2023 £ 11 A e B Nov. 2023
FA44EE 4 W Precious Metals Vol.44, No.4

Au-20Sn 53 & BT REM AVHI & R M RERS

EARFEL A A1 KRPZ OKE®R?, E W2 R A&, FHAL 0 KL
(1. zHERERERERRAT, BW 650106; 2. BWHEVEHMEAEERAT, B 650106)

W E: RASEEAATHALKLIEH %L Au20Sn T2 B4 HEM, FFRBEMGLERY>. B
WA, HFHRE. RaR. AEURARERS, FRAELZIREL LT & 404 G M a9 4F
JFHARITHA L. Z2REW, KA S EL LAY AL IT L H £ 69 Au-20Sn 47456 AR M B 2 2
&, BB ETRT A B IS ERTOHRAEILR ; 44 M a9 oo e e R A= 4 A3t
ZR, DRALREL LY 5 (AuSn)F(AusSn) A AL AR ; FFAHIEAZILA 3.1°C, AMAM L
TR AR R BT, APIFRAESK ) R ET,

XA Au-20Sn; 4FHFEM: ZEE A MRAR

FEDHES: TG425 XEFriREE: A XEHS: 1004-0676(2023)04-0062-07

Study on preparation and properties of Au-20Sn precious metal soldering foil
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YU Kun?, SONG Wei!, LUO Jingran?, LIU Yi"-?"
(1. Yunnan Precious Metals Laboratory Co. Ltd., Kunming 650106, China;
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Abstract: A multi-layer composite method and subsequent heat treatment process were used to prepare Au-
20Sn, a precious metal-based foil for soldering. The chemical composition, melting point, mechanical
properties, phase composition, micro-structure and micro-composition were studied by the modern
analytical methods while the soldering properties were evaluated by the vacuum soldering process. The
results showed that the brittleness of multi-layer Au-20Sn foil prepared by multi-layer composite and
diffusion alloying process was significantly improved, and it could be blanked at room temperature into a
specific size for preformed soldering. The chemical composition and impurity content met the design
requirements, and the microstructure consisted of continuous and uniformly distributed (AuSn) and (AusSn)
phases. The melting range was only 3.1 °C. The multi-layer Au-20Sn foil displayed good wettability and
spreadability on the copper substrate. Moreover, the mechanical properties of copper joints soldered by Au-
20Sn foil were excellent.
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BHEAE AR I T IER A Rt . sl S
PERE, RN RSz BRI A SRR,
Au-20Sn & — PR FRIR I A SR RL A
LR 280 °C, HA RIFHISH. Prsafb. bk
75 AP ERE, EE AR N R R 47
FIETIEMERETSY, HE4E Au-20Sn —JoAH (& 1)1,
Au-20Sn G &Y, IR 280 °CHY,
WA G G AR 3 B IR AR AN FR B R ((AusSn) AR A
S(AuSn)HH, IR FBEZE 190 °CH & A= b [ AR
AR E B C(AusSn)AH, =T Au-20Sn F
S(AuSn)Fll {'(AusSn)ZH 11, Au-20Sn F& & & & 4T
PG REUR R, AN, SR KIRE &
REEAH ORI B GE, (HB T =iRAS %A
C'(AusSn) 7577 SmAk i 1 R AE, 5 350 T Hb i
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Fig.1 Binary phase diagram of Au-Sn alloy system
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Tab.1 Physical properties of gold and tin used in the experiment
. W AEIRHE MAMEAR  pUdiam
a5 /o X

HF IRRC (g/em’) FEHV #/GPa  [E/MPa  %/%

4 1063.69 1932 55~60 79 206~221 20~60

% 231.89 728 12~15 44 15~27  40~70

R2 RS BIPRRLERS (RED )

Tab.2 Chemical composition (mass fraction) of gold and tin used

in the experiment 1%
G o SR A %t
B ) o
Au Sn Bi Fe Pb HE

% 99.990 / / <0.002 <<0.001 <<0.002

) / 99.900 <0.015 <0.007 <0.032 <0.087

AR R . B R R LE, FHR R
10 °C/min, fRIEFA] 3 min, £FEIRSE 310 °C.
1.2 LRHERF

Z 254 Au-20Sn EFRIE M il £ 25T 2 A A
M4 BAMRST. 2628k 3 s, 82
k7708 Au/Sn/Au, TIE G 7189 40 MPa. %L,
FIEAEERBEEN 452%, BATEEN 97.1%,
LUt 4L 20 X, TEMIEEE 0.1 mm, il & FE
TRIE R JZ RIS, B GRS s Jem S
MRS E S, LIS THEME 270°C/30 0§
[ G LS

3 ZEEAHIE Au-20Sn M EELRSH

Tab.3 Main experimental parameters of multi-layer Au-20Sn foil
MEL R MRS /mm SEZEH MEREg BESEU%
79.70

4 30%50%0.1 11 31.80

% 30%x50%0.075 10 8.10 20.30

1.3 MRRIESTE

K B L BXFM 00D 5 A s W82 il R 1
AP, R AL 538115275 (GB/T 11066.11-2021 4>
2B 7LD M R FE AL 1 5r « SR Netzsch
STA409 PG/PC B ZE R4 & A o BT il IR Ak
Pk, RESBUECN 20mg, An SR, ZIRYIN
ALOs, JEALIREVEE = E 2 300 °C. KA
Shimadzu HMV-FA2 %44 [ 2 i b FE 1 H iR
FR2E BRE RS o K AG-X100KN 7475 68 F7 2RI L
MRRHFE )RR . KA Shimadzu XRD-6000 %Y
X 2R AT I AR AT YA 2B, SIER N L
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40KV, HHCN 30mA, A Cu #E Ka 54k,
fIE A 5°min, FHIIEREN 20°~90°. KA HAL
SPM-S3400N Z 474 LB W SR FE Y A 21, IF
81 FH v 6 Bt A 0 R R ASCHEAT S X RS ay AT, SR
AG-X100kN 275 R 77 2 SLEG AL R T AR 5 #45 2k
5 RE

2 EZR5HR

2.1 SMRFILEERR S

WML 4 ML )2 H 4 Au-20Sn #LHIAS. I A
SATEM IR, 2 EEEEEMRETI R4
SWEE, WHZEESHHESEMERLS IR
i /RE RN, BE LESHMEFRE R
TREFIRUE A e e, KRR A2 B B P AR T
BRI FETF RIS . T2 EE S Au-20Sn £
A BE S TEM RIS EZE R, &9
BB Z 2 E A Au-20Sn (M R EW &
O, RUFEMERE T2 ER K EEm T &
Sy, tAh, ZEE S Au-20Sn FLHI S HL
GEWEMERIER, i, T EREFFLINE,
NGREFTIHING, EMPBEELF, =R TR
% 368 BY 0 T TR B T AN o R AR i i A2
R4 NZEHE A Au-20Sn FEM L2 RS R A4 &
&2, e REW, R Z )25 815 %1 Au-20Sn
EFRIMEMA2E B IR i & A F A TR . S
WKrh, BREGRMTELM, AR, T
IR, 2 ERAERPEG S, SMAIER
I 3E 238 08 ) w el

x4 ZEE4E Au-208n SFRHILZ RS (RELED)

Tab.4 Chemical composition (mass frction) of the multi-layer

Au-208Sn filler 1%
b FROEEGE KRR T =
HH
Au Sn Pb Zn Cd
ZEIR 79.70 20.30 / / /
FLAIAEH  79.89 19.89 <<0.002 <<0.002 <<0.002

YA S 79.76 20.04 <0.002 <0.002 <<0.002

2.2 JEAERRE

K 2 NZJZHE A Au-20Sn FLHISFY BLA 4L
SEAE DSC #iZk. B 2751, XKHZEEST
A Au-20Sn FLEIASTER DSC ISR it 2k

LG SR E Y 280 °C, VEEIRE A 283.1 °C, JEL
REXECA 3.1 °C, fAE—N R #E, *
P MR 3L AR R . B 20)R M, ZEES
Au-20Sn ¥ HEEWIEM DSC Wikt th2kiicih
RIUREN 278.9 °C, WEHIRE N 282 °C, MHFEN
3.1°C, fFAAE— NI SRR IE, R I M 7Y g
AR, 52 24 A Au-20Sn FLHIZETER DSC
ISR R I, 2 EE A Au-20Sn T HLG 44k
TEAT B AL R G s TR A AL G (IR T I PR T
1.1°C, WALEEEX AN 3.1°C, KT HEE&K
AR T ST A A A I B A
2.3 BMALRES

K 3 AL )JZE A Au-20Sn FLHISFY HLA &1k
EMIEMAZTEH. HE 3@UEH, ZEE
A Au-20Sn FLEISTEM ZRG BN . 55,
EIRALUELL R, HHAE . BEELFLHE
AR AL . EE 30, ZEES
Au-20Sn §HUE S ALTEA PR ARAT BE XS4 %, PR
FAS FE X3 23 51 704, R XRD 1 EDS fffi € £
EE A Au-20Sn FLHIZS A HC A S0 S AR .
2.4 YA

K 4 NZ)ZE A Au-20Sn FLHISAY HLA &1k
TG4 XRD A7 B S A R AR 730 45 8 BB 4(a)
A, 2 ZE A Au-20Sn FLHISEM Y E 2 H
Au. Sn R, MEAMEAAE SRR A YI(AuSn).
(AuSnz). (AuSns), AKAEIL(AusSn). ZLERKY, 78
Au-20Sn ZEHE AN ERET, dEEE. HEE
KA THEY #, JERRF A (AuSn) . (AuSny)F
(AuSny), IXLEWIMHAE T SCH SEM 34 R BE e v Al
EDS HL-FHREAE T 70 A 1 45 FUESE . (AuSn).
(AuSn2) FI(AuSna)VEBRELHS, i BH 2E I 42 [l 4k
HURA, Bl TRESENAEY AR, T
FELBISEM I EA —E . BHE 405, 3
HA WA G Au-20Sn fA 44 FI90AH 32 22 FH (AuSn)
F(AusSn)I %, ity faE b3, FLHIA M
o HJ (AuSnz) «  (AuSng) F [A] AH % 28 2 (AuSn)
(AusSn), TEMFIIBYEELT, Bef L = T AT
Fohn TEE KOS,
2.5 WX

K 5 NZ)JEZE A Au-20Sn FLHISFY HLA &1k
EM IS BN BRAEZSIES . BB S@mTH, £2
24 Au-20Sn LIS TEM 1 B SR SUFAE %
BITRI FOARAS B X3k, 3% e B X S0 B AR 4 41,
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Fig.2 DSC curve of the multi-layer rolled-state and annealed-state Au-20Sn foil
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Fig.3 The microstructure morphology of multi-layer rolled-state and annealed-state Au-20Sn foil
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(a). 4LHIZA (Rolled-state); (b). ¥ HiA £ 1k(Diffusion alloyed-state)
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Fig.4 XRD pattern of the multi-layer rolled-state and annealed-state Au-20Sn foil

(a). 4LHIA (Rolled-state); (b). ™ H#iA £ 1k(Diffusion alloyed-state)
B 5 ZEE 4 Au-20Sn HLHIBMY A SWBEM BMALTES

Fig.5 Microstructure of the multi-layer rolled-state and annealed-state Au-20Sn foil

TREAT B X3 3 ORI R E R IX S B . HR
ZRERT VA, £2ZE 4 Au-20Sn FLHISHEM B
WMARFERAESREZEEMR, SBALEY)
FE8E, HARIEHEH M (AusSn), SHITERLHIE &
R RAENT BORA RS, TEmREY G S
ARG JE VAR A5 504 . HIE 5(b)rT4n, 2 )=
HA Au-20Sn § A S AL TE A HH AR A S IX 40,
PR P X I R 3 5] o0 A, PIARSE I S8 L.

K FH EDS HLFHREH0 B 5() 1 ST 2R
A Au-20Sn #LEIES . ¥ HCE SBM A EA B
BT B b, 53R 5 B dil. AR X R
I MTEE R, XL TEM (Fig.5(), A& 1 AT
IR XIFA Au, REAT XA E 2. 3. 4 XF
N EIIAE S N (AuSn). (AuSna). (AuSng), & 5
X MR X B A A B Sn. EDS AR 45 R 5
XRD 75 Bk o3 B 4 R — 35, UESEAEFLHE &1t AR
IR T &8 LA YI(AuSn). (AuSn2)FI(AuSns).

%5 ZEEH Au-20Sn #EH EDS Bl HTE R
Tab.5 EDS results of the multi-layer Au-20Sn foil

JETH 53 b (x)/%
WM fE ) W
Au Sn

1 90.40 9.60 Au

2 4532 5468  (AuSn)
LA

(FieS@) 3 31.54 6846  (AuSm)
& 4 17.19 82.81  (AuSn4)

5 8.16 91.84 Sn
il e e a 1 82.13 17.87 (AusSn)
(Fig.5(b)) 2 49.36 50.64  (AuSn)

XHFYBE SR (Fig.5(b)), A8 1 Fiak
XN (AusSn), HLE 2 FRiRE X IFA(AuSn).
EDS A1t /0 45 -5 XRD A7 5 B 20 Hr 45 1 — 5L,
IESEEY HUE &b S 2 22 A Au-20Sn R 11
H135 5] 43 i [ (AuSn) F1(AusSn) P AR 2H 19201,
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2.6 J1%EMERE

#* 6 NZZHE A Au-20Sn HLHISFY BLE 4L
SEMHORERE . b oREAIGE(R R . WZE T, £
JE5 4 Au-20Sn #LEIESTEME R4S S E, Bt
P A T a4, A RIPIRRE 2 (], TR
BAGREERERK, RemTREBEELHE
435 Au-20Sn A Z T B aREET LS 5 A R 4R
deRbit, HEPREWFFAEASEE, ML
P24 T (AuSn). (AuSnz). (AuSng)=FE L&,
S EEM R T (R AR SR, (HAE R
FT R B 2Z2E 4 Au-20Sn §BLA &AL TR 4E I
T P Ry o B R L A TR A B B A, R B
%, X2 T 4ud — BRI 50A S4B K Aab B,
Z JZ5 G Au-20Sn FEM 2R G T 528 N 52
531 B (AuSn) FI(AusSn)Fa %, 5 B B2 AN hr 5 L
Fhim, MY G S B EL RS EM a4 5
ESAT R R, SEUEMEMPERRRZE,

K6 ZEES Au-205n §EUS ST BRI BL i 14 A8
Tab.6 Vickers hardness and tensile property of the multi-layer
annealed-state Au-20Sn foil

» UEICRAE Hy  HUACaRfE/MPa SEAHER/%
i Max Ave Max Ave Max Ave
LIS 62.00 60.27 124.10 101.97 0.68 0.42
¥#a4tk 13500 133.00 141.25 105.00 028 0.23

2.7 ETEMERE

K FH Al S T JE ikl 46 2 2 2 A Au-20Sn &
SEPRIEM A SRS, TS EM RS R
30x30x0.2 mm, H FREREN 0.1 ¢ MZZEE
Au-20Sn & ATk}, SEI6 TR E A R T EE T T B
EVE T, SRR ZES S Au-20Sn 54
EFARLTEM R A R A R T, R
FHRAAFAE A B RS Z I F i e P 3 T
N 113.04 mm?. AR N2 25 A Au-20Sn
G P RMEM AT IR 5000, IR Sk
W5 RE, S RRAFTHIR N ZZE S Au-20Sn
G G BT R G B BT S5l R 5 B I 4% Sk e KA Bk R
485.96 N, B KPiLfismfE N 36.48 MPa, FTf3EFIEs:
DVAE SR T

3 6

1) RAZEEE LY #ES WA T 26 &
(1) Au-20Sn £PRHAM L M 5t 2 AP BT, £
I T EBIAS KA MW AT 2L, DSC AL s
1R 3.1 °C, RIUNIBI LR, (25 Fl
FIR BB ER,

2) ZZEA Au-20Sn FLHIATEM FIPIAH £ 2
H Au. Sn VL& JEELAY)(AuSn). (AuSny).
(AuSny)AH k%, ¥ #E S EL 5 Au-20Sn SEAF I
F A B 350 70 A5 B (AuSn) AT (AusSn) R R, o 6l
B PURLaE BT WEE T R, R

3) RH4AEMITREZEE S Au-20Sn G4
ETRLTEM I Al R AET IR A5 5L 00, R ET ALY
R () PR AR il P S TR A A AE I B ) I L2
PPk T S e R B
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