Vol. 31, No. 12

Journal of Semiconductors

December 2010

Fabrication and characterization of an A1GaN/PZT detector*

Zhang Yan(3k:#)" T, Sun Jinglan(#)5%22)2, Wang Nili(£4ei)!, Han Li(%#i)?,
Liu Xiangyang(x|[5H)!, Li Xiangyang(Z=[[H)?,
and Meng Xiangjian(&#:2)?

(1 State Key Laboratory of Transducer Technology, Shanghai Institute of Technical Physics, Chinese Academy of Sciences,
Shanghai 200083, China)
(2 National Laboratory for Infrared Physics, Shanghai Institute of Technical Physics, Chinese Academy of Sciences,
Shanghai 200083, China)

Abstract:

Design, fabrication and characterization of a novel two-color detector for ultraviolet and infrared

applications are reported. The detector has a simple multilayer structure composed of n-Aly 3Gag 7N/i-GaN/p-
GaN/Si0O,/LaNiO3/PZT/Pt fabricated on a sapphire substrate. Ultraviolet and infrared properties are measured. For
the ultraviolet region, a flat band spectral response is achieved in the 302—363 nm band. The detector displays an unbi-
ased responsivity of 0.064 A/W at 355 nm. The current-voltage curve shows that current at zero bias is —1.57 x 10712
A. This led to a detectivity of 1.81 x 10'' ¢cm - Hz'/2/W. In the infrared region, the detectivity of the detector is 1.58 x

105 cm - Hz'/2/W at 4 um.
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1. Introduction

In the past few years, the development in imaging sys-
tem applications has led to an interest in detectors with two
or three different wavelength responses[" 2. For example, the
missile named ‘stringer post” with CdS/InSb detectors can de-
tect objects with both ultraviolet and infrared radiation, and it
performed very well in the Afghanistan warl®l. However, re-
search into dual-band detectors is mostly focused on the in-
frared range. In 2005, an MWIR/LWIR HgCdTe FPA with a
scale of 640 x 480 was reported. For other wavelengths, devel-
opments are far behind the demand. In this paper, a new type of
UV/IR detector with an AIGaN/PZT structure is designed and
fabricated. The performances of the detector are measured.

2. Fabrication of devices

In order to detect light with different wavelengths simulta-
neously, two active areas are designed in perpendicular geome-
try. The detector has a simple multilayer structure composed of
n-Alp.3Gag.7N/i-GaN/p-GaN/SiO,/LaNiO3/PZT/Pt fabricated
on a sapphire substrate. A schematic cross section is shown
in Fig. 1. Light illuminates from the backside. The ultravio-
let photons and the infrared photons are absorbed by different
layers.

A double-side-polished sapphire was selected as the sub-
strate to allow the incident radiation from the backside of the
detector. On top of this, an AIN buffer layer was deposited by
low-pressure metal organic chemical vapor deposition[*l. The
n-type lateral conduction layer consisting of Aly.3Gag 7N:Si
was grown at an intermediate temperature. The carrier con-
centration was expected to exceed 1 x 10'® em™3. The ac-
tive region for the ultraviolet radiation consisted of a sim-
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ple p—i—n junction with a 150 nm-thick GaN intrinsic region
and a 150 nm-thick p-GaN layer. A 200 nm-thick SiO, pas-
sivation layer and then a 500 nm thick aerogel SiO, ther-
mal isolation layer were deposited on the AlGaN multiplayer
subsequentlyl®]. LaNiO3; and PZT were grown by a sol-gel
method, and the former acted as both electrode and absorb-
ing layer. Pt was then evaporated at the top of the PZT as the
upper electrode. The electrode contact windows to the underly-
ing layers—n-AlGaN, p-GaN and LaNiO3—were formed us-
ing ionized beam etching. In/Au metals were then evaporated
onto the n-AlGaN layer, and Ni/Au to both the p-GaN and
the LaNiOj layer, using an electron-beam evaporator. In this
way, a two-color detector with three electrode terminals was
achieved. A top view of the detector is shown in Fig. 2.

3. Electrical and optical properties of the device

I-V measurement of the p-GaN/i-GaN/n-AlGaN junction
of the detector was carried out with a KEITHLEY236. This
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Fig. 1. Structure of back-illuminated AIGaN/PZT detector. 1: Sap-
phire substrate; 2: AIN buffer layer; 3: n-AlGaN; 4: i-GaN; 5: p-GaN;
6: SiO5; 7: LaNiOs; 8: PZT; 9: Pt; 10: Au.
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Fig. 2. Top view of the detector.
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Fig. 3. I-V curve of the ultraviolet-region shown in linear scale. The
inset shows the same data in logarithmic scale.

I-V curve has a typical diode feature (shown in Fig. 3). The
current at zero voltage bias was —1.57 x 10712 A, The dynamic
resistance at zero voltage was 2.71 x 107 Q, thus RgA =
4.44 x 10° Q-cm? was obtained. A large leakage current den-
sity as high as 4.74 x 1073 A/cm? was found at —5 V. This may
be related to the cracks on the surface of the samples (as can
be seen in Fig. 2). These cracks appeared after the deposition
of PZT thin film on the top of the SiO, layer. The surface mor-
phology of the PZT layer can be transferred to the ultraviolet
active region during the etching process. Damage to this active
region causes degradation in the ultraviolet performance of the
detectorl®l.

The photoresponse of the detector to ultraviolet radiation
was measured using a high intensity xenon lamp with 350 W
power, calibrated with a UV-enhanced silicon photodetector.
Light current produced from the detector was magnified by
a Stanford SR570 amplifier and then collected by a VC98
data multimeter. The measurement equipment and the photore-
sponse under back illumination are shown in Fig. 4. A flat band
spectral response was observed in the UV wavelength range
from 302 to 363 nm. The inter-band absorption in n-AlGaN
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Fig. 4. (a) Measurement equipment. (b) Optical responsivity of detec-
tor in the ultraviolet region.
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Fig. 5. Hysteresis loop of the LNO/PZT/Pt capacitor.

produced the sharp short-wavelength cutoff at 302 nm. The de-
tector showed an unbiased responsivity of 0.064 A/W at 355
nm, which corresponds to a value of 22.4% for the external
quantum efficiency of the device. Considering the loss from
sapphire absorption and interface reflection of about 15%, the
n is estimated to be 26.3%. Combining with R, = 0.064 A/W,
A = 4.1x 1073 cm?, we achieved a detectivity performance
of D} = 1.81 x 10" cm-Hz!/2/W at 1 = 355 nm. A hys-
teresis loop of an LNO/PZT/Pt ferroelectric capacitor is shown
in Fig. 5. The optical response is measured using a standard
system. The light from a blackbody is modulated before being
received by this novel detector. The detectivity of the device is
1.58 x 10° cm - Hz!/2/Wwith the blackbody temperature set at
773 K and the chopper frequency at 7 Hz for the infrared part.
This result is related to the cracks on the surface of the sam-
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Fig. 6. IR signal changing with blackbody temperature.

ples to some degree. The response of the detector versus the
blackbody temperature was measured. The voltage response of
the detector against Tb4 — T4 is plotted in Fig. 6. The straight
line indicates that LNO is a good absorbing layer with a uni-
form absorption of the incident infrared radiation with different
wavelengths.

In summary, the AlGaN/PZT detectors with a mul-
tilayer structure composed of n-Aly3Gag7N/i-GaN/p-

GaN/SiO,/LaNiO3/PZT/Pt can operate in both the ultraviolet
and the infrared regions. For the ultraviolet region, the re-
sponse spectrum is 302-363 nm and the responsivity value
at 355 nm is 0.064 A/W. For the infrared region, it displayed
the detectivity performance of 1.58 x 10° cm-Hz!/2/W.
Because of surface cracks, the performance is not as good as
we expected. We will focus on the crack generation and try to
fabricate a crack-free detector in further research.
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