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ABSTRACT

We present a numerical simulation study at 200 K of pBn and nBn Hg;_,Cd,Te barrier detectors, focused on the
effects of the composition profile on the J-V characteristics in dark. Considering a conventional barrier detector
structure with three regions (absorber, barrier, cap), we discuss how the J-V characteristics are affected by the
steepness of the cap/barrier and barrier/absorber interfaces, especially in the nBn configuration.

Keywords: Infrared Detector, Barrier Detector, HgCdTe, graded HgCdTe composition profile

1. INTRODUCTION

Mercury cadmium telluride (Hg;_,Cd,Te ) is a ternary alloy semiconductor with electrical and optical prop-
erties suited for the entire spectrum of infrared (IR) applications. Hg;_,Cd,Te is one of the most employed
semiconductors in a wide variety of IR devices, such as photodetectors, photoconductors, and complex structures
like focal plane arrays (FPAs) for imaging.' ® Those applications are possible thanks to Hg;_,Cd,Te properties
as its bandgap tunability and optical parameters that enable the fabrication of graded mole fraction profiles and
high quantum efficiency devices.”®

Conventional Hg;_,Cd,Te detectors require cryogenic temperatures for IR detection to reduce the dark
current density, Jgark, to acceptable values. The main contributions to the dark current are Auger recombination
(an intrinsic mechanism) and Shockley-Read-Hall recombination (SRH, an extrinsic mechanism dependent on
the defect density).? 12

Recently, new devices such as barrier detectors have been designed to reduce the dark current associated
with SRH recombination in depleted regions without blocking the photocurrents.!® Therefore, Hg;_,Cd,Te
barrier detectors have emerged as a possible solution to minimize dark current with negligible Auger generation-
recombination and reduced impact of SRH.'* Moreover, Hg;_,Cd,Te barrier detectors can operate at higher
temperatures with respect to traditional detectors, thus overcoming the need of cryogenic temperatures.

In this work, we investigate the effects on the current-voltage J-V characteristics in dark of graded profiles at
the barrier interface with the absorber and the cap layers for both nBn and pBn Hg,_,Cd, Te barrier detectors.
The simulated detectors feature a linearly graded interface across the barrier layer. We compare their J-V
characteristics against the one of an ideally abrupt composition profile.
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Figure 1. (Left) Cross-section of the detector with the relevant geometrical quantities. (Right) Abrupt pBn mole fraction
composition profile for absorber, barrier, and cap layers.

2. GEOMETRY AND MODELING

The geometry of the barrier detector we studied consists of three layers, i.e., absorber, barrier, and cap, as
illustrated in Fig. 1 (left).

The relevant quantities used in the geometry are summarized in Table 1. The absorber layer, with a thickness
of daps = 5pm, presents a constant mole fraction profile of z = 0.3. The barrier has a thickness dp.,, = 0.5 pm
and a mole fraction of x = 0.6. The cap layer mole fractions is x = 0.4 in the pBn case and = = 0.3 in the nBn
configuration. In Fig. 1 (right), the mole fraction composition profile across the barrier layer is shown for the
pBn abrupt configuration. In the study, the extension of the graded profile between absorber and barrier (A/B,
dgraa,a/B) and between barrier and cap (B/C, dgraa,B /C) determines the total barrier thickness, reducing dpay;.

The doping profile presents abrupt transitions between the different layers. The absorber is doped Naphs =
5 x 10" cm ™3, the barrier Npar = 1 x 101% cm ™2 for the pBn case and Npape = 1 x 10 cm™3 for the nBn case,
and the cap Neap = 1 x 10" cm™3. The absorber is n-doped in both configurations, while the barrier, as well as
the cap layer, is p-doped for the pBn case and n-doped for the nBn case. High n-doping concentration is present
in the contact region of the absorber.

The numerical simulation framework is based on a quasi-1D model, and it implements drift-diffusion equa-
tions. The model includes Fermi statistics and incomplete ionization. SRH, radiative and Auger generation-
recombination mechanisms are included in the simulation as they are the main mechanisms that dominate the
dark current. All simulations use 200 K as a reference temperature.

Device Layer Dopant concentration | Geometrical Quantities | Mole Fraction
Absorber 5x 10 em =2 Aabs 5 pm 0.3
Barrier 1x 105 cm=3 dbarr 0.5 pm 0.6
pBn 15 .. —3
Cap 1 x 10*° cm deap 0.3 pum 0.4
dgrad,A/B Opm
Absorber 5% 10® cm =3 dabs 5 pm 0.3
Barrier 1x 10 cm=3 dbarr 0.5 pm 0.6
nBn 15 . —3
Cap 1 x 10" cm deap 0.3pm 0.3
dg‘rad,A B 0.2pm

Table 1. Comparison of pBn and nBn configurations with their respective doping profiles, geometrical quantities, mole
fractions, and extensions of the graded regions at the absorber/barrier interface (dgrad,a/B)-
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3. RESULTS AND DISCUSSION

This Section presents and discusses the results obtained from our numerical investigation on the pBn and nBn
configurations. The aim is to identify how graded mole fraction profiles impact the equilibrium band diagram,
the J-V characteristics, and the SRH rate.

First, Fig. 2 shows the equilibrium band diagrams of the pBn and the nBn configurations. The pBn con-
figuration exhibits a valence band offset between the absorber and the barrier of approximately 45 meV, while
the nBn configuration shows a valence band offset close to 80meV. The pBn configuration has most of the
barrier falling in the conduction band, thanks to the p-doped barrier profile. On the contrary, nBn configuration
presents an almost un-doped barrier to minimize the equilibrium valence band offset. These differences influence
the J-V characteristic, particularly at lower biases. The effect in the J-V characteristics can be seen in Fig. 3
and Fig. 4 in the [0, -0.2] V bias range.
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Figure 2. Equilibrium band diagram for the pBn (left) and nBn (right) configurations.

Fig. 3 reports the pBn J-V characteristic and compares the total and SRH recombination rates in the
cap layer at the peak value. A dark current plateau determined by the hole current density is present in the
reverse bias range of 0.1 up to 1V for dgraq,3/c = Onm. When increasing dgyaq,8/c to 200 nm, the bias range
corresponding to the dark current plateau shrinks from 0.1 to 0.5 V. The variation in the total current is due to
the increase in the electron current density. The same increase is present in the SRH recombination rate. The
reduction of the reverse bias range is compatible with the shift of the SRH generation mechanism as the dg;aq,8/c
is reduced. SRH is, in fact, the main generation mechanism and coincides with the total generation rate. For
dgrad,B/c = 0nm, the SRH generation exceeds 1 x 106 ecm =351 above 1V reverse bias. For dgrad,B/c = 100 nm
and dgraq,8/c = 200 nm, the generation exceeds 1 X 1016 cm 35! above 0.7V and 0.6 V reverse bias respectively.
All the considered generation rates, as well as the current density, tend to saturate for high reverse bias applied.

Fig. 4 reports the nBn J-V characteristic and the total and SRH generation-recombination profiles, as with
the pBn configuration. In this nBn configuration, only the case with an abrupt transition between the barrier
and the cap shows a dark current plateau. The other grading profiles allow the flow of electron current density
that prevents the intended behavior of the devices. When dg;0q 3/c = 0nm, no SRH generation is present, and
the total recombination rate is equal to the SRH recombination.

In conclusion, numerical simulations on barrier detectors show the sensitivity of J-V characteristics with
respect to the linear and abrupt composition profile. The nBn configuration has the most pronounced sensitivity
to the grading profile, and only the abrupt configuration has the intended behavior. The pBn configurations are
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Figure 3. pBn configuration with different dgaq,8/c values. J-V characteristics (left) and SRH and total generation-
recombination rates within the cap layer at y = 6.15 pm as a function of the applied bias (right). In the J-V curves, the
hole current is indicated by a dashed line, the electron current by a dotted line, and the total current by a solid line. In
the SRH plot, SRH recombination is indicated by a dashed line, SRH generation by a solid line, total recombination by
circular markers, and total generation by diamond markers.
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Figure 4. nBn configuration with different dgaq,5/c values. J-V characteristics (left) and SRH and total generation-
recombination rates within the cap layer at y = 6.15nm as a function of the applied bias (right). In the J-V curves, the
hole current is indicated by a dashed line, the electron current by a dotted line, and the total current by a solid line. In
the SRH plot, SRH recombination is indicated by a dashed line, SRH generation by a solid line, total recombination by
circular markers, and total generation by diamond markers.

less sensitive to the different grading profiles, but the shrink of the dark current plateau allows only a reduced
set of applied biases. The simulations suggest possible graded mole fraction profile optimization of Hg;_,Cd,Te

barrier detectors, with the potential of enhancing the efficacy of barrier detectors by controlling dark current
and minimizing SRH effects.
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