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Properties of the package ceramic substrates
of infrared detectors and its application

WANG Yu-long,ZHANG Lei,ZHAO Xiu-feng,ZHANG Yi,FAN Bo-wen
(North China Research Institute of Electro-Optics, Beijing 100015, China)

Abstract ; With the rapid increase of infrared detector array scale, the package dewar has the requirement of light
weight, low cost, high efficiency,so the design of ceramic substrates is more difficult. The properties and technological
feasibilities of several ceramic materials were compared. The relationship between thermal stresses and chip sizes was
studied . The differences of Al,O,, AIN,SiC substrates were studied in reducing the thermal stresses of the chips. The
application conditions of Al,O;,AIN and SiC substrate materials in practical application is given based on the present
ceramic processing technologies , cost and detector array scale.
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Fig. 1 Sofradir MW 640 x512(15 pum)IR detector
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Tab. 1 Parameters comparison of the ceramics

Al,03(96% )|  AIN SiC Si
At

PR Z B ( x 10 -6/C) 7.2 4.2 2.8 2.4
PEF/(Wem-1.K-1) 33 260 270 160
XA LB (1 MHz) 9.3 8.9 40 11.9

AHEE/ (1 Hz, x 10 —4) 3 7 500 /

A/ (Q - m) >1014 >1014 >1014 | 2,52 x10 ~4(# i)

B uR i/ MPa 260 ~400 | 275 ~500 440 /

W/ (g em=3) 3.75 3.25 3.2 2.33

%2 ALO, AIN SiC 44 3t
Tab. 2 Properties comparison of Al,O, AIN and SiC
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Fig. 4 Properties comparison of Al,O; ,AIN and SiC
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Tab. 3 Size series of the selected chips

and substrates in simulation Unit: mm
JF5 | RN | XA | MR | HEARBOR R AL RIS e
1 15 %10 18.03 21.6 1.2 MW320 x256(25 pum)
2 20 x 15 25 30 1.2 MW640 x 512(25 um)
3 25 %20 32.02 38.0 1.2 MW1280 x 1024 (15 pm)
4 30 x25 39.05 46.8 1.2 LWI1280 x 1024 (25 pum)
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Fig. 5 Structure of the test Dewar
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Fig. 6 The thermal stress value of Al, Q5 substrate
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Fig. 7 The thermal stress value of AIN substrate
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Fig. 8 The thermal stress value of SiC substrate
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Fig. 9 The thermal stress values comparison

of different substrate materials
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Fig. 10 The thermal stress value of 15 x 10 array
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Fig. 11 The thermal stress value of 20 x 15 array
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Fig. 12 The thermal stress value of 25 x20 array
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Fig. 13 The thermal stress value of 30 x25 array

i A 14 ] LAFE SRS 9 3 -5 3RO
{ESEIEARSE , ELAE R B SR B ] 2 . AR 22 6
{E 15 x 10 HUBLAY.E Aol LAE T H)Z AL O iR

PEATERHE 20 x 1S H1 25 x 20 B3 ) 7 248 HH 2 )2

AL O W JIRHEATENE , 1T 30 x 25 [ AL O, HESE
SR B T, B AIN SiC APk}, B2 2
ZIEHIRFE L

20

_w — M 1678
E 200

K10 WM“*
= 180 2

£ 1m0

160 , [ ‘
15x10 20x15 25%20 30x25
BB HAE/ mm?

14 AS[R B S RUBEE R P o

Fig. 14 The thermal stress values of chipswithdifferentarrayscales
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Tab. 4 The thermal stress values of chipswith

M

differentarray scales and substrate

materials Unit:MPa
RS /mm® | 15x10 | 20x15 | 25x20 | 3025
Al, 04 183. 68 186. 28 191. 23 216.78
AIN 83.531 85. 826 89. 482 106. 11
SiC 29.577 29. 856 31.518 38. 808
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Fig. 15 Comparison of selection of substrate materials

under different chip sizes
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