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Abstract

Pb-Free Technology was born with environmental problems of electronic component, Being connected by
big and small project of every country. Also, in each country environment is connected and various standards
of IEC, ISO, MIL, JIS, KS, JEDEC, EIAJ etc. All products can divide at solder part and finishing part.
These can tested each and synthetically divide. This research is reliability evaluation for three kind of pb-
free SnCu solder plating solution and it's deposit. First, executed analysis about Pure Sn, SnCu solutions
and plating surface by way similar to other plating solution analysis. Next, executed reliability about test
method and equipment for reliable analyzer system construction. Next, data comparison and estimation, main
estimation test method and item's choice. In this paper the systematic surface analysis and reliability for
plating solutions and it's deposit in metal surface finishing processes could be shown.
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1.1 Pb-Free 7|&2| g

Pb-Free Technologyw < o4 HAAFFS Z
A e, 343 B Aurdas), a3 stet
Eol 7% A TR o oo Wi A
o} H,SO,¢ HNOy7F Z3E Acid Rain® AAHA
Z4 Pboll =5 o] PbSO,, Pb(NO,),= #A, A3}
FE LYATIZ QA FaE o PXM, =T
27N, A7171%% A5t 59 FAE WA
olgigl A= 1990&3—‘%51 AE= oY A=
o] FXoR FFIIAUIL oA DTI(FE =), NCMS
(=), IDEALS(°*“3) NEDO(Y &), NEMI(7]=)
9 ¥ Project= olofAH F Aol FHEHL
At} IEC, ISO, MIL, JIS, KS, JEDEC, EIA] &
AN oo HHEstA Z}E FAEC] RHEHIILL, o]
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23 FHEER ol 7led 9 55 #A#s
o] 7} Foke] ZIGANA A= U=
2 74 E3F Pb-Free Technologyell oi-¢- 9=~k A}
Eo] HiL 3ot gE& ARSEA] etk Ae Al
943}1 A Sn-PbEEH T 540 a7
AAAFANA Pbe] &xviAlE E7FsEH 1000
(ppm/total weight) ©]3te] Pbr} 3 tt thx] =
HZ2+= Sn, Ag, Bi, In, Zn, Au, Cu, Pd, Sb, Al,
Ni, Fe 522 ZA&&ofel FEAA 7} vi-¢ thdst
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1.1.1 Solder 71&

Solder®t §8AEHIY AFolH IZAE Hishe
FPLE 450°C °lste] §H& /e AMEE F
%]E?}EP AA] ARG A ST} shE 7]l A
=3k Hee A 2ol I T/t
‘:‘r%‘%}l 53] F3std Process H 275730



o|%7] 9)/3F=EHF e 38 (2005) 216-226 217

wet A8 e 7 gk @A) s ls F
A&H3EY EFE Sn-BiAl, Sn-AgZl, Sn-SbAl,
Sn-CuAl & FAoR JAER AL 2 F3H oA
AN Solder7t ok, AZA] 2 FHE 54
A48, A& (Cu), AA, Y, 7E
H] 38}, Ballg Rt=v 59, Cu pick-upE, A&
3, 7H Tl lem AR dHEE 875
ANHER, SAER, QAL A9y, =2
4, 9254, ¥4 9 AstAdE, 34539
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1.1.2 Plating 71&

A=, ST, $4ET, HEH, AFS
o]

Bi, Sb=Z o|Foizl 2~4¢7]°]™ 9.3Sn-0.7Cu, 96.5Sn
-3.5Ag, 96.28n-3.2Ag-0.5Cwt FEHU AE F
S35l 2A7F oSSttt Plating 71&ols 3¢
A, Hey, 9ad, 32A dATdE, 3T
T g uERy, §AA, AveA, A4, A71AE
A, wlxE)d Bol aFHDY,

1.1.3 Joint

solder®} plating®] HEH-2 7|AX A Blowhole,
HEA], 3=8), BYHATEEY, 998, 7
%7 3}3HE), 813hd A ¥ (Corrosion), 7243
(migration, bridge, Leck) 5% Technology¢l system
HA7F Wk & 2 AACAMREE EF80e 1t
ofslal MY 2 FFE AAs AHe EAEE
A7, BA3kAL ol ERIske AAAFSQ HAprr 2
L3t AR R aIM HHF 7L o] F
o}Aw A¥AH ZE (FE-)SEM/EDS, TEM, AEM/
STEM, EDS, XRD, RBS, XPS, AES, SAM,
SIMS, EPMA, STM, AFM, MFM, EFM, LFM,
ISS, IHT, UTM, DSC, DTA, SIR, AAS, ICP,
XRF, UV-VIS, FT-IR, GC-MS, NMR, EA o] U]
Aol AH3}sta &3t Data7t H7 0T,

1.2 Pb-Free ZH7H U mAgg

=A 74 1EC, ISO, =7H+4 KS, MIL, JIS, &
A7+7 JEDEC, EIAJZ7} 93 8 23FH 9 gE
o] MrErr) Wk EUS 19949 T3 7| o)
Faste] IDEALSE HAlEH L 71 & =d<l
RoHSY] WZW A2 BE HxpA|F) Pb, Hg, Cd,
Cr'é, PBB, PBDE 5°] 2006 7€ o1& 7] uj#|
Aoy GEE 19949 FdE&H A3 2HE A2
o] NEDOYA WdA=g A ¥, JEITA FHo=

EIAV} Fd&0 @8 2L NEP7E A2FAET,
JWESZ A8EA #3377t AgEAc 349
Agt A2AA AL ALAQ] FAVE 5ol
JEITAYIA E=gidtsio]ls waA FaAsi7t 28
H7 ) #lFe NCMSE 3t FALEn A F
AF 7L 3 E%0H 993 NEMIZ 233193t
%30 EU2 WEEE, RoHSE Z7te 2 '03d #3)
22 vl BE2s uld) 06 193E Ao
AEok 2vake] 2SS HE 3~4d7F AR
Fooz 2 AL, ZFE3 B GAE FHL
ol-g-ete] M E T U,
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1.3 QLSS X HASE

Al Pb-free HAIE AT A4 w7 RIE
Finishing2¢}R tHe Solderstokol] Bol| xl5go] 3l
t}. Reflow solderZ SnAgCu 58%, SnZnBi 9%,
SnAg 9%, SnAgCuBi 5%, Flow solder= SnAgCu
64%, SnCu 20%, SnAg 5%, SnAgCuBi 2%(2004,
AApAlE)E shebsin] ERAE2E @4 SnCu,
Sn-Ag, Sn-Ag-Cu7t oA FEL w3 gir},

1.4 Pb-Free M2IM T} 7|&

H7Hd A4 Data® AT
AEAME 24F AEFL 7Iede
A gte AWy 3 387ies 2
dAste Aol T3t =8 dd4es
= Fiolu rleAHoz JuAdol sle A
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S EZHog 9] 3% Sn-(0.5~3.0)Cu
JO2 STt $AX SR EMEEe EFe
Abgh Bhalo 2 of 8l smute)] fjale] #AE
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2. Sn-(0.5~3.0)Cu =2
mjo} 2y

Pb-Free® SnCu ¥FEFALE SnCu FCB(FW

ECA}), SnCu GTC(Z2] UA}, SnCu URI(EY UAL

2 AAsE e Pure Sn(=dl EXAHS vty

o2 3t} Sn, Cu, Acid, Stabilizer, Additive %
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9] 570 solution®.® FAEHI HAYE HEFohr} g
sz T FE A&9th CusEs 0.5~3.0%
2 FA¥ 5-30 A/dm’, Pure Sn or Sn-Cu Anode,
FFE, 10~50°C, 9 H wnkE FFoR gt
ARA= Fe, CuZ A3t B4 2 S|

A DataS< v w3 B2 Pb-Free WA

2.1 Hull-Cell Test

7t 27 A Hull-Cell A1EAA], =448 f34
WY, AFE=E =35, o # A9IAE, 3
= 4R AREE T2 AP FAF 354,
60 sec, FH Pure Sn 99.99% Anode, XRF, FE-
SEM, EDS, ICPZ ZuAe #3 =F54, 1
morphology 2 27, dEA 5& AHAAFHL &5
7ol AFUTE dK =X (5.447 — 5.596logLy’} &
th A 2EHoE YHRR 27y 2 g ¥
d HA, ARFEZANA vEg 2 FEZY 84
o] ow YTH7t £ FCB(EHE)7t GIC,
URI(F3)ET 2HF &l 7Fs3P SnCuell ]
&t Pure Sno] FIF-H7t FTHFATA). FA=
a9 13 Zon CuxAdA 47t wmE £ Q.
Eo|HE GICY 7B CurAM 5A/dm*FE F
AZ717F glon xHo] Bl F3E SnPb2
FAAFUEE g2 4 A/dm®>e|P. FCBHSF Cu**
o} Sn*'e] AHE Ao cuergslel Fa3 3}
sl =EgEde & 9] AJh=H 2). ¥
A AIEE Yt AHHF ICPY CE, FE-SEM
7 EDSE AREEAA T4 ES ¢ XRFET ICP,

Hull-Cell Thickness result (S5A, 60sec, Fe substrate)

9 T_._ Pure Sn g e
H—8—SnCu FCB|: : :
—v—SnCu URI |i : ;

Thickness(um)
v

B A R
o 5 10 15 20 5 30

Current density(A/dmz)

Fig. 1. Hull-cell test result for deposit rate.

We FELH A4, Beage 3] A
2=
B

Thickness by Additive and current density (SnCu FCB)

9k —e—10mil|..
A 20 miff
8 —y—30min |-
7L =0~ 50 mil

Thickness (um)
N .

ol
3
2F
1
S R R S U R SR
0 5 10 15 20 25 30

Current density (A/dm’)
Fig. 2. Thickness by additive solutions density.

Sn:Cu Composition on Fe substrate (SnCu FCB)

Thickness (um)
157 245 3.14 430 8.18 7.90
100 - - - - . -
98 +
9% |
k-7 ST
g
< 0f-
5z
5 8-
b=
(7]
2 st
g
QO st
2k -
Q 1 n i 1 i i
[} 5 10 15 20 2% 30

Current density(A/dm’)

Fig. 3. Alloy Composition by current density.

EDS®] Ag=7F 43 Ao g Yeigth

2.2 T=xZX(Coverage)

Harring-Blum Cell test2 =52 =XAS Hrt
At F7498) 1:5(40 mm, 200 mm), 2:4(80 mm,
160 mm)el| Al A[ZHE 2z A]H 5 position, 334 *
F5FA 24 T HAOoTHE Q3E WESE
Aaretarct, 2323 AAH 2 Pure Sn 92.06%,
FCB 89.09%, GTC 85.67%, URI 94.42%% =33
E F doy ol SAY, &4 T S 4
F=2 & orje glon o] ARHT= 3k =F A
A AR STHAZAA Y ExAF i A3t B
o §8% Zolgp wokEnt F7hAE 80 mmellA
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AHe R 3t HoH 16 cm OMM EX¥ Ao
Zasth, GTCY A% $ldA =8 vl d%o]
substrate Cu 40 mm, 80 mmﬂﬁloﬂ)ﬂ xdo] uj

T S BEEHA

2.3 &4 (Throwing power)
442 Harring-Blum Cell #4423 Aoz
XA AT FY, $Fo2HY &
= A7 iER|(P)S} HEHe #5459 ¥
g =43l ALtsiio *—E!fﬂtﬂ FE =2
A, &Alolm AxA, AV, &5, FLE
g Foll 9 e & °‘HW°§ Al b3}
EFN 25-30%, A BEFY 2~5%, A7 |UA &
AR 7 25-28% HLE LA Jdon AY
A} Fe &XoA 7t o dA & o v]5=3
FEOE AF GIC7F ¢ "oy GIC-Cu &
ol A5 AH] 214914 105%2 SHHo] =&
o] B3e & F Uu. FrHoz =¥AI B
é 2% Harring-Blum®. 2 49 5#HE Addt=
o2 HAE= AnodeZF-¢] s Agldldel &

1 fel oY HEAEE SgeAA sl A
o3 FAE QA Be 4EFe) tsel =
AR FPAHZYH FUAREL e Ao

2 F AMERS A v @ & g,

24 ﬁ-raré"(Current efficiency, C.E(%))
7t 4% =gl et =53] ARl AHE

bl %ﬂﬂ%k % =l 2471@55‘ FEol A3 o] 5]
AEAE 271 flste] A H&F4 AA T34
NFEIENEH)e] S ;Ls}oa AREES 27
3tit}. = FCBY% Sn w=9 &% w2 A
Current efficiency Result

100 : .

I —8— Pure Sn

o ~|~@— SnCu FCB
I —4--8nCu GTC

-] —w— 8nCu URI

Current efficiency(%)

PR VS R F P | PR |

5 10 15 20 25 30
Current density(A/dmz)

Fig. 4. Current efficiency test result.

Current efficiency by Sn density
100

—m— 45g(Fe)
| —e—45g(Cu)
- 60g(Fe)
~w— 80g(Fe)

Current efficiency (%)

Current density (A/dm’)

Fig. 5. Current efficiency by Sn density.

FEE ¥3E Bv A4 substrate®] FTFS
A o AAH R AFEE (%) THAF30 A/
AA3IATE Sn ko] Beg
E AFEE0] 21 31¢Fo] o &2w & 20,
25, 30°CollA 25 70% ol’g RSk di=F 10°C
& = x}of| A 12~15% A= =4 A=A &, Sn

dm))& 22 ﬂfﬂ

10

o] WEEAFE, dLo] B25E HFAE B
e oz g

2.5 TaY T (Stability)

UEZ%/\] SHEA A, A AT ©3 AnodeE ¢
Cu? A& ARE AlPste] HEE H71ekd
o} CudFUE Bi, Zn, Ag 3 AR 9B
ol 8 AoR dEA Ak 7+ 45H FER
41y A8 & 7RG Pure Sn FFE AAH, B
T4 24 hr A2X Desie] WSty A F 9
A gl FEHElE S AFE Pure
Sn# 42Alloys 1 dm*E AHE3IITH A¥ A3 A
T 2 A9 oIt Wsle AY gldlen
AMZ%L FCB > GIC > URIY 422 URI} <
A B ¢ oy Aol wv|3lt}h Pure Sn
2 o] kA" SnCu e iAo mE 2
=3
e
&

-

BAEE 7] fl3t9 FCBo® A|@st A3 Aot

] s qEFC] FaHANeH ICPR A

d A F 4% Sn, Cu TFFE B4 44 23l

Al A7bgel St met Cudl FfEo] 371

st =, ASAT S7HEE mdy Curt &
s}

PHoR 478 & & AUtk

-3t (Life-Time)
Fdoz Ao 7hY7E WG on 39
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S F7)2 -10°C 60°CE 7F5 Bkl 15Cycle,
MY WAL AAE, WY, FYE, 34555
o2 Hristdth. A¥A RE o] FHHL
2 A F-oFrtet dEddo] den FCB
o] A A2dztr] Aol AR Eolu WA Eely

o] WAR| &ttt MY A=A = ool ¢l
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38
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(0%
=

=
= EF3IAUTE Pure Sne AEA] EHYsht 3
< gl x5l of7he] Hxo] WA EY. GTCY

7 1|8} BME(Composition of Alloy(%))
7} =3 FF27 Hull-Cell AJHOE ARFEE
o W2 A FAEL Brh Eg FCBAC R ¢
A, Cusx, 229 FTFE H3uT XRF
(Fischer, XDVM-XDAL), FE-SEM(FEI Company,
Sirion™), EDS(ThermoNoran, Superdry INE 7%
3tHem XRFS AFEE g3t Add - &
& ICP9 CER H#&53#3d& d9sisith. EDSE
2t =ade] xExd AEYE AN 30ky,
sput-size 3, position 5022 ZA3IHc}. A4
Cu FHFHES H7HAIZ & = WA B3
I XRFE CunAle SAE7MsES ¢ + do
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Table 1 Composition of alloy comparison (XRF with

EDS)
XRF EDS
(wt%) (Wt%)
Pure Sn 0.00 0.00
SnCu FCB 28.45 124
SnCu GTC 75.25 247
SnCu URI 732 2.92

25

R

Fa\

N
Q
T

-
o
T

—u— Fe 10 A/dm?
—&— Fe 20 Aldm’
—— Cu 10 A/dm?
—¥— Cu 20 A/dm’

Cu deposit rate (%)
3
T

o —8— —8

0 L - ] - . L

10 20 30
Additive solution(55D1) (mif)

Fig. 6. Cu composition by density of additive solutions.

22

1.98

1.92

- - -
(S > o
e

Cu deposit rate (%)
5
LA L ]

08}
o5l —a— 10 A/dm®
2 2
A 0.52 —0— 20 Aldm
04 i 1 1 1
0.0 05 1.0 15 20

Cu concentration in plating solution (g/)

Fig. 7. Cu composition by Cu density in solutions.

2.8 I (Hardness)

3~5%(4~8 um)x 2] E FETAIH, Vickers Hardness
(AFFRI-R, DM-8), Micro-Hardness(Las-Navas Instru-
ment, HMV-2), UST Hardness test(Innowep GMBH,
UST-1000) 37F4] Au]E AMgstth A7t vf¢
wvorg USTE ZH7ZelE &93}3L Microscope
2 2XFAE el AR H SR SnCu 20~
35Hv, Pure Sn 10~20 HvZ SnPb®] 20~30 Hve}
H] 2393ty AFFRI®] 7% FCB> GIC = URI >
Pure Sn8 o2 =40 UST =AZ3 40 mN
(=0.0041 kg)Z =AA] GIC > URI > FCB >
Pure Sn, 200 mN(=0.0204 kg) S8+ GTC > URI
> FCB > Pure Sn¢] &A1= Z4 =310,

EMZET (Roughness)
E5A1H, Roughness tester(Mahr-Perthometer, M1,
HZ4]), UST(HZ), Non Contact 3D Measuring
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Hv

Roughness(um}

Abrasion(um)

Hardness test result System(InsisAF, ¥]3Z) 37FX] |2 Raghs vl

STk HHAEE 594 AFYE, A4, ww
AU 2288 5 B2 801o=® 44 ¥ss 4
. At FHAH} M1 InsisAF= ¥ &8l USTE
BT S AR o2 uofy Pure Sn EWHO] SnCuRth
‘ 1747 Roughdty talx o2 FCB7} Z%E7F =3toh
Topography Z7423} oAkl glen] FCBY %
o] Beltt Frtao=z FelA H A3

2670 2555

15.98

10

e BUAEE 2] fete S8 258

FL 5N FFem Aelg gEela 24 200

5 e 2 23512 249 a4 gdsd ne 2

: [ Cu substrate she felem FEAZE 2AUEY Ay dae

° Pure Sn SnCu FCB $nCuGTC SnCu URI Q58 EHol ool—‘ B Hom 2E= AXA e
Plating solution 1}7)\]'1;]‘

Fig. 8. Vickers Hardness.

2.10 W{of=4d(Abrasion)

Roughness Result FAHE, UST Abration tester= WU ]}j—% A

A1&FH k. &, Diamond TipS =2 scratch 4]& A
&3l 9 §E0Z scratchE WHE-slo zi =k
NEEE F9 Dag Waste ZFHH o
Hardness, Scratch test?}e= AAFTh vzlbrix|2 &
A o] 9#rt gorng Fodtool d F 7}
A NEAA ARHOE u]¢ Yrom AE Pure Sn
Uimtz Aol vlwa &7 Uebkdth 100 mN, 2cycle
AlEAl Pure Sn > SnCu GTC > SnCu FCB >
SnCu URI, 30mN, 30cycle A]&A] Pure Sn >
SnCu GTC > SnCu URI > SnCu FCB&] o2
=4 = At

Pure Sn SnCu FCB SnCu(GTC) SnCu(URD)
Plating solution

2.11 F&l4(Scratch)

Fig. 9. Roughness result. gz ,\] B, UST scratch Tester® 274 Z4uba) o
Diamond TipL2 U4 st53stol|A] 3@AZ A
Abrasion Result 35S 718HA] ¢ ¥H-S 913 theS Finial load

T aam = scratch $(total) slERleo] oA EHE ¢leth

ojuf FHEH ZFh(Permanent) ElastictS U
o} AE A3 Total 4t 2 AbrasionZ}s SAFS 3t
S X% Pure Sn 6.75um > FCB 424 um > GIC
285um > URI 2.75ume F£AZE 23 H A
Permanent= Pure Sn®| 7}% Al3S}3. Elastic 38
SnCu FCB7} 7 el

2.12 &Y (Solderability)

Solderability Tester(Concoat, MUST-II SE) %A
HEHor FAston AZEL Substrate Cu &
Fe Plate®} Wire, 3FX]&= EL-Ni-P2] 52 3}
Sn-3.0Ag-0.5Cu Pb-free solders AME-3}93L Fluxe
Fig. 10. Abrasion result. Active5$} SM, 245°C+1°C, Test time 5 sec, 3%

Pure Sn SnCu-FCB SnCu-GTC SnCu-URI

Plating solution
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(¢) SnCu GTC

(d) SnCu URI

Fig. 11. Whisker test (60C, 85%Rh, 1000 hr).

7} 0°, 45°, 90°) E}x7AL& J-STD-00334} Multicore
A} Glouble method - wWitrh PlateA] H-&
Bath, Wirex= Glouble test ®4]©]|t}. Tb(s), Tmax2/
3(s), Fl(mN), F2(mN), A.U.C(mN/s), De-wet(%),
Fmax(mN), TFmax(s) 522 H7t=m 4843 o
Ao =2 Plater Data’/} B73I8L Wires US
3t 239U Tbh(s) #< URI(1.001)> FCB
(0.559) > GTC(0.459) > Pure Sn(0.380)2] &M= &
AEAI 2/3Tmax(s) - URI(1.592) > GTC(1.063)

Solderability Result

Wetting Force(mN)

i . i
3 4 5
Time(sec)

Fig. 12. Solderability test.

>FCB(0.883) > Pure Sn(0.206)2.% Z %
45° B} 90°ollA Aol BA 23
FALH A5G Aol Wi o A"
gJov} AyAolxl gron o|RUlE= i]
2 FAo ue HPI AH/1Ee] ey
(2" 12).

;9.%«1
_n

2.13 & A7 (Whisker)
Cu plate 2 PCB ¥Fx=+ A3 60°C, 85%Rh
o)A} 1000 hr ®%], PCB coupon 25°C, 50%Rh *
AN 3709 (2160 hr)7k X, FE-SEMO.2 X322
G35t Whisker 48X HS 2+ JAEE AF
ojuf AMg-H ] mEl 2o EYRE Y¥rHom

ANFARA L e 2R0R ARG T. A =24
= a8 1134 o] BE A)Ho\A] Whisker 4
A2 Wl v T zANME A Sample Whisker

al—xg o E /‘

k. ECAF A&l FCBY A
scratch A& 3\101]*1?} Whisker7} A 3H-S- —“é— —’F
ATt

2.14 WAl™(Corrosion)

Salt spray test system(Erichsen GMBH & CO,
KG, 608/400L)# KS D 9502% 168hr Ag F
Numbering3ted H 718ttt FCBoY tistod= s}
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2.15 F&Z(Contact angle)

Drop shape Analysis system(KRUSS, DSA-10)3}
High-temperature Measurement cell(TC20)& A-&-$}
Sessile drop®al o2 7z} ZHo)| 3 HE4S =
A, @ Water(Gebhardt)Z Dropdte] H7F @ solder
Sn-3.5Ag-0.5Cu®} 63Sn-37Pb solder ballS Al&-3}
Atk AJHE Cu substrate EFEFE 1 em’®E H

80 —

70 -

o
o ol Azo} @ e
Aol glE Ao wrkeld W) gele
AA7} oty BRE, RAdow AES
U e wHol gt

o]

o HristEa Y. dRbgog
4E s 53 Reg
AME BRI = ST} Al
ubstrate FeQl &+ A]JHoA =
go] e} thE MESEo)
Rl hely H
27 = &
o gl

- =
- =

2 n9d

SR o™ Fluxe ActiveS, SM, <245°C. 4&4
o2 DIFEY #H/Me 753y SolderZ
thar AlE el Heko] H g3t Sne ZTHY
e o] Fouz AsPHEz] W Cleans % Flux
AHEA] soldere £A] AlHE A2 HAHAG, b
KEAANAAZF 2 Cuo] THE oj=AHre] B
2S HAY Ni FHY ZA9es 3ol A
= 9 Eo] AAEHT. WA CudA oA
solder?] H7l= 7Feshut SnaxE =487 A3t
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Fig. 156. Used coupon (standard: IPC-B-24).
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