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ABSTRACT Single crystalline Cu and a-Ala(; (sapphire) with different crystallographic orienta-
tion relationships at the interface were diffusion-welded in vacuum with and without a thin film Nb
interlayer. Effects of the orientation relationship at the interface on the fracture energy of Cu/Al;O;
and Cu/Nb/Al, 03 diffusion-bonded joints were studied. Results show that the orientation relationship
between Cu and a-Al;0; single-crystals at the interface remarkably influences the fracture energy of
the metal/ceramic joint by changing both the work of adhesion of the metal-ceramic interface and the
dissipated energy caused by plastic deformation of the metal side of the joint. The Cu/A1;0, joints
with the orientation relationship (100)[011]¢, / (0001){1120]4),0, have the lowest fracture energy
values, while the Cu/Nb/Al;0; joints with the same orientation relationship between Cu and Al,O4
are the toughest among the tested joints.
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Fig.1 Schematic of sample assembly for diffusion welding
[P.C.—polycrystalline, 3.C.—single—crystalline)
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Fig.2 Schematic of the ultra—high vacuum diffusion welding

apparatus

1. Specimens 2. Orientation device 3. Ceramic
anvil 4.
200 u 6. Pumping unit 7. Auger spectrom-
eter 8., lon sputter guns (5° and 90°) 9. Mass
11. Thickness
13.Shutter

Heating zone 5. Mass spectrometer

spectrometer 100 u 10. Carousel

monitor 12. Electron beam evaporator

2 ERERZITIE

HEFEHBAFHES AR A @ LA X R
Cu/AlOs ¥ HRZELNT M LREREN. REiH
XEH A HBELBNERESY T0—152 J/m®, THH
X110 J/w?. RE{IM¥%#FN B MELENEREY
98—176 J/m?, Py Y 135 J/m?, wa ¥ F i &


http://www.cqvip.com

8 # VIEHFEE:  CufAlOy I B W & ({16 36 7 3T W SRR B S 881

RN A WHERIEEE

H 3 AWMAFEFEMExEASH Cu/Nb/ALO;
TFHAEELHRERS Nb BAREZEEMCE. Y
Nb e /2R 30—180 nm A, FE[KEY
A ) Cu/Nb/ALOy H:A R TIHMREER{ENY 2180—
3602 J/m?, MAMRMAEE N B ABREHL T HM
fERERAATER /2 BF. ERBHLALERET.
Cu/Nb/Al,Os HLAW HEERENIF Nb EEAATH
i PEAE,.

i EIR R R e, PR - SRR R SRR s
AMWHERFLELW. CHBEE - BRI RAMEH
BB G RFERGT) (Waa) M2E WA R B
B (W} zf. sETAER

Gc = Wad + I"V]:a (IJ
IR (4], W, 5§ Wy ZEEEmMTREERE
W, = a(Wyq)" (2)

Hda #7Y.

W BTN AR R, TR SN
R AR RS, FEkrR R SREEST
it R—EE. BSRNBMTEmEEAN RERURE
HYEEAENE, —rd, W R ARG
X EMNENAMATW ST, A—Hl. REHNKE
IR ARE T £EME X B8 RSN ERE A
Fr]aIeT Je A, ATt SR S B B B e 2 IR M AT
EASETE.

B Bk Cu @y 11T JE L RFEHEAH AlLbOs
F Py 0001 REH ¥ & H Rikay EHm. Mulder 4 ]

8000 T T T
s Cu{100) 011 Mie-Al, 050001 { 1120]
5000 | o Cu(111)[170)a-Al, 00001 {1120]
& ]
-3 L
o 4000 ' T b
g 300 J
[} 0 -
T .
z ]
g 2000 ]
E 3
z r
1000 { E E q
o ‘ [P T | 1 1 ' Lo | ]
o 40 80 120 160 200

Thickness of Nk film, nm

B3 THABERMXEHFETEREE Nb ByEER
Cu/Nb/Al2Os #L WL L
Fig-3 Comparison of fracture energies of Cu/Nb/AlazOa
jointa for two different orientation relationships as a
function of Nb interlayer thickness
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Fig.4 SEM micrographs of fracture surfaces from a Cu/Nb/Alp O3 joint with 60 nm thick Nb interlayer
{a) the Al;Og side where residual Cu was residing (b} the Cu side
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Fig.b Schematic of two types of interface fracture in

metal/ceramic joints
{a) ductile fracture (b} brittle fractnre
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