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DUV LaF, thin film deposited by IBS, thermal

boat and electron beam evaporation
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( Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract: In order to satisfy the requirements of coatings of deep ultraviolet( DUV lithography objective lens and obtain
coatings with low optical losses, high stability and long lifetimes, a deposition method should be confirmed first. LaF; single
layers were deposited upon fused silica by ion beam sputtering(IBS) , boat and electron beam evaporation with optimized process
parameters respectively. Firstly, based on spectrophotometry, the refractive index n and extinction coefficients £ in 185nm ~
800nm of the LaF; layer deposited with three methods were obtained. Secondly, the surface roughness of Lal; layers was
measured by means of atomic-force microscope ( AFM ). Finally, X-ray diffraction (XRD) was used to investigate the
microstructure of LaF; layer. Experimental results indicate that, LaF; layer deposited by IBS has the highest refractive index and
the lowest surface roughness but the highest extinction coefficients; for LaF; layer deposited by electron beam, although its
extinction coefficients is low, but the refractive index and surface roughness doesn’t seem good; as for thermal boat, all
parameters discussed here is intermediate between that of LaF; layer deposited by IBS and electron beam. Finally, based on
consideration with every factors, thermal boat evaporation method is most suitable for depositing DUV LaF; film.

Key words: thin films; Lalk,; thermal evaporation; ion beam sputtering; deep UV

Vol.37,No. 5
September,2013

Ell

il

Bl SR Ah IR SMROEAE 25 UL FH ) A BT 3
KRR R ARUE 1 K R A B S R A 5 5K
URZES1ER7) R S Py Vi AR B R LS e o]

FEATH - EZRHE R LWRE I H (20092X02205 )

YEE IS 0 6 (1985-) , 2, Wi+, I E 2N F IR 5
IMGE BT ST

E-mail; nrconnie@ 163. com

Wik H 19 :2013-02-25 s e BB i H 391 :2013-03- 18

BLIRIACAR, JEHAE TOAF (14 328 555 R B 3 iy g (K
2 MRS Pl o T SMEARE 4 4 il B e T RS 1 U
BUFIE" AR S i e FH 75 3R L 3 214 1 A
DUB ik R 4 P BRI A SE P A5 1

TESR SN RIS SNBBE, AL i TRl 21 2
ANBEREHT, S B 22 A B A s A D
3 S FHT A R T S SR bR JRAL B (Lalks ) #5330 17)73z2
(T o BFIE M, Laky MERR I P 32 51 5E I T
7k FERARE DU EE DU R E 2 N R
(OSZIA ) o AR SO Ay I T B T AR B



B3TE S

WOt BRI AR T AL B R SRS Laly 393

FREAE TR Kk 3 MBI A G B et
TSR TR Lals I, I FL B i
TRERR 5 R B (4 e 2 WA DA AR A RO
45K, HR R R ol A DT ik

1 HebESNERE

L1 #HRH&E

BT HIK 5T (ion beam sputtering, IBS) 4 i 7 3¢
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ZERVE T IR R IETETEE Leybold Optics 24 7] A4
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Table 1  Deposition parameters of LaF; layer

process tempera- deposition base
type ture/°C rate/(nm - s~')  pressure/Pa
IBS 25 0.1 1x107*
thermal boat 300 0.2 5x107*
thermal electron beam 300 0.2 5x107*

1.2 MERE

PENRAE 75 6T I £ R ] Perkin Elmer 23
A AP Y Lambdal050 2958 b ] W67 66T e
FOARAS BCSS B, 0 Y L O 185mm ~ 800nm, Jf:
AR (A Optichar HAEH 3 Fhoy i
i LaF, WA T3 n AL R KL Ao

X 15 E Bruker 2 &) 4 72 A9 Dimension Edge 7l
JE T 1 30 485 (atomic-force microscope, AFM) il 5
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Fig. 1 Transmittance of LalF; layer deposited by three different method
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Table 2 Transmittance, reflection and optical loss of LaF; layer deposi-

ted by three different methods at the wavelength of 193nm

material  process type transmittance/% reflection/% optical loss/%

IBS 89.178 7.953 2.869

LaF thermal boat 89.331 8.952 1.717
3
therml'jl electron g 64 8.989 0.747
eam
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Fig.2 Optical constants of LaF; layer deposited by three different methods

a—the refractive index n b—extinction coefficient k
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Table 3 Surface roughness and optical loss of LaFy layers deposited by

three different methods

surface roughness/nm
0.434

process type

IBS

scattering loss/ %
0.08
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Fig.4 X-ray diffraction pattern of Lal; layer deposited by three different methods
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