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Abstract: The meniscus chemical coating technology becomes a very promising new chemical thin-film
coating technology after traditional coating technologies such as spin-coating and spray coating due to
its merits of large area, low-cost and high efficiency. To meet the requirements of one national major
projects on the meter-scale chemical thin film coating of optical component surface, based on the
systematical research of the meniscus chemical film coating principal, static and dynamic gluing
experiments were respectively conducted, and the relationships among the gluing pressure, the gap
between substrate and slit, the material hydrophobicity and the morphology of meniscus were

analyzed, then the fine tuning of the meniscus could be achieved and equipment based on the meniscus
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chemical thin film coating technology was developed. The coating uniformity of photo-resist was

realized using this equipment on the glass substrate sizing 1 400 mm X420 mm, making overall coating

thickness error less than 4% and satis{ying coating requirements of meter-scale chemical precision thin

film coating of optical component surface.
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Fig. 1 Schematic diagram of meniscus coating
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Fig. 2 Geometry-fluid diagram of meniscus
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Fig. 3 Home built meniscus shape controlling system
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Fig. 4 Static meniscus shape obtained in experiment
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Fig. 5 Different materials used for coating, from left to

right: polymer, chromium and glass
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different distances between substrate and slit
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Fig. 7 Meniscus based on the glass surface with different

distances between substrate and slit
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Fig. 8 Meniscus based on the chromium surface with

different distances between substrate and slit
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Fig. 9
with the different distances between substrate

and slit and different materials

Shy k2 S — 4 5 1) R T AR S )
m%m%m%%@—%ﬁmLMQLLm%ﬁﬁ
BRI, i E L H R SRR T 4R
1.5 mm/s BRGEK IR B, H AR %mu
o2 (8) T, Bl 285 U G 52 960 A B 0 25 52 0 % Vi
WRE A — 5 W B3R L 5548 2 B ) B T R VA
& 7 ARGE B3 B X B T IR g X B A R IR
WEASSE 138 sh i O A . P DL 7 20 28 T I o 7
L TE R TIE At 2% 1 AR S A B B e AT A
FE S BN 2 4%, (A5 B AR 1 1 A5 TR A 3
AT LKA AR E IR I T . 5 0k R A
BE R 2R A R SR LK M 22 R SRR
ST B A, AT SR R OK PR Y A LR )2
3 1 TE S A ROCR 25 5 o B, RO B
T, I Je R A mm ., Hah AR 2 R E mE
10 fT7 R K PR R AT 1) 56 R 78 Uk i 2 AR vh S A T
T AR RR B b, O LR W5 B 3R 1T A 42 ik e AR AR
UE N



138 b e

w8 T

%25 %

(DR TFREYHRZ (DR (o) 4 )@
(a) Polymer (b)Glass (¢)Chromium
10 =Fp3k R R AR 3 A E sh AR R

Fig. 10 Screenshots of coating-process for different materials
4 RAT A &R R A TR RS I

BT BRI R R TR % A 45 R Y A
ST A ST ORGSR R A TR
il 1 M RGEEM ., F 110 s i T4 A
PR R R iR e o . A T 25 S B T A

(a) BATHFE A 25 1 R R iR I 4

(a) Meniscus-base coating device with the big area
& 11

Fig. 11

R L M

00 3200 300 400 500 600
Points

Ca) ST SR A 2 0 k7 2

(a)Measured curve of film thickness based on the

8000

7000

Film thickness/A

6000

real-time sampling

1400 mm X420 mm R-FEAF FRE T2 &
5 B 2L I 11 () B . 26 0 e ad A v R A
S1805 (Shipley) fF 2 fif U 't Z1 i » 38 i 42 il Jig 4%
RN~ Yo N by e N EN DN g (Z G i R g W e )
EHE R EIZEE R LA R T T R O ) e
W2, EREE A, AT Thin-Film Analyzer
(FILMETRICS F20, Filmetrics, Inc. ) [ 5l 4
ASC, 43 R 1 SRR A/ A S BRI
DX A7 UV 3000, H 9 s SR A B R S gt R A
P 12 Ca) T, i gk o S st s J5E 55090 0 AT 4 i
L AR FN A0 12 (b)) BT s Y e RS R 158 22 i 2%
A LB R R I R B R 25T £4 % .

Cb) 5725 T 98 2 U4 e 52 B A R R I e 22 e

(b)Big area substrate coated by meniscus-controlling
WA IR

Photo of meniscus-base coating device

5.00
4.00
3.00 £l i l

2.00 '
1.00
0.00
=1.00)

—-2.00
-3.00
—-4.00
-5.00

Error/%

T00 200 300 400 500 600
Points

(b JBe 5 V5 2 5 2 Hh £k

(b)Error curve of film thickness

B 12 R
Fig. 12 Measured of film thickness

AR SCHE T A S TR B R X T R
W AT T RGN IT . MR I AT T IR
e bE MR 4% 1 BE B DL Kb ) SR K P S TR

B HIE AR R IF BT X4 1 94 25
. PR T mor T RAWIRE VP &R
DA % 3 3 VR O A v B T R R A R LSS B T
— 4t 7 E s SR T2 . IR AT B B
b BT AR R T IR R R R R A
JFAE 1 400 mm X 420 mm NP3 R Ese il T



i TR AF ORGSO R A 1) B o 139

R AR 3 ) TR B, R R U R R R 2R T
T4V, ARSI KRS A IR RS
R BB A o 23 00 3 A A R R RS R Ol 27 T

S EZ 3k

[1]

[2]

[3]

[4]

[6]

7]

[8]

K, PRK,Ra &, F 0¥ AR & 7 A
TR R e sl (0], k5 M2 242, 2009(11)
2678-2683.

WU J F, LU ZH W, ZHANG H X, et al.. Process-
ing model and controlling error of Ion beam processing
based on the optical aspheric surface [J]. Opt. Preci-
sion Eng. » 2009, 17(11) :2678-2683. (in Chinese)

A AR K, A, L g OB R B RO R g
FRG[I]. k5 H T42,2014,22(7) :1814-1819
LIU H, LU ZH W, XIONG ZH, et al.. Exposure
system of Absolute type grating ruler [J]. Opt.
Precision Eng. , 2014, 22(7):1814-1819. (in Chi-
nese)

SR, FERX.EMS,F OUHEKENERNS 22
BB SRR B[ ). R M AR, 2004,
9(1):10-13.

YU W X, LU ZH W, WANG P, et al.. Compari-
son of periodic subwavelength structure and multi-
Opt.
Eng. ., 2004, 9(1):10-13. (in Chinese)
xR 3 A SO, FLH T S AV BLE B RO
FHEI]. &% % T42,2014(08):2127-2134.
LIUM ZH, LU H, XU W B, et al..

layer antireflection coatings [ ] ]. Precision

Membrane
photon sieve for the space telescope [J]. Opt. Pre-
cision Eng. , 2014(08):2127-2134. (in Chinese)
FBRPRKFRA,F. USRS
WS A BT Ar L ). b 45 % 42, 2004,
10(6) :537-541.

CAOZH L, LUZH W, LIFY, etal.. design and
analysis of the two-dimensional antireflective sub-
wavelength grating structures [J]. Opt. Precision
Eng. . 2014, 10(06) :537-51. (in Chinese)
CARCANO G,CERIANI M, SOGLIO F. Spin coating
with high viscosity photoresist on square substrates
[J]. Microelectronics International, 2013, 10 (3):
12-20.

BORNSIDE D E, MACOSKO C W, SCRIVEN L
E. On the modelling of spin coating [J]. Journal
of Imaging Science and Technology, 1984, 13:
122-130.

MEYERHOFER D. Characteristics of resist films

1 1R Al 2 TR TR A D 2 % 3 5 T B9 5 L P 4
A FE Ay AT 96 2 T TR R O N T A 3 A
G oK

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

produced by spinning [J]. Jowrnal of Applied
Physics, 1978, 49:3993-3997.

BORNSIDE D E, MACOSKO C W, SCRIVEN L
E. Spin coating:one-dimensional model [J]. Jour-
nal of Applied Physics, 1989, 66:5185-5193.
HAALAND P, MCKIBBEN J,PARADI M. Fun-
damental constraints on thin film coatings for flat-
panel display manufacturing [J]. S/D, 1995
79-84.

BRITTEN J] A, THOMAS I M. Non-newtonian
flow effects during spin coaling large-area optical
coatings with colloidal suspensions [J]. Journal
of Applied Physics, 1992, 71.:972-979.

BOKH F, BIRBARA P J. Method of meniscus
coating [P]. U. S. Patent, 4370356, 1983.
BHATTACHARYA S K, BHATEVARA S, MOR-
ALSE H, et al.. Low-cost, high throughput, large
area meniscus coating for MCM-D and MCM-L sub-
strates [ J].
tronics, 2000, 4339.:74-79.

JAEHOON K, BRIAN J N, JOSEPH M D, et
al.. Ultrathin film deposition by liquid CO, free

International Symposium on Microelec-

meniscus coating-uniformity and morphology[ J].
Langmuir, 2006, 22:642-657.
BHATTACHARYA S K, MOON K S, TUM-
MALA R R, et al.. Meniscus coating:a low-cost
polymer deposition method for system-on-package
(SOP) substrates [J]. IEEE Transactions on E-
lectronics Packaging Manufacturing, 2003, 26
110-114.

HERRICK C S. Method and apparatus for menis-
cus coating [P]. U. S. Patent 3201275, 1965.
BOK H F, BIRBARA P J. Uniform, micro-thin
[P]. U.S. Patent 4370356, 1983.

GAUSS A F, KAMEN E W, CHNG C M, et al..
Recipe generation for large-area meniscus coating u-
sing kalman filter estimation [ J]. IEEE Electronics
Manufacturing Technology Symposium, 1997, 97.
76-80.

BHATEVARA S, BHATTACHARYA S K, MAY
G S, et al.. Mechatronics toward development of a
fully automated meniscus coating system[J]. 54th E-

lectronic Components & Technology Conference,



140

%25 %

2004, 1:2009-2014.
BHATTACHARYA S K,BHATEVARA S, SUT-

TER D A, etal.. An automated work cell for menis-

[20]

cus coating on 24-in packaging substrates [ J]. IEEE
Transactions on Components And Packaging Tech-
nologies , 2001, 24.625-630.
[21] BRITTEN J A, THOMAS I M. Sol-gel multilayers
applied by a meniscus coating process [ J]. Better Ce-
ramics Through Chemistry V, 1992:271, 413.
BHATTACHARYA S K,BHATEVARA S, MO-

RALES H, etal.. An automated meniscus coating

[22]

system for polymer deposition on large-area MCM-

D and MCM-L substrates [J]. IEEE Transactions

EER

#®OEASI) T EMRKE A
+,2008 SEF R FH T KRB+
AL, 2014 4R F R F B TR F R
d2 o, Bk R BE A A G LT
Jei s BBl N T R ez £ R O i
HITFSY . E-mail: xujia728@163. com

(23]

[24]

[25]

on Electronics Packaging Manufacturing, 2000,
23:267-276.

SAVAGE M. Meniscus roll coating: Steady flows
and instabilities [ J].
Theory And Applications,1999, 409.:89-102.
JERALD A,BRITTEN J A. A Simple theory for

Free Boundary Problems:

the entrained film thickness during meniscus coat-
ing [ zJ]. Nuclear Physics A, 1969, 123:33-53.

GARROU P, REHG T, HEISTAND R, et al..
Large area processing: Meniscus coating of thin
film polymer dielectric &. photoresist [J]. Pro-
ceedings of International Symposium on Microe-

lectronics, 1997, 3235:150-156.

BITEA975—). 5 BRI ImE A BT 52
51,1998 4R T PG b Tl K22 3k 4 1%
£2,2001 4 T B B 4 A7 6 AL I 3k
A A, 2004 4 T 03w I L
TR AR 220, T8 A B 4
WA AL R TR
DG AN T AR = 4R e n T
R4, E-mail: yuwx@opt. ac. cn



