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Study on Plating Thick Nickel on Silicon Carbide Surface

LI Qiang', LEI Cheng", LIANG Ting', LI Yongwei'?, ZHOU Xingjian'
(1. State Key Laboratory of Dynamic Measurement Technology, North University of China, Taiyuan
030051, China; 2. Department of Automation, Taiyuan Institute of Technology, Taiyuan 030051,
China)

Abstract: In order to explore the process conditions of thick nickel mask during deep etching of silicon
carbide, according to the principle of electroplating, an orthogonal experiment was designed with
plating solution pH, current density and bath temperature as the influencing factors. The influence of
different levels of each factor on the experimental results was studied by comprehensive balance
analysis of the two indexes of plating rate and plating uniformity. Step meter and confocal laser microscope
were used to characterize the electroplating rate, coating uniformity and surface morphology. The results
showed that the current density was the key factor affecting the electroplating rate, and the pH of the
bath mainly affected the uniformity of the coating. The optimal electroplating conditions were pH of
3.0-3.5, current density of 20 mA-cm” and temperature of 55 °C. This process had the advantages of
low cost, high plating speed and good uniformity, and could be used to prepare deep etched silicon carbide
mask, which provided a key process support for the processing of silicon carbide-based pressure sensor.
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Fig.1 Diagram of process flow

1.2 EXRXEEIT

TEFLREER T2, S0 F B T R R B S 1 5] 1k
MINREZ , R pH R | FL R L
PEM AT U U SE ST . A S E S pH(4) (R
W (B) BERGERE (O fE N IEASIR S =,
WA SCHR A K S5 2 5, pH MR R 3.0~5.0, 1
JE 2 35~55 °C, HLIL % & 10~50 mA-em®, 7E
S PR AT PR AR TP L I I 30 mA-em® 2y
R LGV YIRS, A MM A A 3 BTN 1508 =S K F- 2%
R BA AR A 45 O] DIRRARSE 0 2 A0,
BANR =AACEAFIEZL A, PR T 2 EA
HEKFERIME 1R

1 T HERA AL 2R M SE R 2 2R DR I [
oA 2850, $E W 2 B R < 250 g/L NiSO, .40 g/L
NiCl,.35 g/L #llfi% . 0.8 g/L Biks Al 1 mL/L 2-2 32
FERRAREN . S LB JZ A Fi B R S B R A S
NOCACSERR , R 5 B0 8 2= 1 22 v BE O
RATBA[R] L B 25 1F T A0 F Bl R S B R B 5T 1
FHh  RIHBOCI IR A8 B GO 9 2 R e S vt A7
FAIE.

F1 FERIZEZERKFESR
Tab.1 Orthogonal factor level table of nickel

plating process

EEY S A B/(mA-cm™) crc
1 3.0 15 35
2 4.0 20 45
3 5.0 25 55
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Tab.2 Results of electroplating rate and uniformity under different processes
W# | 4 | BAmA-cm?®) |C,C| HHEHEAE/ (nm'min™) | T RPEZIEE /um | Fo/MEZIRE/um | H514/%
1 (3.0 15 35 260 252 22.1 6.5
2 13.0 20 45 320 24.3 20.2 9.2
3 13.0 25 55 390 21.1 17.1 10.5
4 4.0 15 45 220 24.5 21.3 6.9
5 |40 20 55 280 229 17.9 12.3
6 |4.0 25 35 340 23.5 17.2 15.4
7 |5.0 15 55 241 20.7 15.9 13.2
8 |5.0 20 45 272 252 17.6 17.8
9 |5.0 25 35 309 26.1 18.1 18.1
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Ta.3 Analysis of variance of main effect of electroplating rate under different processes

i T RS- 5 i A ¥y F WEMM R
AR 21844.133 6 3640.689 14.918 0.064
i 769713.778 1 769713.778 3153.99 0.000
A 4347.556 2 2173.778 8.907 0.101
B 15361.689 2 7680.844 31.473 0.031
C 628.356 2 314.178 1.287 0.437
W2 488.089 2 244.044 — —
Bt 792046.000 9 — — —
e IE &t 22332.222 8 — — —
x4 RAEIZTHAMTHRNAEDNN 22 ITZEA#HMIGERZMBMES

Tab.4 Analysis of variance of main effects of homogeneity

under different processes
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e 1342.001 | 1 | 1342.001 | 753.181 | 0.001
A 89.469 2 44734 | 25.107 | 0.038
B 50.454 2 25227 | 14.158 | 0.066
C 2.841 2 3.420 0.797 | 0.556
2 3.564 2 1.782 — —
Bat 1491.890 | 9 — — —
KEESTE | 149.889 8 — — —
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Tab.5 Table of analysis of extreme differences
s %%Efjffﬂ@ M T %
A B C A B C
K, | 323.333 | 240.333 | 282.533 | 8.733 | 8.867 | 13.207
K, |280.000 | 287.800 | 291.133 | 11.533 | 13.693 | 11.427
K, | 274.000 | 349.200 | 303.667 | 16.367 | 14.073 | 12.000
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Fig.2 Effect of pH on electroplating rate and uniformity
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(a) pH=3.0 (b) pH=5.0
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Fig.3 Effect of pH on the morphology of coating
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Fig.4 Effect of current density on plating rate

and uniformity

(b) 25 mA-em™
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Fig.5 Effect of current density on coating morphology

(a) 15 mA-cm™

223 EiRIBEEX WL RN

VR IGLFRE XoT L R R R R A S 1) i
W6 T . S5, F 55 o e bl 5 9% VUi B T
f NP, B R EE A 55 °C R H 8 1 Rt vy, 24
4303 nm/min, 3% & F T L8 )RR VB B SR R T
SN AR ARG, TR A T R 2 Ak 2 SOz, A



2022 42 H

LR R

44 35 4 2 WA 347 1) - 55 .

PR R R O A R I S R E IR R I T e o
W/NFRGENS I, TE 45 °CRER R /N, A 11.5 %,
5555 CCIHAI 228/, 250.5 %, AN, X AN [RIRLE 4%
T B9 2 R B SR TS 534, an &l 7 B, vl
DA 2R 3L FE X 9 )22 3 TR S i 5/, IO T
H B 2o A R S0 ) Oy R B, PRI T B
W NI Ay A 34 5], — e R Lk S T RR A B BT AL
MBI A SR 75 I8 TESE bR F 4 o 2 v ok
W BE 45 T 55 °C,

305 | 1-BfEEE
=35 " 13
56 2 J14
A /
- o
= 15y
£ =
i:Z‘J; r I-
g o 12
— o
Py =
fit-200 | u®
k=4 10
Hoss
J9
[ ]
280 L 1 8
30 a0 50 60
RE/C

El6 iREXEGEREEMNY SRR
Fig.6 Effect of temperature on plating rate and

uniformity
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Fig.7 Effect of temperature on coating morphology

(a) 35°C
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