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SMT is a segment of ZEISS, a leading international enterprise
operating in the fields of optics and optoelectronics

Semiconductor Manufacturing Technology Research & Quality Technology

1.212 villion euros revenue approx. 2,900 employees 1.538 billion euros revenue

——
4L
Medical Technology* Vision Care/Consumer Products
1.427 billion euros revenue approx. 4,500 employees 1.108 billion euros revenue approx. 9,800 employees
As of 30 September 2017 *The values deviate from the published figures of Carl Zeiss Meditec AG as a result of different consolidation models.
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SMT covers a variety of processes in the production of
microchips — with three strategic business units and as a
segment of the ZEISS Group

ZEISS Group

Semiconductor Manufacturing Technology
Business Group

Strategic Business Unit Strategic Business Unit Strategic Business Unit
Semiconductor Semiconductor Process
Manufacturing Optics Mask Solutions (SMS) Control Solutions (PCS)
(SMO)
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A place for innovation and growth: P

SMT fab in Oberkochen, Germany, is being further extended DDD

Ongoing expansion with
high-end equipment for R&D
and production of

High-NA EUV optics

e
e -

700+ m€ anticipated as a total
investment in High-NA EUV

Mechanical
Components (e

High-NA EUV Optics
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Semiconductor Mask Solutions (SMS) -
Overview about Product Offering
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Design House Mask Shop

ZEISS SMS o | N .#F ; e TE S
Products i ; ey ™ 1 i ! il
- | 348 b e
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- Gy . : s _
PROVE® RegC*® CDC MeRiT® Alps™
i -
il | TTEN 4 W=
Design o nm 1_' A |
and P ‘ | -
Mask e a
Layout WLCD ForTune® Platform for automation and reliability

enhancement applications

FAVOR®
Wafer Fab End Consumer Products
R 4
F ik y = -
| |
E “[I 'S
: Wafer Microchip
ForTune® ASML Waferscanner
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AIMS™ Concept:
Looking at the Mask with Scanner Eyes !

AIMS™ - Aerial Image Measurement System

Scanner / Exposure Tool . AIMS™
equwalent [lluminator
e image < \\
, Mask generation . , Mask
NA<0.35 NA0.35
NA <1.4 Aerial Image generated
Wafer Print Wafer NA~0 by mask
CCD Camera
Field of View@mask Field of View@mask
Large (“100mm range”, slit)) Small ( “10um range”, point-by-point measurement)

AIMS™ uses same wavelength, illumination condition and imaging NA as scanner
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ZEISS celebrates 25 years of AIMS™ technology

1993

Optical platform
developed in
collaboration
with IBM

1994

MSM 100
market
introduction
(365/248 nm)

1999

MSM 193
market
introduction
(193 nm)

2000

First fab tool
AIMS™ fab
(248 nm)

2003

First fab tool
with automatic
handling
AIMS™ fab plus

2006

AIMS™ AL-193
market
introduction
(193 nm)

2009

AIMS™ 32-193j
market
introduction
(193 nm)

2014
AIMS™ 1x-193i
(193 nm)

2017
AIMS™ ELV
(13.5nm)

Over the decades ZEISS has developed new AIMS™ generations to keep with the ongoing demands in mask making
from i-line to EUV technology

More than 100 AIMS™ systems have been delivered to the industry during that time
AIMS™ has been established as an industry standard
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AIMS™ Main Application:
Defect Disposition and Repair Verification

AIMS™ . AIMS™
- » -Repair _ post- .
_ / / repair

AIMS™ MeRiT® Repair Process AIMS™
Printability test by Detailed analysis by E-beam mask repair Printability check afte
AIMS™ technology high resolution e-beam by MeRiT® repair by AIMS™
"'..‘ ‘ e‘!:? b Bt B e B B HEEE "--.‘ ‘
'.Ill‘ l '.lll‘ ‘
Input (from Mask
Inspection Tool): Defect-free
Mask Defect coordinates: mask
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AIMS™ EUV and Application Examples

BREE
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AIMS™ EUV actinic mask review tool

AIMS™ EUV prototype

= Mirror optics based actinic mask defect aerial imaging

= NA 0.33 scanner illumination & projection emulation

Performance Specifications

Scanner emulation Up to 0.33 NA

CD Reproducibility <1.5 nm (30, mask level)

Run Rate standard 2 27.5/hr > 38.5% pupil fill
7 focus planes per site 2 51/hr > 77% pupil fill

Run Rate fast mode*

Examples of Illumination Conditions 7 focus planes per site > 55/hr >38.5% pupil fill
E . . E .

Conventional Annular Dipole X Dipole Y Quasar
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New: EUV Scanner Emulation
Scanner arc illumination
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EUV illumination: CRA with 6 and ¢ components

EUV |—> orientation & position dependent shadowing effects

Ilumination
OPC/bias compensation across X-axis

lllumination Pupil

Chief ray angle rotation for EUV
scanner matching

Projection Pupil
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AIMS™ EUV at Intel: steps towards insertion into production intel) w
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Following successful integration and acceptance, the tool has been handed over to customer in production

etk k| TR Successful factory acceptance test
mm”m ““ il {fHl | = Platform meets its performance specifications

; |||“""| Yy I'I IIiII \
=5 %
Ml - AR
| w W A
WAy BEE

= Successful final acceptance test 5 ¥ ‘ I’

= Platform meets its target specifications :> [- &

= Results obtained at Headquarter well K 3

reproduced Tool in production

Carl Zeiss SMT GmbH, Thomas Scheriibl, Renzo Capelli, Dirk Hellweg, Martin Dietzel, SMT-YN 2018-10-17 15



EUV Mask Challenges

New Class of defects which is not visible in mask SEM
and DUV inspection:

Carl Zeiss SMT GmbH, Thomas Scheriibl, Renzo Capelli, Dirk Hellweg, Martin Dietzel, SMT-YN

Mask 3D Effects impact the imaging performance of

photomask

Introduction: 3D Mask Effects in EUV Lithography

Shadowing & telecentricity error (TCE)

o0,
= = 199 P .
E positioh shift
s .

vs_focus
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Phase deformation & best focus (BF) shifts
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contrast

BF depends
on pitch

Lithography 3
Simulation

Andreas Erdmann SPIE 2018

Contrast fading

significant
contrast loss
vs. focus

A. Erdmann et al., Adv. Optical Technologies 6 (2017) 187

£Z Fraunhofer

IISB
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imec go
Multilayer defect printability with AIMS™ EUV

S
-
28]
-
o

Imec through access with the support of all EMI members
Through-focus measurements of 146 native ML-defects as detected by ABI

= Correlation of AIMS™ EUV aerial image shows a good match to wafer prints over the range of printing impact
= Good correlation extends to defocus conditions within process window

Courtesy of Imec le Jonckheere

- =t L - i

o] minianie

: N = =ﬂ |

= ] "l]! \1\ jlr sl L
= < i o o {
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AIMS™ EUV BACUS 2018 s
Aerial image based metrology of EUV masks limec W
Multi-metrology printability assessment of buried blank defect

The AIMS™ EUV aerial image contains ALL relevant information to predict the impact of the defect on the wafer

Assessment of alignment precision of mask pattern to blank inspection map
(see R. Jonckheere, Proc. SPIE Vol. 10807 - PMJ2018)

Ei [R5 JUNl L

€33 2
2
1 %

3 E = et
7||||\|\\|\\\\\\\\\‘\\\\\\\\l||\|||||\ _“‘_ >
0.0 0.1 0.2 0.3 0.4 L g b -

ol - % £

e % "

. L

- I

5

- F

T T
x[pm]
ini

Averaged and smoothed
AFM-Profile along Trench

(ZEISS SMT) b - ﬂ
" ABlinspection: detected Additional value of actinic review via AIMS™ EUV
" SEMreview on mask: not visible Measurement of deviation of actual position from expected
= AFM review: detected . . .
= AIMS™ EUV review: detected What is expected to be under absorber, might end up printing!

" Water print: cetected The full qualification of printing behavior is only possible via AIMS™ EUV aerial image
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Defect detection below absorber, a door-opener to new applications

‘umec g

The AIMS™ EUV platform capabilities go well beyond defect disposition and review

Also when underneath the absorber, a ML-defect is visible and its imaging impact can be qualified

e
T

(S

oM -495 887

006

-400

AFM review

TTT
0.0

]

TTTTT T T T T[T T TTT7T T T T T T T T T T[T TTT 77T
0.1 0.2 0.3 0.4 0.5 0.6

Feature
Contrast = 24%

R AR A A B
-200

200 400

ROI X [nm at mask]

AIMS™ EUV sees all what's on the mask. Extremely sensitive to material and its changes in n k.
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Repair Verification w
Successful repair examples from ZEISS MeRIT neXT
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ZEISS supports fully automated analysis of AIMS™ EUV images via the FAVOR® platform

ACD clear features

X
) . \/\' Space3
[3) 8 Space2
)
Ll 8

O

o

Spacel
. . . -2:)0 -1:’}0 6 160 2EIJO
Single Slice Analysis of ACD=0-5% ACD=5-10% ACD>10%
AIMS™ EUV images
1 2
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ey
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% o Line2

O
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ACD opaque features
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AIMS™ EUV — Applications beyond repair
Printing Aware Metrology of Mask 3D Effects

Mask surface topology Mask patterning

Mask Focus Shifts Photon Stochastics

Mask LVVR:

1.2

Vertical 3.6nm

Aerial Image LWR:
o _| - 'nnriién|'u'|
el i | ertical

paseq S|V ABojosls
LR 3 sigma, o

0.8

[} H:Ellwe'g el al, Proc. SPIE 10143, 1014300 2017)
. MWW tal, P SPIE 9422 9422192015
} + Impact on wafer depends on structure, setting and focus Fles el e 0T

« Aerial Imaging specification usedfule for Euv masks
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AIMS™ EUV measurement of mask 3D focus shifts
Uses through focus aerial image acquisition capability

1. Measure focus stacks for 16nm lines through pitch
Pitch

Focus

Dense Semi-dense

Carl Zeiss SMT GmbH, Thomas Scheriibl, Renzo Capelli, Dirk Hellweg, Martin Dietzel, SMT-YN 2018-10-17 22



AIMS™ EUV measurement of mask 3D focus shifts
Significant pitch-, pattern- and setting-dependent focus-shifts

1. Measure focus stacks for 16nm lines through pitch
2. Determine best focus shift
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AIMS™ EUV measurement of mask 3D focus shifts
Significant pitch-, pattern- and setting-dependent focus-shifts

1. Measure focus stacks for 16nm lines through pitch
2. Determine best focus shift

50 T T T T — T
20 @ - - - .
| — ©— -Horizontal lines 16nm@WL, dipole-y
— —_ ‘ — £J— - Horizontal spaces 16nm@W.L, dipole-y
= 40 Qc)’" E' Il
S g ® 101 i 1
£ z £ \
= 30 7 = | a
o 2 ) Y 2 St > S
2 N = 0f nopenl B O
= N ol | | =
© ~ o @ @
o j il
% 20 wl 1! !
0 3 I:lII /]
LE LI.Q_ '1 D B | Il.l j.l —
+ — I ';EI@
3 10 E ) .'f
1:
20 - ¥ Pronounced peak .
/ .
0 , ® at Semi-dense
32 48 64 128 256

Pitch [nm@WL]
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AIMS™ EUV measurement of mask 3D focus shifts
Significant pitch-, pattern- and setting-dependent focus-shifts

1. Measure focus stacks for 16nm lines through pitch Focus shift depend?“r;cy can be
2. Determine best focus shift verified using AIMS™ EUV
50 20 @ — _ ~ ]
| — ©— -Horizontal lines 16nm@WL, dipole-y
—_ —_ ‘I — £1— - Horizontal spaces 16nm@W.L, dipole-y
g' 40 CSZC)"’ g' | Horizontal lines 16nm@WL, quasi-conv
@ @ 10 ‘1 .
9 2> £ |
=30 7 = ol
i (%) - i - _——
qu.J QQ) -g 0r ! ;ﬁ- —@C’:E__ = T —————
E \7 g I,(_lt‘r !
o e
f20¢ % v !
O = ; | _.'
o Q _10+F LA i
LL LE bl
z % P
© 10
m o | I.'
-20 ! Pronounced peak -
0 ® at Semi-dense
32 48 64 128 256

Pitch [nm@WL]
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AIMS™ EUV measurement of mask 3D focus shifts
Does not require knowledge of mask structure

Can be used for OPC/SMO

1. Measure focus stacks for 16nm lines through pitch e L
verification / optimization

2. Determine best focus shift
3. Compare to simulation
Focus shift horizontal lines 16nm@WL, dipole-y

-rr.leasur.ement _ O Measurement

20 B simulation 56nm TaBN / 14nm TaBO (min) — — — -Simulation 70nm TaN
_°V[| Il simulation 56nm TaBN / 14nm TaBO (max) = 20+ — — —- Simulation 56nm TaBN / 14nm TaBO (*)
- B Simulation 70nm TaN =
3 g
Eoonl Lo 5
" 20 N =
R s L YN P TSSSes———
c 2 of .
i 3 /
) o < A
O 10t L -10 .~ OPC, SMO -
: 7 ,, |
° o |V A - Next slides: LER,

20 ~ local CDU, (Yield) 1
1 {-l:} 1 1
0
32 48 64 128
(*): side wall angle (86°-90°), absorber thickness (+5%), n +0.5%, k +3% Pitch [nm@WL]
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Stochastic Effects

Paradigm change DUV- to EUV-Lithography New AIMS™ Imaging Mode

DUV: Photon stochastics not important

EUV: Higher photon energy, smaller lithography feature = Stochastics emulation capability*

RN
e Major contribution to wafer local CDU & LWR ” i I
» Stochastic printing defects on wafer ‘ | | l
* Noisy wafer wafer SEM images r '
4 P Ll ' ! !l * experimental mode
¢ v/ Pomide 8 mJd/cm?” AIMS™ mode P

*Equivalent of 40mJ&/cm2 with 20% resist absorption

P40x40
Missing

ontacts NEpectes perco value

e « Impact of photon stochastics on imaging
. can be studied
L S - LCDU, LWR in aerial image

T T T T T T T T T T T 1
15 16 17 18 19 20 21 22 23 2& 25 26 27

Mean CD [nm] IMEC: Peter de Bishop
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AIMS™ EUV allows to separately measure mask making
contribution and aerial imaging stochastics
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Repeated measurement of contact hole Determine CD (by area of CH):
arrays with varying number of photons: ‘ CD(CH,rep)

Determine statistical contribution
to local CDU:

1. Subtract mean CD of each CH
2. Calculated local CDU

} Let's study the impact of photon statistics on LCDU

Field of view: 2 x 2um (@wafer level)
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AIMS™ EUV measurement of aerial image stochastics
- 1/NILS and 1/sqgrt(dose) scaling confirmed

- AIMS™ EUV can range from mask making quality to stochastics regime

—l
— o

Local CDU 3c@WL [nm]
=
3y

Local CDU: mask imaging stochastics

AIMS™ EUV
standard mode:
Mask making quality

A O  Best focus
i 0 Defocus 60nm@WL 4 A
E ———-c¢/ sqgrt(dose)
VY — c / sqrt(dose) * NILS(BF)/NILS(def)
| ,LE}\\
\
Il“ .
\ \H“*.
= ~ . -x"‘u__‘__
EH“{;,___:E%“‘“-hEi.,_L_H__‘
~———— Bty SPESY e I N
G __‘“‘——8——=—8
| | | I\ I)
0.2 0.4 0.6 0.8 1

dose [a.u.]
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New

AIMS™ EUV
stochastic mode
Photon stochastics in
wafer exposure
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Evaluation of phton stochastics on wafer linewidth roughness w
AIMS™ stochastic mode
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Sources of variances for wafer LER/LWR in EUV lithography

m LWRSEM m LWRresist = LWRphoton_a m LWRaerial m LWRphoton_i

4,5
- 4
suh:rgzigilﬁ';ﬁss EUV Mask Asrial Image Water Image 3,5 -
Lwn:puhu LWR a5k LWR g i LWRigtm ‘é" 5
L s
e ;|
Mask Absorber Incident Photon Resist = s
Pattern Roughness Shat Molse Stochaslics - &
LWR sbesrber LWR photon i LWR eqiat 14
I 0,5
il —
=« Goals of this study 32mJ 50m)
- Measure, guantify, and correlate the variance and spectral components of aerial LWR and resist
LWR _ _
~ Assess the relative contributions to resist LWR from mask absorber and multilayer roughness - Resist effects dominate wafer LWR
- Mask qualification is only possible within
SFIE 2018 ELIV Lithagraphy 1X BT Fmih [ 1aLFOUNDRIES W the actinic aerial image
SPIE 2018

AIMS™ EUV enables separation of mask
effects from wafer process effects

Beneficial for root cause analysis of EUV
specific mask 3D and stochastic effects
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Summary
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Summary

* Aerial Imaging Metrology is Industry Standard since more than 20 years:
 “See the mask with scanner eyes”
« AIMS™ EUV: First system installed and released by customer
 EUV mask repair verification
* Printing Aware Mask Metrology:
Accurate measurement of EUV mask 3D effects
Separation of mask effects from lithographic process effects

Impact of photon stochastics on imaging

 Enabling for EUV mask development and HVM production
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