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FIELD OF THE INVENTION

The present invention relates to radiation detectors.

APPARATUS, SYSTEM AND METHOD FOR GAMMARAY AND
X-RAY DETECTION

BACKGROUND OF THE INVENTION

Semiconductors as radiation détectors are discussed in
G. F. Knoll, Radiation Detection and Measurement, John Wiley and
Sons, Second Edition, 1989, pp. 349. KXnoll defines an Ohmic
contact as "a nonrectifying electrode ﬁhrough which charges of
either sign can flow freely. If two Ohmic contacts are fitted

on opposite faces of a slab of semiconductor and connected to a

detection circuit, the equilibrium charge carrier concentrations

in the semiconductor will be maintained. If an electron or hole
is collected at one electrode, the same carrier species is
injected at the opposite electrode to maintain the equilibrium
concentrations in the s;miconductor."

Regarding semiconductor diode détectors, Knoll states
on page 350: "The steady—staté leakage currents that are observed
using ohmic contacts afe too high, even with the highest resis-
tivity material available.;.. Instead, noninjecting or blocking
electrodes are universally employed to reduce the ﬁagnitude of
the.'current through the bulk of the semiconductor. If blocking
electrodes are used, charge carriers initially removed by the
application of én electric field are not replaced at the opposite

electrode, and their overall concentration within the semiconduc-
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tor will drdp after application of an electric field.ﬁ
Possible use of cadmium telluride for detection of
pulsed x-rays in -mediéal tomography is described in E. N.
- Arkad'eva et al, Sov. Phys. Tech. Phys. 26(9), 'Séptember 1981,
pp. 1122-1125. Arkadfeva et al state on pp. 1123-1124: "We uséd
an M-P-M structure with osmium COntacts.as a detector based on
these qrystals... The current from the x-ray excitation (the
photocurrent) at the detector may be written in_the steady-state
reéime in the form J=epu A'n.E,_ where e is the electronic charge, u
is the carrier ﬁobility, E.ié the elecfric field, An is the
concentration of photocarfiers created by the light, D n=px T 1,
where S is the quantum yield (8 = 1), Xk ié the absorption
coefficient for x-rays in the transducer, ¥ is the carrier
‘lifetime, and I is theuradiation intensity."
| Fig.. 2 of Arkad‘eva et al graphs x-ray absorption at
vafious energies for cadmium telluride crystals of thickness 1 mﬁ
(éurve 1) and 2 mm (curve 2), |
Fig. 3 of Arkad'eva et al graphs dark current (curves 1
and 2) and photoqurrent (cﬁrves 1' and 2') as a function of thé
voltage écrdss the device in continuous wave operation.
A method of ménufacture for a high-resistance n-type
CdTe crystal-is described_ih K. Zanio, et al, IEEE Trans. Nucl.
Sci., NS21, 315, 1974. |
| A method fo; attaéhing contacts to the CdTe crystal is
described in R. E. Efaithwéite ét_al, Solid state Electron., 23,
1091, 1980. | - |

A preferred method for producing p-type HgTe is de-
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scribed in E. Janik and R. Triboulet, "Ohmic contacts to p-type
cadmium telluride and cadmium mercury telluride", J. Phys; D.:

Appl. Phys., 16 (1983), 2333 - 2340.

A. Rose, in Concepts in photoconductivity and allied
problems, Interscience Publishers,'London, 1963, defines an Ohmic
contact as follows (section 8.3): "An Ohmic contact is one that

supplies a reservoir of carriers freely available to enter the

semiconductor as needed."

" The disclosures of all the above publications are

- hereby incorporated by reference.
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SUMMARY OF THE INVENTION

The present invention seeks to. provide an improved
‘radiation detector. | |

‘There is thus providéd_in accordance with a preferred
embodiment of the present invention a method for determining
gamma ray photon energy including irradiating a high resistance
n-type cadmium telluride alloy crystal with gamma ray photons,
providing first and second electric contacts which are in
electriéal communication with the crystal, which are
respectively negatively and positively biased and which provide
free flow of electrons from the negatively_biased contact to the
crystal and wherein holés, generated by absorption of the photons
in the crystal, recombine with the electrons, and determining the
photon energy by measuring the amount of charge generated per
photon absorbed by the crystal.

There is also provided in accordance with another
preferred embodiment of the present invention a gamma ray
photocurrent measuring method including irradiating ‘a high
resistance n;type cadmium telluride alloy crystal with gamma ray
photons, providing first and second electrical contacts which are
in electrical communication Qith'the crystal, which are respec-
tively negativeiy and positively biased, and which collect holes
and electrons, fespectively, from the crystal, wherein an elec-
tron enters the crystal from the negatively biased electrical

contact each time an electron is collected by the positively
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biased electrical contact, and wherein the bias of electrical

contact 1is high enough to ensure that the number of electrons

collected at the contacts is higher than the number of electrons

geherated by the photons, and measuring photocurrent induced by
absorption of the photons in the crystal.

There is additionaliy provided in accordance with
ahother preferred'embodiment of the present invention a gamma ray

photocurrent measuring method including irradiating a high re-

‘sistance p-type cadmium telluride alloy crystal with gamma ray

photons, providing first and second electrical contacts which are
in electrical communication with the crystal, which are reepec-
tively positively and negatively biased and which collect elec-
trons and holes, respectively, from the crystal, Qherein a hole
enters the crystal from the positively biased electrical contact
each time a hole is collected by the negatively biesed electrical

contact, and wherein the bias of electrical contact is high

enough to ensure that the number of holes collected at the con-

tacts is higher than the number of holes generated by the pho-
tons,. and measuring photocurrent induced by absorption of the
photons in the crystal.

There is further provided in accordance with another
preferred embodiment of the present inveﬁtion a'method for deter-
miniﬁg X-ray pheten energy including irradiating a high resist-
anee 'n—type cadmium telluride alloy crystal with x-ray photons,
'previding firet'and second electrical contacts which are in elec-
trical communication with the crystal; which are respectively
neéatively and positively biased and which provide free flow of

electrons from the negatively biased contact to the crystal and
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wherein holes,. generaﬁed Sy absorption of the photons .in. ﬁhe
crysfal, recombine Qith the electrons, and detérmihing the pﬁoton
énergy by“ measurihé the amount of chargé generated ﬁer .photon
absorbed by the érystéi. o

There is also provided.in accordance with another
preferred embodiment of thé present ihvention an X-ray
photocurrent measuring method including irradiating a high
resistance_ nhtype_ cadmium telluride alloy érystal with X-ray
photons, providing fi:st and éecond electrical contacts which are
in electrical communicafion with the crystal,_which are resﬁec-
tively negatiyely and positively biaéed, and which collect holes
and electrons,.respectiyely, from the crystal, wherein an elec-
.tron entefs the crystal from the negatively biased electrical
contact each ﬁime an elecﬁron.is collected by the positively
biased glecfrical céntact, and wherein the bias of electrical
contact is high enough to ensure that ﬁhe number of electrons
éollected ﬁt the‘cohtacts is hiéher fhan the number of electrons
generated by thé photoris, and measufing photocurrent induced by
absorption.of the photons in the crystal.

There is additionally prpvided. in. accordénce with
another preferred eﬁbodiﬁent of the presént invention an x-ray
photocurrent measuriﬁg method including irradiating a high_.re-
sistahce. p-type cadmiﬁm télluride alloy crystéllwith x-r&y pho-
tons, providing firsﬁ and second eléctrical contacts which are in
electrical communication with the crystal, which are respective~
ly positively ahd negatively biased and which collect electrons

and holes, respectively, from the crystal, wherein a hole enters
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the crystal from the positively biased électrical contact each
fime a hole is-collectéd by the negatively biased electrical con-
tact, and wherein the bias of electrical contact is high enough
to ensure that the number of holes collected at the contacts is
higher than the number of holes generated by the ﬁhotons, and
measuring photocurrent induced by absorption of the photons in
the crystal. |

| Further in accordance with a preferred embodiment of
the. present inveﬁtion the positively biased contact is selected

to' provid% free flow of electrons from the cfystal to the

positively biased contact.

Still further in accordance with a preferred embodiment
of the present ipventidn the positively biased contact is
selected so as to prqvide recombination of electrons in the
cfystal with holes, injected into the crysfal by the positively

biased electrical contact.

Still further in accordance with a preferred embodiment

of the present invention the negatively biased contact. is

selected to provide free flow of holes from the crystal to the

negatively biased contact.

Additionally in accordance with a preferred embodiment
of the present invention the negatively biased contact is

selected so as to proéide recombination of holes in the crystal

with. electrons, iﬁjectéd into the crystal by the negatively

biased electrical contact.

Further in accordance with a preferred embodiment of
Ithe present invention negatively biased contact is formed of one

of the following group of materials: indium; cadmium; aluminum:
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galiium: alloys including one or more of indium, cadmium,
aluminum and gallium. N |

still further in accordance w1th a preferred embodiment
of the present 1nvent10n the negatively biased contact is formed
of an n-type layer of conductive semiconductor.

' Additionally in accordance with a preferred _embodiment
of the present invention the n-type conductive eemiconductor
contact 1ncludes one of the follow1ng group n-type conductive
CdTe: n-type conductive Hg,Cd,_,Te (0 =< X =<1): n-type
conductive HgTe:; alloys of n-type conductive CdTe in which =zinc
partially replaces Cd; and alloys of n—type conductive CdTe in
which selenium partially replaces.Te.

Further in accordance with a preferred embodiment of
the present invention wherein the positively biased contact .is
formed of one of .the followinc group of materials: gold;
platinum; copper; osmium; nickel; tellurium; carbon: and alloys
including one or more of gold; platinum, copper, osmium, nickel
and tellurium. | | | 1

St111 further in accordance with a preferred embodiment
of the present invention the positively biased contact is formed
of a p-type layer of conductive semiconductor. |

| Additionally in accordance with a preferred embodiment
of the present 1nvention the p-type conductive semiconductor
contdct includes one of the follow1ng group p-type conductive
CdTe; p-type conductive ngCdl_xTe (0 =< X =< 1); .p-type
-~ conductive HgTe; alioYs of_p-type conductive.CdTe in wnich zinc

partially replaces Cd; and alloys of p-type conductive CdTe in
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which selenium partially replaces Te.

| Further in accordance with a preferred embodiment of
the present invention the negatively biased contact is formed of
one of the following group of materials: gold; platinum; copper;
osmium; nickel: tellurium; carbon; and alloys including one or

mofe of gold; platinum; copper; osmium; nickel and tellurium.
- Stiil further in accordance with a preferred embodiment
of the present invention the negatively biased contact is formed

of a p-type conductive semiconductor.

| Additionally in acéérdance with a preferred embodiment
of the present inveﬁtion the p-type conductive semiconductor
contact includes one of the following group: p-type conductive
cdTe; p-type conductive ngCdi_xTe (0 =< x =< 1);' p-type
conductive HgTe} alloys of p-type.conductive CdTe in which zinc
partially replaces Cd; and alloys oé p-type conductive <CdTe in

whiéh selenium partially replaces Te. | B
Fﬁrthér in accordance with a preferred embodiment of
the present invention the positively biased contact is formed of
one of the following group of materials: indium; cadmium;
aluhinum: gallium; alloys. including one or more of indium,

cadmium, aluminum and gallium.

Further in accordance with a preferred. embodiment of

the present invention the positively biased conta;t is formed of

an h-;&pe conductive semiconductor. '

| | Still further in accordance with a preferred embodiment
of the present invention the n-type conducéive semiconductor
coﬁtact includes one of the followiﬁg group: n-type coﬁductive

CdTe; n-type conductive Hg,Cd;_,Te (0 =< x =< 1l); n-type
9
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conductive HgTe; alloys of n-type condnctive CdTe in.which zinc
partially’ replaces cd; and alloys of n-tjpe conductive CdTe in
which selenium partially repiaces Te.

Yet further in accordance w1th a preferred embodlment
of the present invention the n- type crystal is doped w1th one of
the follow1ng elements: 1nd1um, galllum, aluminum, chlorine,
bromine or iodine. | |

Additionally in'éccordance'with a preferred embodiment
of the present invention the p-type crystal is doped with one of
the following elements: chlorlne, bromlne,_ iodine, copper,
'chromium or vanadidm. ) o |

Additionally in accordance with a preferred embodiment
of the present_inVention the cadmium telluride alloy crystal
includes a cadmium telluride crystal.

Further in accordance witn a preferred embodiment of
the present invention the cadmium telluride alloy crystal
includes a cadminm te;ldride alloy in which zinc partially
replaces cadmium. | | | |

Still further in aCCordance with.a preferred embodiment
of the present invention the cadmium telluride alloy crystal
includes a cadmium telluride alloy in which .selenium partially
replaces'tellurium;

Additionally in accordance with a preferred embodiment
of the present invention the'system also includes a cr§sta1
equipped with a guard ring surrounding one of the contacts.

There is further provided in accordance with another

preferred embodiment of the present invention a system for deter-
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mining photon energy of a gamma ray source including a high

resistance n-type cadmium telluride alloy crystal irradiated by

the gamma ray source, first and second electrical éontacts which

are in electrical communication with the crystal, which are
respectively negatively and positively biased and which provide
free flow of electrons from the negatively biased contact to the
crystal and wherein holes, generated by absorption of the photons
in the crystal, recombine with the electrons, and photon energy
measuring ~apparatus operative to measure the amount of charge
generated per photon absorbed by the crystal.

There is also provided in accordance with a preferred

embodiment of the present invention a system for measuring

- photocurrent induced by a gamma ray source including a high

resistance n-type cadmium telluride alloy crystal irradiated by
the gamma ray source, first and second electrical contacts which
are . in - electrical communication with the crystal, which are
respectively negatively and positively biased, which collect
holes and electrons, respectively, from the crystal, which cause
an electron to enter the crystal from the negatively biased
electrical contact each time an electron is collected by the
positively biased eiectrical contact, and wherein the bias of
electrical contact is high enough to ensure that the number of
electrons collected at the contacts is higher than the number of
electrons generated by the photons, and photocurrent measuring
apparatus operative to measure photocurrent induced by absorption
of the photons in the crystal.

There 1is additionally provided in accordance with a

preferred embodiment of the present invention a system for meas-
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uring photocurrent induced by a gamma ray source including a high
resistance p-type cadmium telluride alloy crystal irradiated by
the gamma ray source, first and second electrical contacts which
are in .electrical communication with the crystal, which are
respectively positively and negatively biased, which collect
electrons and holes, respectively, from the crystal, and which
cause a hole to enter the crystal from the positively biased
electrical contact each time a hole is collected by the negative-
ly biased electrical contact, and wherein the bias of electrical
contact 1is high enough to ensure that the number of holes col-
lected at the_contacts is higher than the number of holes gener-
ated by the photons, and photocurrent measuring apparatus opera-
tive to measure photocurrent induced by absorption of the photons
in the crystal.

There is further provided in accordance with another
preferred embodiment of the present invention a system for deter-
mining the photon energy of an x-ray source including a high
resistance n-type cadmium telluride alloy crystal irradiated by
the x-ray source, first and second electrical contacts which are
in electrical communication with the crystal, which are respec-
tively negatively and positively biased and which provide free
flow of electrons from the negatively biased contact to the
crystal and wherein holes, generated by absorption of the photons
in the crystal, recombine with the electrons, and photon energy
- measuring apparatus operative to measure the amount of charge
Qenerated per photon absorbed by the crystal.

There 1is also provided in accordance with a preferred

12
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embodiment of the present invention a system for measuring
photocurrent - induced by ‘an x-ray ‘source including a high
resistance n-type cadmium telluride alloy crystal irradiated by
the x~-ray photons, first and second electrical contacts which are
in electrical communication with the crystal, which are respec-
tively negativély and positively biased, which collect holes and
electréns, respectively, from the crystal, and which cause an
electron to enter the crystal from the negatively biased electri-
cal contact each time an electron is collected by the positively
biased electrical contact, and wherein the bias of electrical
contact 1is high enough to énsure that the number of electrons
collected at the contacts is higher than the number of electrons
generated by the phptons, and photocurrent measuring apparatus
operative to measure photocurrent induced by absorption of the
photons in the cfystal.

There is additionally provided in accordance with a
preferred embodiment of the present invention a system for meas-
uring photocurrent inqued by an x-ray source including a high
resistance p-type cadmium telluride alloy crystal irradiated by
the x-ray source, first and second electrical contacts which are
in electrical communication with the crystal, which are respec-
tively positively and negatively biased, which collect electrons
and holes, respectively, from the crystal, and which cause a hole
to enter the crystal from the positively biased electrical con-
tact. each time a hole is collected by the negatively biased
electrical contact{ and wherein the bias of electrical contact is
high enough to ensure that the number of holes collected at the

contabts is higher than the number of holes generated by the
13
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Photons, and photocurrent measuring apparatus operative to meas-
ure _photqcurrént induced by absorption of the photons in. the

crystal.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood and

appreciated from the following detailed description, taken in

conjunction with the drawings in which:

Fig. 1 is a simplified front view illustration of an x-
ray or gamma ray detector constructed and operative in accordance
with one preferred embodiment of the present invention:

Fig. 2 is a simplified front view illustration of an x-
ray or gamma ray detector constructed and operative in accordance
with another preferred embodiment of the present invention:

Fig. 3 is a simplified diagram of a preferred system
for measuring a photocurrent induced by x-rayé or gamma rays; and

Fig. 4 is a sihplified block diagram of preferred
spectroscopy apparatus constructed and operative in accordance
with a pfeferred'embodiment of the present invention;

Fig. 5 is a front view illustration of a detector which
is a wvariation of the détectors of Fig. 1 or Fig. 2 in that the
positive contact is surrounded by a gﬁard ring contact; and

'Fig. 6 is a side view illustration of the detector of

Fig. 5.

15
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DETAILED DESCRIPTION OF PREFERRED EMBObIMENTS

Reference is now made to.Figs. 1 and 2 which are
simplified illustrations of an X-ray or gamma ray detector
constructed and operative in accordance with two respective
:alternative embodiments of the present invention.

The Xx-ray or gamma ray detectors of Figs.. 1 and 2 may
be constructed by the following method:

a. Proﬁide a CdTe'crystal'io; preferably a high-resisténce
indium-doped n-type CdTe crystal which may be manufactured in
accordance with conventional methods such as that described in K.
zanio et al, IEEE Trans. Nucl. Sci., NS21, 315, 1974

b. ‘Attach contacts to the CATe crystal, using conventional
methods such as the method described in R. E. Braithwaite et al,
Solid State Electron., 23, 1091, 1980. According to one preferred
embodiment of the present invention, as illustrated in Fig. i,
the contacts comprise a negatively biased contact 20 which pro-
vides free entrance of electrons intoc the crystal, and a posi-
tively biased contact 30.which provides free exit of electrons
from the crystal. The contacts 20 and 30 may, for example, be
formed by deposition of indium on the crystal 10.

According to an alternative embodiment of the present
invention, the cCdTe crystal 10 may comprise a high-resistance
chlorine-doped p-type CdTe crystal which is manufactured in
accordance with conventional methods such as that described in B.
Biglari et al, Phys. Stat; Sol. (a)l00, pp. 589-596, 1987. 1In
this embodiment, the positively biased contact 30 provides free
entrance of holes into the crystal and the negatively biased

contact 20 provides free exit of holes from the crystal. The
16
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contacts 20 and 30 may, in this embodiment, be formed by

deposition ’of a thin layer of conductive p-type .CdTe on the

cryétal 10.

An alternative to the detector of Fig. 1 is illustrat-
ed in Fig. 2, in which the negatively biased contact 20 provides
free entrance of electrons into a high resistance n-type CdTe
crystal 10 and a positively biased contact 40 providés free
entrance of holes into the crystal. The negatively biased contact
20 may, for examble, be formed by deposition of indium on the
crystal 10. The positively biased contact 40 may, for example, be
formed of a thin léyer of conductive p-type CdTe deposited on the
cryétal 10.

According ' to an alternative implementation of Fig. 2,
the poéitively biased contact 40 provides free entrance of holes
into the high resistance p type crystal and the negatively biased
contact '20 provides ffee entrance of electrons into a p-type
cfystal. The positively biased contact 40 may, for example, be

formed by deposition of a thin layer of conductive p-tYpe'CdTe on

the crystal 10. The negatively biased contact 20 may, for

example, be formed of indium deposited on the crystal.

Reference is now made to Fig. 3 which is a simplified
diagram of a preférfed system for measuring a photocurrent in-
duced by x-fays or gamma rays. The system of Fig. 3 preferably
includes a detector 44 which may be based on the detectors of
Figs. 1 and 2, connected to a voltage Bias source 50 such as a
battery or power supply, an electrical current measurement device

60 such as an ammeter and a radiation source 70 which may com-
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prise an x-ray tube which irradiates an object to be inspected,
or alternatively aﬂ'gémma source such as a éamma radioacfi&e
material. | |

Preferably, thg que of_operation qf the system of Fig.
3 is as followé: |
a. . Thé_1CdTe crystél is irradiated by é flux of x-ray
_photons Oor gamma ray photons. |
b. As each photon is absorbed by_the CdTe crysfal; it
generates equal numbers of electrons and.holes. These eléctrons
and holes flow in oppbsite dirgctions, undef the influence of the
bias voltage applied to fhe detector cqntacts 20 and .30. The
electrons flow toward the positive contact whereas the holes flow
toward the negative contact. - _ .

In the detector qf Fig. i,_if.the;crystal is an n-type
crystal, .an electron reacping the positive“cpntact leaves the
crystal by entering the contact. In the detectbr of Fig. 2, an
electron reaching the positivé contact disappears by reéombina-
tion with a hole injectéd into the cr&sta;lby the positive con-
_tagt. -

If the crystal is a p-type crystal, then, in the
detector of Fig. 1, a hole reaching the négative contact 1éaves
'the crystal by enteriné the contactf In the detector of Fig. 2, a
hole reaching the negative contact disappears by_ recombination
with. an electron injected into the cfystal by the neéatiﬁe con-
tact. |
c. This flow of e;e¢tron§-aﬁd holes results in an electric
current measured by thé ammeter-so; According to the general

theory of photoconductivity, this current continﬁes, as more
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electrons or holes are free to enter the crystal through the
negative or positive contact, respectively, and leave it through
the positive of negdtive.contact,_respectively, until electrons
and holes disappear in pairé within the crystal by electron hole
recombination.

The electron or hole transition time through the crys-
tal is ihvérsely proportional to the bias voltage. Therefore,
application of a sufficiently.high bias voltage causes the tran-
sition time to become shorter than the electron or hole recombi-
nation timg. The photocurrent includes both electrons and holes
originally generated by the photons, and electrons or holes
entering the crystal through the contacts. Whenever the ' transi-
tion time is shortéf than the recombination time, the photocur-
rent is sighifidantly amplified (current gain) compared to the
current due only to the electrons and holes originally generated
by the photons.

" For example, for a detector having a l.5 mm distance
between the contacts, ané a bias voltage of 200 V, amplification
by a factor of 250 may be obtained, relative to the signal
obtained with a conventional detector which is similar in every
.respect except that the contacts are blocking.

As described.above, the contacts allow free charge.flow
into 'and out of the crystal so that the dark current in the
detector shown and described herein is high compared to conven-
tional CdTe detectors equipped with blocking contacts. However,
since the current gain is also high in the detector shown and

déscribed herein, relative to a conventional detector, the

19
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signal-to~dark current ratio is comparable to or better than that
of a convéntional detactor. |

A further advantage'df'thé system of Fig. j is thét the
_current is not affected by hole tfapping within the crystal, in
contrast to conventional detectors.

Referencé is now made to Fig. 4 which ié a simplified
blbck diagram of'preferréd spectréééopy sysﬁem constructed and
operative in accordance with a lpreferred embodimént of. the
.present invention in which the charge generatéd by individual x-
ray photons or gamma ray phdtOné is.meaSured.

The system of Fig{'4 preferably includes thé following
components: ' o
a. - A source 70 of X-ray or gamma rays. Fér example,l the
source may comprise an x-ray'sourcé such és an X-ray tube which
irradiates an oﬁjedt to be inspéCted. AlternétiQely, the source
may comprise an objectlto be inspected whiﬁh incorporates within
it a radiocactive source, such as a patient to whom a drug con-
taining a radioactive source has been administered.

b. An x-ray or gamma ray detector 74 which may'be.based on

the detectors of Figs. 1 or 2;

c. A voltage bias source 50 such as a battefy or é povwer
supply; | |

d. : A preamplifier 80 such as an EG&G ORTEC model number
142A; - | |

e. A spectroscopy amplifier 90, such as an EG&G ORTEC

model number 572; .
i A multi-channel analyzér (MCA) 100 such as an EG&G

ORTEC model number 916; and
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g. A computer 110 such as an IBM AT 286.
Units 80, 90, 100 and 110 are commercially available as
a single module, namely the Gamma Spectroscopy SYstem, marketed

by EG&G ORTEC.

Preferably, the mode of operation of the system of Fig.

4 is as follows:

a. The CdTe detector is irradiated by a flux of x-ray
photons or gamma ray photons.
b. As a single photon is absorbed by the CdTe crystal, it
generates equal numbers of electrons and holes. These électrons
and holes flow in opposite directions, under the influence of the
bias voltage applied to the detector contacts 20 and. 30. The
electrons flow toward the positive contact whereas the holes flow
toward the negative contact. |

If the cryst&l is an n-type crystal, then, in the
detector of Fig. 1, an electron reaching the positive contact
1eaves  the crystal by eptering the contact. In the detector of
Fig. 2, an electron reaching the positive contact disappears by
recombination with a hole injected into the cfystal by the posi-
tive contact. |

Simultaneously lwith the above-described electron and
heole flow, other electrons enter the crystal from the negative
contact and flow toward the holes. |

The flow terminates when all the electrons and holes
disappear from the crystal either by exiting through the
contacts, or by electron hole recombination within the crystal.

The spectroscopy system of Fig. 4 measures the charge
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collected from each single photon absorbed by the detector, and
provides the statistical distribution of charges of all the
photons absorbed by the detector. |

Iﬁ the present invention, holes recombine with
electrons arriving from the negatite contact. In contrast, in
conventional. CdTe detectors, heles must flow all the way toward
the negative contact. Since electron flow is faster than hole
flow, the time required for coﬁplete éharge collection in the
detector of Figs. 1 or 2 is shorter than in conventional cCdTe
detecters. | |

Due to. the shorter charge collection time provided by
the method of_the.present invention, spectroscopic measurements
ma& be carried.eut.by the system of Fig. 4 with a higher signal-
to-noise ratio and/or at higher photon flux rates, compared -to
conventional CdTe detectors. .

A further advantage of the system of Fig. 4 is that the
deteetor is_not adversely affected by hole trapping within the
crystal. .

Suitable materials for use in the spectroscopy system _
of Fig. 4 include the following high resistance n-type crystals:
a. | cadmium telluride; .

b. Alloys thereof in whigh'an additional material such as

zinc replaces a certain percentage of the cadmium (Cd,_,2Zn,Te

where 0 <=x <= 1).

c. Alloys thereof in which an additional material such as
selenium replaces a certain percentage of the tellurium
(CdTel_xSex where 0 <=x <= 1).

d. Combinations of a, b and c.
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The n-type crystal may be doped with materials such
as: indium, gallium, alﬁminum; chlorine,'bromine or iodine.

Contacts providing free flow of electrons to and from
the crystals, for use in the spectroscopy system of Fig. 4 may be
formed of indium, cadmium, alhminum,'gallium, and alloys includ-
ing these materials. Also, any n-type conductive semiconductor
may be employed such as n-type conductive CdTe, n-type conductive
CcdS, n-type conductive ZnSe, and n-typé conductive Hg,Cd;_,Te (0
=< X =< 1).

Contacts providing free flow of holes to the crystals,
for use in the spectroscopy system of Fig. 4 may, for example, be
formed of gold, platinum, copper, osmium, nickel, tellurium,
antimony, carbon, and alloys including these méterials, as well
as p-type conductive semiconductors such as p-type conductive
CdTe or p-type conductive HgXCdl_#Te (0 =< x =< 1). or p-type
conductive HgTe. -

‘A preferred method for producing p-type HgTe is de-
scribed in E. Janik and'R. Triboulet, "Ohmic contacts to p-type
cadmium telluride and cadmium mercury telluride", J. Phys. D.:
Appl. Phys., 16 (1983), 2333 - 2340.

Suitable crystals for use in the photocurrent measure-
ment system of Fig. 3 include the crystals déscribed. above as
suitable for the embodiment of Fig. 4 and, additionélly, similar
crystals which are high-resistant p-type instead of n-type.

The p~type crystal may be doped with materials such as:
chlorine, bromine, iodine, copper, chromium or vanadium.

Contacts providing free flow of electrons to p-type
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crystals, for use in the photocurrent measurement system of Fig,
3 may be_the same as the contacts, described above with refer-
ence to Fig. 4, which provide free flow of electrons to and from
nétype crystals.

Contacts providing free flow of holes to and from p-
type crystals, for use in the photocurrent measurement system of
Fig; 3 may, for example, be the ‘same. as the contacts, described
above with reference to Fig. 4, which provide free flow of holes
into n-type crystals.

The operation of detectors made of p-type crystals is
generally the same as the operation of detectors having n-type
crystals, as described above with reference to Fig. 3, except
thatl the major electric current carriers are holes rather than
electrons.

According to a preferred embodiment of the present
invention, as illustrated'in.Figs. 5 and 6, a guard ring 120 is
provided which surrounds at least one of the contacts, such as
the positive contact 30 (Fig. 1) or 40 (Fig. 2). The guard ring
reduces deterioration of the detector's performance due to the
-influence of the detector's side walls 130. The guard ring may be
identical in confignration and as to material to the positive
contact 30..The embodiment of Figs. 5 and 6 is suitable for the
spectroscopy application of Fig. 4.

One preferred method for fabricating the positive
contact and the guard ring is as follows:

a. - Fabricate the positive contact;
b. | Using photolithographic.techniques, separating a guard

ring out of the positive contact.
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In the present specification and claims, the term

"cadmium telluride" or "CdTe" is used to refer either to

undopedCdTe or, preferably, to doped CdTe.

It is appreciated that various. features of the
invention which are, for clarity, described in the contexts of
separate embodiments may also be provided in combination in a
single embodiment. Conversely, various features of the invention
which are, for brevity, described in the context of a single
embodiment may also be provided separately or in any sﬁitable
subcombination. |

It will be apprediated by persons skilled in the art
that the present invention is not limited to what has been

particularly shown and described hereinabove.'Rather, the scope

of the present invention is defined only by the claims that

follow:
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CLAIMS
1. - A method for determining gamma ray photon energy
comprising:

irradiating a high resistance n;type cadmium telluride
alloy crystallwith gamma.ray photons;

pfoviding_ ﬁirst_and_second electrical contacts which
are in electrical communication with the crystal, which are
fespectively negétively_and positiQely biased and which provide
free flow of ele;trons from the negatiﬁely'biased-contact to the
crYstal and wherein holes, generated by absorption of the photoﬁs
in the crystal recombine with said electrons; and

determining _the photon energy by measuring the amount

of charge generated per photon absorbed by the ‘crystal.

2. A gammé ray photocurreﬁt’meaéﬁring meﬁhodICOmprising:

irradiating a high resistance n-type cadmium .ﬁeiluride
alloy crystal with gamma ray phoﬁons:

providing first and second electrical contacts which
are in electrical commﬁnication with the crystal, which are
respectively negatively and positivelylbiased, and which collect
holes and electrons, respectively, from the crystal,

wherein an electron enters the crystal from the nega-
tively biased electrical contact each time an electron is col-
lected by the positively biased electrical contact, and

. wherein the bias of electrical contact is high enough

. to ensure that the number of electrons collected at the contacts
is higher than the number of electrons generated by the photons;

and
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measuring photocurrent induced by absorption of the

phoﬁons in the crystal.

3. A gamma ray photocurrent measﬁring method comprising:

irradiating a high resistance p-type cadmium telluride
alloy- crystal with gamma ray photons:;

providing first and second electrical contacts which
are in electrical communication with the crystal, which are
respectively positively and negatively biased and which collect
electrons and holes, respectively, from the crystal,

wherein a hole enters the érystal from the positively
biased electrical contact each time a hole is collected by the
negatively biased electrical contact, and

wherein the bias of electrical contact is high enough
to ensure that the number of holes collected at the contacts is
highér-than the number of holes generated by the photons; and

‘measuring photocurrent induced by absorption of the

photons in the c¢rystal.

4. . A method for determining xX-ray photon energy

comprising:

irradiating a high resistance n-type cadmium telluride

" alloy crystal with x-ray photons;

providing - first and second electrical contacts which
are in electrical communication with the cfystal, which are
respectively negatively and positively biased and which provide

free flow of electrons from the negatively biased contact to the
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crystal and wherein'holes, generated by absorption of the photons
in the crystal, recombine with said electrons: and
determining ' the photon energy by measuring the amount

of charge generated per photon absorbed by the crystal.

5. _ An X-ray photqcurrent measuring method comprising:

irradiating a high resistance n-type cadmium telluride
alloy crystai with x-ray photons; .

providing first and second electrical contacts which
are  in electrical communication with the crystal, which are
respectively negatively and positively biased, and which collect
holes and electrons, réspectively, from the crystal,

wherein an electron enters the crystal from the nega-
tively biased electrical contact_eaéh time an electron is col-
.lected by the positiveiy biased electrical contact, and
| wherein the bias of electrical contact is high ’enough
tb ensufe that the number of electrons collected at the contacts
is higher than the numbér of electrons generated by the photons:
and

measuring photocuﬁrent induced by absorption of the

photons in the crystal.

6.. A xX-ray photocurrent measuring method comprising:
irradiating a_high_resistance p-type éadmium telluride
alioy crystal with x-ray photons;
providing first and second electrical contacts which
are in eléctrical communication_with the crystal, which are

respectively positively and negatively biased and which collect
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electrons and holes, respectively, from the crystal,

wherein a hole enters the crystal from the positively
biased electrical contact each time a hole is collected by the
negatively biased electrical contact, and

wherein the bias of electrical contact is high enough
to ensure that the number of holes collected at the contacts ié
higher than the number of holes generated by the photons; and
measuring photocurrent induced by absorption of the

photons in the crystal.

7. A method according to claim 1 or claim 4 wherein the
positively biased contact is selected to provide free flow of
electrons from the'qrystal to the positively biased contact.

p _
8. A method according to claim 1 or claim 4 wherein fhe
positively biased contact is selected so as to provide
fecombination of electrons in the crystal'with_ holes, injected

into the crystal by the_positively biased electrical contact.

9. A method according to claim 2 or claim 5 wherein the
positiveiy 'biased contact is selected to provide free flow of

electrons from the crystal to the positively biased contact.

10. A method aécording to claim 2 or claim 5 wherein the
positiveiy biaséd contact is . selected so as to provide
recombination of electrons in the crystal with holes, injected

into the crystal by the positively biased electrical contact.
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11. A method according to claim 3 or claim 6 wherein the
negatively biased contact is selected to provide free flow of

holes from the crystal to the negatively biased contact.

12. A method according to claim 3 or claim 6 wherein the
negatively biased contact is  selected so as to provide
recombination . of holes in the crystal with electrons, injected

into the crystal by the negatively biased electrical contact.

13. A system accordinq to any of claims 1, 2, 3, 4, 5 and
6, wherein the ﬁegatively biased_contaet ie_fqrmed of one of the
followihg group of materiais:_indium: cadmium; aluminum; gal;ium:
alloys includinglfbne 6r more of indium, cadmium, aluminum and

gallium.

14. A method accordlng to any of c1a1ms 1, 2, 3, 4, 5 and
6, ‘wherein the negatlvely blased contact is formed of an n—type

1ayer of conductive semiconductor.

15. _ A method adcording telclaim214 wherein the nftype
conductive semiconducﬁer cohtact compfiaes one of the following
group: n-type conductive CdTe; n-type conductive Hg,Cd;_y,Te (0 =<

X =<1): n-type conductive HgTe; alloys of n-type conductive CdTe
in whlch zinc partlally replaces cd; and alloys of n—type

conductive CdTe in which selenium paftially replaces Te.

ie6. A method accofding to claim 8 or claim 10 wherein the
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positively biased contact is formed of one of the following group

of materials:

~gold; platinum; copper: osmium; nickel; tellurium;

carbon; antimony; and alloys including one or more of gold,

platinum} | coppef, osmium, nickel, antimony, carbon and
tellurium.
17. A method according to claim 8 or claim 10 wherein the

positively biased contact is formed of a p-type 1layer of

conductive semiconductor.

i8. A method according to claim 17. wherein the p-type
conductive semiconductor contact compriées one of the following
group: p-type conduétive CdTe; p-type conductive ﬁngdl_xTe (0 =<
X =< 1); p-type'conductiye HgTe; alloys of p-type conductiQe CdTe
in which =zinc pa;tially replaées Cd; and alloys of p-type

conductive CdTe in which selenium partially replaces Te.

19. A method acéording to any of claim 3 and claim 6
wherein the positively biased contact is formed of one of the
following group of materials:

gold; platinum; copper; osmium; nickel; tellurium;

carbon; antimony; and’ alloys including one or more of gold,

platinum,  copper, osmium, nickel, antimony, carbon and
tellurium.
20. A method according to any claim 3 and claim 6 wherein

‘the positively biased contact is formed of a p-type layer of.
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conductive semiconductor.

21. A method according to claim.zo wherein the p-type
conduccivé semlconductor contact comprlses one of the following
group: p—type conductlve CdTe; p-type conductive Hg,Cd,_,Te (0 =<
X =< 1); p-type conductive HgTe; alloys of p-type conductive CdTe
in which zinc pértially replaces Cd; and alloys of p-type

conductive CdTe in which selenium partially replaces Te,

22. A method according to claim 11 wherein the negctively
biased contact is formed of one of the following group of materi-
als: gcld: platinum; copper; osmium; nickei; tellurium; carbon;
 and ailoys including one or more of gold; platinum; copper:;

osmium; nickel and tellurium.

23. A method according to claim 11 wherein the negatively

biased contact is formed of a p-type conductive semiconductor.

24. A method. acccrding to claim 23 wherein the p-type
conductive semiconductcr contact comprises one of the following
group: p-type conductive CdTe; p-type conductivé Hg,Cd,_,Te (0 =<
X =< 1) ; p-type conductive HgTé; alloys of pftype conductive CdTe
in yhich. zinc partially replaces Cd; and .alloys of lp-type

conductive CdTe in which selenium partially replaces Te.

25. A method according to claim 1 or claim 4 wherein the

positively biased contact is formed of one of the following group
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including one or more of indium, cadmium, aluminum and gallium.

'26. A method according to claim 1 or claim 4 wherein the
positively biased contact is formed of an n-type conductive

semiconductor.

27. A method according to claim 23 wherein the n-typé
conductive semiconductor contact comprises one of the following
group: n-type conductive CdTe; n-type conductive Hg,Cd,_,Te (0 =<
X =< 1); n-type conductive HgTe; alloys of n-type conductive CdTe
in which 2zinc partially 'replaces cd: and alloys of n-type

conductive CdTe in which selenium partially replaces Te.

28. A method according to any of claims 1, 2, 3, 4, 5 and
6, wherein said n-type crystal is- doped with one of the
following elements: indium, gallium, aluminum, chlorine, bromine

or iodine.

29. A method according to any of claims 3 and 6 wherein
"said p-type crystal is doped with one of the follow1ng elements:

chlorine, bromine, iodine, copper, chromlum or vanadium.
30. A method according to any of claims 1 to 6 wherein the

cadmium telluride alloy crystal comprises a cadmium telluride

crystal.

31. A method according to any of claims 1 to. 6 wherein the
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cadmium telluride alloy crystal comprises a cadmium telluride

alloy in which zinc partially replaces cadmium.

32. A method according to any of claims 1 to 6 wherein the
cadmium telluride alloy crystal comprises a cadmium telluride

alloy in which selenium partially replaces tellurium.

33. A system accordlng to any of the claims 1 to 6 and also

comprising a crystal egulpped w1th a guard ring surroundlng one

of the contacts. _ - ‘

34. A system for determining photon energy of a gamma ray
source comprising: ': |

a high resistance n-type. cadmium telluride alloy
crystal irradiated by the gamma ray source;

first and second electrical contacts which are in
‘electrical communication with the'orystal, which are respective-
ly negatively and positively biased and which provide free flow
of electrons from the negatively biased contact to the crystal
and whereln holes, generated by absorptlon of the photons in the
.crystal, recombine w1th said electrons, and

photon energy neasuring apparatus operative to measure
the amount of charge generated per photon absorbed by the crys-

tal.

35. A system for measuring photocurrent induced by a gamma

ray source comprising:
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a high resistance n-type cadmium telluride alloy

crystal irradiated by the gamma ray source;

first 'and second electrical contacts which are in
‘electrical communication with the crystal, which are respec-
tively negatively and positively biased; which collect holes and
electrons, respectively, from the crystal, which cause an elec-
troﬁ to enter the crystal from the negatively biased electrical
contact each time an electron is collected by the positively
biased electrical EOntact, and

wherein the bias of electrical contact is high enough
to ensure that the number of electrons coileeted at the contacts
is higher than the number of electrons generated by the lphotons;
and |

photocurrent measuring apparatus operative to measure

photocurrent induced by absorption of the'photons in the crystal.

36. A system for measuring photocurrent induced by a gamma
‘'ray source comprisings

a high resistance p-type cadmium telluride alloy
crystal irradiated by the gamma ray sourcej;

first and second electrical contacts which are in
electrical communication witﬁ the crystal, which are respective-
ly positively and negatively biased, which colleet electrons and
hoies, respectively, from the crystal, and which cause a hole to
eﬁter the crystal from the positively biased electrical contact
eadh time a hole is collected by the negatively biased electrical
contact, and

wherein the bias of electrical contact is high enough
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to ensure that the number of holes collected at the contacts is
higher than the number of holes generated by the photons; and
photocurrent measuring apparatus operative to measure

photocurrent induced by absorption of the photons in the crystal.

37.- A system fqr determining the photon energy of an x-ray
source comprisingz

| a high resistance ‘n-type cadmium telluride alloy
crystal irradiated by the x-ray source;

| first and s.etl:o_nd electrical contacts which are i‘-
electrical.communication with the crystal, which are respective-
ly negatively and positively biased and which provide free flow
of electroné from the nggatively biased contaﬁt to the crystal
and whereiﬁ holes, generated by absorption of the photons in the
crystal, recombine.wiﬁh said.electrons; and
phqton energy measuring apparatus operative to measure

the amount bf charge generated per photon absorbed by the crystal.

38. A system for measuring photocurrent induced by an x-ray
source comprising: |

a high resistance n-type cadmium telluride alloy
crystal irradiated by the x-ray photons;

first and second electrical contacts which are in
e{éctridal-communication'with the crystal, which are respective-
ly negatively and poSitivély biased, which collect 'hbles and
electrons, respectively, from the crystal, and which cause an
electron to enter the crystal from the negatiﬁely biased electri-

- cal contact each time an electron is collected by the positively
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biased electrical contact, and

wherein the bias of electrical contact is high enough
to ensure that the number of electrons collected at the contacts
is higher than the number of electrons generated by the photons;
and

photocurrent measuring apparatus operative to measure

photocurrent induced by absorption of the photons in the crystal.

39. An system for measuring photocurrent induced by an x-~

ray source comprising:
a high resistance p-type cadmium telluride alloy
crystal irradiated.by the x-ray source;
first and second electrical contacts which are in
electrical comﬁunication with the crystal, which are respective-
ly positively and negatively biased, which collect electrons and
holes, respectively, from the crystal, and which cause a holé to
enter the crystal from the positively biased electrical contact
each time a hole is coilected by the negative;y biased electrical
contact, and
| wherein the bias of electrical contact is high enough
to ensure that the number of holgs collected at the contacts is
higher than the number of hqles generated by the photons; and
' photocurrent measuring apparatus operative to measure

photocurrent induced by absorption of the photons in the crystal.
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