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Micromanipulation Method and Experiments of Controllable Capillary Force

Based on Condensation on Hydrophobic Surface

FAN Zenghua, RONG Weibin, WANG Lefeng, SUN Lining
(State Key Laboratory of Robotics and System, Harbin Institute of Technology, Harbin 150001, China)

Abstract: On the basis of the presented micromanipulation method of condensation on hydrophobic surface, the volume of

the water droplet on the hydrophobic tip surface can be dynamically varied which helps to obtain appropriate capillary lifting

forces using the designed droplet micromanipulator. The single droplet growth model is established to analyze the influence

of the minimum radius of droplet, the supercooling degree and the saturation temperature. Accordingly, the operational

process of picking up and releasing are discussed by the theoretical models. With the assistance of a customized motion

platform, the droplet formation on hydrophobic tip and the capillary lifting force generated during the manipulation process

are experimentally characterized. Micromanipulation tasks of pick-and-place the micro silicon chips (1 mmx1 mmx0.52

mm, 12.1 uN) and thin-wall microspheres with diameters of 200 wm, wall thickness of 4 um (5.069 nN) are conducted to

verify the feasibility of the presented method.
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Fig.1 Manipulating principle and basic structure of the droplet

micromanipulator
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(Droplet growth of condensation and mod-
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Fig.2 The condensation model of a single droplet
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Fig.3 The growth rate of droplet at different saturation

temperatures
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Fig.4 The growth rate of droplet at different supercooling
degrees

313 WENEHSRE

B B AR TC R B KOR, BEE TR
BT, FHAON B SN R R AR K
ST A K E BRSO I 1 & FF. R
ARG AN r Ay R E AR, PSR
WRIEEE Ly = /(i —x)2+ (i —y))* + (@ — 2))2
Li; < ri+r; BEANBOR KA EIE, A FF 5 5 i
PR AR

V4V, 1/3

fe = <7t(2—3cos(9new —ﬁ)cos3 Gnew)) (In
A I 5 BT I 2 R BT S 9 A0 B
R (Vi V) U AR O & IFSETR
T LR A2 1y = resin Opew. BLAL, EAHNE R HISF
RO TT T BEH I SEE R A, R & IF I o E
re = (4Ng) 7Y%, Ny NERATHIAUZAL S A0

BEE O B K S A I, TR R E TR
% JIR VR PR T T B, R LB R AR
BOREAE. P SR SR B AR Ryax N

6ysin 0 12
Hmax = (pg(2—3c039+cos3 9)) (12)

XoF LR E P30 KA it T, e K AR B2 ML RN 7%
R (OB R IR D Msem, B K
BRAR, VR0 A A K R 3T CRITE ¥4 vk 32 THI F) 15 7 I
[A]) A, R0 1 78 B OR.
32 EMNREURE

PRAET vty THT 50700 7 2 o Rt 5% S5 2 T RGBT
T IR B4 7 v IR R R 5 o RIAIM R E /7, SEIRL
RHL 18 5(a) AP UM IR ) S0,

Ll ]
FO-S A\ 4

vF
(a) %EX*%E:J. (b) %EX (C) *%ﬁi (d) ;F%Eﬂl (e) ﬁﬁi

K5 fon GBS B

Fig.5 Models of micro-object picking-up and releasing
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Fig.6 Experimental setup of micromanipulation
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Fig.10 Capillary force measurements
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Fig.11 Manipulation process of micro silicon chip
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