—t

R S48 2020,38(11)

www.kjdb.org 131

7 3% T B R i e e Y B AR

AR, TG, R

W RIEE TOMRSAILE NBAR 5 R BEIEI 5 T T 900042, W R 156 150001

WE ARG (SSAW) U RE fl kS A=Yy AR A, FRTE 80 2 B T RO Uk,
TELEWE 5 AW A A 6 ) R A N AT, o AR 1P 2 10 S TR A aed A AR
PRI A AL ; 255 S ATIAEOR [ A AMITFTEAR , 08T 1 78 ol 2 40 7 2 T 9
AR T A Ay BT P D0 380 5 o8 P 382 1T G D5 A1 (e 2 0 P A A 1 TR IR AR Y A S 48 1

THHREE,
ES a0

PRI A IR T 20 tH42 90 4EAR , 1T 20 47k,
PEBEE O R A HE & BT 5 | 24 3 B 12 2%
A S i I IR A2 A R 2l
SRR PO R VE R AR TG L e
RIS R AMUR G N AR & S5
THAED AR, b B A AR B e 3 A
(S8 IR EREY: Ny S A R e A S B B i e A g A e 13
TR AR A R A A ST N, Bk
H AT IEFER R A 2 Y B 45 4, il 24 DD e s o
RIS -6 B, HRuRiEsoR 5 i
T AR AL A LA S IR0 ) e s T 5 A
W S AR M A ER RN 53 B8 5ot ah Gtk T
PIOGT oG BB R H R S5 w nl s E
AR K e

T 104FK , 75 R M GE I (SSAW ) 7E Sl it 4% S ek

7 2 T s TR AR s LA HRBE RS ; 75 AR T GE I 5 1ok T P40

TFOE W 5| O T 32 B T , 75 R (SAW ) 2 3
0 32 5 i R AE 1855 AEAIF 5T b 5 5 I & LAY
AE & E AR PR R R I 1-2 DR Z A
o PR ) PR A SR, A A% 7 ) R S B
e M E2V R =) | CIPIA Wack L o/ i
K RIS AN S B I, ) P 7 2 i 904 ) iR
] S B X ARORE S B Bl A B A R R A T
otz 75 =X, AR A RO A S P BA IR
MRRIL S (1) B K A (2) A=A
FEL (3) KT JIR; (4) ZINRE RRGHE; (5) 48
PARSEARE; (6) RERACR R . 1Ry R A
A L AP e K A o #2073 B B A
PLH, A DT R A ROR S )2
FRIISEH o

Wk H 19 :2019-02-19; & 71 H 151 :2019-09-09
HEWH  HEKAARFEL T H (51675140)

YR T A 5 B, 3082 WE9E 7 I A B A 2V, FL 546 « dhj@hit.edu.en
SIS 8 BUE, FRCEF, 22 08, 75 3% 1 D E GO0 AR A i B (D). RS, 2020, 38(11): 131-140; doi: 10.3981/j.issn.1000—

7857.2020.11.015



—t

132 www.kjdb.org

Ry S482020,38(11)

1 EREAMRERRE

1.1 HEMER
7 R THIE — M A R R I 2R T 1Y) LA R e

(IDT) 7= A, B T8 B0 T 75 I 1 T3, 24 X5
P RE AN T AFAE , HLy= AR B s AR ], G5 7
i) K B2, AR 25 A5 1 2 I, A 2 T3 i 5
PGS B AR A G, BBE D . BRA B
A A (L ) o R AS DT B (] A8 A, 4n SR 9 7 38
WRAELAR A, UL 15 A REL AR 2 % . D — X AL
IS S 2% B8], A A B S8 3k o v AT i, A\ S
FIIRHIE 535311 A

v, =A sin(kx—wt) (1)
y,=A sin(kx+a)t) (2)
HAS WA
y, +y, =Asin(kx—owt) + A sin(kx + ot)
=24 cos(wt)sin(kx) (3)

x="(neZ) Ab W BE U W B
nw+ 7 DSR2 a
=02 e ) MWL

WA — PR AL 7 B — X 58 A R] HL
F 1) B SUAR H REAS , 422168 FL VR, o S7 A ) 7 R T
Fr e LA B AR AT B AR R, Rl Az P 2 1w 5
P, WP 1 () s o IE RS 3 i i, s

Microfluidic
z Leakage channel
waves i«
HR 4 »
7 \‘
IDT +x SAW FFE LAY XxSAW DT
nnnn nv/ \ ™S nnonon
Piezoelectric SSAW
substrate

(a)

(b) (c)
BT PRI GE A s P e {3

FTE P AL AR I . B 1(b) (B 1 (e) 5300 R
— YA YR 0 TV LA AT IR R S A
o B AL S A e D U T R N, — AR
AFIATS ke 5wl M B S Sl A /2, el e I
F A2 A,
1.2 FESNMERS

R K SR, AR TR B
Yy HE TR VR R, 00 1) 1) S O s
Wl , g TR Ridk B BT, 4R PR
Fo=- “P;KPB " o(B.p)sin(2k)  (4)

S Py Ve B A AR IR Ak 551
H KRR B p 4 R M o KT I R
AT AR N

olpp) =P - (5)
S, TR p RSB FERE TR 5 >0 BT
FRIR S s 0<OR TIPS 3,

o T B R T R R T K o TG
S A 1 2T BT R (B T
172

U T bR T o 2 S 0
1, B S T ST ST AR ., 15
AR

F,=—6wnR (u,—u,) (6)
A0 Ry w7 B ARBERE DR ELAR KL T
HRRE AR A

2 AERANNENTETEHEIR

2.1 BT/ ESE

AR TR R 5| T BREH 1)) 2K
T, 32 R R A A A0 R AR T Y LR .
PRI 2 4 A 7 2 240 L A 5 38 o W 0 i 2 i
ANV i B R K B 2 0y S TR
TR SR —J7 I, BT A5 AN T o AR 4%
PR, AT sk S MBS T A R 5 5 — T
AT, IR0 20 Bt i T &R A B BT g AR AT RE IR



—t

R S48 2020,38(11)

www.kjdb.org 133

AL PR R i HI MBI RE . IR AR 25 2
FF B 07 A TR 2R A, LURE S0 4 i 4 6
RN

I B A7 7L JE NI 37K %7 () Huang S5
HEAT I AU A IS L 2007 45, AL T4 Gt 4% i 1
T XA TR A SRR BE A Z 1], ORISR
REAR 7 A2 R P 2 T G D AE O 38 N A —
I RS I O B AR AR A AR
R R R B S aE o, B 5 AL, anfd
278 o 2009 4F , 7 ik B TR 1Y Chen A5 7E Ik
it b5 AL RIAS S B AR AR 2R 4R

Focused beads

Pressure Node

P2 ok TSR A

2011 4F, Huang 35" AR A~ THT 2R 4 1 L Ail
S TR SRR T 2 7 RS )
Sy EABNESS I TR B ERT RS s TE il
ILIE By 1) S IR AL, SR ) SR e 1
1171 3

R ERTS R AT et R 4 iR FT LA
A RS 20164, Huang 2520 FH “ P65
A RIS IEASHCE 1) LFE BB , A 2 - 1f
PITE BT BRI B DUIHEATS (0 7 2 B o3 A i
TH EAMER TR R IET 5 Z ek
IR AE TP 2 4 kAR, X b 22 4 Bk 1
TEA ) S = 24 U LA SR, AT A A= 9
SRR R TR 2 e I A5 (B 3) o ATt
BEE, AILE 30 min Y 150 K/ NAT #5122 41 it

BRAK, BEERAA AT B N TR R — 8 AR R AP AR
TEPE. UG G SR v P R A P AL
Wi B A AR P RO I R, R 58 4h
J6 RS LI Y £ 0 B sk A, WA [k, BRIAIE ZS
PO D) TAE0G . SCIE , X RGO s
IR A AT, AR B PR IR S T A T A
THEEFR 10 h, £ILH 90% LA ERYFFIE R, o, F
FH R E O] LU 2 4% — AR A 25548, 72 1R
KEERE AR T 40H i 2

Spheroid
W

(a) (b)
I3 e S R

22 fRRIF/HARESIE

= (4) firzs , P8 2R TH B 200 7 5 R
TIPS S o, P RS Ty B R VR [ B TR
Rt i BERUEARTE o PRIt , 75 2R T 3 E T DAAR AR
KL AN RS R E AT #E4T 702 . Huang 25
T A 2009 AF I 75 25 18T 9 i 70 2R P B AaUbe
(PDMS) i AR 4% B v S B0ORE 731 , #% PDMS 1%
TR BT WA T Y SR B RE f [ A
B 2 9 P e R T DA, i PDMS 256 B 2
AT A RIS TR] R (] e 3 A
O & TEAENTT , d TR R A kL F
ARSZ TR B SRR SR 7, 23 DA R %) 3 BE [] P 15 A
18 By A A P 2R TG Il A A L S Ok
G AFILL AL TN FAE A T 525
BT RGT 22 53 B TR B R T RE AL T4

)RR R e s o Y (NS e L ATIE S N
AR I 2 58 7/ e o B N o 1 L RN S e D A e )
AFXS ROSTEAR, TIL/INAR 10908 v F 4 BT 4 P
DA K AR 08 TR AR 380N, SR 58 47 12 Je SN ST R
2711 Huang BR824 5 ] 5 00 K27 19 Shin 281
P HOMBRHE S B R Y A PRI, SE [
T Hr BT R BT [ 5% S 56 % 1Y) Marrone PRSI P A FE



—t

134 www.kjdb.org

Ry S482020,38(11)

I ABTAR ) 5t BTk o A AT TR P P 3 T DR I
WP AR ST AT 0 L 3 B A IAE 95% U L,
TEARRFEEEHERR 1 WF 52 B— P2 20 MO el 4 G i), 3
b2 Al A T A T, ELike B AL T RE
HEIAR AR R, 0 AR A )~ SR 2
HAERE L.

BRAIHIX ) AR RERRAh , Al SR I ISR M2
AR HRBE AR LA TR T, WA 4 B, — X R AR
AR AE SR LA 60° & TRUMEM S . th T A hg

Particles

K4 REFEHAEDS ST 70k
Floating electrodes

i
'
i
AG 1§

Reverse

(a) FIT AR AE

ek R R A, I A iR e H
WK, HL, SR RA Y Y, N2 )
BN AR UK A R AR i A R R
T AF R A AR~ T PR A2 381 3 K ) s 4 i 0 e R 4
TEFS RS AL  ASBELRSE ] T IS

X (4) Fns (6) nT LK B, b it S Sk
PRFLV,, RV 242 R, BUE L, 17 5 Sk
R SAE Lo 0 RSF AR /N P AR A 7 s/
EER S vy i N RN TR 005 WA Y 5 S N o 1 1121
7 FE T PR3 B AR AR B EROR N, 5
RO RUBE 5 90 KRB R4 438, AR ME S B4 44 K
A R 5% M-S b e T o AN IS WA N T 0 A
SR AR S MR AR S 6 v 07 0 (RIS 3 70 ) i i
REAFAE T, S 805 4 i s DL S B . XTI, Huang
SEPNT 2017 AR AE SR AT B B SEA AR T 3 T Tk
1) 3 (4) R B 32 75 8 55 77 5 7 I P R
e, B, 980/ 75 O 0% 1 ZE 120 wm, X AR
33.13 MHz;2) FIFH ) LS e b s (& 5(a) ), iF
— KA F X 387 1R 5 3) AR B S iRt 15045
E(E5(h)), A 1 R TS (taSSAW ),
et ARORL 1) o A % B 125 K T A/ (4 RIS 38 T8 D
) o DI SEBRAR REERLF 1953 85 . Wni&l 5

\

(b) AT 73 15 SR ]

(o) GARMLT 7T R TS
K5 gokkiTores



—t

R S48 2020,38(11)

www.kjdb.org 135

(¢) PR, ZEF ZVERT , 900 nm A1600 nm 7§ M
HUE A, 220 nm A1 110 nm k7§ M B
tho X—F KPPl 7 R i
BE A R AT N

PR TEIE bR T T DA R R 22 7 ik AT
GyIEAN R AT LAk RO AR ] %8 B AN [ ) flokr
. EEF P BLIA K1 Guldiken PRSI " 7E
e TS T 28 Bk, T 2012 AR 4R — ok T
A3 IEE I B FH X AR W RE RS, 5 — X X
FRHRRE A% A I 5T U A SO T A 2 B — R
FEAT 85, AFOR - ZE GO 1 o Ak R HES 5 55 %
NAGHRE AN T AR AL, e % R —
RERRT (171 glem®) [ i 18 D % 5y, K%
FERLF(1.05 gfem’) PRAELE FEIE Hocy , DT SE KL
Tk, 172 EAE 2 wl/min i A0 A R4 R
RN IK 89.4%
2.3 R F/ARREALIE R it ET

FIFA SR S AR e AR R T e & i
RESCBUAR Z Rk T fE . & 6 (a) T 7 Aki 1 B 40 it
TH VRS 2 B 0] SCHURL T RV Ve AR 2, R
T B TR R A S T R AR R

WBC

= Pressure Nodes (PN) \D’YS Debris
= = = Pressur inodes

(a) B

(b) YA
Bl6 I A eI AT/ 4

aifE R iR 97%" . K 6(b) i AR FIR AL 7
(OB BN R B = TR R7 S A8 B 2L B3 YN
1, O~ B 20 B A 7 i 5 D/ PR ARG i
VR B NG DA, P S BTG i A Rk
NG AT AU A , 3K 76 A= Py s 4 F A= k2
A AR IR

2017 4F B N3 pE 1 H T K22 B Zheng 25578
BRSO @ TARRE K S vk WU E- S i W i)
(PA) ARG G, ST SIORE 7 JCHe fi L PR L = &%
T 7 izt s R U 5 A B R B
R LA RS s 0 4 e A (D Rl
GAOH)#HEA . RFER KT (3 pum #1110
wm) 7 A8 #e BE 2% (A) 7 A5 9 1aSSAW YE R 43
B RRSEREF 2 AR X (G) , /NRSEREFEA
FEYIX(F) . EdEei s FK MERSIX, X
FEHLHE 2% B XN X B KR F i TR . T2,
ik O s B RN X R 2 L IX, RO M b1
WO RIS CFE RO, 77 AR IR T AL R e
T, TR (C) St (D) AR e fig o i T HE LK
AR A A TR AR R T A TR, 28 1717 S5 B
TR R SR A R R RCR L
1 1009 , R—F-Fa AR B2 R AR A3k 98% , AT AE
BOP N XT 200 R TR

(a) (b)

BT R TR R
2.4 THRIF/B/ iR NFHER
TR A SR R4, P R 1 0 i ] LA
Xk AT TR 20 ) B A HEAR -



—t

136 www.kjdb.org

R S48 2020,38(11)

2012 4F, Huang %5 F— X P4 7550 ) W ik
R ARHLAE RS (chirped IDTs) S2FL T WOk BORSH J7
1OKBH . W Bk S J6 R 7 T I 305 4346 ) % o A
b, REEE AR [ Ry = s K 0 12, IR e
REAE IO FEL 15 5 2380 S R TT 7™ A N [R) A 38 1) 7
5% o FIFHZZE AT HLAF 5000, AT A5 e
B Y S, SR 1) AR [ 1) RS A 9K
S, WK 8 Fi/R ¥ L 4N M B T 75 3, 7E 0
F£(9.8 MHz) T, 75 45 g o7 T il sy, s
S5 1 9K S0 40 D die b0 HE LI FEATR £:(10.9
MHz) 75 9 s Tl o, e i 719k 3h
MR T I . SRR 2, TS et
M MAT B R . 2013 4F, Huang 25 A2 HR L
JEHE S BRI A A VR T PO RS B

(a) £, (9.8 MHz) (b) £:(10.9 MHz)

K18 R T AEAN IR P i T S SIS 1 K 5l

Huang 35" F48 TR 8 ik &x, BRI
— XA T BT ELHCE A SUER 4 BE AN AR SO 1
B3 A BRAS 7 1 A, flH e R (it i 1
WA FHEAT I B 51 9% [ R 2% K5 19 Wood
ZEN A PSR s BRI S T i D RE

AP R HE, Huang S5°8F 2012 4F 34 S L
T LR R R RUBE LR A — AR HE A
QP 9 (a) Fr o, 1) T 0T 3 00 14 A WK S 6
e A TE IO T8 PN A 75 e 0 a2 i i A
155 W B 2R SR 67 SR 1 s ks R P i . 78
FGAE R R ] R s as 2, i i S8 B HE
Mo WE9(b) s, 4= 21 40 M A2 355 A8 AL T HEAR
BN R B, A& 9 (e) s FE A R TR, 528t
e RO 20 I E A I TN A R A L5 A
MRS SR, DL S A M 2k R A= s . BkE

Fiz B B AT IR 1.6 mm/s, i i K £k L JC g 36
P, A BT R Sy . FIH IR & AR 45
1) 208 P T PSP, v 7 ) 240 A ) P 5 7 3 e % e
N 20154 IZ PR ZH AR SLAE I A B Lk
Ay eset RIS B e S B 1) 1 A RSB T
LA () = RN . %k PR R A Y
B SCARHLRE f , AL TR AAE - S AR A0 0 M A T
i3 NS PO L PN R RS U )
AR\, BT AR T Fu B TR A7, 75 )
FPWIE L TIRIEA, R Fa 5 PG R, 1L
B Ty I T ] A RS BRI 201848, B

Standing Acoustic
Pressure Field

Chirp IDT
Microchannel

Lufozinroe] | Standing Pressure Wave

/2
5 [ :E,(l )”,—E
| 6 : i

A 2y

Pressure Nodes

/(PN)

UNbO, Substrate

(a)

50 um

(b)

(¢)

PO PR AR AN B



—t

R S48 2020,38(11)

www.kjdb.org 137

Wl R PEHE TR 2 Do B A R 2SS EE A
B TE TR I BN TR R RO
R T R HEAR

R S i A T P 3 A R A R AT
Huang 55" 2017 4- 76 i A 26 B LAl BB A T 3
T4 BT B TR IR S s i = A
B e £ O TN oy b S = A 1 92 S A 7 I
AT DASE Ao SO S A TR A I A 2R Y
A R HE

B A 38 50 AR e Be g A TR R RN HEAR
2B 21 R A At B8 R I RHE LR HhE
PEATAHICWF ST . AHE I8 e e 2% R BN &1 10 frr
X HL it A [ AR AR S AN S 5 1
W% 5 SR R A% 2 HE DR B 75 A fo=v, /2p (.
Shy e T I ) AR A A o R B e KL RS &
FA, R, e A A AR gk, JL
ANSFE RSN PR i PR /N S AT DL 2, A
I, AT LI RS PS40 BB 7EAS [RATR A T A
JEF, 2B AN TR A T AR X3

Amplitude

K10 RHE SR BERS TR i

258 LR ] AN [R) 303 B R T, o0 B i) AN ] X
Sl A P T, B T PR TP SR e
Z IRV e A2 AR A y il 5 ) B 7 Y A
RAAR . PR 38 R R S el B A5 S A
AR, ] S IR IE T R AN [F) 7 B A S A HEAR
[Fi) FL, 1] P X e O AR AR S AR I e S
KB “HEBRN S SO Ty J5 1) b W TR —
(R UL B BB AR5 AR AL A4 728 Ak T A W7 ek
AR 2016 4F, P E RN et H AR T e 9 K8 o

AR RSB T U — X R HE AR e S
£05F A Sl 1 7

3 4Lk

R I O A i A Rt E R Y
AEJT . IR e B s 2 AR YA Ay E
FHPERR 25 FH B S0 B A TG4 A =X B0k 454
DA B 55 At AR e A2 8 e 225 S At A AR LA
A K B A5 L RE e /AN R A e AhHE
THEL ERAERIHEAR S & FEVE . A, 75 AR R
AT DS — S At B 5 1 Tk SE R g . 1)
A= AYE 20 B 3 vT DAAE DR A 40 B 2R v
17, BN A 40 M I A R RIS . O
T4 s34k A {5 ALl T AR AR TP A B
00 7/ N v € B o e B b SR N (Bl
W AE DAL 058 T B DGR i 4«

R AR L 75 3 T DR B 48 008 DA S 36 2 g
A H N T e IR 22 B8 R R 5 T Y
MR

1) Fy B0 o BT R R I AR 45
PO KGR . BT A 75 B LA UK ZL
YRR B R TR AT DR L PR A R N
KRG, SR, Bl 75 I DA AR 3R T A7 i 380 42 fh 3
A B e P TR 2 O 5 1) R e s DR T AR
B AR , 3 (AR X RT3z Bl RS2 0 6 25
T REF AN ZURIBE K. S T 8 56 T 75 R
FEW PR T BRGNES 1Y 70 R RS P, R 1 U
T G438 5 P 1) R R A A

2) WA TSN (2) J7 ] Lo HR O\ RS off 45
il o ZH 2T R 4 3 A A AR T 0T 2 B A
Yz (B RS I Pl o A B R B TS R M U Y
BT VRN Iz RS M 2 0 AR
WA D

3) WA MEREE UL F5 B e AL . ZE50CA Fil
JE AR, LiNDOs T3 B, (A5 X000 A
WEL TN 5y , PRI AE 75 AR AR 21 T 732 (R
o 2055 N2 THRZE A B A AR
FIFEJECARE . B, 75— SR AR A fT R AT DA i i



—t

138 www.kjdb.org

Ry S482020,38(11)

i P R T A A READIR B, s L SS9 £ T LA
MRARPFII A o BR T 25 S8BT I R FL S IR AR, A S
UNZINIDI Y -aanV Qi e Jiaiboi S Tl sy
TR A S 2, R T A

4) BEE AT R . WS N GL R R
[EREF- LR IE Y ON N RN R S IR IS
AR N EEN RS MR TR
THT 3 A ORI R A U I M B 212
Wit , B AR NS I I B

% 3k (References)

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

[2] Neuzi P, Giselbrecht S, Linge K, et al. Revisiting lab—on—
a—chip technology for drug discovery[J]. Nature Reviews
Drug Discovery, 2012, 11(8): 620.

[3] Mao X, Huang T J. Microfluidic diagnostics for the devel-
oping world[J]. Lab on a Chip, 2012, 12(8): 1412-1416.

[4] Kovarik M L, Ornoff D M, Melvin A T, et al. Micro total
analysis systems: Fundamental advances and applications
in the laboratory, clinic, and field|J]. Analytical Chemis-
try, 2013, 85(2): 451-72.

[5] Arora A, Simone G, Salieb—Beugelaar G B, et al. Latest
developments in micro total analysis systems|]J]. Analyti-
cal Chemistry, 2010, 82(12): 4830-4847.

[6] Ding X, Li P, Lin S C, et al. Surface acoustic wave micro-
fluidics[J]. Lab on a Chip, 2013, 13(18): 3626-3649.

[7] Wheeler A R. Chemistry. Putting electrowetting to work
[J]. Science, 2008, 322(5901): 539-540.

[8] Eydelnant I A, Uddayasankar U, Li B, et al. Virtual mi-
crowells for digital microfluidic reagent dispensing and
cell culture[J]. Lab on a Chip, 2012, 12(4): 750-757.

[9] Tseng P, Judy J W, Carlo D D. Magnetic nanoparticle—me-
diated massively— parallel mechanical modulation of sin-
gle—cell behavior[]J]. Nature Methods, 2012, 9(11): 1113~
1119.

[10] Schmidt H, Hawkins A R. The photonic integration of
non—solid media using optofluidics[J]. Nature Photonics,
2011, 5(10): 598-604.

[11] Zhao Y, Stratton Z S, Guo F, et al. Optofluidic imaging:
Now and beyond[J]. Lab on a Chip, 2013, 13(1): 17-24.

[12] Psaltis D, Quake S R, Yang C. Developing optofluidic

technology through the fusion of microfluidics and optics.
[J]. Nature, 2006, 442(7101): 381-386.

[13] A B5E. & T P R T YBT3 s 9 KORL 1 9 5
BAFTED]. Ak AOREE, 2016.

[14] Lin S C, Mao X, Huang T J. Surface acoustic wave
(SAW) acoustophoresis: Now and beyond[]J]. Lab on a
Chip, 2012, 12(16): 2766-2770.

[15] Wu M, Mao Z, Chen K, et al. Acoustic separation of
nanoparticles in continuous flow[J]. Advanced Function-
al Materials, 2017, 27(14): 5009.

[16] Lapsley M I, Wang L, Huang T J. On—chip flow cytome-
try: Where is it now and where is it going[J]. Biomark-
ers in Medicine, 2013, 7(1): 75-78.

[17] Shi J, Mao X, Ahmed D, et al. Focusing microparticles
in a microfluidic channel with standing surface acoustic
waves (SSAW)[J]. Lab on a Chip, 2008, 8(2): 221-223.

[18] Zeng Q, Chan H W L, Zhao X Z, et al. Enhanced parti-
cle focusing in microfluidic channels with standing sur-
face acoustic waves[J]. Microelectronic Engineering,
2010, 87(5): 1204-1206.

[19] Shi J, Yazdi S, Lin S C, et al. Three—dimensional contin-
uous particle focusing in a microfluidic channel via
standing surface acoustic waves (SSAW)[J]. Lab on a
Chip, 2011, 11(14): 2319-2324.

[20] Chen K, Wu M, Guo F, et al. Rapid formation of size—
controllable multicellular spheroids via 3D acoustic
tweezers[J]. Lab on a Chip, 2016, 16(14): 2636.

[21] Lata J P, Guo F, Guo J, et al. Surface acoustic waves
grant superior spatial control of cells embedded in hy-
drogel fibers[J]. Advanced Materials, 2016, 28(39):
8632-8638.

[22] Shi J, Huang H, Stratton Z, et al. Continuous particle
separation in a microfluidic channel via standing sur-
face acoustic waves (SSAW)[J]. Lab on a Chip, 2009, 9
(23): 3354-3359.

[23] Li S, Ma F, Bachman H, et al. Acoustofluidic bacteria
separation|[J]. Journal of Micromechanics & Microengi-
neering Structures Devices & Systems, 2017, 27(1):
015031.

[24] Wu M, Ouyang Y, Wang Z, et al. Isolation of exosomes
from whole blood by integrating acoustics and microflu-
idics[J]. Proceedings of the National Academy of Scienc-
es of the United States of America, 2017, 114(40):
201709210.

[25] Nam J, Lim H, Kim D, et al. Separation of platelets



—t

R S48 2020,38(11)

www.kjdb.org 139

from whole blood using standing surface acoustic waves
in a microchannel[]]. Lab on a Chip, 2011, 11(19):
3361-3364.

[26] Ai Y, Marrone B L. Separation of biological cells in a
microfluidic device using surface acoustic waves (SAWs)
[CY//Microfluidics, BioMEMS, and Medical Microsystems
XII. San Francisco: International Society for Optics and
Photonics, 2014(8976): 897600.

[27] Ai Y, Sanders C K, Marrone B L. Separation of Esche-
richia coli bacteria from peripheral blood mononuclear
cells using standing surface acoustic waves[J]|. Analyti-
cal Chemistry, 2013, 85(19): 9126-9134.

[28] Fakhfouri A, Devendran C, Collins D J, et al. Virtual
membrane for filtration of particles using surface acous-
tic waves (SAW)[J]. Lab on a Chip, 2016, 16(18): 3515—
3523.

[29] Wu M, Mao Z, Chen K, et al. Acoustic separation of
nanoparticles in continuous flow|J]. Advanced Function-
al Materials, 2017, 27(14): 509.

[30] Jo M C, Guldiken R. Active density=based separation us-
ing standing surface acoustic waves|J]. Sensors & Actua-
tors A Physical, 2012, 187(8): 22-28.

[31] Li S, Ding X, Mao Z, et al. Standing surface acoustic
wave (SSAW)- based cell washing[J]. Lab on a Chip,
2015, 15(1): 331.

[32] Ayan B, Ozcelik A, Tang S Y, et al. Acoustofluidic coat-
ing of particles and cells[J]. Lab on a Chip, 2016, 16
(22): 4366.

[33] Kishor R, Ma Z, Sreejith S, et al. Real time size—depen-
dent particle segregation and quantitative detection in a
surface acoustic wave—photoacoustic integrated microflu-
idic system[J]. Sensors & Actuators B Chemical, 2017
(252): 568-576.

[34] Ding X, Lin S C, Lapsley M I, et al. Standing surface
acoustic wave (SSAW) based multichannel cell sorting
[J]. Lab on A Chip, 2012, 12(21): 4228-4231.

[35] Li S, Ding X, Guo F, et al. An on—chip, multichannel

droplet sorter using standing surface acoustic waves|J].
Analytical Chemistry, 2013, 85(11): 5468-5474.

[36] Shi J, Ahmed D, Mao X, et al. Acoustic tweezers: Pat-
terning cells and microparticles using standing surface
acoustic waves (SSAW)[J]. Lab on a Chip, 2009, 9(20):
2890-2895.

[37] Wood C D, Cunningham J E, O’Rorke R, et al. Forma-
tion and manipulation of two—dimensional arrays of mi-
cron—scale particles in microfluidic systems by surface
acoustic waves[J]. Applied Physics Letters, 2009, 94(5):
213.

[38] Ding X, Lin S C, Kiraly B, et al. On—chip manipulation
of single microparticles, cells, and organisms using sur-
face acoustic waves|J]. Proceedings of the National Acad-
emy of Sciences of the United States of America, 2012,
109(28): 11105-111009.

[39] Guo F, Li P, French J B, et al. Controlling cell-cell in-
teractions using surface acoustic waves|]J]. Proceedings
of the National Academy of Science, 2015, 112(1): 43.

[40] Guo F, Mao Z, Chen Y, et al. Three-=dimensional manip-
ulation of single cells using surface acoustic waves[J].
Proceedings of the National Academy of Sciences of the
United States of America, 2016, 113(6): 1522.

[41] Nguyen T D, Tran V T, Fu Y Q, et al. Patterning and
manipulating microparticles into a three— dimensional
matrix using standing surface acoustic waves|J]. Applied
Physics Letters, 2018, 112(21): 213507.

[42] Bian Y, Guo F, Yang S, et al. Acoustofluidic waveguides
for localized control of acoustic wavefront in microfluid-
ics[J]. Microfluidics & Nanofluidics, 2017, 21(8): 132.

[43] Ding X, Shi J, Lin S C S, et al. Tunable patterning of mi-
croparticles and cells using standing surface acoustic
waves|J]. Lab on a Chip, 2012, 12(14): 2491-2497.

[44] Zhou W, Niu L, Cai F, et al. Spatial selective manipula-
tion of microbubbles by tunable surface acoustic waves

[J]. Biomicrofluidics, 2016, 10(3): 77-85.



—t

140 www.kjdb.org NS48 2020,38(11)

Application of standing surface acoustic wave in the field
of microfluidics

DONG Huijuan, WANG Jingxuan, LI Tianlong
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Abstract The standing acoustic surface waves, because of their non—contact nature and the biocompatibility, are widely used in
the field of microfluidic control, with a broad application prospect in the fields of biomedicine and diagnostics. The formation of
surface standing waves and the control mechanism of particles in microfluidics are reviewed. The advantages of surface standing
waves over other physical means in the field of microfluidic control are analyzed. Finally, the future research directions of
standing wave in the field of microfluidics are suggested.
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