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AT BRI EPRREAT 20 28 41, PRI S D R
SRS R PERE ST IE, [ fa] SR A R E TR
Ttk G vrad H v A oh 5w IR AT RHE A g
AAERIT L, X St R ETR A RSt AT e

1 SHEFH

G SRR E TR AU 1) AR R A AT
FALPERE: 2) KRR, WARERZRIER 1X
10°~1X 107 Pa; 3) RUFMIGRHIE. B TE K& it
SEVE; 4) SRR LS 2R R . e BB A
JERA R B R. RETRIATEEE Cus Niv Mo,
A ANENR A A, AT REL AR
perha [ AR, LR TR B RO T g R
T&, REATRNN S B SR A RIS E
SRR . T Tk 2 AT R R o i
PTG AT R AR i s L R S F PR T A 43 Ty
IR 4 FE AT RH400 C BLFR). il 4 35 4T B (400~
600 C). i 4 5EEFRN600 CLL ).

1.1 &HEEEFH

SHACHEF R Au 5 Sn. Ge. Si. Sb. In %%
TCER UG RUL s &4, 4 RUE 270~400 “C 2 [A],
SRV A R SR 2 BAR ORI B, H T
ZARIVEPRHEAT AR B A SR P 55 i
BPERE. SRS HETELS. SRR TR
2, TN T AR R A
Wide, PR B KU P ARBOLR O R
PR G S A O B 2 R o0 I 4
FARIRET RN 1 Frgl, 2 1 tpeEfRh-S 2R ik
1R, 5 &FAREAT R B AW K 2 Fist,

Au-20Sn [REFHERR BEE A LU R 20~30 °C,
TR, PR AT s, A Au-20Sn &

BXXXX/X
T—Liquidus temperature

Solidus temperature

I

Add metal element
Content of add element
Matrix element

Solder

B 1 EPRR SRR TTE
Fig. 1 Method for expressing brand of solder

R GAARERET R

Table 1 Commonly used Au-based low temperature solders

Alloy Commonly used solder brand
Au-Sn BAu20Sn280

Au-Ge BAul12Ge361

Au-Si BAu28Si363, BAu3Si363
Au-Sb BAu25Sb360

) [ /

B2 SIARREP RN G R g
Fig. 2 Microstructures of Au-based low temperature solder
alloys®": (a) Au-20Sn; (b) Au-12Ge; (c) Au-3Si
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S AR, PR — SRR . [\
Au-20Sn FE1 SAE 270~360 °C P ME— AT DU s
R GEIREL, R R SRR I
{51505 Fr (Flip-Ship) &G WA (LED)Y2 )7 It M
PP, AR Z A AE T3 B R s N T 4
¥ & AH(AusSn) A 9 AH(AuSn) W5 FH e 1 42 a1k & 040
B WE 2)fR, SEEPEMEMER, fiERAN, 1]
K2 2 B LA HCE A A T IR I 1 e A
SEAT A BN T Y

Au-12Ge ST 0 380~400 C,  Hofh i (1)
BHZCZE /N2 AR B, PRIk, 5 PRSI S A4
O I FR POE B AR A T BE, AuGe IR
HK & $0(103X107° C7 e [ #E AR d 1 3 3 0
AuSn(16X10°° ‘C "YFI AuSi(13 X 10°® CH#ML, AetE
U Hb 55 A B R G RFPEC L. IR, Ge
76 Au A E <0.1%(F 53 20), 1 Au 7E Ge
SRR, B, ZASFSERE Au FIEAR
etk A4l Ge AIRIILaIA, T AuGe 1RAEN T A%
R, — RIS+ GEL T 20 £ 0.04~0.3 mm
AuGe §E #1120,

Au-Si FRAEE SR A B R B 18 e )
e G e I C S R IO R E Yy
BRI R S AR B, e AT S Rl 43 B A
TiEE G M REAR G, XL T BA T2, AuSi
FFRLS A ARSI R e, A SRS
PEzE, DIAH BN E Au [ R0 AH 4
Si*,

Au-Sb EIREAE LB [P e RS F k2
FAREFE Nz, SRR AT R PR AL A
G RAFIBTE S ek A P EAAE, Hoh Au-25SD
[K 360 C [RIH A |32 N P AR AR AT RS

1.2 &EPEHFH

ERR 2RI T2, BE KD SRR
EFAHARHG R, B A P AR AR R
JEISE T, IRAT PR 7R S AT R AN Tl R 2 T
SHARLR, ISR 400~600 °C 1) h i 43Tk
FEINIE B EFIESRAE TAERREE M) 2 A, e R
B2 h Au-Ag ZA Au-In R, 4 5L
WETRIINR 2 B, oGP e R A 4 WAl
2L 2 s o

Sn. Si. Ge HILHINE Au-Ag F&E&T I+
U4 AT R . 1) Au-30Ag-40Sn (1) 45 1L X ) Oy
411~412 °C, [EIEAR S (P B TR B AR AN, PRIUE T 4T
BHERREE EAL R IR BRI A it HE&Ea

NiAs Z5#J1F) 6 FH(AuSn)Fl IEAZ S5 411 & 4H(AuSny) A Ff
Jfa 2 R AL A0 2) Au-Ag-Ge R HIHS SAE 450~500 C
2], Au-Ag-Si RIS AL 450~520 C2Ia], &R
B A ST AE FTIE 8 W& S TG N BE Ag i)
BT, Ge Al Si [ FHIGE, HEFARLL,
Au-Ag-Ge 7Y Au-Ag-Si REFEHEAEAEVF 2 AL,
VP2 M 7 280 R 3 FE BRI AR, dn 3 i B Ni
AL, TIXPIAS RAVEPEHS Ni B R, B —
AN, A% LT 2 ) o R R K
LRI I A T B — 25 ANF ST 1) NizSi 8L GesNis 42
JETALE YL IEJZE, NisSi Al GesNis g A 45 KX FRPE
BACSNENE, Ko BAREE TSR E, WO R
LA VIR 2 S48 5 HR FE GG 1 1) 4 & AL & 4
JECO BRAh, A aY IS o AL S B ARG i
L, b pAH(E SiHENE Ge M) MEHEM, 5
S IRVERRAS, ML, R SR S AL IEL AT
AELE AR KM T ZHA 0. 1 mm 4R
HP; 3) Au-Ag-Ge-Si REFRHI LA R AT LERFIE
Wi RS BEER, HIERG otp JEERAZR, Hii T
Ge M Si BRI, JLAREEML, FE5eR
A, ok T A4,

Au-In B A 450~500 °C, {E Ar 5 H, 25 {54
AN, ETPRELE A 500~550 C I Au-In RETRINT 4.
BB AU B T A A IR e SR R I BEM AT
REFERME. B Au-In ZJCHHEIWT AL 24 In 5 &N

&2 WHSIEPREATE

Table 2 Commonly used Au-based medium temperature
solders
Alloy Commonly used solder brand
Au-Ag-Sn BAu30Ag40Sn411/412
BAul19.2Ag12.8Ge445/491,
Au-Ag-
u-Ag-Ge BAu19.5Ag22Ge410/450
BAul10Ag3.3Si409/450,
. BAul4Ag3.3Si421/452,
Au-Ag-Si BAul8.4Ag3.35i449/478,
BAu21.7A¢3.3Si500/520
BAul4.3Ag10Ge0.7Si450/455,
BAul6.3Ag7.5Gel.2Si450/468,
BAul8Ag5Ge2Si470/495,
Au-Ag-Ge-Si BAu20.1Ag2.5Ge2.5Si500/508,
BAu30.6Ag10Ge0.9S1530/540,
BAu32.6Ag7.5Gel.4Si557/560,
BAu34.4Ag5Ge2.1S51570/582
BAu18In451/465, BAg25In451/454,
Au-In

BAg26.7In451
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Fig. 2 Microstructures of Au-based medium temperature solder alloysi®': (a) Au-19.25Ag-12.8Ge; (b) Au-21.7Ag-3.3Si;

(¢) Au-20.1Ag-2.5Ge-2.5Si; (d) Au-24In

19%~27%( )5 5t 73 B0 I, &80 A 4 1R VOAH 2R 5
450~500 °C, H[E—BAHZIERIRE N, HEol e In &5
AT 24%~27%, [ —AR S IRIRE S 0~3 °C, J& T
I BRI S A S, AR T2, [ A
SRR E (R B /N TR RL G G T B i PRI E S 3 M - B
TR B AR RGP Sk AR
BORETIEAR R TAER e ER v S . R A4 =4t
S5 B A (Auln) MISE 7 25 K IR 3L T7 S5 K91y AR
(AusIns) R B A S i, Wl 2w, &

ffa Pt R, w] R F 22 02 B L A 1R O v ) 4% AT R A
*1[33]0

1.3 &EBZEFH

G BE IR TR £UE 800 CLA |, APRMEEELAE
FR TARSR S R R L% bk AR TS,
AT IR S0, WHURZIMLL M B AR ),

Au-Ni Zf1 Au-Cu RN Sl SRR Y. 5
)& FE ER AT RHINER 3 BT s

F3  HEHSIEERETE
Table 3 Commonly used Au-based high temperature solders

Alloy Commonly used solder brand
Au-Ni BAul7.5Ni950, BAul8Ni955
BAu20Cu910, BAu40Cu935/945,
BAu50Cu955/970,
Au-Cu
BAu60Cu980/1010, BAu65Cu990/1010,
BAu90Cu1050/1065
Au-Cu-Fe BAul9CulFe905/910
Au-Cu-Ni BAu61.5Cu3.5Ni975/1030
BAu4.5Cu20.5A2885/895,
Au-Cu-A
u-Cu-Ag BAu19.5Cu20.5A¢835/845
Au-Cu-In BAu77Cu3In970/1015, BAu78Cu2In975/1025
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Au-Ni ZJCAHEH S 5] AR, e SERIE R
TG B [T A, A 4 LT N NG S 80 1T AR AR & s A
Au-Ni REFEH N H 5 (128 Au-18Ni Fl Au-17.5Ni,
NI F N 17.5%I0, S8 mAL950 C), M
PRI AR L — 80 8 T AR 3L TR
YAV 25 A T B AL oy b, TR i P R v i s
APEREIL S, MERECKIREE S, A AR AT
MREEYERE, TN T L AR i
HBOL R I TR, B SRR, AN, SERET
RIS RN 16% 25%- 35%. 55%I1) 4 Fh4T
BE AHH AT N AR D

Au-Cu FHEWTYSR 5] SbAH ], VR T R 28 [
WAR, AIH Cu 510 G 4 10 [ AR 22 ) B AR
s, BT DA BEOAN [) B I L mT DA BN [ P e
BERILAETRL, (HBEE SR, AR A
BT B#A% - Au-20Cu 52 Au-Cu R4 N fe ) vz I4AT R
HA% ok 910 °C, X} Cu. Fe. Co. Ni. W. Mo. Ta.
Nb %548 KL A G R @R, e 586
ANRAAEE RN, RIAS S B AR A )5 B B RS R
[, HE Sl EEAHIE 400 CLUR &= BNk AT
FPH, gl R AR AR b, O R D) n g g
PR, AT/ T 1%00 Fe kBT 1EA AR R4
BY, eAh, Au-20Cu. Au-40Cu 5 Au-Ag-Cu H4 ikt
FESRRL, Tz TR R A AT IR, i 54
KIE L%, Au-50Cu F1 Au-65Cu AJ T4
JE S B &N %S, e E TR, Rk T
DIAREF Ag-28Cu 1E 4 figfit it o (R A R, i il
IO A R s g, DA ERET R R
HCE A4 7 i i R S

7t Au-Cu EPEHFPIR N B NI, &84 T,
LR TERE . AR T L Au-Cu £PREAL R, Tl AE
AL LS BRI AR — TR iR Ag
i, & &8 AR, Au-Cu-Ag R 5 18 A 7E
780~950 C, /T Ag-28Cu 5 Au-17.5Ni fJ85 252 1],
AR LT R ) — TR AR A L 451 T
WA S, Rbn] T2 e s . A
1%~10%[1) In, "[FF% Au-Cu £FRHEAEH A, W
Au-77Cu-3In £FBHA 500 1015 °C, HIBPELF. 2508
AUE AL, TR Au-65Cu 57K}, HixEG4
AP,

2 SEEGTH

BB L I S AT RO AT R, JEE

LR RN 1) AR AR S R L & T
AN TAES FEAFRETAR, ST TN 0 2) LBk
PR AN E TR S AR, AT sk, AT
BRSO R AT BNE, N T Rean 22 sl s 3) 4T
LU 57 RGP A i A A LA 5 ) [ [A] B AR 78
PEs AITAERE 2R (M ET R B, IF S VFET AN T
WRINNZE: 4) ZEALREPRZURC, &H 4T
LS T N A PE T AR . F iR 28, ARHEET
By oy g e TRy TR HIET KL i i PR AT R
AR PEREMIETRE =25

21 BFITASRFTIERATTH

AT M T %0: Pd-Ag Fl Pd-Au T i 45 [
WA, 25 4 T 26 (iR BE T B AR /N, 20 Ff
I3 4 T B R L DX TR R BT RE, A 2 X )
& 800~1420 ‘C[f] Pd-Ag-Cu &+ Pd-Ag A1 Pd-Au %
Sy BRI 2 TR RIS, sk 4 pryl, efisE
RAFIATIE T ERE . T A, (RS 5 R i
AN, AN T AR SR B TR RCSR AT R, Al L
Aab R v LA

R4 W PETIR LSS R
Table 4 Commonly used Pd-based solders for grade brazing

Alloy Commonly used solder brand

BPd68.5Ag26.5Cu805/810
BPd58.5Ag31.5Cu825/850
BPd65Ag20Cu850/900
BPd54Ag21Cu900/950

BPd95Ag970/1010
BPd90Ag1000/1065
BPd80Ag1070/1175
BPd92Au1190/1240
BPd87Au1260/1305
BPd75Au1380/1410

Pd-Ag-Cu

Pd-Ag

Pd-Au

2.2 ERmHRESTR

el I BT AL SRAT R L F v Uk i FEE AN AR
P, BTSRRI TR, 4% S N
Mn JG%, LU S 1000~1237 “C Y Pd-Ni. Pd-Ni-Mn.
Pd-Ag-Mn Fil Pd-Cu-Ni-Mn Jf0%, PEWLEE 5, HT1E
LRIk 650~850 °C, FHEMTE&ESAE, BWEMN
% EFIE Mos Tiv W. Zr. Nb ZE iR 48 a4
JRFEFR 75 5 T BU A A 2 Tis Cr A4 BA IR
SAREEALT R, TR RIS UR A T
REAE LI i B AR ), o PA-Ni-Mn 47 RHE
ATHCHUM AN B IL 2 i, H M S %K, % Mn 4T
BHE TR URE S SSOR A SR B 44
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Table 5 Commonly used Pd based high temperature heat-

resistant solders

Alloy Commonly used solder brand
Pd-Ni BPd40Ni1237
Pd-Ni-Mn BPd48Ni31Mn1120
BPd64Ag3Mn1180/1200
Pd-Ag-Mn BPd75Ag5Mn1000/1120
Pd-Cu-Ni-Mn BPd55Cul5Ni10Mn1070/1105

2.3 EEHRMERERER

ITAESR, A7 Rk FHI& AL R ET R RIHRE R 2,
ity Pd-0.2Ga-6In-0.3Ag-7Zn-86.4Sn 5Tk} B A vl i
& ARSE SRR A, AENEPRT TR S ST, A
ARt AT AL IR, Je ARG
B, T &% o B o 25 5 a5 ™75 Pd-0.7Nb-5Ni-3.5Co-
1.5Mn-73.3Ag Z 0GB RHMEA A A RE TGS
TNEFIRANEEAN . BRIE. BRILRES AL A A B ki
s ATSEYEK TR A 1A 400~600 MPa, [A]I,
IR R R ) R R, 600 CIN, AT4EEk BT
PR AT F] 220~260 MPal*™, AN [E] & B LL AR A
RO AR R AR PA-SNi B IS fE
M EPEESENN, &SR ET R, AR AR
T )5 KL PA-68Ni-9Ti [14 « s A HL 21T PA-40Ni
1, EEEE B E-4)E, &8N &4 8 EeT
BeAkL: PA-20Ni HLAT LG YLHE J7 o0 HLUR hidt o,
Al AL R B4R, Pd-7.5Cu-5.5In-84.6Ag-0.2Li
FPRASPERARPY, PA-Si-Ni-Cr £7BFA] JHAE i 41
NI AR, IR A PA-Ni-Si EFRNUR
KOG LIEEM, 1E 1130~1150 CHLEE FEFAR- MR 7
R A, T AR A9 T ik R BT S SR ) i B Y
Pd-Ag-Cu-Ni §FR %1 X e Bads . widsis &
YR 4 (Ni-Fe-Mn) 32 4857, % Pd-Au-Cr-Ni £F}
RN SR A SR Y, AR R Sk L
870~982 “CIF} T4 400 h ) v 5 AP AL EPY,

3 RESH

HIEET RS H AN B 2 IOREETRL, HATIEH
979N S S 3 Y LT S W N =<9 WP 47
HATBIIETSE IR L i A S et ). HETRE
LGNl e i S B OB S (Y PR AT G T DS I

PRGN RIS TR A4 Ml A A M A 4.
] S g, Rl T R B A L
PP E R TR AR, TS Bk
BRI N HAT, 600~1100 CH S5 N 4T
B LVRBEET RN 3=, RS R, e TR
HL LS BRI TR . AT R R B A S doch
Cu. Zn. Ni. Mn. Sn. Cd. In. Ga. Re. P %, Cu
M Zn R M ESI0HE, RN Cu v K Ag (1)
AL, MORSTERMEEAR, RN Zn nrik—D %
ICAVIET R AR BE, B AR AT bt 2 LAANIR]
B L AR e R RRAEE =0 R A A W HER,
7500 Ni. Mn. Sn. Cd. In. Ga. P 25505 KL%
PR PE B ) 2 RE R A A T RE, TRl e B H 4y
I, WA TI0. —on. ook Z o AEERREL
e, T AR AR B 5L —Fh I s AE 960 CIETEL

T ARIEEPRVE N R R AR A, [ R4
W BORFE, AT ILEAN /BN 2H . o AR
FEAT RS 122 GB/T 18762—2002 ( 5t 4@ X HAT
LY BIFN GB/T 10046—2008 (HATHRLY B4, 3T P
SMRETRHOAE IR . R, Fealdil 5~10
FEHIT GayInyRE JGEX T Ag-Cu-Zn 520 5T,
A 22 3CHR[55-58]-

4 BERBEITHEAIFER M

DA BETRME R, (ISR — AN 2 AR
N AR, H AT A 5 Y H v R () 22 B
FELLN JUANT7 1 :

1) ILPEREZE . A T BRARETRHAAIRLE, 185 1k
PAE SR AT MA Sn. Iny Ge. Si SKIs S 41T,
{RIX LA TR AT RHA L b S T B P Hh Rl & A,
WA TYERE, HETRHAELE ARIRELG T
7 A% BAR () 22 M BT A, DRI DA AU
600 CLAF (1) PRI S 3L 5T BRI 400~600 °C 1) i A
SEETRLR LS H P00,

2) SFRIRAS . B B A VIR, I AEOR Bt
SRS TR RS, K St & R AT R B4
JEICFE TG LR, AR SR T, AR 3R
BRAIICAT A A FH A1,

3) FEEGT R IuR. WILETRTP S E IR Cd ok
PERATRMERE Y, SERERILAT R TR TR T
SHERERZ BN ), G AERIA AR
A, AR ESEICE, WA NMESEECR,
FRERRHG A PR A L BT AR YEIA S )
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ARARET R AR LA T (0 IR S i SR B

4) R U] SEMEANE AL R SIS IS B A . R
mnIE AL B RIS AT R, AR R
AR B s R . WFSCR I, WP ERAE. ATRME
SRR 2 AP AERMPRL I RS S, BT
P T2, AN R 2 MBS AR IR RE 1,
B Gy AR N )95 57, SRR BRI, 2
S0 AR W Sy SR S, A R R AR
BRI 4B ETRIAE A IV 2 AT HR PR e S (BT R)
E I o I3 P R I A4 el RSO R I DL A A
450 CLAF R T H SIS HET RIS T . 1Ah,
P RO B BRI, G SR AR s IR AL R v 1R Y,
T3 BNy MR a5 T S B SL R T
Pk

5) JERlE s PR = o AR Iu AT vE B sk
WFTTIR kN VAR R R AL 4y
BT R R PPN O s AT S L A 2598 55
F it S T RS, iR BRI HT 1 AT
WA A N TR RE B (0 S . BT, [N AT
Bt JE B ET R RIS PR B SR I D

6) AT M R T AE AL 41 Au-Sn R RS
G TP N T A 51T L B s e = 12 SR 10| A
—HEFE B, AR EE D E AR Au-Sn EFRL,  BAAf{R
BERGAE “TCATH” 450k RUHATATARL, Bhah, Ni &
BN Au-Ni & Ag-Cu-Ni 55 5 8 w7 7, Ag.
Cu 75 1 10 5 4 S AT T DU 2 HH LA A T A,

5 RERTHRIRKRAREE

LA, SRREETRACK A A T 2 e
FELL N JUANTT I A 3 SRBAT i 750 it e R DA
Lt e mEr e i, SRaERErI Tk,

1) RERFEREIA R T 20 [ NSRBI RCR
SRR PR = SVNEI% L NTEI K S PN B el
HUEDCRET U T3, R LA LA G
PR, B R E A+ A S k(D-KH i)
PROFEE L, RS R e B S e U4, X
il 6 TR B e PR ET RN TSR A B s 1
M EEFRCRIG, A BRSBTS T RRS
T S L U D AR LA R 6 T2 N AN
R BIBRE], ARREED EeR AT FT R A T2 AR
FOB IR R T2

2) Bt IFROBTI Z i &R R TR WZoui A
JEBH Ry, BB 4 B LA 4 UL ERCER

MR Z oA R, ZRA RS o R IER, BRI D)
[ AL AT REE 28 RAF AT PR RE AN Tk Re, AU
At Eerel, Nz,

3) WMEEN. TR &AHE SRR TR,
EEaTEZ TN, SCEFPRIAR R vERe, TR
WA, XSRS ETRR TR ZR G PR R IR — ]
ITZ BB ITE. BMPEETET LR TIoE
(Lav Ces Er. Y. Pr. Nd. Lu)llf Ga. In . Co.
Bi. Cr %%, Rl Too s/ seiEmR B 5 5 9t gl
2, ARG R R e DA SR R SEME ST 1
HIREFT) 52 1 N AR QT

4) S IRURLIE SR AR E O G AT R, AR S BT
PR S RIUE RS ETRE, SR IS g A 25
U BRET RHEAR () i TR R AE T 2ERE, ETRIN
IR RE PR R RS T I A R S ST, B KRG
SPERE BIFELEAE , JEIAE SR S SOV RE CRe ) 2 A4
I 57 1 e AU AR 1 ) AN A7 i 7 T BOR B3 BORE
SHAK T2 AT [ SR A A SR B IR AL PR L A, e
SPEREME LT B bR asAH = ZEA ORI gk
R < e e UL AR A 45 . Bl antdeK Fe
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Review of gold/palladium based precious metal solders

FANG Ji-heng, XIE Ming, ZHANG Ji-ming, TIAN Juan-juan, CHEN Jing-hong, HU Jie-qiong

(Kunming Institute of Precious Metals, State Key Laboratory of Advanced Technologies for
Comprehensive Utilization of Platinum Metals, Kunming 650106, China)

Abstract: Precious metal solders occupy an important position in the electronics industry, microelectronic packaging,
multi-stage vacuum brazing, high temperature technology, jewelry manufacturing, aerospace industry and other fields, the
development and applications of gold/palladium based solders is the focus both home and abroad. The low/medium/high
temperature gold-based solders which were commonly used in industrial production, military and civil fields
were described particularly, as well as the presentation of the palladium-based brazing filler metals for the electronics
industry classification brazing, high temperature resistant and special functions, besides that, the characteristics,
properties and applications of each series of solders were summarized, and there is a brief overview for the properties of
silver-based brazing filler metals. Problems still exist in poor processing performance, high economic costs, toxic
elements pollution, lack of basic database of simulation, low reliability of solder joint etc. Accordingly, the future trend of
precious metal solders was prospected and solutions to existing problems were seeked mainly from the preparation
process, the micro-alloying, adding strengthening phase, matching solder flux, computer simulation and other aspects,
which also provides a basic support for the development, application and promotion of precious metal solders.

Key words: precious metal solder; brazing property; application; brittle intermediate compound
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