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Abstract: Reliability and service life of electronic devices depend on heat dissipation capacity of the ceramic substrates to a
great extent. Copper/ceramic substrates have excellent thermal conductivity and insulation properties, as well as high current
carrying capacity and strength. Therefore, they have become the best choice as substrates for high-power electronic devices.
As an important method to bond ceramic substrate and Cu foil, active metal brazing (AMB) has higher reliability than the
direct bonding copper (DBC) technique. Even so, the interfacial bonding strength is still greatly affected by brittle phase,
residual thermal stress and so on, which should be further improved. Key issues, including interfacial wetting and reaction, as
well as residual stress generated during AMB, were introduced, while research progress in improving the interfacial bonding
strength of the AMB substrate was summarized. Outlook on future development of this research area was speculated.
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Tab. 1 Preparation processes of the copper/ceramic substrates

Items DPC DBC AMB LAM
Fabricating temperature/°C <300 1063-1083 800-1000 —
Thickness of Cu layer/um 10-100 100-300 100-300 1-1000
Peel strength Low Medium High High
Cost Moderate High High Very high
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Fig. 1 Contact angle-time curves of the 72Ag-28Cu-xTi/AIN system and the stable droplet morphologies at 1000 °C %!
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B2 AgCuTi §&EXRBHERKEREDERZE",
(a) BRM; b) HRERTBEIEEMNE; (o) HEREARLEEMEK

Fig. 2 Schematic diagrams showing Ag-Cu-Tialloy wetting on smooth and rough ceramic surfaces

[15].

(a) smooth surface, (b) initial wetting stage on rough surface and (c) final wetting stage on rough surface
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Fig. 3 Cross-sectional SEM image of the
AMB-Cu/Si3Ny brazing seam
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Fig. 4 Relationships between reaction layer thickness and

holding time when brazing Cu/AIN with Ag-Cu-XTi
alloys at 950 °C %
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Fig. 5 Maximum principal stress distribution diagrams of the Cu/Si;N,/Cu AMB substrate

[30].

(a) Cu/SizN4/Cu AMB substrate, (b) cross-section along the red line in panel (a) and (c) vector plot
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Tab. 2 Fracture toughness of ceramic substrates and cycle times for copper delamination or crack initiation in the
AMB substrates %

. Fracture toughness
Ceramics

Cycles of Cu plate delamination

Cycles of crack initiation

(MPa-m'?)
SizNy 10.5+0.2 >1000 >1000
SizNy 8.0+0.4 >1000 >1000
SizNy 5.5+0.1 >1000 500
Si3Ny 52+0.2 >1000 100
AIN 32+0.2 50 —




%438 F 418

BHE %: AgCuTi RESHEBEBRERFAAESRERRHER - 545 -

SR TR LA, ERR Ag. Cu PUARXTR
0T T B A R, T R ) B T S A
FEZE AR . Tamai ZWBFSEIEY], Ag &
(AN 2348 AR Ti XF SisNy (9 50w ik o it
HSE S USSR R 2 B — AR T AR
1 Ag 5 Ti ZIFFEHFRIEH, Ti MIGEERE Ag
SRR M Cu 5 Ti Z 8 W7 i 5
PRSI VER, Ti BIEREEREE Cu & & B35 0k
flKe AT T WEE, B TIMERRIM Til
Ag & W Cu RSN, 7ESPRIREENS Cu
SNk 5 TigE TN, ERSERIRIE K
WEtEA B & 2ot R W — Rl T B Ik

BT LAY Ag-Cu-Ti =J0H 450k, i
A Ag-Ti. Cu-Ti —JCH &R T AMB B &
FEMR A4S . Terasaki 1SR Ag-Ti BBl vk
AMB-CwAIN A, R TS B EF4EA, HEh
Ti. Ag Fr s K e B 23 50 0.14 mg-em >,
420mg-em *, HET I, Zhang ZUME R Ag-Ti
EANENERRL, 309 AMB-Cu/AIN JEAH] B8
FEWGIA 34.6 N-omm ' BUARETRI PG Ag
P T TR B, (HATRUS A R, HFEREE T Z
o Ag MELITRZI5E 4, A kRt . T
W1 B Cu-Ti. Cu-Zr. Cu-Hf 4F Bl %
AMB-Cu/SisNy Fit, FEmERMEH Ag-Cu-Ti
EFRHRI % AMB-Cu/SisN, JEHBIS A TR, EIEH

FFn A B A

TEAF R IR 415, W Sn. In 4%,
A DAREARAT B AT AR EE . A B TR#IX AMB %
MR IR AT F1 . [l , In AYSRTAAEMR, H Ti 78
In ARG, A F TR Ti %R, Su 20
ffi /] 63.00Ag-34.25Cu-1.00Sn-1.75Ti 4F ¥} 7¢
850 °C I il 20 min, 45 ) AMB-Cu/AIN i
(40 L 58 Bl 51 MPa ., B BESE &P T
54.0Ag-20.5Cu-21.5In-4.0Ti 478}, ¥ Cu/ALO; I
EFIREFRMR R 750 °C, FHHiHiimE ik 89
MPa. SRR BERIREAL, D/ 1 AR 1 3R 0
1, i Em T A, Ak, Z24o0hE SR
WAl AT AMB A, 15 H AR SCATF 5T 40

TEET R R IR IS CTE 20745, AT L2 fsT kLS5
B RS ARRTIE, RRARER AN ), 2w AL &0k
FEo BRI, EFXF AMB % SR A B A 4T RHEE A
Wit . Lv FP7EH % AMB-Cu/AIN BR A TR
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6 RIMAFEE TN B Cu/AIN AMB 4 B A AR5
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Fig. 6 Microstructures of the Cu/AIN AMB substrates with different contents of TiN [#2];
(a) 0 wt.%, (b) 1 wt.%, (c) 2 wt.%, (d) 3 wt.%, (e) 4 wt.% and () 5 wt.%
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FEAAET RE X P e B S, mT gt & RO e
A AR, FERTE T, PR R Ti & BT
FLE MK, R, IR EE . SR
ASTRVEF AL LA FETJR AR, A% AMB JEAR I
SRS AR NER 3 R o
22 FABRIZSH

AT X IR RIS (i) ok 5L T s A FE R e, RE
T 1 53Vt ) 14 1Y 68.8Ag-26.7Cu-4.5Ti I 4t
Fr il 2 AMB-Cu/AIN FEAR I & B, FL i 45 45 i
BEEF AR B TS, JE BETHE R RS, 930 °C, fi
10 min EF A, BT3RS F K89 55 U 9 R
(75.18 MPa). 4FIEIREHARES, FFRHR 2,
[Ti)P A FESr, ROV EA KA i o4

EFRRIREE RN R, BR T SR N2 RSN, £
BHA 220 Cu B, B BT, BTIsRE R
SRR, W& 7 iR, Kozlova ZEM05E k34 )2
A EAFAETERER Ag ST, B TiCuy
HI TisCug Irig B AIX Ti & i, IR Ag
TERAFMTF IMC WL, FRILZAh, SRR
A A T N TR A =2k (R b 2 A AP
57Ag-38Cu-5Ti &4 4T SizNg B ZH, KA
EFIRIREE T, ATRL/Si;Ng LI S )2 45 AT .
f&T 880 °CHFAFAE, TiN JZH KA, SizNy
liEES Si 5 Ti WIE A TisSi; )2, FEom B R
%o ML EETFEEIE R 880 °CHY, KA :
Si3sN,+0.8TisSis—4TiN+5.4Si, 7F TisSis /= 5 SizNy
Pe e () AR B TN J2, JEAR SR R . b,
. mEST, 5B Ag &%k, R
AN SisNy & HA RO AS), AR T H s
AN, Wik, 74 AMB T.22%0h,
SRR R B i

x3 EMHHNEEEENNAEESRE
Tab. 3 Interfacial bonding strengths between the active brazing fillers and the ceramic substrates
Substrates Brazing fillers (wt.%) Brazing conditions Strengths References
68.80Ag-26.70Cu-4.50Ti 930 °C, 10 min Shear strength, 75.18 MPa [53]
68.00Ag-27.50Cu-4.50Ti+4.00TiN 900 °C, 15 min Shear strength, 131.00 MPa [22]
63.00Ag-34.25Cu-1Sn-1.75Ti 850 °C, 20 min Tensile strength, 51.00 MPa [21]
AIN N ; ;
puttering Ti film+ o .
72.50Ag-19.50Cu-3.00Ti-5.00In 900 °C, 20 min Shear strength, 127.00 MPa [54]
Ag-Ti 830 °C, 30 min Peel strength, 34.60 N-mm ! [17]
. Ultrasound assisted
94.50Sn-3.50Ag-2.00Ti soldering, 280 °C, 30 s Shear strength, 29.50 MPa [55]
Peel strength,
Ag-Cu-Ti 830 °C, 10 min 10.00 N-mm '-18.00
N-mm! (reliability: >3000)
Peel strength,
Si3Ny 75.00Cu-25.00Ti 1050 °C, 60 min 8.00 N-mm '-12.00 N-mm ' [49]
(reliability: >4000)
Peel strength,
75.00Cu-25.00Hf 1060 °C, 60 min 9.00 N-mm '-14.00 N-mm '
(reliability: >6000)
69.84Ag-27.16Cu-3.00Ti 840 °C, 15 min — [46]
54.00Ag-20.50Cu-21.50In-4.00Ti 750 °C Tensile strength, 89.00 MPa [50]
ALO 67.00Ag-28.00Cu-2.00Ti-5.00Sn 980 °C, 30 min Shear strength, ~15.00 MPa. [56]
203
72.00Ag-18.00Cu-6.00Sn-3.00Zr-1.00Ti 840 °C, 15 min Shear strength, 18.40 MPa [44]
Metallization: 900 °C,
99.00Sn-0.30Ag-0.70Cu+6.00Ti 30 min; Brazing: Shear strength, 25.00 MPa [57]

600 °C, 5 min
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E7 $ERES Cu/AIN AMB iR 8 §]38E X R
Fig. 7 Relationship between shear strength of the Cu/AIN
AMB substrates and brazing temperature >
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