5 37 55 6 ] AN RS I R = Vol. 37, No.6
2018 4F 12 A J. Infrared Millim. Waves December,2018

XEHS: 1001 -9014(2018)06 - 0649 - 04 DOI:10. 11972/j. issn. 1001 —9014. 2018. 06. 001

InGaAs focal plane array with the sub-10 pm pixel pitch
and 2.6 pum cut-off wavelength
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Abstract: A sub-10 wm InGaAs (IGA) focal plane array (FPA), with cut-off wavelength of 2. 6 wm has been
developed. The pixel pitch is reduced significantly comparing with that of reported extended wavelength IGA
FPAs. To verify the feasibility of technology, the performance of sub-10 wm IGA FPA was tested and compared
with 30 wm pixel pitch IGA FPA, which was fabricated from the same epitaxial material. The sub-10 um IGA
FPA exhibits high performances in terms of dark current (0.45 nA @ Vg = 10 mV) and R,A (14.7 Q - cm’) at
room temperature. Its quantum efficiency can reach 63% . The comparable performances to 30 wm pixel pitch IGA
FPA illustrate that the sub-10 wm IGA FPA fulfils the needs of large formats ( >1 K x1 K) and high densities in
extended wavelength IGA detectors.
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Introduction

Recently, the detector of extended-wavelength In-
GaAs (IGA) focal plane array (FPA) has attracted great
attention, because of its brilliant application prospects in
several fields such as defense and security (active ima-
ging) , space ( earth observation), medicine ( disease
diagnosis) or industry ( non-destructive process con-
trol) ''?1. Theoretically, the response of lattice-matched
In, 5;Ga, ,;As PIN detectors ranges from 0.9 to 1.7 pm.
However, the characteristic absorptions of O-H, C-H,
C-0, C =0 and N-H mainly range from 1.7 pm to 2.6
Mmm , so it is important to develop IGA FPAs with
broadband spectrum detection.

High Indium-content In Ga, As absorbing layers
with InAs P In Al As, or In Ga, As linear graded

buffers can extend the cut-off wavelength of detectors to

1-y o

2.6 wm when x reaches 0. 8'*'. But for the reason of dif-
ficulty in keeping high performance, caused by lattice-
mismatch, the reports on extend wavelength IGA FPA
are very limited. The first application of the extended
wavelength InGaAs detector was on ESA ENVISAT satel-
lite, its pixel dimension was 25 um X 500 p,mm. Lat-

er, 320 x256 FPA with 30 pm pitches and 2. 6 pm cut-

off wavelength was fabricated by Judson'®'. This size of

small pixel pitch in extended wavelength IGA detectors
had been remained the leading status for a long time. In
2015, an extended wavelength InGaAs detector with 25
pm pixel pitch mesa type had been presented by Y. Ars-
lan et al'’’, with the dark current density of 3.7 wA/
em” and R,A product of 1.96 x 10* Q + em® (V, =25
mV) at 200 K. Comparing to planar-type IGA FPAs, the
progress in mesa-type counterpart for extended wave-
length detection is quite slow.

The target for typical planar-type IGA FPAs is about
10 pwm pixels size and 2 K x2 K format arrays. For ex-
ample, Teledyne Judson Technologies (TJT) declared in
public that they aim to produce <10 wm pixels and >
2 K x2 K format arrays**!. Therefore, developing small
pixel pitches and large formats are also an inevitable
trend for extended wavelength IGA detectors.

In this paper, a 10 x 10 mesa-type extended wave-
length IGA FPA is developed with the pixel pitch short-
ened to 10 pwm. The main characteristics including dark
current density, responsivity and quantum efficiency are
presented and analyzed. To demonstrate the feasibility,
the measurement results are also compared with 30 pwm
pixel pitches extended wavelength IGA FPA’s.

1 Experiments

As shown in Fig. 1, the epitaxial structure of the
sub-10 pm pixel pitch FPA was consisted of a 0. 6 pm
p "’ Iny g Al 1, As top layer, a 1.5 wm In, ¢ Ga, ,,As ab-
sorbing layer with unintentional doping level, a 2.0 pum
In Al  As linear graded buffer layer with x changes from
0.53 100.8 and a 0.5 pwm InP buffer layer. The detector
was designed for mesa type and front illumination. The
mesas were processed by using inductively coupled plas-
ma (ICP) etching and wet etching. The conductive con-

tacts were obtained through photolithography, etching,
evaporation and lift-off. Besides, some tackifier was add-
ed into the photoresist, and growth technology of passiva-
tion coating was improved during the process of fabrica-
tion.
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Fig.1 Schematic illustration of sub-10 um pixel pitch FPA
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Fig.2  Optical microscopy image of different pixels chai-
ning by thick electrode pads
K2 BoThis a5 s

After fabrication, the wafer was diced into FPAs and
connected to circuit for further measurements. To evalu-
ate the performance of a single pixel in details, different
number of pixels can be interconnected by Ti/Pt/Au
electrodes. The optical microscopy image of the as-fabri-

cated FPA is shown in Fig. 2.
2 Results and discussion

2.1 Morphology of the small pixel device

The micro-morphologies of the sub-10 pm pixel
pitch FPA was investigated by using a Supra-55 field e-
mission scanning electron microscopy. In the measure-
ment, the full-chip features and the single pixel morphol-
ogy were observed. Figure 3 shows the micro-morpholo-
gies of the sub-10 pwm pixel pitch FPA. The pixel size
and pixel pitch are 9 pm and 10 pm respectively. To our
best knowledge, this is the smallest size among the repor-
ted extended wavelength IGA detectors.
2.2 Dark current mechanism of the device

The temperature dependence of the dark current,
which is a key parameter for a detector, has been meas-
ured by an Agilent BISOOA Semiconductor Device Analy-
zer. In the measurements, the FPAs were installed into a
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Fig.3 SEM image of sub-10 wm pixel pitch FPA
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dewar assembly and their temperatures were controlled by
liquid nitrogen. Figure 4 shows the typical I - V charac-
teristics of a sub-10 pwm pixel pitch FPA. The testing
voltage was set from —200 mV to 200 mV and the tem-
perature ranges from 220 K to 300 K with an interval of
20 K.
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ROA(Q-cm?)

Dark current/A
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Fig.4 I-V curves of four 9 pm x9 pum photodiodes at
variable temperatures
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It can be seen from Fig. 4 that the dark current of
the sub-10 wm pixel pitch FPA is 0.45 nA at 300 K with

a reverse bias of Vy; =10 mV, and it decreases to 0.5 pA
at 220 K. The RyA is 14.7 Q « ¢cm® (300 K) and 1. 96

x10° Q - ecm” (220 K) respectively. These results are
superior to many previously reported extended wavelength
IGA detectors, such as the 25 um pitch 640 x 512 format
arrays of mesa type IGA FPA'"). The lower dark current
can be attributed to the improved passivation technique
and low lattice defect density of the materials, as our
previously reported' """’ The low defect concentration
and superior quality of the materials are the one funda-
mental reason of the favorable dark current. The passiva-
tion technique, is a non-negligible factor to suppress the
lateral current. In this work, the coating based on SiN_
material is designed to reduce the effects of surface re-
combination and optimize transmission on spectral band
of interest.

Figure 5 gives a comparison between the sub-
10 pm pixel pitch FPA and a 30 pum pixel pitch FPA,
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Fig.5 the contrast of dark current density between sub-10 pm
pixel pitch FPA and 30 pm pixel pitch FPA
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which was made by the same material. To analyze the
relationship between the dark current and temperature,
an Arrhenius plot was done at different reverse bias volt-
ages of 10 mV and 100 mV. As shown in Fig. 6, the
dark currents, which could be expressed as [, o< exp
(E,/KT), has two different slopes for the both detec-
tors at the whole range of temperature (200 ~300 K).
In the temperature ranging from 300 K to 250 K, acti-
vation energies were deduced at V; =10 mV for the both
sub-10 pm and 30 um pixel pitch FPAs, and they were
E,=0.196 €V and E, =0.177 eV respectively. It indi-
cates that in this temperature range the internal genera-
tion-recombination current and ohmic leakage current is
the main source of the dark current. At lower tempera-
ture, the dark current drops while the slope becomes
lower simultaneously. We also noticed that the surface
recombination current of the sub-10 pm pixel pitch FPA
is lower than that of the 30 wm pixel pitch FPA by com-
paring their activation energies. The reason is that the
depositing condition of the passivation coating is
changed to ICPCVD low-rate growth for the sub-10 pm
pixel pitch FPA.

sub-10 pm@-10 mV
sub-10 pm@-100 mV
30 um@-10 mV

30 um@-100 mV
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Fig.6  Arrhenius plot of the dark current versus reciprocal
temperature of the detectors at different reverse bias voltage
for both sub-10 pm and 30 wm pixel pitch FPA
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2.3 Responsivity spectrum and quantum efficiency

The response spectra of both sub-10 pm and 30
pm pixel pitch FPA at room temperature are shown
Fig. 7 In the measurement, a Fourier transform infrared
(FTIR) spectrometer were used. For both detectors,
their illuminate response spectrum and intensity are
quite similar except a slight higher response for 30 pum
pixel pitch FPA. The main reasons for their difference
are two. First, the growth condition and thickness of the
passivation film greatly affect the responsivity spec-
trum'™?'. Second, the increasing area proportion of sur-
face electrodes has affected the absorption of light. The
response peak ( ~2.30 pm) and 50% cut-off wave-
length ( ~2.58 pum) are essentially the same for both
detectors. From the measured results we can also obtain
that the responsivity and quantum efficiency of the sub-
10 wm pixel pitch FPA are 1. 14 A/W and 63% at
room temperature respectively. The major performance
of the device (sub-10 pm pixel pitch FPA) is summa-
rized in Tablel.
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Fig.7 Relative responsivity spectrum of sub-10 um and 30
wm pixel pitch FPA at room temperature
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Table 1 The major performance of sub-10 pm pixel pitch
FPA at room temperature

R1 EiRTHOEE 10 pm /hEHTT AR MR

Dark current density Quantum
Pixelarea (210 mv) o Responsivity ey
9 umx9 pm 5.72x10 4 A/cm? 14.7 Q + em? 1.14 A/W 63%

3 Conclusions

The pixel pitch of the FPA presented here is short-
ened to 10 pwm, which reaches the smallest size of In-
GaAs detector reported in extended wavelength. For the
sub-10 pwm detector, the typical dark current (V; =10

mV) and RyA are 0.45 nA/14.7 Q - cm” at 300 K, and

0.5 pA/19.6 kQ + em® at 220 K respectively. By com-
paring with 30 wm pixel pitch FPA made of the same ma-
terial , the desirable dark current and reasonable respons-
ivity verified the feasibility for realizing small pixel pitch
FPAs in extend wavelength. Considering the favorable
device performance of sub-10pum with the improved
growth technology of passivation coating, this research
would provide reference for further study on larger format
(>1 K x 1 K) InGaAs detectors in extended wave-
length area.
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