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FORMING CONTACTS ON SEMICONDUCTOR SUBSTRATES FOR
RADIATION DETECTORS AND IMAGING DEVICES

5 The invention relates to methods of manufacturing radiation detectors and
radiation imaging devices, radiation detectors and imaging devices manufactured by
these methods and the use of such imaging devices.

A typical method of manufacturing a radiation detector for an imaging device
comprises applying a layer of a metal such as aluminium to both of the main surfaces

10 of a planar semiconductor substrate, applying a layer of photoresistive material w©
cover the semiconductor material, exposing the photoresistive material on the surface
of the planar substrate with an appropriate mask pattern, removing the photoresistive
material to expose a pattern of the metal to be removed, etching away the metal to
be removed and then removing the remaining photoresistive material to leave a

15  pattern of contacts on one surface of the substrate and a metallised layer on the other
surface of the substrate. The contacts on the first surface of the substrate then define
an arrangement of radiation detector cells.

For optical wavelengths and charged radiation (beta-rays), silicon has typically
been used for the semiconductor material for the substrate. A method of the type

20  described above has been used to good effect with this material.

In recent years, cadmium zinc telluride (CdZnTe) has increasingly been
proposed as a more suitable semiconductor material for use in X-ray, gamma-ray and
to a lesser extent beta-ray, radiation imaging. CdZnTe is good at absorbing X-rays
and gamma-rays giving better than 90% efficiency for 100keV X-rays and gamma-

25 rays with a 2mm thick detector. The leakage or dark current of these detectors can
be controlled and values of the order of lOnA/cm2 or less at 100Volts bias are
achievable. |

A small number of companies worldwide currently produce these detectors
commerciaily in a variety of sizes and thicknesses. Usually one or both sides of the

30 planar detectors are contacted with a continuous metal layer such as gold (Au) or

platinum (Pt). As mentioned above, such detector substrates then need to be
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layer techniques) so that the position dependent electrical signals which result from

incidence and absorption in the detector cells of X-rayé or gamma-rays can be

10 processed. The readout chip could be of the pulse countging type with very fast
integration and processing time (typical a few microseconds or at most a few
milliseéonds). Alternatively, it may be one of type described in the Applicant’s
International patent application PCT EP95/02056 which provides for charge
accumulation for individual detector cells. With an imaging device as described in

15 PCT EP95/02056, integration times can be several milliseconds, or tens or hundr_eds
of milliseconds. As the signal integration or standby/readout period increases it
becomes more critical that the gold or platinum contacts on the CdZnTe surface are
electrically separated to a high degree to avoid signals from neighbouring contacts
(pixel pads) leaking and causing the contrast resolution to degrade.

20 . Tt has been found that the traditional method of forming the contacts on the
detector surface, particularly when CdZnTe is used as the semiconductor material,
does not provide as high an electrical separation of the contacts would be desired to
make optimum use of the advantages which are to be derived from the imaging
devices as described in the International application PCT EP95/02056, which is

25  incorporated herein by reference.

In accordance with one aspect of the invention, there is provided a method of
manufacturing a radiation detector, having metal contact structures on a
semiconductor substrate at spaced positions for defining radiation detector cells,
wherein the method includes the steps of:

30 a) forming one or more layers of material on a surface of the substrate with

openings to the substrate surface at the contact positions;
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In recent years, cadmumzinc telluride (CdZnTe) has i ncr easi ngly been
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The present inventors have found that the surface resistivity of a CdZnTe

5 semiconductor substrate is degra&ed when the substrate is exposed to metal etchants
suitable for removing gold and/or platinum. As a result of this, the electrical
separation of the individual contacts which result from the conventional method of
forming such contacts is not as good as would be expected from the properties of that
material before treatment. By using a method in accordance with the invention, the

10  surface of the semiconductor substrate between the contacts can be isolated from the

metal etchants, thus preventing the damage which would result if the metal etchants

came into contact with the semiconductor surface,

In one method in accordance with the invention, step (a) includes:

a(i) forming a layer of photoresistive material on the substrate surface;

15  a(ii) s;lectively exposing the photoresistive material and removing photoresistive
material from areas corresponding to the contact positions to expose the
substrate surface.

In another method in accordance with the invention, step (a) includes:

a(i) forming a layer of passivation material on the substrate surface;

20 a(ii) forming a layer of photoresistive material on the passivation layer;

a(iii) selectively exposing the photoresistive _ material and removing the
photoresistive material from areas corresponding to the contact positions to
expose the passivation material layer; and

a(iv) removing the passivation material from the areas exposed in step a(iii)

25 corresponding to the contact positions to expose the substrate surface.

The use of an insulating layer of passivation material means that after
manufacture of the detector, the passivation material remains between the contacts
protecting the semiconductor surface from environmental damage in use and further
enhancing the electrical separation of the contacts. '

30 To protect the other main surface and the sides (edges) of the semiconductor

substrate, photoresistive material can additionally be applied to all exposed surfaces

———

i i~
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5 removing the photoresistive material of the further layer apart from areas

corresponding generally to the openings; and
c(iii) removing metal not covered by the photoresistive material of the further layer.

A further step, after step c(iii), can include:

c(iv) removing remaining photoresistive material.

10 In a preferred method in accordance with the invention, the areas
corresponding generally to the openings are larger than the corresponding openings,
so that after the removal in step c(iii) of the metal not covered by the photoresistive
material of the further layer, the contacts cover the opening and also extend up and
laterally beyond the opening. In this way the ingress of metal etchant around the

15  photoresistive material, whereby the metal etchant might reach the semiconductor
surface, can be avoided.

The invention finds particular, but not exclusive use with substrates formed
of cadmium zinc telluride (CdZnTe). It will be appreciated that the method of the
invention can be used with other substrate materials as well.

20 Preferably, the metal layer for forming the contacts is applied by a method
such as sputtering, evaporation or electrolytic deposition, preferably by sputtering.

Preferably, the metal layer for forming the contacts comprises gold (Au),
although other metals, for example platinum (Pt) or indium (In), could also be used.

Preférably, the passivation layer is formed of aluminum nitride (AIN).

25 Step (c) can comprise removing unwanted metal by a photoresist liftoff
technique, although more typically step (c) comprises removing unwanted metal by
means of an appropriate metal etchant.

Each metal contact can define a respective pixel cell of an array of pixel cells,
or one of a plurality of strips arranged parallel to each other, depending on the

30 application of the detector.

With a method according to the invention, the metal contacts can be of the
_ _
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be formed on the opposite surface of the substrate prior to step (a) of the method
described above.
The invention further provides a method of manufacturing a radiation imaging

10  device comprising:

manufacturing a radiation detector as defined above; and

individually connecting individual contacts for respective detector cells to
corresponding circuits on a readout chip, for example by a flip-chip technique.
In accordance with another aspect of the invention, there is provided a

15 radiation detector comprising a semiconductor substrate with a plurality of metal
contacts for respectivé radiation detector cells on a first surface thereof and layer of
metallisation on a surface of the substrate opposite to the first surface, wherein the
overall width of the metal contacts is larger than the width of the contact adjacent the
substrate.

20 In a preferred embodiment of the invention the semiconductor substrate is
made of cadmium zinc telluride (CdZnTe), although other semiconductor substrate
materials, for example cadmium telluride (CdTe), could be used. Preferably also
passivation material is provided between individual contacts. Aluminium nitride has
been found to be particularly effective as a passivation material for CdZnTe because

25 it can be applied at low temperature, CdZnTe being temperature sensitive.

The invention also provides a radiation detector comprising a semiconductor
substrate with a plurality of metal contacts for respective radiation detector cells on
a first surface thereof and a layer of passivation material on the surface between the
metal contacts, the passivation material comprising aluminium nitride.

30 The metal contacts can define an array of pixel cells, or a plurality of strips

arranged parallel to each other, depending on the field of use of the detector.
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radi ati on detector cells and a | ayer of conductive material on a second

surface,of said 30 substrate opposite to sal d first surface, said

substrate bei ng formed from cadm upr 4 t+e-4r i de or cadm um

teFluri de seniconductor material f DTH@eﬁb%ﬁu hﬁmBEEH s, gamma-rays or

beta-rays, and said cell contacts pnd s&icdLAGHRr of |conductive materi al

3 b&YP128¥2said first and sSecond surtaces, Tespect PGHERP6QF34E i
seni conduct or material, wherein said nethod includes steps of formng

"said contacts on said first surface i Acl udi ng steps of:

Pixel contacts formed on detector substrate are preferably substantially circular
and are arranged in a plurality of rows, more preferably with alternate rows
preferably being offset from adjacent rows.

The metal contacts are of the order of 10um across with a spacing of the order

5 of Sum.

In detectors in accordance with the invention, the resistivity between metal
contacts should be in excess of 1G{)/square, preferably in excess of 10GQ/square,
more preferably in excess of 100GQ/square and even more preferably in excess of
1000GQ/square (1TQ/square).

10 ~ The invention also provides a radiation imaging device comprising a radiation
detector as defined above and a readout chip having a circuits for accumulating
charge from successive radiation hits, individual contacts for respective detector cells
being .connected by a flip-chip technique to respective circuits for accumulating
charge.

15 A radiation imaging device in accordance with the invention finds particular
application for X-ray, gamma-ray and beta-ray imaging.

Thus, an embodiment of the "invention can provide a method for
manufacturing, for example, detectors having a CdZnTe substrate with one side
uniformly metallised with gold and the other side patterned with gold structures in a

20 manner that does not adversely affect the surface characteristics of the CdZnTe
substrate between the gold structures. Thus, a method can be provided for creating
gold structures on one side of a CdZnTe detector, the method achieving inter-
structure resistivity of the order of G{}/square or tens or hundreds of GQ/square.

The use of an electrically insulating passivation layer between contacts further

25 enables the area between metal contacts to be protected, thus giving the detector
stable performance over time and avoiding effects such as oxidation which increase
the surface leakage current and decrease the inter-contact resistivity. Aluminum
nitride (AIN) passivation has been found to be particularly effective when applied
between gold contacts t.o protect the surface and enhance the electrical separation of

30 the gold contacts. The passivation layer of aluminium nitride can be implemented at

relatively low temperatures typically less than 100°C. By contrast, silicon oxide
—_—
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a) formng |layers on said first surface of said substrate with openings
tozsaid., 5 substrate surface at said contact positions, including

subst eps of: a(i) frerm-Rg—a—tayer—gfpassivation material on
saifd. first substrate surface; THIS Sﬁgg&é%@abﬁém orming a | ayer of

phot or esi st | rial on said fdassiv& yer; g 1)

sel ecti vel y%i%@l[’ﬁg sai d photoresistive material; PCT/EPS a(iv

renovi ng said photoresistive material from 2r eas corresponding to said 10
contact positions to expose said passivatioh material |ayer;

a(v) renoving said passivation material from said areas exposed in step

a(iv) correspondipng.to, sai.d confact positiqns to exposge.said fjrst

sfjbs% rate suEf acéggz)’ Wh":ﬁtﬁ 'yp‘c_agbﬁf Pﬁd’ pAStIAnt g?fesﬁmgﬁis(gl) |s%f9'8f"edé‘f‘°ésn&“§‘§i d
openi ngs; and 15températures ICERR¥dsT Z0BP@| A& dxpbsige SR tidse tenipeairerGiAnTyer
to separate individuyal detector cell contacts, including
subst eps of : would be “.n“s‘l‘?{e'r) forming a further |ayer of photoresistive
material on at |east S@bslliments and of the invention will'®é @escribed hereinafter, by Walyiof

sel ectively exposing said photoresistive material of said further |ayer
5 example only, with reference to the accompanying drawings in which:

Figure 1 is an example of a first method of forming metal contacts on a
semiconductor substrate;

Figure 2 is an example of a method of forming metal contacts on a
semiconductor substrate with a passivation layer between contacts;

10 Figure 3 is another example of a method of forming metal contacts on a

semiconductor substrate with a passivation layer between contacts;
Figure 4 is a schematic plan view of one contact configuration on a detector
substrate;
Figure 5 is a schematic plan view of another contact configuration on a
15  detector substrate; and
Figure 6 is a schematic plan view of a further contact configuration on a
detector substrate. |
Figure 1 illustrates one example of a method in accordance with the invention
of forming metal contacts on a semiconductor substrate at positions for defining
20 radiation detector cells. In this example it is assumed that the semiconductor
substrate is made of cadmium zinc te'lluride {CdZnTe), although it will be appreciated
that other semiconductor materials, for example cadmium telluride (CdTe), can be
used. Also, it will be assumed that the metal used for the metallisation layer and the
gold contacts is gold, although it will be appreciated that other metals, alloys or other
25  conductive materials, for example platinum or indium, could be used.
Thus, Figure 1 is a schematic cross-sectional view from the side of a detector
substrate at various stages in the formation of gold contacts on a CdZnTe substrate.
Step A: The CdZnTe detector substrate 1 has one face (the lower face in Figure
1) uniformly metallised with gold 2.
30 . Step B: Photoresistive material (photoresist) 3 is spun on the bare face (the

upper face in Figure 1) of the CdZnTe substrate. The photoresist is any of the

—— e ————
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20 and renovi ng said photoresistive material of said

fusther.layer apart from areas correspondi ng generally
to said openings; _ c(iii) renoving netal not covered by said
phot-oresi stive material of said further |ayer; and
c(iv) renoving remaining photoresistive material. 25 The present

i nventors hWo®7BMRAd that the surface resistivity of a CATBCHEP/05348
CdZnTe sem conductor substrate is degraded when the substrate is exposed to

nmet al etchants suitable for removing gol d and/or platinum As a
result of this, the electrical separation of the individual contacts
which result fromthe conventional nethod of formng such contacts is

not as good as wmimorhmatesizfeuseddn phasptithpgraphye pensitive &0 eartajrlight ygvelengghsdor g

bef ore treat nent ﬁ?*‘ LAS' Al amm?t hod i n accordance with the invention, the
a m 1
surface of the s%r cgnoéjc?or Substrate between the contacts can be isol ated

fromthe nBepIC: et cha&pesings Awse prade émthe photonesisti using en appropriate eagk or
result if the nectngclar c%%&&?igxt\aﬁ technique for removing photoresist according to a desired pattern.
5 Step D: Photoresist is also applied to the sides 5 of the detector to protect them

from consequent steps.
Step E: Gold 6 is sputtered, evaporated or laid by electrolysis uniformly over
the photoresist and the openings on the upper side of the detector, as a result of which
| the gold layer 6 covers the photoresist and also contacts the CdZnTe surface at the

10  openings of the photoresist. The upper gold surface and the uniformly metallized
face 2 are electrically separated by the photoresist 5 on the sides (edges) of the
detector.

Step F: A second layer 7 of photoresist is applied over the gold layer 6 and
also over the uniformly metallized face 2.

15 Step G: Openings 8 are made in the second layer 7 of photoresist corresponding
to the gold areas that need to be removed, that is the gold areas 8 not in contact with
the CdZnTe surface. It will be noted that each area of photoresist which remains on
the upper face is larger than the corresponding area of gold in contact with the
CdZnTe substrate. '

20 Step H: The unnecessary gold areas 8 are etched away using a gold etchant via
the openings in the second layer 7 of photoresist. The second layer of photoresist 7
protects the gold patterns 9 which are in contact with the CdZnTe surface, since the
photoresist is not sensitive to the etchant. As the area of photoresist which remains
on the upper face is larger than the corresponding area of gold in contact with the

25 CdZnTe substrate, this prevents the etchant reaching the CdZnTe substrate, even at
the interface between the gold and the first layer of photoresist 3.

Step It The second layer 7 -of photoresist is removed thus revealing the gold
contacts 9 and the first layer 3 of photoresist is removed thus revealing the bare face
10 of the CdZnTe detector between the contacts 9. The photoresist layer 5 on the
30  sides of the detector and lower face of the detector is also removed at this stage. No

photoresist therefore remains on the CdZnTe detector since it is usually hydroscopic
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Preferably, step (a) conpri-ses a further substep:
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As an alternative to using steps F-I above, the first layer of photoresist 3 may
be removed with the unwanted gold using a technique known as *liftoff’. In this case
the unwanted gold is removed without involving a second layer of photoresist and
without using a gold etchant.

Consequently, with the above procedure the end result is a CdZnTe detector
with the lower face 2 uniformly metallised with gold and the upper face metallized
with gold 9 in a desired pattern. The method ensures that at no stage the gold etchant
comes in contact with the CdZnTe surface. The area 10 between the final gold
patterns (pixel pads) 9 thus remains totally unharmed and is not influenced by the
gold etchant. As a result, the surface of the CdZnTe retains very high resistivity, in
excess of 1GQ/square between gold pixel pads 9, and very low surface leakage
current. As mentioned above, as high as possible resistivity between gold pixel pads
9 is desired in order to allow long integration, standby or readout times of the signal
created from impinging X-rays and gamma-rays without deterioration of the image
contrast resolution. With the above method, the inter-pixel resistivity can be tens,
hundreds or even few thousands of G@/square without compromising pixel resolution.
Indeed 300GQ/square has been measured and values in excess of a T{l/square are
achievable.

With the above described method gold pixel pads 9 as small as 10gm across
with 5um spacing in between (i.e. 15um position sensitivity) can be readily obtained,
while retaining very high inter pixel resistivity.

Additionally, a passivation layer can be applied between the gold pixel pads.
Passivation will ensure a stable performance over time, by avoiding oxidation of the
surface not covered by gold. Passivation also enhances the inter-pixel resistivity.
One problem is the compatibility of the passivation layer with respect to CdZnTe.
The inventors have found that aluminum nitride is an appropriate passivation material
for CdZnTe.

Figure 2 illustrates a method of forming metal contacts on a semiconductor
substrate at positions for defining radiation detector cells with a layer of passivation

material between the metal contacts. The same assumptions are made as for the
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prior to step a(v). In a preferred nethod in accordance with
the invention, the areas correspondi ng generally to the openings are
| arger than the correspondi ng open ~ ity after the renoval in
step c(iii) of the metal not covereg ﬁﬁ/sf"ﬁ% EEstEgﬁ@jlldStlve 15 _.material of
the further layer, the contacts coyer tHEFbeRPng anld al so extend up and
laterally b G“-'t‘ﬁe opening. In thAis way the 1ngress of RATAPIEIEFant
around the phot oresi stive material, whereby the nmetal etchant m ght
reach the sem conduct or surface, can B@ avoi ded. The

i nvention finds particular use with substrat es formed of cadm um zinc 20
telluride (CdZnTe) the nmetal |ayer for formng
the contacts is BpPHPd & Figurg ]matIHc?éd"wn’ i ’§lﬂ§FP‘%%d that, theepassiyatiop, mpekial is on
or electrolytic ﬂﬁtﬂ%\hﬁ'xﬁtﬂdc RiGhIhadthet Mtersd) Edufd bdEsed where companbnlu with
Preferably, the netal |ayer for form ng the contacts conprises gold (Au),

al t hough ot her nibe shlstraegpaterial iHgi¥em| at i num (Pt) or indium (1n), could al so

be used. 25 Step A: St eme@dzﬁ@@da&wgusﬁmmwoaaae@m@fo% figd fz’xlFiE\)fea
phot or esi st IlftoflfJ techni que, al though nore typically step (c)

conpri ses rendvi Hglmmmlé@famdawlﬂbgold 2

Step B: Aluminum nitride 11 is sputtered on the bare face of the CdZnTe
detector 1.
Step C: Photoresistive material (photoresist) 12 is spun on the passivation layer
11.

10 Step D: Openings 13 are made in the photoresist 12 using an appropriate mask

for removing photoresist according to a desired pattern.

Step E: Photoresist is also applied to the sides 14 of the detector to protect

them from consequent steps.

Step F: Openings 15 are made though the passivation layer 11 using an
15  aluminium nitride etchant to expose the CdZnTe substrate.

Step G: Gold 16 is sputtered, evaporated or laid by electrolysis uniformly over

the photoresist and the openings on the upper side of the detector, as a result of which

the gold layer 16 covers the photoresist and also contacts the CdZnTe surface at the

openings of the photoresist. The upper gold surface and the uniformly metallized
20 face 2 are electrically separated by the photoresist 14 on the sides of the detector.

Step H: A second layer 17 of photoresist is applied over the gold layer 16 and

also over the uniforrnly metallized face 2.

Step I: Openings 18 are made in the second layer 17 of photoresist

corresponding to the gold areas that need to be removed, that is the gold areas at 18
25 not in contact with the CdZnTe surface. It will be noted that each area of photoresist

which remains on the upper face is larger than the corresponding area of gold in

contact with the CdZnTe substrate.

Step J: The unnecessary gold areas 19 are etched away using a gold etchant

via the openings 18 in the second layer 17 of photoresist. The second layer of
30 photoresist 17 protects the goid patterns 20 which are in contact with the CdZnTe

surface, since the photoresist is not sensitive to. the etchant. As the area of
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means of an appropriate netal etchant. Each netal contact can
def:ine a respective pixel cell of an array of pixel cells, or one of

a plurality of strips arranged par T br, dependi ng on the 30
application of the detector. TH|§ SKE Qfg&’@ﬁgt hod according to the
I nvention, the netal contacts can je of RER der Ofpél%ﬁ%;sm acr oss

wth a spac‘fvl‘?g”’&?“f he order of 5 [err]m
5 The invention further prO\&ildes a nmet hod of manufacturing a

radi ation imagi ng

photoresist which remains on the upper face is larger than the corresponding area of
gold in contact with the CdZnTe substrate, this prevents the etchant reaching the
CdZnTe substrate, even at the interface between the gold and the first layer of
photoresist 3.

5 Stepk: The second layer 17 of photoresist is removed thus revealing the gold
contacts 21 and the first layer 12 of photoresist is removed thus revealing the
passivation layer 11 in the regions 20 between the contacts 21. The photoresist layer
on the sides of the detector and lower face of the detector is also removed at this
stage. No photoresist therefore remains on the CdZnTe detector since it is usually

10  hydroscopic material that in time would absorb humidity and deteriorate the detector
performance.

Once again, at no step does the gold etchant, or indeed the aluminium nitride
etchant come in contact with the regions 20 between the gold pixel contacts 21 or the
edges and sides of the CdZnTe detector. As a consequence, during the above

15 procedure the surface of the substrate at 20 between the gold contacts 21 remains
unharmed, retaining very high resistivity of the order of GQ/square, tens, hundreds
or even thousands of GQ/square. The aluminum nitride passivation covers the area
20 between the metal contacts 21 protecting the corresponding regions form oxidation
(providing stability over time) and enhancing the inter-contact resistivity.

20 Variations of the above procedure may be applied without departing from the
scope of the invention. For example the first layer 12 of photoresist may be removed
prior to gold sputtering (after openings 15 have been made). This alternative method
is shown in Figure 3. In the method shown in Figure 3, steps A - F correspond to
steps A - F of the method of Figure 2.

25 StepG: This is an additional step in which the photoresist is removed from the
upper face to expose the bassivation layer at 22.

Step H: This corresponds generally to step G of Figure 2 except that in step H
the gold is applied over the passivation layer at 22 and the openings at 23 (see Figure
3G).

30  Steps I - L correspond generally to steps H - K, respectively. of Figure 2, except for
the absence of the layer of photoresist 12.
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devi ce conpri si ng: manuf acturing a radiation detector as

defi ned. above; and I ndi vidual Iy connecting individual contacts
for respective detector cells to 5 corresponding circuits on a
readout chip, for exanple by a flip-chip technique. In

accordance Wi th another aspect of the invention, there is provided a

radi ati on dMOXRBM2 conprising a sem conductor substrate fo ’é’(‘,’ﬁ“ﬁg

radi ation with a plurality of nmetal contacts for respective radiation
detector cells on a first surface t hdieof and with a |ayer of
conductive material on a second surface of sai d substrate 10 opposite to
said first surface, wherein said substrate is fornmed from cadm um zi nc

telluride or cadm um# &sulsof the methpd of Higureod inthatcthe sesultant nirel pads arg flallgray s
gama- I ay§ eOfhe Bhd 4 R¥Rr p?d}ﬂe)stﬁ&xfiwﬁﬁ kile RAR6PEE ?xgﬁﬂ:dz SRicdn ba¥&dn W

conductive material are on said first and second surfaces,
respectively of comparing Figusmsd@icanst 3kt erial, the overal | width of a

said metal contact i %l%m %?Lsmsﬁr??r dji‘ilbst{-}fle ﬁcﬁklﬁlecﬁfﬁl%ﬁm&(yaﬂ%‘?@%%ﬁﬂ d

15 substrate, and al | passivation material exten bet ween
i ndi vi dual 5 uppensuafacs ofithel detaétar $ubstsate sl Figure 4 fanagiay of square pixel contact

'n a preferred eghoq) GRA Ofy Hgficd §%R Mk de LREUSEHLEIY E HowhtPThe o S
circular rather than square pixel pads increases the surface resistance between pads
by increasing the amount of | resistive material between adjacent pads. Figure 6
illustrates an array of offset (honeycombed) pixel pads. Once again this further
10  increases the resistance between pads by increasing the surface amount of resistive
- material between adjacent pads.

It will be appreciated that rather than providing an array of contacts for
defining an array of pixel detector cells, other contact configurations, for example
contact strips for defining strip-shaped detector cells, can be obtained with the same

15  method.

Although reference has been made to the use of gold for the contacts, gold is
an advantageous material because it can be readily etched to define the desired contact
structures and give good contact (better than aluminium, for example) to the CdZnTe,
it is apparent that the procedure disclosed above could also be applied for any kind

20  of metal contacts (e.g. platinum) in combination with an appropriate etchant.

As mentioned above, it should be noted that the longitudinal dimensions
(width) of the top of the gold contacts 9 (Figure 1), 21 (Figure 2) or 32 (Figure 3)
is larger than that at the gold-substrate interface. This arises from the relative sizes
of the openings to the substrate surface and the photoresist left over the portions for

25 forming ghe contacts to ensure that, when redundant gold is etched away, the etchant
will not seep through to the interface between first layer of photoresist (or the
passivation layer) and gold in the openings.

A radiation imaging device can be constructed by connecting a radiation
detector produced by the method according to one of the above deséribed methods to

30 areadout chip having circuits for accumulating charge from successive radiation hits,
individual contacts (e.g. pixel pads) for respective detector cells being *flip-chip’
e
—
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made of cadmium zinc telluride (CdzZnTe). Alunminiumnitride has been found
to:be . particularly effective as a passivation material for CdZnTe
because it can be applied 20 at | ow tenperature, CdZnTe being tenperature
sensitive. The metal contacts can define an array of pixel

cells, or a\ﬁl{ﬁ{/ﬁ#}zty of strips arranged parall el t GpcqAeddepdalie’ -
n the

depending o I'el d of use of the detector. P xel contacts
formed on detector substrate are preferably,,substantially circular

and are arranged i-n a plurality of rows, nore preferably with alternate
rows 25 preferably being offset from adjacent rows. The

metal contacts arg. g LG, QhEThoRking BLRk bIDRSHASE olbilniRRRRERY ailerhi®

or der of 51err] resistivity contacts
shoul d be i n excemingofsidgoee-way scpnduative materialpr exf etheblcpnductiex adisesiveflayer

oven ot e prof or ARG B BERtnE Ry BRF Bhoabitt SR 01T Square) .

A radiation inmagi ng dEBMiscdeiinveaticmtedelies howitd bbthinea radiadon deectér (ags based on

particul ar 5 a CdZnTe substrate) with one side metallised according to a desired pattern with
maximum possible electrical resistivity separation between the metal contacts. High
resistivity between metal contacts is desirable to improve contrast resolution and
eliminate signal leakage between adjacent metal contacts on the substrate surface.
This is particularly retevant when long charge accumulation times and long

10 standby/readout times are employed by the readout chip. Such accumulation and
standby/readout times could, for example, be in excess of lmsec in exampies of
imaging devices using a radiation detector manufactured in accordance with the
present invention. Such imaging devices find application, for example, for X-ray,
gamima-ray and beta-ray imaging as described in the applicant’s International patent

15 application PCT EP95/02056 incorporated herein by reference.

Although particular embodiments of the invention have been described by way -

of example, it will be appreciated that additions, modifications and alternatives thereto

may be envisaged.



Thus ﬁ““ﬂ“\ the invention can provide a nmethod for
rranuf m“

npl e, detec f ¥ a—GdZnle substrate with one:
side = curifdr rretal lised wi ﬁ Pg faBEAStﬂfEﬂt er side patterned with
gol d structures in manner that dd8¥LABEDadverjsel y affect the surface
characteri st‘fve§7’6?3‘q he CdZnTe substrate perween the g8CAEERYEMures.
Thus, a nethod can be provided for creating gold structures on one
side of a CdznTe detector, the method achi eMng inter- structure
resistivity of the order of G err]/square or tens or hundreds of

J err]/square. The use of an electrically insulating

passi vation | ayer between contacts furthef

appl [ catlor‘i X-ray, gamma-ray and beta-ray i nmaging.
”py

1. A method of manufacturing a radiation detector having metal contacts on a
semiconductor substrate at positions for defining radiation detector cells,

5 wherein said method includes the steps of: '
a) forming one or more layers of material on a surface of said substrate with

openings to said substrate surface at said contact positions;

b) forming a layer of metal over said layer(s) of material and said openings; and

c) removing metal overlying said layer(s) of material to separate individual
10 - contacts. ,.l

2. A method according to claim 1, wherein step (a) includes:

a(i) forming a layer of photoresistive material on said substrate surface;
a(ii)  selectively exposing said photoresistive material and removing photoresistive
15 material from areas corresponding to said contact positions to expose said
substrate surface.

3. A method according to claim 1, wherein step (a) includes:
a(i) forming a layer of passivation material on said substrate surface;
20 a(ii) forming 2 layer of photoresistive material on said passivation layer;

a(iii) selectively exposing said photoresistive material and removing said
photoresistive matcﬁal from areas corresponding to said contact positions to
expose said passivation material layer; and

a(iv) removing said passivation material from said areas exposed in step a(iii)

25 corresponding to said contact positions to expose said substrate surface.

4. A method according to claim 3, wherein, prior to step a(iv), -photoresistive

material is additionally applied to all exposed surfaces.

30 5. A method according to claim 3 or claim 4, wherein step (a) additionally
includes, after step a(iv):

-

—
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enabl es the ar ea betwe en netal contacts to be protected, thus giving

the iﬂllﬂi" l“ "lll}&ﬂ bl e performance over tinme and avoi ding effects such as
ox! d ase the o Irrent "and decr ease t he

i nter-"cofitact resistivi ty. Alumn N) passivation has been
found to be ywabddesss arly effectiv bet wepaTApPdethssqgnt act s
to protect the surface and enhance the electri cal separation of 15 the

gol d contacts. The passivation layer of alugniumnitride can be

i npl emrent ed at relatively |ow tenperatures typically less than
100[err]C. By contrast, silicon oxide

a(v) removing remaining photoresistive material of said photoresistive material

layer.

6. A method according to any preceding claim, wherein step (c) includes:
5 ¢(i) forming a further layer of photoresistive material on at least said metal layer;
c(ii) selectively exposing said photoresistive material of said further layer and
removing said photoresistive material of said further layer apart from areas
corresponding generally to said openings; and
c(iii) removing metal not covered by said photoresistive material of said further
10 layer.

7. A method according to claim 6, wherein step (c) includes, after step c(iii):

c(iv) removing remaining photoresistive material.

15 8. A method according to claim 6 or claim 7, wherein said areas corresponding
generally to said openings are larger than the corresponding openings, so that
after removal in step c(iii) of metal not covered by said photoresistive material
of said further layer, said contacts cover said opening and also extend up and

laterally beyond said opening.

20
9. A method according to any preceding claim, wherein said substrate is formed
of cadmium zinc telluride or cadmium telluride.
10. A method according to any preceding claim, wherein said metal layer for
25 forming said contacts is applied by sputtering, evaporation or electrolytic
deposition.
11. A method according 1o claim 10, wherein said metal layer for forming said
contacts comprises gold, platinum or indium.
30
12. A method according to claim 3 or to any claim dependent thereon, wherein
This Sheet Has Been R,
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se tenperatures in excess of 200[err]C. After

ex enper atures, Cdgnate e unusabl e.
Enmbotli n‘ents of the invention wll DEP@e%dgégglégpwggj&after by vvay of 5
exanpl e onl with reference to thg acc Bg dr ngs in which

Fi glrjnr)_e 1 |sy"¥ ‘H‘pl e of a first nethod of form ng netal EST(FE%?("é"Bn a
sem conduct or substrate; Figure 2 is an exanple of a first
met hod in accordance with the invention of 1 form ng netal contacts on
a sem conductor substrate with a passi vation | ayer between 10 cont acts;
Figure 3 is another exa net hod .in accordance with the

i nvention of form ng ﬁ”éﬁ?ssﬁ’aﬂ?@éw 'Bﬁ UM MEAY et or substrate with a
passi vation | ayer between contacts; Fi gure 4 |s a
schematic plan vi %w of on ont act conflguratlon on a detector

(SI 02) mhlchmg & |caIIy used as a passwant for silicon (Si)

substrat e; ricceding 19 ayhpieerding glaim V’lhéﬁﬁ"bﬁte&rfé)( Respprises
contact configuration r@ﬁbv@ng unwanted metal by means of an appropriate metal etchant.
S _
14. A method according to any preceding claim, wherein each metal contact
defines a respective pixel cell of an array of pixel cells.
15. A method according to any of claims 1 to 13, wherein each metal contact
10 defines one of a plurality of stripé arranged parallel to each other.

16. A method according'to claim 14 or claim 15, wherein said metal contacts are

of the order of 10um across with a spacing of the order of Sum.

15 17. A method according to any preceding claim, wherein a plurality of said metal
contacts for respective radiation detector cells formed on a first surface of said
semiconductor substrate, and a layer of metallisation is formed on a surface

of said substrate opposite to said first surface.

20 18. A method according to claim 17 including, prior to step (a) of said method

according to any of claims 1 to 16, a step of forming said layer of

metallisation on said opposite surface of said substrate.

19. A method of manufacturing a radiation imaging device comprising:
25 manufacturing a radiation detector in accordance with claim 17 or claim 18;
and
individually connecting individual contacts for respective detector cells to
corresponding circuits on a readout chip by a flip-chip technique.

30 20. A radiation detector comprising a semiconductor substrate with a plurality of

metal contacts for respective radiation detector cells on a first surface thereof

/_
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detecto ~ Figure 6 is a schematic plan view of a
further ﬂ atlon on a detector substrate. 20
Fi gure * thod of f{ ] cts on a sem conduct or

substrate at p03|t|ons for defini nortiadixBETdMSIBERtor cells. In this
exanpl e it iwoo9rmess2 assuned that tlhe SEeRFRIOIEAICct or  $ubst r aicErntMeiBde of
cadm um zinc telluride (Cd 'w || be appreciated
that cadmiumtelluride (CdTe) can be used. Also, it will be assuned
that the netal used for the netallisation layer and the gold 25 contacts
Is gold, although it wll be appreciated that other nmetals, alloys or other
conductive materi al s, ankiQyee R iHetafisalici o' Burhlce o it bsﬁQfélo?pQﬁteliégﬂd first
Thus, Figure 1 is a schematic cross-sectional view omth si de of
det ect or subst rs#faces saig gmdiasion deteetercbeing-manyéacrusedhpit 3 mathed inpsrerdance
contacts on a CdZnTe
substrate 1 has one facea%ﬁ]ﬁtl?of)\‘;\l/glrmfl %?Ié@f}lﬁ%gerall WII@%fgg%ﬂgald@hﬁ%%mg
metal | i sed wi th gol d larger than theSyidth € said conﬁhmd)ﬂcestl said sobstratd.er i al
(photoresist)53 i's spun on the bare face (the upper face in Figure 1)
of the CdZnTe substrate. The photoresist is any of the

' 21. A radiation detector according to claim 20, comprising passivation material

between individual contacts.

22. A radiation detector according to claim 21, wherein said passivation material

10 is aluminium nitride.

23. A radiation detector comprising a semiconductor substrate with a plurality of
metal contacts for respective radiation detector cells on a first surface thereof
and a layer of passivation material on said surface between said metal

15 contacts, said passivation material comprising aluminium nitride.

24. A radiation detector according to any one of claims 20 to 23, wherein said .

metal contacts define an array of pixel cells.

20 25. A radiation detector according to claim 24, wherein said contacts are
substantially circular and are arranged in a plurality of rows, with alternate

rows preferably being offset from adjacent TOWS.

26. A radiation detector according to any one of claims 20 to 23, wherein said

25 metal contacts define metal contacts define a plurality of strips arranged

parallel to each other.

27. A radiation detector according to any one of claims 20 to 26, wherein said

metal contacts are of the order of 10xm across with a spacing of the order of
30 Sum.
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A radiation detector according to any one of claims 20 to 27, wherein said

semiconductor substrate is_ cadmium zinc telluride.

A radiation detector according to any one of claims 20 to 28, wherein the
resistivity between metal contacts is in excess of 1GQ/square, preferably in
excess of 10G{)/square, more preferably in excess of 100G{}/square and even
more preferably in excess of lOOOGQ/équare (1TS)/square).

A radiation imaging device comprising a radiation detector in accordance with
any one of claims 20 to 29 and a readout chip having a circuits for
accumulating charge from successive radiation hits, individual contacts for
respective detector cells being connected by a flip-chip technique to respective

circuits for accumulating charge.

Use of a radiation imaging device according to claim 30 for X-ray, gammﬁ-

ray and beta-ray imaging.

i



Step C Openings 4 are nmade in the photoresist using an appropriate
mask or ot her conventional technique for renoving photoresist
according to a desired pattern. 5 Step D . Photoresist is also
applied to the sides 5 of the detector to protect them from
consequent Sb?@? Step E Gold 6 is sputtered, PEV/EPWIOEIEd or

| ai d by el ¥ ‘{?ﬁ s uniformy over t he photoresi st and the openings
on t’he upper side of the detector, as a result of which the gold

| ayer 6 covers the photoresist and al so con§d@ts the CdZnTe surface at the
10 openi ngs of the photoresist. The upper gold surface and the uniformy
netallized face 2 are electrically separated by the photoresist 5 on
t he sides (edges) of the . det ector. Step F: A second | ayer
7 of photoresist is applied over the gold |ayer 6 and al so over the
uniformy netallized face 2. 15 Step G Openings 8 are nmade in the
second |l ayer 7 of photaqresist correspanding o the gold areas that
need to be renobved, that is the gold areas 8 not in{conta i D t he
CdznTe surface. It willl be noted thgt each area of )hotodg;hé;ithQAA

pper face is larger than the c%rresponding area of

remai ns on t he
go| din contact Wi th t R R D e P TS

/3
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CdZnTe substrate. 20 Step H . The unnecessary gold areas 8 are

et ched away using a gold etchant via t he openings in the second

| ayer 7 of photoresist. The second | ayer of photoresist 7 protects
the gold patterns 9 which are in contact with the CdzZnTe surface, since the
phot oresi st wod#phagensitive to the etchant. As the area ofpclibgisss St

whi ch remai ns on the upper face is larger than the correspondi ng
area of gold in contact with the 25 CdZnTe substrate, this prevents the
et chant reaching the CdZnTe substrate, even #2f7 the interface
between the gold and the first |ayer of photoresist 3. Step |

The second | ayer 7 of photoresist is renoved thus revealing the gold
contacts 9 and the first |ayer 3 of photoresist is renoved thus revealing

t he bare face 10 of the CdZnTe detector between the contacts 9. The
phot oresi st |layer 5 on the 30 sides of tp& detector and | ower face of
the detector is also rg XX X phoOt Or esi st

. ravavasl Qi avavaw v .
therefore remins on t ns lnmuml‘AA_nmnwsa;.':‘ usual Iy hydroscopic

FIG. 1G
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9 material that in tinme would absorb hum dity and degrade the

det ect or perfornmance. Consequently, with the above procedure
the end result is a CdZnTe detector - with the lower face 2 uniformy
metallised with gold and the upper face netallized with gold 9 in a
desired patﬁ,?) 2 %!Fe met hod ensures that at no stage the gsd¥e®keimst 5
comes in coRCB™fth the CdznTe surface. The area 10 between the fi nal

gol d patterns (pixel pads) 9 thus remains totally unharmed and is not

i nfl uenced by the gold etchant. As a ré&ﬁ?t, the surface of the CdZnTe
retains very high resistivity, in excess of 1{ err]/square between
gol d pi xel pads 9, and very |ow surface | eakage current. As nentioned
above, as high as possible resistivity between gold pixel pads 10 9is
desired in order to allow long integration, standby or readout tines of the
si gnal
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created frominpinging X-rays and ganma-rays w thout deterioration of the
| rage . contrast resolution. Wth the above nethod, the inter-pixel
resistivity can be tens, hundreds or even few thousands of

J err]/square w thout conprom sing pixel resolution. | ndeed

3004 err]/s%é,g%opﬂs been nmeasured and val ues in excess of pgr/gpRfosdsgsSquare
are 15 h Wth the above described nethod gold

pi xel pads 9 as small as 10[err]m across with 5[err]mspacing in
between (i.e. 15[ err]mposition sensitivi ty)4{7n be readily obtai ned,
while retaining very high inter pixel resistivity.

Additionally, a passivation |ayer can be applied between the goI d pi xel
pads. 20 Passivation will ensure a stabl e per B mance over tine, by
avoi di ng oxidation of FtHA TR { EEE N odlick "”"”““""f gol d. Passivation
al so enhances the int "“ti"""'"“”"""?"”""'“”v“ broblemis the
compatibility of the passi ' | o CdZnTe. The

i nventors have found t [ - # opri a Si n
mat eri al for Cdee 25 F| u 2i Itrateplmhm
accordance with the im Of o O T N al- contacts on a

sem conduct or substrat 201 vvvvvvvvvv"vv'"’d iidt i on detector
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cells with a | ayer of passivation material between the netal contacts. The
sane assunptions are nade as for the nethod of Figure 1. The
passivation material is alum niumnitride. 30 Step A The
CdZnTe detector substrate 1 has one face (the |lower face in Figure 1)

uniformy g?ﬂJgiﬁ‘gd with gold 2. PCT/EP96/05348
ep B

10 Alum numnitride 11 is sputtered on the bare face of
t he CdZnTe detector 1.
57
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Step C Phot oresi stive material (photoresist) 12 is spun on the

passivation | ayer 11. 5 Step D Openi ngs 13 are nade in the
phot oresi st 12 using an appropriate mask for renovi ng phot oresi st
according to a desired pattern. Step E Photoresist is also
applied to tygemades 14 of the detector to protect t hear/EPe60s348
consequent steps. Step F: Openi ngs 15 are nade t hough the
passivation |layer 11 using an 10 alumniumnitride etchant to expose the
CdZnTe substrate. Step G Col d 16 i fFputtered, evaporated or |laid
by electrolysis uniformy over t he photoresist and the openings on the
upper side of the detector, as a result of which the gold | ayer 16
covers the photoresist and al so contacts the urface at the

openi ngs of the photoregjist, The upper_gold surfhace &nd the uniformy
metallized 15 face 2 akfF € TTtatty=stparated-by=the photoresist 14 on
the sides of the detectff. Step H A second er 17 of

photoresist is applied er the gold

y
| ayer 16 and al r the
uniformy metallized fa | 187§?fégd (3 the
second | ayer 17 of photoresrs

FIG. 3H
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corresponding to the gold areas that need to be renoved,
areas-at 18 20 not in contact with the CdZnTe surface. It-will be noted

t hat each area of photoresi st whi ch remains on the upper face is

| arger than the corresponding area of gold in contact with the CdznTe
substrate. woomngi€P J: The unnecessary gold areas 19 pCTHERISORHME awnay

that is the gold

using a gold etchant via the openings 18 in the second | ayer 17 of
photoresi st. The second | ayer of 25 phOtOh? LSt 17 protects the gold
patterns 20 which are in contact with the Cd e surface, since the

photoresist is not sensitive to the etchant. As the area of
phot oresi st which remains on the upper face is |larger than the

correspondi ng area of gold in contact with the CdZnTe substrate,

this
prevents the etchant

Step K
the gold

The second |

reachi ng the
I nterface between the gold and the first

CdZnTe substrate,
of 30

| ayer

even at the
phot oresi st 3.
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11, .  contacts 21 and the first layer 12-of photeresist is irenoved ‘thus -

revealing the passi vation layer 11 int he}, regi ons 20 bei,we'en_ f-t he !
contacts 21. The photoresist |ayer --on the sides of the detector and
| ower” face of the detector is also renoved &t this stage. No

photoresi st therefore remains on the CdZnTe detector since it is usually 5
hydr oscopic material that in tim wuld absorb humdity and deteriorate the
det ect or prcéssedreopmduce a detector havingrepattegaiofi contacts e.gt pixelipads) bhene
gold etchant, or _indeed the alymniymnitrjde tchant. cone in contact
with the regioft¥fass, pathibe opppsite cgirmmmw&rgﬁzp lig# I order y@e

o cahors e e FUCRIG P GRERbendtye GRISHAURRE B A0l B Br gy
refmai ns a detector output indicating-the position at which radiation impacts the detector. A
5 readout chip then can be ’flip-chip’ joined to the patterned side of the CdZnTe

detector (e.g., by bump bonding using balls of indium or conductive polymer
material, gluing using one-way conductive materials or other conductive adbesive
layer techniques) so that the position dependent electrical signals which result from
incidence and absorption in the detector cells of X-rays or gamma-rays can be

10 processed. The readout chip could be of the pulse counting type with very fast

% integration and processing time (typical a few microseconds or at most a few

milliseconds). Alternatively, it may be one of type described in the Applicant’s
copending International patent application PCT EP95/02056 which provides for
charge accumulation for individual detector cells. With an imaging device as

15  described in PCT EP95/02056, integration times can be several milliseconds, or tens
or hundreds of milliseconds. As the signal integration or standby/readout period
increases it becomes more critical that the gold or platinum contacts on the CdZnTe
surface are electrically separated to a high degree to avoid signals from neighbouring
contacts (pixel pads) leaking and calising the contrast resolution to degrade.

20 It has been found that the traditional method of forming the contacts on the -
detector surface, particularly when CdZnTe is used as the semiconductor material,

v does not provide as high an electrical separation of the contacts would be desired to

make optimum use of the advantages which are to be derived from the imaging
devices as described in the International application PCT EP95/02056, which is -

25  incorporated herein by reference.

In accordance with one aspect of the invention, there is provided a method of

manufacturing a radiation detector having a plurality of detector cell contacts on a
first surface of a semiconductor radiation detector substrate at positions for defining
radiation detector cells and a layer of conductive material on a second surface of said

30 substrate opposite to said first surface, said substrate being formed from cadmium
zinc telluride or cadmium telluride semiconductor material for detecting x-rays,

gamma-rays or beta-rays, and said cell contacts and said layer of conductive material

RV imen



uhharmed, retaining very high resistivity oi‘"tfhe 6rdéf of G[;err]/'s',quaré

v,

tens, -hundreds or even thousands of G err]/square. The al uni num
nitride passivation covers the area 20, bet ween the netal contacts 21
protecting the corresponding regions form oxi dati on (providing

stability over tinme) and enhancing the inter-contact resistivity. 15
Vari ations of the above tﬁ);zrsocedure may be applied wthout departing fromthe

scope of the-ibgiBgionesaid finst andcsaepnd sunfaces respeativelyr ofisaid semigondyictorimaterialy
b d | . | d. teri ft ' 15 _h
e Tororen " B R ke 0T RS e,

I'n the method mGREhg stepd GRire 3, steps A - F correspond to steps A - F
of the nethod of Figure 2. 20 Step G This is an additional step in
whi ch the phot @ esi gxrmxm layersenl saidcfirst isarface of spidesubstzate with openings tohsaid

Crep Gof M gure 2 SkSGHe wFaes Hoowd copraet PoSIOnR o LGB SIbSHR PEd over t he
e e T oL Loy Pk S0 JAPE ik kL 53 A i g et )
except for t hea@is e fiorming atlayer| of \photorésigtivet matesiab on $2id passivation layer;
a(iii) selectively exposing said photoresistive material;
a(iv) removing said photoresistive material from areas corresponding to said
10 contact positions to expose said passivation material layer;

i a(v) removing said passivation material from said areas exposed in step
a(iv) corresponding to said contact positions to expose said first
substrate surface.

b) applying metal over said layer(s) and said openings; and
15 ¢ removing metal overlying said at least one layer to separate individual detector
cell contacts, including substeps of:
c(i) forming a further layer of photoresistive material on at least said
metal;
c(if)y  selectively exposing said photoresistive material of said further layer
20 and removing said photoresistive material of said further layer apart
from areas corresponding generally to said openings;

;} - c(iii) removing metal not covered by said photoresistive material of said

further layer; and
c(iv) removing remaining photoresistive material.

25 The present inventors have found that the surface resistivity of a CdTe or a
CdZnTe semiconductor substrate is degraded when the substrate is exposed to metal
etchants suitable for removing gold and/or platinum. As a result of this, the electrical
separation of the individual contacts which result from the conventional method of
forming such contacts is not as good as would be expected from the properties of that

30  material before treatment. By using a method in accordance with the invention, the
surface of the semiconductor substrate between the contacts can be isolated from the

metal etchants, thus preventing the damage which would result if the mefal etchants
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A result of the method of Figure 3 is that jhe resultant pixel pads are
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came into contact with the semiconductor surface.

The use of an insulating layer of passivation material means that after
manufacture of the detector, the passivation material remains between the contacts
protecting the semiconductor surface from environmental damage in use and further
enhancing the electrical separation of the contacts. |

Preferably, step (2) comprises a further substep:

a(vii) removing remaining ‘photoresistive material of said photoresistive

materia1 layer. |

To protect the other main surface and the sides (edges) of the semiconductor
substrate, photoresistive material an additionally be applied to all exposed surfaces
prior to step a(v).

In a preferred method in accordance with the invention, the areas
corresponding generally to the openings are larger than the corresponding openings,
so that after the removal in step c(iii) of the metal not covered by the photoresistive
material of the further layer, the contacts cover the opening and also extend up and
laterally beyond the opening. In this way the ingress of metal etchant around the
photoresistive material, whereby the metal etchant might reach the semiconductor
surface, can be avoided.

The invention finds particular use with substrates formed of cadmium zinc
telluride (CdZnTe). |

Preferably, the metal layer for forming the contacts is applied by a method
such as sputtering, evaporation or electrolytic deposition, preferably by sputtering.

Preferably, the' metal layer for forming the contacts comprises gold (Au),
although other metals, for example platioum (Pt) or indium (In), could also be used.

Step (c) can comprise removing unwanted metal by a photoresist liftoff
technique, although more typically step (c) comprises removing unwanted metal by
means of an appropriate metal etchant.

Each metal contact can define a respective pixel cell of an array of pixel cells,
or one of a plurality of strips arranged parallel to each other, depending on the
application of the detector. |

With a method according to the invention, the metal contacts can be of the

order of 10um across with a spacing of the order of Sum.
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conparing Figures 2K and 3L. Figures 4,.5 and 6 are.used to
illustrate possible pixel contact patterns on.the "..5 upper surface of
t-he detector substrate. In Figure 4, an argﬁy of square pixel contact

pads is shown. In Figure 5 an array of - circular pixel pads is shown. The
use of circular rather than square pixel pads increases the surface

resi stance between pads by i ncreasing the anmount of resistive

. y Stive |
materi al between adfBecianenteadyrthés pravidesa method of manufactyripg agadiationimaging
of f set (honeyc&mgdc)ong;ﬂ&%l .pads. Once again this further 10 increases the
resi stance between pads f‘i ncreasi ng the surface anount of resistive

mat eri al between admamgadtufinga radiation detector as defindd hbovieg aadpr eci at ed t hat
rat her than providing an array of contacts for defining an array of

pi xel detector cel |Bdividually coppecting ingividal, eantasts for sspestivigpfiatector cells' to

contact strips for |l LR t I -be . i

wih the sane 15 CSfisoyffbe it SHARGTHGR, M el o AR U AR
to the use of gol d ¥pOhcdoR@ane® Nille tanothee| 48pe of the invwmtiofy WEradie Oprdvided a
materi al because it can be readily etched to define the desired contact
struct ures andagiatien detsdtor camprising (resemaicondugtorasubstrate jor detectingcradiakion with
the CdZnTe,

a plurality of metal contacts for respective radiation detector cells on a first surface
thereof and with a layer of conductive material on a second surface of said substrate
10  opposite to said first surface, wherein said substrate is formed from cadmium zinc
telluride or cadmium telluride semiconductor material for detecting x-rays, gamma-
rays or beta-rays, and said cell contacts and said layer or conductive material are on
said first and second surfaces, respectively of said semiconductor material, the overall
width of a said metal contact is larger than the width of said contact adjacent said
15 substrate, and aluminium nitride passivation material extends between individual

contacts and said first surface of said substrate.

In a preferred embodiment of the invention the semiconductor substrate is
made of cadmium zinc telluride (CdZnTe). Aluminium nitride has been found to be
particularly effective as a passivation material for CdZnTe because it can be applied

20  at low temperature, .CdZnTe being temperature sensitive.
The metal contacts can define an array of pixel cells, or a plurality of strips
{."} arranged parallel to each other, depending on the field of use of the detector.

k

Pixel contacts formed on detector substrate are preferably substantially circular
and are arranged in a plurality of rows, more preferably with alternate rows
25  preferably being offset from adjacent rows.
The metal contacts are of the order of 10um across with a spacing of the order
of Sum.
The resistivity between metal contacts should be in excess of 1G{/square,
preferably in excess of 10G{)/square, more preferably in excess of 100G/square and
30 even more preferably in excess of 1000G{/square (1TQ/square).

A radiation imaging device in accordance with the invention finds particular
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it-is apparent that the procedure di scl osed above could al so be apptied for- -
any kind 20 of netal contacts (e.g. platinum in ‘conbi natioh with an .-

appropriate etchant. As mentioned above, it should be noted .
that the |ongitudinal dinensions (wdth) of the top of the gold
contacts 9 (Figure 1), 21 (Figure 2) or 32 (Figure 3) is larger than

that at the gold-substrate interface. This arises fromthe relative sizes
of the openi ngappdlgatumfczr%ﬁy,agmmsam beta-rapndmpgingor esi st |l eft over the

ortio f th t t hat d
e et ched away_ t helBEn A cabobieatyof | bk g 136, oGl | FoHRRRE: BE.°
between first ﬂn&ﬂtﬁ’ﬁcﬂfmgh%xoéﬁﬁhﬁé G@t’éctbi‘éa having a CdZQﬁ‘é' Stdsrie Wﬁheéﬁe sigel

gold in the openings. radi ati on i nagi ng devi ce can
const ruct ed byumﬁzmﬂy mietajlisedr widh gpldoand the other sitiet patteonedpwishi gohldstngzturn%m a

Chi phavi g ci PBRSFSTRD A% GEAR ARG AEISF GO oo CERErisS of tf; 7Rt
2'e|t S g fﬂagt;%ﬂﬁﬁigﬁve&%&%t@sé&u&es.p%ﬁk, Pﬁﬂ:ﬂiodf&'h Bepiovidelii8r eRlagifg OF
gold structures on one side of a CdZnTe detector, the method achieving inter-
structure resistivity of the order of GQ/square or tens or hundreds of G{}/square.
The use of an electrically insulating passivation layer between contacts further
10 enables the area between metal contacts to be protected, thus giving the detector
stable performance over time and avoiding effects such as oxidation which increase
the surface leakage current and decrease the inter-contact resistivity. Aluminum
nitride (AIN) passivation has been found to be particularly effective when applied
between gold contacts to protect the surface and enhance the electrical separation of
15 the gold contacts. The passivation layer of aluminium nitride can be implemented at

relatively low temperatures typically less than 100°C. By contrast, silicon oxide
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joined (e.g., by bunmp bonding using balls o? i ndi um or conductive pol ymer
mat eri al , gl ui ng usi ng one-way conductive materials, or other
conductive adhesive |ayer techni ques) to respective circuits for
accumul ating charge. ... . . Thus, the invent.ion teachegs how to
obtain a radi a@gﬁ’d‘é‘!‘%‘%t‘%m(cén& usehap@ passivant for %iil@}z ) semicendugters, prads
one side netalll | t ir | [
possi bl e el ect{re@%%tgfggﬁéﬁx\g%sy&sg%ﬁgregt @%rgégck)&g{gg tpnh&el@sr?e%egfpeg%n a’cses(,i %ﬁth
would be unusable.

o t

R 1

Embodiments of the invention will be described hereinafter, by way of
5  example only, with reference to the accompanying drawings in which:

Figure 1 is an example of a first method of forming metal contacts on a
semiconductor substrate; |

Figure 2 is an example of a first method in accordance with the invention of
forming metal contacts on a semiconductor substrate with a passivation layer between

10  contacts; _

Figure 3 is another example of a second method in accordance with the
invention of forming metal contacts on a semiconductor substrate with a passivation
layer between contacts;

Figure 4 is a schematic plan view of one contact configuration on a detector

15  substrate;

Figure 5 is a schematic plan view of another contact configuration on a
detector substrate; and

Figure 6 is a schematic plan view of a further contact configuration on a
detector substrate.

20 Figure 1 illustrates a method of forming metal contacts on a semiconductor
substrate at positions for defining radiation detector cells. In this example it is

o

assumed that the semiconductor substrate is made of cadmium zinc telluride

(CdZnTe), although it will be appreciated that cadmium telluride (CdTe) can be used.

Also, it will be assumed that the metal used for the metallisation layer and the gold
25  contacts is gold, although it will be appreciated that other metals, alloys or other

conductive materials, for example platinum or indium, could be used.

Thus, Figure 1 is a schematic cross-sectional view from the side of a detector

substrate at various stages in the formation of gold contacts on a CdZnTe substrate.

Step A: The CdZnTe detector substrate 1 has one face (the lower face in Figure
30 1) uniformly metallised with gold 2.

Step B: Photoresistive material (photoresist) 3 is spun on the bare face (the

upper face in Figure 1) of the CdZnTe substrate. The photoresist is any of the
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resistivity between net aI contacts i's; de.s,i,'r dble to .i"rrprove contréét

resol ution and elimnate si ghal | eakage‘bet.ween adjacent et al i
contacts on the substrate surface. Thi s | s particularly rel evant
when | ong charge accunulation tinmes and | o st andby/readout tines are

enpl oyed by the readout chip. Such accunulatlon and . standby/readout
times could, for exanple, be in excess of |Insec in exanples of

i magi ng devi c emateial rthatainr tinde aoudch abisork dumidity aud d@sraﬁfeﬂleu detecseroperforoancg.t h

h
exanpl e, for % r ay Conseanently pilh e SBETR Brhepdine 46 pid fnf "8 GRAITY watethr,
the appi i cant il et 9% uibity mballised m,upgemomﬁsar WBROEA083ialized

i ncorporated herein by reference. hough particul ar
enbodi nent s ofwitthgold viarat desived patterbe rhedmethod bmllrd:g/thwgt no stage the goldetehant,

jt}]e\r,\n;altl) besappr%aitﬁed t hat .gbglltb(&%sﬁ,rermd fi c i ons a{ijgMe%{lntﬁéiﬁ/n%f gold
patterns (pixel pads) 9 thus remains totally unharmed and is not influenced by the
‘gold etchant. As a result, the surface of the CdZnTe retains very high resistivity, in
excess of 1G{Q/square between gold pixel pads 9, and very low surface leakage
current. As mentioned above, as high as possible resistivity between gold pixel pads

10 9 is desired in order to allow long integration, standby or readout times of the signal
created from impinging X-rays and gamma-rays without deterioration of the image
contrast resolution. With the above method, the inter-pixel resistivity can be tens,
bundreds or even few thousands of GQ/square without compromising pixel resolution.
Indeed 300G{)/square has been measured and values in excess of a TQ/square are

15  achievable.

With the above described method gold pixel pads 9 as small as 10um across
with S5pm spacing in between (i.e. 15um position sensitivity) can be readily obtained,
while retaining very high inter pixel resistivity.

Additionally, a passivation layer can be applied between the gold pixel pads.

20  Passivation will ensure a stable performance over time, by avoiding oxidation of the

surface not covered by gold. Passivation also enhances the inter-pixel resistivity.

“J | One problem is the compatibility of the passivation layer with respect to CdZnTe.
The inventors have found that aluminum nitride is an appropriate passivation material
for CdZnTe. |

25 Figure 2 illustrates a method in accordance with the invention of forming

metal contacts on a semiconductor substrate at positions for defining radiation detector
cells with a layer of passivation material between the metal contacts. The same
assumptions are made as for the method of Figure 1. The passivation material is
aluminium nitride.

30 Step A: The CdZnTe detector substrate 1 has one face (the lower face in Figure
1) uniformly metallised with gold 2.

-
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14 . AMENDED SET OF -CLAIVMS FOR THE NATI QNAL PHASE .
1. A nmet hod of manufacturing a radiatiomn detectar,having a plurality,of
det ect or cell contacts on a fjrst surface of a sem conductor
radi ati on detector substrate 5 0 posi tions for defining
radi ati on detector cells and a | ayer of conductive mat eri al
on a second surface of said substrate opposite to said first surface,
sai d substrat eSepiBig f or dduminusmnitridai Uimis sputtered lonr thécbage facedof sie CdZnTe
telluride sem conductor material for detecting x-rays,
ganmma-rays or Bﬁ?%tﬁéys, and - said cell contacts and said

sur  aces. dpjie?@ Ty of PRtor NG lrtd (Phoubictis0f2is spdh on the pagsviRAdaer
5 Step D: Openings 13 are made in the photoresist 12 using an appropriate mask
for removing photoresist according to a desired pattern.
Step E: Photoresist is also applied to the sides 14 of the detector to protect
them from consequent steps.
Step F: Openings 15 are made though the passivation layer. 11 using an
10  aluminium nitride etchant to expose the CdZnTe substrate.

j ' Step G: Gold 16 is sputtered, evaporated or laid by electrolysis unifqrmly over
the photoresist and the openings on the upper side of the detector, as a result of which
the gold layer 16 covers the photoresist and also contacts the CdZnTe surface at the
openings of the photoresist. The upper gold surface and the uniformly metallized

15 face 2 are electrically separated by the photoresist 14 on the sides of the detector.

Step H: A second layer 17 of photoresist is applied over the gold layer 16 and
also over the uniformly metallized face 2. '
Step I: Openings 18 are made in the second layer 17 of photoresist

corresponding to the gold areas that need to be removed, that is the gold areas at 18
20 not in contact with the CdZnTe surface. It will be noted that each area of photoresist
which remains on the upper face is larger than the corresponding area of gold in
' I contact with the CdZnTe substrate. )
Step I: The unnecessary gold areas 19 are etched away using a gold etchant
via the openings 18 in the second layer 17 of photoresist. The second layer of
25 photoresist 17 protects the gold patterns 20 which are in contact with the CdZnTe
surface, since the photoresist is not sensitive to the etchant. As the area of
photoresist which remains on the upper face is larger than the corresponding area of
gold in contact with the CdZnTe substrate, this prevents the etchant reaching the
CdZnTe substrate, even at the interface between the gold and the first layer of
30 photoresist 3.
Step K: The second layer 17 of photoresist is removed thus revealing the gold
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met hod i ncl udes steps of form ng said contalts on sald flrst surface
|nclud|ng steps of: a) . form.ng layers on said first .
surface of said substrate with openings to said substrate
surface at said contact positions, |ncludlﬁb subst eps of: 15

a(i) formng a layer of passi vation material on said

first substrate surface; a(ii) formng a

| ayer of phot coatictst 2V eandather first layers 42 cdofpphotoresist ds rempwed thus revealing the

| [
a(Lv)) enovi rISSatpIIRvRr B s e 0 e Rpen e F%r%'é?llcoTP%B‘b‘Hﬂfﬁsﬁbl%’Sf
said 20 - -on the sides of &Q'H&éc?orpﬁﬁ! jowRiSEat® oP*l?ﬁ&e@t@f G RRS TeMBld ﬁf

ma'g_eri al |aye renovi ng sai d passivation nateria rom
sald areas ex md No phioegresist therefore remams on the GdZn)e detectos pimpeliithi3 dsoalbyi d
contact positi ons to ex E se s substrate

sur f ace. dggscopic n‘BttE’Fe weld absprp hymidity and deterioraty %éﬂFﬁg&

and 25 c) Ef%ﬁg Ng net aI overlying said at | east one |layer to
separ at e i ndi FaGar “aet ect or cell contacts, including
subst eps of: Once again, at no step does the gold etchant, or indeed the aluminium nitride

etchant come in contact with the regions 20 between the gold pixel contacts 21 or the
edges and sides of the CdZnTe detector. As a consequence, during the above
10  procedure the surface of the substrate at 20 between the gold contacts 21 remains
unharmed, retaining véry high resistivity of the order of GQ/square, tens, hundreds

L

or even thousands of GQ/square. The aluminum nitride passivation covers the area
20 between the metal contacts 21 protecting the corresponding regions form oxidation
(providing stability over time) and enhancing the inter-contact resistivity.
15 Variations of the above procedure may be applied without departing from the
_scope of the invention. For example the first layer 12 of photoresist may be removed
prior to gold sputtering (after openings 15 have been made). This alternative method
of the invention is shown in Figure 3. In the method shown in Figure 3, steps A -
F correspond to steps A - F of the method of Figure 2.
20 Step G: This is an additional step in which the photoresist is rémoved from the
upper face to expose the passivation layer at 22.

’;) Step H: This corresponds generally to step G of Figure 2 except that in step H
the gold is applied over the passivation layer at 22 and the openings at 23 (see Figure
3G). |

25  StepsI- L correspond generally to steps H - K, respectively, of Figure 2, except for
the absence of the layer of photoresist 12.
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CLAIMS

A method of manufacturing a radiation detector having a plurality of detector
cell contacts on a first surface of a semiconductor radiation detector substrate
at positions for defining radiation detector cells and a layer of conductive
material on a second surface of said substrate opposite to said first surface,
said substrate being formed from cadmium zinc telluride or cadmium telluride
semiconductor materiﬂ for detecting x-rays, gamma-rays or beta-rays, and
said cell contacts and said layer of conductive material being on said first and
second surfaces, respectively of said semiconductor material, wherein said
method includes steps of forming said contacts on said first surface including
steps of:

forming layers on said first surface of said substrate with openings to said

substrate surface at said contact positions, including substeps of:

a(i) forming a layer of aluminium nitride passivation material on said first
substrate surface;

a(ii) forming a layer of photoresistive material on said passivation layer;

a(iif) selectively exposing said photoresistive material; _

a(iv) removing said photoresistive material from areas corresponding to said
contact positions to expose said passivation material layer;

a(v) removing said passivation material from said areas exposed in step
a(iv) corresponding to said .cohtact positions to expose said first
substrate surface. _

applying metal over said layer(s) and said openings; and

removing metal overlying said at least one layer to separate individual detector

cell contacts, including substeps of:

c(i) forming a further layer of photoresistive material on at least said
metal;

c(ii) selectively exposing said photoresistive material of said further layer

and removing said photoresistive material of said further layer apart

———————  from areas corresponding generally to said openings;
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remai ni n photore5|st|ve matenal ‘ 5 '2.: ¢ A" et hod
accordl d;iﬂﬁ,ﬁﬂﬂmumn\mgrel n step (a) ddditiorfalt ynrncl udes, ‘after
step a( (vi) renoving renaining photoresi st i ve material of
sai d photoresistive metleri al | ayer. 10 3. A

met hod according to claim1l or claim2, wherein said areas correspondi ng
generally to said openings are |arger than the correspondi ng openi ngs, So

t hat @(myr réfGeing| métal abte eofdred Qlid 'Phbedresivtive CAXRFiaH oP ¥aigai d
phot oresi stive materi al said turther |ayer, said contacts
cover said opening and Mhﬁrdﬂ@nandlp and lateral Iy beyond

sai d openin 15 A nmet hod or di to. an receding claim
wher ei ﬁ saig subst FE¥k irgm?%lpgév tiaining photoresistive material. °

5 2. A method according to claim 1, wherein step (a) additionally includes, after
step a(v):
a(vi) removing remaining photoresistive material of said photoresistive

material layer.

10 3. A method according to claim 1 or claim 2, wherein said areas corresponding
generally to said openings are larger than the corresponding openings, so that
after removal in step c(iii) of metal not covered by said photoresistive material
of said further layer, said contacts cover said opening and also extend up and

laterally beyond said opening.
15
4, A method according to any preceding claim, wherein said substrate is formed
of cadmium zinc telluride.
5. A method according to any pi'eceding claim, wherein said metal for forming
20 said contacts is applied by sputtering, evaporation or electrolytic deposition.
O
6. A method according to claim 4, wherein said metal for forming said contacts
comprises gold, platimum or indium.
25 1. A method according to any preceding claim, wherein step (c)(iii) comprises
removing unwanted metal by means of an appropriate metal etchant.
8. A method according to any preceding claim, wherein each metal contact
defines a respective pixel cell of an array of pixel cells.
30

9. A method according to any of claims 1 to 7, wherein each metal contact

i | [N
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of '‘cadmum zinc tellTuride. " 5. --Aerret hod accord| ng to any

precedi | said netal for forni ng*,20 ., ‘.~ 'said econtacts
i S appl nm ﬂ ! evaporation or electrolyt ic dep05| tion.
6. A rs g to claim4, whereifg said netal for formng said

contacts conpri ses gol d pl ati num or indi um 25 7. A
nmet hod according to any precedi ng cl ai m wherein step (c)(iii) conprises

o et hod aceORSRY Ot ChApAiofd: BB ARRAE GRS o BARBREE . cont ac

10. A method according to claim 8 or claim 9, wherein said metal contacts are of

the order of 10um across with a spacing of the order of Sum.

11. A method according to any one of the preceding claims including, prior to
step (a), a step of forming said layer of conductive material on said second
surface of said substrate.

RN 10 12. A method of manufacturing a radiation imaging device comprising:
o manufacturing a radiation detector in accordance with any preceding claim;
and
individually connecting individual detector cell contacts for respective detector
cells to corresponding circuits on a readout chip by a flip-chip technique.
15
13. A radiation detector comprising a semiconductor substrate for detecting
radiation with a plurality of metal contacts for respective radiation detector
cells on a first surface thereof and with a layer of conductive material on a
second surface of said substrate opposite to said first surface, wherein said
20 substrate is formed from cadmium zinc telluride or cadmium telluride
Y semiconductor material for detecting x-rays, gamma-rays or beta-rays, said
cell contacts and said layer of conductive material are on said first and second
surfaces, respectively, of said semiconductor material and aluminium nitride
passivation material extends between individual contacts on said first surface
25 of said substrate.

14. A radiation detector according to claim 13, wherein said metal contacts define

an array of pixel cells.

30 15. A radiation detector according to claim 14, wherein said contacts are

substantially circular and are arranged in a plurality of rows, with alternate
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defines.a respective pixel cell of an array of -pl xel‘célls 80: -l 0.
A net hod ac fmnﬂ"j E cI aims 1 to 7; wherein each. mefaf cont act
defi nes one strips arranged paral lel to each other.

10. A net hod accor di ng to claim8 or cl aim 9, wherein said netal contacts
are of . the order of 10[err]macross with a spacing of the
order of 5[errlm 5

rows preferably being offset from adjacent rows.

16. A radiation detector according to claim 13, wherein said metal contacts define

a plurality of strips arranged parallel to each other.

17. A radiation detector according to any one of claims 13 to 16, wherein said
metal contacts are of the order of 10um across with a spacing of the order of
Spm,

10 18. A radiation detector according to any one of claims 13 to 17, wherein said

semiconductor substrate is cadmium zinc telluride.

19. A radiation detector according to any one of claims 13 to 18, wherein the

resistivity between metal contacts is in excess of 1G{}/square, preferably in

15 excess of 10GQ/square, more preferably in excess of 100G{/square and even
more preferably in excess of 1000G€Q/square (1T{}/square).

20. A radiation detector according to any one of Claims 13 to 19, wherein a said
metal contact comprises a rim upstanding from said first substrate surface.
20

21. A radiation imaging device comprising a radiation detector in accordance with

»

any one of claims 13 to 20 and a readout chip having a circuits for
accumulating charge from successive radiation hits, individual contacts for
respective detector cells being connected by a flip-chip technique to respective

25 circuits for accumulating charge.

22.  Use of a radiation imaging device according to claim 21 for X-ray, gamma-

ray and beta-ray imaging.

30
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manuf acturing a radiati on detector in accordance w th any precedi ng cl ai
and i ndi vidual Iy connecting-indi vi dual d&Aﬁ(E QF mcglppntr? [47

for respective detectAMENDED SET OF CLAIMS:[FOR THE NA

g ClTcurrs—om &

readout chip by a flip-chip technique. 15 13. A radiation detector

conprising a sem conductor substrate for detecting

radi ati on

ool Psaoﬁ' SR of AR R b iR ng 8 R AH0A detetfor BAVIE H PpCBP G Bector
a seAPeehtacts baaerirt s§1¥k& éﬁb?zéxhﬁioﬁdﬁ@mfmdﬁnbﬂ d&ﬁbﬁrfsubﬁfate

surface, wherein said 20 substrate is forned from cadm um zinc

tellurifle or cadat pesitiors forr defining radiation detector cells and a layer of conductive

10

15

20

25

30

b)

material on a second surface of said substrate opposite to said first surface,
said substrate being formed from cadmium zinc telluride or cadmium telluride
semiconductor material for detecting x-rays, gamma-rays or beta-rays, and

said cell contacts and said layer of conductive material being on said first and

second surfaces, respectively of said semiconductor material, wherein said
method includes stéps of forming said contacts on said first surface including
steps of: ' |

forming layers on said first surface of said substrate with openings to said
substrate surface at said contact positions, including substeps of:

a(i) forming a layer of passivation material on said first
substrate surface;

a(ii) forming a layer of photoresistive material on said passivation layer;

a(iii) selectively exposing said photoresistive material; _

a(iv) removing said photoresistive material from areas corresponding to said
contact positions to expose said passivation material layer;

a(v) removing said passivation material from said areas exposed in step
a(iv) corresponding to said contact positions to expose said first

substrate surface.

applying metal over said layer(s) and said openings; and

removing metal overlying said at least one layer to separate individual detector

cell contacts, including substeps of:

c(i) forming a further layer of photoresistive material on at least said
metal;

c(ii) selectively exposing said photoresistive material of said further layer

| and refnoving said photoresistive material of said further layer apart

from areas corresponding generally to said openings;



sem conduct or

material for detecting x-rays, ganma-rays or beta-rays, said

cel I lelmml"“mj"ﬁﬁuml ayer of conductive material are on said first and
second! fRIER i % 58 faces, respectively,_ of said sem conductor nateri al

and -~

" passivation material ext eﬁjs bet ween i ndi vi dual contacts

on said first surface 25 of said substrate. 14. A
radi ati on detector according.to claim 13, wherein said netal contacts

defi ne

c(iipn removingdinaalxadt covered by 8did phidioresistive materal ofi said

detector according to claim 14, wherein said contacts are
substantial 'y circul ar fgthenlayetranthged in a plurality of rows, wth

alternate

5 2.

c(iv) removing remaining photoresistive material.

A method according to claim 1, wherein step (a) additionally includes, after

step a(v):

10 3.

15

20

25 7.

30

a(vi) removing remaining photoresistive material of said photoresistive
material layer.

A method according to claim 1 or claim 2, wherein said areas corresponding
generally to said openings are larger than the corresponding openings, so that
after removal in step c(iii) of metal not covered by said photoresistive material
of said further layer, said contacts cover said opening and also extend up and
laterally beyond said opening.

A method according to any preceding claim, wherein said substrate is formed

of cadmium zinc telluride.

A method according to any preceding claim, wherein said metal for forming

said contacts is applied by sputtering, evaporation or electrolytic deposition.

A method according to claim 4, wherein said metal for forming said contacts

. comprises gold, platinum or indium.

A method according to any preceding claim, wherein step (c)(iii) comprises

removing unwanted metal by means of an appropriate metal etchant.

A method according to any preceding claim, wherein each metal contact

defines a respective pixel cell of an array of pixel cells.

A method according to any of claims 1 to 7, wherein each metal contact
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each otHer. 5

* a plurality of strips arranged parallel to
17. A radi ation detector according to any one of

claims 13 to 16, vdefimssromeaéfia plurality of stripswmtrahgedpamiiel taeachoothene or der
of 10[err]macross with a spacing of the order of 5[err]m
10 18. A radi ation detector according to any one of clains 13 to 17,

wherein said
10.

11.

10 12.

15
13.

20

25

14.

30 15

A method according to claim 8 or claim 9, wherein said metal contacts are of

the order of 10um across with a spacing of the order of Spm.

A method according to any one of the preceding claims including, prior to
step (a), a step of forming said layer of conductive material on said second

surface of said substrate.

A method of manufacturing a radiation imaging device comprising:
manufacturing a radiation detector in accordance with any preceding claim;
and

individually connecting individual detector cell contacts for respective detector
cells to correspoﬁding circuits on a readout chip by a flip-chip technique.

A radiation detector comprising a semiconductor substrate for detecting
radiation with a plurality of metal contacts for respective radiation detector
cells on a first surface thereof and with a layer of conductive material on a
second surface of said substrate opposite to said first surface, wherein said
substrate is formed from cadmium zinc telluride or cadmium telluride
semiconductor material for detecting x-rays, gamma-rays or beta-rays, said
cell contacts and said layer of conductive material are on said first and second

surfaces, respectively, of said semiconductor material and -
passivation material extends between individual contacts on said first surface

of said substrate.

A radiation detector according to claim 13, wherein said metal contacts define

an array of pixel cells.

A radiation detector according to claim 14, wherein said comtacts are
substantially circular and are arranged in a plurality of rows, with alternate



sem t}”f ﬁm e is cadm um zi nc te“ uride. 19. A
r adi ‘ﬂ /lj'ﬁgordl ng to any one of“clains 13 to 18, wherein the
re5|st|V|t bét wee tal contacts is in excess of 1 err]/square,

pr ef erably in 15 excess of l10¢err]/square, nore preferably in
excess of 100Q errdwsspreferabhynYeimgeoffset from adjacent mowe. preferably in excess
of 1000F err]/square (1T[err]/square). 20. A radiation detector
according to any one of Clainms 13 to 19, mherein a said net a

contact conpLises,a Li tand| .0m sa substr.gt e surf

20 “h raclbe; o rﬁa g restonAoming o8 Alsia |4, cviens Sfdiofesdh Fortatis define
accordance with and a readout chip
havi ng a ci rcui t urality of s&ﬂ)\é Wgr@#@%g]énarge& rom successi ve

radi ati hits, i nd| VI dual contacts for respective detector

cells being connected by a flip-chip technique to respective L
17. A radiation detector according to any one of claims 13 to 16, wherein said

metal contacts are of the order of 10um across with a spacing of the order of
Sum.

10 18. A radiation detector according to any one of claims 13 to 17, wherein said

semiconductor substrate is cadmium zinc telluride.

19. A radiation detector according to any one of claims 13 to 18, wherein the

resistivity between metal contacts is in excess of 1GQ/square, preferably in

15 excess of 10GQ/square, more preferably in excess of 100GQ/square and even
more preferably in excess of 1000GQ/square (1TQ/square).

20. A radiation detector according to any one of Claims 13 to 19, wherein a said
metal contact comprises a rim upstanding from said first substrate surface.
20
21. A radiation imaging device comprising a radiation detector in accordance with
any one of claims 13 to 20 and a readout chip having a circuits for
accumulating charge from successive radiation hits, individual contacts for
respective detector cells being connected by a flip-chip technique to respective

25 circuits for accumulating charge.

22.  Use of a radiation imaging device according to claim 21 for X-ray, gamma-

ray and beta-ray imaging.

or detector '
30 23. A method/according to any one of claims 1 to 20, wherein said

passivation material comprises aluminium nitride.
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circuits. for saccunmul ati ng char ge.

22. Use of a

radi athn i magi ng devi ce according to claim21 for X-ray, gamma?o G bar—~0

L~

ray . and beta-ray i magi ng. or detector 30 23, £z
met hied/ accor di ng to any one ‘of clains 1 to 20, wherein said (Z (m
passivation naterial conprises alum niumnitride. [op?
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(54) Title: FORMING CONTACTS ON SEMICONDUCTOR SUBSTRATES FOR RADIATION DETECTORS AND IMAGING

DEVICES
(57) Abstract

A method, suitable for forming
metal contacts (31) on a semiconduc-

tor substrate (1) at positions for defin-
ing radiation detector cells, includes the
steps of forming one or more layers of

material (11, 12) on a surface of the

substrate with openings (23) to the sub-
strate surface at the contact positions;

forming a layer of mctal (24) over the
layer(s) of material and the openings;

and removing metal at (28) averlying
the layer(s) of material to separate indi-

vidual contacts. Optionally, a passiva-
tion layer (11) to be left between indi-

vidual contacts on the substrate surface,
may be applied during the method. A

method according to the invention pre-
vents etchants used for removing un-
wanted gold (or other contact matter)

coming into contact with the surface of
the substrate (e.g. CdZnTe) and caus-

ing degradation of the resistive proper-
ties of that substrate. The product of
the method and uses thereof are also
described.




