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Design of lead-free solder alloy and alloy phase diagram calculation
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Abstract: The principles for lead-fsee solder alloy design and the importance of phase diagram study as well as the calcu-
lation of phase diagram( CALPHAD) approach in the lead-free solder alloy design are discussed. Based on CALPHAD ap-
proach two potential lead-free solder alloys, i.e., the SrZn-In(x (Zn) < 0. 11, x(In)= 0. 10 ~ 0. 14) ternary alloy and
the So=Zr I Ag( x (Sn) = 0. 800, x(In)= 0.090, x(Zn)= 0.075, x(Ag) < 0.035) quaternary alloy are recommended

as lead-free solder alloy instead of the Pb-Sn eutectic solder alloy. The further work for decreasing the content of In and

Ag in Sn based Pb-free multr component alloy with excerlent properties is brief discussed.
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R — . 540 PhSn TR E AT P fe Ak
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BT B RREENE T 8, R A AT
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— B FIENALSE Ph-Sn ST RHK R RE T2 . X4
R TCAR RO S0 SR BRI N A . 46, T
TR AT L) A5 FE) A BT AR U EC IF 2, IR I T
GURIAERE . BEEA E A RE | EEAE s T %
TR, BEE AR N(107 4~ 1077 mm’?),
TR AR IR )2« 25 0 B2 A7 fr 200k B K,
S AT HE PSR F 353 . A£G Pb-Sn 4T RHE T
A rERE 2 CIFA RS L T DAk ]
SEPEROEESK . BRI A v B AT R T R AT ST e
F IR RREYIFRE.
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FRl e A

3) £ KA AR Cu JEE R 47 1 ¥ W M A 3
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BLHE 2 S 00T, S RLER RS SR Ik ) o, FFK
WA A O JksS, JEER MRS, RIAREPERE G . dhAh,
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Table 1 Comparison of properties between Pb-Sn solder and some Pb-free solders! !

Alloy composition, Melt point/

w /% C Advantage Disadvantage

37Pb-63Sn 183 Good comprehensive properties, low cost Grain coarsening, liable to creep
57Br43Sn 139 High mobility Strain rate sensitive, poor wetting

96. 5Sn3. 5A¢g 221 High strength, creep resistance Higher melting point, higher cost
49S1r 51Zn 120 Good wetting T oo low melting point, poor plasticity, higher cost
91S1r 9Zn 199 High strength, abundant resource Poor wetting, poor corrosion resistance
95S1r 55b 245 Creep resistance, high strength T oo high melting point
80Awr 20Sn 278 Creep resistance, corrosion resistance Brittle, too high melting point, high cost
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TCHRA ST THRE, R 1 L i A
Wz . £ 15T 37Pb-63Sn JL 5 & &5 RHFT L
PR e Tl A N FH 1R 4% Ge G TE v T B H T4 20
R 57Br43Sn A 4 HTREEEN
49Sn51In S &M H T A H B 7 HEEDN
80Awr20Sn A4 5F) MM REXT b, WARWH —F I
H UL R REEME e T & L 5g 2 B4R 37Pb-
63Sn G S EF R .
F2 FTHREITEE(ScM) KHAFAD]
Table 2 Some Sirbased binary

alloys and their characteristics'”!

Content of 2rd Maximum terminal

composition

Eutectic

System  temp. solid solution

/1C wl%  x/%

Sn terminal M terminal

1.30 28. 10
P 1 7 26. 1
SirPb 83  37.00 26.10 (183 C) (183 C)
SrA 221 3.50  3.80 .50
i : : (724 T)
1.50
SrAl 228 0.55  2.40 (228 )
4.30
A 217 10. !
Sir Au 0.00 6.30 (532 )
3.10 0.20
Bi 1 7. 43.
SrBi 39 57.00 43.00 (139 C) (139 C)
0. 50 0.24
SrCd 176 32.20 33.45 (23°C) (176 ©)
9.00
SmrCu 227 0.70 1.30 (520 C)
7.50 11. 30
I 12 1. 48.
Srrin 0 51.00 48.30 (29 0) (33 O
Sir Ni 231 0.12  0.25 19. 18
i : : (1130 C)
18. 60
SrPd 230 0.45  0.50 (1280 ©)
8.30
P 97 ] )
Sir Pt 8 0.50  0.80 (1365 C)
250 12.20
10. N/
B8l g 0 AR (425 C)
12.70
SirTl 168  43.60 31.00 (278 ©)
SirZ 199 9.00  14.90 28
ren : : (198.5 )

AR AT 40, 7F SorZn —Jtitfa b iin g
=IO AT AR 2GR FE M 198. 5 CHk&E F F%, itk
AR 2 T B DU A2 i o 2 3 B 1) K /A A — T 22 1)
ZH, A i s [ v B T R L K T R N N 2
—HABOE B IS R E Y = n e A A
SorZnIn = JCHE EiR B8 108 C) . I AE SorZn
A SRR B A= LB .. |
JGSE WAL IR FE AT 183 C H M Ae (VR T 2%) A1
T 37Pb-63Sn L i A AT R R AR 42 . SCHR[ 6]

WETLUT 3 s B i $i H 7 24 i M BT B BT R . 1%
RZICE4: 1) B M Sn JE TR B 5 (B
TBURH £ 0[] AH S i FE) B K, B KK, B
W EIFHGIRBEARZE KR 2) ook aam %
PRA M RRELRMZ M EGETER IR, 3)
ISR IEFIRET LA b 38 ma SE v . BRI 55K
SEA MERE UL Tk BASE M1 2 U R T LA 4
SERT LT AT B U I — R AL, TR AR A2
ZIuaemE .

R H R R EARSEREARKIERS T 648
AR SZI0 e S, (HEMER E 1A =I5 R AH
1 SI2 56 TAF ot 2 AH M U IR, B8 o] K o (4
50 MG RERAMKI=ICE SR TIA 19 600) HAETE
F#M=JCREJGIA R . B CALPHAD J5iE 7 3k 45
FIVHEAE, BTRAERAHENSEERSE R
AL A, A CALPHAD J5yk ik 7 3R FIAR Y
AR 5% e i K ) Atk 2 — . CALPHAD AR K
JRAEAES]) T VR (VR A VRN [ 25 V) BT 5 1)
[F, 22 EE TR I, SR B SR A
15635 DL B SE B 2 Jo ik R E S B B
A CALPHAD JiyEAE B PR o an R 5k 1, Kl
JEEALEY FHU A i S A CALPHAD J5VE R T #4 BF%
i RS T R EE T A i
SPHTRIFSY BLIE R T MR — i .

SCHR[ 10] A THERM O-CALC ¥4 4} Ag-Bi,
AgCu, Ag-Sn, Ag-Sb, BrCu, BrSn, BrSb, SirZn
A S Cu ZJeAH B AT AT S g 3 T 308
R E A = Jos E moo s BAE RT3 T, A
TS5 RN SreBrSh, SirBrCu fl SmAg-Sb 2 =7t
I AR SR BE AT T P . &5 SRR X T
B =JuEH m oA BHAE M SrBrSh, SoBrCu,
SrAgSh &A%, TRMEFI LA FEA —F ., Xt
TH=ZTCAHAE M SrrAg CurZn 2 A4 AR 2245
K, BARWMRER = A m oA BEAEHTIATE
AR ) AT DA TR B . Lee 251 ] CAL-
PHAD /78S SwrAg InBr Sb-Cu 4T K& 4 T
5, Wit THAET 210 C, MR /N T 20
C, HAEBIFHEEMR Sn2. 76Ag-0. 65Cur3Sh-3.
75I05Bi B EE AT KL & 4. L 3£ E 1 Chen,
Chang F1 H A K] Liu, Ishida $ Panda AH & 1 & &
P RO AR ST LA 4 508 PE (4495 Ph, Bi, Sn, Sb,
Cu, Ag, Zn, In 250 R) P HEEKAETF R T X8
LA ST B4 . CALPHAD R B k8
BT RIS S W M EET B, FIHAAE A
RIATH BT AT RS SR R B LU S8
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A 4L EWAE In, Bi, Sh, Ag% . In £FRHE
e B, In FIIIAKE AT GE SncZn ootk &
SHER T, R SE AR B E R BT T s
BT 183 'CH A R 37P-63Sn 3L i & 4T
L TCH =0 SorZir In §T B &4 .

7E 1 DTA, DSC Fl XRD J5 ¥ S25 %€ Sor Zn-
In =t&4HEMY IR B, Wk, Fr 2R
LBV Cui 25 2 BRI T % =0 A e
Kl . & 1 Fs kA CALPHAD HARHE 1K) SorIn-Zn
=ICE & RWAHTH IE A $5% KA B, 3 ANVUAH
AT RN 43 A

Ui: Liquid + bet(Sn)

Snln_Y + hep(Zn)

(456 K)

U,: Liquid + tet(In) = SnIn_B+ hep(Zn)
(397 K)

E: Liquid = SnIn_B + SnIn_ Y+ hep(Zn)
(382 K)

TR = oo SR R 382 K 5 SEI0 I 5 45 R
(108 C'PN AH—8. HEEZEN R SrlrZn =J0
EERTREBE S U, SN 455 KA
451 K1 5 37Pb-63Sn 3t & 5T R & 4 45 5 (183
C) T8k . B2 Cui 25O AT M 2 A5
KEE U A NIRRT ST RENAEE T4
B0l B 1 AL 5 W) (soft compound) Snln_Y, T H
Scheil V15101t 2R B B T 0 T R =4t oK
Ky BT iZE&E&NEealE, HIERESSE U
(K BT 4 823 37Pb-63Sn 4L AT R 5 A 183
C, HIFARAEN AT 37Pb-63Sn 2L i A 42 11
TR 4

h TR SrrlirZn = 0 &4 PR A 456
K(183 C) . [ EVEHE A 20 Cr] REALEF 37Ph
63Sn L ETF R & 45y, F CALPHAD HiAR T

Bl 1 Sorln-Zn = JCRBAHT IEAR B3 N SR 26

Fig. 1 Projection of liquidus and
isothermal curves of Sn-In-Zn ternary system
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M, B EPREMERE. B In &N
10% ~ 14% ( BE IR 73 40) (L &= 43 % h 10. 2% ~
14.3%), Zn S8/NT 11% (BERSE) (S
H 6. 4%) [1] SrrZnrIn £ 472 7] BEHU AR 37Pb-63Sn
TG AT R RIS A A . (HEE B R In KN
e it, BE— 2RI TR S A T R R KA
& In FEE.

B RLE 4 B3R 1 5K 07 5 £ R TR A E )%
R, RHEATHIEH 2 0 A SR vk B
JEMEEREZ —  REEAEEE R &
RN FE A S AR, (X TR R I BEA (W Cu) T
BHBAH G SR 5K 7 (2840 A I Bl T AH & 45Tk
X R PR AR Ak, BT R AH B 4 38 T 5K ) Bk
N, G F T AT RNB AR A S0 BER (U0 Cu) (R
P

CALPHAD £ A 0 e AT i A B ) 2
SIS HAR PR IA SRR ER TSR Tk
Hitases®, WEuRFERCMHA T KER A%
IR AR I 2250 s . AR, SR RE I FH I 6 254
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So-In-Zn ternary system (456 K)
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Fig. 3 Isothermal section of
So-In-Zn ternary system(436 K)
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ST ILTF Bulter 57 F2 21K 40 Iy 22 $cdis PE B F
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WA FI 11 S FE P ST CBE ( surface tension calculation
based on Bulter equation) & ST CGM (surface tension
calculation based on geometric model) 127 | [&] 4 ff
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Fig. 4 Calculated iso-surface tension curves of
Irr SrZn ternary system (523 K)
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AR AR AL, Bl In & S IR 5K J) BAK, W
A e SoeZn £FRMA &0 Cu BEA BRI K .

4 SwZmIrAg VYT AR E Sn ARIAHR
A
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X SwrZorIrAg WITRE B AMTHE, WK
FH R ELFR AR AN bet(Sn) A1 o L EAETHH ) B4 E
AN, g R & E&HA i EERE, X
—REASHRKEME .. BT HHERNREES AN
FEFAE, DR ] A R IX —ZESR 1) . T bet( Sn)
MHPE4TTE Ag  In Zn W& EMH YK, Hik=
JC « VYTCAHH BAE F R EO0 #0407 22 P v E S 5 e 4,
SN, 2SI v DU .

2) fEItE S TEEAN, &8P EA =oEl
JCHAAELE . &= u R o EAHK =70 . Y
TCYRAR/IN, AT LA

T EMBE, EETHET SrZrlrAg
TCRME R E S MAAE 456 K AR R . 90% SirZnr
In-Ag(456 K) B AH X R HE AR WE 5 Pros .
HE A LLE B, pesr b T8 & & 1E 456 K
i, SseAahEAE . B e Do e R I N A 4
PSR TF 183 C, ERXA I TS 5k
456 K WL EFEHEATTRERT .

Kl 6 fi7~ A 80% SirZir ImAg (456 K) 2 1 )

0.09 Snln_ y +heptbet
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y +Snin " y +hep
Snln_ y +hep

FRRUEH LR . ZE M E A AHK CRS
90% Su-Zn-Ti-Ag (456 K) BRI IS . AN [F H 2 AE
In 2 KT 9%, Ag T E/PMT 4. 9% XA H I
T AR SRR . B T AR TR AR X N 1 B 4
s AL KT 456 K(183 C), B HMHX &4
B0 R 456 K . R P AR AR, S
B 3 S 183 'C(456 K) M AR AT RHZ 7] Bk
B . RS2, HE 6 LT FE H, WAL 183 CHY MK
G RS B2 A IR . RRR S, WA
W Zoe In RO IR 4, W ZHORE H) In AR .
AT DA R HERT, 2 A 4 In  Zn SRR, W
P R S 2R E I B &R S-S SRS

K7 R 8 BT o 3l h 80% (JBE IR 43 4) S
ZirIr Ag #RIAIE 436 K A1 310 K ¥ F MK &
HHEER.

5 PUJt SorZm I Ag TCESET B 4
Gapvit

SrZo-IrAg WU TT R E B A A R RIFH 45 R
KW, EZEAPAGEDSEKT 90% ( BEIR 5
BO)MmE s 183 CHRIE4E(IES) . HEEEEN

0 00l 002 003 004

Zn

005 006 007 008 009 0.10
x(In)

K5 90%SmZImrAg (456 K) #1545 31
Fig. 5 Calculated phase relation of isopleth of 90% Sn of SirZn-In-Ag quaternary system (456 K)
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Fig. 6 Calculated phase relations of isopleth of 80% Sn of S~ Zmr In-Ag quaternary system (456 K)
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Fig. 7 Calculated phase relation of isopleth of 80% Sn of SirZn-In-Ag quaternary system (436 K)
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Fig. 8 Calculated phase relation of isopleth of 80% Sn of SirZn-In-Ag quaternary system (310 K)
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B, AR T Ak 183 CHYE G R 2 i 1) &
P IEAR, ATEB ARG . Bk, fERFFME Ag
PASG 3 & AR TN RE AT 48 T, NS R BRI
4TI Ag G

TG 6 A7 AT LU A 183 C, H7E 436
K S84 & ( AR e h 20 C) K& & s
JEFE Sn 4 80%, In AN 9.0%~ 12.5%, Zn
BT 5%~ 11.0%, Ag &HE< 4.9% .

FLE I 7 A1 8 AT LA REL, 4 Sn 2 80%, In 7%
HATE9. 0% ~ 12. 5% WEHE N, Ag FHE< 4.9% 1
E41E 436 K F1 310 K £R¥RAH [H] /9 48 4 Bi( Snln_Y
+ hep(Zn)), B4 41E 436~ 310 K MR ECE A
ANRAFAEAS | AT, 1Z%E v A A 4R A
Snln_Y #HA hep(Zn) #H, Snln_y #8242 EL4H AiAH,
hep(Zn) FHIIE BB /D . BT AH B BAH 5 WA+
Snln_v+ hep(Zn) =AHX H#AR#E, Bl Snln_v A

F hep( Zn) A0 52 [F] B AIBRAR R BT H, 5 s B 45 a4
ZIN R A ZL . Sn « In 7E hep( Zn) AH A 1 [ %5
JEAR/N, WReRE— PR E Zn 7E Snln_ v AH i [
FEAR/N, AT DA T & 4 19 [ 25 4 LA B R 1)
FasEtk, ENAZUR S AL . fn 57 ek I e FE T R
#& hep( Zn) MHIRE AT Snln_ v AHIEARIA LR, W)
RO AE .

H SorZ-In-Ag PUJG R 523 K(250 C)HEE N &
Sn F R 5K )7 5 45 1S OV Al 4, 7 80% Sie
Zir To- A g ARTHT RS 23 PR 72 Ak 0] 2% THT 5K g 19 52 i A
B, DRI AR gy PR AR AT B AR R T 7k g,
M8 i A AR (9 A K

6 ZipfEE

1) FIH CALPHAD £ ARYID i % T 45 5 183
C, BALIBEVEEA KT 20 C, 44 Cu EEH
BT IR, B 4 1A 4L R RT 4 AH 2 2R 45 0 1
B, R4S R IR BE VG AN FEAEAH AR 1Y) 37Pb-63Sn 3
T B B AR B SoeZinrIn =78 (x (Zn) <0. 11,
x(In)= 0.10~ 0. 14) 1 SorZn-In-Ag VY JTC( x ( Sn)
=0.8, x(In)= 0.09, x(Zn)= 0.075, x(Ag) <
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T, & THBHETEA SR G eAM B X5

= 1797 =

0.035, Ag & BAGEEF, HNIRFFHME Ag Bk
HBESHLAMPMERE) LHET R &4 . AT RE
H] CALPHAD £AR & LHTET B & & o Ml 21 ik
AR AL B AR OT i, R T RS
AN JBS S S S TR Y TR

2) LT RIS SR AR R 2T K
TGRS — 8, B EbRIF KA R E
Sn WY JG SnZn I Ag JoHT A ST R 22 5 HEMf ) S
WA BT E R SR, Kb aiEE &M R K
HIRLEH T « J1E M REIE AT A R4k 2= v
RE MR DA S A PR R A4S LU 20 BT 55

3) ARSI IERE Sn VUG SorZirIn-Ag TG
AR SE, BT In M S, &SP In &
HFPECO AR & . 32 BTN AR 1% A 4 1)
Fenli E S IR AU Bi AT Sb LAREAK In & &
2R REA A L IA B AT 852 17K P s I =
it tE(Ce, La) FH— PR EE Sn THZ TH
SEPRH SR A MR Ret 23— P A PR . TosE T
FIH R SR E N Z 2 E Sn L4 2 st & e
K, 1 CALPHAD HEARJZ T4 AR LA,
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