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Abstract . Based on finite difference time domain method (FDTD) and finite element method (FEM) , the mecha-
nism of Pt/CdS and InSb ultraviolet-infrared dual-color focal-plane arrays was investigated. It was found that a
high ultraviolet photo response can be achieved for Pt/CdS Schottky junction under an ultrathin Pt top contact. Fur-
ther simulations show that the ultrathin top contact can efficiently couple the infrared radiation for the dual-color
focal-plane array detector. The center to center spacing of each pixel of 50 wm in the ultraviolet and infrared dual-
color focal-plane array detector based on Pt/CdS and InSb junctions can significantly reduce crosstalk. Our work

provides fundamental guidance for optimization and design of ultraviolet and infrared dual-color detector.
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Introduction

Multicolor detection is the cutting-edge technique
for third-generation infrared remote sensing. The multi-
color detector can accurately distinguish between tem-
perature and characteristics of object detection area
through accessing different band signals. Dual-color fo-
cal-plane array detector can handle two wavelengths of
radiation signals to remove background clutter and sun-
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light interference information and leave the useful infor-
mation of target object which greatly improve the accura-
¢y than monochromatic focal-plane array detector''?’.
Since the high effective signal-to-noise ratio, dual-color
focal-plane array detector shows extensive use in remote
sensing, astronomy and military fields. At present dual-
color detection system always relies on two kinds of focal-
plane arrays or filter wheel with one focal-plane array de-
tector to deal with two different wavelength signals. How-
ever, the system needs complicated optical elements
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which gives rise to high cost and has difficulty in syn-
chronizing the dual-color signal. Many groups have re-
ported dual-color photodetectors made of mercury cadmi-
um telluride (MCT) or quantum well double-color detec-
tor *'®’ . These dual-color devices always work in the in-
frared band and ignore the information in the ultraviolet
band. Ultraviolet radiation window (300 ~400 nm) con-
tains important information especially in the military de-
tection field as well as the infrared window "™ | so it is
very urgent to investigate the dual-color color detectors
with both ultraviolet and infrared wavelength detections.
The working wavelength band of CdS is 300 nm to 500
nm, while CdS also has good transmissivity in infrared
band, therefore material CdS with Pt/CdS Schottky junc-
tion is one of the best choices for ultraviolet and infrared
dual-color detectors' "'

In this paper, the ultraviolet detector was fabricated
by Pt and CdS which formed a Schottky junction in con-
sideration of the large work function of Pt'"™*"*). Due to
the high quantum efficiency in the middle infrared wave-
length and the mature focal plane technology, InSh was
chosen as the infrared part of the dual-color focal-plane
array detector. Coupling the Pt/CdS Schottky junction
and InSb p-n junction, the ultraviolet and infrared dual-
color focal-plane array detector was designed with rela-
tively high dual-color detection efficiency and small
crosstalk.

1 Device description and simulation

The dual-color focal-plane array detector adopted
Pt/CdS schottky junction and InSb p-n junction as the
ultraviolet and infrared detectors, respectively. Since the
infrared radiation transmission rate of CdS is relatively
high, the device was designed in the way that ultraviolet
detection part in the front row was under normal inci-
dences, and the infrared focal plane array was under
back-illumination as shown in Fig. 1.

Fig.1 The schematic of the ultraviolet/infrared dual-col-
or focal-plane array detector
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Pt and CdS form a Schottky junction, however, the
ultraviolet transmittance and detection efficiency are
strongly affected by the thickness of Pt film. In order to
obtain high detection efficiency and better ultraviolet
transmittance, the spectral response of Pt/CdS ultraviolet
photodetector was simulated by FDTD and FEM solution
methods. Figure 2 shows the simulated structure of the
ultraviolet photodetector, where the thickness of CdS is
10 pwm and the CdS layer has n type doping concentration
of 1.6 x 10" em™.

Fig.2 The structure of Pt/CdS ultraviolet photodetector
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Before using the simulation methods, some indis-
pensable physical parameters of material should be calcu-
lated primarily'"”’. The conductivity of metal Pt was cal-
culated by modified Fuch-Sondheimer (F-S) theory'"™

o (T e )
, (1)

where o, is the conductivity of the metal thickness for
infinity, £ is the surface scattering coefficient, d is the
thickness of the film, [/ is the mean free path of electron
and ¢ the amount of grain boundary scattering. For mate-
rial Pt/ 7 =1.15,1=9.3 nm, o, =7.58 x10°
S/m, and k£ =0.928. The conductivity of CdS was calcu-
lated by the absorption coefficient model and the refrac-
tive index model
an

=7 , (2)

where « is the absorption coefficient, n is the refractive

index and Z, =u,/g, =376.73 ). Some other key pa-

rameters in simulation are shown in Table 1.

Table 1 The key parameters of Pt/CdS ultraviolet detector
in simulation
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Parameters Units Explanations
w,=1.244 x101 st Pt plasma frequency
v, =1.673 x 1013 g1 Pt damping coefficient
ecas=8.9 1 CdS dielectric constant
E,=2.42 eV CdS bandgap
N,=1.6x10'" cm ™3 N area doping
P=10"* W/ cm? Incident light energy density

Figure 3 shows relative photo response of the ultravio-
let detector as a function of the thickness of CdS film,
which gives information that the relative photo response
grows fast when the CdS film thickness changes form 0. 1
pm to 0.5 wm, while the rate become near 1 and has no
longer changes when it is larger than 1 pm. So the thick-
ness of CdS film in the simulation was chosen 10 pwm far
larger than 1 pwm corresponding to high response. Figure
4 shows the spectral response of the ultraviolet detector
with different thickness of Pt. It demonstrates that the
working band of the ultraviolet detector is about 300 nm
to 550 nm, and the peak of spectral response is near 500
nm. The spectral response increases rapidly with the de-
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Fig.3 Normalized photoresponse of ultraviolet detector
with different thickness of CdS film
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crease of thickness of Pt as the ultraviolet radiation can
easily get in the absorption layer. When the thickness of
Pt is 5 nm, the detector has the largest response, and the
peak response is about 0. 119 A/W which is in good a-
greement with the experimentally reported 0.12 A/W'")

Fig.4 Normalized photoresponse of ultraviolet detec-
tor with different thickness of Pt films

Kl 4 R[] P Ja R 2 55 S0 & VA — ARG B

According to the simulation results, the dual-color
focal-plane array detector with the Pt/CdS Schottky junc-
tion as the ultraviolet detection part and InSb junction as
the infrared part was designed. Figure 5 shows the sche-
matic diagram. The thickness of CdS was designed as
4.5 pm for high spectral response and high infrared
transmissivity ; the n type CdS was selected and has a do-
ping concentration of 1.6 x 10" ¢cm® which is easier to
be implemented by epitaxial technique; the thickness of
Pt film is 8 nm overall in consideration of photoresponse
and transmittance ; the ultraviolet photosensitive area size
is 25 pm to reduce the dark current. Since infrared ab-
sorption coefficient of InSh materials is far less than the
ultraviolet absorption coefficient of the CdS, and in con-
sideration of the photo-induced carrier generation-recom-
bination of material InSh'*'**' | the thickness of InSh was
designed as 9.2 um; the n area doping concentration is
1 x10" e¢m” and the p area doping concentration is 1 x
10" ¢m”; the infrared photosensitive area size is 15 um.

The array periodicity is 50 wm to reduce the crosstalk be-
tween each pixel. In the middle of the ultraviolet and in-
frared detector there is a SiO, film to prevent the electri-

city crosstalk between ultraviolet and infrared detectors.

Fig.5 Schematic diagram of ultraviolet and infrared du-
al-color focal-plane array detector based on Pt/CdS and
InSb junctions
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2 Results and discussion

In simulation, the device operating temperature was
set at 77 K for smaller leakage current; the incident light
density is 0. 000 1 W/cm’. Figure 6 shows the electric
field distribution when the middle pixel of device is under
the incident wavelength of 5 pm. It demonstrates that the
infrared radiation can easily transmit the Pt/CdS detector
with small attenuation which also indicates that the
crosstalk between ultraviolet and infrared detectors is
negligible.

Fig.6 The electric field distribution of ultraviolet and infra-
red dual-color focal-plane array detector based on Pt/CdS and
InSb junctions
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Figure 7(a) shows the normalized spectral response
of ultraviolet and infrared dual-color focal-plane array de-
tector based on Pt/CdS and InSb junctions. The working
wavelength range of ultraviolet part is from 300 nm to 550
nm, and the peak response is 0. 0403 A/W. The diffu-
sion length of the photon-generated carrier in CdS is far
less than 50 pwm which is the period of the focal plane ar-
rays, so the crosstalk of ultraviolet detector can be neg-
lected. The working wavelength range of infrared part is
from 2.9 pm to 5.7 pm, and the peak response is 1. 07
A/W. Note that the spectral response shakes up near
4 pm, this may be induced by the FDTD mesh genera-
tion, time step and the incident light diffraction. Figure
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7(b) shows the optics crosstalk of the infrared photode-
tector as a function of incident wavelength. The crosstalk
of adjacent pixels is less than 17% , indicating the good
independence between each pixel under different incident
illuminations. The simulated results with the reasonable
dual color response and crosstalk provide the feasibility of
the design of the Pt/CdS ultraviolet and InSb infrared du-

al-color focal plane arrays.

Fig.7 (a) The spectral response of ultraviolet and infrared
dual-color focal-plane arrays detector, (b) the crosstalk of
InSb infrared photodetector
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3 Conclusions

In this paper, the feasibility of Pt/CdS ultraviolet
and InSb infrared dual-color detection was numerically in-
vestigated by FDTD and FEM solution method. The high
ultraviolet photo-response is obtained by ultrathin Pt top
contact. The center to center spacing of each pixel of
50pm in the ultraviolet and infrared dual-color focal-plane
array detector based on Pt/CdS and InSb junctions can
significantly reduce crosstalk. The dual spectral response
shows the capability of ultraviolet and infrared dual-color
detection for the proposed dual-color focal-plane array de-
tector based on Pt/CdS and InSb junctions. The method
provides fundamental guidance for optimization and design
of ultraviolet and infrared dual-color detector.
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