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1. 

ACCELERATED PARTICLE AND HIGH 
ENERGY RADATION SENSOR 

The present invention relates to accelerated particle and 
high energy radiation sensor. In particular, but not exclu 
sively, the present invention is concerned with the application 
of active pixel technology to charged particle detection 
including but not limited to accelerated electrons. 

Through the 1990’s active pixel sensors have been devel 
oped for visible imaging as an alternative to CCD technology. 
Such active pixel sensors are generally made using standard 
VLSI technology, usually CMOS, and consist of a photo 
diode integrated in a pixel together with an amplifier which 
buffers the charge signals generated by the photodiode. How 
ever, in the past the applications of active pixel sensors in 
visible imaging have been limited by their poor fill factor. 
That is to say only a small fraction of the pixel Surface area 
was sensitive to incident light as a large proportion of each 
pixel’s Surface area was given over to readout circuitry. This 
limited the resolution of active pixel sensors arrays and ren 
dered this technology unsuited to many imaging applications, 
specifically tracking applications. 

In U.S. Pat. No. 6,225,670 an active pixel sensor structure 
is described for detecting electromagnetic radiation with a 
significantly increased fill factor. FIG. 1 is taken from U.S. 
Pat. No. 6,225,670 and illustrates the basic structure of one 
active pixel sensor. A conventional p-type doped silicon Sub 
strate 1 has a p-epi layer 2 defined in it and a p-- layer 3 
formed over the epi layer 2. The p-- layer 3 includes two 
regions 4.5 that have n-type doping which are separate from 
each other and from the epilayer 2. The first region 4, how 
ever, forms a junction with the epilayer 2 to act as a collection 
junction for the collection of charge carriers generated by 
incident electromagnetic (em) radiation and this involves a 
part 6 of the n-type region being driven deeperthrough the p-- 
layer and into the epilayer 2. The second n doped region 5 
defines the area where the readout circuitry is located on the 
pixel. With this structure charge carriers are generated in the 
epi layer 2 as a result of incident em radiation and diffuse to 
the collectionjunction. The separation of the second n doped 
region 5 from the epi layer 2 by the p+ layer 3 ensures that 
charge carriers in the epi layer 2 are not lost to the readout 
circuitry. 
A similar structure has also been described in a paper 

entitled 'A monolithic active pixel sensor for charged particle 
tracking and imaging using standard VLSI CMOS technol 
ogy” by RTurchetta et al in Nuclear Instruments & Methods 
in Physics Research A458 (2001) 677-689. In this paper the 
possibility of using Such a structure in the tracking of mini 
mum ionising particles (MIPS) and single photon imaging is 
considered. 

In the field of transmission electron microscopy (TEM) 
which employ accelerated electron beams, to date wet films 
continue to be used as the detectors for transmission electron 
microscopes in circumstances where high resolution images 
are required. The proposed replacement of wet films with a 
scintillator in combination with a fibre optic bundle and a 
CCD array to generate digital images has met with only 
limited Success partly because of the Smearing effects which 
can significantly limit the resolution of CCD detector sys 
tems. These problems are discussed in WO99/66529 which 
proposes deceleration of the electrons between the sample 
and the scintillator in an attempt to improve the resolution of 
the images obtained. 

The present invention seeks to provide a monolithic sensor 
which is capable of withstanding incident accelerated par 
ticles and high energy radiation. The present invention also 
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2 
seeks to provide a monolithic sensor which is capable of 
detecting single quanta of incident accelerated particles and 
high energy of radiation with high efficiency, in Some case 
substantially 100%. As such, the present invention seeks to 
provide a detector that is suitable for providing spatially 
resolved detection of charged particles that have been sub 
jected to an externally induced acceleration for example, but 
not limited to, in electron microscopy. 

In accordance with the present invention there is provided 
a monolithic sensor adapted for use in the detection of accel 
erated particles or high energy radiation, the sensor compris 
ing a charge carrier transport layer, the charge carrier trans 
port layer having dopants of a first conductivity type; at least 
one first well having dopants of the first conductivity type at 
a higher concentration than the charge carrier transport layer 
and having integrated therein readout circuitry; at least one 
second well having dopants of a second conductivity type 
forming a first junction with the charge carrier transport layer 
whereby when charge carriers are generated in the charge 
carrier transport layer, the charge carriers move towards and 
are collected at the junction between the charge carrier trans 
port layer and the second well to generate a signal and 
wherein the sensor is capable of withstanding bombardment 
by accelerated particles or high energy radiation. 

Preferably, the readout circuitry for the sensor comprises 
one of the following: 

1) at least one n MOS transistor located in the first well; or 
2) at least one p MOS transistor located in the second well; 
O 

3) at least one n MOS transistor and at least one p MOS 
transistor located respectively in the first well and the 
second well. 

More preferably, the sensor further comprising a third well 
having dopants of the second conductivity type which is 
located beneath the first well or adjacent the first well in 
which case an isolation layer is also provided. 
The present invention has the advantage that the monolithic 

sensor can be manufactured using conventional CMOS tech 
nology and of achieving a substantially 100% fill factor. Fur 
thermore, the depth of the charge carrier transport layer 
within the sensor and the fact that the sensor can be fully 
depleted, that is to say a drift field can be established in the 
entire sensitive volume, enables the sensor to be capable of 
withstanding bombardment from accelerated particles and 
high energy radiation, for example radiation doses in excess 
of 15 kRads, and charge collection can be greatly speed up in 
comparison to conventional ionising radiation detectors. 

Thus, the sensor is particularly suited for use in electron 
microscopy and related analysis techniques including but not 
limited to: electron energy loss spectroscopy (EELS), low 
energy electron diffraction (LEED) and x-ray photoelectron 
spectroscopy. 

Hence, in a further aspect the present invention provides an 
electron microscope comprising an evacuated housing con 
taining an electron source, electron beam acceleration and 
confinement means, at least one electron beam focusing sys 
tem and a detector having first and second opposed Surfaces, 
the detector comprising an array of monolithic sensors as 
described above. 

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

FIG. 1 illustrates schematically the structure of a known 
active pixel sensor, 

FIG. 2 illustrates schematically an improved first active 
pixel sensor structure; 
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FIG. 3 illustrates schematically an array of four pixels in 
accordance with the structure of FIG. 2; 

FIG. 4 illustrates schematically a second active pixel sen 
Sor Structure; 

FIG. 5 illustrates schematically a plurality of integrated 5 
active pixel sensors similar to those of FIG. 4; 

FIG. 6 illustrates schematically a third active pixel sensor 
Structure: 

FIG. 7 illustrates schematically a fourth active pixel sensor 
Structure: 10 

FIG. 8 illustrates schematically a fifth active pixel sensor 
structure; and 

FIG. 9 illustrates schematically an electron transmission 
microscope incorporating an active pixel sensor array in 
accordance with the present invention. 15 

Wherever reference is made in the following description to 
in or p type material or doping it is to be understood that 
complementary structures generated by changing the n for p 
(and p for n) type material and doping, electrons for holes 
(and holes for electrons) and changing the biasing polarities 20 
are also envisaged. Also, like reference numerals have been 
used to identify structural elements common to the different 
active pixel sensor structures described below. 
A first monolithic structure for an active pixel sensor fab 

ricated using CMOS technology adapted for the detection of 25 
accelerated particles is shown in FIG. 2. The structure com 
prises ap++ silicon Substrate 10 having a thickness usually of 
between 300 and 700 microns which provides the support for 
the epitaxial p-layer 11. In the epitaxial layer 11, which 
usually has a thickness of between 2 and 20 microns, separate 30 
p+ and n+ wells are created in which the p-- well 12 does not 
touch the n+ well 13 and the n+ well 13 is surrounded by the 
lightly doped epitaxial layer 11. With this structure NMOS 
transistors 14 are fabricated within the p-- well 12, which is 
ideally kept at the lowest potential available in the circuit, e.g. 35 
ground. The n+well, on the other hand, is biased at a higher 
potential, ideally Vdd. The continuous epitaxial layer 11 of 
the monolithic structure provides for substantially 100% effi 
ciency of conversion of ionising radiation incident on the 
upper Surface of the sensor with the charge carriers generated 40 
by the incident radiation in the epitaxial layer 11 diffusing to 
the n+well 13. The small surface rectangles 44 in the n+wells 
13 in FIG. 2 (and in FIGS. 4-8) are contact regions used to 
improve contact to conductors leaving the wells 13. 

FIG. 3 illustrates how the structure of FIG. 2 is repeated 45 
over four pixels a, b, c, d. The isolation of the n+well 13 from 
the p-- well 12 is clearly illustrated with the p-epitaxial layer 
11 surrounding the n+well 13 and forming a barrier to the p-- 
well 12. 
A second monolithic structure for an active pixel sensor 50 

adapted for the detection of accelerated particles and high 
energy radiation is shown in FIG. 4. This structure includes a 
deep in region 15 formed beneath the p-- well 12. By means of 
this structure a drift field can be established substantially 
throughout the active volume of the epitaxial layer 11. Thus, 55 
unlike the structure of FIGS. 2 and 3 the n+ well 13 in the 
structure of FIG. 4 is in contact with the p-- well 12 that 
surrounds it. However, the n+well 13 extends deeper into the 
epitaxial layer 11 than the p-- well 12 and thereby forms a 
collection junction with the epitaxial layer 11 below the p-- 60 
well 12. By means of the buried well, for the same size of 
pixel, the separation between diodes is reduced as is the 
thickness of the low-resistivity substrate under the diode to a 
size which enables a depletion region to be established 
throughout the volume of the epi-layer 11. 65 

It will, of course, be understood that the extent of any 
depletion region established in the epi-layer 11 is dependent 

4 
upon the doping levels and the applied bias. For example, 
following basic semiconductor theory for a typical micro 
electronic device having a doping level of 10'cm and an 
applied bias of 3 V, the width of the depletion region would be 
approximately 6 Lim. In the case of the monolithic structure of 
FIG. 4, the diodes and the thickness of the epi-layer is around 
or less than 6 um thereby enabling full depletion of the epi 
layer and the establishment of a drift field in which the major 
ity of the charge carriers will drift, as opposed to diffuse, to 
the n+ well 13. Establishing a drift field in the sensor array 
also reduces cross-talk between adjacent pixels and so can 
improve the resolution of the array. 

FIG. 5 is a variation of FIG. 4 showing how several pixels 
can be integrated. A 2D simulation of this structure Suggests 
an improvement of a factor of 10 in collection time as a result 
of the epitaxial layer 11 being fully depleted thus making 
these structures particularly suitable for real-time and fast 
imaging. Furthermore, the structures of FIGS. 4 and 5 enable 
full CMOS electronics to be integrated in the pixel as NMOS 
transistors can be implemented in the p+ wells and PMOS 
transistors can be implemented in the n+wells. In this respect 
it may be noted that by isolating the NMOS transistors from 
the Substrate in the p-- well, it is possible to apply a negative 
bias to the p substrate without affecting the functioning of the 
electronics. In order to avoid leakage current, it may be nec 
essary to add an isolation layer—see for example isolation 
layer 16 in FIGS. 6 and 19 in FIG. 8 (see below). 
A further alternative active pixel sensor structure is illus 

trated in FIG. 6 which permits full integration of both PMOS 
and NMOS transistors in a single pixel. With this structure an 
isolation layer 16 has been introduced to isolate the sensitive 
volume of the epitaxial layer 11 from the wells where the 
transistors are provided. In the structure of FIG. 6 the isola 
tion layer 16 is in the form of a p++ layer which is implanted 
beneath the p-- well and an n+well 17 that has been added. In 
order to ensure 100% collection efficiency the n+ region 13 is 
again implanted deep so as to extend beyond the isolation 
layer and form a direct junction with the epitaxial layer 11. 
This structure has the advantage of Supporting a small col 
lecting node and so Small capacitance, high sensitivity and 
low noise. This structure also permits a small biasing poten 
tial to be applied by applying a negative Voltage to the isolat 
ing layer 16 or to the substrate 10. 
The structure of FIG. 7 incorporates features to be found in 

FIGS. 4 and 5 in that an in region 15 is provided beneath the p-- 
well 12. In this case no isolation layer is required for integra 
tion of both PMOS and NMOS transistors in the deep in well 
15 and the p-- well 12 to the left of the figure. The p-- well 18 
to the right of the figure acts as a cathode, which collects 
majority carriers. This structure has the advantage of retain 
ing a low capacitance of the collecting element 13 despite full 
CMOS electronics integration. 

Turning to FIG. 8 an active pixel sensor structure permit 
ting full CMOS electronic integration is again illustrated, this 
time utilising a buried oxide layer 19 to isolate the electronics 
from the epitaxial layer 11. 

All of the structures described above rely upon collection 
junctions for signal collection and each of the structures has a 
multiplicity of junctions. These junctions can be used to 
detect different types of accelerated particles or high energy 
radiation either by sequentially taking images for accelerated 
particles, such as electrons, having different energies and 
time multiplexing the output signals or by combining struc 
tures together in the same pixel to simultaneously take images 
for accelerated particles at different energies. 

It will of course be understood that small areas of the 
epi-layer may be screened by metallization on top of the 
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sensor. To address this it is envisaged that the p---- substrate 10 
may be partially or fully removed and the sensor illuminated 
from the rear. 
The active pixel sensors described above have improved 

radiation hardness which makes it capable of withstanding 
the bombardment of accelerated charged particles such as 
electrons and high energy radiation. In particular the present 
invention is capable of Sustained bombardment from radia 
tion having wavelengths equal to or shorter than 100 nm and 
is capable of withstanding radiation doses of 15 kRads or 
more. This is because as the sensor is capable of being fully 
depleted, the speed of collection of the charge carriers in the 
epilayer is reduced and this reduces signal degradation asso 
ciated with the minority carrier lifetime. Moreover, it is 
intended that the invention be implemented using conven 
tional VLSI CMOS technology active pixel sensor arrays 
which renders a resolution of around 1-5 microns possible. 
Hence, the sensor of the present invention may be used in 
radiation harsh environment, e.g. decommissioning of 
nuclear plants, or in Satellites, e.g. for Star trackers. 
A particular application for an array of active pixel sensors 

as described above is as the detector for a transmission elec 
tron microscope (TEM). An electron transmission micro 
Scope having an array of integrated CMOS technology sen 
sors positioned at the focal plane of the microscope is shown 
in FIG. 9. The conventional features of the electron micro 
scope are taken from GB2019085. The microscope 20 com 
prises a housing 21 having a vacuum pump 22 so as to main 
tain a high vacuum within the housing 21. Within the housing 
21 an electron source 23 and its anode 24 are mounted at the 
top of the microscope powered from an external electrical 
power source. Depending upon the image resolution required 
the electrons may be accelerated from the source for example 
between 80-400 kV. Continuing along the beam axis, beyond 
the anode 24 is provided a beam alignment device 25, an 
adjustable beam aperture 26, first and second condenser lens 
systems 27, 28, an adjustable condenser aperture 29 and an 
objective lens system 30. Immediately beneath the objective 
lens 30 is the sample stage 31 which is transparent to incident 
electrons. Beneath the sample stage 31 is a second objective 
lens system 32, an adjustable diffraction aperture 33, and a 
series of lens systems including a diffraction lens 34 and first 
and second projection lenses 35,36. Positioned at the bottom 
of the electron microscope system is the detector 37 which in 
this case is an array of active pixel sensors as described above 
with reference to FIGS. 2-8. The data output 38 of the active 
pixel array 37 is connected to a processor 39 for data analysis 
and for generating graphical images of the data Supplied by 
the active pixel array. 

The active pixel array 37 may be inverted so that the accel 
erated electron beam is incident on the rear substrate surface 
of the array and to ensure penetration of the electrons to the 
epitaxial layer 11, the substrate 10 may be back thinned to a 
thickness that permits penetration of low energy electrons. 
Preferably, the thickness of the substrate is reduced to a thick 
ness of 100 microns or less. Ideally, the substrate is wholly 
removed leaving the rear surface of the epitaxial layer 11 
exposed. Alternatively, an array of windows may be etched 
into the rear surface of the substrate 10 or into the front 
isolation layer covering the front Surface of the sensor. 
As a result of the high fill factor and performance charac 

teristics of the active pixel array described above image reso 
lutions below 5 microns can be achieved, indeed between 1 
and 5 microns resolution can be achieved, which is an 
improvement over currently available technologies. With a 
reduction in pixel size and/or by implementing analogue 
readout of the signal with respect to individual incident elec 
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6 
trons, Sub-micron resolution is possible. This makes an elec 
tron microscope incorporating a detector having a CMOS 
sensor array including monolithically integrated CMOS tran 
sistors particularly but not exclusively suitable for use in the 
imaging of biological samples Such as proteins and cell 
samples. 

In addition to the use of the active pixel sensor array in an 
electron microscope, the array is suitable for use in detecting 
higher energy radiation including X-rays and gamma rays. 
Again in order to maximise the fill factor of the sensor array, 
the array may be reversed so that it is the rear of the substrate 
that is exposed to the radiation. Additionally, the rear or the 
front surface of the substrate may be coated in radiation 
sensitive material Such as caesium iodide or mercuric iodide. 

It will, of course, be appreciated that the present invention 
is not limited to the details of the structures of the active pixel 
sensors described herein nor is it limited to the details of the 
structure of the transmission electron microscope described 
herein. Changes and variations to those structures are envis 
aged whilst remaining within the scope of the present inven 
tion as claimed. 

The invention claimed is: 
1. A monolithic sensor adapted for use in the detection of 

accelerated particles or high energy radiation, the sensor 
comprising 

a charge carrier transport layer, the charge carrier transport 
layer having dopants of a first conductivity type; 

at least one first well having dopants of the first conductiv 
ity type at a higher concentration than the charge carrier 
transport layer and having integrated therein readout 
circuitry; 

at least one second well having dopants of a second con 
ductivity type forming a first junction with the charge 
carrier transport layer whereby when charge carriers are 
generated in the charge carrier transport layer, the charge 
carriers move towards and are collected at the junction 
between the charge carrier transport layer and the second 
well to generate a signal and wherein the sensor is 
capable of withstanding bombardment by accelerated 
particles or high energy radiation, wherein said charge 
carriers do not pass through a portion of said first well 
located closest to said second well, wherein said first 
well Substantially Surrounds said second well, and 
wherein said integrated readout circuitry in said first 
well provides readout of said signal, and 

wherein the first and second wells are formed in the charge 
carrier transport layer and the second well is isolated 
from the first well. 

2. A monolithic sensor as claimed in claim 1, wherein the 
charge, carrier transport layer and the first and second wells 
are formed in a complementary metal oxide semiconductor 
Structure. 

3. A monolithic sensor as claimed in claim 1, further com 
prising biasing means for applying a biasing Voltage across 
the sensor. 

4. A monolithic sensor as claimed in claim 3, wherein the 
charge carrier transport layer includes a drift field when the 
biasing Voltage is applied. 

5. A monolithic sensor as claimed in claim 4, wherein the 
charge carrier transport layer is Substantially fully depleted 
when the biasing Voltage is applied. 

6. A monolithic sensor as claimed in claim 5, wherein the 
sensor is adapted to withstanda radiation dose of 15 kRads or 
O. 

7. A monolithic sensor for use in the detection of acceler 
ated particles or high energy radiation, the sensor comprising: 
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a charge carrier transport layer, the charge carrier transport 
layer having dopants of a first conductivity type and 
generating charge carriers from accelerated particles or 
high energy radiation; 

at least one first well having dopants of the first conductiv 
ity type at a higher concentration than the charge carrier 
transport layer and having integrated therein readout 
circuitry; 

at least one second well having dopants of a second con 
ductivity type forming a first junction with the charge 
carrier transport layer so that charge carriers generated 
in the charge carrier transport layer move towards and 
are collected at the junction between the charge carrier 
transport layer and the second well to generate a signal 
as a result of detected accelerated particles or high 
energy radiation, wherein said first and second wells are 
configured to prevent said charge carriers from migrat 
ing through a portion of said first well located closest to 
said second well, and wherein said integrated readout 
circuitry in said first well provides readout of said signal; 
and 

a third well having dopants of the second conductivity type, 
wherein the third well is located beneath the first well. 

8. A monolithic sensor as claimed in claim 1, wherein the 
readout circuitry for the sensor comprises one of the follow 
ing: 

1) at least one nMOS transistor located in the first well; or 
2) at least one p MOS transistor located in the second well; 
O 

3) at least one n MOS transistor and at least one p MOS 
transistor located respectively in the first well and the 
second well. 

9. A monolithic sensor as claimed in claim 1, further com 
prising a semiconductor Substrate and wherein the charge 
carrier transport layer has a lower concentration of dopants 
than the semiconductor Substrate. 

10. A monolithic sensor for use in the detection of accel 
erated particles or high energy radiation, the sensor compris 
ing: 

a charge carrier transport layer, the charge carrier transport 
layer having dopants of a first conductivity type and 
generating charge carriers from accelerated particles or 
high energy radiation; 

at least one first well having dopants of the first conductiv 
ity type at a higher concentration than the charge carrier 
transport layer and having integrated therein readout 
circuitry; 

at least one second well having dopants of a second con 
ductivity type forming a first junction with the charge 
carrier transport layer so that charge carriers generated 
in the charge carrier transport layer move towards and 
are collected at the junction between the charge carrier 
transport layer and the second well to generate a signal 
as a result of detected accelerated particles or high 
energy radiation, wherein said integrated readout cir 
cuitry in said first well provides readout of said signal; 
and 

a third well having dopants of the second conductivity type, 
wherein the third well is located adjacent the first well 
and wherein an isolation layer is provided between the 
third well and the charge carrier transport layer and 
wherein the second well extends through the isolation 
layer to the charge carrier layer. 

11. A monolithic sensor as claimed inclaim 10, wherein the 
isolation layer comprises a semiconductor layer containing 
dopants of the first conductivity type at a concentration 
greater than the charge carrier transport layer. 
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8 
12. A monolithic sensor as claimed inclaim 10, wherein the 

isolation layer comprises an insulating dielectric. 
13. A monolithic sensor as claimed in claim 1, wherein the 

junction between the first well and a region having dopants of 
the second conductivity type forms a second collection junc 
tion for generating a signal as a result of a second type of 
incident accelerated particles or high ionising radiation, dif 
ferent to the first type of accelerated particles or ionising 
radiation. 

14. Amonolithic sensor as claimed inclaim 13, wherein the 
junction between the first and second wells forms the second 
junction. 

15. A monolithic sensor as claimed inclaim 13, wherein the 
first and secondjunctions selectively generate signals indica 
tive of different energies of accelerated particles. 

16. A monolithic sensor as claimed in claim 1, further 
comprising a semiconductor Substrate having a thickness of 
100 microns or less. 

17. A monolithic sensor as claimed in claim 16, wherein 
said semiconductor Substrate includes dopants of the first 
conductivity type. 

18. A monolithic sensor as claimed in claim 1, wherein the 
rear or the front surface of the sensor array includes a layer of 
mercuric iodide. 

19. A monolithic sensor as claimed in claim 1, wherein the 
rear or the front surface of the sensor array includes a layer of 
caesium iodide. 

20. A detector comprising an integrated array of monolithic 
sensors as claimed in claim 1 having integrated therein read 
out circuitry including complementary metal oxide semicon 
ductor devices for generating spatially resolved signals in 
response to bombardment by accelerated particles or high 
energy ionising radiation. 

21. An electron microscope comprising: 
an evacuated housing containing an electron source, elec 

tron beam acceleration and confinement means, 
at least one electron beam focusing system, and 
a detector having first and second opposed Surfaces, the 

detector comprising an integrated array of monolithic 
sensors, each of said sensors comprising: 

a charge carrier transport layer, the charge carrier transport 
layer having dopants of a first conductivity type and 
generating charge carriers from accelerated particles or 
high energy radiation; 

at least one first well having dopants of the first conductiv 
ity type at a higher concentration than the charge carrier 
transport layer and having integrated therein readout 
circuitry; and 

at least one second well having dopants of a second con 
ductivity type forming a first junction with the charge 
carrier transport layer so that charge carriers generated 
in the charge carrier transport layer move towards and 
are collected at the junction between the charge carrier 
transport layer and the second well to generate a signal 
as a result of detected accelerated particles or high 
energy radiation, wherein said charge carriers do not 
pass through a portion of said first well located closest to 
said second well, 

wherein the second well is isolated from the first well. 
22. The monolithic sensor of claim 1, wherein said readout 

circuitry comprises a transistor, and wherein the second well 
is separated from said transistor. 

23. The monolithic sensor of claim 22, wherein the tran 
sistor receives charge from the second well. 

24. The monolithic sensor of claim 22, wherein the readout 
circuitry comprises a reset transistor that does not extend into 
the charge carrier transport layer. 
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25. The monolithic sensor of claim 24, wherein the reset 
transistor includes a source, a gate and a drain, and wherein 
the source is spaced from the first junction. 

26. A monolithic sensor as claimed in claim 1, wherein said 
at least one second well extends deeper into said charge 
carrier transport layer than said at least one first well. 

27. A monolithic sensor as claimed in claim 1, wherein said 
at least one second well extends deeper into said charge 
carrier transport layer than said at least one first well, and said 
at least one second well forms said first junction with the 
charge carrier transport layer at a level below said at least one 
first well. 

28. A monolithic sensor as claimed in claim 1, wherein the 
charge carrier transport layer is Substantially fully depleted 
during operation of said sensor. 

29. A monolithic sensor as claimed in claim 1, further 
comprising: 

a third well having dopants of the second conductivity type, 
the third well having integrated thereon readout circuitry 
including at least one pMOS transistor; and 

an isolation layer between the third well and the charge 
carrier transport layer. 

30. A monolithic sensor as claimed inclaim29, wherein the 
isolation layer comprises a semiconductor layer containing 
dopants of the first conductivity type at a concentration 
greater than the charge carrier transport layer. 

31. A monolithic sensor as claimed inclaim29, wherein the 
isolation layer comprises an insulating dielectric. 

32. A monolithic sensor as claimed in claim 5, further 
comprising: 

a third well having dopants of the second conductivity type, 
the thirdwell having integrated thereon readout circuitry 
including at least one p MOS transistor; and 

an isolation layer between the third well and the charge 
carrier transport layer. 

33. A monolithic sensor as claimed inclaim32, wherein the 
isolation layer comprises a semiconductor layer containing 
dopants of the first conductivity type at a concentration 
greater than the charge carrier transport layer. 

34. A monolithic sensor as claimed inclaim32, wherein the 
isolation layer comprises an insulating dielectric. 

35. The electron microscope of claim 21, wherein said first 
well substantially surrounds said second well. 

36. A monolithic sensor for use in the detection of accel 
erated particles or high energy radiation, the sensor compris 
1ng: 

10 

15 

25 

30 

35 

40 

45 

10 
a charge carrier transport layer, the charge carrier transport 

layer having dopants of a first conductivity type and 
generating charge carriers from accelerated particles or 
high energy radiation; 

at least one first well having dopants of the first conductiv 
ity type at a higher concentration than the charge carrier 
transport layer and having integrated therein readout 
circuitry; 

at least one second well having dopants of a second con 
ductivity type forming a first junction with the charge 
carrier transport layer so that charge carriers generated 
in the charge carrier transport layer move towards and 
are collected at the junction between the charge carrier 
transport layer and the second well to generate a signal 
as a result of detected accelerated particles or high 
energy radiation, wherein said first and second well are 
configured to prevent said charge carriers from migrat 
ing through a portion of said first well located closest to 
said second well, wherein said first well substantially 
Surrounds said second well, and wherein said integrated 
readout circuitry in said first well provides readout of 
said signal, 

wherein the second well is adjacent to the first well, and a 
second layer different from the first well and from the 
charge carrier transport layer, is interposed between the 
first well and the charge carrier transport layer. 

37. A monolithic sensor as claimed in claim 7, wherein the 
sensor is capable of withstanding bombardment by acceler 
ated particles or high energy radiation. 

38. Amonolithic sensor as claimed inclaim 10, wherein the 
sensor is capable of withstanding bombardment by acceler 
ated particles or high energy radiation. 

39. A monolithic sensor as claimed inclaim 36, wherein the 
sensor is capable of withstanding bombardment by acceler 
ated particles or high energy radiation. 

40. A monolithic sensor as claimed in claim 7, wherein said 
first well substantially surrounds said second well. 

41. A monolithic sensor as claimed in claim 10, wherein 
said first and second wells are configured to prevent said 
charge carriers from migrating through a portion of said first 
well located closest to said second well, and wherein said first 
well substantially surrounds said second well. 
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