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Fig.l Depth distributions of Au atom concentration in Au-doped

HgCdTe materials annealed in an Hg-rich state
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Tab.1 Typical performance parameters of Au-doped LWIR HgCdTe detectors with different scale

Sofradir
Kunming Institute of Physics
MARS VENUS SCORPIO
Format 256%256 640%512 640%512 1024x768 320%256 384x288 640%512
Pixel pitch/um 30 25 15 10 30 25 15
Cut-off wavelength/um 10.5 10.3 9.8 9.5 9.5 9.5 9.3
Operating temperature/K 77 77 77 70 80 80 80
FOV 2 F2 2 F3 F2 2 2
NETD/mK 10.4 19.1 23.1 27.7 <19 <17 <22
Responsivity non-uniformity 3.87% 5.45% 4.82% 4.52% - - -
Average peak detectivity 2.33x10" 1.86x10" 1.62x10" 3.45x10" - - -
Array operability 99.90% 99.90% 99.87% 99.79% =99.70% =99.50% =99.80%
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Fig.6 LW 256%256 (30 um pitch) detector. (a) FPA photo; (b) Response signal diagram ; (¢) NETD histogram
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Research of Au-doped LWIR HgCdTe detector

Song Linwei, Kong Jincheng', Zhao Peng, Jiang Jun,

Li Xiongjun, Fang Dong, Yang Chaowei, Shu Chang

(Kunming Institute of Physics, Kunming 650223, China)

Abstract:

Significance Due to the high quantum efficiency and ultra-wide infrared wavelengths (from SWIR to VLWIR),

Mercury cadmium telluride (Hg;_,Cd,Te, MCT) is regarded as the preferred material for high-performance

infrared focal plane arrays (FPAs). Compared with p-on-n, n-on-p FPAs have the advantages of simple and

reliable manufacturing process. However, in n-on-p FPAs, P-type material with intrinsic mercury vacancy is

generally used as the absorption layer. The mercury vacancy belongs to the deep-level defect, which leads to the

low carrier lifetime of the absorption layer and the difficulty in controlling the dark current of the device at a low
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level. Replacing Hg-vacancy with Au (gold) in P-type materials is meaningful to increase minority carrier
lifetime, and reduce dark current, which is the most effective way to improve the overall performance of MCT
LWIR n-on-p devices. In Kunming Institute of Physics (KIP), the Au-doped MCT devices have been investigated
since 2010. After years of continuous research, the key technologies including Au-doped material growth,
electrical parameters control, device manufacturing and so on have been successfully broken through, which
promoted the fabrication of the high-performance Au-doped n-on-p devices. In this paper, the progress of
extrinsic Au-doped MCT LWIR n-on-p technologies in Kunming Institute of Physics was reported
comprehensively, which was expected to pave a way for mass production of high-performance LWIR n-on-p
FPAs.

Progress In Kunming Institute of Physics, Te-rich liquid phase epitaxy technology was used to prepare Au-doped
LW material. The mercury vacancy concentration was tuned through the heat treatment process with mercury
saturation, so as to achieve effective control of electrical parameters. Through the optimization of heat treatment
process, the preparation of high-quality Au-doped MCT LW materials was realized, and the carrier concentration
can be controlled within 1.0-4.0x10'® cm™.

The dark current is a significant parameter that determines the performance of device. The substitution of Au
atoms for mercury vacancies is efficient to reduce the deep-level defects in the MCT materials, increase the
minority carrier lifetime of P-type materials, and reduce the dark current of devices. The high-performance MCT
LWIR devices (10.5 um@380 K) have been fabricated by Au-doping technology in Kunming Institute of Physics.
Compared with the Hg- vacancy n-on-p device, RyA of the Au-doped LWIR n-on-p device increased from
31.3 Q-cm’ to 363 Q-cm’, which was close to the level of p-on-n devices (Rule07) and laid a foundation for the
development of high-performance LWIR FPAs.

Based on the Au-doped technology, LWIR FPAs including 256x256 (30 pm pitch), 640x512 (25 um pitch),

640x512 (15 um pitch) and other specifications were fabricated at Kunming Institute of Physics. The performance
of these devices was comparable to those reported abroad. The series development and further mass production of
non-intrinsic Au-doped MCT LWIR FPAs have been realized. Furthermore, the researches involved high and low
temperature storage, high and low temperature cycle (+70-—40 °C) and long-term storage stability were carried
out, and the results show that after 7 years of long-term storage, the performance of the devices have no obvious
change.
Conclusions and Prospects In this paper, the development progress of extrinsic Au-doped MCT materials and
devices in Kunming Institute of Physics was reported. The stability of Au-doped HgCdTe materials, dark current
control and other key technologies have been broken through up to now. The merit factor (RyA) has been
improved from 31.3 Q-cm” to 363 Q-cm*(Ayor=10.5 tm@80 K) for LWIR HgCdTe focal plane arrays by use of
Au-doped technology. The dark current has been reduced by one order of magnitude compared with Hg-vacancy
n-on-p devices. And the performance of n-on-p LWIR HgCdTe focal plane arrays has been greatly improved. The
performance has not change by storage more than 7 years of the Au-doped HgCdTe device, which shown that the
devices have better long-term stablity. Based on this, Kunming Institute of Physics has realized the series
development of Au-doped LWIR HgCdTe with a format of 256x256 (30 um pitch), 640x512 (25 um pitch),
640x512 (15 pm pitch), and 1 024x768 (10 pum pitch), which has provided a foundation for the mass production
of long wave HgCdTe focal plane arrays.

Key words: Au-doped; dark current; long wavelength IR (LWIR); HgCdTe; focal plane arrays
(FPAs)
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