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2
Further in accordance With a preferred embodiment of the

SEMICONDUCTOR DETECTOR

present invention, the electrodes, for any bias value and
polarity thereof, induce an electric ?eld through the electri
cal insulator into the semiconductor material, thereby pull
ing electrons from a region adjacent the at least one side Wall
toWards the electrical insulator, and producing a space
charge at a boundary betWeen the electrical insulator and the
at least one side Wall, the space charge shifting trajectories
of charge carriers aWay from the region adjacent the at least

FIELD OF THE INVENTION

The present invention relates generally to radiation detec
tors and more particularly to arrays of modular detector

assemblies employed for Gamma Ray and X-Ray imaging.
BACKGROUND OF THE INVENTION
Various types of semiconductor detectors are knoWn in
the art. As Will be described hereinbeloW With reference to

the drawings, conventional semiconductor detectors suffer
from performance degradation inter alia due to non
uniformities in the electric ?eld thereacross adjacent the side
Walls thereof and leakage current along the surface of the
detector side Walls.
The following US. and foreign patent documents shoW

one side Wall.

Still further in accordance With a preferred embodiment of
the present invention, there is provided at least one anode
and at least one cathode, Wherein the electrode is substan
tially maintained at a potential relative to the at least one
15

at the at least one anode and the at least one cathode.

the provision of an eXternal electrode for various purposes
distinct and different from those of the present invention:

There is also provided in accordance With a preferred
embodiment of the present invention, a method for over

US. Pat. Nos. 5,326,996; 4,926,228; Japanese Kokais
60-218870 and 57-201086 and German Offenlegungsschrift

coming performance degradation in a semiconductor detec
tor due to non-uniformities in an electric ?eld adjacent a side

DE 3321921.

Wall, the detector comprising a substrate formed of a semi

conductor material and de?ning tWo opposite facing sur
faces and at least one side Wall, and also comprising
electrodes formed on tWo opposite facing surfaces of the

SUMMARY OF THE INVENTION

The present invention seeks to provide a semiconductor
detector and an array of modular detector assemblies Which
overcome performance degradation due to non-uniformities
in the electric ?eld thereacross adjacent the side Walls

substrate, the method comprising the steps of forming an
electrical insulator on at least part of the at least one side

Wall, and forming an electrical conductor over at least part

thereof, recombination and traps for charge carriers and
leakage current along the surface of the detector side Walls.
The present invention seeks to provide semiconductor
detectors having reduced charge carrier recombination and
trapping and reduced leakage current adjacent the side Walls
thereof for improving the charge collection ef?ciency, the

of the electrical insulator, Wherein the electrodes, the insu
lative layer and the conductor operate generally in the
manner of a ?eld-effect transistor.

In accordance With a preferred embodiment of the present

invention, the method further includes the step of inducing
an electric ?eld through the electrical insulator into the

signal to noise ratio and the energy resolution of the detec
tors.

semiconductor material, thereby pulling electrons from a
35

There is thus provided in accordance With a preferred
embodiment of the present invention a semiconductor detec
tor including a substrate formed of a semiconductor material

region adjacent the at least one side Wall toWards the
electrical insulator, and producing a space charge at a
boundary betWeen the electrical insulator and the at least one

side Wall, the space charge shifting trajectories of charge

having electrodes formed on tWo opposite facing surfaces
thereof and de?ning a peripheral side Wall extending

carriers aWay from the region adjacent the at least one side
Wall.

betWeen the tWo opposite facing surfaces, the peripheral side

BRIEF DESCRIPTION OF THE DRAWINGS

Wall having formed on at least a portion thereof an electrical
insulator over Which is provided an electrical conductor to

Which a bias voltage may be applied, such that the insulative
layer and the conductor operate generally in the manner of

cathode, the potential being of the same polarity and less
than an electrical potential substantially maintained betWeen

45

a ?eld-effect transistor.

There is also provided in accordance With a preferred
embodiment of the present invention, an array of modular

The present invention Will be understood and appreciated
more fully from the folloWing detailed description in Which:
FIGS. 1A and 1B are respective side and top vieW
simpli?ed illustrations of a prior art semiconductor detector;
FIG. 2 is a simpli?ed illustration of a prior art detector
plane formed of an array of modular detector assemblies;
FIGS. 3A and 3B are respective side vieW and top vieW
simpli?ed illustrations of part of a modular detector array
constructed and operative in accordance With a preferred

semiconductor detector assemblies, each detector assembly
including a substrate formed of a semiconductor material

having electrodes formed on tWo opposite facing surfaces
thereof and de?ning a peripheral side Wall extending

embodiment of the present invention;

betWeen the tWo opposite facing surfaces, the peripheral side

FIG. 4A is a simpli?ed side vieW illustration of the
Wall having formed on at least a portion thereof an electrical
interface betWeen tWo adjacent modular detectors having a
insulator over Which is provided an electrical conductor to 55 common gate-like electrode;
Which a bias voltage may be applied, such that the insulative
FIG. 4B is a simpli?ed side vieW illustration of the

layer and the conductor operate generally in the manner of

interface betWeen tWo adjacent modular detectors having

a ?eld-effect transistor.

separated gate-like electrodes; and

In accordance With a preferred embodiment of the present

FIGS. 5A and 5B are illustrations of spectra for a detector

invention, peripheral side Walls of adjacent detector assem

constructed and operative in accordance With a preferred
embodiment of the present invention and for a prior art

blies have a common conductor functioning as a FET gate

electrode. Alternatively, the peripheral side Walls may be
provided With separate conductors.
In accordance With a preferred embodiment of the present
invention, the electrodes are ?oating and are electrically
isolated from the electrical insulator and the electrical con
ductor.

detector, respectively.
65

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT
Reference is noW made to FIGS. 1A and 1B Which
illustrate a prior art semiconductor detector 10. The detector

5,905,264
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10 has tWo contact electrodes, including an anode 12 and a

problems similar to those described hereinabove With

cathode 14 disposed along opposite surfaces of a semicon
ductor crystal substrate volume 16.
A photon 20 is shoWn inside the volume of detector 10.
The presence of the photon produces a charge cloud 22 of
electron-hole pairs. Due to the electric ?eld produced in
volume 16 by the anode 12 and the cathode 14, electrons 24
move from the cloud 22 toWards the anode 12, typical
electron trajectories being indicated by arroWs 26 and 28.

respect to detectors 10 (FIG. 1).
5

in the resulting image produced by the detector plane.

Similarly holes 30 move from the cloud 22 toWards the

The use of a guard ring along the side Walls of each matriX
90 may alleviate degradation in performance of the detectors
Which are along the side Walls of the matrices, but gives rise
to another problem, requiring minimum spacing betWeen the
detector cells in tWo adjacent matriX to be equal to tWice the

cathode 14, typical hole trajectories being indicated by
arroWs 32 and 34.

It may be readily appreciated that the trajectories of the
electrons and holes in the detector volume 16 are in?uenced

by the intensity distribution of the electric ?eld therein and
the scattering of the charge carriers as they move toWard the
electrodes 12 and 14. Although the scattering is random,
being caused by defects and impurities in the semiconductor
crystal, the intensity distribution is not. The intensity distri
bution is non-uniform adj acent the side Walls of the detector,

15

pattern in the resulting image and is therefore objectionable.
Reference is noW made to FIGS. 3A and 3B, Which
illustrate a portion of a detector plane matriX 200 con

structed and operative in accordance With a preferred
embodiment of the present invention. The detector plane 200
25

detector.
Leakage current also reduces the signal to noise ratio and
the energy resolution of the detector. The unWanted leakage

includes a semiconductor crystal substrate volume 201, a
monolithic loWer cathode 202 and a plurality of spaced
anodes 203, tWo of Which, anodes 204 and 206 are illustrated
in FIG. 3A.
In accordance With a preferred embodiment of the present
invention an electrical insulating material 208, such as
polyimide, is applied to a portion of the peripheral side Wall

210 of the matriX 200 as by taping, coating, evaporating,

brushing, passivating, oXidating, depositing, bonding, dip

to be a function of the impingement location of a photon on

the detector, thus reducing the energy resolution of the

Width of the guard ring, i.e. typically 500 micrometers larger
than the spacing betWeen tWo adjacent detector cells Within
a given matriX. The resulting non-uniform distribution of
detector cells in the detector plane also produces a grid

due to the presence of a boundary betWeen the semiconduc
tor volume 16 and its surroundings. This is indicated by an
illustrative ?eld line 36, illustrated in FIG. 1A.

It is appreciated that in prior art detectors of the type
illustrated in FIGS. 1A and 1B, charge carriers tend to
collide With the side Walls of the detector and be trapped and
recombined With carriers of opposite charge. In such cases,
the charge carriers do not contribute to the total amount of
charge collected by the electrodes 12 and 14 and do not
contribute to the signal output of the detector, thus reducing
the signal to noise ratio of the detector. The side Wall electric
?eld non-uniformity causes the charge collection ef?ciency

In vieW of the discussion of side Wall effects hereinabove
in connection With FIG. 1, it may be appreciated that of the
12 detector cells in each matriX, 10 suffer from degradation
in their performance due to being at the side Walls of the
matrices. These degraded performance detector cells are
moreover arranged in a grid pattern, Which pattern appears

35

ping or any other suitable technique. A conductor, de?ning
an electrode 212, typically formed of metal foil, is formed
over a part of the insulating material 208, as by taping,

painting, coating, printing, evaporating, bonding or any

current has tWo components, a volume current Which

other suitable technique.
The insulating layer 208 and the electrode 212 may be

depends upon the voltage applied across electrodes 12 and
14 and various properties of the semiconductor substrate 16,

plurality of discrete elements spaced from each other.

continuous about the periphery of the matriX or formed as a

and a surface current Which passes along the side Walls of
the detector.
In order to try to overcome problems of insuf?cient

collection efficiency and surface leakage current, a guard

ring 50 is provided surrounding anode 12. The guard ring 50

45

may be active or passive. When passive, it is biased at the
same potential as anode 12. When active, an operational

In accordance With a preferred embodiment of the present
invention, illustrated in FIG. 3A, all of the anodes 203 are
maintained at the same electrical potential VI relative to
cathode 202. Preferably, electrode 212 is maintained at a
potential V2 relative to cathode 202, Where V2 is of the same
polarity and less than VI. The illustrated embodiment of
FIG. 3A is suitable for a detector made of a n-type semi

ampli?er actively maintains the potential difference betWeen

conductor such as CdTe or CdZnTe Where electrons have a

the guard ring 50 and the anode 12 at Zero.

much higher mobility than that of the holes and the detector

The guard ring 50 is operative to collect the surface
leakage current and prevent its collection by the anode, as

p-type semiconductor is employed, the polarities are

is irradiated With photons via the cathode 202. When a

Well as to improve the uniformity of the electric ?eld in the

vicinity of the side Walls of the detector. Thus the guard ring
50 improves the signal to noise ratio and the energy reso
lution of the detector.
A dif?culty arises With the use of a guard ring is its

55

poWer supply and is electrically isolated from all other
components of the detector circuit. For safety reasons,
anodes 203 are electrically grounded and the entire detector

required Width. A typical minimal Width of a guard ring is
about 250—300 micrometers for detectors having a thickness

matriX is negatively biased. In this case electrode 212 and
anodes 203 have virtually the same potential, but the side
Wall FET like structure of the invention nevertheless oper

of several millimeters. This becomes important in X-ray and
gamma ray imaging Wherein a detector plane is formed by
joining together arrays or matriXes of detectors, as illustrated

ates properly and produces signi?cant improvements in

performance.

in FIG. 2.

FIG. 2 illustrates part of a typical prior art detector plane

including typically 16 matrices 90, each containing 12

reversed.
In accordance With a preferred embodiment of the present
invention, electrode 212 is ?oating, is not connected to any

In the illustrated embodiment of FIG. 3A, Where an n-type
65

semiconductor is employed, typical electron trajectories

detector cells 100. The detector cells Which are located along

220, 222, 224 and 226 are produced by electrons Which are

the side Walls of the matrices have performance degradation

draWn from separated charge clouds produced by impinge

5,905,264
5
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ment of multiple photons at various locations in the interior

302. Here a single gate-like electrode 304 is disposed
betWeen tWo side Wall insulating layers 306 and 308 and

of the detector. It is seen that the trajectories 220—226 are

thus serves both adjacent detectors 300 and 302 in a manner

such that the electrons are repelled from the vicinity of
electrode 212.
A similar phenomenon occurs for hole trajectories When

described hereinabove.
FIG. 4B illustrates another embodiment of attachment
betWeen tWo adjacent modular detectors 310 and 312. Here
a pair of gate-like electrodes 314 and 315 are provided, each

the polarities are reversed and a p-type semiconductor

material is employed.

being associated With a corresponding insulating layer 316

It is a particular feature of the present invention that

and 318. Such a structure may be achieved When insulating

electrodes 202, 204 and 212 together With insulating layer
208 on side Wall 210 of the matrix 200 de?ne a MIS or MOS
FET type structure Wherein electrodes 202 and 204 serve as
a source and a drain respectively and electrode 212 is

10

equivalent to the gate of the FET. Preferably a FET con

?guration of this type is applied to all detector cells lying
along the side Wall 210 of the matrix 200.

15

In accordance With a preferred embodiment of the present
invention as exempli?ed in the embodiment of FIG. 3A,
When electrode 212 is biased positively, it induces an electric

layers 316 and 318 are made of double sided sticky tape,
such as the tape produced by 3M. One of the sides of the tape
is taped to the side Walls of the semiconductors and the other
side is taped to metal foils Which serve as electrodes 314 and
315.
Insulative material 320 may be provided in the interstices

betWeen adjacent side Walls 321 and 322 of adjacent detec
tor matrices.
Reference is noW made to FIGS. 5A and 5B Which shoW

pulse height spectra for a CdZnTe detector cell for 27Co57
(122KeV—87% and 136KeV —9% gamma ray radiation).

?eld through insulative layer 208 into the semiconductor
volume 201. This electric ?eld attracts the electrons from a

The detector is a corner detector cell in a matrix having tWo

region 240 adjacent the side Wall in semiconductor volume
201 and pulls them toWard layer 208. These electrons are
schematically illustrated and indicated by reference numeral
250. Electrons 250 produce a space charge at the boundary
betWeen insulating layer 208 and the side Wall 210, While
leaving region 240 in a someWhat electron depleted state.
Electron depleted region 240, due to its loW charge carrier

side Walls. FIG. 5A shoWs the spectrum for a con?guration
Wherein the cell is provided With a gate like electrode such
as electrode 212 along its tWo side Walls and FIG. 5B shoWs
the spectrum for a con?guration Wherein the cell is not
provided With such an electrode.

25

The folloWing parameters are compared in the spectra of
FIGS. 5A and 5B:

concentration has relatively high electrical resistivity. This

location of the peaks (channel number)

dramatically reduces the leakage current in region 240 in the
vicinity of the side Wall 210.
The space charge at the boundary betWeen insulating

Width of the peaks;
number of counts in the peaks;
the peak to valley ratio; and
the spectrum resolution.
It is seen that in FIG. 5A, the peaks, indicated by reference

layer 208 and the side Wall 210 produces an electric ?eld that

repels electrons and thus bends their trajectories 228 such
that their path is shifted aWay from side Wall 210, as
illustrated in FIG. 3A. As noted above, a similar phenom

35

enon occurs for hole trajectories When the polarities are

reversed and a p-type semiconductor material is employed.

numerals 540 and 560 are located at high channel numbers
are narroW, have a greater number of counts, have a higher
peak to valley ratio and better resolution than the corre

sponding peaks 550 and 570 in FIG. 5B.
This comparison clearly indicates that the provision of
gate like electrodes in accordance With the present invention
results in a detector having enhanced collection ef?ciency,
an improved signal to noise ratio, a collection ef?ciency that
is less dependent on the absorption location of photons and
a loWer leakage current. The resulting detector has perfor

Shifting of the trajectories of the charge carriers aWay
from the region close to the side Wall 210 tends to remove

them from a problematic region Where they Would otherWise
have a high probability to be trapped and recombined due to
the high density of defects in that region. This increases the
collection ef?ciency and uniformity of the detector, inas

much as the charge carrier trajectories are much the same 45 mance enhanced a level Which is generally indistinguishable
from that of a detector having no side Walls.
irrespective of the site 232 at Which a photon 234 is
absorbed.
It Will be appreciated by persons skilled in the art that the

It is a particular feature of the present invention that the
combined reduction of the leakage current in the vicinity of
the side Wall and the shifting of the charge carrier trajecto
ries aWay from the side Wall produces a signi?cant improve
ment in the signal to noise ratio and in the energy resolution
of the detector plane.
It is a further particular feature of the present invention
that the above mentioned detector performance enhance
ments may be realiZed When electrode 212 is biased

present invention is not limited by What has been particu
larly shoWn and described hereinabove. Rather the scope of
the present invention is de?ned only by the claims Which
folloW:
We claim:

1. A semiconductor detector comprising:
a substrate formed of a semiconductor material and de?n
55

ing tWo opposite facing surfaces and at least one side

Wall;

positively, negative or is ground ?oated. This is true because

electrodes formed on tWo opposite facing surfaces of the

the side Wall FET structure is not designed to control the
channel current for ampli?cation purposes but rather is
intended to reduce unWanted side Wall effects. It does so for

an electrical insulator formed on at least part of said at

any suitable bias value and polarity of the gate electrode
212.
Reference is noW made to FIGS. 4A and 4B Which

illustrate tWo alternative side Wall electrode arrangements
useful in accordance With the present invention.
FIG. 4A illustrates one embodiment of attachment

betWeen tWo adjacent modular detector matrices 300 and

substrate;
least one side Wall; and
an electrical conductor formed over at least part of said

electrical insulator, Wherein said electrodes, said elec
trical insulator and said conductor operate generally in
the manner of a ?eld-effect transistor.

2. Apparatus according to claim 1 Wherein said electrical
conductor is ?oating and is electrically isolated from said
substrate and said electrodes.

5,905,264
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3. Apparatus according to claim 1 wherein said electrical
conductor, for any bias value and polarity thereof, induces
an electric ?eld through said electrical insulator into said
semiconductor material, thereby pulling electrons from a
region adjacent said at least one side Wall toWards said
electrical insulator, and producing a space charge at a
boundary betWeen said electrical insulator and said at least
one side Wall, said space charge shifting trajectories of
charge carriers aWay from said region adjacent said at least

10. Apparatus according to claim 6 Wherein said electrical
conductor, for any bias value and polarity thereof, induces
an electric ?eld through said electrical insulator into said
semiconductor material, thereby pulling electrons from a
region adjacent said at least one side Wall toWards said
electrical insulator, and producing a space charge at a
boundary betWeen said electrical insulator and said at least
one side Wall, said space charge shifting trajectories of
charge carriers aWay from said region adjacent said at least

one side Wall.

10

one side Wall.

4. Apparatus according to claim 1 and further comprising

11. Apparatus according to claim 6 and further comprising

at least one anode and at least one cathode, Wherein said

electrical conductor is substantially maintained at a potential
relative to said at least one cathode, said potential being of
the same polarity and less than an electrical potential sub
stantially maintained betWeen at said at least one anode and

at least one anode and at least one cathode, Wherein said
15

said at least one cathode.

5. Apparatus according to claim 1 Wherein said electrical

said at least one cathode.

conductor is grounded.

12. Apparatus according to claim 6 Wherein said electrical

conductor is grounded.
13. A method for overcoming performance degradation in

6. An array of modular semiconductor detector

assemblies, each detector assembly including:

a semiconductor detector due to non-uniformities in an

a substrate formed of a semiconductor material and de?n

ing tWo opposite facing surfaces; and
electrodes formed on tWo opposite facing surfaces of the

substrate;

25

at least some of said modular detector assemblies de?ning
at least one side Wall at an edge of said array and

forming an electrical insulator on at least part of said at
least one side Wall; and
forming an electrical conductor over at least part of said

an electrical insulator formed on at least part of said at

least one side Wall; and
an electrical conductor formed over at least part of said

electrical insulator, Wherein said electrodes, said elec
trical insulator and said conductor operate generally in

electrical insulator, Wherein said electrodes, said
electrical insulator and said conductor operate gen

7. A detector plane comprising a plurality of adjacent
detector arrays according to claim 6 and Wherein peripheral
side Walls of adjacent detector assemblies have a common
conductor functioning as a PET gate electrode.

8. A detector plane comprising a plurality of adjacent
detector arrays according to claim 6 and Wherein peripheral
side Walls of adjacent detector assemblies have separate

electric ?eld adjacent a side Wall, the detector comprising a
substrate formed of a semiconductor material and de?ning
tWo opposite facing surfaces and at least one side Wall, and
also comprising electrodes formed on tWo opposite facing

surfaces of the substrate, the method comprising the steps of:

including:

erally in the manner of a ?eld-effect transistor.

electrical conductor is substantially maintained at a potential
relative to said at least one cathode, said potential being of
the same polarity and less than an electrical potential sub
stantially maintained betWeen at said at least one anode and

the manner of a ?eld-effect transistor.
35

14. A method according to claim 13 and comprising the
step of inducing an electric ?eld through said electrical

insulator into said semiconductor material, thereby pulling
electrons from a region adjacent said at least one side Wall
toWards said electrical insulator, and producing a space
charge at a boundary betWeen said electrical insulator and

said at least one side Wall, said space charge shifting

conductors each functioning as a PET gate electrode.

trajectories of charge carriers aWay from said region adja

9. Apparatus according to claim 6 Wherein said electrical
conductor is ?oating and is electrically isolated from said
substrate and said electrodes.

cent said at least one side Wall.

