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22 | HilEFHE Science and Technology Foresight



1.3 DFIZHHRAR

53 2 W AR S — Ao A8 Bl AR e ok
E A I 388 12 ) I3 S L8 2 g S AR 1 i PR 5y 5 288
RUEAT R S A, 1T DA AT 22 T %o 9 1 4 7
RIS WY I, 3k S S IR 0012 W A OC gt
HARZ—. BAl, S FE2B2EsMekrh —4k
HEE AR, Rk RIS, BAAEE
IR RN ET S i, RS2 Wy 2okt i
JRSMARSEA TR, AT LS R R W, K
KA SRR R R AT %

E b |, RA WS Y (Polymerase Chain Re-
action, PCR) UM 25— 4 ALl v HE 3R 22 fin i
N5 AR SRTI IHIFH nia: . YRR TR
TRAE LA i 2 TR IR I PRI AR™ R
3NN TR I B (R AU 5 F AL 7% ShAE il 7E 3
ok E LB, 85 =A% PCR % AR [ 52 I 6 i
RS2 A A A AR B2 PCR 37 448 a5k R v AN S50 X )
TRBOGK X P A L, BN {EAE %L (Cycle
Threshold, CT), ZEATEARHR I AU FIWT FIFFESY, X
W R IAEH— AL PCR ™ i S 2 E i PCR
RGP i BAEGR PR IR o P A e Bl B S
DGR i PCRAUM AL 234 . PO&e RIERHAT IR
o]l CHFEABEO . RIS E AR A R
ml (UL, BETEMERZRZE) . UIN%E

ey 7

Rer Ad p -
I
I
s §

~

\
\

- -

REERHEA R FAERB b A, 78
5 9T ) st A7 3t S T A R A 50 24 KR
JRTEREI AT K . HAT, [ENICIS e B LS8
SEAE P AL AR B R TARAL T E BRATE K. R
K, mEEENY . ZHERES 5N TR E
B, BRARHES D T2 RR B R . xR
AL REAS B P Y 12 W R A 1, 6B
AP R T FIVRS T 12 2 B (A R S AR HOR il

TEARNA, WO mid I . %07 PCR . CRISPR
(Clustered Regulatory Interspaced Short Palindromic
Repeat, MR FLEL )RR R SCHE R ) FE K 4 g
TAE ST AR AT ROR B9 K, T2 Wil R U
FOUERR PR E— 2D B i, REAS R M U B O
BT HEARYT . [, 2B BRI EHE 1L
0 DR AS I AR 8 A — A EE R A, el I 5
PRy, i, JFRE T 2R
1.4 FHBEFEAR

TN T BN — BRI X4 A EOR ST, IE
T JRE I FG I DR ) T ) I ) R
WE4FT7R, FeVEi T BOR A& AR . L
it L A % (Integrated Circuit, IC) S8 A 2] Jo4k
AR BREMCIE M R R HOR, R TR IETE
B WL LG TR RS MIIRE . Rfe

~
~

\ Tl "

~ =
~

* 1 Reffefe | :
1 \ )

4 FPERTREIUR

Fig. 4 Current development status of flexible electronics

HilfEFHE Science and Technology Foresight | 23



IR GIRF

Review and Commentary

AR AR AL R Sy . B R n] 2 il i 552 O
IE, BEEY Y, by EYNZS 8T
B T5 1) AT, LA 2 2 NARPR S AR 5 760K
TORE ] 2 s A B (e i 7 R A
AT AR D BOR S

Rk, FVERTEARTGEAEMEL, b W)
OB RE . AT AEE TR AT
BRE . KRBT T AT R GEMEAR . R B
PR TERESR MR T AR P oK, T B E AR
FAT KM P al P AL RoRE T 2 AR A
A LB IE B2 . REAS SIS I A Hh Z2 b oA
7] A 9 s s 0 147 TR S 1 o A e Rl S B A
IR, LIIIBOFTAR B i AT
MNTAFA ARG

TN L T BORTE [ N R S, BT [ PR
AL T K, RO TR RS A
RIS 2 U, AN IR BT ERR
BREME . IEEMEHIR ., PR R

Hard-magnetic Particles Embedded
in Soft Matrix (PDMS, TPU. etc.)

L Ples N5 A TR e SR I S . filan,
A SF AL A REAS SN IR I R AR AR PR R
1117 FEL 5 B2 JER U GE A5 (15 AR B Rk B i, e 1L Ak
BEIRNBE ST o DRHARR (0 S P AAE JRR P, LA S g
B ARBA I HE T2, Rt TR R SR IE
TEHESN Z2 AT AL H AR T o

2 BioMEMS EEZ a7 MHAIER AR
BRES

21 NARHNBRINSFARZE G

TEEE“ARIGY7 )T, BioMEMS ELA R FH AU 45 4=
AV 2 ZHUR A F SRS % T AR AT 48 551
M, A S AR B O B AR
HEBUE ML) . T RIGTT MR 2T
T, T 58 UAE Gt B 2 T BT TC Ik A S Wi 24T 55
(& 50°2) . BioMEMS H A W58 A W By 7 &
JETFRE— A T S, ARG v s 2 AR A R
PR HE

2R 2Rl

“

W7

petlia
Flide

SR By — A

iol Tube \
Actuation Wire
Four FBG Fibers
Wire Constraining

Structure Nitinol Tube

K5 AW SN A S T ARA P BOR B K e 3

Fig. 5 Development trend of micro-nano sensing and surgical treatment technology in the field of BloMEMS

24 | HilERHE Science and Technology Foresight



BioMEMS f{3& T AE W BT S HE B 22 K i
PLSCHLAS PO 1 B2 TR IRAE . 8 B RIRIERR G
AN HE 3 SR WIS T R A L IR 1Y) R B
R FARIATA . BT LT BB 48
RT3, DA KA 20 I AT 1) B 20
M HLAE ANCV%E . Bl BioMEMS £ A i A b &
&, B4 pN YU BB e e B AR C s B4
P4 AR, St A% G Y R T 1A AR
HAF-HETE MK, 2 A K

i ik MEMS $ A il 25 24 B2 2 D) Re O st 7
ARG T B2 2 AR B A0 O . SE RS
P T A7 BE AT A DA 48 17 0 22 K i BIK ) 342 2
OLERA, SEELT 4/ A ATFAREAE. Jb
R EF 5 A BRI 2 18 1 &2 2% 1 vy FH 37 5 % Bk
AT A% 003 1 M R E 2 FE R R 22K, it 2201
ZIK B RIS B ES G, F T 2 K A T HL A%
N, SEITAEY R . AN R A
DIt o REER 25T A1 BRI 58 80 Ty fig ke 2K i
SEYALIG I, B RS MBI T A S
2 A - DY 5% A 0 A8 o W A T R A
i, MR THIRBFFEARZ &M, 2R T
INBEEZS (6], ANARSL . AN T E D BE
H— ZZHURAXELUE REE L, i i MEMS
B AR £ R 5 BN~ A 2 D RE L& 1 1L
PATESC IR BioMEMS iR 72 T4 o R MRS
2.2 B FEEMCREAREROHT

Tl A 240 Fi, 2 LA 0 e — o T 7
it B3 A R P B AR, R H S A A MR L A

- Acoustic
N Streaming
Flow

'-\Le\ itated
Acoustic Particle

Vortex

(a) ABRAATE AT

(a) Low-frequency acoustic

streaming device with sharp angles acoustic tweezer device based
on bulk acoustic wave field

(b) Myl

ORI o S AR A S TR, Al
IR AR NLET, AT SR VF R0 T WTDNA . RNA
i HRHE AL o X POTIERS TN L | 24
Yyich 15 b YL OT T B B P, et
FLZS PR R s R T AT A B2 e 4 i P 2 AL A
Yyt B R T ATk BEDA 2 R 2 s k4
ZAOU, AT BN X e U R RS E L Rk
ISEER TR T T-B o

3 BioMEMS Mz Mgl EREAR

EESDHh
31 ERfEREAR

e (Acoustofluidics) FiRZE—M4EE T
FEEE GO A FR B B0 5250 % (Lab on a
Chip) HPFFARS, FERMEAR -, —JrTm, il
A B A O A I B S B A TR R BRI B
EREY . £ MEMAEYHL, F—
JrTE, ANE 6PN N, R R R R T DL B
(Acoustic Tweezers) ACE MR =T ERI AT,
3 Ao A I 2 TP X TR E B A TR A AR
FEON AR AW AR AR S T B T B
HI R SE AR B 7 2 I aF 4348 Xu A1 BRE42
R AR T &, R OO A SR R I
R T i A0 P 2 e o R NG S S5 K . BRICDASR,
VG 2 52 30 R 2 o A% 3 S0 Jre s 1R AR A AR U A
AT DASE B A IR G o R B B - 4 v
SR BR U L (0 A A N BRI T, R TR
P SRS T = S A R

(b) Three-dimensional vortex (c) Digital acoustic tweezer
device based on surface

(d) RIS PR T e
(d) Dual-symmetric coherent
acoustic tweezer device based

acoustic wave on surface acoustic wave

K6  ZRA R TAR BB s e i

Fig. 6 Acoustofluidic devices with different working principles

RiIERHY% Science and Technology Foresight | 25



IR GIRF

Review and Commentary

FE L O an b, e R BB Y 2 R
U 7P B A A R 4 P 2 T A A R, 6
FE] B 22 40 K 2F Guo H B 7R A 2 B 50 41 i 2
AURERE AR, w] P ] SE HOTEA R ST i, T
N 8 25 X B IR T B9 S BT VA T RN . Collins
SRR Y R gD R o B, R AT I S ] Y
ki HE IR A5 T S I 7 L s Pan SRR HE B XU
Xof FR T AL B, DU R A e A 18] A4 AF 67 5 R
(B i e 2 W OB R S A s EEN, PR
FL R R 2 22 AU A A 2 i e, T
SEFIHZ A he s i B AR, SE AT S Ak
IRER AR S PR D)4, AT S, R I AL
AR ZE, E N AP 258 R E R
BERINSEHFBARBFEBE . B o K22 AR R
Wi BT 5 PR SSEACT I 2 555K, EAE 75 2 5 A
BAESREIETE T, S AL B AR BL
3.2 SRR RARARKEL T

TP RGO HOR S RE
BRGSO L R S, 8 R P il i
REEIRI RS ADE2E B8R, SR . 2
BT OhRE. WA 7R, SeiiEtln 25
FEZAGIA ) IZ N, FEAE Y B 2R s
T DNA/RNA Kl | 25 153047 . AHARAIF S FI2 ) i

100 pm
rEE==——

b 1%

HPLE RS

SPR: Surface Plasmon Resonance, #[fii %5 & AR .
K7 S LR RGA% OEAR S DIRE4LK
Fig. 7 Core technology and function components of

optofluidic micro-electro-mechanical systems

T o A5 R DRI AGHIN T3 8 AR BRH I T 53 BT SR e
RN H] o FEPREE M INS, SGI AL R 58] 1
TARRMK T | 2 SBTEA SEAE R S Y =
FR AR R T R R PR ] o =
GIEe e S/ NIB WAL (SIS ROE T G
IINNEE S s NG 3 A A DO B N
(Optoelectronic Tweezers, OET) RIEHlf AL, iH
TR B0 T 2P IR S (ks e S 0T 20 i 55 22 b — 4
R HEATRGERE S (89, Tl A ™ A
(b)
LED ( White Light)

Dark Field
Oil Condenser

BS:Beam Splitter, 43 % # ; SPF : Spatial Filter, %% [i] € Il #¥ ; TL : Transfer Lens, 541155t ; CMOS : Complementary Metal-Oxide-Semiconductor , F. b4 J& (L4

A

B8 i b e r s

Fig. 8 Optical manipulation in microfluidics

26 | HilERHE Science and Technology Foresight



PR PGB E R, YOI E 4 T DNA
IhBEAL I 4 99 K B0k . CRISPR A5G 4K (1 ) DNA
. BB RF AT AE L — RPN LI UE T
A WTBOR A () USRI RE T

VER— DR, EWNIMEGRERE AR K
JE b KA F IR —ABrBr, ARk MEMS
RGN T A o A A sk AR £
F R 0 3 T RV e R g, R DASE B S
RGBT, S5 G 2R AR Cands ks
R ARG ), v DL R 5 2R G0 A0 ARG RS A
AEEME . T M TR A E R
W BIZ TR RSB F E -

4 REEHEEREIN
41 FKKiEH

i 1 X BioMEMS ¥ K 114 #H 56 4050 11 72 4t 41
Br, TLLE 2] BioMEMS HEARFEREE Bt AL . B T
2 HI A AR PR R R, HAEARSR LR
HS R BB LRSI .

1) KB AW AE BioMEMS H & 15 8 Z4E

YUK AR FI AR G540 A AR M 0T, W 3R T
FRURIEE R0, LA A= U G 7 v By
BRI T o KA RS T LA, R b 2 5 A 9 A
1) D ARRE FRE S, R AL A8 A AT DL RS 1
PR AR INIZTT o BEE DURER AL
BioMEMS 15 #4515 5T I s s 2 Dy ek .

2) A IR AT BioMEMS B4 TNt %

BE & MORRL 2= R B EOR 19325, AT 2R dR
FORRE A BE R BENS ST M e S8k, Il |
M. MBS, IR RE R, 3O R KR
A N AgE BREAE H R TR 1K P i, e
FORME R WG A T 2T ) RS2
N, JF FLm s /NELE | R RE AL AL & R
171 22 M L2 1 % RN it — 254 8l BioMEMS (14 )i
Mo P8 a] DL NIRRT G, 32
PETE S (AR . AL R R HL T R R mT LA
RS A S, AT R R R B e
YRR A& S, Aok, v TR AR

AT A Z DIRE, R R N K

3) NTARE . KEAEB AN 5 BioMEMS %%
e

N TR RESE AT LU 24 1 A 0 B0 vh $ B
WA MERNE R, SBER 2R 7 0
T o FEHE/ AT AT AT B 9% A D3 B A A o A
M2k, R IUBAE AR R RNR T
TALTERRE L REIE R, ek
BioMEMS & &l 155 B . LR AEHRE, DI
A WV T s A () A LS5 i S 2R 0 L2 LY 17 e A
AT B 713 T BioMEMS i 45 A9 AR PR AL fil B4
HOBEBITHEAEER, DAY . B
GURHTH A AR IR E

4) BioMEMS &£ K B4 sifb f 2 Ufigft

Aok BioMEMS 15 £ BB [R] S 30 2 Fp A= 4
TS RN AL, B S Y A T A T S
FERDI AR AT T, B B AR 0 B AR 7
T ARt BioMEMS 7= i Y A 0Ky 12 i F
i, Az 7= b Ak FLRLA AL . R AR £ Y
BioMEMS &4 #4 #E Atlidy, W FEST . 2y,
IAEE W A SR, Ay AT A 3 e R {8 ) R gt B
5. B2, BioMEMS MY % ¥ e h AL 4 BE 24 A
g A PR TR A PR AR AR 2D
4.2 KRN

1) $25 BioMEMS 453, %% Bl it 1 %o 14

H T 182 ) AL 2R G B R T A 2 B i T 40
BTN, AR RTHY S XA, AL R G
AEEHEFEE . MAHE . EYEFELZA0
B, HAZ2ERH G R EEIRRIE . filan, 73k
T A R, W B Aask A
BE2E TAR . LB, T 4522 R}, Ik, BioMEMS
MIHTI B IE 2 B AL S e 2 AN 228, K5
WA E R, MERARPEES . B E
SRR ST R 2R EE R, BRI T %4
FIUHRCR . Wik, @UE A FRH Ol e Bk R
Hr, S INAE YN R G AR L TS R L 1,
FHF S B AR 35 B, BE AT DAk f
iz, BEARBEE), TR RO RAON, f ik 2ER)

RiIERHY% Science and Technology Foresight | 27



IR GIRF

Review and Commentary

BEU, PRI AN e Sl AR el A i

2) HEZh A WP L R bR AR S IR T %R
I T4

HAT, AEY LA 5 G BOR STl 22 B i A 5%
T R A, BT RR EMAWHm I, HIHAE
N Z AR AR R AR EAR G — . 5 Z s HE Gk
Sefinl i, fhn, ET BioMEMS AR TR B4
I FARATES . DORTRIRHF AT BA & J o 1)
BORMARAEAE 22 AR R, SEARMETT FEPERE LX)
VAL . RIS, 7 Rt AR S T i 4%
A SEBRIV P, 30 5 B 280 B Y7 A 8% T AR
Rl R B2 BOAIEAE i B . H AT & 1T BOR
KRR A N TVE b, REMEF R TN
e 2 ¢ 5T o MR AR 208 T e R R IR Z e
R, #GE o T ERORPOR AR 53k, 4
ZUHRAE N, SR REH AT
PRERIE o A, PERFEURIREERRT T S ARG
TR SCRFBOR, HESNAHOCHR BRI F R BT 41

3) ¥41% BioMEMS R Z 9 #F}, 5l ik
NA G TR

AL R G H R AE Ry Ry 28 SR, A
KAKERPHE LR, NRAAEF D EAREEM
B, PRI S ARG & R, T2 A
AR, HEMIARRESL, BTSN
A BEFRWI AL Z AR, AR A
Gi—, ARTAA SRR i,
PR JEA 2 RMA R B SR O A, TGIEk MBI
FE o 7 oEslE B B, AR 2 1
TR AL 1 000 T 2 B SR, e
TR KA B F RN A . BERTIX — (),
PO ML RGEH AR g4 FE, 4% BioMEMS
HARME LT TMAARGER TR, ILRZ2RH
SRR, HES) U = B A e

5 &RiE

E N AL R AR E LR, Rt
TR — K, I ELR 2 il 4 AR 5 sl A
AT ARG, KK BioMEMS 7 i 9 B ARt A

28 | HilERHE Science and Technology Foresight

WIFEAR, AR S b AL MALELAE . BioMEMS
PR A T 6 50 A g 2 AR R A R o e )
AL FIRE A, Ok B 1) BioMEMS ™ i i AT
Yy, BRI T W2 PRI AR A,
I NZE BB TR R AR AN S B O B

SE R

[1] Hofer A M, Brown E M. Extracellular calcium sensing
and signalling[J]. Nature Reviews Molecular Cell Biol-
ogy, 2003, 4(7): 530-538.

(2] ZERpst, gk, TR, 45 S TS (R AL
PIHEIEATFE D). B4z, 2024, 43(2): 328-337.
LiSQ,Luo YL, WanJ W, et al. Aptamer-based electro-
chemical biosensing[J]. Journal of Instrumental Analy-
sis, 2024, 43(2): 328-337. (in Chinese)

[3] Gao J, Zhang H, Xiong P, et al. Application of electro-
physiological technique in toxicological study: From
manual to automated patch-clamp recording[J]. TrAC
Trends in Analytical Chemistry, 2020, 133, doi: 10.1016/
j-trac.2020.116082.

[4] Gao J, Liao C Y, Liu S J, et al. Nanotechnology: New
opportunities for the development of patch-clamps[J].
Journal of Nanobiotechnology, 2021, 19(1), doi: 10.1186/
$12951-021-00841-4.

[5] Asif M H, Fulati A, Nur O, et al. Functionalized zinc ox-
ide nanorod with ionophore-membrane coating as an in-
tracellular Ca®* selective sensor[J]. Applied Physics Let-
ters, 2009, 95(2), doi: 10. 1063/1. 3176441.

[6] Wang Y H, Huang K, Wang T Y, et al. Nanosensors
monitor intracellular GSH depletion: GSH triggers Cu(II)
for tumor imaging and inhibition[J]. Small, 2024, 20(27),
doi: 10.1002/sml1.202310300.

[7] Zhang CL, You Y R, Xie Y, et al. Salt gradient enhanced
sensitivity in nanopores for intracellular calcium ion
detection[J]. Talanta, 2024, 276, doi: 10.1016/j. talanta.
2024.126261.

[8] Wang, Yang X Z, Zhang X W, et al. Implantable intra-

cortical microelectrodes: Reviewing the present with a



(10]

[11]

[12]

[13]

[14]

focus on the future[J]. Microsystems & Nanoengineering,
2023, 9, doi: 10.1038/s41378-022-00451-6.

Liu Y Y, Xu S H, Yang Y, et al. Nanomaterial-based
microelectrode arrays for in vitro bidirectional brain-
computer interfaces: A review[J]. Microsystems & Nano-
engineering, 2023, 9, doi: 10.1038/s41378-022-00479-8.
Nazempour R, Zhang B Z, Ye Z Y, et al. Emerging appli-
cations of optical fiber-based devices for brain research[J].
Advanced Fiber Materials, 2022, 4(1): 24-42.

Wang L C, Ge C F, Wang F, et al. Dense packed drivable
optrode array for precise optical stimulation and neural
recording in multiple-brain regions[J]. ACS Sensors,
2021, 6(11): 4126-4135.

Musk E. An integrated brain-machine interface platform
with thousands of channels[J]. Journal of Medical Inter-
net Research, 2019, 21(10), doi: 10.2196/16194.

Xu Z J, Mo E, Yang G C, et al. Grid cell remapping un-
der three-dimensional object and social landmarks de-
tected by implantable microelectrode arrays for the me-
dial entorhinal cortex[J]. Microsystems & Nanoengineer-
ing, 2022, 8, doi: 10.1038/s41378-022-00436-5.

Zhang S, Song Y L, Wang M X, et al. Real-time simulta-
neous recording of electrophysiological activities and do-
pamine overflow in the deep brain nuclei of a non-human
primate with Parkinson’s disease using nano-based mi-
croelectrode arrays[J]. Microsystems & Nanoengineer-
ing, 2018, 4, doi: 10.1038/micronano.2017.70.

Rogers J A, Chen X D, Feng X. Flexible hybrid electron-
ics[J]. Advanced Materials, 2020, 32(15), doi: 10.1002/
adma.201905590.

Wang M, Luo Y, Wang T, et al. Artificial skin percep-
tion[J]. Advanced Materials (Deerfield Beach, Fla),
2021, 33(19), doi: 10.1002/adma.202003014.

Rogers J, Malliaras G, Someya T. Biomedical devices go
wild[J]. Science Advances, 2018, 4(9), doi: 10.1126/
sciadv.aav1889.

Shih B, Shah D, Li J X, et al. Electronic skins and ma-

chine learning for intelligent soft robots[J]. Science Ro-

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

botics, 2020, 5(41), doi: 10.1126/scirobotics.aaz9239.
Gonenc B, Chamani A, Handa J, et al. 3-DOF force-
sensing motorized micro-forceps for robot-assisted vitreo-
retinal surgery[J]. IEEE Sensors Journal, 2017, 17(11):
3526-3541.

Gracioso Martins A M, Wilkins M D, Ligler F S, et al.
Microphysiological system for high-throughput computer
vision measurement of microtissue contraction[J]. ACS
Sensors, 2021, 6(3): 985-994.

Shakoor A, Xie M Y, Gao W D, et al. Quality and quan-
tity control of mitochondria injection into single cells
with robot-aided micro-manipulation system[J]. IEEE
Transactions on Automation Science and Engineering,
2024, 21(3): 3396-3407.

Zhai R A, Shan G Q, Dai C S, et al. Robotic denudation of
zygotes[J]. Advanced Robotics, 2023, 37(18): 1158-1170.
Zou M Q, Liao C R, Liu S, et al. Fiber-tip polymer
clamped-beam probe for high-sensitivity nanoforce mea-
surements[J]. Light, Science & Applications, 2021, 10(1),
doi: 10.1038/s41377-021-00611-9.

Kim Y, Parada G A, Liu S D, et al. Ferromagnetic soft
continuum robots[J]. Science Robotics, 2019, 4(33), doi:
10.1126/scirobotics.aax7329.

Zhao X T, Shi Y, Pan T, et al. In situ single-cell surgery
and intracellular organelle manipulation via thermoplas-
monics combined optical trapping[J]. Nano Letters,
2022, 22(1): 402-410.

Zhang T C, Ping Z 'Y, Zuo S Y. Miniature continuum ma-
nipulator with three degrees-of-freedom force sensing for
retinal microsurgery[J]. Journal of Mechanisms and Ro-
botics, 2021, 13(4), doi: 10.1115/1.4049976.
Athanasopoulos T, Munye M M, Yafiez-Mufioz R J. Non-
integrating gene therapy vectors[J]. Hematology/Oncol-
ogy Clinics of North America, 2017, 31(5): 753-770.

Tang R, Xu Z G. Gene therapy: A double-edged sword
with great powers[J]. Molecular and Cellular Biochemis-
try, 2020, 474(1/2): 73-81.

Zong Y, Lin Y, Wei T, et al. Lipid nanoparticle (LNP)

RiIERHY% Science and Technology Foresight | 29



IR GIRF

Review and Commentary

(30]

(31]

(32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

enables mRNA delivery for cancer therapy[J]. Advanced
Materials, 2023, 35(51), doi: 10.1002/adma.202303261.
Chang L Q, Gallego-Perez D, Chiang C L, et al. Control-
lable large-scale transfection of primary mammalian car-
diomyocytes on a nanochannel array platform[J]. Small,
2016, 12(43): 5971-5980.

Mir L M. Electroporation-based gene therapy: Recent
evolution in the mechanism description and technology
developments[J]. Methods in Molecular Biology, 2014,
1121: 3-23.

Teo Y H, Yap J H, An H, et al. Enhancing the MEP co-
ordination process with BIM technology and manage-
ment strategies[J]. Sensors, 2022, 22(13), doi: 10.3390/
$22134936.

Beebe D J, Mensing G A, Walker G M. Physics and ap-
plications of microfluidics in biology[J]. Annual Review
of Biomedical Engineering, 2002, 4: 261-286.

Grate J, Martin S J, White R. Acoustic wave microsen-
sors PART II[J]. Analytical Chemistry, 1993, 65(21):
doi: 10.1021/AC00070A717.

Friend J, Yeo L Y. Microscale acoustofluidics: Microflu-
idics driven via acoustics and ultrasonics[J]. Reviews of
Modern Physics, 2011, 83(2): 647-704.

Ding X Y, Li P, Lin S C S, et al. Surface acoustic wave
microfluidics[J]. Lab on a Chip, 2013, 13(18): 3626-3649.
Lenshof A, Evander M, Laurell T, et al. Acoustofluidics
5: Building microfluidic acoustic resonators[J]. Lab on a
Chip, 2012, 12(4): 684-695.

Zhang CY, Guo X F, Royon L, et al. Acoustic streaming
generated by sharp edges: The coupled influences of lig-
uid viscosity and acoustic frequency[J]. Micromachines,
2020, 11(6), doi: 10.3390/mi11060607.

Gao Y, Wu M R, Luan Q Y, et al. Acoustic bubble for
spheroid trapping, rotation, and culture: A tumor-on-a-
chip platform (ABSTRACT platform)[J]. Lab on a Chip,
2022, 22(4): 805-813.

Li J F, Crivoi A, Peng X Y, et al. Three dimensional

30 | HilEFHE Science and Technology Foresight

[42]

[45]

[46]

[49]

acoustic tweezers with vortex streaming[J]. Communica-
tions Physics, 2021, 4, doi: 10.1038/s42005-021-00617-0.
Yang Y, Yang Y Z, Liu DY, et al. In-vivo programmable
acoustic manipulation of genetically engineered bacte-
ria[J]. Nature Communications, 2023, 14, doi: 10.1038/
s41467-023-38814-w.

Huang Y Q, Das P K, Bhethanabotla V R. Surface acous-
tic waves in biosensing applications[J]. Sensors and Ac-
tuators Reports, 2021, 3, doi: 10.1016/j.snr.2021.100041.
Wu Z H, Ao Z, Cai HW, et al. Acoustofluidic assembly
of primary tumor-derived organotypic cell clusters for
rapid evaluation of cancer immunotherapy[J]. Journal of
Nanobiotechnology, 2023, 21(1), doi: 10.1186/s12951-
023-01786-6.

Sui MY, Dong HJ, Mu G, et al. Droplet transportation
by adjusting the temporal phase shift of surface acoustic
waves in the exciter-exciter mode[J]. Lab on a Chip,
2022, 22(18): 3402-3411.

Collins D J, Devendran C, Ma Z C, et al. Acoustic
tweezers via sub-time-of-flight regime surface acoustic
waves[J]. Science Advances, 2016, 2(7), doi: 10.1126/
sciadv.1600089.

Pan HM, Mei D Q, Xu CY, et al. Bisymmetric coherent
acoustic tweezers based on modulation of surface acoustic
waves for dynamic and reconfigurable cluster manipula-
tion of particles and cells[J]. Lab on a Chip, 2023, 23(2):
215-228.

Qin X M, Wei X Y, Li L, et al. Acoustic valves in micro-
fluidic channels for droplet manipulation[J]. Lab on a
Chip, 2021, 21(16): 3165-3173.

Zhang S L, Elsayed M, Peng R, et al. Reconfigurable
multi-component micromachines driven by optoelec-
tronic tweezers[J]. Nature Communications, 2021, 12(1),
doi: 10.1038/s41467-021-25582-8.

LiY C, Liu X S, Li BJ. Single-cell biomagnifier for op-
tical nanoscopes and nanotweezers[J]. Light: Science &

Applications, 2019, 8, doi: 10.1038/s41377-019-0168-4.



Current Development Status and Prospects of BloMEMS Technology in China

ZHANG Chuanyu', CAI Xinxia’, CHANG Linggian’, CHEN lJian®>, LI Tianliang*, LIU Jingquan’, GAO Weizhuo', HU Fei',
QIN Xianming®, WU Dezhi’, XU Hongcheng', ZHANG Shuailong®, WEI Xueyong"’"

. School of Instrument Science and Technology, Xi’an Jiaotong University, Xi’an 710049, China

. Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing 100094, China

. School of Biological Science and Medical Engineering, Beihang University, Beijing 100191, China

. School of Mechanical and Electronic Engineering, Wuhan University of Technology, Wuhan 430070, China

. Department of Micro/Nano Electronics, Shanghai Jiao Tong University, Shanghai 200240, China

. School of Mechano-Electronic Engineering, Xidian University, Xi’an 710071, China

. Department of Mechanical and Electrical Engineering, Xiamen University, Xiamen 361005, China

©® N N L B W =

. School of Integrated Circuits and Electronics, Beijing Institute of Technology, Beijing 100081, China

Abstract Biomedical micro-electro-mechanical system (BioMEMS) is a cutting-edge technology that integrates multiple disci-
plines such as biology, mechanics, electronics, physics, chemistry, and information science, and its research and application have
greatly promoted the progress of biomedical technology. BioMEMS has the potential for achieving low-cost industrialization, and it
has become a field attracting major technological powers around the world for their further development. This paper systematically
summarized the cutting-edge progress and current development status of BioMEMS in China and abroad in fields in terms of biologi-
cal detection, medical treatment, and micro-nano manipulation. In general, China takes the lead in this field, achieving remarkable
accomplishments in material development and technology application. However, there are also some development problems and
bottlenecks. For example, the current scientific research funding and student training system needs to be optimized to cater to the in-
terdisciplinary nature of BioMEMS technology. This paper specifically outlines the future development trends and policy recom-
mendations in this field, aiming to provide a reference for the subsequent development of BloMEMS technology in China.

Keywords BioMEMS technology; current development status; future trends; policy recommendations
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