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Fig. 1. Design concept of self-powered flexible biomedical sensor: (a) Active biomedical sensors directly collect various physiological

signals and convert them into electrical signals; (b) energy-type biomedical sensors collect energy and provide energy for commer-

cial sensors.
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Fig. 2. Working mechanism of piezoelectric nanogenerator/34:

(a) Crystal model of ZnO; (b) piezoelectric potential of ZnO
nanowire; (¢) finite element analysis of piezoelectric poten-
tial of ZnO nanowires; (d) mechanism of piezoelectric nano-

generator.
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Fig. 3. Four working modes of triboelectric nanogenerator[d:
(a) Vertical contact separation mode; (b) lateral sliding
mode; (c) single-electrode mode; (d) freestanding triboelec-

tric-layer mode.

2014 4, Zheng 55 B9 511 T —FhA A 2CBE 42
YK FAIL, KRR AR BRI i Ty sl AL S
JHFRE 2 [6] , 38 3 AT 4 R BsUP I 7 A ML RE , A A
A ORISR, X — I RN T EE RN
KA HAUTEAT A BT B85 0 T AT A7k, R e,
HivE TAHAT B KB A P R A5 s 1 A 53 B 1

3.3 ETHBEMENBRIEEENES
R e TAEJRIE

TARESE [ RS 75— P LAY RE R R X, A

VRS —h AR, AT RS 4 2 R A0 20 8 Y B

SR 101, R A v 4 D PR 2 DL S AR, B A

AR BB SRR RS RET , PRy a]

178704-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 69, No. 17 (2020)

178704

AR ARG, IR 4 F7R, P el R B
TR ZE DU g R AL 4 I A FI B AR, APRHF S Y
TR 22 22 T BOM AR A e it o 2 8] T 3422
AN, B AR A E TR, NI
TR RS Ve, SRS ARV LR, ] U A
Tt 2 JEE 7 1) F) 1 e L T 1. DL A B A e
FARRE H MITEBOK B2 0, ASREW AL 1 AT Ay e o
P IRAR XA ISR BOR . RS X — A1, R
Z 1 BA LR PERER) —AER BRI A H ok 12,

Spin seebeck effect

Metallic magnet

T

. P vT

4 P ALY S v i B B
Fig. 4. Working mechanism of thermoelectric generator

based on spin Seebeck effectl4!],

TR e EL AL T ISR IR 7 A LR, EUR
XA A ALY A F DB S R e R LR AN ] 4
FL e LA LI ol JEE A R MR BV, TRV FL A r
HLIE i B AR N AR ARRE, X — BERAEAE B
TE— LRk R AR (8 B BERE rp 0 R A T 1Y
BRI R AR TR AL, YR
THI, AR T RSN IE A, AR A
3G, A= AR LT i 2. o 2 P A F L
AR S L, L ) R RE TR
AR TR, A 1) e W FHAE 9Kl A ) P A TR Al
I, B RAREE | BHRHERBHE | FA A A BR i HEfE
e v eSibh e S EE

4 BEREY AL E R Y B A

4.1 BRZHFEIERE RS

IR N — AN B AR b, WP Ilis 35
NI B BT AS A i i AR AT N AE IR 2R, RIS S ke

g RRIR . BRI P I B A <25 B AR A2 i R
rheR DL R R BRI, BB B s ik
JREURS:. E T, A R A 00 2 Nl DA 12 W ) 2
PR, PR, X B AR B2 24k 106, T R —Fh R AS K
i ] 3% 82 00 19 A A PR 7T AN 552 i e R JB i 1)
PR WM 58 2 28 SR FE L. RO, —SEmFsE R, A
PRI ) SR B AT 2R 22 gy, X sefb 2z il
AR A AR B fl RN, B0 2 AT LLS ey
SEPEN. BRI, BR T MR E 3 2 A, R AR
BRI 0 3 AT AR H

2017 4F, Liu 55 PS4 17— H 7 0 0 2 )
2 st A IR S LIRS, %G AR e R S [ 7%
HL 25 22§l %5 PVDF (85, FR2ed il fb s il pk. 3
i SRR L, XAV R R K A HL L AT LA
WPz S AU BE e B o B (55, SRR A
IR WCAR L (& 5(a))R7. 2017 4F, Xue % 16 58 53 K¢
PVDF 5 N95 #I 1 S fE—ie, HlxE T
— TR R A AR H T IR A . NARIT SRR S,
b o R AR IR B U 2y, GRS S A 2 SR F I I A
JEEF T LU i PVDF 5 () FACRE L 2500 ™ A Y
55 Rl ZE 8 R PR IOIR S . #E 50 MQ A9 FPE
T, 1% AT SRS L T I A2 e 18 Foe K D) 38 T
PLikF] 8.31 pW (I 5(b)).

B 7 X R B ) W AAS, KO S AR B A3
) M T A R R Y. 2015 4F, Wen 55 17 il
T — P T EEE YK R LI T I A s R
PG S LA S W 1 AT RS A6 T 28 456 1) L T
(11 5(c)). 1z Bl — % R BRI G K K raL AL
MM SRR RE, IR, E£ T Cos0, IS
A 5 1Y) P BHL 2 R A ST R Tk B AR AT A8 1k 1%
BT EEAE AR R LI SAAE IR R 58 mT DA D 3
10 ppm (1 ppm = 0.001%o0) A LTS, 2418
TN ARSI AU, H™ A i R 2 il A &R
Gt RS,

4.2  BIRFEERKEE R

ORERRUE AR A FMLAL ST  REMEA
SRIE R 2P 2R, H 2R o i
] B RS B SR BN g . DR 52 B AR
A BEhR G . PRI PR, JEHE O LA 0,
ESUUEA) S Uy da s L N SR AR ISR pa
PSR H A O ETS 31, SR 5 A1 O I A B Y 58
—IE BT, A BT ARG A R 2 W IR T

178704-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 17 (2020) 178704

K5 HIRSRIEIFALIEES  (a) 22 T ZRVEIR 4K & i ALAY 27 385X 1 IRl W A% 8 75 (b) 5 N95 11 B AR Al ) BAVRE FL T 2
T W AL SRS 1O, () BT BRI K i v AL ) = 2 SOTA I 0 2 i £ 1)

Fig. 5. Self-powered flexible respiratory sensor: (a) Wearable self-powered active sensor for respiration monitoring based on a flexible

piezoelectric nanogenerator?”; (b) wearable respiration sensor based on a pyroelectric nanogenerator integrated with an N95 respira-

torl%l; (c¢) blow-driven triboelectric nanogenerator as an active alcohol breath analyzer!!7.
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Fig. 6. Self-powered flexible pulse sensor: (a) Self-powered, one-stop, and multifunctional implantable triboelectric active sensor for

real-time biomedical monitoring!*’); (b) flexible self-powered ultrasensitive pulse sensor based on triboelectric effect™; (c) self-

powered ultra-flexible biosensor based on nanograting-patterned organic photovoltaics/l,
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Fig. 7. Self-powered flexible temperature sensor. (a) Self-powered temperature sensor based on a PyNGP?; (b) self-powered temper-
ature-pressure dual-parameter sensor fabricated by organic thermoelectric materials®; (c) wireless temperature sensor system based

on hybridized nanogeneratorls.
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Fig. 8. Self-powered flexible artificial sense organ: (a) Self-powered triboelectric auditory semsor for social robotics and hearing

aidsP%; (b) self-powered triboelectric tactile sensor with metallized nanofibers for wearable electronics®; (c) an artificial triboelectri-

city-brain-behavior closed loop for intelligent olfactory substitution®.
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SPECIAL TOPIC—Flexible electronics

Research progress of self-powered flexible biomedical sensors’
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Abstract

In recent years, flexible biomedical sensors have received extensive attention and achieved great
development. However, the battery life of flexible biomedical sensors is limited, which has become a bottleneck
restricting the development of flexible biomedical sensors. The concept of self-powered flexible biomedical sensor
provides an important idea for solving battery life problem. This review summarizes the research progress of
self-powered flexible biomedical sensors over the years. Besides, this review discusses several self-powered
flexible biomedical sensors based on different power generation technologies and different materials, as well as
their respective advantages and scope of application. Further, some representative research works are selected
and discussed in detail. Self-powered flexible biomedical sensors can be divided into wearable self-powered
flexible biomedical sensors and implantable self-powered flexible biomedical sensors according to their working
positions, which can be used to collect important physiological indicators such as human respiration, pulse,
temperature, etc. Finally, this paper also predicts and evaluates the future research direction of self-powered

flexible biomedical sensors.
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