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ST e A S S I I T (1
Sn0.3Ag0.7Cu~xP TLEYVEFRIIF 5T, HUESE 1 P nf LA
P PR R PU AR, AT RO 4 21
AL R VR B )L AR A,

3.1.3 Ag/Ga/Al/Ge/Cr

YT SnZn AR S, WM& S0 R EEE Ag,
Al il Ga. EEZ% ANPHEFL T Sn9Zn-X(Ag, Al Al Ga),
EH] Ag HIBAERINERN 0.3%, %03 HiEE i,
LT 0.5%0F, A AgsZng M1 AgZn, 43 )& AL &4
B B A MR M AL BN TR RS B FH 1 Zn
FEA, fERBEHRTFARZET, RERMEN
0.005%, ZnCl,-NH,CI 2614 T B AL &N 0.02%;
Ga RN E A OGS AR S, AR
B 1% 4. GRS Song 5 NP T
SnZn-xAg THYEF RIS Btk i, IE R Ag
Al DL O 2H 25 OF 82 m AT ORI R AR R . X T
Sn-(7.1-9)-(0-3)Ag TR, FhmidE AN Ag & &
AT DA S BT BB EE AR e, 7R Ag HrEHd
0.3%MF, v CLYE ST R LA 2 1) AgZng #H, {HZ7EET
BTN ES Ag & =LA IS 2% A4 23 I AgZn; 1.
3 N Sn9Zn3Ag/Cu F ALY, FERF N Ag &
EE AT R AgZns #H. Ag EEETE SnZn 18 S
HRAN G K AgZng 2 B SovE AR, ALTEATRE R 1T
1~30 nm 50 N & 4R, WL F AR (1) 2000 £,
B BT VA R 3 T R B SR A R T B e R BT
SALERE, Ga IRONTEAET R I & 4281 % i ik
HWCS RS DL R B AT R R T 9k A,

B3 Sn9Zn3Ag/Cu FLHALRE

GafE AYRINITE, 78 SnZn LHET R LRI
NN 4 BB B L R T I kP e 3 A
X F Sn3.5Ag0.7Cu 4Tk}, 1.5%Ga 7 DL 3 R TCHT
BT R 4540 R FE (228.91°C —223.94°C), AT LA = 45
SIBY V)RS, (EJR X AR SR 5 PERE RS /. |
T Ga BN, TEAR s 0 ST X L 21 Cu,Ga
H, il 4 Frow, IE RN Ga B INFETH 4 )8 810
EWZE R BN, EEFRT Cu,Ga HITE
HPHASE, BN TR TGRS BUE %, 7E Sn2.5Ag0.7Cu
T RIR N Ge TEEPY, Ge TCE T LA M SnAgCu/
Cu Frii 4 @ A& W ) JE B AN AR KOs B, (R R4
FETH AR B DUIR A S, AT LA ) 53 T 4 4k A
W) CueSns [} CusSn FIFEAZFIE B & KK, W
0.25%Ge B, £FHL 58 EIA R KMH, H SnAgCu 4Tk}
5 JE HE T 33%17.

76 I R0 F2 H (85°C/20%RH, 85°C/85%RH, 500
h), it Cr 7t &R X Sn9Zn/Cu FL1H 4 )& Ak &K
[FISZIR, 0.044%Cr 0] DL & 98/ ST 4 )8 R L& 4
R, SAMER SRR, R ) PG S
&R AL A A K g, Cr Al LUK AL 4@ A1k &4
ARKTERIRN 10%~75%"Y. FAMEH LS ALP S
Cr & EH, HESE AL Cr B8 & %t oA AT R 18 4
AR/, (B2 P A Cr #84, Sn3.0Ag0.5Cu-
Cr-P 5P RLEA R AT 10 25 RE R B A ALk B

X=X, +At" exp(—%), (1)
K, XN t 2 & R Rk EWEEE, Xo NYIiG4
JEAEYZIRE, O NBEUERE, A IMENEEL n i
KIS, KT S AL A W A K DAY B A R
(a) (b)
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10pm

A A B
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3.1.4 Bi/Sb/In

Bi fEANMRIRICE, B2 LM E NS4
TLE. BT Sn3.0A20.5Cu-(0-3%)Bi £FEL, K
M 1%~3%1) Bi 7J LLE Z 3 S RL& & Pt h s,
PR B e PO SE AR 8 [ R EL A 0 A R A T 4 1)
&K VE. 754 Bi () Sn3.5Ag0.7Cu AT
bR R IR AL ) & R A A AE KB R,
A0 R R ST B B R /)N, SnAgCu-1.0Bi & fx e
BOE A, Bi 7£ Sn3.5Ag AFRF AT DABRARAT R A,
RIS YE, 2 Bi S RN 5%, 15T BT D) R IA
Bl KE, FHEILL 3.5%Bi AFR, 15 A2
1l 43 B 4 U 0 R A 241021,

E Sn0.3Ag0.7Cu HR I E Sb, W] LA 52 m
TEAVET R, IF H Sb Bl & RIS HILE 0.6% 4
A, PR AIE B ET IR RS SR AT DL — 2D O AT
BHOEEHE. Sb AR N2 SnS8Bi £ kI LR
T ) | I Tl W a8 S N E LI 5 1| ) 1 B
S X EF R B AT R, Bl Sb A I E 3G n At
T J2 B 36 0, BY U)o A A 5 3 vy ),

In SRR TLHTREGEMPENEHNEE
JLE, PUERHE KRS L2 N5 7 Sn0.7Cu0.2Ni-
xIn JCERETFRNITEVRYE . KA1 R LR IR R A, IF
B In & B0 2 S EUFRHO R I R 505 18,
TN 03%0F, FFRHO LRI MK R BT T4 B R
Z %0, Sn0.70.2Ni0.3In 4B A= T SnCuNi £ %}
15.6%, W TR 11.7%. T35 NS In ToE G
T Sn1.2Ag0.6Cu 47 kH, EFRMIEIR R — &
FERE M PRARAE T, TR 1S 30 B 0. @t it
Sn3.1Ag8.0Bi2.1Cul.7In #H 7%y, 1Z4F KGR FE 2
AL 45 () Sn37Pb £k}, L FH MM FE L Sn37Pb K
8%~19%, HiAd 3 5 Ny Sn37Pb Fi 58 & ) 2 £, (H
RZEF R TS N T A A, ToBER IR ko
FREA.
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BAE Ni PR R L B 6 Fis. fek Cu Bk s
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BB 58 1/4 FCBGA #81EA FRICHERL, Z i sl
FERRAG IR I AL 1K) L Ay - 82 A8 0 57, GIER] SnAgCu-Al
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A 3. Chan W 72 20 U701t 8 BF 5 & gl ok AL Bk
SnAgCu 1§ S THEFT, 76 Au/Ni/Cu JE 4% T X 3k
B Sn-Ni-Cu & B A=, 99K Al BRI
WM& AE S E Sn-Ni-Cu b % & 39 & 1
Sn-Al-Ag & J&FAE Y, 5 A AR BORL I 7 i mT A
BER S S BT R . B R AR T
FHBURL R BLsm AL . (ER B 9T 45 s Z XA I &
Eb 5] (1 5

9k Ag BRI SnCu AR #EA [
TEERNR IR, 8 AU 6 AR W7 255 A 19 21 B 1B 1 42
=, BERTHE AT, RILEAK Ag BURLIE 5B
REFE fy, [RIULAIUFE B T 90K Ag B0k AT DABE s 4 i 1)
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AR Y B S 9Kk Ag BURL SnCu 18 RN
SnCu 7 S AR IR AL A 77 F2 n 3) A () s, xF T

ARIORLT 5, R RO R )s, JUREAE AR A P4 358
E I iR Rt0 6 X (S IR = 11N R B A S D e
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MItE TR bR 2 —. TR S AR, V3R
i 0.5, EEESFMT, LEE A8 C 2RI
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EANAK Ag BUKL SnCu f5 SAS A IR AL A K 2R
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648 109-1.06x10*(z/G
+9.56><102"§(1] exp| — x10°(z/G) .
T\G RT

322 HAfe B
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Jii R, B Y0, OKBUR & & 13N E Bi A48
AL SRR SE R B, BT AT 4R Rk &)
WOk HAL I, S H R R AR AR K 1 E
— 5 T R i)

Y,0; 48K Bk A 0 #] Sn3.0Ag0.5Cu 7R, i/
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0.05%SiC  4f >K B ki v] DAAE &2 & 57 kL 10 B B 32 &
4491,

3.2.3 POSS/CNT/GNSs

POSS & —Flgh K &5 Mtk 1L 22570, LR AR
RAEEER Si0, kL, POSS I T H — R R4
— AN BERSERISE R, Wl 11 Bt EETE R
HPYERET T POSS XF Sn3.5Ag ToHTET R AR s 1k fiE
IS, 24 POSS & /T 2%, J7 i AL 1H & )8 ML &
YDA KA B R A, AR BT ) ) R AR
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LT R SR R R R BT D) R . R A ET R
o A T g Kok AR BRADRLAZ i R K, an(10) =X BT
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13
K l(“nj _zlxd
3f 2
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Silanol groups form
thermodynamically stable
Si—O—M bonds with alloy
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0 L. —~
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I{r Si
\ \0/ \R_/Z

R groups solubilize Rigid & hollow cage
and disperse cages Thermally robust
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3 AT AT DL 2 B AT R AT R D03
FELEET IR FE AR B 7 AT DA 22 B i 8 A I e Bh o ff
6. PRARERRIR K T AR EEFRHER AR S, BAA
75 1T AL R RE A TR A S O,

£ %t Sn9Zn, Sn9Zn0.5Ga, Sn9Zn0.002Al, Sn9Zn-
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SnCu ZEFRHERE £ 77017 %0 2 H Al s A i 72N 5
MFER—AEEOF 7 . RS B A E e
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Development of lead-free solders in China during the past decade
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For the new lead-free solders research in China during the past decade, the research status and development trend of lead-free solders
were reviewed synthetically. First of all, it is imperative to discuss the behaviors of different lead-free solder, and the effect of
alloying, particles strength and nanominiaturization on lead-free solders. Secondly, the fluxes for lead-free solders were also
reviewed and the research development of new flux was discussed. Thirdly, the applications of lead-free solders in electronic
industry were remarked, and the related reliability issues were discussed. Lastly the future progress of lead-free solders was
prospected, the issues of the lead-free solders were analyzed and some measures were shown for solving these problems, which can
provide the theoretical reference for the lead-free solders.

lead-free solder, alloying, particle strength, nanominiaturization, reliability
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