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PDMS liquid lens with corrected abberations

Gan Junjie, Li Lei"
School of Electronics and Information Engineering, Sichuan University, Chengdu, Sichuan 610065, China

Abstract: Polydimethylsiloxane (PDMS) liquid lens has the advantages of large aperture and high power, but its
aberration is serious. In this paper, a PDMS membrane liquid lens for correcting aberrations is proposed. The
proposed lens is composed of a PDMS membrane, liquid material, and compensation substrate. Based on the
paraboloid membrane model, an optical model of the liquid lens is established. The high refractive index liquid (1-
Ethyl-3-methylimidazolium trifluoromethanesulfonate) and a compensatory substrate are used for correcting the
aberration and improving the optical power. The proposed liquid lens is fabricated and the experimental results
show that the effective optical aperture is 25 mm, the power range is -5 D ~ +6 D, and the transmittance in the
visible band is more than 90%. Compared with the traditional lenses, the proposed liquid lens can improve the
image quality, and the resolution is 15 Ip/mm at +5D power. The proposed liquid lens has potential applications in
large aperture optical imaging systems, such as telescopes, AR, VR, etc.
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Fig. 1 Structure and principle of PDMS liquid lens.

(a) Lens structure; (b) Convex lens state; (c) Cancave lens state
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Fig. 2 Fabrication of PDMS liquid lens
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Fig. 3 The deformation information of PDMS membrance.

(a) Surface profile of full aperture; (b) Surface profile of 25 mm in the central area
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(a) 2D layout of optimize structure; (b) 2D layout of optimize structure; (c) MTF curve of optimize structure at +3D;
(d) MTF curve of traditional structure at +3D; (e) MTF curve of optimize structure at +5D; (f) MTF curve of traditional structure at +5D
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(a) Positive focal length; (b) Nagetive focal length

210404-5


https://doi.org/10.12086/oee.2022.210404

HEA, 4. G T2, 2022, 49(5): 210404

https://doi.org/10.12086/0ee.2022.210404

“Liquid Lens” “FFEHEAT AR, I FHLEE Sk #E4 740
#, YA R 12 mm, {2E58 22 mm, 1524 R
At N BB TR, Z5ARAE 6 s,

R, $EE PR R Ge AR R VR A S B 1)
Gy, SRR E AN 7 iR, il FAEAT R SRR
BRI EII, FAEE RSN FPG-6, PR
RIS AT AR 2 5S4, CMOS MHPLREZR
o B A VAR O B BT S o BRI 0% . BT
CMOS £ ICR 1 H 2.2 um x 2.2 um, 4383 % 1280
960, i VR AAR S 4 il 28 T AR B 5 G AR B A +5D,
S IS 25 mm o't B R4 A 8 O AR A Y X,
DA 3k 6 5 3 JI65 300 5% e T T AN ML) T A5 7 5K ) 5 i)
Xof HE 21 hy 1 G 5k PDMS WA 35 85 04T 4 43 B
M, SFriE AL, RGBSR A
FRANIR], 5015 5 i B IS 38 A A, AR
M1 mm, FrARgERAE 8 s . W SZE IR A,

Liquid Lens
Tiquid Lens
s Liguid Lens
15 Liguid Lens
: Liquid Tens

Liquid Lens
Liquid Lens
: Liquid Lens
Liquid Lens
iguid _]:1‘.

n _Tiquid Leris~.
s Liquid Lens Dy
fens: Tiguid Lens  1.ig

ens  Liquid Lens  Eig

cens  Liguid Lens

pe  Ligquid Lans L

. Liguid Lens

Liguid Lens
oy Liquid Lens L
Lems Liguit Lens  Li
ns  Liguid Lens  big)

Liquid Lens 1.
. Liguid Leos Ly
¢ Liguid Lens ¥

240 uL

uid L= 180 pL

ATLAE 1, S RS S = ] 43 HE 15 Ip/mm, %
G5 45 A6 1) VRO 3 B B T A3 BF 12 Ip/mm. $E Y
PDMS W 14325 556 7T L 43 B R4 A Ze X, Tk W] 2 i Y
PDMS VA5 55 A A A8 5 . SEER A e T
P& PDMS W& i a2 ok 22, 70 ] WOtk Bois&
TRIAE 90% L L, 5{E4: PDMS WRiRBHFIA S,

XFHEARAREE AL, SEo iR IR B B o R AL T
HESER . SRR, B9, /PR e
A — BB ER, T R E 5 2 )2
IZER R ) ST IR BN 5, AR PIAETERE T
WAB B PR, XA RE] Dai s e T2,
A G T2 TR A HR, B
BRI M HERA 2R, FRBERAE—EMN
BHEL, BRESHA S AEAE R, T 20 E PDMS
S0 NS A2 BT SO0 S, e B A Y
JE R B4R PDMS =560 Ho 451

4] L
Liguid Lens
o Liguid Lens  Li§
aend Dhquid Lens  Ligu
Lens  Llgeid Lens  Ligu
Lens  Liguid Lens

v Llpild Lems LY
ane Lhgudd Lets  Ligu

ne  [Agaid Len 1 aguic
il Lems Lagud Lem |
Liguid Leos by

580pL

B6 xHmifssR.

(a) xR E;

(b) IR FRARE

Fig. 6 Physical imaging results.

(a) Fill with different amount of liquid; (b) Draw with different amount of liquid

CMOS

TASE B+

AT

B 7 a#HFNRAS

Fig. 7 The optical system for resolution test

210404-6


https://doi.org/10.12086/oee.2022.210404

HRA, &5 JeH T, 2022, 49(5): 210404 https://doi.org/10.12086/0ee.2022.210404

B8 NEEAH+5D WHodEMRLEE,
(@) 3B a9LEM; (b) 144 M

Fig. 8 The results of resolution test at +5D power.
(a) Proposed structure; (b) Traditional structure
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The structure of PDMS liquid lens

Overview: As an important device of adaptive optics, Polydimethylsiloxane (PDMS) liquid lens has the advantages of
large aperture and high power. By changing the amount of liquid in the cavity, the lens focusing can be realized with the
deformation of the membrane. This kind of lens has been studied for more than half a century. However, the
development and application of PDMS liquid lens were restricted because of its aberration. PDMS is an excellent optical
material, but as a hyper-elastomer, its deformation characteristics are complex. Moreover, the deformable membrane
can be susceptible to gravity effects. As a result, the aberration of the PDMS liquid lens is serious. In this paper, a PDMS
membrane liquid lens for correcting aberrations is proposed. The proposed liquid lens is composed of a PDMS
membrane, liquid material, and compensation substrate. The aberrations caused by the compensatory substrate were
opposite to the liquid part and the overall aberrations reduce. The work is divided into three steps. The first step is to
measure and fit the surface profile of the PDMS membrane. Firstly, using a three-dimensional profilometer, the surface
profile of the liquid lens at different power was scanned by the scanning probe stylus. Then curve fitting for depth data
was performed to find the surface characteristics, and the results show that the PDMS membrane has a paraboloid
profile during deformation. In the second step, an optical model of the liquid lens was established based on the
paraboloid membrane model. Through optimization by Zemax software, the compensatory substrate parameters were
determined. The high refractive index liquid (1-Ethyl-3-methylimidazolium trifluoromethanesulfonate) and a
compensatory substrate are used for correcting the aberration and improving the optical power. In the third step, the
proposed liquid lens is fabricated. Measurement with a focimeter for the relationship between optical power and liquid
variation of the proposed liquid lens was conducted. The experimental results show that the effective optical aperture of
the liquid lens is 25 mm and the power range is -5 D ~ +6 D. Finally, the optical performance was measured. Photos
imaged through the proposed liquid lens were taken by a phone camera. An experimental system was designed for the
resolution test, where the resolution target in a collimator was imaged through the liquid lens. What’s more, the
transmittance of the liquid in the visible band is more than 90%. Compared with the traditional lens, the proposed liquid
lens can improve the image quality, and the resolution is 15 Ip/mm at +5D power. The proposed liquid lens has potential
applications in large aperture optical imaging systems, such as telescopes, glasses, AR, VR, etc.

Gan J J, Li L. PDMS liquid lens with corrected abberations[J]. Opto-Electron Eng, 2022, 49(5): 210404; DOI:
10.12086/0ee.2022.210404
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