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Abstract In order to improve the film thickness uniformity of the meniscus lens surface, the film thickness
uniformity of the meniscus lens surface in the third-order common rotation planetary system is studied. The motion
trajectory equation of the third-order common rotation planetary disk is constructed. According to the film thickness
calculation formula, the relative film thickness distribution model of meniscus lens surface is established which is
related to the dip and revolution radius of the third-order disk. The distribution model is verified experimentally by
electron beam evaporation and ion beam assisted deposition. In addition, the structural parameters of the third-order
common rotation planetary system are optimized according to the multi-experimental results to improve the film
thickness uniformity of the meniscus lens surface. The experimental results show that when the rotation radius is
650 mm and dip is 60°, the film thickness uniformity of the convex surface of the meniscus lens can be controlled
within 42.45% without using the correction bezel technology.

Key words thin films; three-order common rotation planetary system; relative film thickness distribution model;

meniscus lens; film thickness uniformity

: 2021-10-25; . 2021-12-04; : 2021-12-13
(20210402065GH)
(Y202053) . (171722KYSB20200001) (11973040)
: "1479254374(@qq.com

1031002-1



’ ’
[1-3]
b
.
o b
.
b
[1-4]
’
[3-4]
’ N o
’ N
, 131 Oliver
’
’ b
500 mm 1%,
o) : H |
L
o ’ °
3 9V [11]
’
. Taz()s
0.6% (12]
b
b ’
(90° ) 10%

’

, OTFCX
) Ti; Os

2.1

Y ., zZ o
T,.T,.T;. O
L, d,
h,
[1]
1

Fig. 1 Motion trajectory model of third-order common

rotation planetary

, 2
o O
O E . . F
X ,G E F
'R
WR; sy E G
(3 o
2
Fig. 2 Initial coordinate model
,G (xy,

V1s21) t

1031002-2



x, =—r;cos(wst) + R

y1 =rzsin(wst) o (D
12] =0

’ w2 s

G (IzayzaZZ) t

xy, =x1c08(wyt) — yysinlwyt)

v, =a,sin(wyt) + yicos(wst), 2)
2z, =0
Y ,
a (
), G

(Z35:y3+23)
[rj =x,C08 @ + 2,8In a
A5 = Ve o (3
Lg = —1x,C08 @ T 2;sin a

z,=0,

X3 =X 2CO8 a

V3 = Ve o (4)
23 = —x,81n g

) 3 o

M , N
\Q , T QM
EF .G N » Ah

N G . - Q

M Q N
, QM ,
o B r,
Ah
Ah =rcos ¢ —rcos 3, (5
E G s

ry =R; — (rsin § —rsing), (6)

3
Fig. 3 Position of plane-concex lens in third-order disk
G (l' 393923 ) N
(1‘ ! L% ! ’ Z/ )

4 .
x =x; — Ahsin a

v =ys . (7
2/ =z, — Ahcos a
X d,
N (xysyir24)
x, =z +d
yvi=y . (8)
\lz1 =z’
( Z )
w1 N
(x5.55,25) t

x5 =x,c08(w ) — y,;sin(w,t)

vs =a,sin(w ) + y,cos(wi 1), 9
125 =z,
h,
N(xnsynvszn) s
TN =5
IN =5 o (10>
Ty ==z;+h

xnx =[R — rycos(wst) ][ cos(wit)coswst)cos @ — sinlw;t)sin(w,t) ] —

rysin(ws ) [cos(wit)sin(wz 1) cos a + sin(wi ) cos(wyt) ] — rcos(wit)sin a(cos ¢ — cos B) + dcos(wit)

yy =[R — rscos(w;t) [ cos(wst)sin(wit)cos a + coswit)sinlw,t) ] —

rysin(ws ) [sinwi ) sin(wst)cos a — cos(wit)cos(wy 1) ] — rsinwi¢)sin a(cos ¢ — cos B) + dsin(w, 1)

2y =r;sinw.t)sin(wst)sin a — cos(wst)sin a[ R — rycos(wst) | — rcos a (cos ¢ — cos B)+h

N M )

an

1031002-3



6 =0°

rM:rQ:RgfrsinB’ a1
T MATQ E T R TIMx s ymszm)
xm =R —rycos(wst) ][ cos(wit)coswsyt)cos a — sinlw;£)sinw,t) | —
rusinCws;t) [ cos(wit)sin(w,2)cos a + sin(wi2)cos(w,t) ] — rcos(w;t)sin a (1 — cos B) +dcos(wit)
yu =[R —rycos(wst) J[cos(w,2)sin(w; 1) cos a + cos(w ) sin(w,t) ] — .
rusin(ws ) [ sin(w, ) sinw, ) cos a — coswit)cos(wz1) ] — rsinw,¢)sin a (1 — cos B) + dsin(wit)
2y =rysinw:)sin(w;t)sin a — cos(w,2)sin a[ R — rycosw;t) | — rcos a (1 —cos B) +h
(13)
, Q(xgsyaszq) ,
19 =[R —rqgcos(w;t) |[ cos(w,t)cos(w,t)cos ¢ — sin(w;t)sin(w,t) ] —
rosin(ws;t)[cos(wi ) sinwst)cos a + sinlwi ) cos(wst) ]+ rcos(wi ) sin a (1 — cos B) + dcos(wit)
yo =LR —rqcos(wst) ][ sin(w,t)cos(w,t)cos a + cos(wit)sin(w,t) ] — .
rosin(wst) [sin(w ) sin(w: 1) cos a + cos(wi ) coswst) ]+ rsin(w ) sin a (1 — cos B) + dsin(w, t)
2o =rosin(w,t)sin(w;t)sin @ — cos(w,t)sin a[ R — r;cos(w;t) |+ rcos a (1 — cos B +h
14
A , s
el ’ 4 o
P(x,y,2)
D(z,y,z)—(n;:;)moylzcos”go-cosﬁ, (15)
:0 in sm \
e , Fig. 4 Rotating taper frame structure
p )
oy L P D(x.,y.z)
1 1 o
D(xry.o) =" ;p)’” "[(1‘7“2+y2+22} " cos 0, (16)
P ,cos 0
cos 0 = (L —xy)(ay —x2q) —IYn(IYNn — Vo) —2n(zn —29) ’ an
r/(xy — L)+ yi + 2%
an (16) N ;
Dy(xn,ynszy)=
n+Dm 1 7 (L—ay)(ay —2q9) —Yn(¥n — o) —2n(zy —2o)
Zrmp Y |:(JCN*L)Z+3/NZ+ZNZ} ro/(en — L)+ yy P42yt ’
(18

1031002-4



T\ TM ’

T J‘ijDs\"(l's\"?yN?Z.\')dz
N t=0
Ty s .aw
M J DM(I,MyyM’ZM)dt
0

1=

:j 2J .
s 0
) cos 0<<0, (11) ~
(14) (18 19
o 6
2.2 Fig. 6 Color filling diagram of film thickness distribution
1 . 4 d 570, contour line
650,700,740 mm, h =1050 mm, a ,
L =560 mm, ( 20°
R,;=120 mm, Do
T,/T,=3.2, T/ 1 . 6
T,=10.2, , 5.9 r/min, d «
18.8 r/min, 60.0 r/min, ; « , d
’ o ’ R, 550 mm 750 mm
+fo o . d =650 mm
; d ; a 40°
75° , a=160°
. 6 )
d 570 ~ 740 mm, a
50°~70° ,
3
° OTFC1800X
Fig. 5 Meniscus lens dimensions ’
MXG-3 .6 \2
, c .BST
, . Ti; Os ,
6 1 o , IBS ., ACC
o .E/B
6 d . i
1 Ti0;
Table 1 Evaporation process parameters of Ti; O; monolayer {ilm
1BS
Material  Voltege / Current / ACC / E y FIOV? rate of Flow rate of Flow rate of Temperature /
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Fig. 7 Reflection curves under different dips when d =570 mm. (a) a=50"; (b) a=60°; (c) «=70°

8 d=650 mm . (a) @a=50";(b) a=60";(c) a=70°
Fig. 8 Reflection curves under different dips when d =650 mm. (a) «a=50"; (b) a=60"; (c¢) «a=70°
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10 d=740 mm . (@) a=50%;(b) a=60";(c) a=70°
Fig. 10 Reflection curves under different dips when d =740 mm. (a) «=50"; (b) ¢ =60"; (¢) «a=70°

2 d «a
Table 2 Film thickness data under different d and «

d /mm a /() T, /nm T,, /nm T,; /nm Ty /nm Ty /nm Ty /Ty
50 548.6 548.2 549.1 548.6 598.1 0.9172
570 60 452.3 453.1 451.8 452.4 483.7 0.9352
70 359.3 358.4 357.8 358.5 390.7 0.9175
50 441.1 442.0 442.8 442.0 476.9 0.9268
650 60 340.9 340.3 341.4 340.9 357.0 0.9522
70 240.4 239.7 239.1 239.7 258.8 0.9266
50 371.6 372.3 373.0 372.3 403.9 0.9217
700 60 297.5 296.9 296.0 296.8 315.0 0.9422
70 200.9 200.1 199.5 200.2 217.2 0.9217
50 339.3 340.2 338.8 339.4 370.2 0.9168
740 60 259.6 258.7 258.3 258.9 276.7 0.9357
70 160.3 159.4 161.0 167.2 174.8 0.9165
11 B . (a) p=20%;(b) p=0°
Fig. 11 Film thickness distribution at center and edge of meniscus lens under different 8. (a) g=20°; (b) g=0°
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