Journal of Electrochemistry

Volume 28
Issue 6 Special Issue on Electronic
Electroplating (1)

2022-06-28

Application of Numerical Simulation Method in Periodic Pulse
Reverse Electroplating Through Hole

Yuan-Hang Zhang

Mao-Zhong An

MIIT Key Laboratory of Critical Materials Technology for New Energy Conversion and Storage, School of
Chemistry and Chemical Engineering, Harbin Institute of Technology, Harbin 150001, Heilongjiang, China;,
mzan@hit.edu.cn

Pei-Xia Yang
Jin-Qiu Zhang

Recommended Citation

Yuan-Hang Zhang, Mao-Zhong An, Pei-Xia Yang, Jin-Qiu Zhang. Application of Numerical Simulation
Method in Periodic Pulse Reverse Electroplating Through Hole[J]. Journal of Electrochemistry, 2022,
28(6): 2104511.

DOI: 10.13208/j.electrochem.210451

Available at: https://jelectrochem.xmu.edu.cn/journal/vol28/iss6/4

This Article is brought to you for free and open access by Journal of Electrochemistry. It has been accepted for
inclusion in Journal of Electrochemistry by an authorized editor of Journal of Electrochemistry.


https://jelectrochem.xmu.edu.cn/journal
https://jelectrochem.xmu.edu.cn/journal/vol28
https://jelectrochem.xmu.edu.cn/journal/vol28/iss6
https://jelectrochem.xmu.edu.cn/journal/vol28/iss6
https://jelectrochem.xmu.edu.cn/journal/vol28/iss6/4

LAY

’:_%J:

J. Electrochem. 2022, 28(6), 2104511 (1 of 7)

[Article]

DOI: 10.13208/j.electrochem.210451

Http://electrochem.xmu.edu.cn

BUEARI Ty R T Bl HA R o) ki FR S/ FL P R A

SRIZAR , Z 0%, 8", I IR Ak
(MR Tl R b T 54k 22 22 Bt BRS04 A7 AR AR Tl AiE B s S0 %,
HJp VT MR 150001)

ST s 5G B4R B 7 S A B U B e AL L B SR M A e (R S B LR AT B
AR TR S o 4 A WAL AT AT U B SR G O B o L B
AAERILE WA BT T A, SHR I 2 SR 57 s XA M0 1 o 94 8 4 5 B T AL S B A B
K FAR Y MR T 44T, 8 TRATAA Y. F MR | A-dm?, F R #8555 K1 14,
FORSR Ims, ER AT 301, EMEEL 1, RMESh 1, EREAK2, RESAMEI, FREREN, 5
LA b, SO LT o 0 1R R B 0 o B B AT AR B IL B R A | 9 EL R B T S B
BARAIL R E 4 0 A B At JE e o 4 6 4 LR I % H A I B

S MM AL, IR, AN RO A MR Y E R

15| &5

TEHLT = ahoh BV B R ) T R 2
FIVER, B2 5G IHRROFIR , KA e Ay
WL R T IR R, e AR I R
SR 16 7 A A S OME R O T AR
HLERR 2 BN, 2 5 2 22 14 1 S AL 11
RFEHASAN, 35 S LAY 4 R AL it A
R A

L4 1 o e ek — o Bl A A AL
LB i O 7 5 A L TURURT L L3048 i ok
oL TR A 1 B I o o R X TR 4 1 1
PR I MRS, AT 128 I S T 4 7 7
VT, IR AR 22 MR b S BSR4
LR AN ZEFR K b B RE R B34 T— A
R s R FL S T AL BT (4 R
i, AT ) T F R AL 1B 4
WETFL BB TRV L S48 i Jok ek 4 5
1 20 LAV 9 250, A RS B K e 5

725 Ll N ERAER S XSSO I [] 2t R A o)
SRR ATR T IR L I /N TR
I S ZOT LA, (BSBGS 20 T T2
oAbt 2B, BASLHG Sh I 9% 7, SR FHBUE AU
T Ak 134 i ik b rL B S B0 BT — 2 AR
PE

EE AR —FloRT 24 0B 58 07 7, XS )
A A PR o AR v ) W B 1 AR AR A BT A W
et Fel fL g A S e i A )
A8 i | WAL AR B ) 2 S R 35 2
Pyt AR i S i B T LU AT 20 A 1 A e sk
A3 R T A SR @@, COMSOL Multiphysics i
BT A BRICE o B oR i s o3 7 B 01 HAR &
2 ST BRI G 0 5, TR 58 45
T ISR AR, 38 ok AL e g AR
U5 RS R AT 530, AR/ NS, e S g
B AT 2 55 SEIR RO, AR SOl A AR (B4
753 %ok 3 £ S 1] fok o i A A RR EA T 1AL,

Cite as: Zhang Y H, An M Z, Yang P X, Zhang J Q. Application of numerical simulation method in periodic pulse reverse electro-
plating through hole. J. Electrochem., 2022, 28(6): 2104511.

W ks H 3. 2022-02-28, BT HI . 2021-04-10. * iBIAMER, Tel: (86-451)86413721, E-mail: mzan@hit.edu.cn
E R A SRFL#IE 4T H (No. 21972037) A3k i /K JE AN IR BT T 55 5256 28 (R E Toalk K2 ) 3 B (No. 2021TS07) %5 Bl



Ak () Electrochem.) 2022, 28(6), 2104511 (2 of 7)

I8 2k 1F A2 S g 1) O i X8 S B 46 ) ik b 2 850
17 T AAR, IR0 A Y 45 50 T 58 B i) i LR
OB, Ay JE B 40 v ok o el 5 5 LR AL T8 3
[,
2 X Iy
2.1 BFLEREEBE T
FETE LA SEBR RST, sy AL A i R
fai fb — 4 {5 EAREAY Qe 1 BTN, B (EAR L L
S99 1) Jk i el AR 1 2400 SRR FL DTORR AR ) 2
R —3, BUERPIBIR F2ATHE R XFRY
PR BHAR AN by BFIA (%) 38 L N 1 EE A3 55, A
WA RSB 1 PR,
22 RENERI TR BTN
EIE LB R, FLN AN AR HE 2 Fik
JEZESRE, AP YRR MG . i COMSOL
Multiphysics H Y “ £ 2 =YX HL Ui 43 1 A Nernst-
Planck i {27 4041 45 1 7R E | BE A8 W) B 47 L
HLIE RS S A TR, i o b ) B AR B PEA
4 Nernst-Planck 5% .
de.

i _y.n
dt N,

:_v.(_DiVci—ziciDi%th—kciu) (1)

Hrp, NOAE TR, o METRRE, D oIET
PHUER, 2 AR T IR, FONEIR R
B, R NBURZZZ TR, T HITIRSGRIE, ¢ i
WS, w ORI Y o

FELARE o P LT STIEL R R N

-~

Anode |

] mk
-14 T T T T
0 0.001 0.002 0.003

B 1 AERCURER (ESRURIAT)

Figure 1 Model of numerical simulation. (color on line)
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Table 1 Parameters of through hole

electrodeposition simulation

Parameter Value Units

3

Concentration of Cu*' 300 mol-m"

Diffusion coefficient of Cu** 5.5x107° m?es’!

Temperature 298 K

Reaction charge 2

Transfer coefficient 0.5

Exchange current density 0.106 A-dm?

Density of Cu 8960 kg-m?

Atomic mass of Cu 63.55 g-cm?
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Table 2 Factors and levels of orthogonal test

Factor ir, (A-dm?) Up /iy t, (ms) b/t dy d, ne n,

1 1 1:3 1 10:1 1 1 1 1

Level 2 2 1:4 10 20:1 0.8 0.8 2 2
3 3 1:5 100 30:1 0.6 0.6 3 3

R 3 IEIERTER
Table 3 Orthogonal experimental design

Test number ir, (A-dm?) Ip /iy t, (ms) Lelt, dy d, ne n,
1 1 3 1 10 1 1 1 1
2 1 3 1 20 0.8 0.8 3 3
3 1 3 1 30 0.6 0.6 2 2
4 1 4 100 10 0.8 0.6 1 2
5 1 4 100 20 0.6 1 3 1
6 1 4 100 30 1 0.8 2 3
7 1 5 10 10 0.6 0.8 1 3
8 1 5 10 20 1 0.6 3 2
9 1 5 10 30 0.8 1 2 1
10 2 3 100 10 0.6 0.8 3 2
11 2 3 100 20 1 0.6 2 1
12 2 3 100 30 0.8 1 1 3
13 2 4 10 10 1 1 3 3
14 2 4 10 20 0.8 0.8 2 2
15 2 4 10 30 0.6 0.6 1 1
16 2 5 1 10 0.8 0.6 3 1
17 2 5 1 20 0.6 1 2 3
18 2 5 1 30 1 0.8 1 2
19 3 3 10 10 0.8 0.6 2 3
20 3 3 10 20 0.6 1 1 2
21 3 3 10 30 1 0.8 3 1
22 3 4 1 10 0.6 0.8 2 1
23 3 4 1 20 1 0.6 1 3
24 3 4 1 30 0.8 1 3 2
25 3 5 100 10 1 1 2 2
26 3 5 100 20 0.8 0.8 1 1
27 3 5 100 30 0.6 0.6 3 3
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SRR TR SRR IR N IE A SE R TR AR CuS0,-5H,0 75 g-L"' ,H,S0,240 g-L",CI 0.06 g-L",
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Figure 2 Schematic diagram of through hole section. (color

on line)
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Table 4 Orthogonal experimental results

Hole center Surface thickness

thickness (wm) (1um) Throwing power
1 13.458 14.621 0.920
2 12.964 16.529 0.784
3 10.365 13.512 0.767
4 10.541 12.554 0.840
5 14.354 22.524 0.637
6 6.395 6.466 0.989
7 28.884 104.780 0.276
8 8.922 12.545 0.711
9 12.392 20.927 0.592
10 22.172 55.561 0.399
11 24.694 59.051 0.418
12 13.577 14.629 0.928
13 23.982 37.897 0.633
14 21.272 34.430 0.618
15 19.960 30.476 0.655
16 14.171 17.066 0.830
17 9.766 8.026 1.217
18 33.026 42.216 0.782
19 42.547 85.170 0.500
20 28.063 37.459 0.749
21 39.192 52.623 0.745
22 27.512 36.676 0.750
23 44.879 71.538 0.627
24 37.210 51.107 0.728
25 21.566 48.325 0.446
26 28.638 72.153 0.397
27 30.844 56.101 0.550
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Table 5 Range analysis of average throwing power

iz, (A-dm?) Ip/lep t, (ms) Lelt, d; d, ne n,
K1 6.517 6.211 7.407 5.148 6.272 6.851 6.175 5.945
K2 6.480 6.477 5.478 5.762 6.217 5.740 6.297 6.041
K3 5.492 5.802 5.604 6.186 6.000 5.898 6.018 6.503
K1/9 0.724 0.690 0.823 0.572 0.697 0.761 0.686 0.661
K2/9 0.720 0.720 0.609 0.640 0.691 0.638 0.700 0.671
K3/9 0.610 0.645 0.623 0.687 0.667 0.655 0.669 0.723
R 0.114 0.075 0.214 0.115 0.030 0.123 0.031 0.062
Priorities 6> d> b/t > > /iy > ne > ne> dy
Optimal horizontal Up1 dgy Ly teltes dy, dy, ngy T3
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Figure 3 Influences of various factors on throwing power in the orthogonal experiment
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Figure 4 Comparison of simulation results. (A) direct current; (B) Periodic pulse reverse optimal combination. (color on line)
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Figure 5 Experimental results of through hole electrodeposi-
tion. (A) direct current; (B) process parameters in reference?;
(C) Numerical simulation of optimal combined process param-

eters. (color on line)
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Application of Numerical Simulation Method in
Periodic Pulse Reverse Electroplating Through Hole

Yuan-Hang Zhang, Mao-Zhong An’, Pei-Xia Yang, Jin-Qiu Zhang
(MIIT Key Laboratory of Critical Materials Technology for New Energy Conversion and Storage, School of
Chemistry and Chemical Engineering, Harbin Institute of Technology, Harbin 150001, Heilongjiang, China.)

Abstract: The upgrade of the fifth generation (5G) communication technology increases the number of communication back-
plane layers and the aspect ratio of through holes on the board, making it more difficult to use traditional direct current deposi-
tion for interconnection. Direct current electrodeposition is more prone to uneven coating in the hole, resulting in poor contact
between the coating and components, and open circuit. This has a serious impact on the stability of printed circuit board. The
periodic pulse reverse plating method can significantly improve the uniformity of high aspect ratio through-hole plating and im-
prove the production quality of through-hole plating through the dissolution and electromigration of the coating in the reverse
pulse process. Compared with direct current method, periodic reverse pulse has multiple controllable parameters. Changing these
parameters will have different effects on the quality of through-hole electroplating. However, to study all parameters one by one,
the number of experiments is huge and time-consuming. Numerical simulation is a newly developing research method, which in-
tuitively studies the influence of a variety of physical fields. And it can be completed only by calculation, which avoids the loss
of a large number of experiments. In this work, the influences of periodic pulse reverse parameters in through hole electroplating
were studied by numerical simulation. Based on the orthogonal experiments, the influence order and rule of the periodic pulse
reverse parameters on throwing power (7P) of through hole were analyzed. Among them, the reverse pulse duty ratio has a great
influence on the TP of through-hole. The optimal combination is screened as: Forward peak current density 1 A -dm?, ratio of
positive and reverse peak current density 1:4, reverse peak width 1ms, ratio of positive and reverse peak width 30:1, forward du-
ty cycle 1, reverse duty cycle 1, number of forward peak 2, number of reverse peak 3. Using the optimized parameter combina-
tion in the simulation results, TP is greatly improved as compared with direct current electrodeposition. The parameters of peri-
odic pulse reverse electroplating optimized by numerical simulation method can effectively improve the uniform plating capacity
of through holes, and can be applied to actual electrodeposition of through holes. Using the optimized parameters, the 7P of
through hole with the aspect ratio of 1:10 is improved efficiently. The experimental results provide theoretical support and new

ideas for the optimization of periodic pulse reverse electroplating by numerical simulation method.

Key words: numerical simulation; through hole electroplating; periodic pulse reverse electroplating; throwing power; orthogo-

nal test
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