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DL can solve photomask industry problems

Imaging Sensor

—_

VOID RESIDUE SCRATCH THINNING PARTICLE BRIDGE

Automatic Lithography Fault detection Anomalous

Mask defect hotspot and data

IS EIEEe categorization detection classification synthesis

CDLe
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https://doi.org/10.1117/12.2282943
https://digital.hbs.edu/platform-digit/submission/applied-materials-when-machines-talk-to-each-othe/
https://semiengineering.com/searching-for-euv-mask-defects/

Many DL techniques are used at CDLe

(Labeled data) (Unlabeled data) (“Games”)

Observation
& Reward

Update

Update
Model

Action
Evaluate Evaluate

Error

Environment

Supervised learning Unsupervised learning Reinforcement learning

CDLe
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Deep learning scales infinitely - Automatically

100 ExaFLOPS

7 ExaFLOPS 20 ExaFLOPS AT
60 Million 300 Million 8.7 Billion
Parameters Parameters Parameters

8 Layers -> 150 Layers Complex Architecture Even More Complex

Architecture

2015 2016

CDLe
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Mask manufacturing problems are a bit different ...

ImageNet: Masks:

. 14.2M images . 540TB in 10nm pixels to write a mask
= 1.2TB for complete dataset = One Mask > 450 x ImageNet dataset

. 3 0 accuracy is considered great . >7 o accuracy required

« Better than human is sufficient

Copyright 2018 Center for Deep Learning in Electronics al ufacturi



CDLe’s mission is to succeed with DL breakthrough technology

MYCRONIC NuFWRE =t I{::I

CDLe is an alliance of industry leaders Deep learning is breakthrough Success to speed up time-to-market
in electronic manufacturing technology of DL for electronic manufacturing

B AP
© Copyright 2019 Center for Deep Learning in Electroni#s;Manufacturing, Inc. Confidentia.la
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https://www.trissential.com/about-trissential/mission-values.php
https://dvl.in.tum.de/teaching/i2dl-ws18/

CDLe has achieved 10 successful projects in past year

Semiconductor Flat Panel Displays (FPD) PCB assemblv line
photomask industry mask making industry y
o NuFWRE D MYCRONIC MYCRONIC

CDLe
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Two ways to be associated with CDLe

Send short terms

: Become partner company
assignees

Contact: Ajay Baranwal, ajay.baranwal@cdle.ai

CDLe
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D2S: Mask rule error automatic categorization
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Recommendation engines use deep learning
DL technique used: autoencoding (unsupervised DL)

amazon
N

' Customers Who Bought This Item Also Bought

e

Lo NS0

QJ Ofiver Twist (Dover Thrift David Copparfield (Dover JANE EYRE
Editions) Thrift Editions) > Charictte Bronte
> Charles Dickens > Charles Dickens Yook (1,045)
Yoo dels (213) Yodededods (196) Paperback
Paperback Paperback $299
$350 $5.00
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Unsupervised Autoencoder captures similarity
Uses same data as input and output for training

120612081
WI20:12061

1apooap
[«
[9-0]2011s~papLis

lapoduz
wepy {11070

Same mask
image clip

<O
[#-0]esodsuen
o

Mask ;
image clip

CDLe
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Unsupervised deep autoencoder captures similarity
After training, creates encoding for every mask image clip

3
@
1
=]
i

'n
a
=
5
@
=3
o

o / 4.18511915e+00,
Mask e = Series of numbers
image cli Also called encodin
g P Autoencoder ( g)

CDLe
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Mycronic: PCB component pick-and-place (PnP) error classification
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Amazon Go automatic checkout uses deep learning
DL technique used: object classification, others (supervised DL)

CDLe
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https://www.cnet.com/pictures/photos-inside-amazon-go-store-no-cashiers-seattle/7/

Incorrectly picked components need to be identified
Monitored using images of picked components

L ALALALALE B
NN T Y v e

\ fr* T
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Robot arm picked
a component
(Image taken)

Magazine
with components

Component
Mounted on PCB

CDLe

R o : e g $ s, 4 . A .
Copyright 2019 Center for Deep Learning in Electronics %qufact'u‘ﬂ T i s <~ Mygronic confidential and proprietary



This problem is difficult

Classical computer vision is not sufficient

} MYCRONIC
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Historical & manual labels for supervised learning

Table 1 Quick Reference to all the Image Classes

Example

CDLe

o
© Copyright 2019 Center for Deep Learning in Electronics Manufacturing, Inc

Errortag/pickErr?

oK

BILLBOARDED

TOMBSTONED

CORNED PICK

WRONG PICK ANGLE

UPSIDE DOWN

DAMAGED

Productiontag/ToolErr?

UNDEF

UNDEF

UNDEF

UNDEF

UNDEF

UNDEF

UNDEF

NOT PICKED

STOP PRODUCTION

STOP PRODUCTION

STOP PRODUCTION

STOP PRODUCTION

STOP PRODUCTION

STOP PRODUCTION

UNDEF

SOLDER PASTE NOT PICKED

SOLDER PASTE DPMO

SOLDER PASTE

ATTACHED

WRONG PACKAGE

CORRUPTED IMAGE

MYCRONIC
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Object classification uses deep CNN

224 x224x3 224 x 224 x 64

112X 119 X198

TIEFX512
1x‘1:x 4096»%5 J.ﬁxlOOO

=) convolution+ReLU
) max pooling

“{ fully nected+ReLU
“ softmax

.
..;

CDLe ° Nt
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https://neurohive.io/en/popular-networks/vgg16/

CNN based classifier was used to identify “Bad” PnP

Accuracy 99.76%, even on different machines

Bad-”Billboarded” Bad-"Tombstone”

OK

Bad - “Wrong pick angle”
) B "‘%&\\wasm}‘qy R \' ’ ‘_
AR ST Y IR 7 /

\.\ _ m&\}\\ e P e = MYCRONIC
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D2S: Digital twins creation with TrueMask(R) DLK

Deep Learning Toolkit

T AN . o 0 e v
Y Alave 5007 ol SV oy < iy A o a i
® PP AT - et
N R A o S g P R ¢
c D > £y 3 .." A = S S T e S o NN Aq. A
o . ST A on- o T~ e YA W S -
e . Vit s (2% LA T i X SR R 3 AR ARl
- s B O A Sy e A
S AT s i X AESYX VAR, N
\ gl A = e AR s

22



Digital twins can benefit from deep learning
DL technique used: mixture models, GANs (semi-supervised DL)

\ =
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https://www.attendmia.com/blog/2019/02/27/explore-the-latest-manufacturing-technology/

DLK: GPU-accelerated platform for DL to generate digital twins

Pre-trained Deep Learning Neural Networks
Digital Twins for

Training Data

Generation
Verification

&

Ay
10010101007

11000101010
11101000101
00101000110

01100101010 Computational Design Distributed

10001010001 [EEEVE RIS S
10100010100 Simulation Simulation (CDP) fTensorFIOW

11100101110

CDLe o
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SEM digital twin is a must for all data analysis
in mask shops and wafer fabs

e Almost all mask and wafer analysis
is based on SEM images

e Getting mask and wafer SEM from
mask shops and wafer fabs are
difficult

CDLe
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Neural style transfer was seed idea for SEM digital
twin

Gogh Artwork

, tistic-style-transfer-b7866a216431

CDLe
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Generative Adversarial Networks (GANs) based
Pix2Pix architecture was used finally

INPUT OUTPUT
INPUT
discriminator
€Y _ 9 piX2pix
& - -
generator OUTPUT
in out }—» @ —_—
TARGET ],
in in
TOOL INPUT OUTPUT
—*|ef compare compare feff— sackoround @)
generator i@
We‘g’ts ermor ermor @
Pix2pix
optimizer

save

'https://affinelayer.com/pixsrv
Y o
#


https://neurohive.io/en/popular-networks/pix2pix-image-to-image-translation/

Generative Adversarial Networks (GANs) based
Pix2Pix architecture was used finally

‘ Simulated Generated

SEM

Simulated Real SEM

Real or Fake

Discriminator

Real or Fake

-
e

CDLe

. AV
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SEM images from TrueMask(R) DLK SEM digital twin

Simulated mask
pattern

Real SEM images SEM image by Digital Twin

CDLe N\

Copyright 2019 Center for Deep Learning in Electronics.
Confidential and Proprietary to Center for Deep Learning i




SEM images from TrueMask(R) DLK SEM digital twin

Simulated mask
pattern

o~

'\"i\\\
_—
CDLe =~
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Real SEM images

SEM image by Digital Twin




Simulated mask
pattern

Real SEM images SEM image by Digital Twin




Humans can find an anomaly easily

CDLe

Copyright 2019 Center for Deep Learning in Electronics Manufacturing, Inc, K.
Confidential and Proprietary to Center for Deeb Learning iElectionice Mahtia b Do X andi e T LI ik



https://www.pinterest.co.uk/pin/849421179688401557/

How about now?
Still find anomaly?

CDLe
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?

DL performs great to find anomaly for huge data

And now
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