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Aluminum nitride (AIN)}, an attractive candidate for the high

performance substrate of the next generation, has been developed,
and metallization techniques have also heen advanced. High ther-
mal conductivity AIN substrate with more than 180 W/m-K has
successfully been obtained by using high purity, especially low oxy-
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gen content AIN powder, and by decreasing impurities, attaining
grain growth and eliminating pores completely in the sintered body.
Development of an excellent organic binder, tape casting, binder
cient manufacture of the AIN substrate.

burn-out and the sintering process has resulted in the highly effi-
semiconductor devices.

AIN is a suitable sub-

With the above mentioned development of
the manufacturing process and metallization techniques, large-scale
practical applications of the AIN substrate have been expected.
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strate for mounting highly integrated, high power and large-sized
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Table 1 Typical properties of high thermal conductivity ceramic substrates

LA, | AN SiC  BO ¢-BN

Thermal conductivity (RT)  (W/m-K) | 20 . 100~180 270 ? 250 ‘ 1300
Electrical resistivity (RT) {Q-em) i > 101 >101 : >1018 >104 f > 104
Insulation voltage (RT) (kV/em) 100 ‘ 140~170 . 0.7 ' 100 : 100 ~140
Dielectric constant (RT-1MHz) ¢ ‘ 8.5 | 8.8 ; 42 ‘ 8.5 : 6.7
Dielectric loss (1 MHz) (10~*tan §) | 3 3 . 500 3 4~7
Thermal expansion coeff, (10%/K) } ‘

RT—200°C , 3.5 : | ;

RT—400°C | 7.3 4.5 ; 3.7 g 7.3 ; 7.2
Density (gfem®) | 3.9 3.3 ! 3.2 { 3.9 : 2.9
Young’s modulus (10* kgfoom?) | 3.7 2.8 : 4.0 i 3.7 ! 3.2
Modulus of rupture (kg/mm?) | 20~30 30~50 | 45 20 ~30 17~23
Sintering pressure i normal normal (hot pressing) | norma} ultra high
Additives ' Si0,, MgO CaO, Ys0n | BeO ?
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Fig. 2 Densities of AIN ceramics as a function of sintering
temperature and time under different atmosphere
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Photo 1 SEM micrograph of AIN after sintering under non-
reduction atmosphere

Photo 2 SEM micrograph of AIN after sintering under reduc-
tion atmosphere
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Fig. 6 Phase diagram of the system AlQp-Y;0, {Plots repre-
sent changes in calculated grain boundary composition
based on Eq. (2) as a function of sintering temperature)
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Photo 5 SEM micrograph of AIN: Thin grain boundary phase

and large grain size (thermal conductivity 240 W/m.
K)

Table 2 Properties of developed ALN substrate

Ttems !

Properties

Thermal conductivity 180~220 W/m-K
Electrical resistivity (RT) >101 Q-cm
Thermal expansion coe(f}g(;ll‘e:tZ(}O“C) 4 9x 10r8 /K
Dielectric constant (¢} 1 MHz 8.9

Dietectric loss (tand) 1 MHz 4.9 10
Insulation voltage >30 kV/{mm
Density 3.30 gfem?®
Modulus of rupture 45 kgffmm?
Surface roughness (Ra) <0.5 um
Warping <0.1/50 mm  mm

r=1200

220+
210 -:I—'

H 1
10 15

Thermal conductivity (W, m+K)
3]

N

Fig. 8 Thermal conductivity distribution of developed AIN
substrate
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Fig. 9 Aging effect on adhesion strength of conductive thick
film

Table 3 Characteristics of thick film conductor fired on AIN substrates

Sheet resistivity Solder leach* Solder Adhesion strength (kg/4 mm?)
(m{T (eycle) Weth* Ave Min Max
PASTE A | 18,0 4 > 969 3.70 2.39 5.00
PASTE B i 4.1 >959, 3.43 1.05 5.47
PASTE C i 15.6 0 >969% 1.03 0.70 1.81

* 290°C Sn60-Pb40 solder dipping cycles

JIABLEEER R Vol. 21 No. 4 1989

** Coverage after 230°C Sn60-Pb38-Ag? solder dipping
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Tuable 4 Characteristics of thick film resistor fired on AIN substrates
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j : -~ —55~25°C 25~125°C
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