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FOUP-type EUV meter

Non-destructive - In-process - < 3 min
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01 ABOUT CMS / ITRI
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02 EUV AND EUV LITHOGRAPHY

The Wavelength Range of EUV Radiometry

EUVL 13.5 nm Visible
380 nm to 780 nm

X-ray Vuv Uuv I | Near-IR IR
[ I i ) ) ! ) ) )
0.1 nm 1nm 10 nm 100 nm 1 um
< e <  d
EUV radiometry Typical radiometry 250 nm to 250 nm
Spectral position of EUV radiometry relative to UV, visible and IR radiometry.
13.5 nm 1 nmto 100 nm to 380 nm to
40 nm 200 nm 780 nm
EUV lithography EUV radiometry Vacuum UV Visible: photometry &

colorimetry
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02 EUV AND EUV LITHOGRAPHY

Extreme Ultraviolet (EUV) Lithography

Key technical challenges

e DOF reduction
e Ultra-thin resist (< 16 nm)
e High-resolution resist

c) Mask— Mask illumination
Scan —»> z optics

e Anamorphic mask
e Mask 3D effect (< 55 nm)
e Mask material

Projection
optics

: = — ‘
== = % = Sn droplet

o Wafer.tf)pography control ] V /,M gj r sia J row o s N EUV pasma

e Variability control ake Collection

optic

COy
laser pulse

EUV scanner (ASML).

0. 1 field

e Edge placement error

e |mage stitching (edge) 0 mebsm . L .
D - M 055nm Reflective projection optics.
2 oo0sf 50 bilayers
% 04l
E 0.3_-
02f j Reference: ASML
0.1F =
I
0'[1)20 125 13.0 135 140 14.5 fw"_"";":"/ H
Wavelength (nm) &:;"'ed I T R I
Mo/Si multilayer mirror. Scanned field. £ e
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02 EUV AND EUV LITHOGRAPHY

The Exposure Dose

ERSTEE (BHTE) ERSTEEE BREHI=
Radiant flux @ Irradiance E Exposure dose H

W W/m?*

+ exposure area A (m?) x exposure time t (s)

Evaluating the exposure dose requires

H=E-t+=2 .4

1 G Accurate irradiance - responsivity of the photodetector

a Accurate exposure time
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02 EUV AND EUV LITHOGRAPHY

Calculation of Exposure Dose

I |
r
Over-filled condition Under-filled condition
Responsivity of irradiance Responsivity of radiant flux H
A / (W/m?) A/W

Scanned-slot exposure

Other contributors to dose uncertainty

Uniformity of detector Spatial distribution of Stability of scanning Accuracy of exposure Stability & repeatability
responsivity exposure light speed area of detector
ITRI
MY G

OITRI. TERZMAFLEZE  chris Chen | FOUP = EUV EIZ 2381 | 2026 Taiwan AOIEA Forum & Show



03 EUV RADIOMETRY IN CMS/ITRI

Calibration of Spectral Responsivity of the Photodetector

Vacuum chamber

P(A, t)
EUV light source [gmmmd Monochromator [Eemmmes 2 Standard EUV photodetector
Photocurrent is [A]
Spectral responsivity Rg(A) [A/W]
Monochromatized EUV radiant flux P(A, t), e.g., 13.5 nm
Definition substitution

RN =gy [A/W]

Ideal case — stable source flux:

P\ t1) =P\, ty)

DUT EUV photodetector

Photocurrent i; [A]
Spectral responsivity Ri(A) [A/W]
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03 EUV RADIOMETRY IN CMS/ITRI

Metrological Traceability Chain of the Responsivity Standard

Absolute cryogenic radiometer it ()\, t2)

Radiant flux standard (W) — traced to NMi Rt ()\) -
(2 ()\, tl)

R(A)

Primary standard of spectral responsivity R.(A) spectral responsivity of DUT [A/W]

CMS/ITRI measurement system: Ps(A) = Rs(A) R<(A) spectral responsivity of standard [A/W]
i+(A, t2) measured photocurrent of DUT [A]
is(A, t1) photocurrent of standard [A]

Responsivity standard photodetector
Rs(A) [A/W]

t

Responsivity of DUT
R:(\) [A/W] via the substitution method
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03 EUV RADIOMETRY IN CMS/ITRI

Detector-Based EUV Radiometry in CMS/ITRI

Synchrotron (NSRRC)

|

Monochromator

|

Standard detector 2 DUT

'

Vacuum chamber

Multi-axes stage.
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03 EUV RADIOMETRY IN CMS/ITRI

Stability of the EUV Radiometry Measurement System

1.025
102 15.498 nm 14.5 nm 13.5 nm 12.5 nm 11.5\nm 10.5Himt
1015 . ' 1 . : = Wb
; i | | e y ——10
16 : : : : !
— 1005 : — - : :
o g4 g ~ T AN WA, s ‘- /2 _ | 293 \ ‘ A V2 ‘
E 1 ot ) | 1 R : o \| ’,,,- xa 1 4 \
T T
099 : Y i i : i
0.985 L .
0.98
0.975
0 1000 2000 3000 4000 5000 6000
t (sec)
Long-term signal of gold-mesh lo and EUV sensor< | D acr~z- phoin ¢ nergie . Test chamber.
6.00% 0.70%
Previ 1 _K O
ocn 0.8-5%

5.00% 1
0.50%
‘ A
L-L W 0.40% =10x improvement
3.00% v E— /
0.30%
2.00%
0-20% New calibration 0.08 - 0.7 %
1.00% - CS 010% method | e s e

0.00% . . . . . . 0.00% — — —
80 90 100 110 120 130 140 80.00 90.00 100.00 110.00 120.00 130.00 10~ 10 10

. Instability of measured signal (%) — log scale
Previous: 0.8 % to 5 %. New method: 0.08 % to 0.7 %.
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03 EUV RADIOMETRY IN CMS/ITRI

Responsivity Uniformity of the EUV Photodetector

a Why it matters Responsivity uniformity directly limits the
accuracy of EUV radiant-flux measurement.

0.23015
0.22848
0.22680
c 022503 ° Impact Non-uniformity combined with misaligrment -
£ ozzlms measurement variation of up to 10 %.
c 0.21843
= 0.21675
% 0.21508 S
a 0.21340 Root cause Lon~-ter n EUV expcwi » causes oxidation and
5 0.21005 contvYation  legra ling unifornuy.
> 0.20838
0.20670
0.20503
‘|“.: 8;8?22 sensor 0013 Sensor 0015
2.0E-07 o
-2 =1 0 1 2 1.20000 z 2.00E-07
hor. pusi 'on /mn g 1oE07 e
5 10807 g 100607
E_S.OE-OS 25 >00E-08
- : Vi © g 0.00E+00
Measured 2-D responsivity map of an EUV photodetector. 0.0E400 E v s o a0 o o e e
36 37 38 39 410 11 12 43
Ideal: uniform responsivity. After long-term exposure.
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03 EUV RADIOMETRY IN CMS/ITRI

Characterization of EUV Transfer Standards

2.00E-07 0.27
1.80E-07 I =l s —e—D1

> O 1.60E-07 025
O = i;g?g; 023 oD
= L ooeo7 2o —e—D3
. . ) o 8.00E-08 E, s e
6.00E-08 '
Uniformity of active area 600k 0¢ -
2.00E-08

)‘L ’-}i. J"\L( ]

0.00E+00 0.15
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x{ILE (mm) ' 9 " 11 12 13 a 15 16
WL({ 1)
9 9 . 6 ()/O Uniformity of active area. Sr actral responsivity.
2 q V' car v 0.50%
Linearity 140 0.45% .
0.40%
7 = 20.35% .
% 100 = 030%
§ 80 - 2 0.25% .
= 0,
2 60 " . BFN %gfg;’ i
5 e S (BF) = .
O 7 40 _ y = 1.0003x - 0.0006 0.10%
O 20 . R?=1 0.05% .
|
- 0.00%
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Linearity. Reproducibility.
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04 TRANSFER STANDARD FOR INDUSTRY

FOUP-Type EUV Meter: Proprietary Patented Technology

FOUP-type form factor
e Compatible with the EUV tool — no equipment

modification

9 Assess source status in < 3 min

In-process, without resist coating or etching

RACR Gt 2B

i
l §

e Non-destructive measurement

Fast, clear, root-cause-oriented insight

Patent portfolio

| | _ o | _
2021 2021 2021 2022
US priority filing  US patent Taiwan patent Korean patent FOUP-type EUV meter.
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04 TRANSFER STANDARD FOR INDUSTRY

FOUP-Type EUV Meter: Proprietary Patented Technology

cuy | EUV DOSE ANALYZER

eeeeeeeeeee

EHNE BRSHTE

Bt . 01 mtmm

MER L B zomer t - W
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88.92 103.80 0.063 b
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04 TRANSFER STANDARD FOR INDUSTRY

Wafer-Based EUV Dose Measurement System

AS-IS Destructive measurement TO-BE Non-destructive measurement
4 Qr__“_ e Complex steps: coating > e High-resolution EUV
Wocopde | .. lithography = resist =y : intensity, uniformity &

wm'n a umfem

rﬂé

.. removal & etching spectru n

‘burnad’ into theresistin
N exposure shep

e Toc'-to-tuol and
tab-to-fab matching

e Time-consuming process —

e Hard to trace root causes

objectively
In-proces: Multi-function Non-destructive Cross-fab matching
High-resolution, direct Intensity, uniformity & Fast, clear, root-cause- High stability & repeatability
process monitoring spectrum on one wafer oriented insight across tools

f Industrit Technology
eeeeeeeeeeeeee
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04 TRANSFER STANDARD FOR INDUSTRY

Wafer-Based Meter Family and Applications

Multi-temperature

D itio Y me er Multi-plasma meter
meter

EUV dose meter EUV uniformity meter

Applications

RF Matching
0.8 = Network
) Mikrowellensirahlung N
——Ideal RwSi - e .
27 ” | 2 Integrated with Std. EFEM & transfer chamber
/—-\ Ideal Mo/Si <. /// \\\ Integrated with EFEM directly o '_I_Iﬁ(/

T = - b L
e s Wevolengh (um) o I
EUV lithography Etching process (plasma)
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05 CONCLUSION

Conclusion
a EUV radiometry & Wafer-/FOUP-based
traceability dose meter

e Spectral responsivity e First non-destructive, in-
calibration of EUV sensors, process EUV dose
10 nmto 20 nm measurement

e Traceable to an absolute e Evaluation time cut from
cryogenic radiometer >12 hto <3 min

e System stability improved to e Radiant dose accuracy
0.08 % to 0.7 % 1 nJ/cm?

(@ EUV dose 150 mJ/cm?)

e Transfer standard: uniformity
> 98 %, linearity 99.6 % e Tool-to-tool and fab-to-fab

OITRI. TEEH floifFEPrE(E
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e Industrial impact

e Compatible with EUV
scanners — no tool
modification

e Extendstotemperature,
position and plasma meters

e Patents granted in US, TW and
KR
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Thank you for your attention
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