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(57) ABSTRACT 

The present invention discloses a semiconductor based 
detector for radiation With a small but effective barrier 
betWeen the radiation sensitive volume in the semiconductor 
and the regions and junctions With readout circuitry, and 
With no or a loWer barrier betWeen the semiconductor 
substrate and the regions and junctions adapted and meant 
for collecting the charge carriers generated by the radiation 
in the semiconductor substrate. 
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DETECTOR FOR ELECTROMAGNETIC 
RADIATION, PIXEL STRUCTURE WITH HIGH 
SENSITIVITY USING SUCH DETECTOR AND 
METHOD OF MANUFACTURING SUCH 

DETECTOR 

FIELD OF THE INVENTION 

[0001] The present invention relates to the ?eld of semi 
conductor based detectors for electromagnetic radiation. In 
particular a semiconductor detector and a semiconductor 
pixel structure for detecting electromagnetic radiation With 
a large radiation sensitive area or a high ?ll factor are 
disclosed. The present invention also relates to a method of 
manufacturing such detector. 

BACKGROUND OF THE INVENTION 

[0002] Semiconductor based sensors and devices for 
detecting electromagnetic radiation are knoWn in the art. 
Examples of such sensors are disclosed in EP-A-739039 and 
in WO93/ 19489. These sensors are implemented in a semi 
conductor substrate in CMOS- or MOS-technology. In these 
sensors, the regions adapted for collecting charge carriers 
being generated by the radiation in the semiconductor sub 
strate are forming a p-n or a n-p junction With the substrate 
that is of a n type conductivity or p type conductivity 
respectively. Such junctions are called collection junctions. 
Among the image sensors implemented in CMOS- or MOS 
technology, CMOS or MOS image sensors With passive 
pixels and CMOS or MOS image sensors With active pixels 
are distinguished. The sensors of EP-A-739039 and WO93/ 
19489 are active pixel sensors. 

[0003] An active pixel is con?gured With means integrated 
in the pixel to amplify the charge that is collected on the light 
sensitive element or component in the pixel. Passive pixels 
do not have said means and require a charge-sensitive 
ampli?er that is not integrated in the pixel and is connected 
With a long line toWards the pixel. Due to the additional 
electronics in the active pixel, an active pixel image sensor 
may be equipped to execute more elaborated functions, 
Which can be advantageous for the performance of the 
imaging device or system based on the sensor. Said func 
tions can include ?ltering, operation at higher speed or 
operation in more extreme illumination conditions. It 
remains hoWever a main draWback of active pixel CMOS or 
MOS image sensors, and to a lesser extent also of passive 
pixel sensors, that a signi?cant part of the surface of the 
pixel is used for readout circuitry. 

[0004] It is knoWn that the charge sensitive volume of a 
p-n or n-p junction is larger than the depletion layer of the 
junction. In fact all charges generated Within a so called 
recombination length from the collection junction have a 
chance of diffusing to that junction and of being collected. 
Based on this mechanism it is possible to make a sensor With 
a small junction and yet a large photosensitive volume. 
Photosensors can be made With junctions of 3 by 2 microme 
ters and With a recombination length of 15 CIJm. Thus such 
detector has an apparent front siZe or photosensitive region 
of 30 CIJm diameter. HoWever if a non-related electronic 
circuitry such as readout circuitry is placed in the neighbor 
hood of such collection junction, part of the charges that 
otherWise Would have reached the collection junction Will be 
collected by junctions or components of the readout cir 
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cuitry. The charge carriers generated by light falling on the 
regions of the detector that are used for readout circuitry 
therefore are mainly collected by the junctions of this 
readout circuitry. The area taken by the readout circuitry in 
the pixels therefore is lost for collecting the radiation and 
this is essentially the reason for the loW ?ll factor or loW 
sensitivity of active pixel based sensors. 

[0005] The book “Solid-State Imaging With Charge 
Coupled Devices”, of A. TheuWissen (KluWer Academic 
publishers, 1995 ISBN 0-7923-3456-6) gives an overvieW of 
the present state of the art of semiconductor based imaging 
devices, such as CCDs and MOS cameras. Chapter 7 of this 
book is devoted to the topic of increasing the sensitivity or 
the effective ?ll factor of a pixel. It covers such methods as 
the use of micro lenses or the use of a photo conversion top 
layer. 
[0006] In the article “XYW detector a smart tWo-dimen 
sional particle detector,” by Bart Dierickx, published in 
Nuclear Instruments and Methods in Physics Research, vol. 
A275 (1989), p.542-544, FIG. 4 shoWs 4 methods to fabri 
cate semiconductor based pixel devices. The ?rst method is 
based on classic CMOS processing. The disadvantage of this 
method is quoted to be a loW ?ll factor, since part of the 
semiconductor surface is occupied by readout electronic 
circuitry. The other methods attempt to solve the ?ll factor 
problem by using non-standard-CMOS techniques: ?ip-chip 
(bump bonding), SOI (silicon-on-insulator) technology, or 
moving the photon-sensitive Zone to an amorphous top 
layer. 

[0007] In the article “Design and Performance of semi 
conductor detectors With integrated ampli?cation and charge 
storage capability,” by P. Klein & al, published in Nuclear 
Instruments and Methods in Physics Research, vol. A305 
(1991) pp. 517-526, FIG. 2 shoWs a semiconductor based 
sensor With a transistor junction Wherein the charges being 
generated in the semiconductor substrate are prevented from 
diffusing into the source and drain junctions of the transistor 
by a junction-based barrier and are constrained to the gate, 
the gate being in contact With the source and drain. 

[0008] Avalanche photo diodes (ADPs) are also knoWn in 
the art. An APD can consist of a structure having layers in 
a sequence p++/p_/p+/n++, Where the p++ layer is the back 
side contact, the p— layer is a detection layer, the p+ layer is 
serving for avalanche multiplication of electrons, and the 
n++ layer is ?nally the collection layer of the multiplicated 
electrons. The dopant level and Width of the multiplication 
layer is very critical. Furthermore the applied voltage over 
such a structure is rather high, close to the electric break 
doWn of the structure. The p—/p+ layer transition is not 
acting as a barrier for the diffusion of electrons, but as an 
avalanche multiplication device. 

AIM OF THE INVENTION 

[0009] It is an aim of the present invention to disclose a 
semiconductor based device for detecting electromagnetic 
radiation Wherein substantially all of the charge carriers 
being generated by said radiation in the semiconductor are 
collected into the collection junctions and regions, instead of 
into regions and junctions of the readout circuitry. 

SUMMARY OF THE INVENTION 

[0010] The present invention relates ?rst to a detector for 
electromagnetic radiation Which includes a semiconductor 
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substrate, said substrate comprises a ?rst region and a 
second region, said ?rst region and said second region being 
adapted for collecting charge carriers being generated by 
said radiation in said substrate. Said substrate further corn 
prises a third region forming a barrier for substantially 
irnpeding the diffusion of said charge carriers to said second 
region. 
[0011] In betWeen the substrate and the ?rst region, there 
is no barrier present or a substantially Zero barrier present or 
a substantially loWer barrier than in betWeen said second 
region and said substrate. 

[0012] Said third region can also form a substantially 
loWer barrier for the diffusion of said charge carriers to said 
?rst region. 

[0013] More particularly, the present invention relates to a 
semiconductor based detector for radiation With a small but 
effective barrier betWeen the radiation sensitive volume in 
the semiconductor substrate and the regions and junctions 
With readout circuitry, and With no or a loWer barrier 
betWeen the radiation sensitive volume in the semiconductor 
and the regions and junctions adapted and meant for col 
lecting the charge carriers being generated by the radiation. 

[0014] According to a ?rst aspect of the present invention, 
the detector can be such that at least part of the charge 
carriers that are generated in said substrate adjacent to, and 
preferably underneath, said second region are collected by 
said ?rst region. Said substrate can have dopants of a ?rst 
conductivity type, said ?rst region and said second region 
having dopants of the other and second conductivity type, 
said third region having dopants of said ?rst conductivity 
type, the doping level of said third region being higher than 
the doping level in said substrate. 

[0015] According to another aspect of the present inven 
tion, said ?rst region forms a junction With said substrate, 
and said second region forms a junction With said third 
region. 
[0016] According to a further aspect of the present inven 
tion, a MOS based piXel structure for detecting light corn 
prising the detector of the present invention is disclosed. In 
this case, said third region forms an electrostatic barrier for 
substantially irnpeding the diffusion of electrons or holes to 
said second region. Said electrostatic barrier can be formed 
at the interface betWeen said third region and said substrate. 

[0017] A substantially loWer electrostatic barrier for the 
diffusion of electrons or holes from said substrate to said ?rst 
region is formed at the interface betWeen said ?rst region 
and the substrate. Said second region can be part of a circuit 
for processing the signal being generated by said charge 
carriers in said ?rst region. This signal can be the current 
being generated in said ?rst region. The piXel structure can 
further comprise a fourth region adjoining said ?rst region 
and said substrate, the substantially loWer barrier then being 
formed at the interface betWeen said fourth region and the 
substrate. 

[0018] In other aspects of the present invention a method 
of manufacturing and a method of operating a CMOS based 
piXel structure for detecting electromagnetic radiation are 
disclosed. 

[0019] The present invention further comprises the aspects 
of design integration of the principle of the invention in 
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CMOS based piXel structures and sensors and in CCD=s or 
CCD-like structures. The present invention advantageously 
can be applied in sensors for loW-noise light detection 
applications. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIGS. 1a and 1b schernatically shoW the detector 
of the invention according to a ?rst and a second ernbodi 
rnent. 

[0021] FIG. 2 represents the electrostatic potential in the 
detector as shoWn in FIG. 1a according to the cross sections 
along line I. 

[0022] FIG. 3 represents the electrostatic potential in the 
detector as shoWn in FIG. 1a according to the cross sections 
along line II. 

[0023] FIG. 4 shoWs a simulation of the diffusion of 
charge carriers in the structure as schematically shown in 
FIG. 1a according to Monte-Carlo-sirnulations. 

[0024] FIGS. 5a and 5b shoW results measured on sensors 
being manufactured according to the present invention (5b) 
and on sensors being manufactured according to the prior art 

(5a). 
[0025] FIG. 6 shoWs a piXel structure according to the 
invention Which has a memory element in the piXel. 

[0026] FIG. 7 shoWs a cross section in the semiconductor 
substrate of a possible implementation of the piXel structure 
of FIG. 6. 

[0027] FIG. 8 shoWs the detector of the invention applied 
in a ?rst loW dark current piXel. 

[0028] FIG. 9 shoWs the detector structure of the inven 
tion applied in a second loW dark current piXel. 

[0029] FIG. 10 shoWs tWo cross sections of surface chan 
nel CCD-like structures according to the principle of the 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0030] The present invention discloses a semiconductor 
based detector for radiation With a small but effective barrier 
betWeen the radiation sensitive volume in the semiconductor 
substrate and the regions and junctions With readout cir 
cuitry, and With no or a loWer barrier betWeen the radiation 
sensitive volume in the semiconductor and the regions and 
junctions adapted and meant for collecting the charge car 
riers being generated by the radiation. The region forming 
the barrier in betWeen the radiation sensitive volurne 
Wherein charges are created and the unrelated electronics of 
the readout circuitry, can have dopants of the same conduc 
tivity type as the radiation sensitive volume. 

[0031] The detector of the present invention can comprise 
a collection junction, Which collects radiation generated 
charge carriers, and other electronic components. Said col 
lection junction has an enhanced collection for charge car 
riers that are generated in the radiation sensitive volurne 
underneath said other electronic components. Such func 
tionality is made by means of an electrostatic barrier, that is 
formed at the interface of the volume and a region With the 
same conductivity type as said volurne underneath said other 
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electronic components. The barrier prevents the charge 
carriers Which are generated underneath said other electronic 
components from diffusing into the junctions or structures of 
said other electronic components. This electrostatic barrier 
is not, or With a substantially loWer height, present under 
neath the collection junction, Which can consequently gather 
the charge carriers that are generated under the other elec 
tronics components. 

[0032] This detector can be realiZed in a CMOS process, 
Wherein the components are realiZed in a p type substrate, 
the region forming the electrostatic barrier is realiZed as a p+ 
type implant, and the other components are of various type, 
including n type junctions. The collection junction is formed 
by a n type region With a loW electrostatic barrier to the 
substrate. The area of loWer (or absent) barrier may coincide 
With the collection junction, overlap it completely or partly, 
or be a part of it. The loWer (or absence of) barrier can be 
realiZed by an additional n type implant in the area of the 
collection junction, or by the absence of the p+ type implant 
Which realiZes said electrostatic barrier. 

[0033] Said p+ type implant can be a so-called pWell 
implant, or a so called anti-punch through implant, or a 
so-called blanket implant, or a so-called Vth-adjust implant, 
Which have all about the same effect in a CMOS process, and 
Which are in many cases available as a standard step in a 

CMOS process. 

[0034] Said n type implant can be an implant such as a 
so-called nWell implant, or a so called anti-punch through 
implant, or a so-called blanket implant, or a so-called 
Vth-adjust implant. 

[0035] In an alternative embodiment of the invention, the 
detector forms part of a pixel structure Wherein the collec 
tion junction (With the deeper n type implant, or With the 
absence of the p+ p— barrier) is realiZed as one electrode 
(source or drain) of a MOSFET, and the other electrode is 
tied to a certain voltage. The precise voltage is not relevant: 
the only condition is that the other electrode should not be 
a ?oating node. The collection junction should be com 
pletely (preferred) or partially surrounded by the gate of said 
MOSFET; the other electrode then surrounds (Wholly or 
partially) the gate and ?rst electrode. The gate of the 
MOSFET is biased AoffE, so that both electrodes are elec 
trically isolated. The fact that the MOSFET gate and other 
electrode surround the junction Will reduce the part of the 
dark current that is due to junction edge effects. 

[0036] The principle of the invention can be applied to a 
CCD or CCD-like structure (photo gate, charge injection 
device (CID), charge sWeep device (CSD)) Where the col 
lecting junction is an inversion layer or buried channel 
beneath a CCD-electrode (thus a surface channel CCD or a 
buried channel CCD. The collection junction (or part 
thereof) can be thought to be replaced by such structure. 

[0037] In a Way of explaining the invention, the invention 
is described in the sequel by means of the example of a 
CMOS based light sensitive sensor With a pixel structure 
such as disclosed in EP-A-0739039. The teaching of EP-A 
0739039 is incorporated herein by reference. In the example 
being described in the sequel, it is assumed that the semi 
conductor substrate is of a p type conductivity. It is obvious 
that the person skilled in the art Will imagine equivalent 
structures to those described in the sequel that have a 
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semiconductor substrate of a n type conductivity. Also other 
equivalent embodiments Will be obvious for the person of 
skill in the art, the spirit and scope of the present invention 
being limited only by the terms of the appended claims. 

[0038] FIG. 1a schematically shoWs part of a pixel struc 
ture With the semiconductor substrate (6) having a p type 
doping. Ap- layer or region (5) is de?ned in said substrate. 
The substrate can be of a uniform p— or p++ doping either 
in alternate embodiments. The p— layer can be de?ned by 
diffusion or by ion implantation or epitaxial groWth or other 
techniques knoWn in CMOS based processing. An additional 
p+ layer or region (3) is de?ned on or in the p— layer/ 
substrate The p+ region (3) can be de?ned by diffusion 
or by ion implantation or epitaxial groWth or other tech 
niques knoWn in CMOS based processing. In the p+ region 
(3) a ?rst region (1) and a second region (2) are de?ned. 
These ?rst and second regions are of a n type doping. These 
?rst and second regions can be de?ned by ion implantation 
or diffusion or other techniques knoWn in CMOS based 
processing. These ?rst and second regions form a junction 
With the p type based regions and/or substrate. The ?rst 
region (1) is to be a collection junction for collecting the 
charge carriers being generated by radiation in the substrate 
and/or p— region (6, 5). According to the example, the 
collection junction is a photodiode. The second region (2) is 
to form a junction being part of readout circuitry for pro 
cessing the signals being generated by the charge carriers 
being collected by said ?rst region An additional, 
optional n type fourth region (4) can be de?ned and can 
overlap completely or partially said ?rst region This 
fourth region extends from said ?rst region to said p— layer 
(5) and/or to said substrate This fourth region by 
preference is de?ned by a deep ion implantation step but 
may also be de?ned by other techniques knoWn in CMOS 
based processing. 

[0039] FIG. 1b shoWs an alternate embodiment of the 
structure shoWn in FIG. 1a. 

[0040] FIGS. 2 and 3 shoW the electrostatic potential in 
the structure as shoWn in FIG. 1 according to cross-sections 
folloWing lines I and II respectively. In the structure shoWn 
in FIG. 1 there is a local potential minimum in the p— region, 
as indicated in FIGS. 2 and 3. As shoWn in FIG. 2, electrons 
in the p— region(s) Will not diffuse easily to the second 
region (2), as there is an electrostatic barrier at the interface 
(3/5) created by the p+ region According to FIG. 3, 
electrons Will not be impeded by a barrier betWeen the p 
region (5) and the n+ region The electrons in Zone AIE 
Will diffuse sideWards to the Zone A115, and be collected in 
the ?rst region 

[0041] The diffusion of charge carriers in the structure as 
schematically shoWn in FIG. 1 Was simulated according to 
Monte-Carlo-simulations. Such simulation is represented in 
FIG. 4. The Arandom Walk& of electrons that are generated 
by radiation in a matrix of pixels according to the present 
invention Was simulated. The pixel Were manufactured 
according to the structure shoWn in FIG. 1a. The average 
diffusion distance of the electrons Was recorded. In a struc 
ture Wherein the fourth region (4) is not present (thus, a prior 
art structure), the diffusion distance is large and the electrons 
diffuse over several pixel distances before being collected or 
being recombined With a hole. In a structure having the 
fourth region (4), the electrons are collected much faster, as 
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shown in the table below. A pixel matrix With pixels on a 
pitch of 7.5><7.5 micrometer Was simulated, and in each 
pixel ?rst and fourth regions of various siZe Were present. 
Electrons are in a Worst case scenario generated at the edge 
point betWeen 4 pixels. 

size of collecting junction (1,4) diffusion distance in x (0X) 

region (4) absent 15.5 Elm 
1 Elm 6.1 Elm 
2 Elm 4.5 Elm 

[0042] The resulting diffusion distances come close to the 
ideal result (3.75 Elm). This kind of pixels have thus a 
near-ideal Modulation Transfer Function (MTF). It has also 
a near 100% ?ll factor, Which means that all surface of the 
pixel matrix that is exposed to light contributes to the light 
collection. Substantially, all of the substrate charge carriers 
generated by the light Will How to the collection junction. In 
prior art pixel structures, parts of the generated charge 
carriers are collected by the junctions of readout circuitry, 
and such charge is thus lost. 

[0043] The introduction of the region (3) has several 
effects, tWo of these are: 

[0044] the photo diodes (1,4-5,6) collect photo 
charge from the Whole pixel and may reach a 100% 
?ll factor. The photo diodes collect photo charge 
from the Whole pixel, the ?ll factor only being 
limited by mainly 3 factors: 

[0045] light trapped inside the junctions of the 
readout circuitry themselves. This is certainly a 
limitation for short Wavelength light, Which has a 
loW penetration depth; 

[0046] light re?ected by the interconnect metalli 
Zation; 

[0047] recombination; free electrons Will not dif 
fuse inde?nitely, but recombine after some typical 
recombination length; in a CMOS technology, this 
length turns out to be several times the pixel pitch. 

[0048] 
[0049] In the case that a region (3) is present betWeen the 
substrate and the collection junctions (1), region (3) forming 
a barrier for the diffusion of charge carriers at the region 
(3)/substrate interface, this Will prevent an easy collection of 
charge carriers by the collection junction The free 
carriers Will have time to diffuse to neighboring pixels and 
are eventually collected or recombined there, and cause thus 
an unsharp image. The omission of such barrier by the 
de?nition of region (4) in the photo diode tends to con?ne 
the photo charge. 

the sharpness or MTF of the image. 

PREFERRED EMBODIMENT OF THE 
INVENTION 

[0050] In a standard CMOS process tWo (a,b) small arrays 
of photo diodes Were fabricated as part of an integrated 
circuit. In case (a), the junctions are like prior art shalloW n 
type regions in a p type substrate. The junctions measure 2x2 
Elm, the pixel pitch is 7.5 Elm. A central roW of the pixel 
array is exposed to light, neighboring roWs of pixels are 
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covered from the light by a metal shield. The parallel outputs 
of roWs of pixels are taken outside the integrated circuit, so 
that the effective photo current of a roW of pixels can be 
measured. In case (b), the structure is identical, except that 
in every photo diode, a small 2x2 um nWell implant is made 
inside the photo diode. It must be noted that the CMOS 
process used here features a so-called pWell, Which is a 
complementary implant to the nWell. Any area not exposed 
to the nWell implant is implanted With a p type dopant, to 
enhance the p type concentration close to the surface. The 
resulting structure is the preferred embodiment of the detec 
tor according to the schematic draWing of the invention in 
FIG. 1a. In the ideal case, the exposed roW of pixels should 
detect all photo current, and the covered roWs should deliver 
Zero current. The fact that this is not the case is mainly due 
to sideWards diffusion of charges and to optical diffraction. 

[0051] Measurements are summariZed in FIG. 5, for both 
cases (a: prior art) and (b: With regions and junctions 
according to the invention). In the results shoWn in FIG. 5, 
Elal/bllIl is the current collected by the exposed pixels, 
|:|a2/b2|:| by the (covered) neighbor pixel, Ela3/b3lIl by the 
neighbor pixel thereafter, and E|a4/b4|:| is the sum of the 
current collected by 4 successive neighbor pixels thereafter. 
The change of behavior by the effect of the nWell dots as 
shoWn in FIG. 5 (b) proves the principle of the invention. 
Not only does the central exposed pixel roW collect rela 
tively more photo current (b1), but also the absolute level of 
the total current is much higher, Which indicated that struc 
ture (b) collects current Which is otherWise lost by recom 
bination of charge carriers in structure (a). 

[0052] Other realiZations on various types of active pixels 
shoWed an even more prominent difference. As preferred 
embodiment, We used the 3 transistor pixel structure as 
disclosed in EP-A-0739039. Adding a small dot of nWell 
inside the photo diode increased the collected current dra 
matically, With a factor 5 to 10, for light of 650 nm. 
Considering the fact that the pixels Were designed With a 
15% ?ll factor (area of the exposed photo diode only), then 
this factor of 5 to 10 indicates that the ?ll factor is to be close 
to 100%. 

[0053] Advantages of the detector of the invention further 
include: 

[0054] photo charge being generated by light falling 
on areas of the pixel that are not covered by photo 
diode junctions are collected by the photo diode 
junctions, even if this area is covered by readout 
circuitry including junctions that can collect photo 
generated charges too. The pixels of the invention 
have a near complete (100%) ?ll factor, except for 
those parts that are covered by opaque material as 
metal interconnections. The charge that is generated 
inside junctions of unrelated circuitry of course is 
lost for detection. As these junctions are shalloW, 
radiation of Wavelengths beyond about 500-600 nm 
is converted to electron-hole pairs deep in the silicon 
substrate, and this effect causes only a minor loW 
ering of the sensitivity. 

[0055] The capacitance of the collection junction of the 
detector of the invention is considerably smaller than the 
capacitance of a junction that Would cover the full pixel 
surface, yet they have effectively the same light collecting 
surface. One of the main noise sources in imaging sensors is 
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the so-called kTC-noise. This noise is typically expressed as 
an amount of noise charge (uncertainty of the measurements 
of the photo charge), and is proportional to the square root 
of the capacitance of the junction. In order to obtain a pixel 
With a loW noise charge, one must design loW capacitance 
photo diodes. Yet, for a given capacitance per unit area, the 
loWest noise diode has also the smallest area, and thus a loW 
light collecting area. The present invention alloWs to make 
photo diodes Which have a small junction area and small 
junction capacitance, but With a large collecting volume. 

[0056] The devices of the preferred embodiment of the 
invention can be implemented in a custom CMOS technol 
ogy With the possibility of performing implantations that are 
being adjusted so that the required pro?les are present. The 
structure of the invention can be obtained even in standard 

CMOS technology. There are foundries Which have a feature 
in their CMOS process called EltWin welllIl. Other foundries 
have similar structures but call them differently: Anti-punch 
through implant, blanket implants, Vth-adjust implant etc. 
The principle is the same, and can be used in the same Way 
for realiZing the preferred embodiment of the present inven 
tion. In a tWin Well CMOS process, both nMOS and pMOS 
structures are fabricated in their oWn Well (respectively 

pWell and nWell). In the sequel it is assumed that the silicon 
substrate is (relatively) loWly doped p type, or a loWly doped 
p type epitaxial layer on top of a highly doped Wafer. pMOS 
structures are processed in a nWell, Which is a deep junction 
in the substrate. nMOS structures are processed in a pWell, 
Which in this case is not a junction (as it is of the same type 
as the substrate, being in this example a p type substrate, but 
nevertheless the result is that the nMOS structures are 
processed in a part Which is higher doped than the substrate 
beneath. This and similar structures have been introduced in 
order to alloW shorter channel transistors in a standard 
CMOS process. The present invention can be realiZed by 
using a n-junction as the light collecting junction, and to 
pierce the p+/p— barrier by overlaying part (or the Whole) of 
the n-junction With a nWell implant. The nWell implant is 
deep, and protrudes through the pWell into the loWly doped 
substrate. The eventual other nMOSFETs Which are part of 
the active (or passive) pixel, are made With shalloW junc 
tions only, and do not protrude into the substrate. It is to be 
noted that if the complexity of the active pixel requires that 
it should contain pMOSFETS, thus to be processed in a 
nWell, then this nWell—being the same type of junction as 
in the light collecting junctions—Will compete With the light 
collecting junction, and cancel its effect partly. This problem 
does not occur in active pixels that use only one type of 
MOSFET. In a custom process, this situation can be allevi 
ated by having an even deeper p type implant for the nWell 
over the pMOSFETS, and not for the photo collection 
junctions. 

[0057] Junction spiking is knoWn as an effect Wherein the 
metalliZation spikes through a shalloW junction. This is one 
of the causes of high dark-current pixels. By putting the 
critical diode contact above a Well, Which is possible in the 
pixels of the present invention, the leakage to the substrate 
is avoided. This Will yield an overall loWer number of White 
pixels in a pixel matrix. 
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ALTERNATIVE EMBODIMENTS OF THE 
PRESENT INVENTION 

[0058] The photocollecting junction of a pixel in a CMOS 
based sensor, according to the invention, can be a depletion 
layer or an inversion layer of a MOS-structure or a buried 
channel MOSFET. 

[0059] The photocollecting junction can also be a pho 
totransistor, said phototransistor can be fabricated as a 
vertical pnp structure Wherein the collector is the substrate, 
the base is the deep nWell implant, and the emitter is a p type 
region forming a shalloW junction inside this Well. Such a 
structure has similar charge collection properties as the 
preferred embodiment of the invention but it has the added 
value of internal current multiplication. 

Pixel With Integral Memory Element 

[0060] The present invention can applied to make a pixels 
Which have a memory element in the pixel, the memory 
element being better shielded from the light. An analog 
memory element is usually a capacitor, Which has a part or 
parts Which are junctions, or Which has connections to other 
circuit elements such as transistors Which have junctions. 
Junctions are light sensitive, and this light sensitivity Will 
cause a current to How Which Will affect the charge stored on 
the capacitor. A memory element or capacitor can be used 
for various purposes: spatial and temporal ?ltering, the 
memoriZation of an image, etc. FIG. 6 shoWs an example of 
a circuit Where a frame that is acquired With a sloW inte 
gration time, can be read out in a non-destructive Way at high 
speed. In this ?gure, the light collection junction (1,4-5, 6) 
can be reset by sWitch (e. g. a MOSFET) (20). The signal 
being acquired in the light collection junction can be peri 
odically sampled by sWitch (21) on capacitor (22). This 
voltage is then multiplexed in the classical Ways over 
circuits represented as IIIAEI. The circuit of FIG. 6 should, 
in order to operate properly, have a stable signal on capacitor 
(22). Capacitor (22), and also the interconnections to it 
should be shielded from the light, Which is straightforWard 
by using metalliZation. HoWever, Capacitor (22), and/or the 
interconnections to it may also collect charge that is present 
in the substrate due to light generation. Especially photo 
charge that is being created deep in the substrate can diffuse 
easily onto Capacitor (22) or its interconnections, and dis 
charge them. If the photo diode (1,4-5,6) is made according 
to the present invention, the charge diffusing in the substrate 
Will likely be collected in the photodiode (1,4-5,6) and Will 
thus not affect the charge on Capacitor (22). 

[0061] A cross section of a possible implementation is 
shoW in FIG. 7. Here the capacitor and sWitches are realiZed 
as MOS structures With a metal light shield (124) being 
deposited on the capacitor region, a dielectric being in 
betWeen the metal shield (124) and the metal or polysilicon 
gate of the sWitches (121) (120) and of the capacitor (122); 
the ampli?cation and multiplexing circuitry is not shoWn. 

The Application of the Well-Pixel to Obtain a Pixel 
With LoW Dark Current 

[0062] It is knoWn in the art that the photodiode dark 
current is mainly due to thermal generation mechanisms at 
the edges of the diode, or at the interface betWeen the Silicon 
and SiO2. In CCDlIls the dark current can be signi?cantly 
reduced by a method called Elinversion modelII or Elall 
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phase pinninglIl. In such a CCD, the Si—SiO2 interface of 
the CCD is brought into inversion, so that the buried channel 
(the useful detecting volume) is not in contact any more With 
this interface. The methods reduces the dark current With a 
factor of typically 100. 

[0063] The Well-pixel of the present invention can be 
applied With the same goal. If the piXel is large compared to 
the light collection junction, the other area is to be covered 
With a structure that screens the bulk of the material from the 
surface. TWo Ways to do this are: 

[0064] (a) using a screening junction (32); 

[0065] (b) using an inversion layer (132), induced by 
a polysilicon gate electrode (37). 

[0066] An example of (a) is shoWn in FIG. 8. 

[0067] Two examples of (b) are shoWn in FIG. 9 Wherein 
is shoWn a polysilicon gate electrode (37) inducing a screen 
ing inversion layer (132) in the barrier region 

On the Implementation in a CCD or CCD-Like 
Structure 

[0068] The invention is applicable to any active or passive 
piXel structure, and even to CCD-structures (see FIG. 10). 
The photocollection junction of the present invention can be 
a photo diode, but also a junction that consists essentially of 
a depletion layer or inversion layer (41) to the serniconduc 
tor substrate (45) (as in a surface channel CCD), or that 
consists essentially of a (partially) depleted buried channel 
to the semiconductor substrate or surface (as in a buried 
channel CCD). Such structures are typically used in CCDs, 
CIDs (charge injection devices), photo gates, or similar. 
These are called “virtual junctions,” as they have in fact the 
same functionality as a physical n-p junction While collect 
ing photo-generated charge carriers. 

[0069] A CCD cell can thus be the light sensitive elernent 
itself, Where the photo charge is collected in a potential 
pocket that is electrostatically induced by the CCD elec 
trodes (49). If a potential barrier is present betWeen the 
photosensitive volume (the substrate (47)) and the potential 
pocket, this Will prevent the collection of charges. The 
present invention can thus be used to enhance the charge 
collection of the virtual junction. In FIG. 10 are shoWn tWo 
cross sections of surface channel CCD-like structures, Where 
the barrier for electrons from the substrate to reach the 
inversion layer (41) of the CCD is suppressed: a) by an 
opening (omission) of the pWell (43) b) by an explicit n type 
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irnplant (44) according to the principle of the invention that 
pierces or loWers said potential barrier. 

[0070] CLAIMS AS FILED: 

28. A method of manufacturing a CMOS based piXel 
structure for detecting electromagnetic radiation comprising 
the steps of: 

de?ning a layer of a higher p type doping level in a p type 
substrate, said layer forming an electrostatic barrier for 
substantially irnpeding the diffusion of electrons to said 
second region, said barrier being formed at the interface 
betWeen said layer and said substrate; 

de?ning a region for collecting the charge carriers being 
generated by said radiation, said region being con 
nected to said substrate; and 

de?ning in said layer at least part of a circuit for process 
ing the signal being generated by said charge carriers in 
said region. 

29. The method as recited in claim 28, Wherein said step 
of de?ning said layer is a p type irnplant, said p type irnplant 
being a pWell irnplant, or a anti-punch through irnplant, or a 
blanket irnplant, or a Vth-adjust irnplant. 

30. A method of manufacturing a CMOS based piXel 
structure for detecting electromagnetic radiation comprising 
the steps of: 

de?ning a layer of a higher n type doping level in a n type 
substrate, said layer forming an electrostatic barrier for 
substantially irnpeding the diffusion of electrons to said 
second region, said barrier being formed at the interface 
betWeen said layer and said substrate; 

de?ning a region for collecting the charge carriers being 
generated by said radiation, said region being con 
nected to said substrate; and 

g connected to said substrate; and 

de?ning in said layer at least part of a circuit for process 
ing the signal being generated by said charge carriers in 
said region. 

31. The method as recited in claim 30, further comprising 
the step of performing a n type implant in at least part of said 
region, said n type irnplant decreasing the barrier betWeen 
said region and said substrate, said n type irnplant being a 
nWell irnplant, or a anti-punch through irnplant, or a blanket 
irnplant, or a Vthadjust irnplant. 

* * * * * 


