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Bad Process Cycle Image — Hybridization (Hyb) Failure (2/2)
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Bad Process Cvcle Images — Spacer Shift Failure (2/2
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Bad Process Cycle Images — Surface Abrasion Failure
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Principal Component Analysis — Example of 96 Eigen Images

S
= 0
i
........................................ —
.y
- F B B

| R

%

o

WO 2022/165278

o \& W\\\\\\\\M § §

FIG. 6A




PCT/US2022/014449

WO 2022/165278

15/ 34

)|
\O|

Principal Component Analysis — Top 40 Eigen Images

-

. \\ww

N

2 e s
% S

i \

S i

‘\.\\\.

2

FIG. 6B



PCT/US2022/014449

WO 2022/165278

16/ 34

SaFew] UONIIS
Pa[eosaYy pouane[

A

>

[oXId [

4+—
S[exXId
00F 1

VL OIA

(z1s paonpai)
SoSeW] UONI9S PI[eISIY

LT T T

«—>
S[oX1d 08

SToxIg
081

«—

soSewy UONIIS

spexId
009¢

v

>
S[9XId 0091

7/1) SO0BW] UJDT JO SISey € SUNEal,) PUE UOONPIY AN[CUOTSUSUII(]



PCT/US2022/014449

WO 2022/165278

17 1 34

[

saSew] uasSIg jo siseg

001 01 0%

sjusuodwo))
Q0UBLIEA 9ATIR[NWIN))
YSIH Jo uonodpeg

QOUBLIBA
paure[dxyg

4L 'O

soSew uaSig

/ siuauodwo)) edourig

SISA[eUy
jusuodwo)) jedounyg

<4+ 00V 1 — vod

soSew] UONoag Paeosey
pausne[ ] PSZIPIEpUR)S

<—| (000

<>

s[exId
00¥P1

v

[oX1d [



WO 2022/165278

<)
o0

f Areas of Process Cycle Images

ities o

ion using Intensi

Feature Generat

PCT/US2022/014449

18/34

816

500

1000
1500
2500
3000
3500

2000

0 200 400 600 800 1000 1200 1400 1600

SUBSTITUTE SHEET (RULE 26)

FIG. 8A



WO 2022/165278

S|
0

Feature Generation using Intensities of Areas of Process Cycle Images

S

S

19/ 34

N
SRR

PCT/US2022/014449

FIG. 8B



WO 2022/165278

20/ 34

PCT/US2022/014449

\O
>
=

One-vs-the-rest
(OvR) Classifier

(Prior art)

FIG. 9



PCT/US2022/014449

WO 2022/165278

21/34

S|

Ao

Jo1rg
uonoIpaIg

yniy,
punoin

VOI "Old

uoneSedoid premyoeg

[ ] «—

A\ 4

(Sumure1])

TLT IOLISSE) 9sne)) 100y

Joiryg
uondIPAId

ymniy
punoin

g\

uoneSedoid premyoeg

Vv

(770 | «—

o

@ eoo

(Sururery)

TST 101J1SSB[D) Peg SA pooD

T Y
1201

(sasse|) peq)
sainjes g ynduy

saSew] Sururel],

S

N
1001

(ped + poon)
samyes 1 indug

sagewy Suurel],

=




PCT/US2022/014449

WO 2022/165278

22/ 34

(esnepn 100y) |,

401 "Old

sse[D ped

(UOTIROIJISSBL))
mdino

Qo @9 Qe Qo
o g eee p o |
o o @
(pourery)
TLT IOLSSE[)) 9Sne)) 100y
oSew] peg
A
R ISTJISSBID
| asnep 100y 930Uy @
—
\ . 0coT
Q@ @ .‘G 9@ LD soInea |
a. B 006 g el induy saSewy
....... o iy

(paurexr)
TST IQLISSE) peg sA pooD

@ uononpoig

S




WO 2022/165278

S

23/ 34

Example of MxN 224 x 224 pixels
Example of JxK 180 x 80 pixels
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VGG(
(features): Sequential(
(0): Conv2d(3, 64, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))
conv 1—— (1): ReLU(inplace=True)
1220 (2): Conv2d(64, 64, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))
(3): ReLU(inplace=True)
(4): MaxPool2d(kernel_size=2, stride=2, padding=0, dilation=1, ceil_mode=False)
(5): Conv2d(64, 128, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))
(6): ReLU(inplace=True)
(7): Conv2d(128, 128, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))
(8): ReLU(inplace=True)
(9): MaxPool2d(kernel_size=2, stride=2, padding=0, dilation=1, ceil_mode=False)
(10): Conv2d(128, 256, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))
conv 37| (11): ReLU(inplace=True)
1224 (12): Conv2d(256, 256, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))
(13): ReLU(inplace=True)
(14): Conv2d(256, 256, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))
(15): ReLU(inplace=True)
(16): MaxPool2d(kernel_size=2, stride=2, padding=0, dilation=1, ceil_ mode=False)
(17): Conv2d(256, 512, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))
(18): ReLU(inplace=True)
conv 4 (19): Conv2d(512, 512, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))
1226 (20): ReLU(inplace=True)
(21): Conv2d(512, 512, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))
(22): ReLU(inplace=True)
(23): MaxPool2d(kernel_size=2, stride=2, padding=0, dilation=1, ceil_mode=False)
(24): Conv2d(512, 512, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))
conv 5 (25): ReLU(inplace=True)
1228 ) (26): Conv2d(512, 512, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))
o (27): ReLU(inplace=True)
(28): Conv2d(512, 512, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))
(29): ReLU(inplace=True)
(30): MaxPool2d(kernel_size=2, stride=2, padding=0, dilation=1, ceil_mode=False)
)
(avgpool): AdaptiveAvgPool2d(output_size=(7, 7))
(classifier): Sequential(
fc 6____ ( (0): Linear(in_features=25088, out_features=4096, bias=True)
1240 (1): ReLU(inplace=True)
(2): Dropout(p=0.5, inplace=False)
fc 7 ___ (' (3): Linear(in_features=4096, out_features=4096, bias=True)
1242 (4): ReLU(inplace=True)
(5): Dropout(p=0.5, inplace=False)
f(:8/—\-.(6):I.inear(in__features=4096,out__features=2,bias=True)

1244

conv
1222
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ResNet-18 Architecture (1/2)
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ResNet( L=z

(convlm, 64, kernel_size=(7, 7), stride=(2, 2), padding=(3, 3), bias=False)

(bn1): BatchNorm2d(64, eps=1e-05, momentum=0.1, affine=True, track_running_stats=True)
(relu): ReLU(inplace=True)

(maxpool): MaxPool2d(kernel_size=3, stride=2, padding=1, dilation=1, ceil_mode=False)
(Iayerl)_: Sequential( T~—1260

(0): BasicBlock(

(convl): Conv2d(64, 64, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1), bias=False)

(bn1): BatchNorm2d(64, eps=1e-05, momentum=0.1, affine=True, track_running_stats=True)
(relu): ReLU(inplace=True)

(conv2): Conv2d(64, 64, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1), bias=False)

(bn2): BatchNorm2d(64, eps=1e-05, momentum=0.1, affine=True, track_running_stats=True)
)

(1): BasicBlock(

(convl): Conv2d(64, 64, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1), bias=False)

(bn1): BatchNorm2d(64, eps=1e-05, momentum=0.1, affine=True, track_running_stats=True)
(relu): ReLU(inplace=True)

(conv2): Conv2d(64, 64, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1), bias=False)

(bn2): BatchNorm2d(64, eps=1e-05, momentum=0.1, affine=True, track_running_stats=True)
)

) 1262

(layer2): Sequential(

(0): BasicBlock(

(convl): Conv2d(64, 128, kernel_size=(3, 3), stride=(2, 2), padding=(1, 1), bias=False)

(bn1): BatchNorm2d(128, eps=1e-05, momentum=0.1, affine=True, track_running_stats=True)
(relu): ReLU(inplace=True)

(conv2): Conv2d(128, 128, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1), bias=False)

(bn2): BatchNorm2d(128, eps=1e-05, momentum=0.1, affine=True, track_running_stats=True)
(downsample): Sequential(

(0): Conv2d(64, 128, kernel_size=(1, 1), stride=(2, 2), bias=False)

(1): BatchNorm2d(128, eps=1e-05, momentum=0.1, affine=True, track_running_stats=True)
)

)

(1): BasicBlock(

(convl): Conv2d(128, 128, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1), bias=False)

(bn1): BatchNorm2d(128, eps=1e-05, momentum=0.1, affine=True, track_running_stats=True)
(relu): ReLU(inplace=True)

(conv2): Conv2d(128, 128, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1), bias=False)

(bn2): BatchNorm2d(128, eps=1e-05, momentum=0.1, affine=True, track_running_stats=True)
)

)

FIG. 12D
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ResNet-18 Architecture (2/2)

(layer3): Sequential(

(0): BasicBlock(

(convl): Conv2d(128, 256, kernel_size=(3, 3), stride=(2, 2), padding=(1, 1), bias=False)

(bn1): BatchNorm2d(256, eps=1e-05, momentum=0.1, affine=True,

track_running_stats=True)

(relu): ReLU(inplace=True)

(conv2): Conv2d(256, 256, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1), bias=False)

(bn2): BatchNorm2d(256, eps=1e-05, momentum=0.1, affine=True,

track_running_stats=True)

(downsample): Sequential(

(0): Conv2d(128, 256, kernel_size=(1, 1), stride=(2, 2), bias=False)

(1): BatchNorm2d(256, eps=1e-05, momentum=0.1, affine=True, track_running_stats=True)

)

)

(1): BasicBlock(

(conv1): Conv2d(256, 256, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1), bias=False)

(bn1): BatchNorm2d(256, eps=1e-05, momentum=0.1, affine=True, track_running_stats=True)
(relu): ReLU(inplace=True)

(conv2): Conv2d(256, 256, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1), bias=False)

(bn2): BatchNorm2d(256, eps=1e-05, momentum=0.1, affine=True, track_running_stats=True)

)
) 1268

(layer4): Sequential(

(0): BasicBlock(

(conv1): Conv2d(256, 512, kernel_size=(3, 3), stride=(2, 2), padding=(1, 1), bias=False)

(bn1): BatchNorm2d(512, eps=1e-05, momentum=0.1, affine=True, track_running_stats=True)
(relu): ReLU(inplace=True)

(conv2): Conv2d(512, 512, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1), bias=False)

(bn2): BatchNorm2d(512, eps=1e-05, momentum=0.1, affine=True, track_running_stats=True)
(downsample): Sequential(

(0): Conv2d(256, 512, kernel_size=(1, 1), stride=(2, 2), bias=False)

(1): BatchNorm2d(512, eps=1e-05, momentum=0.1, affine=True, track_running_stats=True)

)

)

(1): BasicBlock(

(convl): Conv2d(512, 512, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1), bias=False)

(bn1): BatchNorm2d(512, eps=1e-05, momentum=0.1, affine=True, track_running_stats=True)
(relu): ReLU(inplace=True)

(conv2): Conv2d(512, 512, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1), bias=False)

(bn2): BatchNorm2d(512, eps=1e-05, momentum=0.1, affine=True, track_running_stats=True)
)

)
(avgpool): AdaptiveAvgPool2d(output_size=(1, 1))

(fc)glinear(in_features=512, out_features=2, bias=True)
)

1270

FIG. 12E
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Process Flow For Training
Good vs. Bad Classifier and Applying Trained Model
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