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Design and Study on Micro Droplet Fabrication Based on the Linear

Ultrasonic Motor

WU Bicheng,YAO Zhiyuan,ZHANG Bailiang
(State Key Lab. of Mechanical Structure Mechanics and Control,
Nanjing University of Aeronautics and Astronautics,Nanjing 210016, China)

Abstract; In order to creat the micro droplets with higher precision for the biochemistry, a new kind of micro
droplet manufacturing system is presented in this paper. It is composed of the drive component (the linear ultrasonic
motor and the controller) , the micro droplet generation component (the syringe and the silicone hose, the glass micro
hole) . the signal generator and amplifier and the micro droplet separation (the bending vibration block and the uni-
lateral clamped beam). Utilizing the drive controller to drive the linear ultrasonic motor, the motor pushes forward
the syringe and the micro droplet is produced at the micro hole tip. The generated micro dropolet is separated from
the micro hole tip by making use of the vibration of the vibration block and the displacement amplification role of the
clamped beam to overcome the cohesive force The linear ultrasonic motor with high precision is adopted as the drive
component in the system. The method of producing micro droplets is studied. The experiments show that the micro
droplets with a diameter of below &2 pm are generated.

Key words: linear ultrasonic motor;bending vibration; micro hole;micro droplet

Vol. 39 No. 4

0 5%

FORBE R o R0 A I BB T ED L TR L R E L
HUAR il 3 B kG B 45 AUk 07 R ) 32, LB 9 45 52
XiE.

[ 20 4 80 ARG, AATTTF 4 i 52 S0 TR -
T IR T 2 R BE 2 LR T TS L
ANZERE L R R OB O R4 1 R A AL
1 BB 58 LA I E 5 15455 . Steinbock L J, O Ot-

75 B H#5:2016-10-12

to " Ml J sha SFH 4 E T — R A L AL P-2000
BRI 7 2Ok H 5 BB HEIE K AL . (HABATE
FHBY L 355 A 2L 1 sutter 28 w) i 3 (19 P-2000 %
AR A, 5 A 5230 0 | i i % A A L, R A
BA R s Ho T MO T R . B O
A R G K 2 SR LG B LA D IR SR . O TR
1o SR BIRG BE A% 5 1 PG PR B RS E AR IR A AL R
WL kU7 iy Kt T BAT I8 S 5 R AN T

EETH :ERARB LSRRI H (51275229) 5 [J 5K 1 KA B T & L3 4 % B H (2012YQ100225)
TEE RN : RO (1992-) , B VTR - F , BN F AR 3h TRy m i oE . il fE/EE  BhaEix (19625 . 5 T HEIT A A S
Uil 32 52 AR Sl 5 4307« 45 44 3h 2 A R L R R A R LB R BB ST .



570 E B 5

Aot

2017 4

Y A7 A (] B 0% 22 » AR 22 5 0 58 ) T S B R4 Y
RS BE AR RN T ARA K . RERZ LA 1Y
PERERTRE Ny 20 pom s JXRE RS B S BE G A2 285K .
T 55 B ORE 22 M 52 30 38 BT I SR A5 4 S % . AT
PRI BN 156 nm . A BRI 2 =T SR AT 6 RO
{18 AR 25K o O TR R RS JE 2 oF B 20 2R
FEASE R o TS I WS R 1K D O I B fE L 3R
WS 55 R A A 8 R T3 e A R AR 3% T K ) ) RE
DRI 0He TR T A 2R 00 2 o A AR PR R A g (o A
OB 73 B o R AR TRV B9 — Pl & T IR T e
S R B HL Sk A RE 56 Y 40 e A RS0RZS
£ b Al BIF S A R AT B R R B B R
AERM TR,

2 E 14 IR0 i AR ST B R R = T O i Y 4
AL BP

D) Gy il 38 A2 2 8/ ) B RS S L. H
ISR 0 7 22 AR RS 9 B 0L SR )5 L
SRR o o0 BT A WA o A L DRI TR BSOS AR
Y £L .

2) BRI R T RS S b g . R A R
JEE 11 TR P LRI AT LA S 4 ) AR R 1 £
Fo Bt e S T R AOK AL AR i A B LA 2 T8 US4

3) 4 i A= A I e AR AR 1 R
Sy NGRS G B e I AR T B L A

AR TE BT FH IR T — P2k T EH A A AL
Ry ) AR i T AR G . P AR R T VY
AR L BILAIAE B 4 4 ) 2% B SO T ALY
R RS 73 B AN 50 nm . B A] LS iy K3l A A JEE L 1 1
St aw I ALRERG EAE AR . LR F IR L xR
GRELE M BN T D2 pm IR
1 oo 28 & 9 Bt
L1 BRI 548K

B 1ot e .
[ 2 e L [T Pl 2]

BRI
) [t wh]
PE—

A B H RO

K1 st e
HITET 1 AT 3% R G0 0 o WK Sl CHLE A
BUAIE 45 ) SO G A BUR AF T ) 4% R I S
B ELGRAL) A5 5 A A A% R R 45 LA B ARG

VAl
R A R R Sl B A A [ S 4 F 4y
i R AR S AR B sc L an il 2 s .
kil
/

TEREKE BREIEGIK —<
B2 SORHE RS
1.2 W[ H(ELBEEYFEHF)

KSRV R ZO8 R L iR AL E
F-ER S LAY L 3% 2 AR K Y Langevin 4@ 141
B B> Langevin #gF19K B 60 mm, HLHLAY A
KT 50 N AL HEHA 50 nm, K45 H T
PRI AR B AT A XA % 2242 8 i) 8ob
Bz WA,
1.3 WEEERBEEHBR ERRESHEE

MHK7L)

TEA) % 8 OR 01 G 45 MRS 0. 6 mm X
25 mm, A 1 mL, frid 1 mL B H K B R
58 mm , G K AL 5 5 A% R AR RS 4% B L B
BNEN 0.6 mm., XF T 33 5L 40K FL 11 il i , 5
55 v {2 4R VG BB R A AR ) AR 7 Y B A B
HOHANME N D1 2~1.4 mm, §iEH T0. 6~
0.9 mm, ¥ 200 mm, R A FHFH #EE T O
AP 3 3 e 6 A R e L s oK AL .
A I 5 0 SR R R v N RN T D2 pm
8 20 K FLAE Ry 2B BLAOBT 1 A K AL
1.4 ESREFMMKEE

PRh P RIGOL 24 )AL 7= 1 #1452 DG1032Z
(A5 5 R A 2 Rl g st 0 e B Sl A BR 2 | AR ™ 1
HFVA-153 255 SRS (E 3. F5k
A AR AR R LR T 38 S AE 5 K A I OB T
g3 BSR4 Bl I 20 B0 DA K LR 0 43 S
RS ORI 3 FrR .

L
“IIllIII\IIINIHIIIIIIIIIIII" :

B3 55 R G ik



5 439

S L AT R 7B 9 RO 5 B R 571

L5 REES BB (SRIRRNEBEZR)

TR 2 75 TPy 25 iR i sl S R o 3 ] S SR 2
Jo R BB BOR DAL A5 F B D i AR R SR TR
B 88 R e RE T AR R i AR B O 38 G S A
B B T T B A 4 BT

RS

ik IEA%
B4 Rk

R BT LU K 22 2R s v P 68 A 149 396 v 2
IO R W A FE T S IR Bl o AR 5 B — A R
Ti] 1R B B4R /N FE NOR B g B AR RS
By 77 M PRSI A IR . BB IR T
PR LR IR It 17 5 90 A1 FLAER 40 9K 3 fif iR
I RS I UE ik T % 3 I U N BUR A T €37
(1 00 I 25 IR A S A A PRI s =300 pum,

P [ S 4 P e R ik 2l B 14 R 3l R A%
P B FEFE AR AL o (8 2 I A 8RR B o I TR A
ARG T DA i 7 185 HE R v e T A I L B
SRR BME 5 R

150 mm

B 5 [R5
PP 5 AT, GRSy R S A e A A
ity [ 2 R B I S R AL . o, SR A A S
PRME s=300 pem, G277 sy [f] 52 40 242 fih 53 O BB d =
95 mm, K D=150 mm, P 5P I A H
45° TFER A b R FL B BRI s
s X sin 45° X D

s = PESRIE D = 835 (um) ¢h)

F1 20 L) AT 5 49 2K £L 2R 3 1 4R 1 O 335 pum, 1]
DA G2 i A T8 14 TR T80T o A 1A G P 0+ DR S
OIS
2 BEEERRTIHES LR

SR FH 5 T SO I A P 39 30 i 6 20 A7 o o o 4T
i AR AL o R A UL s EROR S P A

INTF D2 pm (PR R AR E LA I LR X R K
F10.5 mol/L ) CulNO,), ¥ WA A H U R 1Y
WK SR8 S AR R [ A 6.7 FrR

K6 AR ALK AL

B7 BREET R AR AL

oI 7 AlA B B AR O 1. 70 pm 148K AL
Rt 4. BEEIIT 2 — MR/ d =
50 num I+ 44 KL A IR A 2 1) i 4 R A 4K AL
{14 9 3 T2 1 B BB < BT 8 by 0 oK AL 2 i
(19 Bolc 1037

P8 AR Y Bl

i 2o fal B T LA R 2 g 9 B B B AR L AR
B A Ge A ) BRI 1 BLAR R /N A L. 9
R BRI ELAR Y o3 A L

2 3 4 7 8 9 10

iﬁsﬁﬁéﬂiﬂﬂ
B9 Rl A AR

HIEE 9 R, 2R S A AR R IO T B AR D T

D2 e, 53 b 3 T 53 A PR IR B By

2R B % A L ] S G AR B L B T AR AL



572 E B 5

==

F=

* 2017 4F

2 i ) T DA S 7 9 S 25 o ) i o B A R

J3E AR TR R

3 &b
D) $ T — B Y 5 SO i RS Z RS

I 28 7 LA Sy B Bl oo . RE 98 42 i AL B K

JE 5 DA 1 5 A it B/ B BRI
2) VIt TR o B A % 0 B A il R AR

2y e B30 ] S R A 75 Bk ik Sl e AR AR 2l L O

I SRR IR B . A IRIR S R T IR A5,

I & 825 iR 3l LUEA s iR S8R S e

T AR T e JIR R AR 7 DA K L 3 43 S
3) BT A 3 T — BT B BB AR R B .

IR W L IO AR R T A A TR BB RS AR

/N ) B30 VR BT VR T - 2 AR /N T D2 pm,

SE K

[1] WHITESIDES G M. The origins and the future of mi-
crofluidics[ J]. Nature,2006,442(7101) :368-373.

[2] LEE C Y,LIN Y H,LEE G B. A droplet-based mi-
crofluidic system capable of droplet formation and ma-
nipulation[ J]. Microfluidics and Nanofluidics, 2009, 6
(5):599-610.

[3] STEINBOCK L J,OTTO O,SKARSTAM D R,et al.
Probing DNA with micro- and nanocapillaries and opti-
cal tweezers[ ] ]. Journal of Physics Condensed Matter
An Institute of Physics Journal,2010,22(45) :454113.

[4] SHA J,NIZ,LIU L,et al. A novel method of fabrica-

ting a nanopore based on a glass tube for single-mole-

[5]

(6]

7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

cule detection [ J ]. Nanotechnology, 2011, 22 (17):
4400-4408.

T A k. TR ER 22T 9K Bl B AT AT - I AF R B e
LTt 22 M TR 2444, 2015, 41(5) : 37-39.

T SO PR R A TR R 22 FL R & J K F s Btk [T ). BLAK
B 5 TR, 2016,45(4) :11-14,

TR NH TR B 55 TR TR 22 R RIRG I AR5 0 AR 4k
s %k ()] db w0 Tk K 2% 2% it 2016, 42 (11) .
1629-1633.

SRRV TR A BRI R Uik BF s (D bt
I HFIL K%, 2013,

SUZUKI T,HIOKI A, KURAHASHI M. Precision in
chelatometric titrations of barium(ID)[J]. Bunseki Ka-
gaku,1999,48(4) ;441-447.

T 22 PR A, 55 158 55 v A0 o A v 30 A 1 TRV
PR s 5 e $A [T ], TR #4322 4, 2010, 31(6) »
987-990.

FnS. MR E S A R E X T EHER
[D]. B# . TR K2, 2012

WL, 36T S AL R B B R R & [D].
o A AR K24, 2012,

T4 M. A LIRS RATARR SR s g
KB AR5 LD]. B A B 528 TR K%, 2013,
Az k. U E LB A HILNFR R EEE 3T &+
19 FH D). B 5« e 0T 28 0 R K 2%, 2011

5 7 » A% 100 T b P 7 T %o 1R 7 s 4R R i ) 52 56 T
ST B AR 5 T2 ,2015,15(8) : 146-149,

B €. T AU 058 38 P 0 2 < AR L3R 19 BF 5
[D]. reg: LA K, 2011,

AN P AN A AN R AN A AN R AN A AR AN A AN AR AN AR AN R AR AR A AR AN AR AN A A A AR AN AR AN AN AN A A AR A A AR A A AR A A AN A A AR AR AR AR A A AR A A AR A A AR A A A A

(E3:% 568 7)

[16] HAMRIT S.DJESSAS K, BRIHI N, et al. Study and
optimization of Al-doped ZnO thin films deposited on
PEN substrates by RF-magnetron sputtering from nan-
opowders targets[ ] ]. Journal of Materials Science Ma-
terials in Electronics,2016,27(2):1730-1737.

[17] TSUJI T,HIROHASHI M. Influence of oxygen partial
pressure on transparency and conductivity of RF sput-
tered Al-doped ZnO thin films[ J]. Applied Surface Sci-
ence,2000,157(1/2) :47-51.

(18] Z=HRWE . BB 52 - PNV » S . W S A0 X L P O A 4 ik
I A 15 40 A B IR M R e ) ] N T AR
1 .2010,39Csuppl. 1) :118-122.
LI Linna, CHEN Xinliang, SUN Jian, et al. Effect of
sputtering presstne on the properties of ZnO thin films
prepared by direct caurrent magnetron sputtering[J].
Journal of Synthetic Crystals, 2010,39(suppl. 1)
118-122.

[19] ZHAO B, TANG L D, WANG B, et al. Optical and e-

[20]

[21]

lectrical characterization of gradient AZO thin film by
magnetron sputtering [J]. Journal of Materials Science
Materials in Electronics,2016,27(10) . 1-5.
XU, =z e X 4 AR kA B & AZO Wi/
PRSP EDF T [T, R LR34, 2010(22)
160-162.

LIU Dan, WU Yunlong.,LIU Chaoying, et al. Research
on the structure and properties of AZO film/glass by
magnetron-sputtering [ J]. Journal of Wuhan Universi-
ty of Technology,2010(22):160-162.

TEEE R, B, S A S X R IR AZO
TR LM AR RS2 i [, V5 22 3 TR 2 AF 4k, 2011, 27
(3):306-310.

DING Yu, JIANG Bailing, TIAN Yaping. et al. Influ-
ence of oxygen flux on optoelectronic properties of
AZO films deposited by magnetron sputtering method
[J]. Journal of Xi’an University of Technology,2011,
27(3) :306-310.



