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XA-FRARE AU ol g3 EUV HalZ gjstzy wet 537t
Measurement Guide for Chemical Property Changes of EUV Pellicles Using

X-ray Photoelectron Spectroscopy
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I 4 Q. 322 #17t 15~60 nm

s 2257 9lth. EUV w3l Ay} XPS Aujr} dAR o] 9l Al
4ol = 51
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S ALY & gt o] FA7olEE XA BHAAELV]E 7HA AL 2E7]E /Y o 9
= 582 4F (1) XPS ZR/AAFEA 7|, gteA] A 2 F-84H]AE, (2) EUV ®ARG

A/AAL /784St AlARlALA EUV =3 Ao 2|29 &}

3. 918774 ¢ Hu2d

3.1 ISO 18115-1:2013, Surface chemical analysis - Vocabulary - Part 1: General
terms and terms used in spectroscopy

3.2 ISO 18116:2005, Surface chemical analysis - Guidelines for preparation and
mounting of specimens for analysis

3.3 ISO 15472:2010, Surface chemical analysis - X-ray photoelectron
spectrometers — Calibration of energy scales

3.4 ISO 21270:2004, Surface chemical analysis - X-ray photoelectron and Auger
electron spectrometers — Linearity of intensity scale

3.5 ISO 18554:2016, Surface chemical analysis — Electron spectroscopies —
Procedures for identifying, estimating and correcting for unintended
degradation by X-rays in a material undergoing analysis by X-ray
photoelectron spectroscopy

3.6 ISO 19318:2021, Surface chemical analysis — X-ray photoelectron
spectroscopy - Reporting of methods used for charge control and charge
correction

3.7 Alex Shard, “Practical guides for x-ray photoelectron spectroscopy:

Quantitative XPS” J. Vac. Sci. Technol. A 38, 041201 (2020)

4. golo] Aol
4.1 EUV ®E2]Z (EUV pellicle)

EUV #2j32 EUV 374 & 2Aste 2ol nfa3o BAwE Zg YAsHq &
d ES FEsted 24 aRFoz Y dPFoA EUV Fdo) &d= it
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Reticle side - Cavity

Scanner side - Flat . Particle
(um size)

2 1. reticleof] £Ate EUV ®2]Z ZAIE

pellicle &3 X

[ EM~15~60nm

Freestanding pellicle membrane #+%&
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4.2 XA BRAHEL7]a(X-ray photoelectron spectroscopy; XPS)

X-A 2GR ZASE BN WEE = GRS Auger AARO] oUA] RRE AR
718 Atgstel 345kt Yol

XPSE EAlstnat st Aol X-4 & ATidez mpgo] 71 2404 24 eve] o

H X

Uxlof sidE = soft X-A& Algo] RASHH A A|g5 o|F1 v BH 5 9At=
2
=2

B sl 2gE e WaES(core level) Ee o5t 2
(valence level) RAPZF WEEA €t o] off WEEs AAE FAARRL sk, FAAPL
T=E]7] Holix= AR Ao X]|(binding energy) 3 dgF(work function)E Foj

de & & IR Bastth 27 39 YA X-Ao] x| hve BA Az
AAE Aol A oUx|(E)E #1249 %@4@% H01H01 Mxm FER
1

Hi gEd AR &5 oAUAl(Ewm)E FEELR

XPSE ol &dll E4H A ouvXl= 940 {3t oyxjojleg A Algo] A4
A @ 4 glon AgtuAl: staty Aggelol oot sy thRd) stsbe AE A
of thet YuE ¥ 4 ork ol Lol XPSE AR MR Uxjel gty pxe 4
spaejol oist sl Mug SAldl AFIl mRd fErRdS 9F MARYY
(Electron spectroscopy for chemical analysis)?l ESCAzZty B27|% St}

Photoelectron,
kinetic energy, E,,
g
------------------------------------------ i Vacuum Level
Conduction Band work function, ¢
X-ray ¥ Fermi Level
energy hv Valence Band
binding energy
ps—o—9-9s o o E,
25— ——
1s *— .
a9 30 X-4 FAR 2Ewe] Ay
%7] XPSE 1A U 7|A AEje] Y&} i Bxtel AALAS RAst] siA e

Cigloy dArHo =B WEEH FAX] FH A Y= (mean free path)’} & Uk
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Ujg] 2 FUHE o] WHAHARE XPSE EUSY 4 U BA
g A L Y BAlo] BEET Uk XA BAA B@lY PE
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WAES AAbe ARRe $240717] 98] Al-Ko (hv = 1486.6 V)
= 1253.6 eV)o] X-Ag X2 Aggich
P R ‘ﬂ%;—OMHl(FWHM)E Msta A7V
oFgt X-A (Al-Kas)ol @13t oF 10 eV HE 2 5o Fojod Yeihe 94 2me

2 (satellite spectrum)E A|AsH7] {5 ©AisH AFx ](monochromator)% o]-gstct. A

st AR 2R8E X-d& AE B9 RAtsto] Wad AR X 7S ®@ol AMgE = gt
T AR U R] A7) (hemispherical sector energy analyzer: HSA)S Esf or=ut
upzmo] S HeS QKNS W BAY) o Sole HAt F E4 £50lUAE s

AAtgh whe AU AE700] web gk ol@A SA WAAte] Ao Fao)

F8 2o ofz} o] WA} PE Wato] e Msh wEH(charge potential) Walo]
ofet AgoluA] WatzRE XPSS b 2 54 F sl Wxtel Aebde) 2 atet
A Aol o JRE ATL 4 Uk,

Hemispherical Energy Analyzer

Quartz

Electron Source Crystal
Monochromator

Multi-channel
Detector
Al Anode Sample Courtesy of #2Physical Electronics

4.3 A4 X] (Binding energy, BE)

AAPE DAAl =2 oA &utE|o] ATE o] Q
god x|l 7|52 H=20] F(Fermi level) = 0 eVE &

Q= AAX7|A oyx|2 XPSE EAL =

4.4 Charging potential
irradiationo]] 23t A Alg EHIA] 9ol
- 320l ojet Aw 1
Asll Algel o d9

B

+ o2 ZoloA thE Hid(charging) A7t YA 4
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4.5 AKX} flooding (electron flooding)

Charging potential® W75t} egatsts] ¢lsl Alzol Aoux] xS AAFsH: 2
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So] 8t #3], interface dipoles,
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Yl A} 3o dlo] th2n FHAE WEY &Eol A7) hiEd

Cilke 3 Q7S
5.1 21%1Z (UHV) 3y 1 |R2ZH: < 10° Pa
5.2 AXL oY A E47] Multichannel detector
(electron energy 1 |9yA] B35 FWHM < 0.6 eV
spectrometer) ZFRE S < 4°
5.3 XA UHAIALA] | Monochromated X-ray

Al K-a:1486.6 eV, Mg K-a: 1253.6 eV

Z}OIATH: < 100 pm EZQJEZ 2JIATH 7Hs

+ XA Rastering 7|5 =

5.4 2fQl 278 75 1S © KAAF YAl ZA7]o] 2RIATH T]5
KA YA EA 7| multichannel detector}

Position-sensitive detector(PSD) F7}
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55 Alg =4 Alms AlAEIO] Ag5H] Y9 BEHZA Alget Al

(sample holder) AHS MX|A]7| =g AFREH

Al27} charging® S 4% AdUX HArEo=

5.6 Electron flood gun 1 .

Alg o]2Z AAT

Al&7t ALZ charging=|9l& 4% AoIHA] o=
5.7 low-energy ion gun 1 ) )

Fo02 A& AAE ANE
5.8 XPS m3 BA mz7 . 715 A2 HAE HZ228F doj7l XPS 1
e 3 242 93 AmEo]

6.1 54 ¥

EUV L34 A 7]&(reference)de]Z21} 34 © HAE dHg]Z90] XpS AHEZ H|nE
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=
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~1040 eV o]t}
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6.3 EUV 3 § Ha|Z A|H 4 gd 37] 4 XPS AH|o] 2 SAT
EUV =g AuloA EUV = g digt YRl= Beds] 28T o Aot 13 59] of
g 2g2 EUV HFej2 2A=E UYL,

(1) EUV xF o] XPS Fit BollsBr} A2 49
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(2) EUV =3 9g%o] XPS 33t #dls vt g4 Z A4
i +

(2-1) XPS7} 2kl A70 7h5a 49

g Al A2y kg & HE239 g R 0kgddae Sl 248 AlRYst
of Bttt BlugdS &l d A/ 20Y WRBY 7hA =Fof oot ofshH
st (2) & & & A = 27 AE sl EUV =ogof ofsh de|2 Ax efefwst
T ottt UMM o R BEUV =gy 9o dieh Axf ofststol] ot HHE & 5

et

(2-2) XPS7} 2fQl 270 RIS 49
Y A W I Y 5
of AmMEASS uEEAICL HDENS Fo EUV =Bl o3t W22 4%

o} tijet FEE dopdict.

Jon

rE

fob

Step |. E2IZ AH EUV =33F 37| & XPS ZH|0f ME =Mx

Euv EEE 24T
(xps ZQIE 240

otue CUN/S S
XPS ZOIE 2]

- XPS point 24

EWV=ZEY > XPs3 2t

Euy = E3EY
CEH/FUAE R
XPS ZH| 2t AM ILS? CHAY/0-LEY
XPS Z2IE 24
Cym/e EUU‘EEI—E‘E&E
;éP}S é}ﬂ%?!a (xps ZOIE EM0|)
v EHEE 2o
(xps 2HRIA7H Of))
~ XPS point 24
—» XPS line scan
EUV = 2EY
a3 5. @] 9] EUV =g gd 371 W XPS gH] 5o O 24 A=

6.4 @a]Z Alg XPS &4 A H7t ¢ uA

ol Z Al=s 18 29F o] freestanding +&2E 7HX|AL Q7] OO0 g & AlsH
Atstelo] A /do] WHotAL Alg OREEA] AA7F AREttH BWH chargingo] P42
2 Qa1 o]& QIsl XPS ZARtoHAQ] A2 WHe(I¥H o= 0.1 eVoAl 10 eV Afo])7t
UERE & ot 72jW dAa A g ofet e Z24o] Zast Fest Aoy xlE



2R} olzich, B8 712 AW E80l wet XA gE, A7) 44, A 2R E
= ol ufe} X-Alo] olgt AW £40] ofrjd 4 9k,

XPS B4 BAOIA WY & At

of w2 state Wt Avel NAYe @
XPS $AH A3y B7h2 AW5tL EW charging L AW Lol

ol2 WAsH= WL 6.40]K = AAst LA} Bt

XX} Flood= A2
(ISO 19318:2021)

X-404 218t

CER=-1

X} FloodE %
%2 0L4%| 0|2 S2A
(ISO 19318:2021)

ME SN2 (30%? o2 BAY 0|8

WS EJEYEE
(1S018554:2016)

ol
o

27 6. ™22 AlRe] XPS YR FUAYE BAY &M%

BN

6.4.1. #H Charging o5 ¥ HXH

a. BYH charging A2 XPS A#lE™ A|HAOAM ZAPoHX] YR|(E,) ¥ mj39]
FWHM B|nE 7]¥toz sttt d&Aof E, ¥ FWHMo] ¥HstH HEWH chargingo] &
gt Zlojoh.

b. ¥ chargingo] AT & 61 Zo] AoHX] HA} flood gung ©]-&5}Ho
Aot Aol YHZ Sol £H chargingZ | 4gsto] ag OA] Aledgitt. ¥ charging
o] © o] ¢itt¥ 6.4.25 APty 22l= HEY chargingo] EAJIH cE Al3¥gh
=



c. AoUA] AXL FH= A} AoyA] ol FHAAS APt &

chargings Z|agtetth. as OFA] A|9¥ste] &Y charging o5& =l

% 6.4.25 Ala83ict.

RN chargingo] &AfSIHH electron gunyt ion gun® A& A2A5t a ~ ¢S gt
=5}l chargingo] Y{-ZW7HA] Aledstil 6.4.25 ZIedstct.

XPS AmE] ZHA| X-Ao]

711-].-?-} _7,_<_]_7:;__ i\-;{ﬂ LI ﬂ‘} |=3 . O 1

sfat Aele] Wels wystelw Ddew 2ol A H¥ mA9) Zue 7 2% AR
i M3 m®2 sofl 274slor ettt 24 ARME m3 MYy A (2)8 ARESHe] ALl
g 7t sjst el AR AR g ALgstol ZAsob st

Liz R = 27 2 3E A=
iz ® e |

e
30% ol%t Al £4o] 1S AL ¢ WomEs WA E7HEsIH.

1 400 000

Cl LMM

1 200 000

1 000 000

800 000

&00 000

400 000

Cl2sand 2p 1

zo0 000 | 1

1400 1200 1 000 80O 600 400 200 o X

O™ 7. XPS 5%F X-A &AL 95t Alg &4 (9%) survey scan
x7] 2: 2]%&) (Reference: ISO 18554:2016)
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X: exposure time, t
Y: Intensity, |

g 8. X-A =& AR g 27| 3F A= I
(Reference: ISO 18554:2016)

6.5 XPSE 0|83t EUV = A5 Ha2 sjete

el S A[HES XPS Aulof] 2stal XPS AH|9] 2iQIATH 7hs o Hof et 23S g}

StE/d Hets F4ste 54 A= 28 99 AAIE] U

6.5.1. 2RIAJR FAR o o3t A2 F st/ Wl 54

a. 7|&(reference) ®2]Z1} EUV k33 & #H2ZZ I3 19
XPS zE=t Ayo] tt

b. H2l3 MES9 AMS 22 AHA HY & AT YA 7]E5H EUV =F 9
= XPS Aulo] =299 HF ME AR 7]=Fstl mA

c. B AN = M2l AWES oSN & 7} AlHe] JleH BA molEau

survey scang 9=

|

Himo] 92 ors

d. survey scan® 2% E 2|29 capping
2t 55 WEE LA g

ofy

, interlayer & Y40 siigdE]= XPS 1]

e. EUV widddd/njyedgdd gt TSE| e 2 72 9 & pAleel Zro] 2fQl A7RSH
d9ES X|Astil capping, interlayerof] sidE]= core levelS A& < imaging
mode (unscanned mode or snapshot mode)E ©o]&sto] A|AAE HAE line scan
Stc}. line scan©o 2 FESH Hsr WAEA] ¢S 749 HOIE BEAMOZ Xghsto] B
Mstal 6.5.22 ZIsistct

f de2e el A2 o] AUl dElZmo 2 Halo] thal 2gsitt

g. b~cE YhERTh

h. survey scan© 2B E ®E2]Z9] capping &, cored Y40 sjdE= XPS m3rt

5 WEE=A] el

R

S|

(o]

o
3

r°l'
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=

Lo 2=

=

EUV »=3dga /o]
corez o siEE+=

i st 32 A|4Jstil capping,

ode (unscanned mode or

BfolATio R FHE Wt

IOr

5 AKX

£ EUV =% 9x]o] whe sist 24 wist
EUV U] ﬂo} ogqﬂl_] XPS AdHIEH ];]]_EI_

— T —uo
24 Wt =l

ﬂJ?ﬂ

2 9ot

Step . XPS 2f2IATH Step lll. XPS Z2IE 24

 Himram wame 240 A2 yapl 258 (Cimramuame 2numo 9z gl 288

r

EUV = B0 /0| - B
XPS 2{01A 7%}

T

COlzmenagacas gz gsmzgs

EUV & 21210/0] - 32i0f
XPS 2} 9l AMa!

e —hs

EUV e 3EY/0|-BEA 42 3 RAE XY &
XPSRIERY

L
@fﬁﬁ a3 2% 92 S5 gﬂD

EUV = EN/0| - HESE A3 ACE XH
XPSIOUE B4

XPSOj3 Hlw 2HER
AT &4, 015, 21t E M| 8121
L3H vs. = HE X10]
EUV =8 vs. EUV B F4 %}0|

XPS O3 Hja BHC2
AT &4, 0|5, 2HErEE HE &0
M ys, 2 H]E 0|
EUV =3 vs, EUV =3 =t 7}0|

v

i
E2 2

< e - D

e EHeE 2AE
(xps 2F 21230 offy

_57

Euv H2E 24HE
[xps &

olE BA

=

o

= : 4
* XPS line scan XPS point &4

EUV 2
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interlayer & Y49 sd%= XPS 1]

91»

d. survey scan®C 2% H ®Hz2]Z9] capping
37} % WAL =X &lstot
e. WS 2 MU OhA] Ao} EZE0 2 HAo o] 29sith
f. b~cE WHE S}
g. survey scanQ 2R E Ha|Z°] capping &, cored WA siFH= XPS mIrt
D% AR =] 2holstt
h. 7]& 22 3™ 3 s ‘3134 XPS *”“E%* HuPAs 5o =8R8 /3 &
x]] slstE2A Wisle mporst o1 =
=35l EUV k3t QJx[of] & 3}st 54 W= %}OJ%* 2 Aok 71&E "2 EUV
u]iﬂ HHo] XPS AHEH dH|WEAS E5| i?H'—i SHACIAEE)o] wE SistEAN
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§9
gl
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PS AmER AT2RE ssley Wale
o EUV 3l 4811 249 9
q &

o?.:
[‘E
_l?ﬁ

=2 - HA
EUV lr_%r%_}%‘oﬂ m}e)r CL/IL L CL/COE EM” FAoA FASHH =2A 9P
ste} slel2y wstelo] AlTEAS AT 4 9ok,
ZRIE FAR oJsf 7|& H2jZ F EUV kF o]g He|Z28E Aozl XPS A|7]H]
2YE AXjo] £Al o]&5& sHolsk &~ 9ltt. capping(CL), interlayer(IL), core(Co)
ozg8E dojil XPS mIAN7|zRE H2|F AUZR A= CL/IL o] Uojx]|
HEZ2Zo| A= CL/Co o] dojzxith. EUV =ggtdol et CL/IL ¥ CL/CoE 1
We) 2ot sty 7h Fo] iYL AR0) 24 U o]5g & 4 Ytk

iil ol){:

r-l>i
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7% 109) Avke AAE Wel 2o BUV L3
= oyl #abd XPS Jﬂ:i}\ﬂﬂ @5_}; T Alg}

& g0 oet 7l e
10(a)= A7IHZA EH
Plotgh oAl =A A-4

u

¢

202 Kﬂﬂom o= Capplng Layer7} EUV w30 o5 AA7l E& 721 o 2 9]
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ratio (%)

ref 0 8.75 41.35 44.45 5.44
20 min 15.44 4.81 22.64 51.45 3.64
40 min 22.66 .47 12.72 54.37 3.78
460 min 25.78 434 16.34 48.46 4.95
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2 2. ® 1 A3t TaOx component A|AHS Ta 3tstA3r 2dEHsH
Component ratio (%)
Sample
Ta:zN TaN TaOxNy
ref 0.00 16.45 83.55
20 min 20.95 9.24 69.81
40 min 27.14 P 65.11
60 min 2275 5.51 461.74
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