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D irect Bonded M etal Substrates and BondingM ethods

JingM in Fu Renli He Hong Song Xiufeng

(College of M aterial Science and Technology, N anjing U niversity of A eronautics and A stronautics, Nanjing  210016)

Abstract Thispaper describes bonding methods and direct bonded metal substrates The typical structure and
properties of such direct bonded metal saubstrates are introduced The key fabricating process and the nev development
of packaging technigue for powner electronic devices based on direct bonded metal substrate is smmarized The develo-

ping and goplication progect of direct bonded metal is discussed
Key words Direct bonded metal substrate, Bonding method, Powver electron

0
ic
[1]
.20 80
an’, 90 6W /an’ 2]
[3 5] ’
12007 - 11 - 26; 12008 - 01- 14

,1981
2008 3

: 20
[8]
(DBC) ,
2 5W/ , 20
80 , GE DBC
Si GaAs (2 13l
4 AN
[15 16]
[17]
[18 19]
[20] [21 22] sic

[23]

E - mail: m85212003@yahoa com. cn

70

50

[6 7]

[9 11]

AN

SN



11 ALO, (261
| A - A
, : 0, p
AL O,
AN i l
111
—_—
=
el , (a) ALO,
015 QO 65 mm,

>65N /an'™®

1 Fig 3 Process of direct bonding of copper on
Fig 1 Typical structure of direct bonding copper substrate ceranic substrate
1122
B DAB DBC
i (DAB)
w’ERERE '
N 700 , Al
B ALO;, = ALO; AN
i ERTHERE (21 22,28 30] 660 Al
A 7/
=N\ b e - FREENR , A
N— \
12
2 121
Fig 2 Packages structure of pover electronic device
112 [3L 32]
1121 [18],
Si
, 1065 1083 , 122 [21 22, 28 30]
Cu-0 *l pBC 02 Q3mm
ClA o, DAB DBC (221,
CLo,™ | (
DBC 44%) Al
g AN DAB
, AN Al (20 MPa) ,
o 2008

3



Al L. Dupom“’z]
,DAB 800
2
21
211 ALO,
— , 1065 1083
=11 075 |
(31 1070
DBC
DBC
ALO, (0.2
1 (1)
Cwo (2)
Cu,O
, (1) Ning*”
, (1) 250
300 30 90min e
Cuy, O :
ClA D,
1173 K 10 % Pa
Nelle) Cu,0,
Cu,O
Cwo DBC
( 4

Fig 4 Schematic diagran of themal conduction
of ceranics ubstrate

(1)
2008 3

be - b

q = A =\ bo) (1)
. q , Q . A
lt\/l th 16
010 Q35
0 60 mm
212 AIN
AN DBC
[15 16] XYS
(301 Curanik (17 191
AN - DBC
AN , 1100
AN 1471 A , AN
Cu AN
[40.42] Cu AN
[0 Rh Cu-AN
, Cu AN
AN
['37 43]
Cu AN
AL O, AN
AN
[44] AN ,
AN , ,
, AN ALO,
[45 46] AN
N OH
AN N eOH
AN - DBC :
M.
Barlak ¥ * TiFe O AN
AN . 10" ions/
an®  Ti ,
700 M Pa, 5
AN Cu ,A. Kara -
Simane ' AN , 1000
4 12MPa 32MPa AN -

— 3 —



DBC
213 /
] ] AI203
(1 (2 chib,
cwuLo, ™
Cu,O +ALO; 2CWA 0,
CwO +ALO; CWALO,
[9,24,26,40] A 1263 CLO
cwuLo, ™' ALO, CuO
ciao, “* cu/ALO, Cu/AN
cao, P c w.
Seagerlt ™! , Cu/ALO,
ClWA O,
A. Kara- Simd™
[35],
., AN
ALO; Cu,0O
, ALO, AN
>10Mm
(6311 AN DBC
ALO, AN
AN Cu
[38]
22
Al ALO,
A Al
: Al
ALO, Al
Al [50 51]
ALO;
] A|203
[21,28]
Al ALO, AN :
A|203 ]

A. Kara- Slmand®

DAB
Al AN/Al/Fe ,
, Al ALO,
, Al AN Fe
Al , DBC
, DBC
Al ,
Hisashi '
3
31 [17 19]
Schulz - Harder
[17 19]
DBC )
5[18]
5
Fig 5 Structure of integrated teminals
32 DBC (a7l
DBC , DBC
, 6(a)
6 (b)
1 G(C) H 1
, 6(d)
2008 3



AR

|
Biy o
dmiu =1 mm

R<100 pQ

WG EDBC

|

ME

|

d . =2 mm

R<100 pQ

(b)
M = e
ﬁ:m E!Eyitﬁnnc
ME — s
A [y PESR
; 3 ik R
#4
dmin=] mm
R<100 uQ
i M DBC
H

|

M d,~fd.dc,)
0.2mm Cu 0.3mm

% 0.38mm
R<100 pO

(d)
6 DBC [18 20]
Fig 6 DBC - Via technology

2008 3

33 DBC

7
(1) . DBC
/ DBC
, 7(a)
(2) :DBC
,DBC
DBC |
. 7(b)
(3) . DBC ,
DBC oBC

(a)

SRE e
= /’
2 v/ A

(c)
7 DBC [17 19]

Fig 7 Hemetically sealed DBC packages

ALG;



BeD , ,
SiC :
: AN
AIZOS 4 ]
BeD AN
[3,5,31,53]
DAB :
DBC ,
[21 22,28 30] A|-A|203 Al
-AN
1 DAB
5
AN - DBC AN
, PCB
AlLO, - DBC AN
-DBC DBC
1

,2003: 255 261

2 Krishnan S, Garimella SV, Chrysler GM et al Tovardsa
themal Moore’ slav. IEEE Transactionson advanced packaging,
2007; 30(3) : 462 474

3 Shav M C High-perfomance packaging of power elec-
tronics MRSBulletin, 2003; 28(1) : 41 50

4 Jong ECW, FerreiraJ A,Bauer P Themal design based
on wrface temperature mapping IEEE Powver ElectronicsL etters,
2005; 3(4): 125 128

5 Hasan A, Sarangi A,Baldvin C Set al High perfomance
package designs for a 1 GHz microprocesor |EEE Transactions
on advanced packaging, 2001; 24 (4) : 470 476

6 NicholasM, Forgan R R D, Poole D M. The A dhesion of
M etal /A lumina Interfaces Joumal of M aterials Science, 1968; 3
(1):9 14

— 6 —

7 NicholasM. The Strength of M etal/A lumina Interfaces
Joumnal of M aterials Science, 1968; 3(6) : 571 576

8 . -

,2005: 70 155

9 SunY S Drisoll JC A newv hybrid power technique uti-
lizing a direct copper to ceranic bond IEEE Trans Electa De-
vices, 1976; 23(8) : 961 967

10 BurgessJ F,Neugebauer C A, Flanagan G et al Hybrid
packages by the direct bonded copper process Solid State Techn-
0l,1975;18(5): 42 44

11 BurgessJ F,Neugebauer C A, Flanagan G et al The di-
rect bonding of metals o ceranics and goplication in electronics
Electro Camponent Science and Technology, 1976; 2 (4) : 233
240

12 Dickson J E DirectBond Copper Technology: materials,
methods, gpplications Int 1 Hybrid M icroelectron, 1982; 5 (2):
103 109

13 Newton P, Strasshem P. Power hybrids developments in
packaging technology. IEE Reviev, 1989; 35(4) : 149 151

14 was N, Tsuge A, Sugiura Y. Development of a high
themal conductive AIN ceramic substrate technology Int 1 Hy-
brid M icroelectron, 1984; 7(4) : 49 53

15 WwasN,Anzai K, Shinozaki K et al Thick film and di-
rect bond copper foming technologies for aluminum nitride sub-
strate IEEE Trans Campon Hybrids M anuf Technol , 1985; 8
(2):253 258

16 Miyashio F, wase N, Tauge K et al High themal con-
ductivity aluminum nitride ceranic substrates and packages |IEEE
Trans Canpon HybridsManuf Technol , 1990; 13 (2): 313
319

17 Schulz-Harder J, Exel K Recent developments of direct
bonded copper (DBC) substrates for power modules In: ICEPT
2003, Fifth Intemational Conference on Electronic Packaging
Technology Piscatavay,NJ,USA: IEEE, 2003: 491 496

18 Schulz-Harder 3 Advantages and nev development of
direct bonded copper substrates M icroelectonics Reliability,
2003; 43(3):359 365

19 SchulzHarder d Advantages and nev development of
DBC (Direct Bond Copper) substrates Adv M icroelectron, 2005;
32(6):8 12

20 Km ST,Km CH, Park J Y et al The direct bonding
betveen copper and M ¢O-doped Si;N,. J Mater Sci , 1990; 25
(12):5185 5191

21 , , . Al/ALO,
,2002; 17(4): 731 736

22 Lindemann A, Strauch G Properties of direct aluminum
bonded substrates for power samiconductor camponents |IEEE
Trans Power Electron, 2007; 22 (2) : 384 391

23 BaiJ G, YinJ, Zhang Z et al High-tanperature opera-
tion of SIC power devices by lowv-temperature sintered silver die-
attachment IEEE Transactions on advanced packaging, 2007; 30

2008 3



(3):506 510

24 Km ST, Kim C H. Interfacial reaction product and its
effect on the strength of copper  alumina eutectic bonding 1 M &
ter Sci ,1992; 27:2 061 2 066

25 Jaoob K J,Alcock C B. Themodynamics of CUuA IO, and
CWA |,0, and phase equilibria in the systan Cu,O - CWO - AL,O,.
J Am Ceran Soc ,1975;58(5 6):192 195

26 Kara-SlmaneA,JuveD,L eblond E et al Joiningof AN
with matal and alloy J Eur Ceran. Soc ,2000; 20: 1 829 1 836

27 , , LAl Y - ALO,

,1996; 13(1): 46 49

28 Ning X S Nagata C, SakurabaM et al Process for pre-
paring a ceranic electronic circuit board and process for preparing
aluminum or aluminum alloy bonded ceranic material U S Patent
5965193, 1999

29 , , .Al/AN
,2002; 17(6): 1 203 1 208

30 Strauch G Method for manufacturing a powver samicon-
ductor device and direct bonded substrate thereof U S Patent
6670216B2, 2003

31 Schulz-Harder J, Exel K Advanced DBC (direct bonded
copper) substrates for high power and high voltage electronics In:
Saniconductor Themal M easurement and M anagement Symposi-
um, 2006 IEEE Twenty-Second Annual IEEE Piscatavay, NJ,
USA: [EEE, 2006: 230 231

32 DupontL, Khatir Z,Lefebvre S et al Effects of metalli-
zation thickness of ceramic substrates on the reliability of power
assmblies under high temperature cycling M icroelectronics Relia
bility, 2006; 46: 1 766 1 771

33 . DBC ,
1997; (7): 161 163

34 , / S—

,2005;5(2):18 21
35 , . .ALO,
,2000; 15(4) : 641 645
36 C ALO,
,2000; 15(5): 935 938
37 , , .AN

,2003; 18(4) : 837 842
38 NingH L,MaJ S Huang F X et al Preoxidation of the
Cu layer in direct bonding technology Applied Surface Science,
2003; 211: 250 258
39 HeH,FuR,HanY etal A nev method for preparation

2008 3

of direct bonding copper substrate on A, O;. Mater Lett , 2007,
61:4 131 4133

40 Kara-Slimane A, M bongo B, Treheux, D. Adhesion and
reactivity in the copper-alumina system: influence of oxygen and
silver 3 Adh Sci Tech ,1999; 13: 35 48

41 Rhee SK Wettingof AN and TiC by liquid Ag and lig-
uid Cu J Am Ceran. Soc , 1970; 53: 639 641

42 Carim A,Loelman R E M icrostructure at the interface
betveen AN and a Ag - Cu - Ti braze alloy J Mater Res,
1990; 5: 1 520 1529

43 EntezarianM,Drev R A L. Direct bonding of copper ©
alunminum nitride M aterials Science and Engineering, 1996;
A212:206 212

a4 , . Cu Al
,2000; 36(1): 67 71
45 , , ALO,
Cu . ,1999;32(7):8 9
46 , ,

,2004; 33(3):321 323

47 Barlak M, Olesinka W, Piekoszavski J et al lon im-
plantation as a pre-treament method of AN substrate for direct
bondingwith copper V acuum, 2005; 78: 205 209

48 OlesinkaW, Kalinki D, Chmieleavki M et al Influ-
ence of titanium on the fomation of a " barrier" layer during join-
ingan AN ceranic with copper by the CDB technique J M ater
Sci: M ater Electron, 2006; 17: 781 788

49 Seager CW et al The influence of CLAIO, on the
strength of eutectically bonded Cu/A,O; interfaces ScriptaM ate-
rialia, 2002; 46: 394 400

50 , .
,1999; 17(2): 85 90

51 Ip SW, KuchariM, Toguri J M. W etting behaviour of
aluminium and aluminium alloysonAL,O; and CaD. J Mater Sci
Lett ,1993;12: 1699 1 702

52 mai H,Matsuoka S Direct welding of metals and ce-
ramics by ultraonic vibration J3ME Int 1 Ser A, Solid Mech
Mater Eng , 2006; 49(3) : 444 450

53 Gillot C, Henry D, Schaeffer C et al A newv packaging
technique for ponver multichip modules In: Thirty-Fourth ASAn-
nual M eeting Piscatavay, NJ,USA: IEEE, 1999: 1 765 1 769



