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Abstract: Zoom lens design with liquid lenses is a novel method to greatly reduce the complication of the
whole system. This paper reviews the research situation and applications of the technology. Firstly, the princi-
ples and characteristics of the some types of liquid lenses are introduced according to the lens classifications on
gradient refractive index lenses and variable curvature lenses. The specifications and advantages of several typ-
ical lens series such as ARCTIC lens series and Optotune lens series are given. Then, applications of liquid
lens in zoom systems are analyzed, and their advantages in focus-tunable glasses, cell phone camera lenses,
endoscopes and several types of microscopies are described. Finally, based on a liquid lens, a long focus zoom
system with a high zoom ratio of 2. 5 is designed for visible light.
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Fig.2 Schematic diagram of electrowetting effect
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Tab.1 Specifications for ARCTIC series of lenses

ARCTIC 314 ARCTIC 416 ARCTIC 316 ARCTIC 617
Focus range Suppports from 10 ¢m to infinity Suppports from 5 ¢m to infinity
Aperture size/mm 2.5 2.3 2.5 2.5
Low optical power/m ' -2 -5 -5 -5
High optical power/m ™' +10 +13 +13 +15
Wave front error/nm(rms) 120 90 85 50
Transmission@ 587nm/ % 97 97 97 97
Power consumption/mW 0.1 1 / /
Long life >1 000 000 >1 000 000 y, /
cycles cycles
Storage temperature/ C -40 ~85 -40 ~85 -40 ~85 -40 ~85
Operating temperature/C -20 ~60 -20 ~60 -20 ~60 -20 ~60
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Tab.2 Specifications for series of lenses from Optotune Inc.

ML-20-35

LD Version( OL1024) HR Version( OL0901)

Aperture diameter/mm
Focus range (back focal length BFL)/mm
Refractive index (587 nm, 20 C)
Abbe number(587 nm, 20 C)
Current dependant central deflection range
Variable zone of lens material/mm
Outer mechanical diameter/mm

Total thickness/mm

20 20
—-60. .. infinity. . . +60 -30.. . infinity. .. +30
1.300 12 1.558 72
100. 177 30.276
-33%...0...33% -33%...0...33%

~0-4.7 ~0-4.7

35 35

8 8




50 DA

CHE

A FEIR WSS, s 5 s, 7 i R AR 2 8
2  HHOARERIAE] T 20 mm, 5 H AT H A2
R

NG GBS S e RS N DR LR EESTIE S
kA B AR G A KR B R
o R /N PR R A 6 S ol R A i T ) D7
AR TR AT 20 4

3 RAEFHBALEZERATHEA

3.1 RETERE

e A7 B VR A 375 B8 P T8 4 R 0 10 S 81 2 W
RARFEIRGE . BEE A A, NIRIE i 2024
B LR A AR B M v ) 4K 1) 34 Ak
PIVRHEA TS £E | 5 UL A AR ROy 5 J2 i 3 43 X 3L
JCHREE i AT LA A i) B A AL,
WA AL AP AE T PR Z [ A T e de st H
e EAE BN 2 mIR s, B E—Hh
R R AR A R R A7 BIAR 2 N B
EIXAT T 2 HOG BT sh, BOGHRE AL A
R, 13 R AR B YA R m T &,
TEFELEAE DL T, X ] ik 23 5 | B AL 22 AN 3 JRE
X A BRICE IR A5 e A 0, 58 BV A2 URL 27 5
F55% « EJRTT (Stephen Kurtin) % B B9 7] & £ i
R, B F Sy —Fp Rl

XFPBEFR Z R “ TruFocals” BIHRBE 4 F i 54
U X HIR RS #8 A 3 Ak# R, WnE 6
JRi7R o A2 B3 G [ , AT AR A & 1 L i

[ Adjantable smncr leme hokd

Ko WAL EIRE
Fig.6  Adjustable liquid focusing eyeglasses

FORBAE ; BLNEFE ST ARG A B 5 TR, e ]
8y R e R RS 2 T MR 4 3% W i
T A B S N SO A E IR, ]

BF, AT AR > 1 04 30 15 R 8 A PR —i i 4 B
MR ERRE T 1 3 ol 45 AT > 2 1 VA4 1) A B0
MU R A TEDE |

ANESET R , I8 2 AR, ol B AR, 3
IXFIREE , A B R SR R N
BTy A 2R AR L /N B AN EE R
Abves BRI AL, 28 EFER (NASA) 7R A 4
ARAFERE T T Rz RIS AR IR BR T b1 ]
HRAE T BT 0 TAE A ks FE AR S
3.2 FHHEM

FHIAIRTIfE— B Z R FFHLAARE, LA
HFR LRI A 0] A 34 AR R AR = B % M709
ZHERA T 3 AR TR RIS T
JERR) 2 £, MR 903 X AR 2 AR T
B, ARBLL AN [R5 £ BB A5 AE RS L, D) g
BRI A S AR 2 N A — VDR A MR R
S S W 1 U (ool A

K7 s T Philips 23 @ #1109 F HLAH HLEL

Plastic lens
Glass lens
Meniscus
Plastic lens

Sensor

[%1 7  Philips fHHLE LSS F4 I FISME ]

Fig. 7 Structure and profile diagrams of Philips lens

module

87 A R T e B P A o DG R BT T 9 & e €L
F VR YE R A SRR S 2 R A R R s P ST
T ) — O A 8 T A ST R KA TR —
AU — RV o7 3 o R ) 4 O R
FEARAN B4 K 4 mm, NAEH 3 mm, 542, 2 mm,
ZEEFANASR LT (0 2% 0] I8 2 AR kA
o, AR L T CMOS A5 R8s 1 T R
ARG TEARAE A B S AR ) = R 5.5 mm,
FHXTFLER R 2. 501, M7 ffh 60° . R L VGA
COMS 1% &% %% ( Philips OM6802 ), 640 pixel x
480 pixel ,(f2E R 5.0 x5.0 wm®, HEA, A
EAE A 1.43 mm, KM 2. 85 mm %= 3.55 mm 7]



CERR]

5K A R MAGE B fR R G Y H] 51

JH, AT LIXE 2 em BIJCTF I B AR AR . dEE
SR UNE 8 R, % 50 em b4 R MTF
{HAE 25 1p/mm IKF) 70% ,XF 2 em L PIA L E
BRI 3 PR BT LU E YR
TR MK . BE K AT AR AT, B9
££100 J7 IR AN EAL G2 PERE

(b) 2 em/h 54k
(b) Focusing at 2 cm

(a) 50 emik 4k

(a) Focusing at 50 cm

K8 AHHLBTHARREACR
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Tab.3 Parameters of optical design
Short focus Long focus
Wave band Visible Visible
Focal length/mm 50 125
FOV(2 xw,(°)) 2x5.7 2x2.3
F/# 6.5 9
BFL/mm 35.2 35.2
TOTR/mm 135 135
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