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Effect of In on microstructure and mechanical properties of SnBiAg solders
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(State Key Laboratory of Advanced Technologies for Comprehensive Utilization of Platinum Metals,

Sino-Platinum Metals Co. Ltd., Kunming Insitute of Precious Metals, Kunming 650106, China)

Abstract: SnBiAg-xIn, a kind of low temperature lead-free solder, was prepared by electromagnetic
induction heating furnace. X-ray diffractometer (XRD), scanning electron microscope (SEM), energy
dispersive spectrometer (EDS), universal tensile testing machine and Vickers hardness tester were used to
study the effect of In on the phase, microstructure and mechanical properties of the solder. The results show
that the addition of In element into the solder matrix can refine the organizational structure of the solder.
The tensile strength of the alloy solder increases with the increase of In content, however, the hardness and
ductility increase first and then decrease. In addition, when the amount of In is 5% in the solder, the
precipitated Bi phase is accordingly reduced, leading to an improvement in the ductility and comprehensive
mechanical properties of the solderr.
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Fig.1 Schematic diagram of the tensile specimen
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Tab.1 Crystal structure, lattice parameters and cell volume of SnBiAgln alloy solder

e L j
fé VI EmAREE 1Y s I [A) BE/nm fm M A /nm?
a/nm c/nm (c/a)/mm
B-Sn RO TT 0.5833  0.31825 0.0546 0.29163 0.10827
Bi ESiZatn) 0.4546 1.1872 0.2609 0.32801 0.2123
Sn-35Bi-0.3Ag .
AgiSn BEHEN T R
B-Sn RS TT 0.5831 0.3182 0.0546 0.29163 0.1082
Bi ESFiZat) 0.4546 1.1862 0.2609 0.328 0.21225
SnBiAg0.5In AgsSn  EHENTTEM
B-Sn RS TT 0.58327  0.3182 0.0546 0.29155 0.10825
Bi ESiZatn) 0.4533 1.186 0.2609 0.32705 0.20993
SnBiAgl.0In AgsSn  EHENTTEM
B-Sn RN TT 0.58326  0.31821 0.0546 0.29150 0.10825
Bi i) 0.4533 1.1797 0.2609 0.32705 0.2118
SnBiAgl.5In e
AgSn  EHESTTE

2.2 SnBiAgIn A& HAEH

3 N SnBiAgln & 4R 4 BB BUH
HT RS, N AL gt A T3 2.

M 3 0] L, B ELUE SRR 267 Bi AR A1y
BU/E B-Sn FEfAH, H/DER AgsSn HEIHL A B-
Sn Y, HUAEAREMAZ, FEEEEHINIMR RS W

AR In SR IG, BRI FAHII LR, W]
In KHBS [ BIRHAZ, 5 XRD AORISE R
FH—5. BIRRMA LT Bi AHBL A3 RI401k, 5
SI AT ERE R, RN BT In S0 PAL
HIERIH LR RE .

Fig.3 Microstructure of SnBiAg-xIn (x=0 (a), 0.5 (b), 1 (¢), 1.5 (d)) alloy solde
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Tab.2 Analysis of EDS results of points A, B, C and D

- JRE A%
JLE
A B C D
Sn 92.61 85.62 90.47 92.14
Bi 06.20 11.02 06.03 04.63
Ag 01.19 00.26 00.27 00.16
In 0 03.10 03.23 03.07
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Fig.4 Microstructure and element mapping of SnBiAgl.5In
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Tab.3 Hardness of SnBiAgln alloy solder
/% 0 0.5 1.0 1.5
T /H Vo3 23 242 19.8 18.6

MF 3 AT LLE Y, SnBiAg & a1 BH 4 KK Al
JER 23, fESERIHIRINER In JCR)E, SR
o FCAE P SE 1 0 s oD o 30N 0.5% 0 In JTTE A,
PR 4 ICRE AR 24.2, 35T 5.2%, I 1.0%
M In CFEG, HROTEREART TR, M2 19.8.
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Tab.4 Tensile properties of SnBiAgln alloy

/Y% 0 0.5 1.0 1.5
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FEAHER /% 24.5 27.4 124 9.8

M 4 HAT LB, SnBiAg & S BHHHL 38
f£5 68 MPa, fEMERIHAIMGER In TRfE, &
g R By = BNy | A== 1
In(<1.0%)iF, Hprhrsm & B Ame, #A%
714 MPa; 4N In &8N 1.5%0), & 8RRk
Privsa R E, A 79.6 MPa, 1% SnBiAg
ESEFERHRTT T 17.1%. S&fthisiE 502 H
AR, HPEEmsE s 5K i,
ZEA 3 ORI 1T, WRINE In o6 G4 [
7E Sn Fepe, SHIERHE T FE A E A B
D In(<1.0%) 0 G, R HE B AHE 4
/o R AT A R A EE ZR - AT D R R 07,

o=00+Kd'"? €))

H, o NJEIRGERE, oo NG ERGERE, K
T SMEERMER, d BRI N. In TR
AR, LT Bi A SR, SR EC
AAESER R, RIS TR TR R . M4k
I 1.5% &80 In 5, Hrif BitHE 2, KI5
B A e SRR R, 4R Orowan ML, fEFI

kg, JERHER Sn AN Bi AH 2 (A1 FIAE ELAE A
T AL IZ S, S EUR AR SRRL R AL R
MAES R AR, B IR, X R
iz ke sz 24, S8t R g . B
CLANINEL 22 (1) In B AT LA R s Ak AR R 2, 3
FERIHLIR A B8 o

MF 4 BT LA Y, SnBiAg & &4k} 4t f
N 24.5%, B In TR IIE NN, SnBiAgln & &/
BHOREF ST B PR 240 In JTTEN 0.5%
I, A &IERIE N 27.4%, $2E T 11.8%; 4
NI In JEEA 1.5%0), AEIERHRE RN,
N 9.8%, FILLFRET 41.4%, HiW] In (& &R EE
Wil SRR B o ARG oy T A S5 R %)
AVEG IR K. 7F SnBiAg &4 B S H,
Bi MihAcAE, KENTH R Bi A2 ™ H ARk
EAYE, 5 3 RO ZinT 5, FEG 4N
NP ER In(<0.5%) 0%, FFK T Bi AHEHTH, $2
BT ASSER N, W] LS A SRR T
ft. LA EIERHFIMANEZ 1) In(>0.5%) G &R, &
ST Bi B 2, KT A SRR, B
HA SR SARN BN, BT AL R B0 2 i
S 2 Z BIHASH R, SECREH IR,
MITTE— B FRAIK T & e R B8, AR TSR
BB T
2.4 SnBiAgIn &4k DS

B 5 h e i RE I SR . I S(a)nT LA
E i, SnBiAg Wit tH IR G Ers, HHEHRmA
Bi WRIAECE, 1 Bi Pk miEn . i a 4
BERIERCRANIERTR, DR 2945 — € di T
(Watth s Bi AH 85 EE & 1) 7™ A= AR B 222080, PR gkt 4]
Hbr o AR . 0 SRR, 4500 In
TCR RN 0.5%, RIEE G AErEA Frigsd,
ERL b ] DA W7 H BBV B v o 0B S(e~d) AT,
RILHEIN 1.0% 1.5%H) In JGERE, &E81ERH1
oW AL BT W B IRALRR,  FLFLBR A7 7E — 1t
Sedsi, I RERE M R B S 24 Bi ik,
HAESFLBR A FE R R T Bi Bk, X5 Bi
WKL SRS ERIR, TERIER T, =
T PY R Bi FORCE G, AT T BRI B2
H BT Bi AH [ i e 0041, 155 SRR 2
D TR ARYE LR HTRI A, W O T SRRAE
A - 5 S ARG 45 SRR —



20 A F 44t
B 5 SnBiAg-xIn (x=0 ()~ 0.5 (b)~ 1(c)s 1.5 (d))&&1RHHINT IS
Fig.5 Fracture morphology of SnBiAg-xIn (x=0 (a), 0.5 (b), 1 (c), 1.5 (d)) alloy solder
additions on microstructure and mechanical properties of
3 ?p‘ﬁ@ SnAgCu eutectic lead-free solders[J]. Materials Science &

1) # In M%) Sn-35Bi-0.3Ag &4 2R, In
] TA R AR AR 35 50 a0 A, 0 SRR B [T 58
TRIITER

2) XFERMUOEE R BT B, W 0.5% 5 &
B In J5, 4040 THERMAZL, N T Bi AR
B, SREM 6.2%IEm A 11.02%, FFK 7 BifH
MIRTH, ARTHEE TR 2= Re .

3) SnBiAgln & &AL IR B AN B VEHIBE L In
TR RN RGN . HPih R e In & &
PIXGINTG . 2R& %08, KIN SnBiAg-0.5In &4
JERMUR I Bt AR VERAL, AR TH 4R
BHRIN T, £ S Uk e .

SE R

[1] CHIANG H W, CHEN J Y, CHEN M C, et al. Reliability
testing of WLCSP lead-free solder joints[J]. Journal of
Electronic Materials, 2006, 35(5): 1032-1040.

[2] KALAY Y E, KANTARCIOGLU A. Effects of Al and Fe

B3]

(4]

(3]

(6]

(7]

Engineering A. Structural Materials: Properties, Misro-
structure and Processing, 2014, 593: 79-84.

MAHIM Z, ABDUL RAZAK N R, SALLEH M AAM, et
al. Enhancement of microstructural and physical properties
of Sn-0.7Cu lead-free solder with the addition of SiC
particles[J]. Solid State Phenomena, 2018, 280: 181-186.
XING W Q, YU X Y, LI H, et al. Microstructure and
mechanical properties of Sn-9Zn-xAl:Os nanoparticles
(x=0-1) lead-free solder alloy: First-principles calculation
and experimental research[J]. Materials Science &
Engineering A, 2016, 678(10): 252-259.

XIONG M, ZHANG L, LEI S, et al. Effect of CuZnAl
particles addition on microstructure of Cu/Sn58Bi/Cu TLP
bonding solder joints[J]. Vacuum, 2019, 167: 301-306.
REN G, WILDING I J, COLINS M N. Alloying influences
on low melt temperature SnZn and SnBi solder alloys for
electronic interconnections[J].

Compounds, 2016, 665: 251-260.
M, XIEMN, mEE, % B RARR T IR R T

Journal of Alloys and



E R

HEEt55: In X SnBiAg SRBHMALSE 4 [ )£ P BE RIS 21

=3

FHER[)]. B4R, 2022, 43(S1): 42-54.

SHEN B W, LIU G H, GAO Q Q, et al. Research progress
of new low temperature lead-free solder[J]. Precious
Metals, 2022, 43(S1): 42-54.

[8] ZHU W, ZHANG W, ZHOU W, et al. Improved micro-
structure and mechanical properties for SnBi solder alloy by
addition of Cr powders[J]. Journal of Alloys and
Compounds, 2019, 789: 805-813.

[9] SHIUE Y Y, CHUANG T H. Effects of la addition on
microstructure and mechanical properties of Sn—58Bi
solders joints with osp pads[J]. Canadian Metallurgical
Quarterly, 2013, 52(3): 285-294.

[10] BANG J O, LEE H S, JUNG S B. Fabrication of Sn-58Bi-
xCe solder paste using electrical wire explosion method and
its mechanical property[J]. Journal of Nanoscience and
Nanotechnology, 2017, 5: 3033-3037.

[11] YANG L, WEI Z, LIANGYY, et al. Improved microstructure
and mechanical properties for Sn58Bi solder alloy by
addition of Ni-coated carbon nanotubes[J]. Materials
Science & Engineering A, 2015, 642(26): 7-15.

[12] B, tRAAL, Wi, 5. =JC&K Sn-Bi-Ag MRS
S, ALV ERETIIU]. FiH &8, 2019(1): 8.

BAI H L, XU F X, SHA W J, et al. Phase structure,
microstructure and properties of ternary Sn-Bi-Ag solder
alloy[J]. Chinese Journal of Rare Metals, 2019(1): 8.

[13] WU C,YU D Q, LAW C, et al. Properties of lead-free solder

alloys with rare earth element additions[J]. Materials
Science & Engineering R Reports, 2004, 44(1): 1-44.

[14] MAY, X LI, YANG L, et al. Effects of graphene nanosheets
addition on microstructure and mechanical properties of
SnBi solder alloys during solid-state aging[J]. Materials
Science & Engineering A, 2017, 696: 437-444.

[15] GAIN A K, ZHANG L. Interfacial microstructure,
wettability and material properties of nickel (Ni) nano-
particle doped tin-bismuth-silver(Sn-Bi-Ag) solder on
copper (Cu) substrate[J]. Journal of Materials Science
Materials in Electronics, 2016, 27(4): 1-13.

[16] FRARAE. Sn-Bi-In 4146 f A HAT AR FE[D]. WA ARE:
W& RV HE TR, 2021.

CHEN F X. Research on interface behavior of Sn-Bi-In
series alloys[D]. Harbin: Harbin University of Science and
Technology, 2021.

[17] SUN L, CHEN M H, WEI C C, et al. Effect of thermal
cycles on interface and mechanical property of low-Ag
Sn1.0Ag0.5Cu(nano-Al)/Cu solder joints[J]. Journal of
Materials Science Materials in Electronics, 2018, 29: 9757-
9763.

[18] YANG L, WEI Z, YONG M, et al. Effects of Ni addition on
mechanical properties of Sn58Bi solder alloy during solid-
state aging[J]. Materials Science & Engineering A, 2016,
667(14): 368-375.

Kok sk sk sk sk ok ok ok sk ok oskoskosk sk skoskoskoskoskoskoskoskosk sk sk sk ok ok ok sk oskoskosk sk sk sk sk sk ok sk ok oskosk sk sk sk ok

[ B85 14 K]

[4] BRscdt, SRR, XUHE PA-20W & 413 1A 0 4544 4 i
[J]. 848, 2002, 23(2): 33-37.
CHEN LW, HUANG B X, LIU X. Structure analysis of Pd-
20Wsolid solution alloy[J]. Precious Metals, 2002, 23(2):
33-37.

[5]1 (SEBIMLTM) WEL. StEREIEI LM
b5t Tolk HiARAE:, 1978: 180-181.

[6] ZFZ4R, W% TC18 HhEaEMESHTRAN )5 &
AR [T]. AR AR, 2010(1): 85-88.
LIHE, SHA A X. Effects of hot process parameters on flow
stress and microstructures of TCI18 titanium alloy[J].
Journal of Materials Engineering, 2010(1): 85-88.

(7] 2, WK, KSR, 55 5P Al-Zn-Mg & &R
TEAT NA R LT, Ak TR, 2013(11): 6-11.
LI B, PAN Q L, ZHANG Z Y, etal. Hot deformation
behavior and microstructure of Al-Zn-Mg alloy containing

Sc during hot compression at elevated temperature[J].

Journal of Materials Engineering, 2013(11): 6-11.

[8] NAKAI M, ETO T. New aspects of development of high
strength aluminum alloys for aerospace applications[J].
Materials Science and Engineering A, 2000, 285(1/2): 62-
68.

[9] EIE, M3, EibT %8 690 AEMRERLIRAT N
[]. AMEHAbFE 22, 2015, 36(9): 21-26.

WANG J, MEI'Y, WANG H Y. Hot compression behavior
of as cast 690 alloy[J]. Transactions of Materials and Heat
Treatment, 2015, 36(9): 21-26.

[10] POIRIER J P. gafkf)miR SR L [M]. K% KiEH
TR HARAE, 1989.

[11] JAFARI M, NAJAFIZADEH A. Correlation between
Zener-Hollomon parameter and necklace DRX during hot
deformation of 316 stainless steelJ]. Materials Science and

Engineering, 2009, 501: 16-25.



