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Abstract : The running blots between patterns during electroless nickel electroless palladium immersion gold (ENEPIG) surface
finish of printed circuit board (PCB) are investigated and a proper solution is presented. Computational chemistry is first em-
ployed to understand the process and experiments are then designed to verify the proposed ideas. A PdCl, activator which has
relatively weak chemical bonding to the epoxy resin is introduced to prevent the formation of palladium seeds on the epoxy resin
and a couple of operational measures such as increasing HCI concentration and lowering the temperature of Pd activation process
are executed to prevent a further hydrolysis of PdCl, to more stable Pd(OH). in aqueous solution. Computational chemistry pro-
vides thermodynamic backgrounds for experiments and their results. This combined approach is expected to be very useful in the
research of relevant processes.

Keywords : Electroless nickel electroless palladium immersion gold (ENEPIG), Printed circuit board (PCB), Pd activator,
Computational chemistry, Density functional theory

1. 2
* To whom correspondence should be addressed. A F7HA] 2LAFA] Q13 2 7] (printed circuit board, PCB)
E-mail: yswon@pknu.ac.kr o] #A S $I8l s YA - F(electroless nickel immer-
doi:10.7464/ksct.2013.19.2.084 sion gold, ENIG) Z# %2 2 o] o]l AFgE|o] ghrh.

84



A WA Fehs - 5w EEA Y

SHANE 2 50 o]n] 109 & Aol 7]& ENIGY| =8 &%
Holl FE Al (hyper-corrosion) -2 S5 9] = (black pad) &
AE sdst7] flsf AAE 7lsold ot A os B34t
oz Qlsf v-gAQl o]o] 2| grob AEH A AU
FA8) YA - ZEkgE - SHelectroless nickel electoless palladium
immersion gold, ENEPIG) 3 o] ENIGE thA|s}= A o]t
[1-4]. 7L olfi+= S43] 53 5 714 wE21H|[5] Figure 1(a)
o (b)oll A Hi= Hlel ZHo] ENEPIGO] B9 2F & =a2 +

(a) Au 0.7 um
Ni-P (6-8%) ) 3 8 um
Cu over 25 um

Base

Pd-P (3 7%)

Ni-P (6-8%) ~ 3-8um
Cu over 25 um
Base
(c) @\ Wire bonding side /@

BGA substrate

Soldering side
Figure 1. Cross-sectional composition of ENIG (a) and ENEPIG

(b) surface finish, and the schematic of the overall PCB
structure (c).

Figure 2. Short failure due to the running blots between patterns.
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Figure 3. SEM morphology of the running blots (a) and the palla-
dium seeds (b) on the epoxy resin observed by TEM.
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Table 1. Basic experimental conditions

Chemicals Temp. (C) | pH | Time (min)
Cleaner ACL-007 50 - 5
Oxon + 40
Soft etch Sulfuric acid 28 ) sec 2
Pre-dip | Sulfuric acid 10% | Room temp. | - 1
.Pd. MNK | MSR-41 | 20 30 - 40 112
activation sec
Electroless NPR-4 77 | 80 | 46| 30 | 23
Ni-P
o]u| ]+ JEOL JEM 1200 EX II (80 kV)E AR&3dlo] dojH o

w F=APA RS 1] 7 (scanning tunneling microscopy, SEM) o] u]
Z]+= FEI Nova NanoSEM 200 (10 kV)E A}g38}o] doj %t
5}Eu] 7 © & Nikon ECLIPSE 1200& AFg-3lo] =3 WA
Hrg waslol.
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Figure 4. Flow of the ENEPIG process.
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Figure 8. Optimized geometries of the hydrate complexes of PdCl,
(a) and PdSOj4 (b).

-

Bt

e

OH

0|

3.3. GAA HetE F0HE AE S Hets S
3

F PACLS} PSOs= -89 0|4 217} Figure 82] =3}

PdCL, + 2H,0 — PdCL(H,0), -57.3 keal/mol  (3)

PdSO, + 2H,0 — PdSO4(H,0), -60.1 keal/mol — (4)

PASOH0)7} ] ol4ke] 27149l hgo] gl whd PdCl,
(HORE ¥ (5)9h ()7 & 37149l 71558 uk-go] o]
3l HCIS A4l E A L3 PAOH,E 48T} PA(OH),
£ onuA A glolA Betg Al=m AAshA HrI3,14]

PdCly(H,0), — PACI(OH)(H,0) + HCl 50.1 keal/mol (5)

PACI(OH)(H,0) — Pd(OH), + HCl  38.5 kcal/mol (6)

=
ox, _Il-ﬂJ

ALFE REgoldA] gho] w9~ ARt Figure 82 =3}
Al 2 B EERE-S aEstal jEgo] Aktoll A A" 714
ol ik Aol ofet 489 Aol & HAISe] gz}
(solvation) EI}E HISIEE Pd(OH), 9 FAL 71535tk
YU F Al B Bt wkakel T o] HOLS AT
2 dEzu) ZHdAE Bl Yol girk uetd HekE @
4ot FAO) LEE B24E PAOHRS] AAe] HolAt
ol g % otk Eat HOIo| =8 S7HIAFH Hukgol

(e

#2:3ke] PAOH)S] A4do] Hofxich whaba 4289 Fof
PACI(H,0)*", PACly(H,0),, PACI3(H,0) 5-9] thoFst S5l
Fejo] o] 2ot B5HE tiAlo] Feke] SAlEALS Bl 41
AAE 4 Qi PACLT 7} o] A ETH13,14]. Figure 9 &
AA MSR-41 Zehg Sl AHESt Gake] S8 7
71WA =3 W] =g A dukeld gate] st
F7hEE =3 dAo] Zol=k A & 4 AUtk Figure 7

3} o] GO EAH Hiol

o] Fio] Zo] =
o] glo] 7|t HeMo g HAEHL Aol mEA H|Z 9o
Ta WMol AR ES Yrletth

o vholl =g o] {9 QA= AAst] P8l ket A
L 3 A 7138 Table 20 A ]stct. 4 ZHsoft
etch)> thefgt & WA FH A2 AAsH: Aoz ¥
ol Azte] AojdE fesiglon ek B3t 349
2Ee YA AFFRe] s festdit Tt 24
3t 3R AR Fs] AeesE L8 H7l flo FekE
A& Aol ot =g W WAl fefsin debe
Fuje] sk W2 Zlo] fEshylch

Table 2. Effect of the operational variables on the running blots
between patterns

Parameter S/E Activator Results
. 40 sec |40sec| MNK, 2 min |Improved with
S/E time .
2min | 2min| Pd45mg S/E time 1
Pd activation | 20 C 2 min MNK, 2 min Improved
temperature 30 C Pd 45 mg with temp. l
1 min
Pd activation > min |40 sec MNK, 2 min Improved
time Pd 45 mg with time |
3 min
Pd activation 45 mg/L 40 sec | MNK. 1 min Improved
concentration 12.5 ? with conc. |
mg/L
MNK MNK, 1 min
Pd activator Pd 12.5 mg Improved
type 40 sec MSR-41, with MSR-41
MSR-41 1 min (PdCLy)
Pd 12.5 mg

e o A .

==

HCI 45 mL/L

HCI 90 mL/L

HCI 180 mL/L

Figure 9. Effect of the HCI concentration on the running blots between patterns observed by optical microscope (x100). The pitch of the

samples is 105 pm.
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