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Tablel Comparison of main properties of Sn-based lead-free solder system!”
Eutectic Eutecti
Solder composition, utectie Advantages Disadvantages Ref.
o melting point/'C
/%
. Good creep resistance, High melting point, poor
Sn-Sb series Sn10Sb 250 high strength wettability [7-10]
. Good thermal fatigue resistance, High melting point, poor
Sn-Cu series Sn0.7Cu 227 high strength wettability [8-10]
Good creep resistance, high . . . .
Sn-Ag series Sn3.5Ag 221 reliability of solder joints, high ~ 1&h mel“‘;igc g"mt’ high [8-10]
strength P
. . Poor wettability, poor
Sn-Zn series Sn9Zn 198.5 Moderate meltlng pomt., good oxidation resistance, poor [8-10]
mechanical properties . .
corrosion resistance
Sn-Pb series Sn38Pb 183 Moderate mgltmg point, good Toxlc1ty., poor creep [8-11]
comprehensive performance. resistance
. . Poor ductility, poor creep
Sn-Bi series Sn57Bi 139 Low melting qut’ good resistance, poor solder [8-10, 12]
wettability .. e
joint reliability
Good electrical conductivity, low High price. low strenath
Sn-In series Sn511n 120 melting point, inhibition of Sn &h price, gt [9, 13-14]

whisker growth

poor creep resistance

Note: Sn10Sb is the peritectic point composition, and the peritectic temperature is 250 C; there is no eutectic component in Sn-Sb

binary alloy
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Microstructures of Sn-25Sb-xAg solder alloys®*: (a) x=0, (b) x=2.5, (¢) x=3.0, and (d) x=3.5
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K2 JREHHZUH IMCs TE SR
Fig.2 IMCs morphologies of solders microstructure: (a) Sn-5Sb-0.5Cu-0.1Ni-0.1Ag, (b) Sn-5Sb-1Cu-0.1Ni-0.1Ag, and

(c) Sn-5Sb-0.5Cu-0.1Ni-0.5Ag

B3 WAL Sn-5Sb-xCu-yAg/Cu {7 60 s F1 90 s J& MI4AT 15 5 1f 4 )8 I 4L & W0 1 T 5
Fig.3 SEM morphologies of interfacial IMCs of Sn-5Sb-xCu-yAg/Cu® liquid solders after heat preservation for 60 s (a-c) and 90 s (d-f):
(a, d) Sn-5Sb-0.5Cu-0.1Ni-0.1Ag, (b, €) Sn-5Sb-1Cu-0.1Ni-0.1Ag, and (c, f) Sn-5Sb-0.5Cu-0.1Ni-0.5A¢g
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B4 BRI SEM ALK K 4d X A FIXIH B 19 EDS 40745
Fig.4 SEM microstructures (a-d) and EDS analysis results of region A (e) and region B (f) in Fig.4d of as-solidified Sn-0.7Cu (a),
Sn-0.7Cu-2Ag (b), Sn-0.7Cu-2In (c), and Sn-0.7Cu (d)** solders
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Fig.5 Distribution and morphology of SnO, particles on the
surface of IMCs layer at the interface of

Sn-0.6Cu-1.0Sn0,/Cu solder joint"*?!
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B 6 SAC257-xBi f5-RF 5 M R
Fig.6 Microstructures of SAC257-xBi solders™*”: (a) SAC257, (b) SAC257-1Bi, (¢) SAC257-2.5Bi, and (d) SAC257-5Bi

Bl 7 JREbR Ni 8 GNSs 99K TEM IRy
Fig.7 TEM images of the Ni-coated GNSs*!
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Fig.8 SEM microstructures of the Sn-Zn-xCu(wt%) solders”®: (a) 91.33Sn-8.67Zn, (b) 91.33Sn-8.33Zn-0.34Cu, (c) 91.34Sn-7.98Zn-0.68Cu,
(d) 91.37Sn-7.63Zn-1.00Cu, (e) 91.365n-7.29Zn-1.35Cu, and (f) 91.37Sn-6.94Zn-1.69Cu
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Fig.9 Microstructures (a, c, e) and distributions of grain boundary misorientations (b, d) for the as-rolled Sn-3Zn-1Bi (a, b) and
Sn-3Zn-5Bi (c-¢) alloys (LAGBs: low-angle grain boundaries of 2°~15°)""

B 10 Sn-Zn/Cu 7£ 215 “CAN[RII 8] [3135 12 f5 48 /5010 SEM. 2 1 4H 41
Fig.10 SEM microstructures of Sn-Zn/Cu joints reflowed at 215 C for 5 s (a), 50 s (b), 80 s (¢), 120 s (d), 900 s (e), and 1800 s (f)[6°]

KARGE, BRI E B SRR AR IR A PERER R 2L 1.5 Sn-Bi RIER}
EM, B, JFK Sn-Zn RIZEHL BRI A B E

Sn-Bi &< J& TR mUCHHIRRL, R4 SE B ARHE
F S P A SO e FRAF 7 4 T

S5 22(ASM International) & A F1 L 2= FHi@ ¥ Sn-Bi
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N AR Sn-Bi ZR R4 SV i HLAR IR A% 5 A R

SR, BHE AR OISR 1 BE Bi oG 3 [ A I
T KRR S, Eid B2 Ag. In. Al. Cu. Zn.
Sb. Ni Z& &R PIaidn CNT. Y,05. Zn0, %
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B, 7£ Sn-Bi-Ag #ERL IR A 1) AgsSn JLIEHI A Bh
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IMEF 2 {2k 54k Sn F1 Bi flobL 6 7 &5 & 748 S okr
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HHE RN £ 40d] Bi UKL AT B I 7E R Ak R
FCOR B A B BURDIR. CuZn, M A1Z FitR CusZng A8, 44
WEARH SRR TR D 22 R . (A& Zn TH
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JERL B8 P AT S8 AL 1 - Zhou 28 7T £ B, 7E Sn-58Bi
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1, FRFHERN AR5 B AR PR BT A . W 11
Fi7R, TigSns A1 Ti,Sny IMCs ks A DLAE AR A 7 fil Ak B
[l R P 78 M S R AL AL B, (kBT A5 S T A R
A%, Ak ST A F I E S AR, SRR S
J1%EVERE .

s .
b - .
1‘ o s N

Ti,Snj (gray)

ol eI b |

K1 EeE AR

Fig.11

Microstructures of solders””™: (a) Sn-58Bi-0.5Ti; (b) Sn-58Bi-1Ti; (c-d) the gray and dark gray IMCs in Sn-58Bi-0.5Ti and

Sn-58Bi-1Ti; high magnification images of spot E (e) and spot F(f) in Fig.11a and Fig.11b
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(2.3Di-THOP) #t3#&rh Sn-Bi AR w5 i 0] 58 )
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1.6 Sn-In &1EH
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PRIV 9 FL 1 1R O L 2H 25 v 22 o (] VAR B Ui 2B

B 12 Sn-Bi/Cu J2 sifE#IEFR 1000 VRS f¥) EPMA T 9 4
Fig.12 EPMA mappings of Sn-Bi/Cu solder joint after thermal
cycling of 1000 cycles™: (a) Cu column (=85 pm)
sample with IMCs and Bi particles at the interface;
(b) Cu column (&=70 pm) with IMCs only at the

interface
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Research Progress of Sn-based L ead-Free Solder

Pu Cunji ', Li Caiju', Peng Jubo®, Zhang Xin®, Guo Shaoxiong®, Yi Jianhong'
(1. Faculty of Materials Science and Technology, Kunming University of Science and Technology, Kunming 650093, China)
(2. Yunnan Tin Group (Holding) Co., Ltd, Kunming 650299, China)

Abstract: With the promulgation of the “Pb Restriction Laws” in various countries around the world, Sn-based lead-free solders have been
widely studied to replace traditional Sn-Pb solders. However, the development of large-scale integrated circuits and advanced electronic
packaging structures in recent years has placed higher demands on the performance of lead-free solders. This review introduced the latest
research progress on the main lead-free solder systems, such as Sn-Sb, Sn-Cu, Sn-Ag, Sn-Zn, Sn-Bi, and Sn-In systems. The effects of
adding microalloying elements, rare earth elements, and nanoparticles on the microstructure, wettability, mechanical properties, corrosion
resistance, and service performance of solder were also reviewed. The main development trends of high-performance lead-free solder were
discussed, and the innovative research concepts and the methods were proposed for the development of next-generation brazing materials.
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