ~ M w -:: T .. - < e . . . > * - . » " 7 > ‘6V :’,A ‘-‘-. .-'.4:““ ¢ ‘ A Z ?;_ £ A - ! - _’i, ~ ‘] ol X ,_".( .: '

T A o/ . A T

\,,H-'Q“-\.A Is ,\\_, 1.' E

/

AT 3 vﬁisj_'u.(ra

JC s #f M’T S e \» . . ) ~__' Z := X2
o \V' FeP G L et x5 4 3xty 2 !Jol 2;\,‘ 3

,V"?(-. e~ ~¢,~'ﬂ : s -i”‘) {)rq\'\“_“gé__! = \/y o) & N
e e

&2 5641 4 ~ : A gave e
» vcl.- .//, '.}mp‘n_?l_.% ¥ 1.’>

?MC; (J E 3

/‘5‘ AY —/-/k’ A "" 2.4
Fy /

i (Vo B)- (U it o

< N

!
1
W*"‘“"“*" .{
g v/ 5 q

e PGl e
; ot 3"1'511.(9

‘T |

- 3 slS“U.“

2 ivfrn)&“?rw> - (@Q




A new method: Orion by Galaxy el

O R I O N
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A new method: Orion by Galax Sy

O R I O N

) Outlier Part (fﬁf' Good Part

o
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Norm

100
Run ID

* Ibid



| O =IO N
Best results achieved by:

* Run traditional DPAT at relatively loose settings. (le: 9o for Gaussian)

* Run Orion Omnivariate on remaining good die that did not fail the above methods.

Not tested In this experiment:

 Run NNR using typical settings with site-bias correction.

* Run GPAT to capture Good Die in Bad Neighborhood.



Method Results Yield Hit
(out of 50)

DPAT Production Rule Set 0, 0,
DPAT Aggressive 0 0.9%
DPAT More Aggressive 1 12.6%
MultiVariable 1: Z(o) Stacking 8 3%
MultiVariable 2 : MV-PAT using Pearson Correlation 21 5.5%
MultiVariable 3 : PCA & Mahanalobis Distance 24 4.4%
MultiVariable 4: Same as above more aggressive 27 13.1%
Orion Omnivariate 44 2.4%

* Your mileage may vary.
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