(®)
2012 2013

Dynamic Sensing of Pleurosira laevis using Microrobot
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In this research, we have developed an on-chip microrobot equipped with a force se

nsing structure for measurement of stimulant property of aquatic microorganisms. The untethered microrobot
was composed of an Si-Ni thrid structure constructed by micro electro mechanical systems (MEMS) technolo

gies. The riblet surface, which is regularly arrayed V groove reduces the fluid friction was introduced to
improve the driving speed of the microrobot. In addition, in order to avoid a breakage issue of the force

sensor, layer fabrication method was proposed and it contributed to prevent damages on 5 um sensor part a

s well. Finally, the developed microrobots with a force sensor were actuated in a microfluidic chip by per
manent magnets so that it can stimulate microorganisms with desired force amount under the stable environm
ent of closed microchip. The unique property of Pleurosira laevis (P. laevis) were also evaluated by using

the developed on-chip microrobots.



X C—-19, F—19, Z2—19, CK—19 (3t#)

1. AFZEBRAE S D =

ARHFFECTHEL D 5 EEBE(P Jaevis)iE, HAMNA
PEEEO 1 > THYES 50 vm, £ 100
pm BEOMGEOMEZA LT\ 5. HiEElT
DN - BR - 1FREE =T D &, A
NN DIERAREEDOE 0 ICEE L, S 5I2H]
W% 2 1 TR DB T BRI b B SOG
DHEEIEET D &V ) 2 =— 7 7k
NHDHIERMLNT WD, ZhuE, )l
WCBWTHIISZ 2T 5 Z & O TEZRVER
WL NRINCHNE 2 nET HZ T, an=
— 2RO EZIRT IO ThEEELZON
TWAN, RIEZOEMIZOWTHLMZE
AUTUWRW, RIS, S5 K B EREEIC D
WTIERAEA T =X LBIRB > T
W (L7 —OF BRI RERE 2 ).
ek, ZOBGMER O DI FAEEKEE T
T ue—TEREL, HEEIKIZ R
B2 AHENMTHOILTWA o0, Fnfs
R NS O BIR &2 E BAICEHE 5 Z & A
FEL Do 7.

2. WD HBY
FTARWGETIE, A 7 afitiks v 7
WCHE L7~/ Z7onaRy h&2HAWT, B
EEEE Ik LRz 1 el A n z., =
DOERFDOEEE D X A F 2 v 7 7268 & 5l
% T & CEEME OBEREM I K O A v —
Ao ARMEEREST D E 2B E LTWD
5. BAREIZIE, ~A 7 aiiiiks v 7HNICE
W TR CHEEMICERE AlREr~ 1 7 v
Ay bW TH-HERIZhZEMZDZ L
T, ZORFORRLIZxT 2 ZE B O K LR %
ERMICHMT 2 22 AT, &b, &
A AT 2R WTEHAI L 72FIN ) & AL o
TEHRD DR A > B — 2 A (W - kG0 -
SAE ) FEERIET D 2 & THi AR
fRet 2 HENL 9D

3. WDk

(1) HEIZOE#EL kD~ A 7 araR
v MINLER D IIREE 1 wm, BREMEE T
KTH 10 m/s FRETHoT-. 2T, &5H
\CRERCEEB ORI 21TV, Do XA F 3
7 IE AT O 2O & B A EREN B A
Hi59. BARBOIZIE, Sesmic Dtk = A
THYA 7Y — L EERL, @O ERE
EZEREN T D HFiEOREEITY. £, it
VUV T ORI EDTIZ, 7 L— AETE
OF I MLEITS. E£2, 74— KXy 7l
Bzl v~ 270y — LOEREEMBERD
AT 9 RN, NLE R 6 43 fREE 100 nm,
BIREHHE 100 mm/s (J&HEL 100 Hz) 2 HfE 9.
(2) B2 OEE b © 2V E CEAEHE
IXBEBREEICE D £F1F 72 CCD 1 A F (30 fps) T
1THo TV, FHAERIZ <A 7 vy — L8
BOFETEMZEINNEWIBIENED
TW=. FZT, 1,000 FPS A — & — T
MBS AEEN AIRE /el e Y a V2 EAL,
ERSEEIC~ A 7 1Y — U CE ORI - 7 L

— NAEFGEHI (J1EHAD - kS OB &
T2 % BT

(3) Hme OKEMAEY - B OFMN : 5l
L 72 FIIN 7 & BEE O BE R AR 0 R 48 SO R
DORMERE T 5. FDR, BEIIHIATT
T LTcEG A T 5 2 & CRHMEZ1T O .
IS 24T - T EERR O INE & BRI L, %
ERRE Z P9 2 HIEICHOWT OB 217
. F£72, FHUL7=HIIN & Bl D BT
O A > e — & AREE (R - 5P
SAME ) AHEE T D, BRARRICIXY T F
ALTA L E—H ARG A —H EHEET
HZLHEBIET.

4. WF7ERE
c~wA7vaRy homm#El :Si & NI D
A7V FMBTIER LI~ 702 Ry
N DJEEIC, TEAS 8um OMUINERE A I T
TH LT, BRI X DTRIREEE O KiE
kA R ATz, ZOBS, IEORFH /T A—X
BRET D20, BHET LV EHE L T
WL EATH 2 & TEEEOIRBIIRII L, 5%
MZ~A 7 1Y — LD KIE7: &8l % E5
LS00 Bl Z ik Uiz (e RERENEHE -
250mm/s, e RBRE)JE L © 100Hz) . F 7=,
PLEFDIGEIZDOWNWT Y, I AT EHWTHR
W7 4— Ry 7Hlflz21T> Z & TH 72
7y OREECTNERONAIGETHD Z &
R LTz, — 5T, mlBREMEGE AT L
T, vAf7uvnRy NEFHRKT 7 (BHZER)
O TEHICHRE S5 &, 5] &AL
NEOFHEGZR TEDZ EE2H L
RL7. &5, ZofEEs AW CHliz
MR SEDL LN TEDHZ L 2R LT,

s SEHE YO T R T FEOKE
A7 v — VI ERS D08 Sum DI
HEgRE o) lconT, Brky hME
ZHAWT~Y A 7 afiks v FIHAAT &
PRANER Sy DA CEN D L WO ENAE T
TW=, £2TC, ~AfZunakRry haF o7
WAFHAGATeRS, K VRN T2 7 U
BIZOWTHHZITo72. £9, adRy M &
K1 (EX) T ErcrAvy—&LTE
WML, o/ vy TFHEICXYvr Ry A
DITaRy 2L AY—b8 0B+
EEEHICRE L. ZoRE K1 (FF5
H) OXHC~A 7 aiiihkTF v T ERERIT
oY LTEELEZIC, M2k
Ry MEBEAOTT TV B TE 3
Xoithotz. Zhicky, itV %
st <<nRy hE2F v T DN
WICRETE B AR TE 2. &5,
LA Y—IcEEEOor Ry h2HBELTE
ZLET, vaRy A LZBEE I hon
Ry NEUIVEEL CHEHAT AN TEX 5.
ZOXOI, UIVWEELT-aRy R A 71
Fy7NEHHBEICBH TS Lok
Slzlz, vy b BEROEEES KIEIZH
EL7.



PDMS ¢h

Mises stress
T'T

(b) RI releasing from Si layer

2 U EEUHSRE DORRE & FEBRDERT

(a) FEM analysis

< FHAIEIE S AT B ORESE « A2 T A iR
EVarEEAL, A7 uuRy hObKE
VAT ALEMABEDODEDLZETUAT AL
K& LT 1,000 Hz CEMEREE/R T T » hik
—AEREE L. ZRICXY, ek 30Hz
D EIRN & o 1= 2T KA 0 BEE) & 1 5
ERIEIZA ESEDZENTET.

< JEHAE Y o EER LA B LT
Ty FAR—2EFHNT, 7Ry hONE
L6 mEEICH LA T 2 EBREITYD,
SHz THLAHT ZIT-o 7258 ik on
ENALZ L @ET AL EMR L. F
7o, TOLEDONIEFREFFNTEH T L4
B, BB+ aRimAtEE /LTS 2
LERWER L, — T, EERIISHAT BRI
e ARy MBS EEICH LA D BRISHE R D
NMENBEILTLEY, SFEMLMMTEZ
EMTERWENRAE L. 4%, L@
IR 72 BHA &2 EERR T D 72 DI A RAL E O 3
NIt TaerRy bOfLEE ) TIVHE A 5
WCHIEST 2N O LE E 70 5.

CHBOTESTL : BE L7 T v bR —A
AW CEEROFZITV, FnL7= &%
D & X OEEEE O RS O B M & FER I
TR L7-. X 3ICHROME L /RT. ERT
i, M4 @oXHICHE—ERErRY N T
FR L, ZDRED SIFIHHIEDETE A 71 A T
WX > CTHBT 52 & THIN OB RET
— X %X 4 (b)DLHIIEXET VI HEE
L7-. [FRIC, EEEEOREE OFEIKOENE
AT TERE LT, Z0%, R5DLHIZ
EERE NG O IEREIR OB B) & B LB I X -
THENT L, IERAROBEOF LT, &
RELT, K6DXDRFERNPEOI, HIM
FIOFESE L BHE O I IIMHBEN R S5

72N, EHUIN) O e KAE & ORI & WFEES
NHDHZLEEFILODTHLNI L. FEREY
2, vA 7 vuaRy bRV TEEROIERAE
BENNRAET D7D KBRS O A4 —
A —ZIZ U THONIT B Z &Ikt
HEEBIT, YESBHTELRY v—TVIC
LRS-, — 5T, A 1IN
(IR LA B AT, MatkikE s
DB EWGMoT, LEER-T, fE—4
v AREVE R A BRI E O EL T R
— A2 EHEET D ENREETH T, A%
DX B LR ERE 2, EEEORIK
SR MR L R R A o TRIFZE 2 ke L T
SFETHS.

dal =
b MERONME (o) ERFDEE
3 EEE OIS

(a) REREER KR

25
2.0 —
=
E 15
8 10
(=3
w
0.5
0
0 1 2 3
Time [s]
(b)

4 BEES) RIS ORI

50 um
g
= » A . X
o & & &
0 min Smin  10min 15min  20min 25 min
.5 I I l l l
©
o
]
=5
[75]
5 @ BEEERAIIETE OO B & T
(n=11)
BEHY + o+ ++ o+ +
1 3 6 4 2 5
P
7 8 9 10 1
0 5 T 20
ENA A OFEAHEIMN-s]
HEHY i S s (n=11)
1 234 5 ]
BELL e
7 8 910 1
0 4

" mmnodxiEmn
6 : FIINT) & BERHARREE & D BAf%



PR ~DIGH © ARBFIE CHEST U= B o 45
i, BEEINT~A 7 afiilT v TN T
HXfRYE BB BIEICEECE, FIEONEICS
FHNCHIIM A MA D Z ENTEEETHY, HH
PERIERITE . LI T, RIS I o#
HHCK AR W) D RSB R~ O IG A 2 R
AN THFTEZ BB 5.

5. EIpFEIGm L
(WFFEFRAE . WHIEoHE M ORI IE4 |12
(=S

UdEssamsa) (B4 1)

@ T. Kawahara, M. Sugita, M. Hagiwara,
F. Arai, H. Kawano, I.
Shihira—-Ishikawa, and A. Miyawaki,
On—-Chip Microrobot for Investigating
the Response of Aquatic
Microorganisms to Mechanical
Stimulation, Lab on a Chip, A,
Vol. 13, No.6, 2013, pp. 1070—1078.

@ M. Hagiwara, T. Kawahara, T. Iijima,
and F. Arai, High Speed Magnetic
Microrobot Actuation in a
Microfluidic Chip by Fine V-Groove
Surface, IEEE Transactions on
Robotics, # #t A, Vol.29, No.2,
2013, pp. 363—372.

@3 M. Hagiwara, T. Kawahara, and F. Arai:
Local Streamline Generation by
Mechanical Oscillation in a
Microfluidic Chip for Noncontact Cell
Manipulations, Applied Physics
Letters, #aiA, Vol. 101, 2012, pp.
pp. 074102-1 — 074102-5. (The Best
Papers of 2012 IZi&E)

@  FFRE, JENE, SRR, A,
WO VIS & — N K D RERBREY ~ A 7
2Ry NOF Ty T EdERE), HAR
mRy MEEEE, PR, Vol.30, No.7
—8, 2012, pp. 727—734.

(FaFRE) Grsi)

@D T. Kawahara, F. Arai, H. Kawano, I.
Shihira-Ishikawa, and A. Miyawaki,
On—Chip Microrobot for Investigation
of Stimulant Property of Aquatic
Microorganisms, IEEE International
Symposium on Micro—Nano Mechatronics
and Human Science, Noyori Conference
Hall (Nagoya, Japan), 2013.11.11.

@ L. Feng, M. Hagiwara, A. Ichikawa, T.
Kawahara, and F. Arai, Smooth
Enucleation of Bovine Oocyte by
Microrobot with Local Flow Speed
Control 1in Microchannel, IEEE/RSJ
International Conference on
Intelligent Robots and Systems, Hotel
Tivoli Marina Vilamoura (Algarve
Portugal), 2012.10. 8.

® L. Feng, M. Hagiwara, A. Ichikawa, T.
Kawahara, and F. Arai, On—chip Smooth
Enucleation by Hydraulic Force Control
Using Magnetically Driven Microtool,
HABMEASaRT 4 7 2« A B b=
U AGEEE 12, 77 bUT 4 ks (B
fAT), 2012.5.28.

@ T. Kawahara, M. Sugita, M. Hagiwara, Y.
Yamanishi, F. Arai, H. Kawano, I.
Shihira-Ishikawa, and A. Miyawaki,
On—Chip Manipulation and Sensing of
Microorganisms by Magnetically Driven
Microtools with Force Sensing
Structure, IEEE International
Conference on Robotics and Automation,
River Centre (Saint Paul, USA),
2012. 5. 17.

® M. Hagiwara, T. Kawahara, T. Iijima, Y.
Yamanishi, and F. Arai, High Speed
Microrobot Actuation in a Microfluidic
Chip by Levitated Structure with
Riblet Surface, IEEE International
Conference on Robotics and Automation,
River Centre (Saint Paul, USA),
2012. 5. 16.

(B (3 11F)

D T. Kawahara and F. Arai, InTech,
Micro—Nano Robtics and Mechatronics
for Biomedical Applications, T. Fukuda,
T. Niimi and G. Obinata (Eds.),
Micro—Nano Mechatronics - New Trends
in Material, Measurement, Control,
Manufacturing and Their Applications
in Biomedical Engineering, 2013, pp.
77—108.

(Z Dfth)

R A
http://www. lsse. kyutech. ac. jp/ kawahara
http://www. kyutech. ac. jp/ttacademy/

S E%E
1. 2013 4R FA MHGERSCE [2013. 12. 13]
2. Best Paper Award, International

Symposium on Micro—Nano Mechatronics
and Human Sciences, [2013.11.13]
Best Conference Paper Award, IEEE
International Conference on Robotics
and Automation, [2012.5.17]

w

6. AR

(D) W A

JIE JnvE (KAWAHARA, Tomohiro)
JUNTZERT: - HFRRE 70T 4 Tk
BT HT I — « WP

W98 %5 : 20575162



