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ABSTRACT

The theoretical considerations and practical aspects of passivating
insulator films, in the context of their use on high-performance mercury
cadmium “telluride (MCT) infrared detectors are reviewed. The
methods of growth, the interface properties and the applications of”
both native and deposited passivant films have been discussed. Native
films include anodic, chemical, photochemical, and plasma oxides as
well as anodic sulphides and fluoro-oxides. Deposited films include
ZnS$, plioto-CVD-grown $i0,, CdTe, and SiN,. The properties of all
these passivant films on MCT have been summarized.

1. INTRODUCTION

The mercury cadmium telluride (Hg,_, Cd, Te) semiconductor alloy system is firmly
established today as the most widely applicable high-performance infrared (IR)
detector material in the 8-14 um wavelength range. During the last decade, there has
been an enormous increase in the research effort devoted to various aspects of the
science and technology of mercury cadmium telluride {MCT) IR detectors'*. These
devices may be basically classified into three categories, viz. photovoltaic (PV),
photoconductive (PC), and metal-insulator-semiconductor (MIS) types as illustrated
schematically in Fig. 1. The theory and operation of these devices have been reviewed
by Reine et aP, Broudy and Mazurczyk®, and Kinch’ respectively.
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The best results for MCT PV detectors have been reported by Rode®. In the
3-5 um range, the detectivity achieved was D*y ;p = 6 X 10"cm Hz'?W! at 80 K,
at A = 4 um for a 32 x 32 focal plane array (FPA) with cutoff wavelength 1, = 4.6
um for a photon flux of 5 X 10" cm % (corresponding to F/2 optics, i.e., FOV =
28°) and an effective quantum efficiency of 0.64. In the 8-14 um range, the detectivity
achieved at 80 K for A, < 10 yum with a 32 X 32 FPA was D* = 5.3 X 10''cm Hz!?W!,
a value which is lower than the corresponding D* ,p value only by a factor of 3. The
effective quantum efficiency for these detectors was in the range 0.45-0.7,

For an Hg, ;Cd, ,Te PC linear array of 200 elements with 4, = 12 um, the maximum
detectivity'® that has been achieved at 77 K for FOV = 50°, with the background
temperature in the range 295-300 K, is D* (11.8 um, 1000, 1) = 6 X 10" cm Hz'?W-1.
This comes quite close to the background limited performance.

For MIS photodiodes, the best detectivity value reported for 0.1 eV-bandgap,
n-type device is D* = 3 x 10"%m Hz'?W™ at 77 K, with FOV = 22°, a background
photon flux of 4 x 10"%cm™ s™ and a quantum efficiency of 0.27.

‘2. THEORETICAL CONSIDERATIONS

2.1 Photovoltaic Detector

When a photovoltaic diode is used as an IR detector, the junction dark current
may adversely affect the detector performance. Some of the major dark current
components are due to diffusion, generation-recombination (g-r) in the space-charge
region, surface leakage, and interband tunneling. The diffusion current component
can be substantially reduced by reducing the thickness of the device relative. to the
diffusion length of the minority carriers in the material and by operating at lower
temperatures. For example, for the 8-14 yum MCT detectors, the diffusion current
can be minimised by reducing the material thickness to ~10 um and operating at 77
K. The other three dark current components, viz. those due to surface leakage, g-r,
and tunneling, can be significantly reduced by choosing appropriate starting material
and by passivating the surfaces of the device using insulating dielectric films. '

In a PV detector, the semiconductor surface and the passivating insulator affect
the p-n junction dark current through two types of defects : (i) the fast interface states
which act as g-r centres, and (ii) the fixed charge in the insulator, which modifies the
surface potential on both sides of the junction. To discuss these two effects, consider
an n*-on-p planar photodiode which is the most common configuration of an MCT
IR detector element in an FPA as shown in Fig. 2(a). Such n*-p diodes are
normally fabricated on a lightly doped p- type semiconductor by creating individual
n* pockets by ion-implantation, where each detector remains electrically isolated from
others by the diode action. The enlarged top and sectional views of such a detector
element are shown in Figs. 2(b) and 2(c), respectively.
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gen v=4q UMI Wd AM’J . ' (4)

where U,,, is the carrier generation rate per unit volume in the deplétion region, A,
is the area of the metallurgical junction, and W, is the depletion width.

2.1.2 Effect of Fixed Charge

The fixed charge is. normally located in the insulator close to the
semiconductor-insulator interface; in some cases it may have a distribution throughout
the insulator film. Its influence on the dark current depends mainly on its polarity.

(a) Positive fixed charge : A positive charge in the insulator can deplete the lightly
doped p-type semiconductor surface to a depth depending on the semiconductor
surface potential, which is a function of the.amount of charge present. It can extend
the annular depleted area A, further along the surface (see Fig. 2(b)) by a distance
L. As a result of the depletion of the surface by positive charge, the depleted space
charge volume as well as the depleted surface area of the diode will increase
substantially, as shown in Fig. 4(a). As the g-r mechanism in the space charge depletion
region plays a dominant role in determining the current-voltage characteristics of a
narrow bandgap semiconductor diode, this would cause a significant increase in the
dark current, leading to poor detector performance. At the same time, the carriers
generated through the interface states in the enlarged depleted surface area will further
increase the dark current.

In the case of a positive fixed charge in the insulator, Eqn.(1) for the surface
generation current will become

Igen,sd =q U; qud ’ (5)

Ay = A + A,

where

A, being the additional surface depletioh area created by the fixed positive charge in
. the insulator. The carriers generated at the surface through the interface states within
a diffusion length L, from the junction (i.e., for L < L) will contributg to the diode
current. '

Similarly, Eqn. (4) for the space-charge generation current will be modified to
Lieny = q Uy (Wy Apy + Wiy Ay) : (6)

where Wy, is the depletion width under the insulator induced by the fixed positive
charge. '

" When a sufficiently large positive charge is present, the surface of the p-type
semiconductor can even become inverted, as shown in Fig. 4(a), forming an n-channel
in between thé n* pockets m the case of an array, thus electrically connecting the
detector elements with one an6ther. This results in'cross-talk leading to poor imaging.




Passivation of MCT Infrared Detectors 211

XF‘XED CHARGE (+)

INDIUM BUMP
. [OXIDE/INSULATOR

POSITIVE OXIDE
CHARGE
INVERSION LAYER

(a)

DEPLETION WIDTH
NARROWING AT
INTERFACE

(b)

INVERSION
(n to p)

{e)

Figure 4. Effect of fixed oxide/insulator charge on the junction space charge region:
(a) positive fixed charge causes inversion of the p-side, forming an n-type
surface channel, (b) negative fixed charge causes accumulation of the p-side
and narrowing of the delpetion width, leading to surface breakdown, and
(c) large density of negative fixed charge causes inversion of the n-side und
formation of a p-type surface channel®, ;

(b) Negative fixed charge : The presence of a negative fixed charge in the insulator,
as shown in Fig. 4(b), can accumulate the lightly doped p-side of the junction at the
semiconductor surface, narrowing down or even virtually pinching off the depletion
width. The accumulation may convert the lightly doped p-side to p*, and thus an
n* — p*.diode is formed at the surface along the metallurgical junction. Due to the
depletion width narrowing, the built-in field across the junction becomes quite high
and junction breakdown may readily occur either due to the built-in field or at very
low applied voltages. This leads to surface-breakdown or increased surface-leakage
currents.

- When the negative fixed charge in the insulator is very large, it can invert even
the heavily doped n* side of the junction and a field-induced n* — p junction is thus
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The higher signal in the accumulation ¢ondition is due to the effect of the built-in

transverse electric field, which drives the minority carriers away from the surface

towards the bulk resulting in increased lifetime. The wider-gap compositions of

Hg, ,Cd, Te at 77 K, on the other hand, can exhibit photosignal enhancement upon

surface inversion, relative to the accumulation condition, as shown in Fig. 5(b), because

the values of the depletion region time constant in this case are considerably in excess

of the minority carrier lifetime, 7p, which is typically’ in the.range 10° <7, < 4 X
107 s at 77 K. ‘

The effect of surface recombination on the performance of a PC detector was
investigated theoretically by Broudy® as shown in Fig. 6 for n-type Hg,,Cd,,Te
(4 = 14.2 um at 80 K) with a net carrier concentration of 9 x 10" cm=. Compared
with an ideal PC detector, with its front and back surfaces both having zero surface
recombination velocity, the detector with surface recombination was assumed to have
its back surface with infinite recombination velocity. It can be seen that the addition
of surface recombination considerably reduces the detectivity. The performance of
the ideal detector drops for temperatures dbove 80 K as thermally generated minority
carriers begin to dominate.
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Figure 6. Influence of surface recombination on detectivity D* of MCT PC detector®.

Transverse electric ficld on the surface of a PC detector is commonly used to
reduce surface recombination. In this approach, the minority carriers are prevented
from reaching the surface by means of a built-in electric field. For example, for an
n-type MCT photoconductor a transverse field would be provided by an n*
accumulation layer induced on the surface of the semiconductor by positive fixed
charge present in the anodic oxide passivant layer. Implantation can also be used to
crente n' layer on a-type MC1 surfaces providing a high low 1! o junction which scis
a reflecting barrier for minority carriers. It may be noted here that the same principle
of high-low junction is used for reflecting the minority carriers at the contacts of these
detectors thus increasing thelr lifetime and also reducing the sweep-out clfects.
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2.3 MIS Photodiode

The (HgCd)Te MIS structure, which has been conventionally used as an
investigative tool for studying the MCT-insulator interface properties, has developed
into a detector of IR radiation in its own right in the form of the MIS photodiode.
This could be realised largely due to tremendous improvements made over the years
in the quality of the (HgCd) Te material and the fabrication processes, especially in
the surface passivation techniques.

Basically, the MIS photodiode is a photon detector that utilises the equilibrium
depletion region induced under the transparent gate of an MIS structure biased into
a strong inversion to collect the minority carriers generated by the incident photons
from less than a diffusion length away. For all practical purposes, the MIS photodiode
behaves as an open-circuit, abrupt, one-sided junction diode that is capacitively
coupled to the outside world”?.

To use the MIS structure as an IR detector, the surface directly under the field
plate is biased into inversion by applying a de negative bias (for an n-type substrate).
Thus, we essentially have a field-induced diode in series with the insulator capacitance
C,.- The incoming signal photons are incident through the transparent field plate.
For a change in the photon flux, A ¢, there is a corresponding change in the minority
carrier concentration, Ap, (holes in the present case). This would lead to a change
in the maximum depletion width, A W,, and, in effect, to a -change in the surface
potential of the semiconductor. In other words, we can say that for a change in the
incident photon flux, there will be a corresponding change in the MIS gate voltage,
A V. This effect can be utilised to detect IR radiation. The voltage change across
the diode, A Vi, equals ng A ¢ RyA,, where , R, and A are the quantum efficiency,
the diode resistance and the area of the gate, respectively. This voltage change occurs
in a time ~ R,C;, where C; is the depletion capacitance. If a load resistor R, is
connected to the gate, this voltage would appear across R, , provided R, C,, >> R,C,,
and is passed through to the pre-amplifier. Further, this voltage will decay with a
characteristic time R; C,, until the insulator capacitance charges up to a point where
no further current flows. A large value of R, C,, essentially constitutes a floating gate’.

It may be noted here that the surface depletion region phenomenon discussed
above for a PC detector also holds good for an MIS photodiode. As the functioning
of an MIS structure in a strongly inverted condition requires excellent interface
properties, improved surface passivation techniques are required to achieve better
control over the semiconductor surface potential {(mainly decided by fixed insulator
charge), fast interface states and mobile ions present in the insulator. A controlled
growth of the gate-insulator/passivant-film is, therefore, a crucial step in the fabrication
of these delectors,

A simple single-level n-type MIS device on MCT typically incorporates a layer
of thermally evaporated ZnS (1000-10,000 A) on top of native oxide to form the
ovetall lnsulator, although a native oxide layer (7001300 A) alone may be employed.
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While native oxide forms a high quality interface, ZnS layer acts as an excellent
anti-reflection coating. Transparent metal (100 A) is evaporated over the insulator
for defining gate electrodes. As fixed positive charge in the native oxide inverts the
surface of p-MCT, overlapping guard rings are used in case of p-MIS devices for
isolation. Capacitance and conductance characteristics of several MIS devices have
been reviewed by Kinch’.

Future generations of IR detectors with improved performance are required to
employ a significantly large number of detectors in a focal plane (>10), where the
use of conventional photoconductors or photodiodes with individual pre-amplifiers
may be prohibitive. Such systems will necessitate the incorporation of several signal
processing functions such as time delay and integration, multiplexing outputs, area
array staring mode operation, antiblooming, background subtraction, etc on the same
focal plane chip. To meet these requirements, charge-coupled and charge-injection
device (CCD and CID) technologies on the IR sensing material itself have to be
employed. Of these, CCD technology poses a greater challenge in terms of the
requirements of both high quality material and semiconductor-oxide interface.
Processing such focal plane systems employing MIS structures exemplifies a challenging
aspect of surface passivation in the sense that the interface participates actively in the
functioning of the device, with the device threshold voltage variations required to be
controlled within 20 mV.

3. PRACTICAL PASSIVANT LAYERS

The nature of the surface passivant on (Hg, Cd) Te material, as discussed earlier,
is of critical importance. The passivating layers for MCT photodevices must, in general,
satisfy the following criteria'®—although, in some cases, these criteria may somewhat
differ for specific devices. The passivating layer must (i) be a good insulator and
adhere well to the MCT; (ii) be stable, as a function of time and against the atmosphere,
unless hermetically sealed; (iii) not be attacked by chemicals necessary for fabrication
processes; (iv) be sufficiently non-porous so that atmospheric gases cannot diffuse
through it and attack the MCT; and (vi) produce an interface which is sufficiently
electrically inert so that it does not degrade the operation of the photgdetector in an
unacceptable way.

It is, however, not easy to satisfy these conditions. The following two main
difficulties are involved!” because of the nature of the HgCdTe material.
(a) Sensitivity to physical and chemical treatments : It leads to surface stoichiometry
changes and mechanical damage. The standard etching process using
bromine-in-methanol depletes the MCT surface in cations, leaving a thin layer of
activated Te rich in dangling bonds'®!; this eventually leaves an air-grown oxide of
tellurium (Te,) at the surface??, Because of the intrinsic fragility of the material?,
lapping produces damage which may extend into the bulk by as much as twenty times
the grit size for a 1 um grit®, Stress from lapping and cleaving often causes migration
of g, resulting In non-stolchlometrle surfuces®. In u vacuum, ut u temperntuie
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may not satisfy all the practical requirements of a device. The three widely used
passivants, viz. the native oxide grown by electrochemical anodisation process, Zn$
grown by various physical vapour deposition (PVD) processes, and SiO, grown by
photochemical vapour deposition (photo-CVD) process will be discussed first.

3.1 Anodic Oxide

The anodic oxides of MCT are its native oxides grown by an electrochemical

anodisation process which was earlier successfully employed in the silicon and gallium

~ arsenide technologies®, and later, was used for MCT for the first time by researchers

at Texas Instruments in 1976%°. Anodic oxidation of MCT has since been studied

extensively and it is now a well-established technique for passivating the HgCdTe
surface.

For PC detectors, anodic oxides have proved to be quite satisfactory and have
been successfully used for device production. They contain large fixed positive charge
typically®® 2 x 102 cm™2. Nevertheless, they have®! very low fast interface state density -
~ 3 x 10" cm™2 eV, In the case of n-type MCT PC detectors, the large fixed positive
charge in fact helps in creating a surface field which drives the minority carrier holes
generated by the incident photons away from the interface, separating them from the
majority carriers. This increases their lifetime leading to a better detectivity. The
fixed positive charge can be reduced by an order of magnitude in Hg,,Cd, ;Te if the
semiconductor surface is subjected to an electroetch prior to anodisation®?3*. However,
the same processing has* little effect on the fixed charge for Hg,,Cd,,Te. These
results indicate that the composition and the structure of the semiconductor surface
prior to anodisation have a direct efféct on the resultant MCT electronic properties'”.

Anodic oxides thousands of angstroms thick can be readily grown on MCT in an
- electrolyte of ethylene glycol and KOH in an anodisation cell as shown schematically
in Fig. 8. The MCT wafer serves as the anode®, with the growth carried out under
constant current conditions (the current densities being a few hundred uA/cm?),
followed by a constant voltage anneal®®s,

A recent study on the growth mechanism of anodic oxide on HgCdTe'demonstrates
that oxidation in KOH electrolyte occurs by growth into the substrate®. This means
that the interface between the anodic oxide and the semiconductor occurs at some
point below the original semiconductor surface, so that the surface is consumed during
oxidation. The presence of contaminants on the semiconductor surface is difficult to
control and would have deleterious effects on device performance if they remained
at the interface between the passwatlon layer and the semiconductor’®. This lays
emphasis once again on the importance of surface preparation prior to the anodic -
Process,

Though the anodisation process can be carried out at room temperature, recent
studics by Bertagnolli, et al have shown that the insulating behaviour of anodic oxides
on Hg, ,,Cd, ,;Te can be improved considerably by catrying out the anodic process
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Figure 8. Schematic of an electrochemical anodisation cell for the growth of anodic
oxide.

at slightly elevated temperatures® and that optimum dielectric propertles are achieved
at an electrolyte temperature of 50 °C®,

The oxide grown by the electrochemical anodisation process is amorphous
consisting primarily of CdTeO; and a small amount of HgTeO,*. For Hg,,Cd,,Te,
the oxidation reaction is strong enough to damage the semiconductor to a depth of
~200 A under the oxide interface. Studies have revealed that anodisation causes an
Hg-depletion of ~30 per cent from the near-surface region of the x = 0.2 material***,
and that depletion occurs in the initial stages of anodisation®.

The stability of anodic oxide, or for that matter, of any native oxide in general,
is a matter of concern because of the reactivity of its constituents with the MCT
surface. For example, HgTeO, reacts with HgTe, and forms TeO, and free mercury.
Free Hg at the interface could provide a conduction path resulting in enhanced leakage
current in diodes'’. Free Hpg at the surface could also diffuse into the semiconductor
resulting in an n* layer. If the n* layer is thin (~100 A), it would give an appearance
in electrical measurements of positive fixed charge in the oxide. Thus the removal of
Hg from oxides (for example, HgTeO,), producing TeO, should enhance its stability.

Stahle, et al** have proposed a model of the anodic oxide/HgCdTe interface as
shown in Fig. 9(a). According to this model, the first layer of the oxide at the interface
is 30-50 A of CdTeO,, followed by a thicker second layer, ~120-150 A thick, composed
of CdTeO,, TeO,, HgTeO, and particles of HgTe. The bulk oxide extending beyond
the second layer is composed of 52 per cent HgTe(3;, 30 per cent TeO, and 18 per
cent CdTeO;. On annealing, the TeO, reacts with the substrate producing CdTeO,,
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Figure 9. A model of the anodic oxide-MCT interface: (a) for as-grown, and (b) after
annealing the anodic oxide®,

HgTe and Te, as shown in Fig. 9(b). The initial CdTeO, layer increases in thickness
while the thickness of the second interface layer decreases. This could be possible
only when the first CdTeO; layer is porous and thin enough to allow the TeQ, to
react with the substrate. '

Though the native oxides provide high-performance surface passivation for n-type
PC/MIS devices®’, because of their large fixed positive charge they invert the surface
of p-type MCT, taking the semiconductor away from the flat-band condition. Thus
they prove to be inadequate for the passivation of PV devices which are fabricated
in the present technology on p-type Hg, , Cd,Te, and one may have to resort to
deposited insulator layers which can achieve the desired flat-band condition.

3.2 Zinc Sulphide

Historically, zinc sulphide is the first insulator that was used for the fabrication
and study of MIS structures on MCT***, Deposited ZnS layers have since been used
to provide surface passivation on MCT either singly*®*” or in combination with its
native oxide™*. Zinc sulphide Is used on MU devices becanne of ity excellent IR
properties, dielectric strength and compatibility with the MCT lattice, the latter too
having a zing-blende structure like other II-VI materials, with the lattice parameters
of Hg, ,Cd, ,Te and Zn$ being 6.464 A% and 5.409 A%, respectively.
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The interaction of ZnS passivant films with the MCT substrate has been recently
studied by XPS depth profiling at Martin Marietta Laboratories. The samples
investigated were : (i) a Zn$ film deposited on an already anodised HgCdTe substrate,
and (ii) a ZnS$ film deposited on a chemically-etched MCT substrate. In the case of
the first sample, the zinc oxide formed at the ZnS-anodic oxide interface, due to the
residual oxygen in the chamber, created problems. The ZnO extends throughout the
Zn$ layer and diffuses into the porous anodic oxide as well®>. In any case, ZnS on
top of the anodic oxide results in Zn diffusing through anodic oxide, which leads to
a significant increase in the interface state density'’. The deposition of ZnS film on
the chemically-etched MCT sample resulted in the diffusion of Za into the
semiconductor, forming a graded composition interface comprised of
an_y(Hg,_xCdx)yTe”. The XPS depth profile shows that the y value of the alloy rises
rapidly to ~0.7 but then increases very slowly to the bulk value of 1.0. The ratio
Cd/Hg at the ZnS-MCT interface is constant, which implies a constant x value of the
alloy throughout the interface®

Recent studies’” on the ZnS-MCT interface mdlcate the presence of a fixed
positive charge with surface density ~2 X 10''cm™ and a fast interface state density*
< 5 x 10" cm™2eV-'. However, an earlier investigation by Tasch, et al** suggested
negative polarity of the fixed charge with density 1 X 10'' cm™, Byer, et al'’, in their
short review have also quoted a value -2 X 10" cm™.

Besides the use of zinc sulphide as an overlayer on top of native oxide passivants
for MCT photoconductors, ZnS films have been used to provide passivation for
photovoltaic devices. Studies on the noise behaviour of the latter type of devices show
that they produce excessive low-frequency 1/f noise which increases with reverse
bias®®%, although another recent study® does not seem to support this conclusion.
Further, there are reports that a ZnS passivation will affect the radiation hardness of

- the HgCdTe detector®.

3.3 Silicon Dioxide

SiO, films deposited by a low-temperature CVD process seem to be the most
promising passivant for (HgCd)Te PV detectors, particularly for long wavelength
photodiodes, where trapped charge densities less than 10'' cm™ are required'’. The
low-temperature (<100 °C), low-pressure (1-6 torr) photochemical vapour deposition
(photo-CVD) technique, developed at Hughes Aircraft Company during the early
eighties can be utilised to grow SiO, films which provide an electrical interface with
(HgCd)Te leaving the semiconductor surface under the flat-band condition®%8,

Figure 10 shows the schematic of a photo-CVD reactor used for deposition of
SiO, films which utilises reaction between silane and nitrous oxide gases achieved
through a mercury sensitisation technique®®. Mercury atoms, carried to the reaction
chamber by the reactant gases, undergo resonance absorption at the 2537 A spectral
line of a low-pressure Hg-lamp to yield photo-excited Hg* in the *P, state, which is
about 5 eV above the ground state (Hg,). The collision of the photo-excited Hg* with
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Figure 10. Schematic of a photo-CVD reactor for the growth of SiO, films*.

N,O yields atomic oxygen in its ground state (*P), which oxidises SiH, to produce
Si0,. As the photogeneration of atomic oxygen is temperature-independent, the
process can be used to grow high quality oxides at comparatively low-temperatures
(<100 °C). It may be pointed out here that the intensity of the other spectral line at
1849 A present in the emission spectrum of a low-pressure Hg-lamp is roughly an
order of magnitude lower than that of the 2537 A line. It is, therefore, unlikely that
a significant deposition of oxide occurs via the direct photo-dissociation of N,O by
the 1849 A spectral line which produces atomic oxygen in the ' D state. The deposition-
through this route is in fact eliminated due to the fast reaction of O(*D) with N,O to
produce NO or N, plus O,%. ’

The SiO, deposition rate depends primarily on the intensity of the UV source
and the pressure in the reaction chamber. A low-pressure Hg-arc lamp with a typical
photon flux of ~1 x 10" photons/cm? s at 2537 A (intensity ~ 8 m W/cm?) is normaily
used as a UV source. The chamber pressure is maintained at an optimum value (1-6 -
torr), making a compromise between the quality of the oxide and the rate of deposition.
While a higher chamber pressure can lead to the formation of SiO, particles in the
gas phase, a lower pressure reduces the growth rate which unduly prolongs the
deposition time®, o

The stoichiometry of the deposited oxide film is dependent on the steady state
concentration of the atomic oxygen during deposition. It is possible to deposit films
of a desired composition of SiO, (0 < x < 2) by varying the N,O:SiH, flow ratio. At
one extreme (N,O/SiH, > 20), SiO, films with a refractive index 1.45-1.46 are formed
(comparative figure for thermal oxide on silicon is 1.45). On the other extreme
(i.e., pure SiH,), a- Si:H is formed. At intermediate ratios SiO, is formed with different
mixtures of oxides having refractive indices between 2.0 (for SiO) and 1.45 (for SiO,).
For example, stoichiometric films of SiO, could be grown at a substrate temperature
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3.4 MCT-Passivant Interaction

Of the three widely used passivants discussed above, anadic oxide has proved
satisfactory for PC and MIS devices and has been successfully used for device
production. However, as pointed out earlier, it has high fixed positive charge at the
interface which prevents its application to PV devices. Evaporated ZnS and
photo-CVD-SiO, deposited at low-temperatures have provided passivating layers for
PV devices. MCT-insulator interaction for these layers is important and should be
discussed here. : ‘

There is a great difference in the chemical activities of the three constituents of
MCT—Hpg, Cd and Te—and in the stability of their oxides. With the anodic oxides
as passivant layers, it is therefore not surprising that the fixed charge—which is but
a manifestation of charged defects near the MCT/oxide interface—is a problem.
Further, due to the difference in activity of Hg, Cd and Te mentioned above, it may
not be possible to grow anodic oxides without creating such defects. Even if this were
achieved, the chemical interaction between the passivant and MCT would be a
problem. Hg oxides present in the passivant layer will be thermodynamically unstable
in the presence of MCT with the equilibrium reaction involving reduction of Hg oxides
and oxidation of Te, and’ perhaps of Cd from the MCT’¢. Such a process can clearly
lead to electrically-active defects in the region of the interface. Thus even if it could
be possible to solve the problem of high fixed charge, the inherent chemical instability
of Hg in the oxide would probably prevent anodised PV devices from having suflicient
long term stability's.

In placing foreign layers such as ZnS and SiO, on the surface of MCT, one
problem is the creation of the electrically—active defects at the interface due to Hg
being freed by the ‘impact’ of deposition. There is, however, no evidence that this is
a critical problem with ZnS deposited by conventional PVD methods. Nevertheless,
there is a likelihood of facing this problem with ZnS deposited by ion-beam methods.
If MCT must be elevated to a higher temperature in order for the deposition to take
place, there can be additional problems of Hg outdiffusion from MCT. With SiO, the
problem is reduced by reducing the deposition temperature down to ~80 °C and by
using photo-excitation, as discussed in the previous section. However, if deposition
could be done successfully somehow at higher temperatures, it is likely that such -
devices would be stable against temperature cycling. The instability of ZnS to
temperature cycling is probably associated with the lack of deposition at elevated
temperatures.

Another problem with ZnS is that fixed charge can be produced by blue or UV
exposure during lithography. This does not appear to be a problem with SiO, perhaps
due to its higher bandgap than that of ZnS by a factor of ~2. The same is probably
the reason for the difference in the insulating properties of the two passivants, The
adherence problem is not found with ZnS but is there with SiO,. Mismatch betweern
the insulator and MCT lattices could be one possible reason. However, as pointed
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The anodic fluoride films form a very good interface with MCT characterised by
low fixed positive charge and negligible slow and fast interface state densities. The
fixed charge, Qp, is ~ 5 X 10" cm™ for p-type MCT which leaves the MCT surface
slightly depleted. For n-type semiconductor, Qp is ~2 X 10" cm™ which leaves the
MCT surface virtually under a flatband condition.

The presence of hydroxyl ions in the electrolyte (KF in ethylene glycol) during
the fluoridisation process causes the formation of anodic oxide in addition to the
anodic fluoride and the fraction of the oxide in the grown film can be controlled by
appropriately selecting the hydroxyl ion concentration by the addition of KOH to the
bath. If the concentration of KOH is increased to 0.05 M, an anodic oxide film is
exclusively formed. The formation of anodic oxide in addition to fluoride in an aqueous
solution can be used to control the fixed positive charge density as well as the slow
and fast interface state densities. The flatband voltage depends on the concentration
ratio F:OH", current density and the final voltage of anodisation. Near flatband
conditions (Qr = 2 X 10' cm™) can be achieved by utilising high current densities
(> 400 #A cm™) for aqueous solutions but the same can be achieved even at low-current
densities (~130 A cm™) for non-aqueous solutions in case of fluorides. Q can be
increased up to ~10'%cm™? for the case when the oxide is exclusively grown at a KOH
concentration >0.05 M. Thus using this system for the growth of fluoro-oxides, one
can adjust the degree of accumulation on n-type MCT surfaces throughout the full
range from the flatband condition to strong accumulation which renders this passivant
system suitable for both PC as well as PV devices.

The anodic fluoride films grown from non-aqueous solutions are stable to
annealing treatments with negligible change in the band bending in the temperature
range 80-100°C. The anodic fluorides grown at high current densities also show stability
in respect of the low-density of fast interface states even during annealing at a
temperature as high as 105 °C. In case of fluoro-oxides, the influence of the annealing
cycle depends on the amount of anodic oxide in addition to the anodic fluoride, the
band bending increasing with the increase in the fraction of anodic oxide.

3.7 Chemical Oxide 2

It has been recently claimed by Gauthier® that (HgCd)Te PC detectors can be
effectively passivated by a native oxide grown by a chemical oxidation process which
involves immersing the wafer in an aqueous solution of potassium ferricyanide and
potassium hydroxide. Different oxidation rates can be achieved by dissolving these
two chemicals in different concentrations in the range of 0.075 to 0.75 and 0.06 to
0.6 M/L of water respectively. An oxide layer of 1000-1500 A can be obtained in
15-30 min. A complementary layer of ZnS with a thickness of 3000-5000 Ais deposited
over the native layer of chemical oxide by thermal evaporation®. '

As the oxidising solution does not attack the metal pattern on the MCT device,
passivation by this method could conveniently be done as the last step in the
device-fabrication sequence, after the contact metal evaporation and patterning are
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completed. The passivated detector obtained using chemical oxide is reportedly
endowed with excellent characteristics which remain stable up to a temperature of
80 °C. The detectivity of such devices at 195 K for a wavelength of 4.5 um has been
reported to be 10" cm Hz'"?W-!. Further, since the chemical oxide has better
etch-resistance compared with the anodic oxide, it withstands better the chemicals
used in the lithographic process. Therefore, it can conveniently be used to passivate
the MCT back-surface which is epoxy-bonded to the sapphire substrate.

3.8 Photochemical Oxide

Native oxides of (HgCd)Te can also be grown by a photochemical oxidation
technique which involves the exposure of the bare surface of the MCT wafer to UV
light from a low-pressure metcury vapour lamp (with wavelengths of 1849 and 2537
A) in a stream of flowing oxygen at atmospheric pressure®>®, The UV light generates
ozone and atomic oxygen, both of which_ are strong oxidising agents. Davis, et af®
found that the oxide growth in most cases was arrested after a 100 A thick layer was
formed. In some cases, however, they could get much thicker oxide layers (~1000
A). The drastic difference in oxide layer thickness could perhaps be due to different
crystallographic orientations of the wafers used as the oxidation rate has been found
to be dependent on the orientation of the semiconductor”’. Some workers kept the
MCT wafers at slightly elevated temperatures (44 °C)¥. The composition of the
photochemically-grown oxides was studied by Davis, et al''*by using XPS and the
so called surface behaviour diagrams. They found these oxides to be a mixture of
amorphous (Hg,Cd)TeO; and (Hg,Cd)TeO;. Unlike electrochemically-grown anodic
oxides, the photochemical oxides do not cause depletion of mercury at the
semiconductor/oxide interface*!'®,

MIS devices using a photochemical‘oxide as passivating insulator capped with a
ZnS layer were fabricated by Buchner, et al ¥, C-V measurements showed that
interfaces of thin oxides had a lower interface state density than those for thick oxides,
indicating that there is a progressive degradation of the interface as growth proceeds.
An oxide with a thickness of 350 A produced an interface with a density of interface
states ~ 5 X 10" cm™ eV~ and a fixed charge density of ~5 X 10''cm™2. On the other
hand, the corresponding values for a 1200 A thick oxide were ~ 5 X 102 cm2eV-!
and 1 x 10'2 cm™?, respectively.

Janousek and Carscallen® have grown photochemical oxides on MCT by using
nitrous oxide at low-pressures (~3 torr), in place of oxygen flow at atmospheric
pressure used by the earlier workers. The photo-dissociation of N,O, effected by a
microwave-excited low-pressure Hg lamp (optical output of ~1 mW/cm? at 1849 .&),
also produced atomic oxygen (D). The initial growth rate achieved was ~7 A/min
and was independent of the substrate temperature over the range 40 to 100 °C.

Encapsulation of the photochemically-grown native oxide with photo-CVD-grown
Si0O, resulted in degradation of thé electrical properties of the MCT-native oxide
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interface. The presence of photochemical HgO between the native oxide and SiO,
resulted in superior interface properties. However, MOS structures comprising SiO,
on HgOand native oxide underwent electrical degradation at room temperatures“.

3.9 Plasma Oxide

Plasma anodisation is yet another process for growing native oxides on
semiconductors®. Oxidation is accomplished here by using activated oxygen, created
by an electrical discharge, as the oxidizing species. This is usually carried out in a
low-pressure (0.1-0.5 torr) system, where a plasma can be sustained by dc or
r-f excitation. The advantage of plasma anodisation lies in the fact that the electron
temperature of the ionised gas is about 10,000 K, as a result of which oxidation can
be carried out® at low thermal temperatures (<100 °C).

Nemirovsky and Goshen® were the first to use this technique for growing native
oxide on MCT. The oxygen plasma created by using an r-f source (power 20-200 W)
at 13.5 MHz had a thermal temperature of less than 50 °C. The best interface properties
were achieved at low-plasma powers (~30 W) and moderate bias voltages (40-90 V)
which avoided heating of the sample and reduced surface damage due to electron and
ion bombardment. The average growth rates achieved were about 20-30 A/min.

Measurements on MIS devices*®!, with the insulator consisting of a two-layer

combination of the plasma native oxide (300 A thick) and evaporated ZnS (2000 A),
gave a relatively low concentration of fixed positive charge, (1-3) X 10! cm™?, and a
fast interface state density of about 2 X 10'! cm™2eV-1 . The dielectric properties of
the plasma oxide are, however, inferior to anodic oxides since the former is less dense,
has a lower dielectric constant and a lower dielectric strength. Plasma anodisation is
therefore best utilised as a surface treatment and the device insulation should be
achieved with a layer of ZnS®,

Recently, plasma oxidation of MBE-grown (HgCd)Te layers was reported by
Makky and Siddiqui®*. They obtained an oxide growth rate of 8-10 A/min, and a
maximum thickness of ~2000 A, after which the process appeared to be self-limiting.
The thickness of the grown oxide depended inversely on the mercury content in the
MCT material. The oxide composition was studied by XPS and AES techniques. The
plasma oxide consisted of a mixture of cadmium and tellurium oxides. Oxygen
incorporation into plasma oxide layers was greatly enhanced after the oxide was etched
in HCl solution and the sample was then reoxidised. This observation may be attributed
to the large depletion of Hg in the reoxidised sample and the further breaking of the
Hg-Te bonds which enhance the oxidation process®'.

3.10 Silicon Nitride

An electron cyclotron resonance plasma chemical vapour deposition
(ECR-PCVD) methed developed by Matsuo and Kiuchi®? can be used to deposit
dense and high quality SiN, (as well as Si0,) films .without the need for substrate
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heating. This is achieved by enhancing the plasma excitation efficiency at low-gas
pressures (~107* torr) and by the accelerating effect of ions with moderate energies
(10 to 20 eV), using a microwave ECR excited plasma and plasma stream extraction
onto the specimen table by a divergent magnetic field.

The ECR-PCVD method can be used to deposit an SiN, film using SiH, and N,
gas mixture with little damage to the MCT surface because ions striking the MCT .
surface have kinetic energies of less than 20 eV. This method creates a clean interface
between SiN, and MCT with a low fixed charge of —1.4 x 10! cm?, as well as a
low interface state density of ~10'' cm™ eV~'. In addition, the SiN, film has excellent
moisture resistance. The films have uniform composition with Si/N = 0.9 over the
film depth. A high performance MCT photodiode can thus be obtained using SiN,
film as a passivant®.

3.11 Cadmium Telluride

Being a higher bandgap (1.6 eV) material, CdTe can also be used to provide
surface passivation for Hg,gCd,,Te devices. In fact, in a backside-illuminated
configuration of the MCT hybrid mosaic FPA the Hg, ,Cd, Te active layer is grown
by liquid phase epitaxy on a CdTe substrate’. Here, CdTe not only acts as an
optically-transparent substrate but also provides electrical and chemical stability to
the semiconductor.

The deposition of cadmium telluride onto (HgCd)Te and the resulting interface
have been studied by a few workers. For example, CdTe has been deposited by
electron beam evaporation at a pressure of 5 X 107 torr, yielding thin polycrystalline
films, the MCT substrate being kept at room temperature®. Annealing the
CdTe/Hg, 4Cd, ,Te interface with a 1.06 um Nd: YAG laser relieved the strain which
had apparently developed due to a lattice mismatch of 0.2 per cent at the interface,
lattice parameter of CdTe being 6.477 A5 The annealing, however, caused diffusion
of Hg ions from the interfacial region into the passivant layer.

Graft, et al*® have grown CdTe layers on MCT by molecular beam epitaxy (MBE).
Their measurements of surface recombination velocities (s,) at the CdTe/(HgCd)Te
interface, however, gave values of s, = 10° — 10* cm/s. All the same, the authors
themselves consider these results to be inconclusive and believe that more careful
interface preparation should lead to reduced surface recombination velocities.

A summary of the propcrtles of the various passivant films on MCT 1.9 is given
in Table 1.

4. CONCLUSION

Once the choice of a high-quality substrate material has been made, surface
passivation is one of the most crucial steps in the fabrication of IR detectors. The
native oxide of (HgCd)Te, grown by electrochemical anodization process at room
temperature forms an excellent interface with the n-type semiconductor, achieving
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low interface state densities. The dark current component due to g-r through the fast
interface states can thus be reduced quite effectively. This oxide has a large fixed
positive charge at the interface which turns out to be rather advantageous for the
photoconductive and MIS type of devices fabricated from n-type (HgCd)Te. The
anodic oxide is therefore the natural choice in the fabrication of these devices. A thin
layer of anodic oxide is usually capped with a complementary layer of evaporated
ZnS. While the anodic oxide forms a good interface with (HgCd)Te, the ZnS film
serves as an antireflection coating having high dielectric strength. This combination
can also withstand the chemicals used in the device processing. However, in view of
its complex chemical nature, the growth mechanism of anodic oxide still eludes
understanding and more investigations are required.

It has recently been claimed that the chemically-grown native oxide of (HgCd)Te
formed by dipping the semiconductor wafer in K;Fe(CN), + KOH solution is superior
to the anodic oxide in terms of the simplicity of the method and the possibility of
applying the passivating film as the last step in the device fabrication sequence.

The anodic oxide of MCT is unsuitable for the photovoltaic dévices, usually
fabricated on p-type material, due to the high fixed positive charge. SiO, films, grown
by the photo-CVD technique at near-room temperatures, have proved successful in
providing an almost ideal interface to (HgCd)Te, with theinterface state and fixed
charge densities being lowest amongst the different passivant materials whilc achieving
good control over the surface potential of the semiconductor and surface leakage
currents. Some of the problems relating to the film porosity and adherence to MCT
have also been solved to some extent.

Anodically-grown native sulphide of (HgCd)Te has recently been tried as yet
another passivant for PV applications. It provides lower densities of fast as well as
slow interface states and also lower fixed charge densities. Being a native layer, the
anodic sulphide is excellent in adherence and has an edge over SiO, films-in this
respect. The native sulphide film is usually capped with a complementary ZnS layer
as in the case of anodic oxides. p

Still better surface passivation techniques are being explored in order to achieve
an improved control on the semiconductor surface potential and interface state density.
Efforts are directed at the identification of the origin of leakage currents, with particular
emphasis on control of surface potential and surface state densities and on device
designs which are less conducive to interband tunneling. For achieving improved
passivation, one would also require a better understanding of the defect chemistry
and the surface science of (HgCd)Te.

ACKNOWLEDGEMENTS

We are grateful to Dr AK Sreedhar, Director, Solid State Physics Laboratory,
Delhi for permission to publish this paper.



10.

11.

12.

13.

14.

15.

16.

Passivation of MCT Infrared Detectors 233

REFERENCES
Willardson, R. K. & Beer, A. C. (Eds). Semiconductors and semimetals, Vol.
18: Mercury cadmium telluride. Academic Press, New York, 1981.
Reine, M. B. Status of HgCdTe detector technology. Proceedings of the SPIE,
1983, 443, 2-10.

Knowles, P. Mercury cadmium telluride detectors for thermal imaging. GEC J.
Research, 1984, 2, 141-56.

Walter, G. A. & Dereniak, E. L. Photodetectors for focal plane arrays, Part 2:
HgCdTe. Laser Focus/Electro-Optics, 1986,(4), 86-96.

Reine, M. B.; Sood, A. K. & Tredwell, T. J. Photovoltaic infrared detectors,

An Scmlconductors and semimetals, Vol. 18: Mercury cadmium telluride, cdited

by R.K. Willardson & A.C. Beer. Academic Press, New York, 1981 Chapter
6. pp: 201-311.

Broudy, R. M. & Mazurczyk, V. J. (HgCd)Te photoconductive detectors. In
Semiconductors and semimetals, Vol. 18: Mercury cadmium telluride, edited by
R.K. Willardson & A.C. Beer. Academic Press, New York, 1981. Chapter S.
pp. 157-99.

Kinch, M.  A. Metal-insulator-semiconductor infrared detectors. In
Semiconductors and semimetals, Vol. 18: Mercury cadmium tellunide, edited by
R.K. Willardson & A.C. Beer. Academic Press, New York, 1981. Chapter 7.
pp- 313-84.

Ghandhi, S. K. VLSI fabricatien principles: silicon and gallium arsenide. John
Wiley, New York, 1983.

Rode, J. P. HgCdTe hybrid focal plane. Infrared Physics, 1984, 24, 443-53.

Itoh, M.; Takigawa, H. & Ueda, R. HgCdTe photoconductive detector array.
IEEE Trans. Electron Devices, 1980, ED-27, 150-54.

Wilson, J. A.; Cotton, V. A.; Silberman, J.; Laser, D.; Spicer, W. E. & Morgen,
P. (HgCd)Te-Si0, interface structure. J. Vac. Sci. Tech., 1983, Al, 1719-22.
Grove, A. S. Physics and technology of semiconductor devices. John Wiley
New York, 1967.

Grove, A. S. & Fitzgerald, D. J. The origin of channel currents associated with
p* regions in silicon. IEEE Trans. Electron Devices, 1965, ED-12, 619-26.

Haitz, R. H.; Goetzberger, A.; Scarlett, R. M. & Shockley, W. Avalanche
effects in silicon p-n junctions, Part I: Localised photomultiplication studies on
microplasmas. J. Applied Physics, 1963, 34, 1581-90.

Kinch, M. A. Electronic propemes of HgCdTe. J. Vac. Sci. Tech., 1982, 21,
215-19.

Spicer, W. E.; Silbermari, J. A.; Lindau, I.; Chen; A. B.; Sher, A. & Wilson,
J. A. Bandgap variation and lattice, surface, and interface instabilities in



234

17.

18.

19.

20.
21.

22.
23,

24,

25.
26.
27.
28.
29.
30.

31.

R Singh, et al

Hg, Cd Te and related compounds. J. Vac. Sci. Tech., 1983, A1, 1735-43.
Byer, N. E.; Davis, G. D.; Buchner, S. P. & Ahearn, J. S. Insulator interfaces
with Hg, Cd Te. In Insulating films on semiconductors, edited by J. F. Verweij
& D. R. Wolters. Elsevier Science, Amsterdam, 1983, pp. 238-44. .
Lastras-Martinez, A.; Lee, U.; Zehndef, J. & Raccah, P. M. Electrolyte
electroreflectance study of the. effects of anodization and of chemomechanical
polish on Hg, Cd Te. J. Vac. Sci. Tech., 1982, 21, 157-60.

Aspnes, D. E. & Arwin, H. Nondestructive analysis of Hgl_xCdee' (x = 0.00,
0.20, 0.29, and 1.00) by spectroscopic ellipsometry, Part I: Chemical oxidation
and etching. J. Vac. Sci. Tech., 1984, A2, 1309-15.

Kowalczyk, S. P. & Cheung, J. T. XPS mvesngatxon of the oxidation of
Hg, Cd Te surfaces. J. Vac. Sci. Tech., 1981, 18, 944-48.

Rhiger, D. R. & Kvaas, R. E. Composition of native oxides and ctehed surfaces
on Hg, Cd, Te. J. Vac. Sci. Tech., 1982, 21, 168-71.

Raccah, P. M.; Lee, U,; Sllberman, J. A.; Spicer, W. E. & Wilson, J. A.
Evidence of stress-mediated Hg migrationin Hgl_xCdee. Applied Physics Letters,
1983, 42, 374-76.

Kannam, P. J.; Murosako, R. & Briere, T. The effect of processing parameters

on the hfetlme of (Hg,Cd)Te material. J. Electrochemical Society, 1982, 129,
656-60.

Nitz, H. M.; Ganschow, O.; Kaiser, U.; Wiedmann, L. & Benninghoven, A.
Quasi-simuitaneous SIMS, AES, XPS, and TDMS study of preferential
sputtering, diffusion, and mercury evaporation in Cd Hg, Te. Surface Science,
1981, 104, 365-83.

Solzbach, U.& Richter, H. J. Sputter cleaning and dry oxidation of CdTe, Hg'Te,
and Hg, ,Cd, ,Te surfaces. Surface Science, 1980, 97, 191-205.

Harrison, W. A. The bonding properties of mercury-cadmium telluride. J. Vac.
Sci. Tech., 1983, A1, 1672-73.

Chen, A. B.; Sher, A. & Spicer, W. E. Relation between the electronic states
and structural properties of Hg, Cd Te. J. Vac. Sci. Tech., 1983, A1, 1674-77.

4

Cole, S.; Willoughby, A. F. W. & Brown, M. The mechanical properties of
Cd Hg, Te. J. Crystal Growth, 1982, 59, 370-74.

Catagnus, P. C. & Baker, C. T. Passivation of mercury cadmium telluride
semiconductor surfaces by anodic oxidation. US Patent 3,977,018. August 1976.

Nemirovsky, Y. & Kidron, I. The interface between Hg, Cd Te and its native
oxide. Solid State Electronics, 1979, 22, 831-37.

Beck, J. D.; Kinch, M. A.; Esposito, E. J. & Chapman, R. A. The MIS physics
of the native oxide-Hg,  Cd Te interface. J. Vac. Sci. Tech., 1982, 21, 172-77.






236

47.
48.
49.
50.
51.
52.
53.

54.

55.
56.

57.

38.

59.
60.

61.

R. Singh, et al

Nemirovsky, Y.; Margalit, S. & Kidron, I. N-channel insulated-gate ficld-effect
transistors in Hg, Cd Te with x = 0.215. Applied Physics Letters, 1980, 36,
466-68.

Chapman, R. A.; Kinch, M. A.; Simmons, A.; Borrello, S. R.; Morris, H. B.;
Wrobel, J. S. & Buss, D. D. Hg, ,Cd, ,Te charge-coupled device shift registers.
Applied Physics Letters, 1978, 32, 434.

Nemirovsky, Y.; Goshen, R. & Kidron, I. The interface of plasma-anodized
Hg, Cd Te. J. Applied Physics, 1982, 53, 4888-95. :

Kruse, P. W. The emergence of Hg, Cd Te as a modern infrared sensitive
material. In Semiconductors and semimetals, Vol. 18; Mercury cadmium
teliuride, edited by R.K. Willardson & A.C. Beer. Academic Press, New York,
1981. Chapter 1. p. 1.

Weast, R. C. (Ed). CRC handbook of chemistry and physics, Ed 65. CRC Press,
Boca Raton, Florida. 1984-85. p. E-89.

Schonbrodt, L. & Reichelt, K. Preparation of ZnS films by reactive sputtermg
and their investigation by electron microscopy and Rutherford backscattering.
Thin Solid Films, 1981, 81, 45-52.

Davis, G. D.; Sun, T. S.; Buchner, S. P. & Byer, N. E. Propertles of passivant
films on (Hpg, Cd)Te — interaction with the substrate. Proceedings of the SPIE,
1981, 285, 126-34.

Critchley, B. R. & Stevens, P. R. C. Composition of rf-sputtered ZaS films. J.
Physics, D: Applied Physics, 1978, 11, 491-97.
Murray, H. & Tosser, A. Characteristiques dielectriques du sulfure de zinc

obtenu par pulverisation cathodique reactive haute frequence. Thin Solid Films,
1973, 17, 75-83.
Harris, M.; Macleod, H. A.; Ogura, S.; Pelletier, E. & Vidal, B. Therelationship

between optical inhomogeneity and film structure. Thin Solid Films, 1979, 57,
173-78. ‘

Macleod, H. A. Structure-related optical propertics of thin films. J. Vac. Sci.
Tech., 1986, A4, 418-22.

Pulker, H. K. & Jung, E. Correlation between film structure and sorption
behaviour of vapour deposited ZnS, cryolite and MgF, films. Thin Solid Films?
1972, 9, 57-66.

- Barocela, E. Secondary ion mass spectroscopy analysis of moisture penetration

of dielectric films. J. Vac. Sci. Tech., 1986, A4, 1893—96.

Martin, P. J.; Macleod, H. A.; Netterfield, R. P.; Pacey, C. G. & Sainty, W
G. Ion beam-assisted deposition of thin films. Applied Optics, 1983, 22, 178-84.

Varitimos, T. E. & Tuticon, R. W, Ion beam sputtering of ZnS thin films. Thin
Solid Films, 1987, 151, 27-33.



62.

63.

65.

67.

68.

69.

70.

71.
1.

73.
74.

75.
76.

7.

Passivation of MCT Infrared Detectors 237

Tobin, S. P.; Iwasa S. & Tredwell, T. J. 1/f noise in (Hg, Cd)Te photodiodes.
IEEE Trans Electron Devices, 1980, ED-27, 43-48.

Chung, H. K.; Rosenberg, M. A. & Zimmermann, P. H. Origin of 1/f noise
observed in Hg, ,Cd, ,Te variable area photodiode arrays. J. Vac. Sci. Tech.,
1985, A3, 189-91. ,

Bajaj, J.; Williams, G. M.; Sheng, N. H.; Hinnrichs, M.; Cheung, D. T.; Rode,
J. P. & Tennant, W. E. Excess (1/f) noise in Hg,,Cd, ,Te p-n junctions. J. Vac.
Sci. Tech., 1985, A3, 192-94. v ‘
Kalma, A. H. & Hopkins, M. A. Ionizing radiation effects in HgCdTe MIS
capacitors. IEEE Trans. Nucl. Sci., 1981, NS-28, 4083.

Peters, J. W. Low temperature photo-CVD oxide processing for semiconductor

device applications. IEDM Technical Digest, 1981, 240-41.

Peters, J. W.; Rogers, H. N.; Hall, J. T. & Yee, E. M. Photochemical vapour
deposition of silicon dioxide. Electrochemical Society Extended Abstracts, 1982,
82, 324. (abstract 202)

Chen, J. Y.; Henderson, R. C.; Hall; J. T. & Peters, J. W. Photo-CVD for
VLSI isolation. J. Electrochemical Society, 1984, 131, 2146-51.

Janousck, B. K.; Carscallen, R. C. & Bertrand, P. A. Passivation propertics

and interfacial chemlstry of photochemically deposnted SiO, on Hg, ,\Cd, 3 Te.
J. Vac. Sci. Tech., 1983, A1, 1723-24.

Rosbeck, J. P. & Blazejewski, E. R. Investigation'of generation processes at
the SiO,/HgCdTe interface by gate controlled diodes. J. Vac. Sci. Tech., 1985,
A3, 280-84.

Wilson, J. A. & Cotton, V. A. Electrical properties of the SlO :HgCdTe
interface. J. Vac. Sci. Tech., 1985, A3, 199-202.

Wilson, J. A. & Cotton, V. A. Effects of H,0 on the St() :HgCdTe interface.
J. Applied Physics, 1985, 57, 2030-35.

Tsau, G. H.; Sher, A.; Madou, M.; Wilson, J. A.; Cotton, V. A. & Jones, C.
E. Low-frequency admittance measurements on the HgCdTe/photox SiO,

interface. J. Applied Physics, 1986, 59, 1238-44.

Tsau, G. H.; Sher, A.; Madou, M.; Wilson, J. A.; Cotton, V. A. & Jones, C.
E. State characterlzatlon of the Hg, LCd, Te/photox SzO interface. J. Vac. Sci.
Tech., 1986, A4, 1983-85.

Rhiger, D. R. & Kvaas, R. E. Hg, ,Cd Te native oxide reduction by CvVD Sio,.
J. Vac. Sci. Tech., 1982, 21, 448-52.

Rhiger, D. R. & Kvaas, R. E. Solid-state quaternary phase equilibrium diagram
for the Hg-_Cd-‘Te-O system. J. Vac. Sci. Tech., 1983, Al, 1712-18.

Herman, F. & Kasowski, R. V. Electronic structure of defects at S$i/SiO,

interfaces. J. Vac. Sci. Tech., 1981, 19, 395-401.



238

78.

79.
80.

81.

82.

83.

84.
85.
86.

87.
88.

89.

90.
91.
%.
93,

94.

R. Singh, et al

Kalma, A. H.; Hartmann R. A. & Janousek, B. K. Ionizing radiation effects
in HgCdTe MIS capacitors containing a photochemically deposited SiO, layer.
IEEE Trans. Nucl. Sci., 1983, NS-30, 4146-50. _
Nemirovsky, Y. & Burstein, L. Anodic sulfide films on Hg, .Cd Te. Applied
Physics Letters, 1984, 44, 443-44.

Nemirovsky, Y.; Burstein, L. & Kidron, 1. Interface of p-type Hg, Cd, Te
passivated with native sulfides. J. Applied Physics, 1985, 58, 366-73.
Nemirovsky, Y.; Adar, R.; Kornfeld, A. & Kidron, 1. Gate-controlled
Hg, ,Cd,Te photodiodes passivated with native sulphides. J. Vac. Sci. Tech.,

"~ 1986, A4, 1986-91.

Weiss, E. & Mainzer, N. The characterization of anodic fluoride films on
Hg, Cd Te and their interfaces. J. Vac. Sci. Tech., 1988, A6, 2765-71.

Mainzer, N.; Weiss, E.; Laser, D. & Shaanan, M. Effect of anodic fluoro-oxide
on the thermal stability of Hg, Cd, Te photoconductive arrays. J. Vac. Sci. Tech.,
1989, A7, 460-63.

Gauthier, A. Process for passnvatlon of photoconductive dctectors made of
HgCdTe. US Patent 4,624,715. November 1986.

‘Buchner, S. P.; Davis, G. D. & Byer, N. E. Photochemical oxidation of

(Hg,Cd)Te. J. Vac. Sci. Tech., 1982, 21, 446-47.

Davis, G. D.; Buchner, S. P. & Byer, N. E. Composition study of
photochemlcally grownoxidesof Hg, . Cd Te.J. Vac. Sci. Tech., 1983, A1, 670-71.
R. Singh, Unpublished report.

Janousek, B. K. & Carscallen, R. C. Photochemical oxidation of (Hg,Cd)Te:
passivation processes and characteristics. J. Vac. Sci. Tech., 1985, A3, 195-98.
Chang, R. P. H.; Polak, A. J.; Allara, D. L.; Chang, C. C. & Lanford, W. A.
Physical properties of plasma-grown GaAs oxides. J. Vac. Sci. Tech., 1979, 16,
161.

Nemirovsky, Y. & Goshen, R. Plasma anodization of Hg”Cd Te. Applied
Physics Letters, 1980, 37, 813-15.

Makky, W.H. & Siddiqui, A. Growth, composition and surface structure of
Hg, Cd,Te plasma oxides. J. Vac. Sci. Tech., 1986, A4, 3169-73.

Matsuo, S. & Kiuchi, M. Low temperature CVD method utilising electron
cyclotron resonance plasma. Japanese J. Applied Physics, 1983, 22 1L210-12.

Sudo, G.; Kajihara, N.; Miyamoto, Y. & Tanikawa, K. Reduction of Hg, Cd, Te
native oxides during the SiN,_ deposition process. Applied Physics Letters, 1987,
51, 1521-23,

Anmirtharaj, P. M.; Pollak, F. H.; Waterman, J. R. & Boyd, P. R. Electrolyte
electroreflectance study of laser annealing effects on the CdTe/Hg,, Cd,,Te
(111) system. Applied Physics Leuers, 1982, 41, 860-62.



95.

Passivation of MCT Infrared Detectors ' 239

Graft, R. D.; Carlson, F. F.; Dinan, J. H.; Boyd, P. R. & Longshore, R.E.
Surface and imerface recombination in thin film HgCdTe photoconductors. J.
Vac. Sci. Tech., 1983, Al, 1696-99. ; T

Nemirovsky, Y. & Bahir, G. Passivation of mercury cadmium telluride surfaces.
J. Vac. Sci. Tech., 1989, A7, 450-59. : ‘ :



