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Abstract

Interdigital microelectrodes can be used for a variety of miniaturized sensors’ due to the tiny
electrode spacing structure. For the traditional analysis, including chromatography, spectroscopy,
mass spectrometry and so on, most of these methods require expensive instruments and a variety
of operating procedures, so many practical problems are still difficult. The development of high
sensitivity, low cost, miniaturized sensors is particularly important. In this paper, the research
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progress of interdigitated microelectrodes is reviewed; especially, the application of interdigi-
tated microelectrodes based sensors in various fields is emphasized.
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Figure 1. (a) Schematic diagram of interdigital microelectrode structure; (b) physical
diagram of interdigital microelectrode
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Figure 2. Several common interdigital microelectrode structures
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Figure 3. Helical interdigital microelectrode and concentric interdigital
microelectrode
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Figure 4. Interdigital gold microelectrodes with
different gap sizes and geometries
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Figure 5. (a) optical micrograph of a multifunctional multi electrode neural chip composed of
40 electrical recording points, 8 interdigital microelectrodes and 4 grounding ports; (b) an en-
larged top view of the central part of the chip; (c) an enlarged view of the integrated circuit
containing the gold generator and platinum collector interdigital microelectrode
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Figure 6. (a) Schematic diagram of interdigital microelectrode; (b) photo of MDCK
cells growing on the microelectrode plate
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Figure 7. (a) Ring interdigital electrode based on PDMS; (b) Microscopic image of impedance measurement chip
& 7. (a) ET PDMS FIIEXIEREMR; (b) FIMNETFHNEMEK
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Figure 8. Biosensor chip for detecting biofilm formation process. (a) Schematic
diagram of biofilm impedance detection system; (b) physical diagram of bio
sensing chip
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Figure 9. Schematic diagram of interdigital microelectrode chlorpyrifos sensor

B 9. XiEMERSEEME AR TEE

DOI: 10.12677/aac.2021.111003 35 TR


https://doi.org/10.12677/aac.2021.111003

3.2.2. EREN

PUFR KPR — M d i =, AMUHT & &S sm i fia Ty, & A REAKR
EH .. AR, SefglEHn SR stk &, KhRZHd MRS GF. i, 2
INT T T VU 28 A R 2 SO R 1, JF LR E R S . AR 38 nT LUOd i ] A6 B bR
BE L] SR BRI b 732, B TP m S A R U, RO BT R — R BRI B A
o T AR TR, B T BRI E A AR R T - 7 IR IS AR RS, B T DU R R A 18]
K4k ATO-CS I 2 E R AR R THT, 2854 DU R 2 0&E IR B IR BN L, 1] 8% B I AR I o 45 SRR,
TFERBEREYI 51 BN K ATOs, 81 H 242 [ b [ 52 7E A R R T - K482k ATOs 5\ FE RIS v] LLA 2Uig ik
TR RS RS, SRR N . A B R AR ] & AR 1 i A 22 ke . IR RS, &
SRR T dhAh, 1A B ORI R T2 A b DU PR 22 A . B0 A B R B 2 BRI IR
CWAE I TH.

3.2.3. FHERERAYAM

TR ™ B S IR BRI AT AR o Bl AR, /KIS YRt ™ . IR 2R K R LTS
Pz — KRR £ A B2 S RUKIR S B 740 . RS ER 25 (138 JR 7= 1t 7] g 5 80™ 5 19 N EH5% 191
PRI, S 7 B b K o R A R A T RN A e R R T, e K R R TR R AR U B b
S 5 TR SV UK K IO RS R 3L A A SGE 11 Z 50Tt .

VFZ RIS R 26 10 7515201, Blaneiar. ik, BN ik AL 2E ik, BARE AT LLSEBLAR
A B R R RS ER AR IS, (H AR IR @ 5r . BRIER IR, A0 = Ah oy VAR DU A I 5 T A7 AR AR
Z R . A ZE IR AR S T B R, BUNER% & S TiE, Sl Eshi. Kk, #ik
2T UL S R £ R AR A AT T s o ARG K A A A TR RAS M ) SR AR S s T
PEK R TRAR B IR FE A DU [21] T S & & B AL IR &, AURI &g Kb 1 B R F 3G n 7 1%
R R TR, e TR B T AP MK R R R B A DU I R AR M. R MK IR SR R R
AR R SR R B T — PR RTAT I 7

3.3. HAthFh3et RARHIR A

AR ERES . AL AR AR A LA, Bl IR PR A, B e R U (0.10~0.17
ppm "), AR (50 ppby), PR w7 A R 2R (N T 2 min), B %8 045 TS Bl (A ppb 200 M AI7£IR),
PAK B AR A PEAT AT SE T o AMEE BRI B . B ST SR R F R (MIC) . 1B A . e R T
W i TR DL R Ak L VR AR IR AR 221 N A, AL AN R S AR AT L A T
AU, AR R AR AE HAB AT A )2 N TEASOAS PR AR A 21

4. BESRE

KRR T XAGT AR AR S A S, F3R T AR AR A SR AR AE - U O S, R 2R
RHCEA P AR, (AR AR I 7 A BRI B, SRR T AR BT A BT A A RE S LA
W, A 7B TOL. BUEMFEEEATARC IR, BAERE, W EHRIARTR IS R AR A
Ao BEE NS BEIN AR SR AW, SRR AR RS2 25, AR b A% TR £ 2% U
N2 ORIz o F AR R A AR RS ARSI h A2 B TR OR oG, CHGR AR IR . B
S VLR BRI U R S RS . B IR AR S QN T RS S b, (HE 2 BT AT S EAL T
R R BUEAETE KRB B #2RAR KB IA VF 2 i RO iy LA IRER veit, K mySeR] il &,
TEE RGBS . BB R AR IR R D, BN 2 R TR I, B 2 B A A

DOI: 10.12677/aac.2021.111003 36 TR


https://doi.org/10.12677/aac.2021.111003

AV ERETR
S5 3k

(1]

(2]
(3]

[4]

(3]

(14]

[15]

[16]
[17]

(18]

[19]
[20]
[21]

[22]

Mamishev, A.V., Sundara-Rajan, K., Yang, F.M., et al. (2004) Interdigital Sensors and Transducers. Proceedings of
the IEEE, 92, 808-845. https://doi.org/10.1109/JPROC.2004.826603

B/NK, RS, 224 FF X ARSI i R AR R B BT S e A% B Sk R [J]. 43 M ik, 2011, 39(10): 1601-1610.

Chen, T.M. and Bowler, N. (2013) Design of Interdigital Spiral and Concentric Capacitive Sensors for Materials Eval-
vation. American Institute of Physics, 1511, 1593-1600. https://doi.org/10.1063/1.4789232

A, XEHE, R4, S5 BUAARRE S AR AR O R BRI FUE )], [ PR Ee 22 TR AR S, 2006, 29(3):
161-166.

von Guggenberg, P.A. and Melcher, J.R. (1991) An Immersible Relative Saturation Moisture Sensor with Application
to Transformer Oil. Properties and Applications of Dielectric Materials, 2, 1258-1261.

Surowiai, Z., Kozielsei, L., Wodecka-Dus, B., et al. (2000) The Influence of Pb Vacancies on the Properties of
PZT-Type Ceramic Transducers. Archives of Acoustics, 25, 251-269.

ST, X158, EALZE I ARG T2 A[I]. S 0244, 2005, 26(1): 129-132.

Bustillo, J.M., Howe, R.T. and Muller, R.S. (1998) Surface Micromachining for Microelectromechanical Systems.
Proceedings of the IEEE, 86, 1552-1574. https://doi.org/10.1109/5.704260

Nunes de Carvalho, C., Lavareda, G., Fortunato, E. and Amaral, A. (2003) Properties of ITO Films Deposited by
r.f.-PERTE on Unheated Polymer Substrates—Dependence on Oxygen Partial Pressure. Thin Solid Films, 427, 215-218.
https://doi.org/10.1016/S0040-6090(02)01213-0

Chuang, M.-C., Lai, H.Y., Ho, J.A., et al. (2015) Multifunctional Microelectrode Array (mMEA) Chip for Neur-
al-Electrical and Neural-Chemical Interfaces: Characterization of Comb Interdigitated Electrode towards Dopamine
Detection. Biosensors and Bioelectronics, 41, 602-607. https://doi.org/10.1016/1.bi0s.2012.09.030

Chang, B.-H., Chen, C.-H., Ding, S.-J., et al. (2005) Impedimetric Monitoring of Cell Attachment on Interdigitated
Microelectrodes. Sensors and Actuators B: Chemical, 105, 159-163. https://doi.org/10.1016/S0925-4005(04)00414-9
Ibau, C., Md Arshad, M.K., Gopinath, S.C.B., ef al. (2019) Gold Interdigitated Triple-Microelectrodes for Label-Free
Prognosticative Aptasensing of Prostate Cancer Biomarker in Serum. Biosensors and Bioelectronics, 136, 118-127.
https://doi.org/10.1016/j.bios.2019.04.048

Hsieh, K.-M., Lan, K.-C., Hu, W.-L., et al. (2013) Glycated Hemoglobin (HbA1c) Affinity Biosensors with Ring-Shaped
Interdigital Electrodes on Impedance Measurement. Biosensors and Bioelectronics, 49, 450-456.
https://doi.org/10.1016/j.bios.2013.05.059

Liu, L.L., Xu, Y., Cui, F.Y., ef al. (2018) Monitoring of Bacteria Biofilms Forming Process by in-Situ Impedimetric
Biosensor Chip. Biosensors and Bioelectronics, 112, 86-92. https://doi.org/10.1016/j.bios.2018.04.019

Eletxigerra, U., Martinez-Perdiguero, J., Juarros, A., et al. (2012) Real-Time Label Free Impedimetric Protein Detec-

tion Using Interdigitated Gold Microelectrodes and Flow Injection Analysis. Procedia Engineering, 47, 1390-1393.
https://doi.org/10.1016/j.proeng.2012.09.416

TRHE, B, VT, & —FREET X AR ORI R AR AR R[], KD KR, 2013, 27(5): 20-23.

Cao, Y.Y., Sun, X., Guo, Y.M., et al. (2015) An Electrochemical Immunosensor Based on Interdigitated Array Micro-
electrode for the Detection of Chlorpyrifos. Bioprocess and Biosystems Engineering, 38, 307-313.
https://doi.org/10.1007/s00449-014-1269-3

Xu, Q.C., Zhang, Q.Q., Sun, X., ef al. (2016) Aptasensors Modified by Antimony tin Oxide Nanoparticle-Chitosan
Based on Interdigitated Array Microelectrodes for Tetracycline Detection. RSC Advances, 6, 17328-17355.
https://doi.org/10.1039/C5RA25922C

4L BT AERREE ORI, H A BRI TR [T]. BHRIA T, 2012(21): 69.
FH, KRS, R, & B OEERLR MR RONAEERER[T]. TP E SN HT s, 2013, 3(1): 80-82.

Zhao, S.S., Tong, J.H., Li, Y., et al. (2019) Palladium-Gold Modified Ultramicro Interdigital Array Electrode Chip for
Nitrate Detection in Neutral Water. Micromachines, 10, 223-243. https://doi.org/10.3390/mi10040223

Schubert, P.J. and Nevin, J.H. (1985) A Polyimide-Based Capacitive Humidity Sensor. /[EEE Transactions on Electron
Devices, 32, 1220-1223. https://doi.org/10.1109/T-ED.1985.22104

DOI: 10.12677/aac.2021.111003 37 it it e


https://doi.org/10.12677/aac.2021.111003
https://doi.org/10.1109/JPROC.2004.826603
https://doi.org/10.1063/1.4789232
https://doi.org/10.1109/5.704260
https://doi.org/10.1016/S0040-6090(02)01213-0
https://doi.org/10.1016/j.bios.2012.09.030
https://doi.org/10.1016/S0925-4005(04)00414-9
https://doi.org/10.1016/j.bios.2019.04.048
https://doi.org/10.1016/j.bios.2013.05.059
https://doi.org/10.1016/j.bios.2018.04.019
https://doi.org/10.1016/j.proeng.2012.09.416
https://doi.org/10.1007/s00449-014-1269-3
https://doi.org/10.1039/C5RA25922C
https://doi.org/10.3390/mi10040223
https://doi.org/10.1109/T-ED.1985.22104

	叉指微电极研究进展
	摘  要
	关键词
	Research Progress of Interdigitated Microelectrodes
	Abstract
	Keywords
	1. 引言
	2. 叉指微电极
	2.1. 叉指微电极的结构及形状
	2.2. 叉指微电极的分类
	2.3. 叉指微电极的制备

	3. 叉指微电极的应用
	3.1. 生物传感器
	3.1.1. 检测多巴胺
	3.1.2. 检测细胞
	3.1.3. 血清中前列腺癌生物标志物的检测
	3.1.4. 检测蛋白质
	3.1.5. 检测生物膜的形成

	3.2. 化学传感器
	3.2.1. 检测毒死蜱
	3.2.2. 抗生素检测
	3.2.3. 硝酸盐的检测

	3.3. 其他种类传感器的应用

	4. 总结与展望
	参考文献

