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Abstract: With the rise of the third-generation wide-bandgap semiconductors represented by SiC and GaN, power
electronic devices are developing rapidly towards high output power and high power density, putting forward higher
performance requirements on ceramic substrate materials used for power module packaging. The conventional Al,O;
and AIN ceramics are inadequate for the new generation of power module packaging applications due to low thermal
conductivity or poor mechanical properties. In comparison, the newly developed Si;N, ceramics have become the most
potential insulating heat dissipation substrate materials due to its excellent mechanical properties and high thermal
conductivity. In recent years, researchers have made a series of breakthroughs in the preparation of high strength and

high thermal conductivity Si;N, ceramics by screening effective sintering additive systems and optimizing the
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sintering processes. Meanwhile, as the advancement of the engineering application of coppered Si;N, ceramic

substrate, the evaluation of its mechanical, thermal, and electrical properties has become a research hotspot. Starting

from the factors affecting thermal conductivity of SizN, ceramics, this article reviews the domestic and international

research work focused on sintering aids selection and sintering processes improvement to enhance the thermal

conductivity of SizN, ceramics. In addition, the latest progress in the dielectric breakdown strength of Si;N, ceramic

substrates and the evaluation of properties after being coppered are also systematically summarized and introduced.

Based on above progresses and faced challengies, the future development direction of high strength and high thermal

conductivity Si;N, ceramic substrates is prospected.
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Fig. 1 Schematic diagram of power module and metallized
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Tablel Propertiesof Al,O3, AIN and SizN4ceramic
substrate materialg®

Material A1203 AlN Si3N4
Density/(g-cm™) 3.9 33 3.2
Elasticity modulus/GPa 370 310 320

Bending strength/MPa 300-400 220-310 600-750
Fracture toughness/(MPa-m'?)  3.5-4.0 3.0-3.5 6.5-7.5

Thermal expansion coefficient/

(<107, K 7-8 4.6 2.7-3.4
Thermal conductivity/

1824 67-150 27-54
(Wm K™
Dielectric strength/(kV-mm™") 10-18  14-16 12-18
Resistivity/(Q-m) >10"?  >10"7  >10"
Relative permittivity 9-10 6.0-8.5 7-9
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Fig. 2 Appearance of (a) SizN, coppered substrate after 1000
thermal cycles of —40 to 250 C, (b) AIN coppered substrate
after 7 cycles of —40 to 250 C, and (c) side view of the

delaminated Cu plate indicated by white circle in (b) el
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Fig. 3 Microstructure factors affecting the thermal conduc-
tivity of SizN4 ceramics
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Fig. 4 Effect of grain size on the thermal conductivity of
B-Si;Ny with various grain-boundary film thicknesses>!
Grain-boundary film thickness 0=1, 10 and 50 nm. Calculations were
performed using the aspect ratio at 5 and the volume fraction of grain
boundary phase at 6%. ‘Para’ and ‘perp’ indicate thermal conductivity
parallel and perpendicular to the hot-press direction, respectively
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Fig. 7 Bright-field (BF) TEM images of SisN4 samples!*®!

(a) Containing lattice defects (indicated by black arrows); (b) No
lattice defects included
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REM: Before annealing; REMH: After annealing
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Fig. 18 Effect of substrate thickness on the dielectric breakdown strength (DBS) of Si;Ny
ceramics sintered for (a) 1, (b) 3, (¢) 6, (d) 12, () 24, and (f) 48 h!"”]
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Fig. 19 Schematic images of the connecting path for the
interface between fS-SizN, grain and grain boundary phases/
intergranular glassy films (IGFs) in the substrates which have
(a) smaller and (b) larger ratio of grain size to substrate
thickness!!”!

KR 224 7= AR K B AR 77, 3 0 75 4 ) s L i 11
JIE R RFRE R Y T R s R, DR U R A
HiJE SisNy PR FEAR AR, DAVEA FLAE Dy R A
AT R A SR

Miyazaki 2SI 740 ) 250 CHIEIF A 4
Fh 78 ) SiaN, P B HEAR 7 7 AR 15 RE IR R2 R (3R 2),
H5EH AIN B &R AT LA il A R

%% (Acoustic scanning microscope, ASM)W %2, &
4 SisNy FEMR BIEZE 7 1000 (R HE R IRt 5 A HY
P Cu EMVEILS, Hrhm G/ Em P r) SN-1
TSR R I, A P PR R0 R AR A 2
g4 (B 20(a~d)); 1078 4 AIN g 25 35 BRI 34
50 Wa st HBLU™E K Cu JZIEIL SR . B 20(e) N7
] o) 2 R R A P I3 T A% o E 5 b U 5 FE LA
B8 G R B AR Ak, SN-1 78 4R FE AR 28 77 1000 78 #k
G PR I o8 0 A BB A i L A 7 A P
FER B 5 P T A ER B I AN F AR FE IR
R . RHRIT SN-1 78 4 B AR P A 57 14 Re e 57 1 Jit
R, #E—2BHE 70 T G 10 G B 43 5 T Sk ah o
JE bl 2R AT ) 1 2 T 1 R (B 20(1)), B

* 2 FATAMEIRNKA SisN,BHEERT AIN [§E
BT N F T
Table2 Mechanical and thermal properties of SigN,4
ceramic substrates and AIN ceramic substrates
for thermal cycle testing™™®

Ceramic substrate  Flexural t:;aliiluerses y cozc}lljzriljilt y

(Material code) strength/MPa (MI%a'ml 2) (W'm_l-K'?/)
Si3Ny (SN-1) 669429 10.5+0.2 140
Si3N4 (SN-2) 909+303 5.2+0.2 21
Si3Ny4 (SN-3) 977+79 5.5+0.1 -
Si;Ny (SN-4) 604+25 8.0+0.4 90
AIN 461+62 3.2+0.2 180
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Fig. 20

Images of the SN-1 coppered substrate after different thermal cycles ((a) 10 cycles, (b) 100 cycles, (c) 200 cycles, and

(d) 1000 cycles), (e) plots of residual to initial strength ratio vs. thermal cycle number of the coppered substrates, and (f) relationship

between residual to initial strength ratio and fracture toughness of the Si;N, coppered substrates after 10 cycles
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