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Study on the Archimedes spiral rapid scanning method for
scanning electrochemical cell microscope
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Abstract: To address the slow imaging speed of scanning electrochemical cell microscopy (SECCM ), a new scanning method based on
Archimedean spiral is proposed. The probe height of conventional hopping mode is set by experience without any prior knowledge. To
avoid collision, the value of the hopping height is often large. Therefore, the long scanning trajectory may lead to long scanning time and
low imaging efficiency. Archimedes spiral-based pre-scanning is used to obtain the highest point of the plane. This method can effectively
reduce the hopping height of the scanning process. Then, the SECCM scanning speed is improved. Moreover, due to the continuous and
smooth trajectory of the Archimedes spiral, no impact and no sample deviation occur in the scanning process. It has the advantage of high
stability. Compared with the traditional hopping mode, experiments on imaging the metal surface show that the proposed method can
improve the scanning speed by 110% . Meanwhile, the imaging quality can be guaranteed. The proposed method is of great significance to
improve SECCM imaging speed and quality.
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Fig.2 Schematic diagram of AC scanning mode
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Fig.3 Schematic diagram of the hopping scan mode
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Fig.4 Schematic diagram of looking for the highest points
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Fig.5 Flowchart of the scanning process
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modes using different SECCM pipettes (%)
HLAE SECCM #REFI%GIT H A4/ nm
Sz S
500 800 1 000
(G EEEIT N 52 66 78
B 4 i A X 54 64 82

H1 & 2 WU, P43 4 O ik B R AR T 1 R
BB/ IS, 0 LT FE B HE DN, 3K A2 T AR TT LT/,
2 ) AR T R 2% o 32 B A B TR T (R R ), B o
A 2 R 4 IR, DT 5| RS 4040 0 i i R AR 22 . TR
— P RS R AT, BRI T 0 ) R AR T, A
IR P T E BRI T, 0 i ) 1 i 12k 7 48 o8 A%
JIE 1) [R5 8 B AN A G A4 il ol — RE A B ke e
P, HEULAM & SECCM (1 TE 5 8 58 1 AUy 3
JRy T i 43 R LA 2 e R 8 1 SR Ak ), SECCM K 5
PREF IR0 o S IR AT 5 R i 2 1T )R 0 S A6, A
TENANERUE W) J5 52 1) s 4 e Ak 2 oK TS A T
LA, SECCM "% BT 75 1) 22 o7 ( BPJE S0 1 ) & SECCM
P b2 0 i 4 A

4 % #

ARSCHE T — Tl T4 4 i A~ b R BB F) e 4
7% K BT R PR R 148 5 R R R A Al e R
ARIUREAS T e 5L, DB S AT AR R T4 4 2, D
BRI SRR DTS SR UE Tk AR 7 SR AT AT A
DB o e T7 800 1 DA R TRL AT R A 45 it ) R
XA PR B R B SE , ELTE A i R P AR AR I Bl
Telits o 5 A GEBRERA 40 A5 5 OXT He S 98 v ] DU H
PR T 4 T AR A ] (L o 5 A PR e 41 i T vk



512 FE - f S5 T A 2 it 0 A BT K PR PR 45 VR AT A 183
BT T2 110% AR KUk T E] . SC g R 5 structure dynamics within electrocatalytic materials [ J ].

R T A SCHR H 50 AR ME A R, D LB ZRFEAR
SECCM PR AR ER AL 17— Bl (g PRI S0 T7 1
SE 3k

(1]

(2]

(3]

[4]

[5]

[6]

(7]

(8]

(9]

EBEJER N, ALEIX G GUELL, LAI S C S, et al
Scanning electrochemical cell microscopy: A versatile
technique for nanoscale electrochemistry and functional
imaging [ J ]. Annual Review of Analytical Chemistry,
2013, 6(1):329-351.

EBEJER N, SCHNIPPERING M, COLBUM A W, et al.
Localized  high  resolution  electrochemistry  and
multifunctional imaging: Scanning electrochemical cell
microscopy[ J]. Analytical Chemistry, 2010, 82(22) .
9141-9145.

MOMOTENKO D, PAGE A, ADOBES-VIDAL M, et al.
Write-read 3D patterning
nanopipette[ J]. ACS Nano, 2016, 10(9) ; 8871-8878.

WILLIAMS C G, EDWARDS M A, COLLEY A L, et al.

with  a  dual-channel

Scanning micropipet contact method for high-resolution
imaging of electrode surface redox activity [ J]. Analytical
Chemistry, 2009, 81(7) : 2486-2495.

JPET, TG, M, S5 kT I d 22 D R AR A Y
SICM Fd W [ ] A AR 40, 2017, 38(9) .
2258-2265.

TENG Z Y, YU P, YANG Y, et al. Adaptive control
based on current-error compensation model for SICM[ J ].
Chinese Journal of Scientific Instrument, 2017, 38(9):
2258-2265.

WG, KAE, KiEA, . SISE T BB EE
R BT RAR AL EAT Y L) ] 7 I & 5 A 2 A,
2016, 30(9) . 1411-1417.

HUANG Q X, ZHANG R, ZHANG L SH,

et al.

Research on phase characteristic of higher-order

resonance cantilever in dynamic AFM [J]. Journal of
Electronic Measurement and Instrument, 2016, 30(9) :
1411-1417.

BENTLEY C L., EDMONDSON J, MELONI G N, et al.
Nanoscale electrochemical mapping [ J ].
Chemistry, 2018, 91(1) ; 84-108.

TAKAHASHI Y, KUMATANI A, MUNAKATA H, et al.

Analytical

Nanoscale visualization of redox activity at lithium-ion
battery cathodes [ J]. Nature Communication, 2014, 5.
5450.

BENTLEY C L, KANG M, UNWIN P R. Nanoscale

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Journal of the American Chemical Society,

139(46) : 16813-16821.
USHIKI T, NAKAJIMA M, CHOI M, et al. Scanning ion

2017,

conductance microscopy for imaging biological samples in
liquid: a comparative study with atomic force microscopy
and scanning electron microscopy [ J]. Micron, 2012,
43(12) . 1390-1398.

BENTLEY C L, KANG M, MADDAR F M,

et al.

Electrochemical maps and movies of the hydrogen
evolution reaction on natural crystals of molybdenite
(MoS, ) : basal vs. edge plane activity [ J]. Chemical
Science, 2017, 8(9) : 6583-6593.

CHEN CH, MEADOWS KE, CUHARUC A, et al. High
resolution mapping of oxygen reduction reaction kinetics
at polycrystalline platinum electrodes [ J ]. Physical
Chemistry Chemical Physics, 2014, 16 ( 34 ):
18545-18552.

ZIEGLER D, MEYER T R, AMREIN A, et al. Ideal
scan path for high-speed atomic force microscopy [ J].
IEEE/ASME Transactions on 2017,
22(1) . 381-391.

RANA M S, POTA H R, PETERSEN I R. Improvement

Mechatronics,

in the imaging performance of atomic force microscopy: A
IEEE Transactions on Automation Science
and Engineering, 2017, 14(2) . 1265-1285.

LAZENBY R A, MCKELVEY K, UNWIN P R. Hopping

survey [ J].

intermittent contact-scanning electrochemical microscopy
(HIC-SECM) ; visualizing interfacial reactions and fluxes
from surfaces to bulk solution[ J].
2013, 85(5): 2937-2944.
AR, R, TS HT=40E80E
flH RS TS BT

#, 2016, 50(7) : 83-88,139.

GUO R F, ZHUANG J, YU D H. Three-dimensional

Analytical Chemistry,
R A

[

topography ~measurement

based

quantitative  surface using

modulated-current scanning ion conductance

microscopy [ J]. Journal of Xi’an Jiaotong University,
2016, 50(7) . 83-88,139.

BENTLEY C L, KANG M, UNWIN P R. Scanning
electrochemical cell microscopy: new perspectives on
electrode processes in action [ J].

Electrochemistry, 2017, 6(1) : 23-30.
MOMOTENKO D, BYERS JC, MCKELVEY K,

Current Opinion in

et al.



184 %/ L £ ¥ R

F40E

ACS Nano,

High-speed electrochemical imaging [ J ].
2015, 9 (9) . 8942-8952.
[19] ZHUANG J, WANG Z, LI Z, et al. Smart scanning ion-

conductance  microscopy imaging technique using

horizontal fast scanning method [ J ]. Microscopy and
Microanalysis, 2018, 24(3) ;. 264-276.
[20] YE X, DING Y, DUAN Y, et al. Room-temperature

capillary-imprint  lithography ~ for ~ making  micro-

nanostructures in large areas [ J |. Journal of Vacuum
& Technology B,

Science Nanotechnology  and

Microelectronics: Materials, Processing, Measurement,

and Phenomena, 2010, 28( 1) . 138-142.
EEE N

FERE CGEAFIEHE) , 7090 T 1996 4F (1999
AF 2002 AF7E PY 2 S8 RAE ARG A A
A7, BN DY 2 S8 R 2 U TR = e
R, BRI IETT 0 0 e I B R
REMCALSE LRSI R S

E-mail; zhuangjian@ mail.xjtu.edu.cn

Zhuang Jian ( Corresponding author) received his B. Sc.
degree M. Sc. degree and Ph. D. degree all from Xi’an Jiaotong
University in 1996, 1999 and 2002, respectively. He is currently
an associate professor at Xi’ an Jiaotong University. His main
research interests include micro-nano measurement technology,

intelligent optimization algorithm and electromechanical control

system.

B WAL, 2016 4T IR AL K22 3R 27
B S AW/ L B N o T B ) R O o
SRS 1] b 148 A A 2 S BB R
il o
E-mail; xjtughl@ stu.xjtu.edu.cn
Gao Bingli received his B.Sc. degree from Shandong
Agricultural University in 2016. He is currently a M. Sc.
candidate at Xi’' an Jiaotong University. His main research
interests include scanning electrochemical cell microscopy and

electromechanical control.



