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A cylindrical type optical rotator is expected to rotate at a high speed due to its small viscous
drag force. The optical torque for the rotator has been analyzed using a ray optics model. On the
other hand, the drag force was analyzed using computational fluid dynamics (CFD). The drag
force components of both the pressure and the shearing stress on all the surfaces are summed. The
characteristics of the optical rotation is analyzed by balancing of the optical torque with the drag
force.

The parameters used for the analysis are the slope angle and the cylinder length of the rotator
with 3 um in diameter. As a result, the slope effect on the drag force becomes clear for lengths
smaller than 10 gm, or the slope angle larger than 30 degree. The rotation rates by the CFD for
a rotator with a 3 um diameter and 3 zm length are 0.67 (slope angle 45°) and 0.56 (60°) times the

approximation value.
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Fig.1. A 3D image of a cylindrical optical rotator. The
rotation is induced by the optical pressure exerted on its
slopes.
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Fig. 2. Dependence of optical torque on slope angle,
where the incident power P =100 mW, rotator length 2=
10 ym, diameter 2» =3 pgm.
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Fig.3. Flow chart of a drag force analysis using finite
volume method.
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Fig. 4. 3D images of (a) the pressure distribution, and (b)
the shearing stress distribution.
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Table 1. Drag force comparison of the 3000 rpm optical
rotators, for a=45°, 2» =3 ym, h=3 ym.

Method CFD* Approximation**
Surfaces Rotation drag force (pN X um)
Slopes 6.37 0
Side walls 4.99
Side 39.3 35.4
Flat end 3.56 0
Total 54.2 35.4

*CFD: computer fluid dynamics, **Approximation: 4zur?hew.
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Fig. 5. Drag force comparison between the computation-
al fluid dynamics (CFD) and approximation method with
rotator length as a parameter.
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Fig. 6. Rotation rate comparison between the CFD and
approximation with rotator length as a parameter.

Table 2. Drag forces of the 3000 rpm optical rotators
simulated by CFD, for 2»=3 ym, 2=3 gm.

Surface Rotation drag force (pN X um)
Slope angle 0° 30° 60°
Slopes 3.60 5.07 8.10
Side walls 0 3.066 9.27
Side 43.7 38.2 41.5
Flat end 3.60 3.56 3.61
Total 48.1 49.9 62.48
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Fig. 7. Rotation rate comparison between the CFD and
approximation with slope angle as a parameter.

AR £,
varii,

R EFREBERALC A U BT, ¥ AMIGT =B RERE
W& D BEREFET L2, S 5 ES, RABIGOE
BB EHREE R L, KA CHEES LA
o EEEFI 2 RD 7z,

BRI, MEMVZ LEERIOHD EVns, BEE3
um O [EFRRI S U BT 2 D, ROFEREHS 12
L7z.

9, ®EMA 45 O%5HE, (1) REOH/7IEFHEE I
~_EI36E, (2) FLIIREE 10 um TIHALPHE L IZIZE L
W, K& 3um T1.531F, (3) EEHIIRE 10um T
EPUE EIFITFEL W, BEE3um TO0.67%, ko,

Kz, PHAAKEMEICOWTIE, BE MV 213 60° fFiT
FTIEIZY = — NS 525, Hil0iE 30° » SEEINL I
L 60" 1275 LR L7z, RHEA 60" O%E, MHED
EEREUS TN EER TR 0.56 fE & 5 2 e Sb o 7z,

EE, Ra3REHT2LbLVrE2yIar—

RHFFE D —E I3 HT T 3V ¥ — - EEERANE A B FE A
(NEDO) offtlin B M REAZE 0 = 7 b
(97522-002) 12 & -7z,

X [

1) E. Higurashi, H. Ukita, H. Tanaka and O. Ohguchi:
“Rotational control of anisotropic micro-objects by optical
pressure,” Proc. IEEE Micro Electro Mechanical Systems
94 (IEEE, Oiso, 1994) pp. 291-296.

2) KEWE, FHEE I “HKAFHEOX MV 2RH LIz~ A
7 a[EEEAE”, v —Y —TF5E, 24 (1996) 1186-1192.

3) H. Ukita and K. Nagatomi: “Theoretical demonstration of
a newly designed micro-rotators driven by optical pressure
on a light incident surface,” Opt. Rev., 4 (1997) 447-449.

4) K. Nagatomi and H. Ukita: “Improvement in optical rota-
tion rate of a cylindrical micro-object by incident beam
profiles,” Technical Digest International Conference on

PO



Optical MEMS and Their Applications (IEEE, Nara, 1997) HEA QTN O, BEFMEIFEFES 98 (1998) pp.

pp. 190-194. 89-90.

5 XEHAE, IWUARLHE, WHEE  “FEREEREEO LT 7) BERGEIIERERESE | BEBEARNEN GERERA¥EH
bV HEERICB T 2 EF R, K 10 FESBEREESTIES fivez, 1995).
KEFEHERCE (1998) p. G231. 8) FE— : BUERAK T (HEEAEHES, 1994).

6) FEMRF, K EFX, FHELE, KE#HA“KESA 70

29 % 125 (2000) 765 (39)





