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Table 1 L(3* orthogonal factor level design

Fact
Level actors DTDP (mg-L") SPS (mg-L") PEG-8000 (mg-L") CI (mg-L")
eve
1 1 4 300 90
2 2 5 400 100
3 3 6 500 110
R 2 ko BES RN R B TR
Table 2 The single factor design of pulse electroplating parameters
Pulse electroplating parameter 1 2 3
Forward and reverse time ratio/ms 40 50 60
Forward current/ASD 1 2 3
Forward and reverse current ratio 1:1.5 1:2 1:2.5
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Figure 1 Schematic diagram of through-hole plating capabili-

ty. (color on line)

hom o L S L A AR R
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R 3 IEZSS
Table 3 The results of orthogonal experiments

A B C D Throwing power

DTDP (mg-L") SPS (mg-L") PEG-8000 (mg-L") CI (mg-L") 1%
1 1 4 300 90 72.1
2 1 5 400 100 82.8
3 1 6 500 110 81.8
4 2 4 400 110 80.4
5 2 5 500 90 79.2
6 2 6 300 100 73.5
7 3 4 500 100 73.6
8 3 5 300 110 67.6
9 3 6 400 90 61.9
K1 236.7 226.1 213.2 213.2 -
K2 233.1 229.6 225.1 229.9 -
K3 203.1 217.2 234.6 229.8 -
kl 78.9 75.4 71.1 71.1 -
K2 717 76.5 75.1 76.7 -
K3 67.7 72.4 78.2 76.6 -
R 11.2 4.1 7.1 5.6 -
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Figure 2 The index factor diagram of throwing power. (color

on line)
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FEAE, RIATEE  Y1a) BRI AGK = Fh e 4
BN, X Cu?* AT AITRERA — & B0 i
VEF, BT LA S i 18, oo ROk A 2, 24
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Figure 3 Cross-sectional views of through holes plated with orthogonal optimal results. A. Overall view; B. Upper section; C. Mid-

dle section; D. Lower section. (color on line)
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BM 15kV 7.5mm x1.00k BSE M

50.0um  BM 15kV 7.1mm x1.00k BSE M

Fra——
50.0um  BM 15kV 6.2mm x1.00k BSE M 50.0um

B 4 AN[FIPE L S SRR TE A : (A) FERIMBEHE; (B) IEASIUAL)S HIBER (A% DTDP) ; (C) IEAZHEALS FIBEH (7% DTDP)
Figure 4 Surface morphologies of coatings after electroplating with different plating solutions. (A) Base bath, (B) orthogonal opti-
mized bath (without DTDP) and (C) orthogonal optimized bath (with DTDP).

5 HUBEJS LR BN IAAT A AL 250 B, BB Co B D N BE (IMESRREIAT)

Figure 5 Cross-sectional views of planted THs after the immersion tin thermal stress test. A. Overall view; B. Upper section; C.

Middle section; D. Lower section. (color on line)

W, ZE LB W oA DTDP i , it R 78 Jin 51
ME ARG, AT LA 9% )23 3R H 5 ~F R i, B
DTDP A DLV Sy #5550 o FH - i B A% b ik v £L
HLPE, S RIEACZE ) Fr 3N it R & 3R
SR AR, FLRI S IS RALIEY] DTDP /]
TE 1o TRAR L L Ik i e B b AT DA RS 3] 7 A AL
(23 T M AN P
32 BRHEBESHEEREZESHT

i Ik 2 FTHNE 2 45 R v L W TP (E AE
86% e AT, F A 1) -2 JE FETE 38 wm 47, AN F|
TR EE TIF, B0 kb e 48 S 8047 2.
FohT, AR 4 S EK6, HRATLAEN,
ME/R A B TE] e A 50:1  IE A EL & A 1 ASD
IE A A 122 B EPER TPESRK, R T H
Lk B S IR 2E Rl LR A 6
Jin, B TP AAE 74.5% 2547, FRmAn
SEYREEAE 27.6 wm A4, BUBER TP (E 43 43
Bk e B HIG, T B8R A L TR AR LU
BBk v L BSOSO B, BRI AGE FLBE R

1M S B B B, B BRE D eI, SR T

R 4 IES AT AR

Table 4 Influences of forward and reverse time ratios

Forward and reverse time ratio/ms ~ 40:1  50:1  60:1

Forward current/ ASD 2 2 2
Forward and reverse current ratio 1:25 1:25 1:25
Throwing power/% 70.6 773 738

Average copper thickness/um 43.06 40.44 40.27

&5 IERAATRIE

Table 5 Influence of forward current

Forward and reverse time ratio/'ms ~ 40:1  40:1  40:1

Forward current/ASD 1 2 3
Forward and reverse current ratio 1:25 1:25 1:25
Throwing power/% 869 531 58
Average copper thickness/pwm 24.16 41.05 56.72
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Table 6 Influences of forward and reverse current ratios

Forward and reverse time ratio/ms  40:1  40:1  40:1

Forward current/ASD 2 2 2
Forward and reverse current ratio  1:1.5 1:2 1:2.5
Throwing power/% 69.6 746 67.1

Average copper thickness/pm 41.76 4131 42.1

FJREA BT/, T eI 2 b 5 0 ik i
PESHOP IE W) Eﬁ/ﬁﬁugfl 1 ASD, 1F/fz[n] ¥ kb
12, FEXFF SR A Kb L S HOR U, 1E/
S Tv) B L5 FA1 AN | EL B RS [E] 247 0h 2, T ER
B I 2 T A2 SR R /N, a6 FNIET 2 At
T LA, AR AL S W 8% S 85 85
)43 HRE 1A BT T B R A e T 5E ALy “ B
PG, AT REJE R 7 R A Bk o B 2514 T, IR TR

TSRS, 24 1) BH AR 52 1] Jik o e S sF, 23 %6
BB Cu> BTTTRVE — 5 IR, 2Bl o

R 7 RICARESHIRER

Table 7 Experimental results of optimal electroplating

parameters
Forward and reverse time ratio/ms 40:1
Forward current/ASD 1
Forward and reverse current ratio 1:2
Throwing powet/% 74.5
Average copper thickness/pm 27.6

ALk 8 TS PR RS, DA T 68 g L 7 25 B8 DX 0 £
RG24 1) BFARE S 1] L N, 2ol AL 1T AR 5
T AR T e B DR A E L 2 O DA R
PR 5E R

P 7 Rl 8 Sl fr i) SEM IS B # iz g i
IREER, WY H ) SEM [, I LLE PR R
PURLBCNANEL, K57 | P8 LI TR LI B R 52
ROORPES, RTRUE A Y T J3E R T A A 3k
JEE, i ] Sg B2 A mBURL AR B HLE ), AR

B 6 RAmA Nk i S e S E LB AT . A, 29, B. BB CohBE DB, (SR

Figure 6 Cross-sectional views of a through hole plated with the optimal pulse plating parameters. A. Overall View; B. Upper sec-

tion; C. Middle section; D. Lower section. (color on line)

Omm x1.00k BSEM

B 7 sRiChkih SRR S SR
Figure 7 The morphology of the coating after the electroplat-

ing using the optimal pulse electroplating parameters

BRI E R E T R 24, & 5 kiR
N FT IR, SEEO M TCFL AR B S, FF ATk
2R,
4 % it

AR H DTDP 1E A L AR N7l ﬁﬁéﬁﬁm
&SI H VAN IR B O AT AR, A
B M B L A CF 100 mg-L', PEG-8000 4
500 mg-L"', SPS 5mg-L", DTDP ¥ & 1 mg-L",
WIS TP {EAE 86% 44T, 2 14 114 5L B 7
38 wm ZeAfy, HEMFE 2 I DTDP P Y
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8 IS ECL B F LRGP KB AL 250 B, 1B Coh B DB, (MESRREZ )

Figure 8 Cross-sectional views of the planted THs with the optimal pulse electroplating parameters. A. Overall view; B. Upper

section; C. Middle section; D. Lower section. (color on line)
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Optimization of Pulse Plating Additives and Plating Parameters for
High Aspect Ratio Through Holes

Kai Yang', Ji-Da Chen", Shi-Jin Chen?, Wei-Lian Xu?, Mao-Gui Guo?,
Jin-Chao Liao?, Zeng-Kun Wu?
(1. School of Chemistry and Chemical Engineering, Chongging University, Chongqing 401331, China;
2. Bomin Electronics Lid., Meizhou 514000, Guangdong, China;)

Abstract: As an important component in electronic products, printed circuit board (PCB) plays a supporting and interconnecting
role for the electronic components in it. With the development of communication technology, electronic products are developing in
the direction of “thin, light and small”, and high density interconnection (HDI) comes into being. Due to the high-density intercon-
nection characteristics of HDI boards, the thickness of the board is increasing. At the same time, in order to reserve space for the
laying of fine lines on the subsequent board surface, the diameter of the through holes on the board is also decreasing, so the
depth-diameter ratio of the through holes is increasing. In order to ensure the electrical interconnection between the middle layers of
the HDI board, the through-hole plating technology has become the key. In the process of through-hole electroplating, due to the
relatively small diameter of the through-hole, the current density distribution inside and outside the hole is uneven, and the disper-
sion ability of the plating solution is poor, resulting in uneven copper plating layer and thick surface copper layer, which is not con-
ducive to subsequent fine circuits laying. An effective way to overcome this drawback is to add electroplating additives to the bath,
and to use bidirectional pulse electroplating technology. Therefore, 2, 2'-dithiodipyridine (DTDP) with low toxicity and low cost
was used as an additive in the plating solution, and its application in pulse plating of high aspect ratio through holes was studied.
The additive concentration and pulse plating parameters were optimized. It was concluded that DTDP could be applied to pulse
plating of high aspect ratio through holes. And through orthogonal optimization experiments, the optimal concentration of additives
suitable for the high aspect ratio (14.5:1) through-hole electroplating was obtained. Finally, the throwing power of the plating solu-
tion was measured at about 86%, and the average thickness of surface copper was about 38 wm. It is not conducive to the operation
of the subsequent process, and the through hole is in the shape of a “dog bone”; then the single factor analysis of the pulse parame-
ters was carried out, and finally, the optimal single-stage pulse plating parameters were obtained. At this time, the throwing power
of the plating solution was about 75%, and the average thickness of the surface copper was about 27.6 wm, which is convenient for
the subsequent processing and solves the above-mentioned “dog bone” phenomenon. SEM test and tin immersion thermal stress
test were performed on the experimental boards of the two experiments separately. The SEM images found that the coating particles
of the two experimental boards were fine and uniform, and relatively flat; the tin immersion thermal stress test results did not find
any cracks. These phenomena are all in line with industry requirements, so it provides a certain basis for the research of high aspect
ratio through-hole pulse electroplating. Further experiments are needed in the follow-up to make the plating solution higher in

throwing power and at the same time reduce the surface copper thickness.

Key words: plating additive; pulse electroplating; high aspect ratio through hole; orthogonal design tests; throwing power
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