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Abstract

This paper was investigated the lead free solder characteristics by P mass percentage chang
e. Tension test, wetting balance test, spread test, and analysis of intermetallic compound after
isothermal aging of Sn-2.5Ag~0.7Cu-0.005P, Sn-2.5Ag-0.7Cu-0.01P, Sn-2.5Ag-0.7Cu-0.02P, Sn
-0.7Cu-0.005P were performed for estimation. By adding P on the solder alloys, it was showe
d improvement of tensile strength, reduction of intermetallic compound growth and reduction o
f oxidization of fusible solder under wave soldering processes. After comparing solder alloy co
ntaining P with tin lead eutectic solder alloy, P containing solder alloys showed much better s
olderability than eutectic solder alloys.
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u-0.01P (°]3} Solder 2), Sn-2.5Ag-0.7Cu-0.02P (°]3} Solder 3), Sn-0.7Cu-0.005P (°]3} Solder
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2. Experimental

2.1 AAZ A g (Tensile Test)

Ale A2 ASTMS AA3A Y AA7FFe] wa AFstgon, AFH FAE ISO 6892 F
Aol & AAsAh AFANDHH S $EE Imm/minE TS ARF 2F0Z AFA YL
A ET. AFAIF A& AHe e Fig2lel uUehyglen A¥We] 4= Table
2-19] veb A

2.2 DSC(Differential Scanning Calorimetry)

&9 F&¥ &§ M (melting point)& 4387 ¢33 DSC 24e WA Q.

23 ¥ A8 =3 (Electroless plating)

2 A8 A8E 7] H(substrate) F A 7FAZA bare Cu, Ni/Cu, AwNi/Cu ©)t}. bare Cux:
99.99% ol 39 ¢F& g dFHY TFEAL Table 2-29] Vel
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Fig.2.1 Shape of specimen Fig.2.2 Evaluation of contact angle

2.4 94 A ¥ (Spreading test)

U E disk¥ e AR(FA: 2mm, X 6mm) .2 7FEET, 71HE 30X30X02mE 7HE A
o™ &Cisheetd 71H2 HAY Holl Aetge] FF &% AFHIHY. bare Cu, FA Ni/Cu,
FA Aw/FAs Ni/Cu 719 9o Z+7F £risheetS L@ ¥H, EHA(lux)E BAE & &9
FE =R 40T £& 25(=37)9 hot plate $oiM 71d3te] AFL AA8 3, 48 5 A
2 (spread area)? FZFZt(contact angle)S EAs Lodz wusiydo. HEZL Meirt A
Algh WhRje] mhel st ow FUAR @AM 8 ARG AR 1 FFEE AsSI
Fig2.2oll AN Z4x& Jep AT

25 A9 A2 X g (Wetting balance test)

A8WAA AP L [PC-TM-650 FZHd 7% Agsigon AHe m71E 7x30X02m =
Zhestdddh. ZheE AEe A EEtd xdy AR AAsYE, EFF0 AL4
(Wettability)o] "X& 93 dolrr] 9 35FY 718(Cuy, Ni/Cy, AwNi/Cu)& Ag3sle A
datgon &g4uie 228 240CHE 200C7AA WA dnE njmstgdo. =8 4 71%
THY ZY2E AE3le A4¥ S 39 = Table 2-39 F 29 198 BEAXE JeEhU

Table 2-1 Dimensions of specimen

Subsize Dimension{mm)

G (Gage length) 250%0.1

W (Width) 6.0+0.1

T (Thickness) 3.263

R (Radius of fillet 6

L (Overall length) 100

A (Length of reduced section) 32

B (Length of grip section) ] 30

C (Width of grip section) 10

Table 2-2 Conditions of plating

Surface Method Thickness oH Temp| Time

finish (gm) (C) | (min)
Ni electroless 5~7 |43~48]838*2| 25
Au (electroless {0.14~0.16156~6.21 89+ 2 30

Table 2-3 Characteristics of flux used in the experiment

Type Specx(fé?5 gawty Sohd(;c;ntent Cleaning method
Flux A(RMA)| 0.818 15 | Solvent/Aqueous
Flux B(R) 0.836 12 Non-clean
Flux C(R) 0.795 3.3 Non-clean
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26 52 A& A¥Y(Aging test)
°

52 Nad nE 47 FEEY 4FL dFT 222 FAHE oven(+1T)dA A LA oA
ANEE HY g FE3 FHeE AFEgct & Yo AHEE ANEREE 120, 150, 170 T
o]

(FARAEU )2 BRI 4zt AHAA ¥ FE£5T FFE F9 FHL
gg Ao mHRF AAE Ao HFFAE TPt 25T FFE 29 FAZAHA:E
Image analysis software’t A2 EHUT AA F&£7 FFE Fo] AX e HH S AA dojz

Yo} Tt

3. Results and Discussion

3.1 A A P (Tensile test) 23}

Fig.3.1& Solder 1~49 AAZZ =9 FEZAE, AAE-E vlag Aolth AFAH A P &%
o] Zojd+E AAREI F718 QY. Solder 1, 2, 39 AAEL oF INAHEE H£T e
EFUI T Solder 47 71 & A218(465%)2 Bt Fig.3.2% Solder 1~4¢%+ Sn-3.5Ag-0.7Cu,
Sn-0.7Cu ¥ Sn-37P¢] AAFZAE=E v|lwd nPo|t} Solder 1, 2, 3, 49 AAZIE=+E Sn-37PbE
o= A ZA| 9 Sn-35Ag-0.7Cu®t Sn-0.7CuR T+ & UFFTE Holu 3t
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Fig.3.1 Mechanical proferties of Fig.3.2 Tensile strengths of
solder alloys several lead—-free solders

3.2 DSC(Differential Scanning Calorimetry) ¥4 23

DSC &4 A Solder 1, 2, 32] €832 220TColA 221TC AtelZ YEI O ¥, Solder 49 £§
L 230CYS &0 + U

3.3 ¥ 43 TF(Electroless plating)A|H o] ¥ A

Fig.339 F4s =33 AHe ¥HES SEMo 2 ##3 2ZHAXE YebdAch Ni 719 ol
Au E=F9¥ Fig33 b)x= EH o] & A= 8388 U3  ded ojAL &uld 7Iug
o] A% 4 (interfacial tension)¥ A H 2 #&o] UA Ho HEFZ, S H(wetting force) T
3 (wettability) & B7Fet= o2 Azt ¥ nIdn & & Ao

a) Electroless Ni b) Au / electroless Ni
Fig.3.3 SEM micrographs of surface finish substrates
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3.4 93 A ¥ (Spreading test) 23

AEde&rss 883 + 40C(Solder 1~3: 260C, Solder 4: 270C)& 3F¥th £33 Z3 A+ RMA
typed} Flux AZ AR Figlddl 74 &£oio] o2 HA9A S =3FY FFHo o=t Jery
Atk Solder 1, 2, 3, 4 S Solder 47} 7} H& WAooz HFow, PEIFo] 0.02mass% A
Solder 3¢] PlA| % ol HHWHA o] 7 FUdrh 7|®e] FH wWEMe v FF &9 BF
Au =3 AN#HOA 7T #Z HAer, Ni E5 Ade vdiasE veEdAt ¥R Ag ¥ &4
ot 7o o]F & HEHAE 1B FTF wg FE3H Fig34el e Fig34dA & &
AE Hke} Zo] Solder 49 HEFZto] b Qi P o mE HIE 35T T+ UE
Solder 1, 2, 3 oA P AE Ao)R| ¥t Solder 181 HEZro] 714 A 7#FF & HE
Zte] Agd3de= AWN/Cuwt =58 7189 297 71 F2 3E5Z4E ey, Ni/Cust
=g 719y A5t Mg & HEZDE JERAT

180 | Temp. : mp.+40 T S bare Cu 70 Temp. :mp.+40 T HEEN bare Cu
BRI NI/ Cu
1ea | Flux A (RMA) N Au/Ni/ Cu ol Flux A (RMA) M Au / Ni/ Cu
140 |
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Fig.3.3 Spread areas of solder alloys Fig.3.4 Wetting angles of solder alloys

35 WA A X P (Wetting balance test) 23

deda2 APgLEe 83 + 40C2 nHsAT, FY2E RMA typed Flux A2 H4¥ L
A ABLE T Fig.35% Solder 1, 2, 3, 49 3 &8-& 7|#9 FHo ma nlud ol &4
2y FE84o2 Au 71#, Cu 71, Ni 712 &A= 3d&Hol &gkt bare CuZlH-g AL43H4
& 7§ Solder 1, 2, 3, 49 ZA&HL Z+z} 4.068, 4.053, 3.863, 3.946mN o] Qo AuwNi/Cu 7%
& AHESIAS B$ 473, 4.7, 462, 4635mNeE 385 o] bare Cu 71 BHETH AwN/Cu 7| %<
AHERE A9 AEHo| 747 163, 15, 196, 175% 78ttt £3], Ni/Cu 7124 wld] Auw/Ni/Cu
71HE ALESIRE AS 280l 498, 42.1, 42.3, 44.9% FAFH AT}, Fig.3.590 Solder 1, 2, 3, 4
o FHEANE EF5FY TFY A JehiAd. READE PEFo] B2 Solder 30] HlEH 70
ASA7HE YEM T, Solder 19] 7t #€ 3 SAIE HeEHAdd.

8
. Bare Cu substrate 20 Bare Cu substrate
Ni/Cu substrate 1.8 Ni/Cu substrate
s B8 Au/Ni/Cu substrate - 2% AwWNI/Cu substrate)
g [ ' f
5 s .
§ 4 |- “r
£
¥or
k=1
Wk
o 7
Solder alloy
Fig.3.5 Wetting force of solder Fig.3.6 Wetting time of solder
alloys showing the effect of plating alloys showing the effect of plating
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3.6 IMC(Intermetallic Compounds) F7 &3
Fig.3.79] Solder 1, 2, 3, 49l th8l aging 1 7te] u}
Rtk IMC F7A€ CusSn# CueSnse] FAE &3 #%
FA7A Fskh IMCE 9 FAE PY #&Fo] 7t

2 IMC A& aging 229 4 ey
o2 ZA3Y3, 4oJA Yt CusSnse E
242 Solder 1914 718 o] AFsd 2

r°"
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a) Solder 1 b) Solder 2 c) Solder 3 d) Solder 4

Fig.3.7 Relationship between aging time and IMC thickness

4. Conclusion

(1) Solder 1, 2, 3 9] AAZE SAZA T P o] 0.005 0.01, 0.02masswPZ2 ZF7}gto] wlzgl QI
=7t F7F8F9 k. Sn-0.7Cuol 0.00bmass%PE #7F3F Solder 4 =3 Sn-0.7Cuel H]3]
727t F7rstdh mEtA Pol gEFEUte ot JIRAA =T ARE ¢ F U

(2) Solder 1, 2, 39] 234 A¥ZAH Pl &ako] ZrAadd wet HAUAF RLEHL F18Id 2
A&7 R Ao ZA3AT

(3) &0l PE AT ZH AFAEY Yy, 847 SFEAMC) 434, dolB &6
f8&de 48T FA T ZHAE AE 7 AReH, P HritFo] FEFE ASA
Oa "dozide AE & F & UUT

(4) B dFola A383% Solder 1, 2, 35 Sn-37Pbe} vluws] ¥ A3 Solder 1, 2 £+ Sn-3.7PbHE
o AEAol FhoH Soler 3EF ¥ ASAELE JEANA

(5) Solder 4(Sn-0.7Cu-0.05P)¢] 4&¥ZA#E ZA LA Solder 1, 2, 3o Hla] AFF e
ol x| A7t AAEL AUFoE FUG EF AL HES &9 F T +-E 54
et Ao}
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