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(57) Abstract: A method of fabrication of electrical contact structures on a semiconductor material is described comprising the
steps of: depositing an oxide of a desired contact material by a chemical electroless process on a face of the semiconductor materi-
al; and reducing the oxide via a chemical electroless process to produce a contact of the desired contact material. A method of fab-
rication of a semiconductor device incorporating such electrical contact structures and a semiconductor device incorporating such
electrical contact structures are also described.
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SEMICONDUCTOR DEVICE CONTACTS

The invention relates to a method of fabrication of electrical contact
structures for a semiconductor, to a method of fabrication of a
semiconductor device incorporating such electrical contact structures, and
to a semiconductor device incorporating such electrical contact structures.
The invention in particular relates to a semiconductor device for high
energy physics applications, such as a detector for high energy radiation.
The invention in particular relates to a semiconductor device comprising a
large direct band gap semiconductor material, for example a group II-VI
semiconductor material such as cadmium telluride (CdTe), cadmium zinc
telluride (CZT), cadmium manganese telluride (CMT) or the like, for

example formed as a bulk single crystal.

Cadmium telluride and similar semiconductor materials have found
application in recent years in a variety of high energy physics applications,
such high energy radiation detection. In particular their ability to resolve
high energy electromagnetic radiation such as x-rays or gamma rays
spectroscopically has been utilised. This may be especially the case
where the material is fabricated as a bulk scale single crystal, which has
become a more practical proposition as a result of the development of bulk
vapour deposition techniques, for example multi-tube physical vapour
phase transport methods, such as that disclosed in EP-B-1019568.

The performance of the devices based on such materials depends both on
the electrical properties of the semiconductor and on the qualities of the
deposited contacts and more precisely on the interface formed between
contact/semiconductor. Indeed, the contact material can inherently affect
the overall device behaviour, as can the choice of the deposition method

since this can have an important influence on the composition of the
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interfacial layer formed between contact/ semiconductor. Current practical
methods for deposition of contacts include evaporation, sputtering,
electrolytic and electroless chemical deposition.

To make a good nuclear detector in CdTe, it is important to have two types
of contacts: one is injecting type on one face of the detector and the other
is blocking type on the other face. The choice of an optimized couple
injecting/blocking assures to limit the leakage current and allows the
application of a high voltage into the device, without having a polarisation
effect.

At the present time, the deposition of contact done by a physical
deposition method (e.g. sputtering) is following by an annealing process to
diffuse the metal in the CdTe and, like this, to have a good contact
between the two elements.

Deposition by a chemical electroless process is often preferred as a
method simpler and quicker to carry out than the physical deposition and
as a method that creates a stronger chemical bonding between the
contacts and the material CdTe without necessity to anneal. At the present
time three standard types of contacts, gold, platinum and palladium
contacts, are typically produced by this method. The range of practical
chemical electroless contacts is thus generally limited.

According to the invention in a first aspect a method of fabrication of
contacts on a semiconductor material comprises the steps of:

depositing an oxide of a desired contact material by a chemical electroless
process on a face of the semiconductor material; and

reducing the oxide via a chemical electroless process to produce a contact

of the desired material.
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According to the invention in a further aspect, a method of fabrication of a
semiconductor device comprises:

providing a semiconductor structure having at least a first layer of
semiconductor material on which it is desired to create an electrical
contact;

depositing an oxide of a desired contact material by a chemical electroless
process on a face of the semiconductor material; and

reducing the oxide via a chemical electroless process to produce a contact
of the desired contact material.

According to the invention in a further aspect, a semiconductor device
comprises at least a first layer of semiconductor material having deposited
thereon a contact structure deposited via a two stage chemical electroless
process comprising first the deposition of an oxide of the desired contact
material and subsequently the reduction of the oxide of the contact

material to produce a conducting contact.

Deposition is via a two-stage chemical electroless process. The use of the
chemical electroless method may present a number of advantages in
comparison with the other methods of deposition such as evaporation,
sputtering; including one or more of:
- Easy and fast deposition (few minutes).
- Avoids sources of contamination and reduces the formation of
oxide layers before contact deposition.
- Allows the deposition of injecting contacts, which are able to solve
the problem of polarisation.

- Low cost.



10

15

20

25

30

WO 2010/133869 PCT/GB2010/050804

The two stage process is found to increase significantly the range of
contact materials available for use. In particular, it may become possible to
deposit contact materials having a work function substantially different
from the semiconductor material and of Au, Pt or Pd. Contact materials
must comprise suitable electrical conductors in the reduced state. Subject
to this proviso they may be metal or non-metallic semiconductor, pure

element or alloy.

The step of depositing an oxide of a desired contact material by a
chemical electroless process on a face of the semiconductor material
conveniently comprises applying to the semiconductor, and in particular
immersing the semiconductor in, a solution from which a relatively
insoluble oxide of a desired contact material is deposited onto the
semiconductor material. Such a solution thus comprises a deposition
solution. Preferably the relatively insoluble oxide layer is formed
chemically at the semiconductor surface by oxidation of the semiconductor
material at the surface. Preferably the step of depositing an oxide of a
desired contact material is performed in an acidic environment, for
example by applying to and for example immersing in an acidic solution.
Preferably the deposition solution is acidic. Particularly preferably the
solution includes oxoacid anions of the desired contact material. For
example the deposition solution comprises a solution of a metal oxoacid of
a desired metal contact material.

The step of reducing the resultant oxide via a chemical electroless process
to produce a contact of the desired contact material conveniently
comprises applying to the semiconductor, and in particular immersing the
semiconductor in, a reducing agent. Preferably the step of depositing an
oxide of a desired contact material is performed in a basic environment,

for example by applying to and for example immersing in a basic solution.
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A convenient reducing agent might include ammonia solution.

Thus in the preferred case the method comprises dipping the
semiconductor successively into a first, deposition solution by means of
which an oxide layer is formed via a chemical electroless process and for
example oxidatively at the semiconductor surface and into a second,
reducing solution by means of which the oxide layer is reduced via a
chemical electroless process to a layer of desired contact material.

The semiconductor material onto which the contact is deposited is
preferably a material adapted for high energy physics applications, such
as a material able to act as a detector for high energy radiation, and for
example high energy electromagnetic radiation such as x-rays or gamma
rays or subatomic particle radiation. The resultant device comprises at
least one layer of such material and is thus a device adapted for high
energy physics applications, and a detector for high energy radiation such

as x-rays or gamma rays or subatomic particle radiation.

In a preferred embodiment the semiconductor device is a detector device
adapted to exhibit a spectroscopically variable response to incident
radiation across at least a substantial part of the radiation spectrum in use.
In particular the semiconductor material preferably exhibits inherently as a
direct material property a direct variable electrical and for example
photoelectric response to different parts of the radiation spectrum in use.
In a preferred embodiment the semiconductor material is formed as a bulk
crystal, and for example as a bulk single crystal (where bulk crystal in this
context indicates a thickness of at least 500 um, and preferably of at least

1 mm).

In a preferred embodiment the semiconductor material may be selected
from Group II-VI semiconductors and in particular may be selected from

cadmium telluride, cadmium zinc telluride (CZT), cadmium manganese
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telluride (CMT), and alloys thereof, and for example comprise crystalline
Cdi.(a+pyMnaZnyTe where a+b <1 and a and/ or b may be zero.

Conventionally, contacts for such materials applied by a chemical
electroless process have typically been limited to the three standard types
of contacts, gold, platinum and palladium. The method of the invention

makes a greater range of contact materials more practical.

In particular, the invention makes it possible to select as a contact material
a material to form an ohmic contact, for example a material having a high
work function offering potentially better ohmic behaviour than Au, Pt or Pd.
Examples of such materials include materials selected from the group
comprising Ge, W, Mo, Cu, Ir, Rh, Ru, Se, Sn, Os, Re, Ni, Sb and alloys
and combinations thereof. Alternatively, the invention makes it possible to
select as a contact material a material to form a Shottky diode/ blocking
contact. Examples of such materials include include materials selected

from the group comprising Bi, In, Tl and alloys and combinations thereof.

Materials which form stable relatively insoluble oxide structures during the
first deposition step are likely to be preferred. Transition metals and in
particular those with a larger number of valence electrons may be
preferred. Metals which form oxoanions soluble in agqueous acid conditions
with a valency of at least five, and more preferably at least six, which are
capable of being reduced by electroless reaction with the surface of the
semiconductor material to form a stable relatively insoluble oxide layer
may be preferred. Tungsten and molybdenum are particularly suited to the
method of the invention. In particular, it appears that W and Mo are
particularly interesting elements because both have a higher work function

than CdTe and a rich number of valence electrons.
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The invention will now be described by way of example only with reference
to examples of deposition of tungsten and molybdenum contacts, and with
reference to figures 1 to 5 in which:

Figure 1 shows a CdTe device before and after a first bath in a process to
apply a W contact;

Figure 2 shows a CdTe device before and after a second bath in a
process to apply a W contact;

Figure 3 shows a CdTe device before and after application of a Mo
contact;

Figure 4 shows the current-voltage data for a CdTe device with a Pt, W
and Mo contact compared;

Figure 5 shows °’Co Gamma ray spectrum for a CdTe device with a Pt, W
and Pt contact compared;

Figure 6 shows the RBS data for a CdTe device with a Pt contact;

Figure 7 shows the RBS data for a CdTe device with a W and Mo contact
compared.

EXAMPLES

1. Tungsten (W)

The tungsten contacts are carried out by dipping the CdTe into two baths.
The first bath comprises an acid solution from which insoluble oxides of
tungsten may be deposited at the CdTe semiconductor surface. The
second bath reduces these oxides to tungsten metal.

1. 1. Oxidation

The first bath has the purpose to create a strong chemical bonding

between CdTe and W through a layer of tungsten oxide. This bath is a
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mixture of tungstic acid (H2WO4) in main component. Under the acidic
solution environment, the tungsten compound is under the form WO,*
ions in the solution. These ions react with CdTe at the surface to form a
layer of insoluble oxides WO, and W20Os on the surface of the
semiconductor, as described by these equations:
2 WO4Z +6 H" +Te? < Wy0s(s) + 3H0 + Te®  AE =1.941V
2WO4% +8H" +Te? < 2WOy(s) +4H.0 + Te® AE=1.526V
W20s(s) + 2 H + Te* < 2 WOy(s) + H.O + Te® AE=1.109V

After a few seconds of dipping, the detector is covered with a brown layer
(WO_) with blue reflections (W20s) like shown on the Fig 1.

1. 2. Reduction

The second bath is an ammonia solution; it has the purpose to reduce the
oxide layers to tungsten metal:

W20s(s) = WO2(s) = W(s)
After few minutes of dipping, the coating of oxides is reduced in tungsten

as shown on the Fig 2.
2. Molybdenum (Mo)

Like the tungsten contacts, molybdenum contacts are created by dipping
CdTe semiconductor material into two baths.

2. 1. Oxidation
In like manner to the example given for tungsten contacts, the first bath

creates an oxide layer at the surface of CdTe. This bath is a mixture of
molybdic acid (Ho-MoQ,) mainly. The ions HMoO, and MoO4* are in the
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majority in the solution. They react with CdTe to form a layer of MoO, and
Mo20Os, as describe by these equations:

MoO4* + 4 H* + Te* < MoOx(s) + 2 H.O + Te® AE =1.526V
2Mo"' + Te* = 2Mo¥+Te® AE=1.35V
HMoO4 + 3 H" + Te® < MoOq(s) + 2 H,O + Te® AE =1.349V

Like tungsten contacts, the choice of reactants (other than molybdic acid)
in the solution is critical to stabilize one or two forms of oxides.
After few minutes of dipping, the detector is covered with a gray layer.

2. 2. Reduction

After a few minutes of dipping in ammonia solution, the coating of oxides
is reduced to molybdenum as shown on the Fig 3.

Detector characterisation data is shown in figure 4 and 5 and in the tables

below for tungsten and molybdenum and platinum contacts.

Size (mm) Voltage (V) 1(nA) P/V FWHM (KeV) Efficiency

Pt/Pt
contact 4x4x2 100 70 3.5 8.1 202
Mo/Mo
contact 4x4x2 100 90 3.5 8.2 206
W/W
contact 4x4x2 100 100 2.4 14 198

Table 1 — Data for figures 4 and 5 example

Rutherford Back Scattering (RBS) spectrums were shown on the figures 6
and 7 for Pt, Mo and W contacts. The RBS peaks for these three contacts
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are well visible on the same figures. The measured thicknesses of Pt, Mo
and W contact layers are respectively 250 A, 60 A and ~10 A.

It will be appreciated that tungsten and molybdenum are described as
suitable preferred example contacts and CdTe as a suitable preferred
example semiconductor, but that the principles of the two stage electroless
contact deposition described in accordance with the invention may be
appropriate to a range of semiconductor materials and to the deposition of

other contact materials exhibiting similar chemistry.
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11

CLAIMS

A method of fabrication of contacts on a semiconductor material
comprising the steps of:

depositing an oxide of a desired contact material by a chemical
electroless process on a face of the semiconductor material; and
reducing the oxide via a chemical electroless process to produce a
contact of the desired contact material.

A method in accordance with claim 1 wherein the step of depositing
an oxide of a desired contact material by a chemical electroless
process on a face of the semiconductor material comprises
applying a deposition solution from which a relatively insoluble
oxide of a desired contact material is deposited onto the

semiconductor material to the semiconductor.

A method in accordance with claim 2 wherein the step of depositing
an oxide of a desired contact material by a chemical electroless
process on a face of the semiconductor material comprises

immersing the semiconductor in the deposition solution.

A method in accordance with claim 2 or 3 wherein the deposition
solution is selected such that the relatively insoluble oxide layer is
formed chemically at the semiconductor surface by oxidation of the

semiconductor material at the surface.

A method in accordance with one of claims 2 to 4 wherein the
deposition solution is acidic.
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12.

13.
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A method in accordance with one of claims 2 to 5 wherein the
deposition solution includes oxoacid anions of the desired contact

material.

A method in accordance with claim 6 wherein the deposition
solution comprises a metal oxoacid of a desired metal contact

material.

A method in accordance with any preceding claim wherein the step
of reducing the oxide via a chemical electroless process comprises
applying a reducing agent to the semiconductor.

A method in accordance with claim 8 wherein the step of reducing
the oxide via a chemical electroless process comprises immersing

the semiconductor in a reducing agent.

A method in accordance with claim 8 or 9 wherein the step of

reducing the oxide is performed in a basic environment.

A method in accordance with one of claims 8 to 10 wherein the

reducing agent includes ammonia solution.

A method in accordance with any preceding claim wherein the
semiconductor material onto which the contact is deposited is a
material adapted for high energy physics applications.

A method in accordance with claim 12 wherein the semiconductor
material is a material able to act as a detector for high energy
radiation, and for example high energy electromagnetic radiation

such as x-rays or gamma rays or subatomic particle radiation.

PCT/GB2010/050804
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14.

15.

16.

17.

18.

19.

20.

13

A method in accordance with any preceding claim wherein the
semiconductor material is formed as a bulk single crystal.

A method in accordance with any preceding claim wherein the
semiconductor material is selected from cadmium telluride,
cadmium zinc telluride (CZT), cadmium manganese telluride (CMT),
and alloys thereof.

A method in accordance with claim 15 wherein the semiconductor
material comprises crystalline Cdi.a+n)MnaZn,Te where a+b <1 and
a and/ or b may be zero.

A method in accordance with any preceding claim wherein the
contact material is a material having a higher work function than Au,
Pt or Pd.

A method in accordance with any preceding claim wherein the

contact material is selected to form an ohmic contact.

A method in accordance with claim 17 or claim 18 wherein the
contact material is selected from the group comprising Ge, W, Mo,
Cu, Ir, Rh, Ru, Se, Sn, Os, Re, Ni, Sb and alloys and combinations
thereof.

A method in accordance with claim 19 wherein the contact material
is selected from tungsten and molybdenum.
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22.

23.

24.
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A method in accordance with one of claims 1 to 16 wherein the
contact material is selected to form a Shottky diode or blocking
contact.

A method in accordance with claim 21 wherein the contact material
is selected from the group comprising Bi, In, Tl and alloys and
combinations thereof.

A method of fabrication of a semiconductor device comprising:
providing a semiconductor structure having at least a first layer of
semiconductor material on which it is desired to create an electrical
contact;

depositing an oxide of a desired contact material by a chemical
electroless process on a face of the semiconductor material; and
reducing the oxide via a chemical electroless process to produce a
contact of the desired contact material via the method of any

preceding claim

A semiconductor device comprising at least a first layer of
semiconductor material having deposited thereon a contact
structure deposited via a two stage chemical electroless process in
accordance with any preceding claim.
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