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Fig. 1 Schematic diagram of infrared detector chip
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Fig. 2 Layout of jointing of multi-band IR detector array. (a) Vertical layout diagram of multi-band detectors; (b) schematic diagram of

multi-channel detector plane layout
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Fig. 4 Overall schematic diagram of multi-band filter assembly. (a) Filter assembly structure; (b) 3D exploded view of filter assembly
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Fig. 5 Low-temperature deformation of filter
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Table 1 Design results of coaxial lenses integration

Material of lens Material of blind flange

Assembly method Fit clearance control /mm
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w1 T 125 B I 5 o AR A A REAS [R], B BRI ik AR K
I — B0, AL TR R A 2R 7 B I T B Y
AL it 7 B S ACR IR K R 80 &, F AR S
5 R i R 22 TR SR T A a2, 4 o J A 7 A 2 A

AR TIEZ K RO — B BB AR 22 5 0 @
HLr BT EPE A 3 BT AE 130 KR T A Jilr 1) B 284X
H10 pm Ze Ay AEBEALDEH A I R 4F o RO TR
R BEAETT RN i T RAE S A ZI ) = RN

1310001-4



£51% F 13 H9/2024 £ 7 B/HEH*;

A BT R R HE T E B, LA
5 B s 0l S T T A O P A5 A N
SRBUFCA o H T [ A ] B R DN Sy ok B 3E T R] DG
FHL, T EOR IR R RS TS A R R, B Rk
JER 5 1.38 pmuth AR EIE N 0.4 mm. 386 KR
JHUEE A S 48 5 ik 1O i S O e . AT S %
KBRS Fr 4 2 BRI gt AoT B .

XiF £L AR 2 2 A HEAT YRR R A4 06 i 0 4 0 3K
i E 6 s 0 1.64 pm  1.38 pm A1 2.13 pm i & [1]
Bi iR TA:0P e o2= i/ Tﬂﬂ%ﬁ(iﬂ"iﬂiﬂlﬂ Sk 41 A R
ST ER R B TR T B) R, A e [A) —i E HAlR T
gl

AR S Bk 22 BT AN RN 25 A [a] 45 T8 4 100 Y
AR LA R A Bl 75 5 0 T B S T [ — 2R N = B
PRI g AN 7] #8155 380 R DFEEAE FEAR T 45 pm, iB 5
SRR 25 A AL T 15 pm IR 4 R B B 1
ZLAMR DN A5 A A R AT T OGS I3, 3 2 2R 3R W
[i] - JC W 4 AR 0l 2 R AR
2.2.3 LA Fe O A ot

XFEL A G 5 2R GE R AT 2% WO ) T 2 ORIk A
USRS B AT B . IR g A ST AL R L0 A LR R
e n B R Ay, HAE A A B LA RS AR Y

JO7 T B PR 5

(@ B

oc@o ono
|

4% /// /// 7‘//3(

© |
=
081% ==
[ |
1

72.71%

0.0016%

0.00014%

2.11%

09 r (@)
0.6
0.3
0 -
o 1.8
=S -
> 09 r (b) K
2 06
IS
g 03F
n
£ ok : —
14 1.6 1.8
09 r ©
0.6
0.3 [
0 L
14 1.6
Wavelength /um

K6 2LAMRI g 21 2k o (a) 2.13 pmil
Wil ;(c) 1.38 pm il iH
Fig. 6 Spectral curves of infrared detector assembly. (a)2.13-ym

i ;(b) 1.64 pm

channel; (b) 1.64-pum channel; (c) 1.38-um channel

X R 5 WA A2 S A8 e 2 3 o R v AR — G
Vo AL AR R B AR 130 K A2 4G o A6 5 1h [l 48
R ERTE A B E M F 13 #& & SR, 9 FH Tracepro
BN A8 FE A B R I 2R N L AT A A, A5 R
17517%)7%0 EE ST Bt o IR R EOE R

RETH BRI i 2k 0y 52 e, 7EDEOG r Z A B S

(®)

86.35%

T 11.10%

\0.001 1%

1.78% 0.00012%

(d)

0.98%

Plolwleieclg

77.61%

17.43%

0.0018%

3.98%  0.00020%

K7 A2 HOG 3 IT . () A4 5 (b) 1.365~1.395 pm 28 WG 4341 5 (¢) 1.615~1.665 pm 22 HUG 4341 5 (d) 2.105~2.155 pm A2 HE

Bl i ]

Fig. 7 Stray light analysis of module. (a) Module structure; (b) stray light for 1.365-1.395 pum; (c) stray light for 1.615-1.665 pum;
(d) stray light for 2.105-2.155 um

1310001-5



HE Do L AF N BT T 19 Bi 4% B8O Y BRAEDE B Co
SR I BRI AL 27 07 5 A8 ' ) 2 B i — 2 BUR I R
CUR)Z TR 2 A8 2050 B S S R AR AR, mT LAAT 800 il
ZR O, R S8 AR T g0 it it H Al T R A% 2, A N
U806 7 SC AR D M L B C b B B BB R S L
BR. B TSI 3BT UL SR T
A8 5 o5 FE X R T 70040, R TG A9 Ho At T . X
s T B AR R R O T KUA 2 B8Ot A
[DREREASIE S T RS ANDC /S g & S O | RS
G B C R 2% T ) B R S B O T B A B
i

Pl 8(a) FIEL 8(b) 7331 S ¥ i B C FE L A 3228 D

(a) =
0.25 | —*—1.365-1.395 um
—+—1.615-1.665 um o
0.20 |- —a—2.105-2.155 pm
. 0.15 I radiation C ‘
=010} A e
00 —
i B A e -
E 0 g "
[}
9 A
g 6f
g . L * & L
E 4r
— a3 %V———— g
—=—1.365-1.395 um o
2T —+—1.615-1.665 ym total radiation
o L422105-2.155 um . .
0 0.2 0.4 0.6 0.8 1.0

Absorptivity

2 51% F 13 H9/2024 £ 7 B/ EH:

ER=g TR IR R E R NS R g T P S 2 SN
P 8(a) AT LAMLEE R, B35 v D6 1 C IR T, 180k
[ C F B 5 S S LR i, A 5€ AL A A A S s iR
), AR EE AN . IRl TR A VO B C IR Y
B, 38 5 Ve G C R R B 1 e B R R LR
R I 2 R DG TR C S AR S S e AR > . R I
B AR A BOE G ROt C AT R B AL, 5
ZARXT B B SR D R S ARG I, AR R A
FCRR S A 3R PR A B O SR D T B A I R
T A T T A B O R S SR D T S S RS B A R
S5, TR 2 BIOC ) £ B2 980 i SCAE D TR TR
MRAb

® 6
—=— 1.365-1.395 um A
—e— 1.615-1.665 um —
4 —a-2105-2.155 pm - .
i g A /__//
. radiation D - /,:/-
a 2 F A Y o
g Pt
= =
i/ 0 1 1 1 1
3] —=—1.365-1.395 pm e
£ 06 ——1615-1.665 um A
LS 4-2.105-2.155 um_—*+—
E o4t A P
= A e
e
2t
total radiation
O K 1 1 L 1
0 0.2 0.4 0.6 0.8 1.0
Absorptivity

8 AR AT 2k o () v G IR C 4 S5 AL 1 S5 94 016 B IR AC 3 56 AR 2K 5 (b) B8O A ST D R 5 A0 28 1R A 2 -5 0T A S 2R i i

Fig.8 Radiation curves of module. (a) Cold aperture radiation (radiation C) and module radiation (total radiation) versus cold aperture

absorption; (b) radiation of filter holder (radiation D) and module radiation (total radiation) versus absorption of filter holder

3 e K F YRR B

Xof 3525 8 WS AL EAT T — R A B A
AL EE MR K A S 60g 142 1E 5% v il LS8 8 OIE TR IR
Bl 22g(F 77 MAE ) B9 B AL 4R 2 DL S 1500 h #9 3% Z5K
5o PR HA AT . D B E RS,
Wi 30 [l 5~12 Hz B, ik 3l /K~ R B KA 8 20.68 mm
[ B {E (0-P) 15 49 % ¥l Bl 12~100 Hz B, i i )& 4
12g; FAHEBHR N 2 oct/min. 2) BEHLIR S5 b, 45 R
0 [F 20~100 Hz B, fin 38 B 2y 3238 % B o + 3 dB/oct;
AR Bl 100~600 Hz B, i g B Ih &k % )% o8
0.5¢° Hz ' 1 238 Fl 20~100 Hz i, fin 33 JiE o K 3% 9%
&l —6dB/oct,

TE ] SEVER I 5 iR , X 2 F B0 T 26 L g Pk RE E
M R 5, To— KR8, WA kAN R LR AT
A S e o AR 56 I S A e i SR AR Ak 3 AT L
F i, 1.38 pm il 18 i KAE LR Ry —8.5%, 1.64 pm il
TR KA R R —7.5%,2.13 pm i 3 5 KA Ry
7.3% AR KA S AR 9 FTR .

T4 (14 B J ' 2 15 45 10 = ol B3 2 O 4 AR I 4 <

—=—1.64 pm responsivity before test

40 r #—1.64 pm responsivity after test
—4—1.38 pm responsivity before test
35 —v— 1.38 um responsivity after test
~ —4—2.13 um responsivity before test
. 3.0 | <—2.13 um responsivity after test
. @
*+—<
E 2.5‘<:t—¢"-:," 0,:,3
& *
= 2.0
=
2 151
S
g 10}
a5}
0.5
—%— a9 o = o 35 5 +—F
0 PR S S S )
0 5 10 15
Element number
B9 Al SRR I A S A o R it 2k
Fig. 9 Responsivity curves before and after reliability test

VR E YRR IR bR AR 2 TR o AE 130 KSR IR
BER, HOE B SR AL F 1.5 10" em «Hz? W ! 1
JURT 10 B85 1 56 i I B ) 7 5 A A 3R e K 4 X N
8.5% o T Mk AE M 2O 5 B Y £ AP BRI 2% 41
a0 5 S 3 I I B8 T4 OE R, 4 RE IE R .
10 M S AR B R .

1310001-6



£51% F 13 H9/2024 £ 7 B/HEH*;

F2 WM FEEMARESER
Table 2 Main performance indexes of module
Item Value Item Value
Plane array structure 3X10 Noise /V 7X10°*
1.38 (1.365-1.395),
Wave bands /pm 1.64 (1.615-1.665), | Working temperature /K 130
2.13 (2.105-2.155)
Photosensitive element size /mm 0.3000.260 Maximum size /mm 40X40X13
Center distance between adjacent photosensitive elements in 0.30040.005 Adapter cooler Rgdlanop
same channel /mm refrigeration
Band detection rate at 130 K /(cm « Hz"*- W 1) >1.5x10" Packaging Shell
1822-1828.
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Fig. 10 Photo of shell
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Research on Packaging Technology of Multi-Band Infrared Detector
Assembly with Integrated Lens

Chen Junlin"*, Mo Defeng"*", Jiang Mengdie"”, Zhu Haiyong'*, Xu Qinfei"”*, Zeng Zhijiang"’,
Zhang Jinglin'“?, Yang Xiaoyang"’, Li Xue'’
'State Key Laboratories of Transducer Technology, Shanghai Institute of Technical Physics, Chinese Academy of
Sciences, Shanghai 200083, China;
*Shanghai Institute of Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China

Abstract

Objective The miniaturization and integration of multispectral detectors have become one of the development directions for infrared
detectors. This paper proposes a component structure that integrates a lens and window with airtight packaging, focusing on the
characteristics of integrating low-temperature optical lenses for multispectral detectors. Various aspects are investigated, including
high-precision optical alignment for different focal planes of the same component multispectral detector, low deformation filter support
structure, and suppression of optical crosstalk and stray light. These studies address a series of issues related to high-precision
alignment, low deformation filter support, prevention of optical crosstalk, and suppression of stray light in the miniaturization and
integration packaging of multispectral detectors. The developed component has been successfully applied in a spectral imaging

instrument for a specific project.

Methods A component structure for a multispectral infrared detector with an integrated lens has been designed (Fig. 3). The
airtight packaging component structure of the multispectral infrared detector with an integrated lens includes a component housing,
cover plate, lens, primary aperture, filter holder, filter, chip module, electrode plate, and filter holder support. Before packaging,
the entire component is evacuated, followed by filling with inert gas, and finally sealed using parallel seam welding. The airtightness
meets the long-term requirements of the payload.

By designing a three-layer laminated low-deformation multispectral filter holder assembly, multiple small filter pieces are adhered
to the low-stress filter holder structure. This structure can also be used for the assembly of multiple mid-wave and long-wave filter
pieces with the detector. It overcomes the problems of size interference and complex integration process with low yield associated with
traditional bonding methods. It achieves the coupling of low-deformation multispectral filters with the detector (Fig. 4).

This study employs the micro-adjustment technique for different focal planes of the multispectral infrared detector and the coaxial
lens adjustment technique. It achieves a precision deviation of less than =5 pum between different focal planes and the filter assembly
for a three-band detector within the same component. The lens-to-detector alignment precision within + 15 pm is achieved (Table 1).
Spectral tests are performed using the infrared detector component with an integrated lens, and the results indicate no significant
optical crosstalk among channels (Fig. 6).

Results and Discussions Through the design of a three-layer laminated structure with low deformation, multiple small filters
have been successfully bonded to the low deformation stress filter frame. The maximum low-temperature deformation of the 1.64 pm
filter at 130 K 1s 0.9278 pm, while the maximum low-temperature deformation of the 2.13 pm and 1.38 pum filters at 130 K is 0.2292
pm (Fig. 5). By using micro-adjustment techniques for different focal planes of the multi-band infrared detectors and coaxial lens
adjustment techniques, the deviation in the alignment between different focal planes of the three-band detectors and the filters within
the same component is better than +5 pm, and the alignment precision between the lens and the detectors is better than +15 pm.

1310001-8
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Spectral testing 1s conducted using the integrated lens infrared detector component. The results of the spectral testing indicate that
there is no significant optical crosstalk among channels. A series of low-stress design and process improvements are applied to the low-
temperature lens, and the results show that the band detection rate is greater than 1.5X 10" cm+Hz"*+W ' (130 K). The maximum
absolute variation in band response rate before and after rigorous environmental testing is 8.5% (Fig. 9). The high-performance multi-
spectral integrated infrared detector component is obtained, and the experimental results confirm that the detector functions properly

and the component performs well (Table 2).

Conclusions This article focuses on solving the packaging technology of multi-channel integrated infrared detector components,
proposes a multi-band infrared detector airtightness packaging component with integrated lenses, and emphasizes the key technologies
such as jointing of different focal planes for different bands and coaxial lens adjustment technology for the same component, high
reliability support structure for multi-filter narrow seam splicing, and stray light suppression, solving the high-precision alignment of
multi-channel integrated infrared detector components, low stress control, low optical crosstalk, low power consumption, and high

reliability of the detector. A high-performance multi-band infrared detector component with integrated lenses has been obtained.

Key words detectors; multi-channel integration technology; infrared detector assembly; low-temperature deformation of filter;

optical crosstalk
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