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Berkeley MET5 enters mature phase of research

Arnaud Allezy, Chris Anderson, Weilun Chao, Carl Cork, Will Cork, Rene
Delano, Jason DePonte, Michael Dickinson, Geoff Gaines, Jeff Gamsby, Eric
Gullikson, Warren Holcomb, Martin Izquierdo, Gideon Jones, Ryan Miyakawa,
Patrick Naulleau, Seno Rekawa, Farhad Salmassi, Brandon Vollmer, Jinyuan Yan,
Daniel Zehm, Wenhua Zhu, Farid Zuberi.
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Research areas

EUV materials & process

0.5-NA Imaging
e Image modeling validation
e Polarization effects
e Reduced depth of focus




Features & benefits
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Synchrotron light source
e Linearly polarized in X
e 1/100 spectral purity
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Features & benefits

Synchrotron light source
e Linearly polarized in X
e 1/100 spectral purity

0.5 numerical aperture
e Aspheric Schwarzchild

5X demag
9 nm resolution proven

N43 wavefront error

e Measured with built-in EUV shearing

interferometer
e Substrate is A/58
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Features & benefits (cont.)

0.8 nm image stabilization
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Features & benefits (cont.)

0.8 nm image stabilization

0.9 nm focus lock to target (10)
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Features & benefits (cont.)

0.8 nm image stabilization
0.9 nm focus lock to target (10)

Programmable pupil fill for fine-tuning
image properties

GENERAL PURPOSE LINES CONTACTS
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Features & benefits (cont.)

0.8 nm image stabilization
0.9 nm focus lock to target (10)

Programmable pupil fill for fine-tuning
image properties

200 um x 30 um field
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0.8 nm image stabilization
0.9 nm focus lock to target (10)

Programmable pupil fill for fine-tuning
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200 mm wafers




Features & benefits (cont.)

0.8 nm image stabilization
0.9 nm focus lock to target (10)

Programmable pupil fill for fine-tuning
image properties

200 um x 30 um field
200 mm wafers

Coupons OK




Features & benefits (cont.)

Material-based dose calibration
e Can transfer doses between tools, e.g. NXE




Features & benefits (cont.)

Measured CD of 16 nm 1.1 lines

Material-based dose calibration
e Can transfer doses between tools, e.g. NXE

18% dose variation across field

Unscanned beam Scan path Scanned beam
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Features & benefits (cont.)

Material-based dose calibration
e Can transfer doses between tools, e.g. NXE

18% dose variation across field

2.3% CDU
e Constant dose/focus FEM, plot CD vs.
exposure 16 nm 1:1 lines

CD 18.03 nm +/- 0.42 (10)

10 20 30 40 50 60 70 80
Exposure

LER 2.13 nm +/- 0.46 (10)

10 20 30 40 50 60 70 80
Exposure



Features & benefits (cont.)

Material-based dose calibration
e Can transfer doses between tools, e.g. NXE

18% dose variation across field

2.3% CDU
e Constant dose/focus FEM, plot CD vs.
exposure 16 nm 1:1 lines

~1 wafer per hour (9x11 FEM)




Contrast

Best resolution lines
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Contrast

Best resolution lines
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Contrast

Best resolution contacts
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Contrast

General purpose imaging
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CEE XPro-Il Processing Modules Coming Soon

Solvent Aqueous Bake X4
Spin/Coat TMAH develop 400C






Mature logistics infrastructure
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My Samples
Find whers Hame B) conains 5308 Extra: N
3rocords. Page 1011 Provieus  Mem  Resulls por page: 25 8
OYMOPrrie: @
Company User Collaborators  Date ] Name Vol.
Submitted Shipped
LBNL Martin Edit 3/22/2022, 11884  EUVJS308 100 mL
Izquierdo 2502 Print
i
LBNL Martin Edit 322/2022, 11833  EUVJS308 100mL
Izguierdo 9:25:02 Print
i
LBAL Mamn e 9212021, 11338 | EUVJS308 100mL
izquierdo 6:34:08 Print
AM

@ @ Hide Disposed

Vol. Current

100 ml. (3/22/2022.
9:25:02 AM )
100 mL

100 ml (3r22/2022.
9:25:02 AM )
00 mL

75 mL (41472022,
1:58:01 PM)
7B mL

Mot checked in

Disposed or Emply

Wafers Bin Commei

220504-CXRO_CAL m
220503-CAL2

220505-CXRO_CAL save
220504-CAL2

220505-CAL2

220506_CXRO_CAL_1

220508-CAL

220511-CAL1

220511-CAL2

220511-CAL1

2nd Fine FEM on CAL
220513 CXRO MET2
220517-CAL1
220817-CAL1
220518-CXRO_CAL

220519-CAL2

220503-CAL1 8

save
220315 CAL 3 = @8
220330-CAL2 save

AL
220401-CXRO-Cal3-POTemp-22.851C
220331-CALZ

Wafer Database

ot whee (Raw 7) conisns (5308

[ B C—

268 rocords. Page 1016

et Flesuls per page:

u
Edn 1D Company 1D Name
B 2208100AL2 CHROX HMDS-50
v 22051-CALY CXRO X HMDS 50
e | 220818CAL2 cxROX HMDS 59
tn | 220519-CXRO_CAL cxRO X HMDS-59
s 220518-CXRO_CAL CHROX HMDS-50
Ee | 220817CALY CHRO X HMDS 59
v 220817.CALY CXRO X HMDS 50
G| 220813 CXRO METZ cxROX HMDS 89
ts | 2nd Fine FEM on CAL CXROX HMDS59
v 220512.CALY CXRO X HMDS 50
e | 220811.CALY CXRO X HMDS59
G | 220511-0AL2 cxRO X HMDS-59
e 220811-CALY CXROX HMDS59
En | 220508-CAL CHRO X HAMDS 59
| 220508 CXRO_CAL 1 CXROX HMDS-59
B | 220805CAL2 CHRO X HAMDS 59
o CXRO X HMDS 50
e AL cxROX HMDS 80
wn | 220500CAL2 cxRoX HMDS63
G| 220504-CXRO_CAL CXROX HMDS-63
B 220503CALY CHRO X
v 220428-CALY CXRO X HMDS 85
e 220427CALY cxROX HMDS 83

Resist
RPM  Thick PAB Notes D Name

11804 EUVJS308

11804 | EUVJS308

TI8M  EUVJS308

11894 | EUVJ5308

11804 EUVJ5308

11804 | EUVJS308

11804 EUVJ5308

150 T894 | EUVJ5308

11894 EUVJ5308

11804 | EUVISI08
15 11804 | EUVJ5308

TR | EUVISI08

T804 EUVJS06

11804 | EUVISO08

T894 EUVI50

11804 | EUVJS308

11804 EUVISO08

m8p4  EUVISI08

e EUVISI08

T804 EUVISI0S

HADS-83 11899 EUVJSO08
11338 EUVISI08

11338 EUVJS308

RPM
1800
1800
2135
2135
1900
1800
1800
1700

1700

1700
1900
1900
1900
1980
1950

1950

2650

1870

w50

2650

180

1828

1895

1835

18.28

1834

1817

18.04

18.04

180

PAB

130C/80Sec
130C/05ee
130C/80S0c
130C/8058¢
130C/6058c

130C/B0See

130C/608ec

130C/605ee
130C/805
130C/8088¢
120C/6058c
130C/80Sec
12001608

1300/60S0c

130C/8088c

130076058

130C/80s0c

130C/605ee

130C/80S 00

Litha

220519-CXRD_CAL

220518-GXRO_CAL

220517-CXRO_CAL
220513 CXRO MET2

220513-CXRO-CAL Fine

220512 CXRO-CAL

220511-CXAO_CAL

220506 CXRO_CAL 1

220505-CXRD_CAL

220504-GXAD_GAL
220503-GXRD_Cal
220428 CXRO-CAL

220427-CALY




1.2k unigue materials since Jan 2020
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ALS down ~50%
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Features & benefits

ADDED ADDED ADDED
Doubles shift supply

e Immune to ALS outages
e Consistent operation Tue-Fri n
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Features & benefits

Doubles shift supply
e Immune to ALS outages
e Consistent operation Tue-Fri

Polarizer preserves 8 nm resolution

Contrast
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Features & benefits

Doubles shift supply
e Immune to ALS outages
e Consistent operation Tue-Fri

Polarizer preserves 8 nm resolution

Same throughput as ALS

e 45 mJ/cm?/s @ wafer




Features & benefits

Doubles shift supply
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e Consistent operation Tue-Fri
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Same throughput as ALS

e 45 mJ/cm?/s @ wafer

Excellent field uniformity

Reticle in afocal space for uniform illumination.
Every source point in plasma fills entire field
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Features & benefits

Doubles shift supply
e Immune to ALS outages
e Consistent operation Tue-Fri

Polarizer preserves 8 nm resolution

Same throughput as ALS

e 45 mJ/cm?/s @ wafer
Excellent field uniformity
No modifications to existing tool core

Y, day swap back to synchrotron




Downsides

3X less coherence
e Reduced pupil fill flexibility

oALS =0.05

ocEQ10=0.15



Frequency doubling (F2X)
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Annular 35-55
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Leaf Dipole
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Quasar 0.4-0.9
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Downsides

3X less coherence
e Reduced pupil fill flexibility

Regular maintenance
e Replace EQ10 bore (weekly)
e Replace sacrificial mirror (every other day)
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