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Si0y/ Ti0x/ZrO;

0. A3

2 AT SO/ TIOYZr0n S 0183e] 75 v
] RRAPBAI RS 400~ 900 nme] 31 G el A4 96 %
opde]l FEs Ha=E AAIRIIa, Aol Essential
Macleod(Ver. 8.16) X2 1308 ARR-E}SIT]

AR arEre] A Aol AREE A= RF 29 Y Al
S(EERE) o' Nae sk AN = e Al
g3 B2l RF A8, 718, 7k YA,
SRR AE] Atk whEe] AlRks SlEl
8.0x10° torr o]é}w}xl 27] FAZAEE e o Ar 7t
225 30 scem 02 HEEA Y2 F£YAI7IHEA 71t
o] ¢k 1.5~2.0x10"" torr7} H%== 8191, 27} SiO=
120 W, TiOz= 150 W, ZrOx= 100 W, 9] RF 3915 355
Sjo] Zezok: AN, 2oHYe Lo Fha
FUFES QPP & FEAN A7 03mm FoAe)
cover glass 713l Al#FsIATE. thgutere] Alzte] oA
Aol AFE-EL S0y, 760y, TiOs2] RE 7119} 2] A
2ol W2 S 2412 A9, o] AR ol8ale] 7
2] A3 R 919} viet 2t S0 AvEE A7k
Z2A53lek Table 1 2=¥EE 210& HERASAL
Table 20l FeiS WAPEA| ] A1 2b 23S YERAIT

Az whee] Bl Sl o]8% EdERIAl
(spectroscopic ellipsometer, Jobin—Yvon, UVISEL)+

1

e 27] (photoelastic modulator) S ©]-&-5Fe] BFf
Table 1. Sputtering conditions
Target Size 4, O"dlsk

Base Pressure < 8.0x107° torr
Total Gas Pressure 1.5~2.0X10"7 torr
Anode—Cathode Spacing 10 cm
Working Gas Ar(99.999 %)
Rotating Speed of Substrate 50 rpm
Substrate Temperature room temperature
Substrate glass

Table 2. Deposition conditions of broadband anti—re—
flective multi—layer thin films

Materials AR Multi—layers. : :
RF Power(W) Sputtering Time(min)
Si0; 120 55, 170, 20, 285
TiO: 150 50
7102 100 182, 196
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ZE AFEY] AL A W AR #MAIE Hqle)
Atk Table 3ol Aol thet 242342 AR} vl ast
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7 @7r0; 39 A7 247 +13 nm, —14.1nm¢] & =}
ol& H3L S0, FEANE @FAAT +7.21me] 2
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Table 3. Design and analysis thickness of SiOs/TiOs/ZrO, broadband anti—reflective multi—layer thin films

layers Materials Design Thickness (nm) Analysis Thickness (nm)
@ SiO; 92.4 90.3
7rOy 76.9 71.3
® Si0, 5.0 12.2
@ 71Oy 62.6 48.5
©) SiO; 35.0 334
@) TiO. 16.7 29.7
@ Si0, 9.3 6.6
Substrate glass - -
Table 4. New amorphous dispersion parameters of glass(substrate)
layers Materials Neo Wy fi O I
Substrate glass 1.526 4.137 0.081 4.345 0.151
Table 5. Sellmeier dispersion parameters of SiO, layers
layers Materials A B A\
@ SiO» 1.988 0.074 255.0
©) SiO; 2.012 0.075 252.0
® Si0, 2.015 0.082 248.5
@ SiO; 2.021 0.080 252.8
Table 6. Tauc—Lorentz dispersion parameters of TiOs and ZrO: layers
layers Materials Eg € oo A EO C
) TiO, 3.289 0.860 131.1 4.738 0.8841
@ Zr0, 4.300 1.002 217.9 5.858 0.0001
® ZrQO, 4.311 0.325 132.6 7.433 0.0131
Fig 1941 WA 4G APE TS RUTA 04l EHA I A0 JeRA 105 Sl
ol oJa] Qolzl 7|93} 7} o] FAR AAELL Wl Ee] APl whek FABo] Aot Lo Bt
sto  UERNIQIE Al ARSSE ZHE2 Essential o] YeRdt. ofggt EtEAdS Zr0,9] éc} A<} ‘i‘r}
Macleod 2130 UH ZdEoH, 2+ T2 Hoe gAIS] 27k A7 Al 71918k whete] S53Aol A 2]
T 5ol el 9 55 IS sloltk njawd ) 7| olof w2 AAe] a7} gEpinh o] uitoel whte]

o H
o

o] 2HE #ho] eFgt Agkom S0, TES] =4
& HAAA = 350 nm o)l A A Akl Hls) 0.01 4
Zkat, TiO; 59 =852 400 nmollA] ZfobA]7] Al
Zsto] Fupd £oF A4S T ?%W 900 nmell A=
0.10 AXE] 2o]E BT 710, = 458 e
131 Ak Zfol7} 71 Eml Yepth @
7r0y 9] ¢ AAH o= 0.05 Ao 2fo]= Bl on),
®Zr0; Tl Fapd o 4= 1 Apo7t AR 5

j
a

7Fsted, 800 nmell A= 0.11 g&=e] ztolg Bt} gt
710y 5 Alol9] B E Aol= Z a1, ZEE] i)

= A @3tk of#@ o= Zr0.9] A Sl whE
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Table 7. Rms thickness of roughness layer of each samples
Layers @Se) @Ti0; 3Si0; @7r0; (BSi0, ©7r0; @S0,
rms(nm) 0.27 0.40 0.65 0.96 1.24 1.81 2.22
el w9 F9ko, Fo] TS THARTISol AR Si0y/TiO/Zr0, TRt e] &2 500~
S7FeIaL, v 391 @Si0200A4= 2.22 nme] A 800 nmolA] 94 % AL o] Falfo] dojAr). A T}
AA7Zo0] AT H& 7o = AL o] T Bk k3% Ak
Fig. 6914 13704= 7193 @A Als5e] A7), & A gtolm, AL Bl 1~2 % A% 2 Fholth o]
A, Aol digh Fabs ~HERS 300~ 900 nme] 3 23t zfolo] P whiks A 7 T2 Ao =

o] Ax vlwst 2ot} BA Bals A¥EZHS
FerAlel oal AR 7 o] A 2dES AT
gl whgste] AL T gho|w,
UV—Vis {3370l ofsf 574% ghelot. Fig. 6014 13
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= O =oE ®Zr0; 5] BEatEA o
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Aol SRR SR Aol 7 3ivh B3 70,
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Fig. 5. AFM images of SiO/Ti02/ZrO. broadband anti—reflective multi—layer thin
films ((a) @Si0s, (b) @Ti0s, (¢) ®ZrOs, (d) @SiOs)
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The Optical Properties of SiO,/TiO./ZrO, Broadband Anti-reflective
Multi-layer Thin Films Prepared by RF-Magnetron Sputtering
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SiO./TiO/ZrO, broadband anti-reflective multi-layer thin films were prepared at room
temperature by RF sputtering system. Optical constants and structural properties on each layer
of films were analyzed by spectroscopic ellipsometer and transmittance spectra of the films
were measured by UV-Vis spectrophotometer in the range of 300~900 nm. To evaluate the
films, we compared the measured and analyzed spectra with designed spectra. We investigated
influence of discrepancy of thickness and refractive indices of each layer on changes of the
transmittance spectra. It was found that refractive indices and shape of dispersion of deposition
materials are more contributed to changes of the transmittance spectra than thickness of
layer.

Keywords: anti-reflective multi-layer, spectroscopic ellipsometry, RF sputtering, Sellmeier,
Tauc-Lorentz
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