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On performance limits for long-wavelength
non-cooled photoconductive (CdHQg)Te detectors

Basic materia) properties and fabrication methods, which affect (CdHg)Te photoconductive detector performances, are discussed.

The vottage responsivity 7?; and detectivity D+

D+

max

has been obtained.

are ca)cu)ated. For detectivity )imit a dimensionless expression of the form:

ler\t/2 7
0.64
\H Ac

Domination of Auger recombination stated in a near intrinsic (CdHg)Te has at)owed to predict the detector detectivity iimits

versus the waveiengths.

(CdHg)Te epitaxia) tayers which have been e)aborated, allowed to fabricate detectors with performances near to theoretica! ones.
A new method for preparation of noisiess etectrica) ohmic contacts and a good power dissipation was a)so elaborated. Special at-
tention was given to the development of uncooled and high output voltage 10.6 pm detectors.

1. Introduction

To obtain (CdHg)Te high performance infrared
detectors abie to work in the wavelength range longer
than 1pm, criogenic cooling of a semiconductor
element is necessary.

In many cases the cooling procedure may introduce
serious problems. In many applications, however,
sufficiently good parameters can be obtained for
uncooled detectors. The analysis [1—3] has shown
that responsivity and detectivity limits of noncooled
photoconductive long-wave detectors are higher than
those of photovoltaic ones. For long-wave noncooled
photoconductive detectors the response speed is
also sufficiently high, being equal to about (10 *
-10"'°)s, depending on the spectral range. The pos-
sibility of construction of fast photoconductive
detectors for wavelengths ranging within 10.6 pm
has been shown in [2-3]. This paper deals with the
optimization of the detector parameters and gives
some results in this held.

2. Detector performance evaluation

Suppose that the detector has the form of a square
plate with area <X<ImrrP and thickness 7. Suppose
also that the reflection coefficients from frontal and
rear surfaces are equal to 0 and 1, respectively, and
that the recombination time of holes and electrons
is t, and that a is the absorption coefficient of the ma-
terial. Because of high ratio of electron to hole mobili-
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ties the influence of holes on the conductivity may be
neglected.

If the detector is biased with current source, then
in case of weak illumination the following relations
can be obtained [1, 3] for basic detector parameters:

2.1. Voltage responsivity 7

7 1 1—

R A (¥

where F denotes bias voltage of the detector, n, is
the intrinsic carrier concentration, T —recombination
time.

The voltage responsivity increases monotonically
with the decrease of the detector thickness, and reaches
its maximum value for 2a/ 1

In the latter case:
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2.2. Noise

In the discussed case three types of noises play
an important role.
a) Johnson-Nyquist noise

= 4K7-T2AV, ©)

7?7 — detector resistance.
b) Generation-recombination noise
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c) UFnoise. This noise must be taken into accounexpressed by:

mainly in the case of low frequencies of radiation mod-
ulation.

For frequencies high enough the influence of 1/
noise can be neglected.

2.3. Detectivity D

If U noise is neglected, then using (1), (3) and
(4) the following relation for detectivity can be ob-
tained :

A
N2/tc
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and AT= /, a — denotes a normalized thickness of
the detector, CY is a ratio of Johnson noise to gene-
ration-recombination noise:

and P — denotes electrical power dissipated in the
detector.

The graph of F(Af, C) function is given in fig. 1
From this graph it is seen that for each C value,

the optimum detector thickness A~ can be found.
For C=0 A”™ = 0.625, and in this case F(Af, C)
reaches its maximum value, equal to 0.903. It is the
case of detectivity limitation by generation-recombina-
tion noise. In this way the detectivity limit can be

A [.T\12
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From the last relation it follows that for radiation
with a given wavelength, the maximum D+ values is

[ar\
defined by )---- quantity. This quantity depends on
\

composition of (CdHQg)Te alloy and reaches its max-
imum for the optimum composition.

At present, the dependence of w on composition
is well known [5]. In an intrinsic material at F = 300 K,
the lifetime of the carriers is limited by Auger recom-
bination. However, in Cd*Hg"Te, for x > 0.28
Shockley-Read mechanism of recombination plays
a certain role. The lifetimes for Auger recombination
have been defined theoretically [6] and proved exper-
imentally [7]. Unfortunately, there is a lack of reliable
data for a = /(x, A and the optimalization of the detec-
tor parameters cannot be realized analytically. Howe-
ver, the estimation of detectivity limits becomes possible
by assuming that for photons with energies slightly
higher than F,,, a reaches the value 500 cm**. The
dependence of detectivity limit on the wavelength
value is shown in fig. 2. In the calculations the de-
pendences H and Fy on x were taken from [5] and
the values of T, from [6, 7].

Fig. 2. Detectivity limit as a function of wave-
length for PC (Cd,Hg)Te detectors

3. Experimental results

In the construction of detectors epitaxial layers
with alloy composition gradient were applied. The
layers were prepared by isothermal deposition of
HgTe onto CdTe [8, 9]. The structure of the photo-
element is shown in fig. 3.

Because of high resistivity of the CdTe substrate
(I(f Qcm) the photoelement could be soldered
directly to a copper plate. If the photoelement was
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Fig. 3. Connguration of PC (Cd,Hg)Te detector
| — sensitive area; 2 and 2 — contacts; 4 — (Cd, Hg)Te; J — CdTe; 6 —
indium adoy; 7 — substrate

fastened carefuUy then the permissible density of the
power dissipated in the detector was equal to about
100 W/cnU (for the detector areas smaller than 0.3 X
x0.3 mm™).

The transparency of CdTe made it possible to
utilize also the radiation reflected from the metal
covered rear surface.

The photosensitive element was made by selective
etching of the structure with gradient alloy composi-
tion. The electrical contacts were obtained by the
deposition of indium in photosensitive region with
lower band gap. The latter allows to obtain low resist-
ive and noiseless contacts.

The experimental values of the detectivities of the
obtained detectors are shown in fig. 2. In the spectral
range 4-7 pm the detectivities approach their limit
values. Much lower experimental values were obtained
for A< 4pm and A> 7 iAm There are different
reasons responsible for the discrepancies in these
two spectral regions. For long wavelengths the rela-
tion CAT 1 is not fulfilled even when the heat is
well transferred from the photosensitive element.
Low values of the detectors own noises in these re-
gions, as well as of their resistance produce so high
demands on preamplifiers that the reduction of the
latter is almost impossible. It is more convenient to
apply detectors whose active thicknesses are smaller
than the optimum thicknesses obtained from the cal-
culations performed for an ideal amplifier. The
detailed investigations were carried out for 10.6 jAm
detectors. The 10.6 pm detectors used in the experi-
ment were characterized by thicknesses lower than
the optimal for the maximum ZU value, and by dark
resistivities 50-200 Q/Q. For detector dimensions
0.3X 0.3 mm” the responsivities were obtained of the
order of several V/W. The investigation of noise has
shown the existence of 1/*type noise, which practically
disappeared at frequencies higher than 100-1000 Hz.
For higher frequencies the values of the detectivities
were equal to about 10*cmHz'* W .

In some applications the value of maximum output
voltage of the detector plays an important role. It was
found that in detectors with 50-100 Q/Q resistivity
about 0.5 V/mm output signal can be obtained.

1

On pfr/orfnance /nn/tj...

In detectors with 10 mm length it was possible to
obtain 10V output signals with linearity ranging within
20%.

A further considerable increase of the maximum
signal is possible in the case of a pulsed bias of the
detector. For example, the maximum signals, equal
to about 100V, were observed by applying a bias with
5 ias duration. For pulsed bias the generation-recombi-
nation limit of the detectivity can be obtained. The
carried out investigations and measurements have
shown (fig. 4) that the detector time response can
be very short and equal to single nanoseconds. The
time response can be decreased to the order of pico-
seconds due to the increase of HgTe content. It can
be however done at the expence of the decrease of
responsitivity and detectivity values.
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Fig. 4. Detector response to self-mode-locked CO; TEA
laser pulse

In noncooled detectors, for A< 4 pm, consid-
erably different features, as compared to 10.6 pm
detectors, could be found. The detectivity limit for
low bias current is reached due to longer life-time
and lower concentrations of the carriers. The diffi-
culties in obtaining the detectivity limits are different
from those in the case of 10.6 pm detectors.
It is difficult to obtain intrinsic carrier concentration
in the material and connected with it upper limits of
carrier life time, limited by Auger recombination.
The detector parameters are also influenced by surface
recombination. The increasing role of the difficulties
listed above increases with the decrease of long wave
limit of the photosensitivity.

4. Conclusions

1 Ultimate value of
only on basic material properties and can be expres-
sed by (1, 3)

2.
cooled A> 4 pm (Cd, Hg)Te PC detectors. This allows
to estimate ultimate detectivity as a function of
wavelength, (1, 3).

for PC detectors depends

Recombination time is Auger limited for un-
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3. (Cd, Hg)Te epitaxial layers technology makes it
possible to obtain near theoretical performance of
4-7 jAm uncooled PC detectors, for A< 4 jAm and
A> 7 pm experimental values are much lower than
theoretical ones.

4. 1t is possible to obtain uncooled 10.6 pm PC
detectors with nano- and subnanosecond response
time. The sensitivity and detectivity values for 10.6 pm
detectors are much higher than the ones for other
types of high speed (subnanosecond range) uncooled
detectors. Pulse biasing highly increases D+, 7, and
the maximum output voltage values.

O nipegenax 3hheKTUBHOCTU HEOXIaXKAAeMbIX
thoTonpoBogHUKOBLIX AeTekTopax (CdHQ)Te
47V /TMHHOBOSTHOBOMO  M3/TyYeHUA

B pab6oTe 06CyX/[eHbl OCHOBHble CBOICTBa MaTepuana
N MeTOfbl ero W3roToB/IEHUS, KOTOpble BAUAIOT Ha 3ddek-
TUBHOCTb (DOTOMPOBOAHUKOBbLIX feTekTopoB wu3 (C6LL)Te.
PaccunTaHa xapakTepucTuka HanpsbkeHus 17. n [eTeKTupy-
owaa cnocobHocte 1)+, [ns npefena [LeTeKTUpPYyHOLLeid

CNocoGHOCTM 6bI1/10 NOyYeHo Ge3pa3mepHoe BblpaXeHue B BUae

A
D+
max A:
MpeobnajaHvne pekombuHauum  Ayrepa, BbISIB/leHHOE B
(C6M)Te, 6AM3KUX K HacblLWeHUIO, MO3BO/MSAET npegycmat-

pvBaTb
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npegenbl feTeKTUPYytoLLed CnocobHOCTM JeTeKTopa B 3aBu-
CMMOCTU OT [J/INHbI BOJIHbI U3NyYeHUs. PaspaboTaHHble aBTo-
pamun anuTakcumanbHble cnon (C6LLL)Te no3sonswT cosja-
BaTb [eTEKTOpPbl C 3(P(PeKTUBHOCTbIO, 6/M3KON K TeopeTu-
YecKoi. PaspaboTaH Takxe HOBbli MeTOA W3roTOB/EHUS
BeCLUYMHbIX 3/1EKTPUYECKUX KOHTaKTOB C YA0BJ/IETBOPUTESIb-
HbIM paccesiHuemM Mol HocTn. Ocoboe BHMMaHMWe yfieneHo pas-
BUTUIO HEOX/TaXKAaeMblX [eTEeKTOPOB C BbICOKMM Hanpsxe-
HMeM BblIXoda A1a m3nydveHua 10,6 MKM.
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