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mented on a single substrate, or on tWo substrates bonded 
together. The charge storage device can be a transistor, for 
example one of a pair of PET transistors connected as a 
cascade ampli?cation stage. An imaging plane can be made 
up of one imaging device or a plurality of imaging devices 
tiled to form a mosaic. The imaging devices may be con 
?gured as a slot for certain applications, the slit or slot being 
scanned over the imaging plane. Control electronics can 
include addressing logic for addressing individual pixel 
circuits for reading accumulated charge from the pixel 
circuits. Imaging optimization can be achieved by determin 
ing maximum and minimum charge values for pixels for 
display, assigning extreme grey scale or colour values to the 
maximum and minimum charge values and allocating grey 
scale or colour values to an individual pixel according to a 
sliding scale between the extreme values. Scattered radiation 
can be detected and discarded by comparing the detected 
pixel value to a threshold value related to a minimum 
detected charge value expected for directly incident radia 
tion and discarding detected pixel values less than said 
threshold value. 
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RADIATION IMAGING SYSTEM WITH IMAGING 
DEVICES ARRANGED IN A MOSAIC 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the invention 

[0002] The invention relates to imaging devices, systems 
and methods, and in particular to a semiconductor pixel 
imaging device for use as an image sensor and to imaging 
systems and methods utiliZing the pixel semiconductor 
imaging device. 

[0003] 2. Description of the Prior Art 

[0004] TWo basic types of semiconductor pixel devices are 
knoWn in the prior art: 

[0005] 1) Charge Coupled image sensors also knoWn 
as Charge Coupled Devices (CCD) and 

[0006] 2) Pulse Counting Semiconductor Pixel 
Devices. 

[0007] CCDs have been used for the past 15 years or so 
(see for example S. M. SZe “Physics of Semiconductor 
Devices” 2nd Edition, 1981) as image sensors. Practically 
all CCDs available are made using silicon (Si) technology. 
The principle of operation of a CCD is based on the fact that 
When an appropriate voltage is applied via an electrode gate, 
the bulk Si volume becomes depleted of majority carriers 
(e.g. holes) and a region is created (depletion region) Where 
electrons can be accumulated. This depletion region 
amounts to a potential Well With a depth proportional to the 
applied voltage. The maximum charge that can then be 
stored in a CCD pixel depends on the area under the 
electrode, the voltage applied, the dark or leakage current 
coming from the bulk Si that continuously ?lls the Well and 
the thickness of the oxide layer betWeen the electrode and 
the bulk Si. These factors determine the effective CCD 
charge storing capacity. 
[0008] When electrons are accumulated in the potential 
Well and need to be read out, the potential at the electrode 
gates is pulsed and an electron package stored under one 
gate starts to be clocked toWards the next gate and so on. The 
electron package never leaves the Si substrate and in order 
to read a stored charge at some pixel position the contents of 
all other pixels ahead of it have ?rst to be read out in a 
sequential Way. During this process no further charge can be 
accumulated as it Would destroy the information of the 
charge content per pixel and consequently it Would spoil 
image resolution and contrast. Therefore during readout the 
image sensor is inactive. The above described process 
requires at least three electrode gates per pixel. 

[0009] CCDs can be used either for detecting, accumulat 
ing and reading out charge created from light and/or radia 
tion or can be used just as a readout device for reading the 
charge created in another detecting means (eg photo 
diodes). When used for detecting incident radiation as Well 
as for reading the signals, CCDs have an additional limita 
tion of loW ef?ciency. 

[0010] In particular at high energies (X-rays above a feW 
KeV) CCDs are used in conjunction With light converting 
screens that convert X-rays to optical light, to Which a CCD 
is more sensitive. HoWever light diffusion Worsens resolu 
tion and contrast. 
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[0011] Therefore a CCD operates in the folloWing Way: 

[0012] 1) Charge is accumulated Within a depletion 
region created by an applied voltage. For each pixel 
the depletion region has a potential Well shape and 
constrains the electrons under the electrode gate to 
remain inside the Si bulk volume. 

[0013] 2) Voltages are pulsed to the electrode gates to 
clock each charge package to the volume corre 
sponding to the next pixel. The charge package 
remains at all times inside the Si substrate and clocks 
its Way through, pixel by pixel, to a common output. 
During that process additional charge cannot be 
accumulated. 

[0014] As a result of the above the CCD is a device With 
tWo substantial limitations: 

[0015] 1) Compromised dynamic range. Typically a 
CCD can accumulate 100,000-700,000 electrons. 
The reason for the limited dynamic range is that the 
potential Well ?lls up due to the dark current Within 
the Si volume, the electrode gate surface under 
Which the charge is accumulated is at best 1/3 of the 
total pixel area (thus not utiliZing the total charge 
storage capacity of the pixel) and the oxide layer 
thickness upon Which the storage capacity also 
depends has to be thick to stand the abrupt voltage 
pulses needed for the readout (note: the thicker the 
oxide layer, the less charge can be stored in the 
potential Well). 

[0016] 2) Large inactive time. The inactive time 
needed for the readout is considerable. In many cases 
this inhibits CCDs from being used for fast dynamic 
multi-frame image accumulation. 

[0017] TWo examples of systems using CCDs are included 
in patent applications GB-A-2249430 and GB-A-2262383. 
Both applications are concerned With Ways of overcoming 
the intrinsic CCD limitations. 

[0018] Semiconductor pixel detectors comprise a semi 
conductor substrate With electrodes Which apply a depletion 
voltage to each pixel and de?ne a charge collection volume. 
Simple buffer circuits read out the electric signals When a 
photon is photo-absorbed or When ioniZing radiation crosses 
the depletion Zone of the semiconductor substrate. The 
buffer circuits can either be on the same substrate (compare 
EP-A-0,287,197) as the charge collection volumes or on a 
separate substrate (compare EP-A-0,571,135) that is 
mechanically bonded to a substrate having the charge col 
lection volumes in accordance With, for example, the Well 
knoWn bump-bonding technique (bump-bonding is a tech 
nique knoWn for a decade or more). These pixel detectors 
operate in a pulse mode. A pulse counting mode or simply 
pulse imaging can be implemented by either reading the 
pixels continuously or by reading pixels sequentially at a 
fast enough rate. 

[0019] In either case, every time a charge is present as a 
result of a high energy ray or light, the aim is to read it out 
and process the information. The pixel detectors decrease 
the readout speed needed because there is a higher segmen 
tation and more parallel readout channels. HoWever, they 
cannot cope With high intensity applications because the 
readout electronics Will over?oW or counting ability satu 
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rates thus destroying the image contrast. In some of these 
devices simultaneously incident rays cause ambiguous and 
‘ghost’ hits that cannot be resolved and Worsen the resolu 
tion. Although these devices directly detect the incident 
radiation, they have limitations due to an operation based on 
a single pulse counting mode and imaging based on the 
counting of discrete points. 

[0020] It Will be appreciated from the above that all of the 
devices presently available have limitations Which cannot be 
resolved. In particular CCDs enable charge from successive 
hits to be accumulated, but only to the limited eXtent 
possible Within a potential Well inside the Si substrate, Which 
substantially limits the dynamic range. Also, because of the 
charge accumulation method, charge readout happens in a 
time sequence mode by clocking the piXel charge content to 
the neighbouring piXel storing unit (Which is alWays the 
same Si substrate). Thus, until all piXels are read out as a 
time train sequence, a CCD cannot accumulate a neW image 
frame since additional incoming radiation and/or light Would 
not be recorded in one to one correspondence With a piXel 
position during the readout process. Therefore limited 
dynamic range and large inactive time during imaging are 
the tWo major CCD limitations. 

[0021] On the other hand some semiconductor piXel 
devices have been proposed that directly read the piXel 
content every time a hit is detected. These devices operate on 
the single pulse counting mode and suffer from saturation 
problems at high counting rates. Such conventional single 
hit counting devices have a very small dynamic range. 

SUMMARY OF THE INVENTION 

[0022] Accordingly, an object of the invention is to pro 
vide an imaging device based on a different approach Which 
enables the problems of the prior art to be mitigated and/or 
solved. 

[0023] In accordance With an aspect of the invention there 
is provided an imaging device for imaging radiation, the 
imaging device comprising an array of piXel cells including 
a semiconductor substrate having an array of piXel detectors 
Which generate charge in response to incident radiation and 
a corresponding array of piXel circuits, each piXel circuit 
being associated With a respective piXel detector for accu 
mulating charge resulting from radiation incident on the 
piXel detector, the piXel circuits being individually addres 
sable and comprising circuitry for accumulating charge from 
successive radiation hits on the respective piXel detectors. 

[0024] The invention provides an imaging device Which 
can be described as an Active-pixel Semiconductor Imaging 
Device (ASID). Embodiments of an imaging device in 
accordance With the invention are suitable, in particular, for 
high energy radiation imaging such as X-ray, [3-ray and 
ot-ray real time imaging. The invention is also applicable for 
imaging other types of radiation, including light for 
eXample. 

[0025] An ASID is able actively to accumulate charge for 
individual piXels during irradiation. It directly detects rays 
incident on a piXel cell detector of the semiconductor 
substrate and accumulates charge (by accumulating the 
charge directly as charge values or by converting it to a 
voltage or current and accumulating the resulting voltage or 
current) in an active circuit corresponding to the piXel cell 
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detector. By enabling the active circuit for each piXel to be 
addressed individually, that is independently of all other 
piXel circuits, (e.g., in random or sequential order), the 
stored charge can be read out at any time during or after 
irradiation. 

[0026] In an embodiment of the invention therefore, 
charge is accumulated in charge-accumulating circuitry (eg 
the gate of an integrated transistor or an integrated capaci 
tor). There is no need for and no use of the depletion layer 
and the potential Well as in the case of a CCD. A charge 
storage device such as the gate of a PET or a capacitor can 
be optimiZed to cover substantially all of the piXel circuit 
area With a minimum thickness oXide layer. These tWo 
factors maXimiZe the charge storage capacity Which is, for 
eXample, tWo orders of magnitude greater than that of a 
CCD. Moreover, each piXel does not interfere With its 
neighbouring piXels. Independent access to piXels offers fast 
dynamic image frame accumulation not possible With 
CCDs. 

[0027] An embodiment of the invention can also over 
come the previous limitations of pulse counting piXel 
devices at high counting rates in that several hundreds or 
thousands of pulses can be accumulated prior to being read 
out. The number of readout channels is therefore diminished 
Without compromising device performance. 

[0028] The active circuit is preferably located proXimate 
to the piXel detector (either integral to the semiconductor 
substrate comprising the piXel cell detectors or on a substrate 
bonded thereto) and has a suf?cient dynamic range to 
accumulate charge corresponding to several hundreds or 
thousands of radiation hits on the corresponding piXel detec 
tor. 

[0029] Readout of the active piXel circuits can be arranged 
to occur very rapidly and independently of all other piXel 
circuits, thus With practically no dead time, so that the active 
circuit and the corresponding piXel cell detector are ready 
immediately to continue accumulating radiation hits. 

[0030] Each detecting element and the associated active 
circuit constitutes a randomly accessible, dynamic active 
imaging piXel capable of accumulating charge (either 
directly as charge or as a voltage or current equivalent) 
during radiation and capable of being read during or after 
irradiation. The content of each piXel is not transferred 
sequentially to the nearby piXel but is read out independently 
of all other pixels. The readout speed and the degree of 
parallel or sequential signal processing for the read out data 
can be optimiZed to match the radiation intensity and the 
time available to accumulate one image frame. 

[0031] Accordingly, an imaging device in accordance With 
the invention can accumulate charge from successive radia 
tion or light hits utiliZing the large dynamic range of a 
transistor and/or a capacitor that is provided in one to one 
correspondence With a detecting piXel cell. Whereas CCDs 
make use of a depletion layer inside a Si substrate to store 
charge in a potential Well, an ASID accumulates charge on 
the gate of a transistor and/or a capacitor. An ASID conse 
quently Will have a dynamic range up to tWo orders of 
magnitude larger than a CCD. The same charge accumulat 
ing piXel circuit elements also alloW readout of each accu 
mulated charge value in one to one correspondence With the 
detecting piXel element With practically no dead time during 
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image frame accumulation. An ASID also reduces the limi 
tations of conventional semiconductor pixel devices that 
operate in a pulse counting mode as imaging is performed in 
direct proportion to the total accumulated charge and not to 
the number of radiation hits. While conventional pulse 
counting pixel devices suffer from saturation at high count 
ing rates, an ASID can accumulate hundreds or thousands of 
hits prior to being read out. Long charge accumulation times 
(from a feW microseconds to about 1 second is possible) 
diminish the effect of resetting the pixel circuits. Thus the 
total inactive time of each pixel circuit is a very small 
fraction of the charge accumulation time (or active time). 

[0032] The invention ?nds particular application for high 
intensity imaging applications. The problems of unrealistic 
readout speed, ambiguous and ‘ghost’ hits of prior pixel 
detectors and the loW efficiency, loW dynamic range and 
high inactive time of CCD devices can all be overcome by 
embodiments of the present invention. HoWever, it Will be 
appreciated that the invention is not limited to high energy 
and high intensity applications, and that embodiments of the 
invention can also ?nd application to loWer energy applica 
tions (e.g., at ultraviolet, optical or infra red Wavelengths) 
and loW intensity applications (in astronomy). 
[0033] Preferably, each pixel circuit comprises a charge 
storage device for accumulating charge, for example a 
capacitor and/or a transistor. In a preferred embodiment of 
the invention, charge is accumulated on the gate of a PET, 
preferably forming one of a pair of FETs connected as a 
cascade ampli?cation stage. 

[0034] Preferably also, each pixel circuit comprises cir 
cuitry for selectively resetting the charge storage device, for 
example after readout of any charge stored thereon. A 
preferred embodiment of the invention comprises a ?rst FET 
sWitch responsive to an enable signal to connect the charge 
storage device to an output line for outputting accumulated 
charge and a second FET sWitch responsive to a reset signal 
to ground the charge storage device to reset the charge 
storage device. 

[0035] In some applications, for example gamma cameras 
and nuclear medicine, the pixel siZe can be of the order of 
or less than 1 mm across, preferably approximately 350 pm 
across. 

[0036] In other applications, the pixel cell siZe can be 
approximately 150 pm across or less, preferably approxi 
mately 50 pm across or less and more preferably approxi 
mately 10 pm across With a substrate betWeen 200 pm and 
3 mm thick. 

[0037] The pixel circuits can be implemented integrally to 
the substrate and aligned With the corresponding pixel 
detectors. Alternatively, the pixel circuits can be formed in 
a further substrate, the further substrate incorporating the 
pixel circuits being coupled to the substrate incorporating 
the pixel detectors, With each pixel circuit being aligned With 
and being coupled to the corresponding pixel detector. 

[0038] In particular embodiments of the invention, the 
array comprises a single roW of pixel detectors and associ 
ated pixel circuits forming a slit-shaped imaging device or a 
plurality of roWs of pixel detectors and associated pixel 
circuits forming a slot-shaped imaging device. In such an 
embodiment the pixel circuits for respective pixel detectors 
can also be arranged laterally adjacent to the corresponding 
pixel detectors. 
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[0039] An imaging system for the imaging device com 
prises control electronics for the imaging device including 
addressing logic for addressing individual pixel circuits for 
reading accumulated charge from the pixel circuit and 
selectively resetting the pixel circuit. Preferably, the 
addressing logic comprises means for connecting output 
lines of the pixel circuits to an output of the imaging device, 
means for supplying read enable signals to read enable 
inputs of the pixel circuits and means for supplying reset 
signals to reset inputs of the pixel circuits. 

[0040] The means for connecting output lines can com 
prise a shift register or a counter for sequentially connecting 
output lines of the pixel circuits for respective columns of 
pixels to the output of the imaging device. Likewise, the 
means for supplying read enable signals can comprise a shift 
register or a counter for sequentially supplying read enable 
signals to read enable inputs of the pixel circuits for respec 
tive roWs of pixels and/or the means for supplying reset 
signals can comprise a shift register or a counter for sequen 
tially supplying reset signals to reset inputs of the pixel 
circuits for respective roWs of pixels. 

[0041] Thus, in a preferred embodiment of the invention, 
the addressing logic comprises a ?rst shift register for 
sequentially connecting output lines of the pixels circuits for 
respective columns of pixels to an output of the imaging 
device, a second shift register for sequentially supplying 
read enable signals to read enable inputs of pixel circuits for 
respective roWs of pixels and a third shift register for 
sequentially supplying reset signals to reset inputs of pixel 
circuits for respective roWs of pixels. In another preferred 
embodiment the same control signals can be implemented 
With a counter Which produces roW and column addresses 
that are decoded to output select, reset and read enable 
signals. The control electronics can include an analogue to 
digital converter (ADC) for converting charge read from a 
pixel circuit into a digital charge value. 

[0042] At least part of the control electronics can be 
integrated into the semiconductor substrate on Which the 
pixel circuits are formed. 

[0043] Preferably the imaging system comprises an image 
processor connected to the control electronics for processing 
the digital charge values from respective pixel circuits to 
form an image for display on a display device. 

[0044] For optimiZing the display of captured images, the 
processor determines maximum and minimum charge val 
ues for pixels for display, assigns extreme grey scale or 
colour values to the maximum and minimum charge values 
and allocates grey scale or colour values to an individual 
pixel according to a sliding scale betWeen the extreme 
values in dependence upon the charge value for the pixel. 

[0045] The grey scale or colour values are preferably 
allocated in accordance With the folloWing formula: 

Grey scale value 

of pixel i 

(icharge — Mincharge) 
Min + — 

grey . 

(Maxcharge — Mlncharge) 
>< (Maxgn,y — Mingrey) 
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[0046] In a preferred embodiment of the invention, an 
imaging system comprising a plurality of imaging devices as 
de?ned above is tiled together to form a mosaic. This 
enables a large area imaging device to be constructed 
Without the yield problems normally experienced With very 
large surface area integrated devices. The mosaic can com 
prise a plurality of columns of tiled imaging devices, the 
imaging devices of adjacent columns being offset in the 
column direction. Preferably, the imaging system includes 
means for stepping or moving the imaging device and/or an 
object to be imaged to accumulate an image over a complete 
image area. 

[0047] In one embodiment, the imaging system comprises 
tWo imaging surfaces, each comprising a mosaic of imaging 
devices, said imaging surfaces being arranged substantially 
parallel to one another and spaced from one another With an 
object to be imaged betWeen said surfaces, the mosaics 
being offset laterally With respect to one another to give 
substantially complete imaging of said object. This permits 
substantially complete imaging in certain applications With 
out the need for translatory mechanisms for the imaging 
planes. 
[0048] Respective image outputs of a plurality of tiled 
imaging devices are preferably connected to a common 
multiplexer, the output of Which multiplexer is connected to 
a common analogue to digital converter. Alternatively, a 
plurality of tiled imaging devices can ?rst be daisy-chained 
and then converted to a common ADC. Also, individual 
pixel circuits can be addressed for reading accumulated 
charge at a rate to optimize the resolution of an analogue to 
digital converter for converting analogue accumulated 
charge values into digital values. These measures provide 
design ?exibility to optimiZe betWeen cost (more multiplex 
ing, lessADCs) and image contrast (less multiplexing, more 
ADCs). 
[0049] In an imaging system comprising one or more slit 
or slot-shaped imaging device(s) as de?ned above, means 
can be provided for moving the slit- or slot-shaped imaging 
device(s) in a direction transversely to a longitudinal axis of 
the imaging device(s) for accumulating a complete image 
over an imaging area. 

[0050] In accordance With another aspect of the invention, 
there is provided a method of operating an imaging system 
With a slit- or slot-shaped imaging device as de?ned above, 
the method comprising moving the slit or slot shaped 
imaging device(s) in the transverse direction and reading 
accumulated charge from the pixel circuits of the slit- or 
slot-shaped imaging device(s) at a rate corresponding to 
movement of the imaging device(s) by half or less than half 
of the pixel siZe in the direction of motion. 

[0051] In accordance With another aspect of the invention, 
there is provided a method of operating an imaging system 
comprising one or more slit- or slot-shaped imaging devices 
as de?ned above, the method comprising minimiZing the 
effect of scattered radiation by optimiZing the relationship 
betWeen the folloWing parameters: the distance betWeen a 
radiation source and an object to be imaged; the distance 
betWeen the object to be imaged and the slit- or slot-shaped 
imaging device(s); and the Width of the slit- or slot-shaped 
imaging device(s). 
[0052] The invention also provides a method for imaging 
accumulated values corresponding to respective pixel posi 
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tions Within a pixel array such as, for example, charge values 
accumulated for respective pixel positions of an imaging 
device as de?ned above, the method comprising: 

[0053] determining maximum and minimum accu 
mulated values for pixels Within an area of the pixel 
array to be imaged; 

[0054] assigning grey scale or colour values at 
extremes of a grey or colour scale to be imaged to the 
maximum and minimum accumulated values; and 

[0055] assigning grey scale or colour values to the 
accumulated values for individual pixels scaled in 
accordance With the extreme values; and 

[0056] imaging the assigned grey scale or colour 
values at respective image pixel positions. 

[0057] In other Words, for each portion of an image 
captured by an imaging device in accordance With the 
invention, the charge density of all pixels to be displayed is 
compared, the points of highest and loWest charge density 
being assigned a colour value at the tWo extremes of the grey 
or colour scale being used. The remainder of the pixels 
points are given a value from the grey or colour scale 
according to the charge accumulated in the respective pixels. 

[0058] The invention also provides a method of automati 
cally optimiZing imaging using, for example, an imaging 
system as de?ned above for different imaging applications 
Where incident radiation leaves a different electrical signal in 
a pixel detector of a semiconductor substrate dependent on 
a semiconductor material or compound used and an energy 
and a type of incident radiation, the method comprising: 

[0059] determining an expected best resolution using 
a centre of gravity technique; 

[0060] determining an expected efficiency as a func 
tion of radiation type and energy; and 

[0061] determining a pixel siZe and thickness as a 
function of a selected radiation type and energy and 
a selected semiconductor material or compound. 

[0062] This method can also include a step of automati 
cally selecting an imaging device having the determined 
pixel siZe and thickness. 

[0063] This method enables automatic optimiZation of the 
image processing for different imaging applications Where, 
dependent on the semiconductor material or compound 
used, incident radiation leaves a different electrical signal 
related to the energy and type of the incident radiation. In 
accordance With this method, the expected best resolution is 
identi?ed using a centre of gravity technique Whereby each 
step of the radiation inside the semiconductor is Weighted by 
the energy loss or equivalently by the charge signal created 
in the step. Therefore resolution is determined as an average 
Weighted by charge. Similarly, an expected ef?ciency is 
determined as a function of radiation type and energy. For 
each ASID semiconductor material or compound a database 
provides values for the various radiation types and energies, 
thus alloWing an immediate and automatic optimiZation of 
design speci?cations. 
[0064] The invention also provides a method for automati 
cally detecting and eliminating detected pixel values repre 
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sentative of radiation incident on a pixel cell of an imaging 
device, for example an imaging device as de?ned above, the 
method comprising: 

[0065] comparing the detected pixel value to a 
threshold value related to a minimum detected 
charge value expected for directly incident radiation; 
and 

[0066] discarding detected pixel values less than the 
threshold value. 

[0067] Thus this aspect of the invention enables incident 
radiation (in particular loW intensity radiation) that has been 
scattered before entering the imaging device to be elimi 
nated before processing. This is done by discriminating the 
detected radiation according to the energy deposited in the 
form of electrical signals. Because scattered radiation has 
lost some of its energy it Will not pass the minimum energy 
cut-off. 

[0068] Another aspect of the invention also provides a 
method for performing real time imaging of an organic or 
inorganic object, the method comprising: 

[0069] irradiating the object using a radiation source 
that produces X-rays, y-rays, [3-rays or ot-rays; 

[0070] detecting at a semiconductor imaging plane or 
planes of an imaging device as de?ned above unab 
sorbed radiation or radiation that is emitted from 
selected areas of the object, Whereby charge result 
ing from incident radiation at respective pixel cells 
of the imaging device is accumulated in respective 
active circuits of the pixel cells; 

[0071] addressing the active circuits of the pixel cell 
individually for reading out accumulated charge; 

[0072] processing the read out charge to provide 
image pixel data; and 

[0073] displaying the image pixel data. 

[0074] Thus, in addition to providing a neW imaging 
device, the invention also provides systems utiliZing the 
imaging device. In a ?rst preferred con?guration the imag 
ing pixels are arranging in an M X N matrix Where M and 
N can be several thousands thus providing a full ?eld 
imaging plane. In another preferred con?guration the imag 
ing pixels are arranged in a slit or slot shape With several 
thousand roWs and a feW columns per roW. The slit or slot 
is moved at a constant speed over a surface to be imaged and 
the slit (or slot) frame is read out fast enough so that the 
distance scanned betWeen adjacent frames is smaller than 
half the pixel siZe along the direction of motion. With this 
con?guration and mode of operation it is possible to achieve 
a point resolution along the direction of motion Which is 
equal to the pixel siZe in the same direction. Thus, it is 
possible to improve by a factor of 2 the position resolution 
obtained With a full ?eld imaging plane or a conventional slit 
or slot not operating in the mode described. In another 
preferred arrangement several of the above slits (or slots) are 
arranged on the same plane parallel to each other and With 
a constant distance betWeen the longitudinal axis of the slits 
(or slots). Thus, if there are n such slits (or slots) and the total 
distance to be scanned is X cm then each slit (or slot) only 
needs to scan X/n cm. This Will reduce the need for high 
speed scanning mechanics, and the same image can be 
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formed for a unit period of time With the X-ray source 
operating at a loWer current (n times loWer current that With 
a single slit/slot). 

[0075] The invention also provides a method of operating 
an imaging device or imaging system as de?ned above 
comprising reading the accumulated charge from individual 
pixel circuits at a rate to optimiZe the resolution of an 
analogue to digital converter for converting analogue accu 
mulated charge values into digital values. 

[0076] The invention also provides methods to utiliZe the 
device and system as described. 

[0077] Thus, the invention provides active accumulative 
analogue imaging of directly detected high energy rays as 
opposed to conventional digital imaging techniques based 
on the counting of hits. According to the invention, a charge 
(or current or voltage equivalent) value is accumulated 
rather than a number of points, the charge value being in 
direct and linear correspondence With the total energy of the 
initial rays. CCDs can only provide direct imaging at very 
loW energies (near the optical spectrum). For high energy 
applications (X-rays above 10 keV) CCDs are operated in 
conjunction With converting screens that convert high 
energy rays to optical Wavelengths to Which CCDs are more 
sensitive. During that process light generation and diffusion 
substantially Worsen the image contrast and resolution. In 
addition, CCDs are, for all practical purposes, limited to 
implementation With Si only. It is hoWever knoWn that Si is 
a relatively loW density material With very loW ef?ciency for 
detecting rays With energy above a feW keV. 

[0078] In accordance With an aspect of the invention. a 
method is provided for accumulating charge into an image 
to provide the highest attainable contrast and resolution for 
a given portion of the image. For every portion of the image 
this can be done by comparing a charge density of all pixels. 
The point of highest and loWest charge density can be 
assigned a colour value of the tWo extremes of the grey or 
colour scale that is used. The rest of the points are given a 
value from the grey or colour scale according to the charge 
(or current or voltage equivalent) accumulated for those 
pixels. 

[0079] The invention also provides a method for minimiZ 
ing the effect on image resolution of rays that have been 
scattered before entering the imaging device. Accordingly, 
When the mode of active, accumulative analogue imaging of 
directly detected rays is effective, the scattered rays Will 
have a much smaller Weight in the contrast scale since they 
Will have deposited much less energy in the imaging device. 
The deposited energy corresponds to a charge value (or 
current or voltage equivalent) that, for unscattered rays, is 
much higher. Thus, When during image processing each 
pixel is assigned a colour or grey scale value according to 
the charge value accumulated, the effect of scattered radia 
tion can be minimiZed. 

[0080] The invention also provides a method for excluding 
rays that have been scattered, either coherently or incoher 
ently, before entering the imaging device. Aslot technique is 
used to this effect With a collimated ray source Which is 
adjusted to emit rays Which are aimed at an imaging slot. By 
optimiZing the distance separating the ray source from the 
object under observation, the distance separating the object 
under observation from the imaging slot and the Width of the 
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slot a geometry can be determined Which minimizes the 
detection of scattered rays. This is a result of scattered rays 
“seeing” a small phase space and having “no reason” to enter 
the thin imaging slot. This method is particularly poWerful 
as it is a geometric technique and does not require knoWl 
edge of the energy of the rays. Scattered rays, Whether they 
have been scattered incoherently and have lost some of their 
energy (Compton scattering) or coherently and have pre 
served all their energy (Rayleigh scattering) Will most likely 
not be detected. 

[0081] The invention also provides for excluding from 
detection radiation Which has been scattered before entering 
the imaging device in loW intensity applications. Through 
the use of a threshold to eliminate detected radiation With an 
energy beloW a predetermined value, energy Which has been 
scattered incoherently and has lost some of its initial energy 
can be eliminated from detection. 

[0082] The invention also enables the automatic optimi 
Zation of a particular con?guration for each imaging appli 
cation. A different electrical signal Will be deposited in 
dependence upon the semiconductor material used and the 
type and energy of the radiation. An eXpected best resolution 
can be found using a centre of gravity method. An eXpected 
ef?ciency as a function of radiation type and energy can also 
be determined. For every semiconductor piXel material or 
compound a data base can provide values for various 
radiation types and energies, thus alloWing an immediate 
and automatic optimiZation of the design speci?cation. 

[0083] An imaging device or an imaging system as de?ned 
above can be used for conventional X-rays, for chest X-rays, 
for X-ray mammography, for X-ray tomography, for com 
puteriZed tomography, for X-ray bone densiometry, for y-ray 
nuclear radiography, for gamma cameras for single photon 
emission computeriZed tomography (SPECT), for positron 
emission tomography (PET), for X-ray dental imaging, for 
X-ray panoramic dental imaging, for [3-ray imaging using 
isotopes for DNA, RNA and protein sequencing, hybridiZa 
tion in situ, hybridiZation of DNA, RNA and protein isolated 
or integrated and generally for [3-ray imaging and autorad 
iography using chromatography and polymerars chain reac 
tion, for X-ray and y-ray imaging in product quality control, 
for non-destructive testing and monitoring in real-time and 
online, and for security control systems and real-time imag 
ing using radiation, including light. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0084] EXemplary embodiments of the invention are 
described hereinafter by Way of eXample only With reference 
to the accompanying draWings in Which: 

[0085] FIG. 1 is a schematic block diagram of an imaging 
system including an embodiment of an imaging device in 
accordance With the invention; 

[0086] FIG. 1a is a schematic representation of a FET; 

[0087] FIG. 2 is a schematic circuit diagram of one 
eXample of a piXel circuit for an imaging device in accor 
dance With the invention; 

[0088] FIG. 3 is a schematic diagram of part of an 
imaging array and control electronics for an imaging device 
in accordance With the invention; 
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[0089] FIG. 4 is a schematic circuit diagram of part of an 
imaging array and control electronics for an imaging device 
With blocks of piXel cells of an imaging device in accordance 
With the invention; 

[0090] FIG. 5 is a schematic diagram shoWing a plurality 
of imaging devices tiled to form a mosaic of imaging devices 
in accordance With the invention; 

[0091] FIG. 5A is a schematic diagram of part of the 
control electronics for an embodiment of the invention 
comprising a plurality of imaging devices tiled to form a 
mosaic; 
[0092] FIGS. 6A-6C are schematic diagrams of an imag 
ing device in the form of a tile; 

[0093] FIGS. 7A-7D illustrate an eXample in Which tWo 
imaging planes are located on opposite sides of an object to 
be imaged in accordance With one application of the inven 
tion; 
[0094] FIG. 8 is a schematic circuit diagram of another 
eXample of a piXel circuit for an imaging device in accor 
dance With the invention; 

[0095] FIGS. 9A and 9B are schematic block diagrams of 
parts of an imaging array and control connections, respec 
tively, for the embodiment of FIG. 8; 

[0096] FIG. 10 is a cross-section vieW of part of an 
eXample of an imaging device in accordance With the 
invention; 

[0097] FIG. 11 is a schematic circuit diagram of another 
eXample of a piXel circuit for an imaging device in accor 
dance With the invention; 

[0098] FIG. 12 illustrates an imaging technique in accor 
dance With the invention using a slit- or slot-shaped imaging 
device; 
[0099] FIG. 13 illustrates the optimiZation of parameters 
for a slit- or slot-shaped imaging device to reduce the effects 
of scattering; and 

[0100] FIG. 14 is a schematic illustration of the passage of 
[3-rays through silicon. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0101] FIG. 1 is a schematic representation of an eXample 
of an application for an imaging system 10 including an 
embodiment of an imaging device in accordance With the 
invention. 

[0102] This application relates to radiation imaging of an 
object 12 subjected to radiation 14. The radiation may, for 
eXample, be X-ray radiation and the object 12 may, for 
eXample, be a part of a human body. 

[0103] The imaging device comprises an Active-pixel 
Semiconductor Imaging Device (ASID) 16 comprising a 
plurality of piXel cells 18. The imaging device detects 
directly high energy incident radiation such as X-rays, 
y-rays, [3-rays or ot-rays and accumulates at each piXel cell, 
by means of a randomly accessible, active, dynamic piXel 
circuit on or adjacent to a corresponding piXel cell detector, 
values representative of the radiation incident at that piXel 
cell. 






























