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1. Introduction ,

1990t 2 RE 7]E FHA RS o] 4§ =B &Y A AP Wk o) & Y Fd 5
Ue o2 AM x=3FFH (Next Generation Lithography: NGL)S B8 Ao] QT =t} o]d
meh, A ud 59 v HAITE FAHoE (MY =FFA B 77 gurs s a
Jeh R IHA i EZA QA AA Y w=FFAHo= PXRL (Projection X-ray lithography)”, SCALPEL
(Scattering with angular limitation projection e-beam lithography)”, 2281 M =3 FA
(Extreme Ultra-Violet Lithography: EUVL)? 5o] 9lch. ol&eldt A »=3714S FoA 13nm
o] FAYHEE FYoR o] &3tt: EUVLE &L A%, % NAJdA 7|98 2 2dAce 7
d AfxE, ‘2};‘5]’—‘1?1 opAE Fx, 71EY HANF =BT H FAAE 59 o]fEZ T0nm °l3h
Aol 22 AzA 7HE AY 7teAde] ¥ =B7IER Prtwm ok o8 e IR M
FERE 7€ 824 #8A (refractive optics)®t F 73 w23 (transmission mask)S+E &

2 ALY =B A (reflective optics)9t ¥HALE mlAZE AL 3o Hi"% ——1"“ Tt FAE AL
£8”. o W slaze M doln oo HBE A AIH e £2L YHA DIAES
T A Z2Fe X-4 ¥l gEuretel 328 EUVLY dA &4 Z—i%"ﬂ Vé 2 S A=
gt & 5 U FAAAY JHY Yg WA HdeiME Bt oz Aolg 2% 9 ubut
£ 13nm9 A EZ F7|(pericd)Z2 F£A F Z—‘]Za TFzxolth. F, Mo/Si thEuute] S
dldmotdsi)=7nm, 7 (dwo/d)=04, N(H A F7] 4)=402] FZ2 A} (structure factor)2 ZF &3 h=
2rebd 135nm g A Hu) 742%9] o]& WHAILEE Holu, FF A AWM 2 A3 At
o2 A% AW AR F7h wd oA e A Fozg Qs ol ZukAlx o] oF 90-95% A
E TEHL e dAolr B dgdM e Mo/Si thEute njelgE A9E Y Ajadoz %3}
o Z+ 4 =7 d2 dFude] Fx, F7]9 T4, Mo-Si 7t AW AH 5& EAso 33
o & £74& &g oY, & F717F £ nmoll EHE & dbeke] oisiA kst =/zrE A
A B4 RS ol&3td B EAH ¥ Fx Az E4HE PgaAo



2. Experimental Procedure

ko) 222 4-inch®] Mo$t Si targete] A4 F3F 713 29 g AR,
Ay xdE, 4219 targeto] 17+ = direct current (DC) =& radio frequency (RF)&] A7t
49 9y 2FE 53ty gile FRAAE A E O3S YE ¢ F AU ol el F
d o2utgd sl ¢ TEM, low/high angle XRD, AFM 5& o|&3to] diutel njag 7z
ARZo ASS AHugd. &3] d3diute] Ado o8 dAdE+E low angle XRD peaks
Moz gautee Fxdx R 33 FA9 uniformityo] #F HARE DHALE A&
YAtk Mo/Si th=Hrate] vHAlT = Lawrence Berkeley National Laboratory®] Advanced Light
Sourced] AxHo] Y+ EUV ¥ALE &3 AG UM SA3H
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3. Results and Discussion

2y 12 Mo Z3 #99 @& high angle XRDS Ar 3¢ o] @2 high angle XRDE H)
WE AUH, Mo (110) textureE 713 polycrystalline®. 2 Si< amorphous® 45 ¢ 0
Mo & A7t 71858 Ar ¥HYH Z284+E Mo textures F7HgE ¢ + Ut

High angle XRDolA d& Z2AE &2lsty] &4 @@ TEM olu X9} AFM ©]ux& ¢
20 Yebdidh oF gtatel A diAle] giREL T FoAM dojuyr] diFE o] G E R
< BHY A7 8 7FHR Y 3mTorre] FAHUHANA FFHo2 tfF vigte] 53 HYJO
o, EHe] AFVNE o 1A(ms)HZA, o}F 5% g& 2¥h. I3 ¢Fo] FUESFE g
o AF7l= F7Fstd 2, 10mTorr 334 HAME o o4 ch&utate] E S 44T & gl
2% 3& 3mTorr &4 °\J§¥°ﬂ"1 23§ & date] wd TEM olmix1 & g A, AdWs
o] 77} Mo-on-Sit ~1.2 nm$l ##e] Si-on-Mox ~0.8 nm& . olst 2& olf& A,
Al RS Ao] (Mo:95.94, Sii28.09). £4, polycrystalline®! Mo9 F#%7} amorphous Si
Bo f XU FZo|7] HEA o FAL Mo 97t open structured] SiZ o2 tjzlo] ¥ s}
71 WjZolets Azt 4719 M2 & FRAAE 7HH 399 AFsle 2438 vALE
a9 4ol JGeEplAT. AR SHAD GAIZE of 89° Q. Ho ¥HAlEE AE D F$ o
63%2 ZA =AY s Edo F83 54, AdY 4HAY, 3 T4 uniformityFl] o e
ERg dolth. & nmoll EFRE o dgte] TRAXNE FFs] 24 AL FRAAES F
23}t 8t7] 9AshA ofF F8T FRolgt & F Ytk o] FE AxE EAsy] YA wAE 1
#Fx TEM, low angle XRDEHXH F3 F4 uniformity® d-spacingg F3tgch 21d 58
TEM ol ofiA F% d-spacing©] ™. d-spacing &4A] Zt AW T4E BAT goly z+
%7t d-spacing uniformitys 5%°)f ok, 28 62 1-14° ) t¥ low angle XRD peak©]t}.
o] o Peak® sharpness®} F713 2 8E & vt gualityd] e ARE 7y oz 2AF
T+ 7F d=H, AlE DY FxAAV MY 2 FE92 RIS BHHLE @ F UG = 9%
24 274 Bragg ¥#$ 01%3}04 thEaberel B} # A d-spacingg® 7 F AULW )& 1Y
7l YeEA T t}S ¥Rt standard quarter wavelength multiplayer® ©) &322 WMALE 17
ZoAE HAd HAEE io]‘: JAIZLE 18 & 9 d-spacing=(4/2sin89° )o2 ANT & g
ov, olg tFHtte] HFF d-spacing2E £ F Y}

HIALE O Z TEM, low angle XRDoA +& d-spacingg 73 %S 2¥ 84 YUeUgE
g, TEMIM 78 & st T ZAM F& g3t atol7t & wd low angle XRDJA +
& HE A9 dAEE A ¢ F I 9 < = TEME °| 8% WH-2 d-spacingg
Ad w02 AgsA S & & A& FH © ¥4, XRDE ol &% W2 thE s
nonideal ¥t g4# % 233 HoE wyolmnz TEME ol &% 9y =
o Agg oF o gid 3y BAo] shedteet
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(a) (b)
Fig 1. High angle XRD peaks with variations
(a) Mo sputtering power (Mo:DC 50-150W, Si:RF 100W, 3mTorr)
{b) Depostion pressure (Mo:DC 100W, Si:RF 100W, 3-10mTorr

ms (~1A) rms (29A) rms (334)
(a) (b) (c)
Fig 2. HRTEM and AFM images fo multilayer deposited at (a) 3mTorr,
(b) 5mTorr, (¢) 10mTorr Ar working pressure
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Fig 3. Magnified TEM image of multilayer with well-definde sturcture factor

deposited at 3mTrr Ar working
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Fig. 4. Reflectivity curve of
4 differnt Mo/Si multilayers
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Fig. 6. Low angle XRD peaks
for A, B, C, D multilayers
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Fig. 5. d-spacing measured from the
cross sectional TEM images for A,
B, C, D multilayers

IR EEREE]

§ e wee e e e W e e w0

™ (B

Fig. 7. d-spacing obtained from Low
angle XRD peaks for A, B, C, D

multilayers

Fig. 8. Comparison of d-spacing obtained from various inethods
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