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1 RIBAS ) R Cw/Sn/Cu L% 45 F 45 J5 1) SEM £+
Fig. 1 SEM images of Cu/Sn/Cu interconnect structure bonding for different time!**: (a) 50 min; (b) 180 min; (c) 300 min
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Cu Cu

2260 C, 0.04 MPa 2% R LRI A A 8] F Cw/Sn/Cu #3075 ¥ SEM AR
Fig. 2 SEM images of Cu/Sn/Cu joints after welding held at 260 ‘C and 0.04 MPa for different time!**!: (a) 120 min;

(b) 180 min; (c) 240 min; (d) 300 min

3 A[AEEA % Cu/Sn/Cu SLID 23k ) SEM {£144
Fig. 3 SEM images of Cu/Sn/Cu SLID joint at different pressures and time!**!: (a) 0.2 MPa, 1 min; (b) 0.2 MPa, 1 h;

(c)2MPa,2h
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Fig. 4 SEM images of Sn-Ni system SLID joint at 260 ‘C for different time™*: (a) 15 min; (b) 30 min; (c) 45 min
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Cu (cold end)
CusSn
265 ° Cu (hot end)

[ 25um
5 265 CARIEA R E T Cu-Sn & S #L 1  SEM 4451

Fig. 5 Sectional SEM images of Cu-Sn solder joints held at 265 °C for different time®': (a) 30 min; (b) 60 min; (c) 90 min;
(d) 150 min

6 NIF Sn 5 HE A FIEIF) SEM AR
Fig. 6 SEM images of bonding interfaces with different Sn thicknesses™®*!: (a) 3 umj; (b) 3.5 um; (c) 4 pm; (d) 5 um
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Fig. 7 SEM images of Cu/Cu,Sn-Cu/Cu composite joints with different holding time®™: (a) 30 s; (b) 2 min; (c) 4 min;

(d) 6 min; (e) 8 min; (f) 15 min
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B8 Cu/Sn/Ag 3k 7E 350 C AN [l i 25 it o) T Bk 28 7L i () SEML 51
Fig. 8 SEM images of interface of Cu/Sn/Ag joints aging at 350 ‘C for different timel®': (a) 24 h; (b) 120 h; (C) 480 h;

(d) 960 h
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Fig. 9 Sectional SEM images of solder joints with different aging conditions!®”: (a) Original joint; (b) 350 “C, 100 h;

(c) 500 °C, 6 h; (d) 500 °C, 100 h
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Cu;Sn

' ‘Cuv(,SnS' d

Cu

BE10  AIFERINH R Cu/Sn/Cu S SEM AR
Fig. 10 SEM images of interface of Cu/Sn/Cu for different induction heating time!®": (a) 20 s; (b) 35 s; (c) 55 s; (d) 100 s;
(e) 220 s; () 270 s

CugSns < Cu,sSn,

™\

\

\
Cu;Sn

CuysSn,

Cu;oSn

B 11 A7 R AR TR s ) SEM R
Fig. 11 SEM images of solder joints with different magnetic field frequencies and heating time!’": (a) 225 kHz, 2 min;
(b) 225 kHz, 3 min; (c) 225 kHz, 4 min; (d) 300 kHz, 2 min
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Fig. 12 SEM images of cross section of chip/Sn0.7Cu/Cu solder joints with different ultrasonic assisted bonding time!’*:

(@)0s;(b)3s;(c)5s;(d)10s
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L, HBEkE iR EE AN MER N T 30%(400 MPa.
7 MPa-m'?); [l 5 BF R%CH (] 3, 423k IMC 1)
Cu [V AR A, A% 25 98 B2 P 1K 22 200 MPa,
{HBPERE N % 13 MPa-m'2 ¥, Cu/Sn(50 pm)/Cu H.
HEEEH, E300 C NG ORI 30 s 51 % 1 CuySn
P23k, RIS HAT BT 98 FE N 24.2 MPa, 300 C 7%
SIS R200 h 5 B U] 5E E AR AN KL,

7£0.6 MPa & /) T A AL B 4 s J5,  Si/Sn(20
um)/Si B3 45 M i T 58 45 B Cu,Sn A R 1 #23k
HAU BT 58 FF N 65.8 MPal®l, Cu/Sn(50 pm)/Cu H.i%
SEM(E 250 CH10.4 MPa [k /), A AEE30 s )5
il 7 CuSns+Cu,Sn 23k, HE L MBI V)58 N
60 MPa®¥l, Cu/Sn(20 um)/Cu H.i% 4% #4 7E 250 C
0.5 MPa JE /5 &, #7542 4 sl & T Cu Snst+
Cu,Sn 2 51, HPUBT 98 1A ] 60 MPa; 5 4b 3
8 s Jr S5 5 5E A 1 Cu,Sn 4k, BT VISR N 65
MPa™. 55 40% 2B 1E NHhE )=, ££250 CAl
0.25 MPa [k /) R 402 10 s 5 3k 759 T 4% Cu,Sn £
Sk, ORI R BI YIRS N 49.96 MPa, 350 °C i
ISR A 46.54 MPal,

2.2 Cu-InA&FIEFLIMCRESHIHR

52 M) Cu-Sn EIEALL, In HA R
ISR (156.6 C)FPE N & RLER RIF A,
HE R, R L, O ZNHT
] %% 45 IMC 5 55 . Cu-In 1A & K& 5 H T SLID A1
TLP 8 &, —M&JE R CuIn+Cudn 4 &5, H Culn,
(B U1 B LE Cudn [ % . W1 Cw/In/Cu HIELE ),
260 “C R 360 min [E ¥ B3 HUEE A H] 45 7 Cu,, Ingt
Cu,In #3k, H T FIAFLE Kirkendall FLIFHH BT Y]
58S 145 9.07 MPa; £ 360 ‘C {12 40 min i, J57 4
H JAFTE Cuyln,  HBIY)5EE T % 13.65 MPa; 5 {R
IR 360 min J& 3545 1) Cu,In, 45 £(12.31 MPa)H b 2
A BT P RER

200 ‘C N K F 7 A5 AH 4 300 s i1l %% 1) Cu-In
SR, 43300 CEilR s, JE R 584 H Cu,ln,
AR, HBIVISREEE 23~25 MPa 2 [8], WiZd kA 7E
Si:th i BB, In-45CufE R iE =, 7260 C K H
A VU B A5 30 min R Zh 145 T Cu, Ing+Cu UKL
Bk, AL A SR KAE(16.34 MPa); 241 [A]
N3 60 min i, kR AELE Cu,IntCu, Iny, {H
Cu,,Ing 1 Cu,In FH I H IR B REL, TS 3 H
ke R B, SR In-50Ag 1E A T E 2, fE
260 CHI1 MPa J& /) T B UAH B & il & 1 4 IMC
JERL, (Ag, Cu),In A BE A B4 B R] ) A8 K T 4% A8 Ry
Cu,In A, i 30 min J5 £ 3k R A7 7E Cu,Int+Ag,In
(LB 13); Wik 14 fror, TLPIE AL R RS
Rl R B J5 2218 BT A I R E K 3 30
min i}, 45 A TR R 5/N1.85%), B YI5R AL
RS A S (L 14(b)P7, A H Cu-Infk REEA
MEPEARR Cu-Snifi & AL, (AEgA 2 d i T AR
W% Gy =R RAGOALIT, Nz InJ& THa &8, i)
Cu-In 4 R 7E = i B 2 At o LA B0 T2 RE AT
2 B T SRR A B R iR R A

23 Sn-AgRFEFIELIMCRESIHR

Ag HLA B SR S8, Tz Ag,Sn
bt Cu-Sn F1 Ni-Sn 4 J& 8] 44 & 9 B A 5 4 1Y B 24 49)
PE, W Ag SN L EWIENA IMC B AR RS, 3
K H SILD F1 TLP 7%l % Sn-Ag 1A R 4= IMC 48 1 .
1 Cu/Sn/Ag/Sn/Cu H.IE L5443 HIAE 250 ‘CH1300 C
NIE 10 MPaly, [V B A 2L #R B Cu,Sn
A Ag,Sn 4, H BT ) 98 FE 2k 21 % KAEL (120 MPa)
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Fig. 13 Microstructures of Cu/In-50Ag/Cu solder joints at different bonding time”: (a) 0.5 min; (b) 30 min; (c) 60 min
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Fig. 14 Porosity(a) and shear strength(b) of TLP solder joints at different bonding time”!

HARFEARZ (L 15)4, KH Sn70Ag /E R H 2,
7E 260 °C N AR 10 min, B A& WA B 4 18 5
CuSns+Cu,Snt+Ag,Sn ZH i, H 87 Y] 58 £ 4 39.5
MPal,

Ag/Sn/Cu H.3E 45 #4975 300 C {117 420 min, ]
% 7 Ag+tAg,Sn+Cu,Sn K IRBES AR G4k, H
BI04 60.2 MPa, Cu,Sn,/Ag,Sn F[H] 15 £ 58
FE Lt Cu,Sn/Ag,Sn I 55, L0 A4 T 51 72 B b
(MK 16); Cu,Sn+Cu,Sn,+Ag,Sn i s 2 i R4
HUT CugSny/Ag,Sn FHH LY J&E, 1M CuSntAg,Sn
S s 2 R U 0 CuSn 2P, Ag/Sn(10 um)/
Ag HELR 250 C T BRSWAHE S FIRA T4

IMC 3k, HSkAMAAERZ AL, HAELmER
257931 MPa; 47E Ag MR F8E5— 2 Cu i, 4l
N5 A CugSn kL, A RHIETE T W Ag,Sn fb 7t
SATIIEREL, 7£350 CF Ag (Cu)/Sn/Ag 4= IMC #%
KPR BT B 5 5 B v AT IA 40 MPa DA b 24 36 AR 5 i
NCuRMZ J5, 1£350 CF Cu/Sn/Ag 4 IMC #:k
BRI BY 5 R 5t i ] A 48 MPal'™), Ag/Sn(10 um)/Ag
HESERIAE 300 ‘CTHI0.5 MPaJE /1R, {415 90 min
JG D% T Ag,Sn Hek, HBTYI5R A S8 50.3
MPa; I Cu[a]E )5, 7£300 THI0.3 MPa /&
73, £Ri# 300 min #3k HH Ag,Sn+Cu,Sn ZH A, H
BY U] 5 F 34 31 35 MPa, Wi 24 8% 42 AN IMCs 42
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i, EEF CuZLE 17, EESKBEEES T
Fmlon, £E250 “CH15 MPa [k /3 N -3 10 min 5
% 1 Ag/Sn/Cu B WA BG4k, 200 CHAZAL
500 hJ&, k414 H Ag/Ag,Sn/Cu,Sn,/Cu %45
N Ag/(Ag)/ (C-Ag) Cu,Sn/Cu, ZALHT G kT 1
BT ) 58 7 43 51 A 49.57 MPa A1 50.03 MPal'®!, 45 2%
HRF Cu/Sn/Ag I 25 TR & #5278 350 C#EAT IS
R, I A B AT TR (3G 0, BB 5 e BRI AR
JE B M O 18),  LAEL T B 2K 960 h B
Cw/Sn/Ag TLP 12 S A5 (R FF 42 755 A 9 B (44.6 MPa)(©!l,
BAA Sn-Ag kR SUMERE R 4F, HURA L2 Ag-Sn

160
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Fig. 15 Shear strengths of joints at 10 MPa pressure at
different bonding temperatures'®!
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— BB R, NiySn, 4 Sn/Ni f& & B & Ji5 1k
— S, HONLSn, M (794 °C)HRIT ML T A
S B il B2 o« LR, 7E Sn A Ni,Sn, HY, NiJi
TP BOE B R 9218, 3X W] DLZE 2% Ni,Sn, 1)
Ni,Sn,/Ni,Sn A8, K HL 7 35 4 (1 8 FH 77
I Sn-Ni /& R7E LT3 25 45 52 %3 . WINi(P)/Sn/
Ni(P) ELIEZE ), TLPHE G f5 5t AL NI, Sn,, 24
A A E] 2 h LB TLP 48 5 98 & 3L T NiSnP.
Ni,P Al ] B Snl'®, Ni/Sn(30 pm)/Cu H. 3 &5 4 7¢
260 C N /i 120 min 5 7] K15 58 4% HH (Cu, Ni) ;Sny
AT Cu,Sn 4 B TLP 423k, 87 V) 58 £ 2 (49.8+
0.3) MPa, BYUIW A T & A7 (Cu, Ni) (Sng ik
FHLR IR X3R04, Ni/Sn(30 pm)/Cu T 3% 45 /) 7E
260 “C. 300 ‘CAHI1340 C FARRE 120 min J5, BRI
# 7 (Cu, Ni) ,Sn, 1 Cu,Sn 4= IMC [ 25 AH B A 32
3k, FHLPUBYGREE 5N 49.8 MPa. 50.3 MPa fl142.7
MPa; 260 ‘C 1300 ‘C ft) TLP 4%k b 54 & A= 7k 1R
RIURLIX , 340 C 1 TLP 823k W e A= FERH A AR
%J\*EB:[IOS]Q

68 7 4 B TLP 1) 5 1 Sn-Ni 2 55 78 300 °C R i}

Ag
¢ phase
Ag;Sn

Cu;Sn
Fracture path i

Cu

Fig. 16 Fracture models of solder joints with different microstructures'®”’

(b)

IMCs

I I

Crack IMCs

BE17 [ Sn/Cu/Sn TUEE 2 615 TLP AR 5 f 7 2 g oY
Fig. 17 Fracture models for different typical TLP joints bonded by preformed Sn/Cu/Sn interlayer'®: (a) I-cracks
uniformly propagate through thin residual Cu layer; (b) II-cracks randomly propagate through thicker residual Cu layer;

(c) II-cracks randomly propagate through even within much thicker residual Cu layer
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33 Ni,Sn,, #7155 TLP K& s (1) & 5] W28 % A 75 254
50+ Ni,Sn, JZ H SRAH B Ak (LB 19)17, & 24 NiA]
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%“_ PLANAL SR T 3R s bE R, (R NI £ )
) FHRALGEUE SRS E N . Rk, 1815 Sn-
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Fig. 18 Relationship between shear strength of joints and

aging timel®"]

72 h )&, Sn-10%Ni 45 5 R A7 1E Ni,Sn,, H g
1% 68.72 MPa;  Sn-24%Ni Fll Sn-30%Ni fii 45 s i 2
J&i» NiySn, &t R AL 5 B0 8Y V) 3 FE g A T R0,
SiC/Sn(20 um)/Ni HIEZ5F1E 250 ‘CH10.2 MPa J& /)
T, EAEAEPER s Jn il 1 A4 NISn, 4%k, HoP
KIPUBYHEE N 26.7 MPa, TMif& 48 TLP 423k (58 AN

BEI19  Ni,Sn, k%) SEM TiLUL LRI 175 2 0T

KA IMCRE AU R, B
HRIZM AR E XA R R R 1D i 4
IMC 7 s [ 4 595 S v ge el #6759 £ BN
e BVREY B A WS IE R &
RIAnFA AR G, SFRMA R £ 2T Cu-Sn,
Cu-In. Sn-Ag. Sn-Ni. Sn-Bifik}, 4-IMC EH4E
/£ CuSn. CugSnyv CuySnyn CuyySnyn CupgSna
Cu,,In,v CuyIng. Ag,Sn. (Cu, Ni)Sngs. Ni,Sn, %%
AN Z F IMC. X & GERRIR FE45 % . TLP,
SLID% L&, HmT#EammRK, Epbadmid
FEFR IR AL B M REM R 2, RN fEf i fE

Fig. 19 Top-view SEM images((a), (c)) and schematics((b), (d)) of fracture surfaces for Ni,Sn, joints formed by different
bonding progresses''””: (a), (b) Traditional TLP bonding process; (c), (d) Ultrasound-induced TLP bonding process
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SRAAR T = AR FLI b, 3 T SEPE R B T
RN TLP. HER . NN, s
AT DL ] £ IMC 2 05, H & i 2, 4
IMC A SA T2, Bk FIREAAEFLIR S5 6 . AN A
T RIEH Z MR EEEPTE Cu-SnfA R, Cu-In
PR R AR T Cu-Sn 1 5 B A EARAEEEIREE, TN
Rt Re, B THASE, WEENH
TR S ] £ T il Sk . H AT Cu-Sn. Cu-In.
Sn-Ag. Sn-Ni %5k & H 4 IMC B Sk AN SR AFTE 25T,
PSSR BEAN T, e il AR ASE 100 T e R %o A 22 4 )
e BT RIREE, ASAEEINA:

1) TEARMA R TH, BIF 5T K OCTE DL AR
BEATE A IMCIERMA R, @1Cu-Sn. Cu-In. Sn-
Ag. Sn-Ni. Sn-BiRl5E, ik 4ty = 44 8
%, ARAEFH NN TS A Cu-Cu 3k (1 45 1 HF

1 AU A IMC AR i i 46 05 12 b P RE

AR PERE, JT R TE 2R T HEE . AL
B —uE = o RMA R WA IMC IR i RE R
A, WM 2 SGERRPIRES . RSE il 07
BB Z REY BoE R T R, I SR RR
A — 2D 45 5 IMC T8 72 b 7 i R B
2, IR RS A4 7 oK BRI IMC T B
AR P R B IE AR 1T B 2, S
B R e L S T S AT B R S
2) fEM & JVE T, BT S BHERS AR —
ANEEAR, BEATIRIRGESS . BIACEY H S . WA
HREREEHI A IMC, T2 T 2RI IEDR, il %
REARER . SRR H R, T e
B, IMC il i 1A, R el AR SO A
ARBY AT, BEEIEZ . ASEE DO %
S IMCHEERI, FHEARRIATRER B A LI &R

Table 1 Typical full-IMC solder joint preparation methods and performance

Shear
Researchers Methods and parameters IMC Defect
strength/MPa
LEE et al.l*¥ SLID (300 C+2 MPa+2 h) Cu,Sn No 55
ot Ultrasonic-assisted TLP .
ZHAO et al.! . Cu,Sn Void 65
(350 W+20 kHz+250 ‘C+0.5 MPa+8 s)
- Ultrasonic-assisted TLP o
LIU et al.®! . Cu,Sn, and Cu,Sn Cavitaation 60
(600 W+20 kHz+250 ‘C+0.4 MPa+30 s)
BRINCKER et al.””! TLP (255 C+25 MPa+60 min) Cu,Sn,and Cu,Sn Less void 90-95
39 ) 5 ) Less void and
GUO et al.’” Sinter (300 “C+20 min) Cu,,Sn, 26.8
Crack
- Assisted by electric current bonding
LIU et al.l’™ . R Cu,Sn and Cu,,Sn,, No 63.4
(1.5x10" A/cm“+200 ms+0.08 MPa)
70 Induction heating .
LIU et al.l"” ) Cu,;Sn; and Cu,(Sn Less void 80-90
(300 kHz+0.7 MPa+2 min)
YANG et al.! TLP (260 C+5 MPa+30 min) Cu,,Iny Void 16.35
¢ TLP (200 C+50 MPa+300 s) and aging
LEE et al.[* . Cu,In, No 23-25
(300 ‘C+500 h)
- Ultrasonic-assisted TLP
SHAO et al.l*® . Ag,Sn No 53.7
(300 W+20 kHz+0.5 MPa+310 ‘C+15 s)
BAO et al.’® TLP (300 ‘C+60 min) Ag,Sn and Cu,Sn Void 72.3
(60] . Ag,Sn and Cu,Sny and .
Hwang et al. TLP (300 ‘C+2 h) Less void 48.9
Cu,Sn
DONG et al.['™ TLP (260 ‘C+80 g+120 min) (Cu, Ni),Sn, and Cu,Sn No 49.8
TIAN et al.* TG-TLP (200-330 C, 17 min) Ni,Sn, No 180.8
106 Ultrasonic-assisted TLP .
J et al.l'% Ni,Sn, No 43.4

(35 kHz+500 W+0.4 MPa+250 ‘C+10 s)
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BEFTE LAEAR, HEPSE TR e RS
JERET 260 “C AR IR 5 min BT U] 4 T Cu/Cu B
— I IMC 45 (L 20), T BT 1E48 7 1) S fROhee 55
N 328.45 HV, VAT T8 5% 77 A S AW R 326.97
HV, J5& 555 V)58 & N 36.38 MPa;  1F 400 C i %%
24 hivy, & AT )R LR S 1) 41.86 MPa, T
JE W TS R IMEIR A W, 58 A A2 4 IMC AR A
AR TR, NP R FT R T RS At

A g, NIT R B 2 IR R R i) 45 4 IMC 1)
FERMAR &R, ST B IE M A IMC IR RHMA R ik
TN RN N5 4 IMC 45 501 % T2 77 T AT
T, AR RS Fow B4 IMC IR S & T2
R, BN GE 4 TMC 45 55 T S 1, R 0 2 i
T T A A AW iy A R AT R M O T R B O
SRk, sk R R S R DI E . &8
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IMC joints (a) and its fracture morphology (b) held at 260 ‘C for 5 min and IMC joints (c¢) and its fracture
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Progress advances in full IMC solder joints for power electronic

LIU Cong', GAN Gui-sheng"?, JIANG Zhao-qi', HUANG Tian', MA Peng', CHEN Shi-qi',
XU Qian-zhu', BAO Cheng-li', CHENG Da-yong?, WU Yi-ping’

(1. Chongqing Municipal Engineering Research Center of Institutions of Higher Education for Special Welding
Materials and Technology, Chongqing University of Technology, Chongging 400054, China;
2. Golden Dragon Precise Copper Tube Group Inc, Chongqing 404000, China;
3. School of Materials Science and Engineering, Huazhong University of Science and Technology,
Wuhan 430074, China)

Abstract: Full intermetallic compound solder joints have become the most alternative to high lead solder, Au
based solder and other connecting materials utilized in high temperature environment since they can be prepared at
low temperature and serve at high temperature. The characteristics of full IMC prepared by low temperature
sintering, solid-liquid interdiffusion bonding and transient liquid phase method were summarized. Furthermore,
the research progress of full IMC soldered by Cu/Sn, Cu/In, Sn/Ag and Sn/Ni systems was reviewed. It is reported
that the main problems restricting the production and application of IMC are too long bonding time and defects
such as voids caused by phase transformation. Notably, the structural characteristics and material properties of Cu-
Cu joints should be considered comprehensively. In terms of solder system, more binary solder systems based on
Sn, Cu and Sn-Cu or ternary solder systems were essential to be developed. Afterwards, the state, size as well as
preparation methods of solders should be attached great importance. Besides, in terms of preparation method, the
base metal and solder were constructed as a cold and hot microcirculation. On the one hand, the solder was
subjected to transient and local high-power heating such as femtosecond laser, local laser or induction heating. On
the other hand, the base metal was subjected to high-power refrigeration. Afterwards, appropriate auxiliary
vibration and pressure can boost the collision diffusion probability and shorten the diffusion distance, so as to
quickly obtain a single full IMC solder joint with high reliability.

Key words: full intermetallic compound; high temperature solder; preparation method; solder systems; cold and

hot microcirculation
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