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Influence of Process Conditions on Properties of Zr(Q, Coatings
Abstract

Prepared by Electron Beam Evaporation

ZHAN Mei-giong, ZHANG Dong-ping, HE Hong-bo, SHAO Jian-da, FAN Zheng-xiu

(Shanghai Institute of Optics and Fine Mechanics, The Chinese Academy of Sciences, Shanghai 201800, China)

were monitored and demonstrated by quartz crystal oscillation. The refractive index and thickness of ZrO, coatings
had been characterized by atomic force microscopy (AFM)

ZrO, coatings were prepared by electron beam evaporation, while coating thickness and deposition rate
also increasing as a result of increasing deposition rate. Which were agreed with the results of tooling factor. Proper

were measured by NKD7000 spectrophotometer, The surface morphology and root-mean-square (RMS) roughness
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roughness were decreasing as the working pressure was increasing; the refractive index and RMS roughness were
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It was found that the refractive index and RMS
process conditions had to be used in order to get optical coatings with better structures under proper RMS roughness
Key words thin films; ZrO, coatings; working pressure; deposition rate; quartz crystal oscillation

Bl 0 R R AR A AR IE 4 RS BE , T A 0 R AR R
E’ﬁ‘ﬁ R H
AREBRFAFRNLTZSHN
ZrO, WA AW,
I

GHETT AT i R R R AR M IR, 07

|
FEREEE 0.1 nm B3

3 i
V4 1 JE P L R AR 6 R BE TR B A A U N
E AW ALE SRR AR 7 5 2 A P R R R 5K

B M4, REPR FDOERAREE . SEH(E S R E R

Eoy
K, BiLE R HAER TR
78 RUUAR T2 i B B 9% » S B 4 R aot 2 o\ LA
RIEFEXEHAGEN T E &M, FEES R
95T LA L 7 o A e
5 AT TAEREMUTFE RS T Z &M
NZZMER T, B DL Fh o7 5 46 il Ak # A TR
Y5 B #3:2003-07-07; W BME S H #5:2003-10-23
A BFFE . E-mail: hbhmzmq@ mail. siom. ac. cn

IR 2 g
ZrO, WY R EEHEEN R, N T AR
EEB AN 5 EHA978—) . &L #db A, o E R B B OE2ARE VMBI Lot A, FENF R M DR ¥



114 HEW F. BTREBRIIRTZRMAN ZeO, WK 17 1357

TTORMAELRRTHY L.

2 % B
2.1 HEHE

TR AR ESNER) &K ZZSX-800F
B P B 3E E Telemark 28 7] 4 7= 1) Model
860 £ 7 AN 5 12k 15 A AT DA SE I 8 78 9 M 45 R
JEAE 2R &R OF 4350 0.1 nm F1 0. 01 nm/
). AR ABEAKERG, HHAERREWN
15BN AR DAl iR B AR AR 5| S 4R AL s R R
do WiRZE, NTTE/D TEEF B RS R % X R
UE A 3% A 45 (BB AF T 1 B2 8 A » XA i B SE B UL
B IRE d #47 LBt b s . TREFREAR
TF = d/d, #tER3 E do BIEHFEMERLT, B
mm PR A B TR R 2 1Y B 2 A R B, 40 2R SE B PUAR Y
R JEEAE o R NIk L F) JEE 25 5 4 A X B o A 0 R 4
X5 H A i, 338 TR AY R R B AL A 3 A 454X
SEIPILESY i

KB R 621.6 mm 1) K9 BEE R, PR
Al ERMERTF S HES RS BHEE T
KIEVE. ERSBRPAREEHN 2.5X10°° Pa,
B BUEREE 300C, TEAHTE S R R YK
B, PUARE AR 0.3 nm/s, FAEAE N LIES
FE4rHh 2.5X107°%,5.0X1073,7.0X107%,9. 0 X
107°H1 1. 1X10°* Pa; 7 43 7 UUFR 38 2 [H R 5% w19
REH, THESERN 5.0X10° Pa, G B R4 5] 5
0.1,0.2,0.3,0.4,0.5 1 0.6 nm/s,

2.2 RN

FPEE Aquila 23 7] A9 NKD7000 2% % 4
&AL & ZrO, W) IT R 2 MRE L, HEE
Digital Instruments /A &) 4 7= #J Dimension 3000 J&
¥ 7 A R T e ) 3R T T 45 RN 34 O AR MBS B

3 LR Ko
3.1 THESEN 210, BEMFHENRER R
B

TAEREX MEERE R EEA =I5 H .
HCRAMERL R & 2 T 3R AL HIKE 2 T
P2 B i R S ARE 3 LR S B R B B
s IR R T 55 E D T Z H B2 %
AN

Prit & (P KN 1300 nm) B T AR R B9 A5 1 9L

HME 1 s, NEHF A LLE B TAESKEN AR
W RPN . Y TAES BB KA, 28 & /B
By 7E 1) B R 38 i o 7R o 5 At 4y 7 R A AL
SRRBN , BIAER B Y OB 4 1 B9 SRR s SR, [ B
RE PR SFHEROERD, REREE, 7
SROER., RZ, TEKEF, B TREE LR
K SILERE BRZ BB I8 R B .

2.00

1.99
1.98
1.97 1
1.96 1

Refractive index

1.95
1.94 |
2 4 6 8 10 12
Working pressure /(10 3Pa)
Bl RS TEIENRR

Fig. 1 Influence of working pressure on

refractive index
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Fig. 2 Influence of working pressure on

tooling factor
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B3 ARIESKET ZrOo, MR EREER
Fig. 3 Surface morphology of ZrO, coatings under different working pressures
(&) P=2.5X10"2%Pa; (b) P=7.0X10"%Pa; (c) P =9.0X10"% Pa; (d) P=1.1X10"2 Pa
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Table 1 RMS roughness of ZrQO, coatings under different working pressures

Working pressure /Pa 2.5X1073
RMS roughness /nm 3.010

7.0X107° 9.0x107* 1.1X107°?
2.244 1. 973 1.562
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Fig. 4 Influence of deposition rates on

refractive index
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Fig. 6 Surface morphology of ZrO, coatings under different deposition rates

(a) rate=0.1 nm/s; (b) rate=0.3 nm/s; (c) rate=0.4 nm/s; (d) rate=0.6 nm/s

R2 FAEARMEET ZrO, HIEE 7 RERE
Table 2 RMS roughness of ZrO, coatings under different deposition rates

Deposition rate /(nm/s) 0.1 0.2
RMS roughness /nm 1. 412

1. 606

0.3 0.4 0.6
2.724 3.352 5.572
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