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A phase shift mask for extreme ultraviolet lithography includes a substrate, a reflective layer on the
substrate, a capping layer on the reflective layer, a buffer pattern on the capping layer, the buffer pattern
including an opening exposing a surface of the capping layer, and an absorber pattern on the buffer pattern,
the absorber pattern including a refractive index less than a refractive index of the buffer pattern and a
thickness greater than a thickness of the buffer pattern. The buffer pattern includes a material having an etch

selectivity with respect to the absorber pattern and the capping layer.
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[ 57 ) A phase shift mask for extreme ultraviolet lithography

includes a substrate, a reflective layer on the substrate, a capping
layer on the reflective layer, a buffer pattern on the capping layer,
the buffer pattern including an opening exposing a surface of the
capping layer, and an absorber pattern on the buffer pattern, the
absorber pattern including a refractive index less than a refractive
index of the buffer pattern and a thickness greater than a thickness of
the buffer pattern. The buffer pattern includes a material having an

etch selectivity with respect to the absorber pattern and the capping
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B, 110102823 =]
20220 b i LOFARL6H FHRELE
CUEd

[P o3BT ] fi RSN SE M2 AR L &

[ =238 4 7% ] PHASE SHIFT MASK FOR EXTREME

ULTRAVIOLET LITHOGRAPHY

[F20] —HR PRSI eE B ERRE - Bk KETE

i Bk b JBEEE URKEEL &KEEE CREEELE
SEEFEEFD BMORBUHBEERENERE @ LIRS E E
fir B2 &% 1B [l 28 b - Wk U AG B 3 B0 1 95 4% T B 3% Y I 5 RNV AT B
R W& EEZENERERNER - &EE xS HE R RIS E
ZE R IEEEE A ez BEE AR

[ 3£ 2] A phase shift mask for extreme ultraviolet lithography

includes a substrate, a reflective layer on the substrate, a capping
layer on the reflective layer, a buffer pattern on the capping layer,
the buffer pattern including an opening exposing a surface of the
capping layer, and an absorber pattern on the buffer pattern, the
absorber pattern including a refractive index less than a refractive
index of the buffer pattern and a thickness greater than a thickness of
the buffer pattern. The buffer pattern includes a material having an
etch selectivity with respect to the absorber pattern and the capping
layer.
[fs ERIE ] B3 -
QeI PE SR ALES LD

F1H 42 HEHED
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110:F & & & g

120: 52 &Y &

122847 3 R /m T BT 5 R 2
RaFHRE /& ST RE
130:JH & &

140: 4% f#y [B] %2

150: 8 U AS [E 28

150P: 3

500:4H % ¢t &
BA:Z &/ B EiE N E

PA:[E] & &

S1:5% —&f 77

S2: 5 —E 4y

(R b2 2]

E2H H2HEGHED
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QEEEETCEE-D
[ o0 8 T 47 1 54 4 5 O AR R o 2

[ =238 4 7% ] PHASE SHIFT MASK FOR EXTREME

ULTRAVIOLET LITHOGRAPHY

[ 4% flr 3]

[0001] A 3% B9 #% & 89 & 5 B 2 A B > — 1 A 0 1 5 40 ot
(extreme ultraviolet » EUV) ff{sZ ~ M ¢ B DL K — fE {5 H By 2 AH
Bl EEISFERB LIk -

[MH BR HH 3R Y AC X 25 ]

[0002)] AHAF[HEFEEERELNE 2020F 6 H 16 HEFEBEHE
SV ERRELHFHERENHFEES 10-2020-0073145 57 > Fril
HEFEANHEENERATRIE2LFARSS -

[ 5% Fil 5277 ]

[0003] FE=E-FEE TR/ Rt HAE RN - TRk E /N E
FEHY R g B F SRR R o Byl e 5z B EE K 0 BBV s B
AT BV CIRAY R R - B OIS CHF R g 42(436 755K )i 42( 365
#7ok )~ #ALE (krypton fluoride » KrF) &4 (248 2K ) K# (b
g (argon fluoride » ArF) EHF (193 Z82K ) HY R FF 2K 3% 2 2
R ATEREY LR - K > ERE —EHmEIE (EUV) fs 8l
2o Frati RSt (BEUV) M BEERH RS 13.5 mokayFlige

=

51 H 0 328 HEEHEHE)
107704_x 45 1_& 842
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& (full width at half maximum » FWHM ) 3 & #9152 48 Y 1F B 5
M

[0004] ZR0f - #5 S0 BT 8 5 R B 5L 8 i B A A B9 9T 5O
B R g9 KB R UL - BRI EUV M8l — i = o AR
WA LG MIETH N REG -

[ZHAE]

[0005] 3% B & By — 6w ) M: 5 i ) o] 2 it — 7 F 72 1 &
SN Z L - TR e B R S s T R G -

[0006] 73 B 18 7& By — 6w @) 14 5 B ) 75 o] 2 fit — 7l g o
BT A T ARSmIRE EER

[0007) fEfEfEF > —HEANEERIDEME 2 HBELE T ERE
Bk RSB - i ER o THER - AR E
FEEZE IR RIEERE - i EEEGRERO - Fr i
ORBHEAMIEZSREOFRE » XKL EZE - (I 7 F7 48 & [
% b P RS [ 2 L R R AT I 4B 1 ] 2 A T B RN BT 5T R
Rt G ERGERERNEE - g EEFE T2 HEER
Pt 1 R Ui B T 2% e P A T 25 g L e 1 R P MR B B R

[0008) FEfEfEF - —FEAMNEBEIIEME 2 HB L E /i
iR - it E&ER b e i ER L JHER - LR
PRtz s g b s DARRWEREZE - (i IREE F - Atk
BEZXEERD  FAFOZRBHAMIEEENRE ALK
REFEITEE SRS AR GBEEFNRMASRNEZE TR S

552 H o 328 H(EEHHE)
107704_x 45 1_& 842
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%2 70 75 %H ELE N -

[0009) FefEfEr > —HEANEERINSEHME AR RETERE !
B R R ER R JRER - IRl e L
EEEZE  RAIEEE > P& EEZESERED > Bk
OB EE EHyRE © DL UCAS B ZE {5 BT 4L 4% & [E
ZE.E o BTt U RS B S 88 o B4R i B 2R 1] B2 EH R
FfT 2 TR U A [ 28 B BR 20 BE MR Ay AR o B i v U RS (B 2R A Y A
A Y & B R 95 B P 00 4% (7 (B 2% Y BE B i S 28 4 B R 18 I

% -

[0010] fEAEKEE  —MEHLIE 8 B8 T 1F 2 70 T B EE © {05
- e i 220 B SRR IR ¢ DA B R R 4 B
> AR . B AL S DL G B (T R SRR o T PR A 4 4 e B
SR EAAE R RHE RRFL AR BEE
RSB BEEE  ARFAEERE L  FiLsEE
@ERC > BB R TR EE R ¢ DR R
A B A 06 B 28 b o T O B R 3 4 T O 4 16 R
YT S 7 /N BT 56 9 R T 4 7 R 9 0 TP K SR o L 4B
187 0 25 2 AET S0 7 O B R 5 R L T B LA ) e 4
M Y A1 R <
GESEEEED
L0011 %7 Wi [ o W Y S 2 0 » K 3 B 0 2 815 & PR T
55 -

93 E 4t 28 H(EEHRHE)
107704_%4% 1_4& 3|48

110102823 FH YR A0202 1103100185-0
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[0012] 12 7 HE AR 9 A 3 BH A A — S5 R B 1 B e 15 | (55 P A
e Rt R i e (EUV) M afmayiizE -

[0013] & 2 & <& M 7R AR 38 A 38 B 2 — 25 o B 1 & e 1)
HYAH B Ot 0y 1 T -

[0014] [& 3 & /<&M oR B AR 38 A 38 T i 2 — 25 o B 1 e 1)
HYAH B e SR B E -

[0015] [& 4A £ H 4CoR R E A% M S — Lo G M & hE |y
Iz WS 8% [ 25 Y SF 4R 45 1 -

[0016] [& 5 /&7~ AR % A 3% B & — Lo () M & e ) |9 AH A2 e
B —ER o By EI AR E

[0017] 6A JE 7~ R I A S B o — SRR 1 & B B B B —
(B2 & % (Normalized Image Log-Slope » NILS) {E [ &1
% ¢ B5 A U U S [ 22 Y [ 1 2 (LAY i 45 [

[0018] 6B JE I AR 38 A 3 B i — Se R B B O Y B A
R e M AL 722 BE = AH A2 ' BE Ay TR U RS [ 25 Y RE S (LAY Bl SR [E]
[0019] 6C 2T AR 18 AN 4% A 10 7S 1Y o B 1 B e 491 R LR i 451
Hy NILS {E [ & tHE L & T R B EHY &£ ( dose amount ) B (b HY [ 48
o

[0020] [E 7A 2£E 7C &/~ R 5 A 38 I & — S o B & e )
Wy EEE 3 Fron A O E Ry B Ay B E -

[0021] [& 8 &/~ th AR 5% A 3% B = — L5 o () M & e ) |9 AH A2 e
R HYHI R E -

554 H 0 328 HEEHEHE)
107704_x 45 1_& 842
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[0022] 9 &t BUEE 8 Fron A ERV R R HI L E -
(& 5]
(0023] A£ T30 - 2 BRI [ 55 ol R 700 4 3% IR i iy B e 1) -
[0024] EHEARRSITECBEEMMAE" &9 (about) 5" F
&k (substantially ) ; B > Ho 55 5 10 BF it B BB B F5 1H 352 3R E B
EABRIEFEEZ (P> £10% ) 9 EE&E SR MPAREREF " —
fziii 5 (generally ), 2% " BH |, K HEHEANHEAIKREE
FEEEHEX - BHFROEEERENABESEEN - B
JEERAE > AamBESEREBER ", BE TEE L REH
1B R IR B Jiee 1 A0 Ry L 15 A ¥ 7R AR BB B AR Y B o o B i
fEEZ (fla > £10% )
[0025] @BEALFAOEEAME "F—"F 2, "TF5=
RS AR AL (element) ~ SHPF ~ & ~ & - R/EERR AT
LA HE & g R/REE N EZRNZERGE -
g lE AR E S - EfF & & &R - FHit
BEATGEERIMRAET > DUT Fram iy 55 — &0 ~ ik~ & ~ J& >
W R /R o] e By S8 BBk ~ sHPF & - B EER -
[0026) FEAF > HBHREGEH - aERAEF " @mE Cup)y- " E
T (down) ~TJEHEL (top) " JEH (bottom ) ZFFZ=[EH B 11 H
g 2 8] ZC (] o AT o B — B R BOR R 5 — (HEAM ) B By
IR - ETEAE o BT A0 ZE R A B AR B A BRIE TP AT ORI E
71 S0 IR B8 15 T M AL E A B (E P BV R E 7] - Al ye (8 AT B

55 H > £k 28 HEHRAD)

\\>§v

4%

i

2 I =
A E
|eoom
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HAe 7w (Flam - GEiE 90 e i HAth E 7 ) > B oA S H BT H
FY 22 R RE S 1 48 0 5 RS FH P St R T AR R © S5O0 0 B — BRI B
fir FY W8 &0 T 2 8 (between ) ; BF > BTl & ¢4 0T & By il Wi (# 36
< FETHY M — BB {4 - B0 AT A — B (I LA o R R

[0027]) [& 127~ H AR 38 A 4 BRI & — e o B 14 5 e 45 | (55 A A
B BRI RSN (EUV) g iy -

[0028] 2 R[E 1> EUV {2 3F 1000 o] & #% ¢ J7 B 7T (optical
source unit) 10 ~ 25 E T (condenser unit) 20 ~ & BT 40
Kl 90 o

[0029] SEJREE T 10 0] #¢Fl & B2 A MR S8 11 (CEUV L 5 f
W BHE 135 Bk IE2E (FWHM) N REVE ) - B HE
L 20 AT ACE RS [ B BOER BT 10 A/ EUV OE 11 {£{F EUV
6 11 #H S E MR OEE 500- B Es T 20 Al EE B S R E
B (condenser optics ) 22 (40 » FE§E /B F ) - BOtas 2L
B 22 AL B R & R/EUR S EUV SE 11> DU EUV % 11 5[5
EMHBIEE 500 - EUV J¢ 11 Al Eeas Hor 20 BRI A 2
L E 500 -

[0030] HHEESLE 500 AIEL B OLE & (mask stage) 32 |- H
B G 32 A E R B E 500 - BT > EE A #
FC B R AE B EUV 6 11 By A ST Y 2% [ A5 () §Y 55 — Bl 4 R /3058 Bl
&b (Bl mET R R R R/ERE R R G ) BB~ fEEL EUV Ot
11 T ANREEENS =04 & (F1a - mERRT) BH -

§6 H 1t 28 H(EHHRHE)
107704_%4% 1_4& 3|48

110102823 FH YR A0202 1103100185-0
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/BB SR E — 4R ~ 55 &R R /B0 = Eh R B RO EE 500 R
Cflan - g ~ fFW (pitch) ~ R/ fREE (yaw)) > SEREIT 10
KB G 32 Al ffEdlas 90 FEM] o FEMHIES 90 H] Ky ¢k o B R %
EUV iz a% i 1000 By (ERVEE T Pedl a5 - H ol planafs - &
B R4 Pl EEEEERAVIEAR © IS/ HEE - P T
R R NEHES - BHEs > REBERAGEERNS
Al ELFE(H A PR o L B L BEJC ( central processing unit > CPU) ~ &
fif ¥ B C (arithmetic logic unit » ALU) ~ S {ir sfl 5tz # 28 ~
RERG ~ 5 A UF 5] (field programmable gate array >
FPGA ) ~ kol fE A BHEE T MEHE - FHEREK
( application-specific integrated circuit » ASIC) % -
[0031] #HEEOEE 500 a4 FCE B 4T EUV ¢ 11> A& EIE
EBEEERHH EUV et - B E 500 (] AN £ FH

° R BT 40 W B EGRFME RS OE B 500 By BB E B i
B 50 FoRr g2 BT 40 T B iR &2 B 45 B ( projection optics )
42 (P40 > BIER/EERT ) - REOLREE 42 A icENREH E
K E 500 A HY EUV % 11 DAFHER (K /30 0T 28 1 B 2 HY )
BORER (B0 > 174 ~ 1/6 ~ 50 1/8) e/ MER L E 500 #Y 't 5 [H]
EeB o Hf@E/NEHCEERE RIRE EH&E 50 E - £ E 50
Akt B A e ZI HARE | BOEMHE 2 - EUV OS¢ 11 Al @i
s BT 40 HAR RN 5B 50 - BRI A RKBEEREE
500 WY X EE ZEZ B ERVE ZEEEI 2O 2 - fE b gt iE

557 H o 328 H(EEHEEHE)
107704_x 45 1_& 842
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i A ETEE BRI HE % - o] F ¢ B % e A
HiEE 1 ETarzl - FE S0 EH R RZES 52 £ HEESG 52
o LB R A B S E 50 DLgE F B 50 FRVEROLE - BHWE
B G 52 WG B AL B I B BT EUV % 1L AT ASTRY R
TR [ Y 55 — B 48 Ro /ECEE il b (I o R AT R e 1R~ R /B A
AR EG) BB - (LB KR & E ER EUV O 11 T ARBIRE
EEHSE =& E (- = ERET) BE) - R/E(ESEE — il
BB MG R/EZMGESEE 52 A (a0 EE) -~
Fe /B 18 ) o BT FE ph 1) 40 98 37 P2 1) Re /2 #2E ) 25 90 F72 i) AR A )
HE S2HV4EE, - BRI - i EERETNETHERAMERELE
500 HYERE L BLAE o

[0032] [& 2 /2 7 B M o L AR 98 AR 38 B A A — b o 3] 14 i 1)
AR AP EE - B 3 2 rEMt R B AZEM S &
B e 9 Y AR S O B Y TR E -

[0033] 2Z28EIE 2 RIE 3 HBLE 500 v E#FEENR 100 - 4
120 - THEE 130 - BEEZE 140 - RUTAEE 2 150 - R T & &
&g 110 - M HE 500 0] & A 2 A L& -

[0034] HE AR 100 0] & & B A A IR G BOIM R - BEmNE
EAR 100 o] 6L & B3 R /ity (Si) o AR 100 fAFEEZEE PA K
BRE BA > BHEIOR/RAEZESE FEZE (fl0 - kEE
ERB) RENEEE PA L B E BA BIEEFEE PA- B
& BA THHCE RS (h R/ECR VKB ERE BA #Y EUV JLHY R

98 H 1t 28 H(EHHRHE)
107704_%4% 1_4& 3|48

110102823 FH YR A0202 1103100185-0
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5 > B AT B an iy fr kD BB e i 4 Ry B iR L & o B FE & PA 1]
BEfEEEFEE 102 K FEZEE 104 EEZF & 102 0] &40l & Rk
BT AR G S Y £ (B R ED e /2t 2 2 A4 B 50 (£ AE 1)
Nemb & FE > BHFEFEE 104 57 & #7 BC B kR 6 B E 2 8 ]
K8t s 2 E 5002 BB 1) By YJEIE (scribe line ) [& FHYIE -
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