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(57) ABSTRACT 

In a Semiconductor imaging device, the distance between the 
edge of a Substrate and an edge-most charge collection 
contact is made as Small as possible, preferably less than 500 
tim and/or less than /3 of the Substrate thickness. Addition 
ally or alternatively, a passivation layer is placed between 
the edge-most portion of the contact and the Substrate 
Surface and/or a field Shaping conductor adjacent to the 
Surface. A field shaping region may also be arranged outside 
the edge of the Substrate and may encircle each detector 
device, or it may encircle an arrangement of Several devices. 
In Such an arrangement, the Spacing between adjacent detec 
tors should be less than 500 lum. A shield may also be used 
to Shield the edge of each detector, or the edge region of the 
arrangement of Several detectors, from incident radiation. 
Such arrangements can reduce the effect of edge image 
deterioration caused by Strong field non-uniformities at the 
detector edges. 
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SEMCONDUCTOR IMAGING DEVICE AND 
METHOD FOR PRODUCING SAME 

FIELD OF THE INVENTION 

0001. The present invention relates generally to the field 
of imaging, and in particular to Semiconductor imaging 
devices and methods of producing Such devices. 

BACKGROUND OF THE INVENTION 

0002) A variety of semiconductor imaging devices are 
known in the art. Such devices typically comprise Semicon 
ductor material Such as cadmium telluride (CdTe), cadmium 
Zinc telluride (CdZnTe), mercury iodide (HgI), indium 
antimonide (InSb), gallium arsenide (GaAs), geranium (Ge), 
titanium bromide (Ti Br), lead iodide (Pbl) and silicon (Si). 
For example, an imaging pixel Semiconductor System is 
disclosed in published International Patent Application 
WO-A-95/33332 owned by the assignee hereof. The con 
tents of that document are incorporated herein by reference. 
0.003 Known silicon-based semiconductor imaging 
devices have been implemented with a continuous grounded 
metal guard ring or pattern in electrical contact with the 
Semiconductor material and encompassing the pixel con 
tacts. The guard ring is formed on the Sensitive face of the 
Semiconductor material in the pixel plane adjacent to the 
edge of the material. The guard ring can improve electric 
field uniformity at the edge of the material which might 
otherwise cause image deterioration. 
0004. In such devices, however, the guard ring occupies 
a significant area of the Sensitive Surface, creating a Sub 
Stantial “inactive' area around the periphery of the detector 
face. The region is inactive in the Sense that it is extremely 
difficult or impossible to detect photons incident in this 
region, Since any charge created by absorption of photons 
flows immediately to ground via the grounded guard ring. 
Typically, the pixel pitch might be as Small as 35 tim, and the 
width of the guard ring might be at least as big, if not 
Significantly bigger (typically the width is in the range 
25-500 um). The inactive area causes particular problems 
when Several individual detectors are used together to form 
a tiled detector surface. The combined effect of the guard 
rings of adjacent tiles can create a blind area of 1 mm or 
more in width at the region of the tile edges. Such a blind 
area is unacceptable for high-sensitivity or high-resolution 
imaging. 

0005 Embodiments of the present invention are directed 
to Solving these and other problems with known imaging 
devices. 

SUMMARY OF THE INVENTION 

0006 According to embodiments of the present inven 
tion, edge deterioration effects in a Semiconductor imaging 
device may be reduced or substantially eliminated by 
arranging an edge-most contact element or elements on the 
Surface of the Semiconductor material Sufficiently close to 
the edge of the material. In one Such embodiment, the 
distance between the edge of at least one charge collecting 
contact of a Semiconductor imaging device and the edge of 
the semiconductor material is between 0 and about 500 um 
and/or between 0 and a value not significantly greater than 
/3 of the thickness of the Semiconductor material. 
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0007. By arranging at least some of the edge-most con 
tacts close to the edge of the Semiconductor material, the 
field non-uniformities may be displaced closer to the edge of 
the Semiconductor material and, if the Spacing is Sufficiently 
Small, extend at least partly beyond (i.e., outside) the Semi 
conductor Volume. It will be appreciated that a reduction in 
the Size of the Semiconductor region affected by the non 
uniformities will achieve a corresponding reduction in 
Image Deterioration Effect (IDE) at the edge of the detector. 
0008. The spacing between the edge of the semiconduc 
tor material and the outermost edge or edges of the (or each) 
pixel contact may be made Sufficiently Small to reduce or 
alleviate IDE in the detector when in use. Generally, best 
results are achieved if the Spacing is made as Small as 
possible. 

0009. Applying the teachings of the present invention, 
Suitable Spacing for any particular Semiconductor detector 
can be found by routine investigation, Such as by routine 
experimentation or by Simulation of the electroStatic fields 
as described herein. For example, in accordance with 
embodiments of the present invention, the Spacing may be 
configured not significantly greater than about /S, or about 
/15, or about 1/30, or about /so, of the semiconductor thick 
ness (with increasing preference for Smaller fractions). Such 
ratioS of Spacing/thickness can provide increasingly better 
results in alleviating edge IDE. Likewise, the edge spacing 
may be configured not significantly greater than about 300 
aim, or 100 um, or 50 um or 30 um (with increasing 
preference for Smaller values). These values match the 
above fractions for a Semiconductor thickness of 1.5 mm, 
but can also be applied irrespective of the Semiconductor 
thickness in other cases. In Still other embodiments, Selected 
ones of the foregoing values may also be combined to give 
a preferred spacing of not significantly greater than about/3 
(or '/S, etc.) of the Semiconductor thickness if greater than 
1.5 mm, and not significantly greater than about 500 um (or 
300 um, etc.) if the Semiconductor thickness is generally 
equal to or less than 1.5 mm. 

0010 Various methods can be used to produce semicon 
ductor imaging devices having an edge spacing as described 
above. According to one embodiment of Such a method, the 
contact(s) are formed on the Surface of a pre-cut (or pre 
formed) Semiconductor Substrate of a desired size using 
photolithography. Modem photolithographic techniques can 
be used to form a contact within about 50 um of the substrate 
edge. According to another embodiment, the contact(s) may 
be formed on the Surface of an oversized Substrate using any 
convenient technique, and the edge of the Substrate then cut 
close to the edge-most contact(s). Modem cutting techniques 
can be used to form a cut to a precision of about 1 um or 
better. 

0011. According to yet another embodiment, an edge 
most portion of at least one charge collecting contact of a 
Semiconductor imaging device is spaced from the Surface of 
the Semiconductor material by passivation material. For 
example, the edge-most contacts may have a step profile (or 
at least the Side of the contact adjacent to the Semiconductor 
material may have a step profile) and be arranged so that the 
portion which Steps away from the Surface of the Semicon 
ductor Substrate extends towards the edge of the Semicon 
ductor Substrate. This takes into account that Strong field 
non-uniformities are believed only to exist in the Semicon 
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ductor material very close to the Surface on which the charge 
collection contacts are mounted. By spacing the edge-most 
portion of the contact from the Semiconductor Surface, and 
introducing a passivation layer, the most intense field is 
confined to the non-Sensitive passivation material where no 
breakdown effect is possible. Such a technique may be 
particularly effective when used in combination with the 
previously-discussed technique of positioning the edge-most 
charge collection contact(s) close to the edge of the Semi 
conductor material. 

0012. In yet another embodiment, a non-sensitive field 
Shaping region may be arranged outside, but adjacent to, at 
least one edge of the Semiconductor imaging device. Such an 
arrangement can avoid reducing the area on which charge 
collection contacts can be mounted (which is a deficiency of 
using a guard ring), yet still provide a field Shaping or 
controlling effect to reduce edge IDE problems. For 
example, the field shaping region may comprise non-Sensi 
tive material within which is or are arranged one or more 
field Shaping Strips. The positions of the Strips, and the 
potential(s) applied to the Strips can be chosen to achieve the 
desired field Shaping. Different potentials can be applied to 
different Strips if desired. The field Shaping region may 
extend around the periphery of each Single detector element. 
Additionally, or alternatively, the field shaping region may 
extend around the external periphery of a detector made up 
of a number of separate detector units (e.g., tiles) positioned 
Side-by-side. 

0013. According to another embodiment of the present 
invention, two or more detector units may be arranged in 
very close proximity with each other, or in direct contact 
with each other. Typically, the detectors may be arranged 
with a gap of not significantly more than 500 lum. With 
increasing preference for Smaller gaps, the Spacing is more 
preferably not significantly greater than about 300 um, or 
about 100 um, or about 50 um or less (which is equivalent 
to direct contact). With Such close “spacing,” the Strong edge 
field non-uniformities of one detector may at least partially 
cancel out the corresponding edge non-uniformities of an 
adjacent detector, and thereby reduce the likelihood of edge 
IDE. This proximity of neighboring tiles on an imaging 
Support plane is feasible with existing positioning and 
aligning methods. Such a technique may be most effective 
when used in combination with the technique of positioning 
the edge-most charge collection contact(s) very close to the 
edge of the Semiconductor material and/or in combination 
with the technique of using passivation between an edge 
most portion of a contact and the Semiconductor material. 
0.014. In yet another embodiment, a window region may 
be defined on the radiation receiving Surface of a Semicon 
ductor imaging device, or of an arrangement of Several 
devices, for receiving incident radiation. The window region 
would be Smaller than the overall Surface of the device or 
devices. Accordingly, one or more regions of the Surface are 
shielded from receiving incident radiation. With such a 
technique, incident radiation can be confined to a region of 
the Semiconductor material where Strong field non-unifor 
mities are absent. Preferably, at least one edge region of the 
Substrate is shielded to prevent charge being produced in the 
edge region vulnerable to IDE. One feature of IDE is that 
once a charge avalanche has started, the avalanche affects 
not only the closest charge collecting contact, but also 
Spreads to affect other contacts in the vicinity. By reducing 
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the “window' of the detector even by a modest amount to 
reduce the amount of incident radiation in regions of Strong 
field non-uniformity, and thereby SuppreSS IDE, a significant 
improvement may be achieved. In one form, the window 
region may correspond to the area in alignment with the 
charge collecting contacts formed on the opposite Surface of 
the Semiconductor material. Alternatively, the window 
region may be slightly Smaller than this, So that Some of the 
edge-most contacts are in the Shielded region. 

0015. In accordance with another embodiment, at least a 
portion of a field shaping conductor adjacent to the Surface 
of the Semiconductor material of a Semiconductor imaging 
device is spaced from the Surface by passivation material. 
Preferably, the conductor is insulated electrically from the 
Semiconductive material by the passivation material. There 
fore, in contrast to known approaches, a field shaping, or 
"guard, conductor should not make electrical contact with 
the Surface of the Semiconductor material. By electrically 
isolating the field Shaping conductor from the Semiconductor 
material, charge created by incident photons cannot flow out 
through the conductor. Instead, the charge is available to 
flow towards an adjacent charge collection contact, as a 
detectable output. The proximity of the conductor to the 
Semiconductor material nevertheless enables it to provide a 
field shaping, or "guard,' effect to reduce field non-unifor 
mities at the edge of the Semiconductor material. The 
conductor may be coupled to ground, or to Some other 
potential, for this purpose. 

0016. With the above arrangement using the field shaping 
conductor, the Sensitivity of the detector in the edge regions 
can thus be improved, but the presence of the guard ring may 
limit the resolution in the edge region of the detector. It is 
preferred that the width of the guard conductor on the 
Semiconductor Surface be not significantly greater than 
about 100 um, So that it does not occupy too much Surface 
area. With a guard conductor of this width, the “hole” in the 
resolution at the detector edge is also about 100 um. 

0017. The foregoing embodiments and/or features 
thereof may be used independently or in combination. In 
contrast to the teaching of the prior art, the above aspects can 
enable incident radiation to be detected in the peripheral 
region of the Semiconductive material. This provides an 
extremely important advantage in improving the Sensitivity 
of the detector in the edge regions, and can enable the size 
of “dead” or “blind” regions of the detector to be reduced 
compared to currently known devices. According to embodi 
ments of the present invention, two or more detectors can be 
arranged in a one-, two- or three-dimensional pattern (Such 
as a tiled detector Surface) and can provide a much more 
uniform sensitivity across the entire width of the detection 
Surface than is possible with current technology. Moreover, 
embodiments of the present invention can reduce or even 
alleviate field non-uniformities at the edge of the detector 
Sensitive area while, at the Same time, achieving a Sensitive 
area which is maximal and Substantially equal to the total 
area of the detector. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 FIG. 1 is a schematic view of a monolithic radia 
tion detector used to illustrate the Image Deterioration 
Effect. 
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0.019 FIG. 2 is a schematic plan view of one corner of 
pixel Surface of a Semiconductor imaging device according 
to an embodiment of the present invention. 
0020 FIG. 3 is a schematic side view of the detector 
region illustrated in FIG. 1. 
0021 FIG. 4 is a schematic plan view of a semiconductor 
imaging device according to an embodiment of the present 
invention. 

0022 FIG. 5 is a schematic side view of a semiconductor 
imaging device according to an embodiment of the present 
invention. 

0023 FIG. 6 is a schematic plan view of a semiconductor 
imaging device according to an embodiment of the present 
invention. 

0024 
FIG. 6. 

FIG. 7 is a schematic side view of the region of 

0025 FIG. 8 is a schematic side view of a plurality of 
detector tiles according to an embodiment of the present 
invention. 

0.026 FIG. 9 is a schematic plan view of a plurality of 
detector tiles according to an embodiment of the present 
invention. 

0.027 FIG. 10 is a schematic plan view of a semicon 
ductor imaging device according to an embodiment of the 
present invention. 
0028 FIG. 11 is a schematic side view of the region of 
the detector shown in FIG. 10. 

0029 FIG. 12 is a schematic side view of a semicon 
ductor imaging device employing a shield according to an 
embodiment of the present invention. 
0030 FIG. 13 is a schematic plan view of the detector of 
FIG. 12. 

DETAILED DESCRIPTION 

0031. In connection with development of the present 
invention, an implementation of a detector System using 
CdZnTe as the semiconductor material was studied. CdZnTe 
is a desirable material (and may be preferred to Si) due to its 
high absorption efficiency for photon energies up to 90 keV. 
A high absorption efficiency is advantageous, because it 
means that X-ray images can be produced using lower doses 
of radiation. Monolithic CdZnTe detectors (illustrated sche 
matically in FIG. 1) having an imaging area of 15x7 mm 
and a thickness t of about 1.5 mm were tested with X-ray 
energies from 20 to 100 KeV. In these detectors, charge 
collecting (pixel) metal contacts 12 are arranged on one face 
of the detector material 10. The opposite face, the backplane, 
is covered with a continuous metal contact 14 extending to 
the detector edge. Incident radiation 16 enters the detector 
through the backplane. It will be appreciated that, in FIG. 1, 
all relative dimensions are arbitrary and the figure is not 
drawn to Scale. The pixel pitch is 35 um, and the pixel metal 
contacts 12 start at from 0.6 to 1.6 mm from the detector 
edge. A passivation layer 16 is introduced between adjacent 
pixel contacts to prevent croSStalk. Before each image 
acquisition cycle, the pixel contacts 12 were reset to 5 V and 
the backplane 14 (the plane of incident radiation) was kept 
at a bias voltage V=350 V. Images were taken of standard 
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test objects with X-ray tube voltages ranging from 40 to 110 
kV. The tube Voltage defines the maximal photon energy 
incident on the detector. 

0032 Image deterioration was observed for tube voltages 
over 60 kV. The observed image deterioration commenced at 
the detector edges, and the extent of deterioration was 
observed to increase with increasing X-ray tube Voltage. The 
deterioration was observed to consist of a white-out of the 
output Signals from the edge of the detector, indicative of 
overloading or Swamping of the detector Signals. The dete 
rioration was observed to be worst at pixels near the detector 
edges, becoming progressively better away from the edges. 
This effect is referred to as the Image Deterioration Effect 
(IDE). 
0033. As part of these studies, a frame was introduced to 
Shield the edge regions of the detector from incident radia 
tion. This significantly improved image quality. It was 
concluded that the occurrence of IDE at high energies might 
be caused by high-energy photons interacting with the 
Semiconductor material near the pixel plane (i.e., metal 
contact plane). Furthermore, the occurrence of IDE near the 
detector edges might be associated with the electric field 
non-uniformities near the outermost contact pixel edges. 
0034. In effect, the detector system may be considered as 
a parallel plate capacitor, the backplane conductor 14 form 
ing one plate, and the pixel contacts 12 forming the other 
plate. The fringe field near the capacitor edges causes the 
electric field strength to be Several times higher in magni 
tude near the edge compared to its uniform value elsewhere. 
Moreover, the electric field vector in the region of the 
non-uniformity has a high component along the direction 
parallel to the plane of the pixel contacts (the x-y plane in 
FIG. 1). It is believed that IDE is caused by high-energy 
photons reaching these high field regions, which causes an 
avalanche charge to be created in the region of the edge 
most pixel contacts. The Signal produced from the pixel 
contact is far in excess of the usual pixel Signal level, and 
overloads the electronic circuitry for reading the Signal. 
0035. The detector backplane 14 was covered completely 
by a gold layer of thickness 0.22 um. The continued occur 
rence of IDE at higher photon energies Supports the above 
hypothesis that the IDE is not caused by the backplane 
metallization edges. Further evidence Supporting the above 
developed hypothesis is provided by observation of the 
detector System behavior at lower bias Voltages: application 
of V=100 V at the backplane electrode 14 eliminated the 
edge IDE problem despite causing a general deterioration of 
image contrast as a result of lower charge collection effi 
ciency and higher charge diffusion. 
0036) Referring now to FIGS. 2 and 3, according to a 
first embodiment of the present invention a Semiconductor 
X-ray imaging device 20 includes a Semiconductor Substrate 
22 on one face of which is formed a backplane conductive 
layer 24, and on the other face of which are formed a 
plurality of metal contacts 26. The Semiconductor imaging 
device may formed from the materials identified above, but 
the present invention is not limited in this respect. The 
detector operates in a similar manner to that described in the 
above-referenced International Patent Application WO-A- 
95/33332, and so the basic operation is not described in 
detail herein. The contacts 26 act as charge collection 
contacts through which electronic circuitry (not shown) can 
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read out charge Signals generated by the absorption of X-ray 
radiation incident through the backplane 24. 

0037. This embodiment takes advantage of the observa 
tion in accordance with one aspect of the invention that the 
IDE does not occur near the backplane where the entire 
detector area is covered with a continuous metal layer 
extending to the detector edge. In this embodiment, the 
distance D between the Substrate edge and the Outermost cell 
metal contacts at the cell contact plane are Sufficiently Small 
(and preferably minimized within practical limits) that IDE 
can be avoided in the pixel plane. 

0.038. As the distance D is lowered, the non-uniformities 
in the edge electric field are believed to be pushed near the 
detector edge and eventually extend partially beyond the 
detector volume. There is believed to be a correlation 
between the detector thickness and the electric field non 
uniformity: the thinner the detector, the higher the non 
uniformity, and therefore, the Smaller the desirable distance 
D. In this particular embodiment, with a 1.5 mm thick 
detector, the effect of field non-uniformities begins to mod 
erate when the distance D becomes lower than 500-300 um. 
More preferably, this effect becomes less significant if the 
distance D becomes lower than 100 um, and even more 
preferably, this effect becomes even leSS Significant if the 
distance D becomes 30 um or lower. Although the drawings 
illustrate a detector which is generally Symmetrical in two 
dimensions, it will be appreciated that this is not an essential 
feature. For example, in FIG. 2 the horizontal distance D 
need not necessarily be the same as the Vertical distance D. 
Furthermore, the corresponding distances D at the opposite 
edges of the detector need not be the Same. 
0.039 The shape of the metal contacts is not necessarily 
Square, as shown in FIG. 2, but can take any shape (for 
example, circular, parallelogram (Strip-like) polygonal, etc.). 
Furthermore, the shapes and sizes of contacts of different 
cells are not necessarily identical to one another (See, for 
example, the arrangement in FIG. 4). In FIG. 4, the outer 
most rows and columns of contacts 30 are shaped So that 
they extend towards the detector edge or edges. The corner 
metal contact 30a is larger in order to keep the edge distance 
D Small. 

0040 Detectors in accordance with these embodiments 
may typically be produced in at least two ways. The first way 
is to form directly as many metal contacts as needed in 
position relative to an edge of the Substrate, to achieve the 
desirable minimal or sufficiently small distance D. In this 
way, the minimum achieved distance D is limited only by 
the accuracy of the particular photolithography technique 
used. With conventional photolithography techniques, 
charge collecting metal contacts can be implemented as 
close as 50 um from the detector edge (for CdTe or CdZnTe). 
0041. The alternative second way of producing a detector 
in accordance with these embodiments is to form the metal 
contacts on a Substrate of larger dimensions than is ulti 
mately needed, and to remove exceSS Semiconductive mate 
rial from at least one edge (for example, by cutting). The 
precision of modern cutting techniques (for example, dia 
mond cutting) is around 10-20 um. 
0.042 A particular advantage achieved by the embodi 
ments of FIGS. 2 to 4 is that the edge region of the 
Semiconductive material is actively sensitive (in that inci 

Apr. 18, 2002 

dent photons can be detected even close to the edge). The 
proximity of the metal contacts to the edge of the Substrate 
helps reduce IDE at the detector edge. Moreover, the prox 
imity of the metal contacts to the Substrate edge means that 
image resolution is not sacrificed in the edge region. A 
plurality of Such detectors may be used Side-by-side, for 
example, to produce a tiled imaging detector Surface. Such 
a Surface would have more uniform Sensitivity and better 
resolution than that achievable hitherto. 

0043 Referring now to FIG. 5, another embodiment of 
the present invention uses a passivation layer 32 under a 
portion of the edge-most metal contacts 30. With such a 
passivation layer, the largest part of the field non-uniformity 
will extend in a non-Sensitive medium Such as the passiva 
tion. For example, the thickness 34 of the passivation layer 
can be Several um thick. This embodiment takes into account 
the fact that the field nonuniformities increase with decreas 
ing magnitude of distance Z to the metal contacts 30. 
Although not essential, this embodiment also uses a “mini 
mum’ or at least Sufficiently Small edge distance D, to 
reduce the intensity of the field non-uniformities at the edge. 
Such a combination can confine the most intense electric 
field in a non-Sensitive medium Such as outside the Semi 
conductive material, and/or in the edge passivation 32 where 
no breakdown effect is possible. 
0044) Referring to FIGS. 6 and 7, in accordance with 
another embodiment of the present invention, the Semicon 
ductor Substrate 22 is Surrounded with a non-detecting field 
Shaping region 36, which lies outside, but closely adjacent 
to, the Substrate. The region 36 may contain any number of 
field Shaping metal Strips 38, and one or more Voltages can 
be applied to the strips. The voltages for the different field 
Shaping Strips 38 can be different from one another and are 
Suitably chosen So as to achieve the desired field shaping. It 
is to be noted that the dimensions illustrated in FIGS. 6 and 
7 are arbitrary. Furthermore, this embodiment (i.e., field 
Shaping) can be used in conjunction with the other embodi 
ments already described (e.g., extended edge metal contact, 
extended edge metal contact over a passivation layer). 
0045. In a further embodiment, the minimization of the 
edge distance D (as defined previously) can be used to 
remove field non-uniformities for a large-area imaging Sys 
tem comprising Several monolithic detectors (tiles). Refer 
ring to FIG. 8, different detector tiles 20, each with a 
minimal edge distance D are placed side by Side (the number 
of tiles and dimensions in this figure being arbitrary and not 
limiting). Field non-uniformities near the edge metal con 
tacts 30 of neighboring tiles mutually cancel out to a large 
extent. The gap G between the neighboring edge metal 
contacts is G=2xD+B where B is the gap between the 
Substrates of neighboring tiles. According to this embodi 
ment, the distance B is also minimal. Preferably, this dis 
tance B is not greater than about 500-300 um; more pref 
erably, is not greater than around 100 um; and even more 
preferably, B is 50 um or less. This proximity of neighboring 
imaging tiles on an imaging plane is feasible with existing 
positioning and aligning methods. This embodiment of the 
invention (i.e., juxtaposition of tiles) can be used in con 
junction with the other embodiments already described (e.g., 
extended edge metal contact, extended edge metal contact 
over a passivation layer). 
0046 Referring to FIG. 9, according to another embodi 
ment of the present invention, the use of a field shaping 
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Structure comprising a nonsensitive medium 36 and field 
Shaping Strips 38 (as described previously with reference to 
FIGS. 6 and 7) can be used to minimize field non-unifor 
mities at the edges of a multi-tile System. The field shaping 
Structure Surrounds the multi-tile System, thus providing the 
necessary field shaping at the edges of the entire System. The 
dimensions and number of tiles illustrated in FIG. 9 are 
arbitrary and not limiting. 
0047 FIGS. 10 and 11 illustrate another embodiment 
which employs a guard metal conductor, but which can 
nevertheless achieve an active region corresponding to Sub 
Stantially the entire Volume of the Semiconductor Substrate 
22. In this embodiment, a guard ring conductor 40 is spaced 
from the Surface of the Semiconductor Substrate 22, and is 
electrically insulated therefrom, by means of a passivation 
layer 42. The guard ring can extend the metallization to 
practically the very edge of the Semiconductor Substrate, and 
thus reduce the edge non-uniformities in the region of the 
edge-most contacts 30 which the guard conductor 40 Sur 
rounds. At the same time, Since the guard ring 40 is not in 
electrical contact with the Substrate 22, it does not sink any 
charges from the Substrate. Any charge generated in the edge 
region of the Substrate 22 by absorption of photons will drift 
towards the edge-most contacts 30, from which it can be 
collected as a useful signal. Thus, the Substrate does not 
contain any inactive region, although the Spatial resolution 
will be lower at the edges because the peripheral Surface area 
is occupied by the guard ring 40 instead of by charge 
collecting contacts 30. For this reason, the width of the guard 
ring conductor 40 should not be too large. Typically it may 
be about 50-100 um in width. 
0.048. The voltage applied to the guard ring conductor 40 
may be Selected optimally So that each charge created by 
ionization below the guard ring will drift towards the nearest 
edge contact 30. For example, if the charge collection 
contacts are reset to about 5 volts, and a bias Voltage of about 
-350 volts is applied to the backplane 24, then the potential 
applied to the guard ring conductor 40 may conveniently be 
O volts. 

0049 Referring to FIGS. 12 and 13, in accordance with 
another embodiment of the present invention, a shield (a 
frame 50 in this example) may be used to shield vulnerable 
edge regions of the Substrate 22 from receiving incident 
radiation. Radiation 52 incident within the window region 
defined by the frame 50 is allowed to pass into the substrate 
22, whereas radiation 54 incident outside the window region 
is blocked by the frame 50. The shield may be made of any 
Suitable material for preventing the transmission there 
through of the radiation of interest, for example, Steel for 
Shielding X-rayS. 
0050. By shielding the edge regions, the amount of 
charge generated at the edge regions where the field non 
uniformities are strongest will be reduced. The effect of this 
is to Suppress IDE, and to improve the image quality. AS 
explained previously, the IDE has been observed to affect 
not only the outermost contacts, but any contacts in the same 
vicinity. Therefore, by Suppressing IDE, image quality at the 
image edge and at regions inward of the edge can be 
Significantly improved. This improvement can more than 
make up for the slight reduction in the size of the active area 
of the detector. 

0051. The shield may be arranged so that its inner edge 
is aligned outside the edge-most contacts 30, or it may be 
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arranged So that it covers, or at least partly covers, one or 
more rows or columns of edge-most contacts (as illustrated 
in FIGS. 12 and 13). The shielding frame 50 is preferably 
positioned either in contact with, or very close to, the 
backplane 24 of the detector. Although a rectangular win 
dow defining frame 50 is illustrated, it will be appreciated 
that this is merely an example, and is not limiting. One or 
more continuous, or disparate, regions of the Surface can be 
Shielded as desired. 

0052 Alternatively, instead of applying the shielding 
frame to an individual detector, a large frame may be 
positioned to Shield the edge region of an extended detector 
array formed from a plurality of individual detectors posi 
tioned side-by-side (defining a tiled or mosaic detector 
Surface). With Such an arrangement, the frame could, for 
example, be arranged to Shield the peripheral region of each 
edge-most detector in the array. It will be appreciated that 
the shield is different from a collimator which may be used 
on a detector, because the Shield in the above embodiments 
does not limit the angle of incidence of incoming radiation. 
Typically, it is desired only to shield the edge-most regions 
of the substrate surface which are vulnerable to strong field 
non-uniformities, and it is desired at the same time to 
provide a detector window which is as large as possible. 
Typically, the window would be Several times bigger than a 
collimator aperture. 
0053 As illustrated above, embodiments of the present 
invention can improve the Sensitivity in the edge region of 
a Semiconductor imaging device, giving the device a more 
uniform sensitivity throughout its volume, and avoiding the 
occurrence of inactive regions as in the prior art. Further 
more, embodiments of the invention can improve the detec 
tion resolution at the detector edges, and can avoid, or at 
least reduce the effect of, resolution "holes' at the device's 
edges, which is a particular problem in known devices. 
0054 Although the present invention has been described 
in relation to X-ray detection and is particularly Suitable in 
this field, embodiments of the invention can be used in many 
other applications, and is not intended to be limited only to 
the detection of X-rays. Accordingly, it will be appreciated 
that although particular embodiments of the invention have 
been described, many modifications/additions and/or Sub 
Stitutions may be made within the Spirit and Scope of the 
present invention as defined in the appended claims. More 
over, it is to be noted that combinations of features of the 
dependent claims other than those explicitly enumerated 
may be made with features of other dependent claims and/or 
independent claims, as appropriate, within the Spirit and 
Scope of the present invention. 

What is claimed is: 
1. A Semiconductor imaging device comprising a Sub 

Strate of Semiconductive material and a charge collection 
contact formed thereon, wherein the charge collection con 
tact is spaced from an edge of the Substrate by a distance 
between 0 and about 500 um. 

2. The Semiconductor imaging device of claim 1, wherein 
Said distance is between 0 and a value not significantly 
greater than about 300 um. 

3. The Semiconductor imaging device of claim 1, wherein 
Said distance is between 0 and a value not significantly 
greater than about 100 um. 
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4. The Semiconductor imaging device of claim 1, wherein 
Said distance is between 0 and a value not significantly 
greater than about 50 lim. 

5. The Semiconductor imaging device of claim 1, wherein 
Said distance is between 0 and a value not significantly 
greater than about 30 lim. 

6. The Semiconductor imaging device of claim 1, wherein 
at least one of an edge-most portion of the charge collection 
contact and a portion of a field Shaping conductor is spaced 
from a Surface of the Substrate by a passivation material. 

7. The Semiconductor imaging device of claim 1, further 
comprising an outer non-Sensitive field Shaping region 
arranged outside and adjacent to an edge of the Substrate. 

8. The Semiconductor imaging device of claim 1, further 
comprising a means for defining a window region on a 
Sensitive Surface of the Substrate, Said window region being 
configured to receive incident radiation. 

9. A Semiconductor imaging device comprising a Sub 
Strate of Semiconductive material and a charge collection 
contact formed thereon, wherein the charge collection con 
tact is spaced from an edge of the Substrate by a distance 
between 0 and a value which is not significantly greater than 
about /3 of a thickness of the Substrate. 

10. The semiconductor imaging device of claim 9, 
wherein said distance is between 0 and a value which is not 
Significantly greater than about /s of Said Substrate thick 
CSS. 

11. The Semiconductor imaging device of claim 9, 
wherein said distance is between 0 and a value which is not 
Significantly greater than about /15 of Said Substrate thick 
CSS. 

12. The Semiconductor imaging device of claim 9, 
wherein said distance is between 0 and a value which is not 
Significantly greater than about /30 of Said Substrate thick 
CSS. 

13. The Semiconductor imaging device of claim 9, 
wherein said distance is between 0 and a value which is not 
Significantly greater than about /SO of Said Substrate thick 
CSS. 

14. The Semiconductor imaging device of claim 9, 
wherein at least one of an edge-most portion of the charge 
collection contact and a portion of a field Shaping conductor 
is spaced from a Surface of the Substrate by a passivation 
material. 

15. The semiconductor imaging device of claim 9, further 
comprising an outer non-Sensitive field Shaping region 
arranged outside and adjacent to an edge of the Substrate. 

16. The semiconductor imaging device of claim 9, further 
comprising a means for defining a window region on a 
Sensitive Surface of the Substrate, Said window region being 
configured to receive incident radiation. 

17. A Semiconductor imaging device comprising a Sub 
Strate of Semiconductive material and a charge collection 
contact formed thereon, wherein at least one of an edge-most 
portion of the charge collection contact and a portion of a 
field shaping conductor is spaced from a Surface of the 
Substrate by a passivation material. 

18. The Semiconductor imaging device of claim 17, 
wherein a Side of the charge collection contact adjacent to 
the Substrate is stepped away from the Surface of the 
Substrate. 

19. The semiconductor imaging device of claim 18, 
wherein the charge collection contact generally presents a 
Step-like profile. 
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20. The Semiconductor imaging device of claim 17, 
wherein the field Shaping conductor is electrically insulated 
from the Substrate by the passivation material. 

21. The Semiconductor imaging device of claim 17, 
wherein the field shaping conductor extends adjacent to an 
edge region of the Substrate. 

22. The Semiconductor imaging device of claim 17, 
further comprising means for applying a predetermined 
Voltage to the field Shaping conductor. 

23. A Semiconductor imaging device comprising a Sub 
Strate of Semiconductive material, a charge collection con 
tact formed thereon, and an outer non-Sensitive field shaping 
region arranged outside and adjacent to an edge of the 
Substrate. 

24. The Semiconductor imaging device of claim 23, 
wherein the outer non-Sensitive field shaping region com 
prises a conductor which is electrically isolated from the 
Substrate. 

25. The Semiconductor imaging device of claim 24, 
further comprising means for applying a predetermined 
Voltage to the conductor of the outer non-Sensitive field 
Shaping region. 

26. The Semiconductor imaging device of claim 25, 
wherein the outer non-Sensitive field shaping region com 
prises a plurality of conductors, Said Semiconductor imaging 
device further comprising a Second means for applying a 
predetermined Voltage to another conductor of the outer 
non-Sensitive field shaping region, the first and Second 
means applying different Voltages. 

27. The semiconductor imaging device of claim 24, 
wherein Said conductor is carried by a dielectric. 

28. A Semiconductor imaging device comprising a Semi 
conductor Substrate having a radiation Sensitive Surface and 
a means for defining a window region on Said Surface, Said 
window region being Smaller than a Surface area of the 
Substrate and configured to receive incident radiation. 

29. The Semiconductor imaging device of claim 28, 
wherein Said means for defining a window region is con 
figured to Shield a region of the Substrate from incident 
radiation. 

30. The semiconductor imaging device of claim 29, 
wherein Said shielded region corresponds to a portion of the 
Substrate Subject to high electric field non-uniformities. 

31. The Semiconductor imaging device of claim 29, 
wherein Said Shielded region comprises an edge region of 
the Substrate. 

32. The Semiconductor imaging device of claim 31, 
wherein Said means for defining a window region comprises 
a frame of material which is non-transparent to radiation to 
be detected. 

33. The Semiconductor imaging device of claim 28, 
wherein Said means for defining a window region is posi 
tioned at least closely adjacent to the radiation Sensitive 
Surface of the Substrate. 

34. The Semiconductor imaging device of claim 28, 
wherein Said means for defining a window region is made of 
Steel. 

35. An assembly comprising a plurality of Semiconductor 
imaging devices arranged side-by-side to define an extended 
Surface, and a shield configured to prevent a region of the 
extended Surface from receiving incident radiation, Said 
Shield defining an imaging Surface Smaller than the extended 
Surface. 
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36. The assembly of claim 35, wherein the imaging 
devices define an elongated imaging Surface. 

37. The assembly of claim 35, wherein the imaging 
devices define a two-dimensional mosaic imaging Surface. 

38. An assembly comprising a plurality of Semiconductor 
imaging devices arranged adjacent to each other to define an 
extended imaging Surface, wherein each device comprises a 
Semiconductor Substrate responsive to incident radiation, 
Said assembly further comprising an outer field shaping 
region positioned outside, but closely adjacent to, an outer 
edge of the extended imaging Surface. 

39. The assembly of claim 38, wherein the outer field 
Shaping region encompasses an edge of the extended imag 
ing Surface defined by the plurality of Semiconductor imag 
ing devices. 

40. The assembly of claim 38, wherein the outer field 
Shaping region comprises a conductor which is electrically 
insulated from the adjacent Semiconductor imaging devices. 
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41. The assembly of claim 38, wherein first and second 
ones of Said plurality of Semiconductor imaging devices are 
arranged with respect to one another with an edge-to-edge 
spacing of not significantly more than about 500 um. 

42. An assembly comprising first and Second Semicon 
ductor imaging devices, wherein each device comprises a 
Semiconductor Substrate on which is mounted a charge 
collection electrode for the device, Said first and Second 
devices being positioned Side-by-Side with an edge-to-edge 
spacing of not significantly more than about 500 um. 

43. The assembly of claim 42, wherein the edge-to-edge 
spacing is not significantly more than about 100 lim. 

44. The assembly of claim 42, wherein the edge-to-edge 
spacing is not significantly more than about 50 lum. 


