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Ceramic Board Packaging and System Design for Long Wave Multi-channels
Photoconductive Line Array Devices

Abstract

WU Wen (microelectronics and solid-state electronics)

Directed by Associate Professor Liu Dafu

In order to improve the spatial resolution of Infrared detectors, the response rate of detectors,
on one hand, is continually being improved, on the other hand, the number of infrared
photosensitive elements is increasing as well. In one sentence, the more photosensitive elements are
at the same height, the better spatial resolution is.

In order to meet the technical demands of detectors, an Infrared detector has been improved
from single color and channel to multi-colors and channels, from signal element to line array and
plane array. Currently, the FPA (Focal Plane Array) technology has been upgraded to 3rd generation.
However, it is still a challenge for the detection in the long infrared wave by photovoltaic devices.
Since a photoconductive device is more reliable than photovoltaic one with its mature fabrication
technology in the detection of ultra-long infrared wave, the FPA which are commonly used in short
wave detection are replaced by multi-channels photoconductive detectors. In this way, a better
systemic performance and reliability is expected to gain.

Taking multi-channels photoconductive detectors into account, packaging is a technical
problem as well under the situation that a large amount of signal pins is unavoidable without
readout circuit. In addition, the performance will be better if photoconductive devices in long-wave
detection work in the cryogenic environment. Therefore, a good solution that reduces the thermal
stress caused by different coefficients of thermal expansion (CTE) needs to be taken a second
consideration in the cryogenic circumstance.

This article briefly introduced the outline of Dewar Assembly and reviewed its historical
development. Based on this survey an innovative scheme of design had been proposed and the
package coupling with devices was fabricated under the help of double layers thin-film technology.
Further more, an optimal architecture was simulated by FE (Finite Element) calculation software,
and it harvested a minimum thermal stress on the core devices. For the next step, taking disturbance

of electromagnetic wave generated by cooling machine into consideration, a double layers shielding



metal film was adopted to protect potential electromagnetic interferes (EMI). The experiment data
showed that the attenuation coefficient was between 50dB and 70dB. In the end, the reliability of
package architecture had been validated by a serious of Force Experiments under the extreme

circumstances basing on the relative industrial criterions.

Key words: photoconductive device, multi-channels, ceramic package board, Dewar, thermal stress
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Table 2.1 Material Parameter of model

g AEKREH B Y E & AMESEEWMmMK) TARA L
(10°/K) (GPa)

HegCdTe 5 57 355 0.3

ERE AR 5.6 335 170 0.25

SAEREAR k) 370 33 0.28

] Invar 2 H 6.5 17 400 0.45

2.2 AEMR B

Table 2.1 Material parameters of cushion

g RHESRY MERK R BHEEE (GPa) TEFALL
(WAmM*K ) (10°/K)

Cul1000 388 17 117 0.45

6061 HE L 180 23.6 72 0.33

4540 65.2 12.6 40 0.30

Cu-Invar-Cu 174 6.5 179 0.45

Cu-Mo-Cu 233 6.4 220 0.45
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Fig 2.6 Temperature distribution of Model
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Fig 2.8 Simulation results of Finite Element model
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& 2.3 AR SR IR )

Table 2.3 the maximum stress between varicus cushions

B R Cu-Mo-Cu 540 Invar 6061 #5454 Cul1000
KN (MPa) 54.1 449 44.2 53.5 44.9
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Fig 2.10 HegCdTe Stress Distribution between different thicknesses of motherboards
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Fig 2.11 Relationship between mazimum stress and motherboard thickness
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Fig 4.5 Testing Results — Cr thin-film
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Fig 4.6 Testing Results — Au thin-film
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Fig 4.7 Testing Results — CrAu thin-film
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Fig 4.8 Testing Results — AuCr thin-film
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Fig 4.9 Testing Results — AuCr thin-film
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Fig 4.11 Testing Results — CrAu thin-film
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Fig 4.12 Testing Results — Cr thin-film
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Table 4.3 Shielding effectiveness of metal thin film (Units: dB)

B ) 99%  Al,Os FAR 96% Al,O3 FEAR
%ﬁiﬂf 560 500A Au 500A Au  500A Cr
Cr#E  1000A ‘ 500A | 1000A _ ‘
G| +500A  Cr 35 AR AuTE | Au 1000A HiE EE
Tl Au ™ +500A o o Cri#8fE  +500A  +500A
s
AT g Cr J# & Cri#f  Au @
(MHz)
10 50.2 26.1 38.1 48.4 40.4 23 40.6 40.1
30 50 25.9 38 48 397 22 397 397
100 49.5 25.2 376 47.5 39.4 2.1 39.6 39.6
300 492 24.9 37.2 472 38.6 21.8 38.9 396
1000 49 24.2 36.9 47 38.7 21.8 38.8 399
3000 48.3 23.6 35.8 46.5 37.6 21.3 38.3 393

50 + .k“__“‘-‘ﬁ———g-k._kg__;4_.;44___44.k_ﬁR‘;“.

45 —m— Cr+Au thin film
—&— Cr thin film
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—w— Au thin film

40 -

dB

35 4

304

L2 | T L 2 | T LI BN 2 |
10 100 1000

MHz

E 4.13 99% AlLO; B4R E i M R
Fig 4.13 Shielding effectiveness on 99% Al,O5 board
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