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Abstract

Ni coating layers were formed using a newly developed electroless Ni plating solution. The properties
of Ni coating layer such as internal stress, hardness, surface roughness, crystallinity, solderability and surface
morphology were investigated using various tools. Results revealed that internal stress decreased with plating
time and reached 40 N/mm” at 20 minutes of the plating time. Hardness increased with increasing P content
and thickness. Surface roughness of the pad decreased with Ni and Ni/Au plating. Crystallinity decreased
with increasing P content. Solderability based on wettability decreased with Ni and Ni/Au plating. Based
on surface morphology, it is expected that Ni coating layer formed using a newly developed electroless Ni
plating solution is lower than that formed using a commercial electroless Ni plating solution in possibility

of black pad occurrence.
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A7 olstE 2dsl= Aol Fasith 1dd AA o1xF FEFQ] ], [NiI¥'V[SHPIE 022 A4
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B ool xE ENIG 24 3o uHlal= Bao) Table 1. Bath composition and plating condition for
= BAre] MBS SlAE] gsted AEe Hals electroles§ .N| plating | _
U mgel = 2o (P) B}9le) BAe) U w32 . Bath composition ’ Plating condition
g Aage, ATE mRdoz Fgg ga |50 22908

. - NaH,PO 25 g/l
TEZ0] EXL A u gt} ha,'{ 2 g Temperature | 85°C
Adipic 5~10 g/l
- Sodium Citrate 2~8 g/l
AlSiHE
2. = HoH Lactic 5~10 g/l
- - Pb 0.5~2
2 Aoy g w7 AAE 29 1o i o T pH | 43
‘_ .5~2 ppm
gtk B ol sledd B B o8l ;
NaSCN 10.5~2 ppm
Hjoj7] 95°C7HA] 7+E

22 0] A4 o] AFR7IE = = tﬂ
T M 12 49 298715 eAldl S8 Table 2. Analysis methods and used eguipment
22 G ek AddN Bk 7% Item Method T Name j
A BERE AHedlel AL 9% LEAA A ( V-
AstRon, =5 F AlHA YA FAITAE Hardness Hardness Tester (1M V11
| : VAMTAGE-
Component analysis | EDS super dry-ﬂ
FEI co an -
Morphology & | FE-SEM SIRION™
thickness -
Microscope SV11-Zeiss
’_v
Crystal structure XRD X'pert-pro
Internal stress Internal Stress FEM MSM 200
Analyzer
Element of solution |ICP OES GBC-Integra XL
- Solderability Concoat - Must-
Solderability Toster I SE
Plating thickness XRF XDVM-XDAL
Innowep-OPTO-
UST ToP
Roughness
: Non Contact 3D | INSIS-AF-
Fig. 1. Apparatus for electroless plating. | Measuring System | INSIA J
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Fig. 2. Deposition rate and weight percent of P with
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Fig. 3. SEM images with MTO.
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AGQ, FAH 219 Ik w3l 78wt FER Table 3. Hardness of various surface layers
A SA FA = AT Cu Electroless Ni | mmersion |Reduction
MTO 43¢ 3] dold A#e] w3d ¥d = Substrate| spum | 10wm | Au Au
A SEMOR 39l o dyE 1 39 o Hardness| o> | 350 | 480 | 210 250
Ehig). 16o] Qe E2ARS B8 Qoix A (]
HolXe A9 AR Ho] Holx ¢ v 7}
7te EFRE B2Y 5 Ydgor), w28 & mFe) pH § ofd /K a9y 9% 0
AR A% wel ARYATE deRdsl ARg ek FRIMERC £4) 2 Cu A A9 4z
& ¢ F der, | f7h A98ss mawe  sumdt loum® =FE YA =99, i Cu
Pt AR EA FREide HEE AN 2 9o sume] yAo] =gE Al¥e A% F
th 68 oM e Ewte] Awe] HEVE T4 =S 108 B FAE AHE A® FeEs
s #EE F A}T ot F FAETFS 208 T FAs] A2 A
He A=E 7t SAEL, 2 23E & 39
32 =39 84 vreRl At
321 U354 As) FEldete] A 2Hve] AERE BAL
W58 2% 71(FEM MSM 20005 ARE-3shed 20 o, o] AJHe] 7~8wt.%e] °] FAH FHs Y
£ 5ot v =% dse uyEs & A TFFS Sum FAR Y A A= @2
Aol o AAE a7 40 JehiAT 3% 350 Hv2 F23] Z7lsiith. U2 Ea&Es o
F 1B/ WR-gge] §43] st ofk S PPN A A U =FFS 10um FAR
9] LEL Hol7lE ol 17 o|Fo= -3 4L A AL G BOHVE =& BRI
o] MA{3] 7AAsle] 208l oF 40 N/mm’o] =Ack ®Bon, sum Ni-P =58 AlHd A8 Feeg
103 59 88 49 =aee] A% 2 210Hy
322 A= 2 Btk 3 =58 we] Ax E3I 250 HvE
A8 YR =gvte] Adre =32 U9 Qg 3 =32 B4Rk AZ dgsted 230
323 ¥Hzxn
o ] FAE o B Wsle] o EAREE 54
s00 | - ST AAE T 4o JERHATE 5.8 wt.%] o]
— wol ] FAE A =Fe] PFEEE Ra w2 0.55um
£ _ . AoH, 7.0 wt%el <lo] FAE F-Fel= 032um
2 300 1 L, T ooz o] FAFe] Frkstolx olgt
§ ae gue HExEe Btk 108 FEERE
‘ Rz &k T3k olo} fAR A3 YehiiY. 33+
100
or LT Table 4. Surface roughness with P content

o 2 4 6 8 10 12 14 18 18 20
Time [min]

Fig. 4. Internal stress of electrolessly plated Ni layer
with plating time.

5.8wt% P

FOwt% P

Codeposition of P
[Wt.%] 5.8 7.0 8.5
Ra [um] 0.55 0.32 0.36
Rz [um] 5.08 428 4.47

B.5wt% P

Fig. 5. Surface roughness images in dependance of P percent.




36

0]g7] 9/FFEAFTES] 40 (2007) 32-38

dos 249 FRzEE 29 5o tehigck 4
1

Holl ARG 237} 87

T AT A&y
_‘%

[e)
o
H EFHREE

-

S} AR EREE g Beith 3gos
a9 69 ekt

3.24 234

9 FA o] e YA =Fute] AZHE XA ST
sy e s 249 2 ARE 29 79 HER
Ak AEAT 3wt.%] Qo] FA4E A9 Ni (111)
M3 Ni (200089 =g #FF2L 5 den 2
o] FA ] 50 wt% °olFeE F7HE A§- Ni

(11D)HEL Yol Ni 200)H-S Algkgth. o] 2%

1.1 ®H

o 4

47 28] B4
A Aoz AzErk
ZgAse} FAs  OM%P

of

5wt% P

(111

(111

(111

(200

F v L]

3 7% % 0.28 pm Swt% P
__C‘L

plated Ni-P layer.

30 40

20

Fig. 7. XRD patterns with P content in electrolessly

50

60

detes A 4 = YU

o7 A =3ute] AA3RE A TRF
o] vre 79 mAIJuAo|T 9le] o] &2 7
Lo H|AE FRE JHRTL HIHET loH
AdurAel < Yol A& VHE =Fd s AL
3l dojr =] AL T~12wt.%e] 2ol F
Ay7] 2o vg2d =39S 94L& F o

El < 3ol FUHgel wet vAe] Hxk ARAE

Table 5. Surface roughness with surface condition

325 €6 A

Cu Ni-P

Immersion Au Reduction Au

Fig. 6. Roughness images of different plating surfaces.

235°Col|4 Sn37Pb £TE o] &3ty &UYPAS

Cu Substr | Electroless | Immersion | Reduction Atk AR AHle Solderability Testing
ate Au Au system MUST-II SE©[1 2™ wetting balance

Ra[um] | 1.64 0.28 0.27 methodell ©)5te] &THAL Z4sATt
Rz [um] 16.0 5.44 4.42 a3y 8& B Ao AMgs dyas 2=y
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Fig. 8. Typical wetting balance curve.

ot A3 AR @ dWkHQl HEZFHE YRR A Table 6. Wetting properties of plated surfaces
o7 FPA RS HEHol I (Zero)oﬂ Ldste Al Electroless | Immersion | Reduction
7y Ao 2EEel 230 mashe AIZE el 9 Ni Au Au
3] RLeAjo] HriEo), é’ t0°ﬂ}\1 t177]-7<] 2] A7} T, Zero-Crossing Time, 1.920 0702 0.585
= == T, (sec) )
(zero-crossing time)S AF=3}al oA t,7FA 2] Al Wetting T
L . etting Time,

7 Ty(wetting time)S LE—O—}oq =5 Alze Do i 1.320 2,604 1335
e AEID 7 ATk olm (oA w7 e A Total Wetting Time,| 3 5,9 3306 1.920
< Tatotal wetting time)o|2} STt T, (sec)

AEE 7] FFE ARSI &, 1omX3 em
o] 7 wuke AXZ AMESl 3~5ume FAE 5 8 EFAHME 058522 AU 0
FA3 YA =3F5S gAde Az, 2 Yo A ZHE FAs) UAS =3 AlEE 2% o g
3} F=ES 1027 7 A, 28 X% = 22 HLEAMS HolXW FEFS T HYoe=
EFE Yol o] 3 F=FE 208 9t 9 HEeEH o] TS ZolttE AL & F UMT
St Al RS ARgElATE Zb Al gig SEEAEES
Ay sted 7 6o eI 32.6 VA =avre] tHEAY

Zero-crossing time 733 YA =55 st Al A B Eadg of8sto] 2087
o FojR =FAHNME 1.9222 SHEHUL, Y =23 YAute] FHgAAAREA)T B AFA
A =gute XNFFEFTFS 108 T Fste] & Mast s U =gdoz PAgs VR ute
2 AHAGME 070222 SHHJOH, FHEE FAFFONTH)E 28 9o JERRITH A<

Commercially used (x5,000) Newly developed (% 5,000)
Fig. 9. Surface SEM images of electrolessly plated Ni-P layer.
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