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ode (color on line)

B BRI AR, B BHB =[] ) H 343 A 45
DA EUA R

Ve=2¢4+9¢,9¢ 9 (1)

0x dy 0z

w2 R AT PR AL 25 6 F AR TR 5 0 R B BHA ) L
. V KyLaplacefd ¥,

H i A, R n R R RN S
CEE NS (1 Ny

J=oVe. (2)
K o RRIE IR T3, Fom B XA Y
LI, o, 288 LI X (LA L A, TEHTES
FEFE R I T R s e A, BERA
T F AR AR Y L S I ) B R R O R
ARSI AR P — R AA R A o A AR
PR 2 AT AR A S L A fin 1 s 1y 4 Jox
[ Jo i G0 R,

m=1 (3)

U, moe 25 B 4 Ja 14 o 5 Q il e A Al 14 R i
MO AR SRR TR O B R s
s FRTERIEE R

KRR B AW A FRAR R

m=HSp 4)
HRAE (3)F(4) 2, AT DAt A0y

_ M _ Mt _

H‘;EF_ZF_K] (5)

A HORZIPR R ; SR I T IR p ol KiBR 4
JE B s DA VLS B L s O B R

A5 R R ) o ) TR 3 H 5 L i
TR HL S L AR LU o DRI, A S S v A T
TSI, R R R B B A 2 5
P,



.- 660 - W,

5 2021 4f

Cathode

Electrolyte

Anode

N

Mask

B2 [ IR L A I T A — AR5 AY (28R )
Figure 2 Two-dimensional simplified geometric model of
TMEMM with fixed cathode (color on line)
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Figure 3 Two-dimensional simplified geometric model of
TMEMM with moving cathode (color on line)
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Figure 4 Current density nephogram of TMEMM with fixed

cathode in simulation (color on line)
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Table 1 Numerical simulation results of microgroove depth

Cathode mode Depth of microgroove H (pum) Nonuniformity
Moving cathode 50.0 40.2 38.4 40.6 50.8 34.1%
Fixed cathode 52.7 39.6 36.8 39.6 52.8 47.3%
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Figure 15 Fabrication process of TMEMM with moving cathode (color on line)
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Table 2 Experimental conditions and process parameters of TMEMM

Experimental condition A B C D
Etching substrate SUS304 SUS304 SUS304 SUS304
Width of mask microgroove 100 pm 100 pm 100 pm 100 pm
Microgroove center distance 500 pm 500 pm 500 pm 500 pm
Electrolyte component 10wt.% NaCl 10wt.% NaCl 10wt.% NaCl 10wt.% NaCl
Total etching current 3A 3A 3A 3A
Etching time 60 s 60s 60 s 60 s
Movement speed 5mm-s’ 5mm-s’ variable 0
Mobile distance 1 cm 1 cm 1 cm 0
Electrode width 200 pm variable 200 pm 4 mm
Distance between plates variable 1.3 mm 1.3 mm 1.3 mm
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Figure 16 Images of microgroove array. (A) TMEMM with fixed cathode; (B) TMEMM with moving cathode (color on line)

(2]
[e)

120+ A —=— Nonuniformity in simulation B —o— Nonuniformity in simulation
—=— Nonuniformity in experiment 70+ —o— Nonuniformity in experiment
X100¢ S 60+
S ) °
E g
< 60 40
g S anl
g a0l g 30
Z. Z 20+
W o o]
0 Y I T e
0 2 4 6 8 10 00 02 04 06 08 10 12
Distance between eletrodes/mm Electrode width/mm
70
C —=— Nonuniformity in simulation
60+ —4— Nonuniformity in experiment
NN
E‘ 50t A
£ 40} )
]
g 30} i
=)
S 20t
Z
10} —
0 . . .
0 1 2 3 4 5 6

Cathode velocity/(mm-s™)

E17 20k Ve R AN 5 B S 5 0 ELAE RN LU« (A) AR ] FE SN S OG5 (B) IR TE 1 5 R S G 2R 5 (C) B8 i
JEGAEERFR, (MAERORZR)

Figure 17 Comparison results of microgroove nonuniformity between experiment and simulation. (A) Relationship between elec-
trode spacing and nonuniformity; (B) Relationship between electrode width and nonuniformity; (C) Relationship between cathode

velocity and nonuniformity. (color on line)
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Figure 18 Experimental results of anode polarization curves

with and without moving cathode (color on line)
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Figure 20 Cross section profiles of micro grooves with dif-
ferent cathode modes. (A) TMEMM with fixed cathode, (B)
TMEMM with moving cathode. (color on line)

R3 Zh SRV R L R XL
Table 3 Comparison of microgroove depth in TMEMM experiment

Cathode mode Depth of microgroove H (pm) Nonuniformity
Moving cathode 417 398 357 355 352 367 378 387 396 18.4%
Fixed cathode 39.9 26.3 253 26.7 25.2 27.7 31.2 355 38.1 58.3%
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Study on the Uniformity of Microgrooves in Through-Mask
Electrochemical Micromachining with Moving Cathode
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Abstract: As a typical surface texture, microgrooves have broad prospects in the fields of mechanical engineering,
bio-medicine, new energy and efficient heat dissipation of electronic products. Through-mask electrochemical micromachining
(TMEMM) is widely used in the fabrication of micro-structures because of high processing efficiency and no residual stress. How-
ever, due to the edge effect of current distribution, there is often a serious dimension discrepancy problem in electrochemical ma-
chining of micro-structures. In order to weaken the influence of edge effect on the uniformity of micro grooves, the method that
TMEMM with a moving cathode is presented. The current distribution in the electrochemical machining is constantly changed by
the movement of the cathode. Thus, the uniformity of the micro-structure is improved. The method is studied through the combina-
tion of simulation and experimental verification. Firstly, the electrochemical machining process of TMEMM was analyzed theoreti-
cally. The theoretical analysis results show that the depth of electrolytic etching is proportional to the current density of electrolytic
machining. To change the uniformity of the electrochemical machining, the most important thing is to improve the uniformity of the
current distribution. On this theoretical basis, the current distribution and anodic contour of microgroove array during TMEMM are
simulated by using the COMSOL finite element analysis software. The simulation results indicate that, compared with the conven-
tional TMEMM, the TMEMM with moving cathode can obtain the microgrooves array with more uniform size. Secondly, on the
basis of numerical simulation, the TMEMM experiment was carried out. The experimental results indicate that the TMEMM
method of moving cathode can effectively improve the size uniformity of microgroove array. It can be observed by microscope that
the microgroove array obtained by TMEMM with a moving cathode had good structural morphology and higher uniformity. Com-
pared with conventional TMEMM, the uniformity of TMEMM with moving cathode has been improved by 68.3%. At the same
time, under different experimental conditions, the trend of unevenness of microgroove array was calculated. With the increase of the
distance between the cathode and anode, the microgroove depth heterogeneity showed a tendency of first decreasing and then in-
creasing, when the distance between anode and cathode is about 1.3 mm, the unevenness of microgroove array reaches the mini-
mum point. With the increases of cathode width and cathode speed, the depth inhomogeneities of microgroove increase and de-
crease gradually, respectively. The simulation results are basically consistent with the experimental results. It can be seen that the

TMEMM with the moving cathode method can greatly improve the size uniformity.

Key words: moving cathode; microgroove structure; through-mask electrochemical micromachining; etching uniformity
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