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A Study on the Anti-Reflection Coating Effects of Polymer
Eyeglasses Lens
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Department of Advanced Chemical Engineering, Mokwon University
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Abstract Reducing optical reflection in the visible light range, in order to increase the share of transmitted light and
avoid the formation of ghost images in imaging, is important for polymer lens applications. In this study, polymer
lenses with refractive indices of n=1.56, 1.60, and 1.67 were fabricated by the injection-molding method with a
polymer lens monomer, dibutyltin dichloride as the catalyst and an alkyl phosphoric ester as the release agent. To
investigate their anti-reflection (AR) effects, various AR coating structures, viz. a multi-layer AR coating structure,
tri-layer AR coating structure with a discrete approximation Gaussian gradient-index profile, and tri-layer AR coating
structure with a quarter-wavelength approximation, were designed and coated on the polymer lens by an E-beam
evaporation system. The optical properties of the polymer lenses were characterized by UV-visible spectrometry. The
material properties of the thin films, refractive index and surface roughness, were analyzed by ellipsometry and AFM,
respectively. The most effective AR coating structure of the polymer lens with low refractive index, n=1.56, was the
both side coating of multi-layer AR coating structure. However, both side coating of the tri-layered discrete
approximation Gaussian gradient-index profile AR coating structure gave comparable results to the both side coating
of the multi-layer AR coating structure for the polymer lens with a high refractive index of n=1.67.
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CR10 (n=1.021, thickness=5 nm)
Si0, (n=1.458, thickness= 77 nm)
Z10, (n=1.863, thickness=71 nm)
ITO (n=1.174, thickness=5 nm)
Si0, (h=1.458, thickness=12 nm)
ZrO, (n=1.863, thickness=32 nm)
SiO, (n=1.458, thickness=125 nm)
Hard Coating (Dipping)
Polymerlens (n = 1.56 or 1.60 or 1.67)
(a)

ITO (n=1.174, thickness=5 nm)

MgF, (n=1.380, thickness=30 nm or 99 nm)
Si0, (n=1.458, thickness=90 nm or 94 nm)
Hard Coating (Dipping)
Polymerlens (n = 1.56 or 1.60 or 1.67)

(b)
Schematic diagram of the (a) multi-layer
anti-reflection coating (ARC) structure, and
(b) tri-layer approximation ARC structure
MgF, & SiO; layer left discrete
approximation of Gaussian gradient-index
profile, right - quarter-wavelength approximation).
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2. Reflectance spectra of a polymer lens (n=1.56)
coating),

with

multi-layer both side coated (ML-BS) ARC, and
multi-layer single side coated (ML-SS) ARC by

E-beam evaporation.

“L“LC’] 2HES
]. WekA EllipsometerE ©]-8

A8, 1 A3E Fig.

o
. WA E-beam TAEHOE Y

wlul-o)
=

o}
Laba!

218

Si0,, ZrO,, ITO, CRI10,
2ste] Z7ke] B4

A3} Si0,, Zr0,, ITO, CR10, MgF,
W (bulk) 242 FEEI} 27 g2H]
% Bk -

sl

MgF 2

= (e}
545

vhakol porosityol] ]3] =LA

§alo] 7} vi}
1o pehngl
uhuko] o
oxste}
=)

AR



o AHAH oz S n| T}, Aol A AR FH

F2A)91 Si0,, ZrO,, MgF, BFhe] ¥ A
3k A3},
1.37 nm, 0.22 nm, 0.73 nm=% ©j-$- vj3t

[e3fex]

AATH [16].
HEES ot
Zy ol dip-coating
gk o3, Fig. 1 (a)"ﬂ L}E]r‘{ﬂ
AR FHT2E &7 =]
RIS

2 o
A 715 AFM
AR 4%

BRe 7%

2] non-contact mode® 413l

}:L:

7

HU
B
it
i
2

o
u

oAM=

1’0o

i)

ol
]
o R
o ol

m

.
rr

H73 4
5‘4—6’1—?51

]’MJ— Chal

spectrometer & -] &Fo] 1l
SteFE FA7MA 489 Eﬂ

=

2,
1
N
=
S
=
3
l
<
=
S
=
2
2
>~
1o
o
=y
T
~
>
o
rlo
W
)
X
at

o—rf’ﬂt 2.2%°]M

O

159] Fuabgo] 2.3%¢) Zlol ulste] iz
9% $As)o] Frizigo] urt mabyel oz ¥
A= Sih
8
1 — n1.56_without ARC
7 ] —o— n1.56_with ARC_Gaussian Gl approximation-BS
J —o—n1.56_with ARC_Gaussian Gl approximation-SS
S
@ 53
(3] 5:
c ]
© ]
-t P
[$] o
o ]
4= E
[T} ]
14 ]
1
400 450 500 550 600 650 700

Wavelength (nm)

Fig. 3. Reflectance spectra of a polymer lens (n=1.56)
without ARC, with both side coating of discrete
approximation of Gaussian gradient-index
profile (Gaussian GI approximation-BS) ARC,
and single side coating of discrete
approximation of Gaussian gradient-index
profile (Gaussian GI approximation-SS) ARC
by E-beam evaporation. The thickness of SiO,,
and MgF, are 90 nm, and 30 nm, respectively.
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. Reflectance spectra of a polymer lens (n=1.56)
without ARC, with both side coating of quarter
-wavelength approximation (QW approximation
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and MgF, are 94 nm, and 99 nm, respectively.
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approximation of Gaussian gradient-index
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