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Table 1 Experimental results of ZnS-MgF, fllters with high energy ion-bombardment

B 6

Y 20O B - S GRS R SIS Lk Sug

bombarded pazameter filtex properties blue sybstrate c. vention ion bombardment
type design A T a  L* skift temp. |(UN/N)j packing red {[(UN/N)y packing red
keV ul/cm? _— °Q densiyt shift dengity shift
nm % nmtm % x 102 nm X 102 nm
A|FLF|@ : 2 11.9
F—HLHALHLE 1.6 11 1226.0 90.4 64, 7.3 1.24 78.2 3.98 0.84 30.4 1.52 0.94
A|M4LM|G 81 22.3 2.46 0.97 11.7
M~ (HL)$H 2.2 14 657.9 73.3 8. 18.6 0.41 54.4 4.75 0.81 .
AIMALMIG 82  20.1 2.51 0.9 11.6
I M= (HLYH 1.6 13 641.90 71.2 5. 19.1 0.48 65.4 4.38 0. 0.
Al2HM4LM |G 87 15.4 1.53 0.94 7.4
M= (HT,)5H 2.2 14 658.3 62.3 7.5 20.0 0.80 105.3 3.2¢ 0.
AMATLMI|G : ’ 2.16 0.91 10.1 1.29 0.95 6.1
M (FIT))SH 2.0 12 638.3 67.6 5.2 19.8 1.18 160.1 .16 0,
AMALM |G - 5 : . 5.24 0.78 2.28 3.68 0.85 15.8
M= (HL)SH 2.0 13 - 604.8 84.5 3.4 7.1 0.26 38.1 5 .
AIM4LMIG 5.12 0.79 21.9 4.86 0.80 20.8
M= (HL)SH 2.0 13 610.0 80.0 3.5 6.8 0.30 44.0
II
AM4TMIG : 4.91 0.80 21.0 3.99 0.8 17.1
M (HL)SH 2.0 13 606.1 79.0 4.5 7.6 0.34 49.8
AiIM4LH|G ‘ ‘ 1.95 0.92 8.5 1.93 0.92 8.4
Mo (HL)*H 2.0 13 1597'1 76.4 4.8 8.0 1.20 175.7
A[FLF|G - : 2 16.7 298 0.8 25.3 1.28 0.95 11.1
P—HLHALHLH . 1.8 13 ‘1164.3 93 59 .8 1.60 116
AIFLF|G - .80 199.8 1.72  0.93 15.0 1.22 0.95 10.8
FeHLHATHLE 1.9 13 1182.0 93 47 3.4 2.80
111 , ;
A{M4IM|G 318 32 51.0 4.87 0.8 19.3 3.25 0.87 12.9
M = (HL)SH 1.8 14 558.0 76.4 3. 0.
A|M4LM|G 2.6 0.45 67.5 4.31 0.83 18.1 2.54 0.90 10,
M= (HL)SH 2.0 14 587.0 80.7 2.6 1 _ 10,7

* The total lososes (absorption-+seattering) at peak wavelength,
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ﬁn%i%m%%ﬁﬁ%‘ﬁ, u:&&%—rﬁ~¢em/1x, A A|M2LM|G, M= (HL)’H
Ao="530 ﬁm, H 1keV, 25 uA/om?, 1.5keV, 35uA/cm? §12.0keV, 45 uA/om? 53
FREHM, BREBHS BT 2.6, 2.3 A11.90m,

ERBEAEBREEETHERAN, RUBEETED, RESHB MM, — BBk,
PEME AR TR, BEMEFRENBNHER. %2 REEHRETTS LR
B7E A—633nm AMEGTRUCAIBH, TILIE t, 2keV AR T M Ho B M T 2 I — A
HORG, KH ZnS A1 MgFs HRHL % R A3 R,

: Table 2 Mea:,sured losses for Gl:(HL)EHzLH(LH)’| A, A=530nm

1
' i ion bombardment
loss conventional
1keV, 1.5keV, 2keV,
25 uA/cm? 35 ul /em? 45 uA/ecm?
T _ 0.011 ‘ 0.026 0.040 0.142
absorption +
2 o E 0.027 , 0.037 10,073 0.156
] befere coated- - 0.05 - 0.09 0.05
. after coated 0.19. 0.27 0.27
scatter i v T - )
: 5 " before coated i 0.05 0.06 0.06
‘ © after coated . 0,18, 0.15 [ 0.23
Table 3 :Experimental results of ZnS-MgF, filters with low energy ion bombardment
; bombarded ter od shift
des';gn ompoparde parame er (AN ) X102 PL ko shpi
‘ (eV) + (ud/em?) Nz (om)
Air [ M2LM|G conventional 7.13 0.71 29
M= (HL)?H . 500 104 3.90 0.84 16
Ao=660 nm 750 110 7 3.65 , 0.85 15
: 200 , f40 3.40 ' 0.86 4
' 300 60 . 3.40 0.86 ' 14
Air |FLF, |G conventional 7.88 0.70 ‘ 30
F—(HL)*(LH)? - I '. : | :
Fi=(HL)*LE)?® | : 700 10 3.65 0.8 | B
%o=660 1m ‘ ' o ' =
Airla _I;I_ B g A G* , conventio.fnal : 6.47 ? . 0.73 ‘ | - >
] ! i
a=(313) N ~ o .
L LY ! R : oo
B—(ZED) 200 - 40 : ,3.%)8 : L
7\0-=960 nm B

’ " Apo]arlzer with detuned bfpacers operates at 1.06 um., The results in tabh 3 refer to values of wavolength
: of 820 nm af nozmal incidence. |
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Table 4 Measured losses of filters with low energy bombardment at A=633nm |

absorption : scatter | bombarded paramester
degign : 5
conventional ion-assisted [ conmvent'onal ion-assisted eV HA /em
Air|HELF|G 3.6X10%  4.2x103 4%10°8  7.4x10-4 300 60
L0X10™ 2 X107 X 10~ 42X 10~
F=(HL)?(LH)? :
5-layer filter 4.6%x107¢ 4.9x10-4 | 400 65
i, H o H } |
A—B—
Air 5 5 AlG )
2
A=(%L—%-) 1.2x10°% 8.6x10-8 1%10°3  6.7x1078 200 40
L T, \8
(1)
2 H 2

(B3 2, ZoS-MgF, ZEM MG AR TEL BN 20N KEE, BEEE
HERAAT LM B L, R T E G Rk 2 HR SR,

m,oHOR R

BT RR BRI E, REVE 8T 2T Heavenst™ JT iR b2 A 2 %
WAE, Bk 4% 0. 125 mm j ek ZERATE b4 R 9, MM SR BRI 0, B
5 Fi Taly stop (M BRZIRRRE AR, %5 RMEHES ZnS f MgF, 4 2B # 3% B 45
%, ¥ Hortzian i, BANEL K 7EMIRR AR T UM ATE BA 15 5 S0, 7006 SURIM, 3R
BUERY - |

a=yTE (om),

Reh W= (g), g=980cms™3, P NSRRI AEEE (=4 % 10" dan-cm?®), F3R%K 5 %
S 0 200 TR A S R R R B R T R AR T B M (68 um) , X MB
5 F SRS G 1 R, BOE UL, SRR T S VR RIS B, W
AR I o

‘Table 5 Scratch depths and widths determining by Talystep

i ; ' tch depth teh wid
layer |  bombardment - load(g) o amy BN G
o 10 .25 427 442
" yes 1500~ 0t 1.5%0.6 " 85+5
o 1o SRS T SIS UEY. S 4.6+2
&2 yes w00 . | . exl.s 806




Table 8 flest results of the mechanical properties of Alms

= = =2 - - e SO SR SRR
?2?2?;:%:? seratch test seratch with pencil tape test 30% HCI1(min)
eoating dloa turns
eV nA /em? = conventional | bombardment | eonventional |bombardment | conventional | bombardment
(& conntional | bombardment
Zn 200 60 30 1 >30 5 13
: nondamage nondamage nondamage nondamage
SMgFy 200 60 20 1 ~30 ' 25 120
9-layer damage in
300 69 10 2 16 4B HB 1 kER 120
filter water
nondamage
5-layer
400 65 10 1 i1 2B 4H nondamage — —
filter '
21-layer damage after | damage after | damage in
200 40 0 1 12 4B 28 1
polarizor one 3 time water
Table 7 Stress of films with high energy ion bombardment
stress(kgf/cm?)
flim ‘
conventional bambardment
ZnS 7104200 11334200
MgFy 2502 +200 12504-200
NazAlF, 3264200 6114-200
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REREER TRy, BATEERREEES, B FTERATLFTURKER, £
62— 2R,

VBRI A B A OB BR T MBI MU AR R4, MeFa iP5 /I th i T B 1R o
F IR T MR T ZnS MgF, fl NagAlFs BBV 1, Z5RFITHT, RETALL
BE— R E T MBI ZnS-NasAlF, JEG A M T2 ES BB M EH,

h, S RGLROCE G RE

%} ZnS-MgFy 5 RIR FIZ B 16 7 B 38 5 BB 9 %0, E%ﬁ%‘%%ﬁ%?ﬁﬁ%f,
ZnS R0 T E 419, T MgFa R 2 R EH, AR ZoS f1 MgFs 8%,
o RYIZ K i MgFs [REFAEE R BAR, ZnS R LFHEBERFETHALE M B
o

B T o B AL A B R A A R Y RO, B TR T R BB I B R IR A, — MRk,
WEHR GO R RER T RE, %8 REOEHMHIRE K &R, Bt kN 1.06 um,

Table 8 The results of laser damage

. later damage (J/cm?) bombarded paramster
coating
conventional bombazded and later
Zns(ﬂ) 12.5 14.5
4
1keV
Ao
MgF(T) 15.4 24.8 i e
11-layer filter 5.4 4.0 HWFM 18ns
13-layer mirror 4.0 3.6
Ao
ZnS(T) 9.1 1.2
300eV
Ag
MgFy( T) 9.0 12.7 45 A o
9-layer filter 1.8 1.8 HWEFM 10ns
21-layer polarizor 0.7 1.2
. >
75 4 B

%} ZnS-MgF, #EE, TitRRRBREEREEER L, BB THIRERESREER
BRARREHANYEREDE, BRRERLER/ERES REREEETHER
TARRE K T, LR BE 2 T S 1 e 22 BUAG (AR B MUK, BT AR R B X R BN BB 3 o
ST, SRT, B e AR K B b R S MR Ay 22 [, S0t T 4 X e bRy BE ) 92 i 1 P
RN BEA, R LA RINGE M E S EREWA KL EME, MAXFHEAR, &A1
TERAT B- P pE RGP L& T ZnS-MgFs B2, MR EMRE 1.
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Ion-assisted deposition of ZnS and MgF: films
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(Department of Optical Engincering, Zhejiang University, Hargzhou)
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Abstract

Films of ZnS and MgF, have been prepared by Ar-ion assisted deposition. The
packing density of the Mgl filmyg has been increased from~0.8 without ion-
bombardment to 0.9~0.95 with bombardment as determined by the wavelength-shifh
measurement after moistore adgorption of filber. Experiment found thatabsorption
and secattering losses increased with the high energy ion (>>1keV) bombardment and
the low energy ion(<<0.7keV) bombardment is shown to increase gignificantly the
abrasion resistance and adherence of films without significantly degrading their
optical performance. This technique is of important for application in praparing

durable coatings on temperature sensitive substrates,

Key words: ion-assisted deposition; filter,





