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Typical EUV Mask Defects sm%@
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Mask Defects in EUV:
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AIMS: Aerial Image Metrology System — Unusable Mask
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Inspections from Current Tools sﬁ@
EUV MASK INSPECTION AND REVIEW

Focus on forward and backward inspection/review methodology in absence of
appropriate mask inspection and review tools.

EVALUATION FLOW

ML and absorber inspection (on Lasertec tool)
Patterned mask inspection (on KLA/AMAT/Nuflare inspection tools)
Wafer inspection (on KLA 28xx), looking for repeater defects

- ALWAYS FOLLOWED BY REVIEW:
reticle:SEM S

Blank inspection, mask inspection and wafer print inspection have
been correlated, and combined with SEM review and AFM.

Ref: L. Hove et al., Litho Forum 2010
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Phase Defect and Amplltude Defect
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At-wavelength (13.5 nm) Q?‘
SEMATECH
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14+ Years of Actinic Mask Inspection/Imaging
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SEMATECH Defect Printability Objectives_,E,;.‘AT’Eeu;;

Characterize the defects created during the EUV blank
manufacturing process

Define what defect physical / material characteristics are
critical in determining printability

Investigate the image intensity of native defects at actinic
Inspection tool

The realistic characterization of the multilayer formation by
TEM analysis

Make defect library for with the real dimensions and
correlate the AIT intensity of defects for the printability study
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Blanks for Printability Project

Project (mask #) Blank ID Remarks
SMTP (2) SMTP1, SMTP2 w/ AGC and Univ. Hyogo
SMTB (2) SMTB1, SMTB2 w/ AGC and Univ. Hyogo

SMTN1, SMTN2 w/ AGC, Samsung, GF, and ASML
SMTN (5)
SMTN3, SMTN4, SMTN5 IMEC/KLA/DNP/AGC
SMTM (12) SMTM1, SMTM2, SMTM series Multilayer Defect Library
Defect Library Wafer Printability
Defects
(ML only) (w/ Absorber)
_ Bump SMTM SMTN
Amplitude
Pit SMTM SMTN
Bump SMTB, SMTM SMTN
Phase )
Pit SMTP, SMTM SMTN

SMTP: Programmed Pit Defect Mask

SMTB: Programmed Bump Defect Mask

SMTN: Native Defect Mask with Patterned Absorber Layer

SMTM: Native Defect Mask with Multi-layers for Blank Defect Study (Defect Library)
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Experimental Procedure

Mask preparation / Multilayer deposition

SEMATECH

Target Metrology: M7360, SEM, AFM, TEM
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Is Depth X FWHM OK for Printability ? SLEMATEC‘H)
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Is Depth X FWHM OK for Printability ?

-50 nm -25 nm Focus (0) +25nm +50 nm -50 nm -25nm Focus (0) +25 nm +50 nm

Printed image Printed image

< e

SEMATECH

A ~ 6 Mo/Si layer damaged defects ~ 80 nm wide did not print.
A ~12 Mo/Si layer damaged defects ~ 200 nm wide printed.
A Need more data collection and analysis.
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Substrate Preparation
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Mask Design for Programmed Defects
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number 1 2 3 4 5 6 7 8
Area (nm) 20x 20 30x 30 40% 40 50x 50 60x 60 70% 70 80x 80 100x 100
number 9 10 11 12 13 14 15 16
Area (nm) 20x 300 40% 300 60x 300 80x 300 20x 120 30x 80 40% 60 40% 120
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Pit Decoration of Programmed Defects
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Average depth ratio (after/before ML deposition) = 0.63
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Pit Decoration of Programmed Defects  (#aedo
(Width)
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Average width after ML deposition = Average width before ML deposition + 21 nm
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AIT Inspection of Programmed Defects

o 200 NMG110527_105
-100 nm -75 nm -50 nm -25 nm Focus (0) +25 nm +50 nm +75 nm +100 nm
Site 6 Feature Set 1 (larger) Feature Set 2 (smaller)
92.25| 13.07|Length 96 98 73 102 85.00] 4.76{Length 78 86 88 88
92.25| 13.07{Width 96] 98| 73] 102 85.00] 4.76{Width 78| 86| 88| 88
5.43| 1.17|Depth (max) 6] 6.6] 5.2] 3.9 2.90] 0.75|Depth (max) 2.2 2.3] 3.6] 3.5
1.22] 0.09|Depth (avg) 1.1] 1.3 1.3] 1.2 0.66] 0.11|Depth (avg) 0.5 0.6] 0.8] 0.7
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Programmed Defect Stack Structure F ey

TaON Ru
/

Resist »

Glass substrate

| Map data
MAG: 225000 x HV: 300.0 kV WD: -1.0 mm

a ap data Map data
8 MAG: 226000 x HV: 300.0 kV WD: -1.0 mm MAG: 226000 x HV: 300.0 kV WD: -1.0 mm

HAADF: High Angle Annular Dark Field
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Programmed Defect Stack Structure sQ?mmcu

|

Design: 30X30 nm2

p—————— 100 Nm ———— 20 nm

number 1 2 3 4 5 6 7 8
Area (nm) 20x 20 30x 30 40x 40 50x 50 60x 60 70x 70 80x 80 100x 100

number 9 10 11 12 13 14 15 16
Area (nm) 20x 300 40x 300 60x 300 80x 300 20x 120 30x 80 40x 60 40x 120
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