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InSb infrared focal plane arrays detector based on Si wafer
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Abstract: The thermal expansion coefficient mismatch between InSb chips and silicon readout circuits
was one of the prime reasons for cracking and indium column chip breakage, which carried out research
InSb infrared Focal Plane Arrays (FPA) detectors banding on Si wafer. It used the technology of
grinding, polishing thinning and the point cutting of diamond to cutting precisely on the backside of the
chips, which on the purpose to have chips with a thickness of 15 wm. The transmittance of infrared
spectral obtained was higher than 88% in medium -short wavelength. The result shows that most of the
important performance such as detectivity and responsivity of FPA under the bonding technique are equal
to traditional structure FPA. Furthermore, the performance of these FPA doesn’t degress after temperature
shock experiment, which proves that the Si-bonding technology can solve the problem brought out by
indium columns breakage of impact stresses, which plays a dominant role in the yield of InSb infrared
focal plane arrays detectors.
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Fig.1 Typical fragmentation photos of InSh array detector
by thermal shock

ZAWE 5T 1 1T Si 96 5E B0 R B 22 i P InSb o8 A 1Y
AT T 2R R e f I ) R U R R 4
WA e DT I B AR S 5 T A RS R o, 15 3R
&k 15 wm B InSb ot F; 32 A InSb it A Si R bk
B R 8RR ME T2, 345 InSb St Al Si oAb I J5
ZLAM RO TE Y % 1 R T 90% 5 Je AR Si 46
FE TSR T InSh GBS i AR b BB Si i
% 5 InSb $ ik 28 FIOAR [F] 51 6 i 0 AT W7 24 200 R
PG HE T InSb A5 Il LA R L

1 £ %

FESF T InSb i B oK R Si B0 E FER B T2
E20 T A% 2 4R H AR 1Y) InSb FEBIES AT
IETH G ZI AR A, 328 FH ARG T 5 Si s S il
%, 1z T InSb B 51 315 A =R JE 25 wm
Lo i, i Fl 4 WA SOTHIT B AR InSbais kG B 9 1
15 wm, FLERJE M5 % ZnS B4 FE M 7E — XU Si A
WA TH 43 5985 SiO B35 B A ZnS W& K | iz IR A
80U Si v $8 44 ZnS 3435 B — T8 5 K A InSb BF
HN R 2 RS R e AZE W DRSS
Si B2 H HLE B I SEEE T X A K InSb [ 510
R T2,

HmFEE e 2 fis .,

Frophase |

e Bonded Edge cleaning
preparation —- f::"::'m —+ with silicon —-!.:n-J phaHaresist
of chip procee and hanging | prafection

EIng
F Chemical polishing Sputicring
Mechanics | nngy | = I P
.II-I.1|.:1-:|I|I:-.F.1| b— and point cutting  p—anti-reflection — T_"’_""'f”“ldﬂ'l';t
nning by diamomnid layer of Zn5 A Wi

Phaotelithograplbc,
M stenmed indiom %

and peel of]

Facasle
cleaning

Dravwern amil
intercanmection

Prinected
and slicedd

=

(&l 2 FEFI InSh s i K Si R4 B AR i e 1
Fig.2 Chart of large silicon substrate binging technology

in InSb chip focal plane
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Tab.1 Device connectivity test after welding

Number of devices Out signal Results of test
Vi ias=4. . . .
chargeblas_ 4.21v Uniformity of entire
200916-03 saturation frame shows well
Vchargebias=4.45 V A
and no blind pixel
close
Vchargebias=4. . . .
geblas_ 420V Uniformity of entire
200916-04 saturation frame shows well
Vchargebias=4.42 V o
close and no blind pixel
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A 4f . 2.5 MHz; BB ] - 40 ps; Rowvb=3.3 V;
ColV=3.2V;Vbopin=1.8 V; Vchargebias=3.5V,
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Tab.2 Sampling results of the blackbody

Number of devices 03 04
Responsivity mean/
VW-E 4.83E6 4.87E6
Peak detectivity mean
Jom HZ2W- 3.73E10 3.65E10
NETD mean/mK 27.8 29.9
Bad pixel total 29 35
Rate of blind pixel<  Rate of blind pixel<
Test notes
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Fig.6 Imaging picture in black body of sample 03 and 04
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Tab.3 Crosstalk test results on the 3rd devices

(63,62) (76,75)
0.44 9.12 4.33 1.41 10.99 3.28
0.81  100.00  14.06 1.97  100.00  4.00
0.68 6.88 3.81 1.79 6.26 2.00
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Tab.4 Crosstalk test results on the 4th devices

(48,72) (68,68)
2.82 17.48 2.44 1.33 17.96 3.15
4.46 100.00 9.54 2.60 100.00  11.45
2.92 15.03 4.62 1.56 9.22 3.93
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