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(1) Field of the Invention The present ~r.ver.tion generally relates to
photo detecting semiconductor structures. More particularly, the present
invention relates to photodiodes built using modern state-of-the-art
complimentary metal oxide semiconductor (CMOS) fabrication processes. (2)
Backcrround Info. oration F. key component of imaging systems is a
photodiode detector--a device used to detect incident photons of visible
light that originate from an object that has an image to be captured. The
photodiode is e:rposed to incident light which travels through a
transparent o~:ide isolation layer thereof and into a silicon region
thereof that may include a P-N junction. ~rlhen the P-N junction diode is
reverse biased, a depletion region may be formed and electron-hole pairs
are generated both inside and outside the depletion region in response to
incident photons of visible light impinging onto the transparent oxide
isolation layer. The photo generated electron-hole pairs are swept away by
diffusion and drift mechanisms and collected in the depletion region,
thereby inducing a photo current representing a portion of the image to
which the photodiode was exposed. A significant factor contributing to a
sensitivity of a photodiode is its ability to capture as many incident
photons as possible. The sensitivity of the photodiode is affected in par
by dark current which is the amount of reverse-bias diode leakage current
induced in the photodiode ~~~he:~ the photodiode is in the dark, i.a.,
current that is not induced by light. Dark - 1    0 ~ MAR 2002 1~'O
99I17380 PCT/LiS9S/1-i0'_-t current is particularly generated at an
interface bet~,reen the transparent isolation layer and the depletion
region. The dark current causes noise in the signal generated in response
to the exposure of the photodiode to light. E:ccessive dark current may
also cause the readout dynamic range to be reduced. Efforts are made to
minimize the dark current thereby reducing the noise in the signal detected
and orese~-ving the readout dynamic range. It is desirable to decrease the
amount of dark current generation at the interface between a depletion
layer and transparent isolation region of a photodiode. SU!rLht~RY OF Ti-iE
INVENTION A photodiode is provided. The photodiode includes an insulative
region (IR) that permits passage of light therethrough. The photodiode also
includes a substrate region of a Lirst conductivity type and a well region
of a second conductivity type. The well is formed ~:ithin the substrate,
beneath the IR. The well is demarcated from the substrate by a first
surface. The photodiode further includes a heavily doped region (I-iDR) of
the second conductivity type. The hI7R is formed within the IR at a first
position. The first surface meets the HDR at substantially the first
position. 



BRIEF DESCRIPTION OF T:?E DR~irIINGS The features, aspects, and advantages
of the present invention will become more fully apparen~ from the following
Detailed Description, appended claims, and accompanying drawings in which:
- 2    0 7 MAR 2002 CVO 99i17380 P CT,'Ii S 9 S/ 1-t 0'_.t Figure 1
illustrates a cross-sectional view through one embodiment of a photodiode
according to the present invention; Figure 2 illustrates a cross-sectional
view through one embodiment of a photodiode with a guard ring according to
the present invention; Figures 3a and 3b illustrate cross-sectional views
through two embodiments of the photodiode according to the present
invention each having guard rings of different widths; Figures 4a and 4b
illustrate first and second embodiments of a photodiode according to the
present invention; Figure 5a illustrates a cross sectional view through an
embodiment of photodiode according to the present invention with a metal
contact coupled thereto; Figure 5b illustrates an exemplary layout of a
CMOS photodiode according to the present invention; and Figure 6
illustrates a possible implementation of a Dhoto cell circuit that includes
one embodiment of the photodiode according to the present invention.
DETAILED D~SCRIPTI0~1 In the following description, numerous specific
details are set forth to provide a thorough understanding of the present
invention.. :iowever, one - 3  



0 l MAR 200Z ~i'o 99/~~3so PCT/LiS9S/1-t0'_~ having ordinary skill in the
art should recognize that the invention can be practiced without these
specific details. In some instances, well-known circuits, structures, and
techniques have not been shown in detail to not unnecessarily obscure the
present invention. Figure 1 illustrates a cross-sectional view through a
diode photo receptor (hereinafter "photodiode") 100. Photodiode 100
includes a semiconductor substrate 104. The substrate 104 has a N-well
region 106 formed therein. Furthermore, photodiode 100 has a shallow trench
isolation (STI) region 102. When a P-N junction, formed between the
substrate 104 and the ~~rell 106) is reverse biased, a depletion region 114
is forn~ed at a vicinity of a surface 116 demarcates the N-well 106 from
the P-substrate 104. Dark current is particularly generated at an inter~ace
between the STI and depletion region 119. Since the STI 102 is wider than
the N-well 106, an inter~ace 124 between the depletion region 114 and STI
102 is formed at a bottom surface 118 or the STI 102. It has been found
that generation/recombination of electron-hole pairs is increased at the
bottom surface 118 of the STI. It is believed that the cause of increased
generation/recombination at the bottom surface 1l8 of the STI is caused by
damaged areas, existent at the bottom surface of the trench and caused by a
process of etching the STI. Such process is performed to obtain the shallow
trench. After the etching process takes place, residue) particularly
carbon, is left at the bottom of the trench.   o r r~a;~ 2~~2 W O 9911i380
P CT;'~.i S 98/ I .~ 0'_.l Figure 2 illus~rates a cross-sectional view
through one embodiment of a photodiode 200, with a heavily doped region
220) according to the present inver.t~on. Photodiode 200 may be part of a
CMOS image sensor that may be made by way of a modern silicon CrIOS
fabrication process such as a process designed to fabricate
microprocessors. Moreover, the CMOS image sensor may be part of a CMOS
active pixel sensor array that is known in the art. Furthermore) the CMOS
active pixel sensor array may be used in connection with an imaging system
such as a digital camera or a video device. Photodiode 200 much in the same
way as the embodiment of the photodiode of Figure 1, includes a silicon
substrate region 204 that has a first conductivity type and a well region
206 formed in the silicon substrate. The well region has a second
conductivity type. In one embodiment of the present invention described
herein substrate region 204 includes a P-type silicon substrate and well
region 20o' includes a N-type silicon well. It should be understood that
the embodiment of the present invention described herein may be as well
implemented with a N-type substrate and a Ptype well. In one embodiment of
the photodiode according to the present invention) well 206 may be formed
by ion implantation of substrate 204 or any other well-'known processes for
making a well. Photodiode 200 further includes electrically insulative
region (dielectric) 202) that is formed on top of the N-well 206. This
dielectric region is transparent to light permitting passage of light
therethrough. Dielectric region 202 ~s formed by - 5    



0 7 MAR 2D02 1V0 99117350 PCT/US9S/1-i0'_'-t etching a shallow trench at
the top of the substrate. The shallow trench is then filled <<~ith oxide
(Si02) thereby forming a shallow: trench isolation (STI) region (shoc~rn in
hashed lines that form an acute angle with respect to a horizontal
direction). Shallow trenches and processes of making of these trenches are
well-rnown to persons skilled in the art. The shallow trench has a width
(in a horizontal direction) larger than a width (in a horizontal direction)
of N-well 20o' thereby covering N-well region 206. N-well 206 is defined by
N-well surface 216 that demarcates (separates) N-well 206 from P-substrate
204. teen the N-well and the P-substrate are reverse biased, a diode
depletion region is formed across and near the P-N junction. More
specifically) the diode depletion region is formed across and near surface
216 (first surface) that demarcates N-well 206 from substrate 204. After
applying a correct reverse-bias voltage to the photodiode, a photo current
may be induced in diode depletion region 214 in response to the transmitted
light incident to the STI. The embodiment of the photodiode 200 of the
present invention described herein also includes heavily doped region (HDR)
(hereinafte: referred to as "guard ring") 220 formed within STI 202 . HDR
220 has a second conductivity type N, and since it is heavily doped) FiDR
220 is N+. The shape of the guard ring 220 may have any , closed-loop type
of shape that separate STI 202 in two regions: internal region 203 and
external region 205. In one embodiment according to the present invention,
- 6    0 ? MAR 2002 wo 99~~ ~3so PCTiT,S9S/i ao~a STI 202 has a rectangular
shape, internal region 203 has a rectangular shape, and guard ring 220 has
an annularrectangular shape as illustrated in Figure S described later in
this description. In one embodiment of the photodiode 200 of the present
invention, guard ring 220 is formed in STI 202 by etching a portion of the
STI 202 at and around a first position defined by dotted line 222. Guard
ring 220 is formed in the etched portion. Guard ring 220 is then subjected
to the process of ion implantation to obtain the heavily doped guard ring
220. The first position 222 may be defined as the position where surface
216, that demarcates N-well 206 from substrate 204, would meet the bottom
surface 218 of the STI 202 had guard ring 220 not been formed within STI
202. Guard ring 220 is thus formed sa that surface 216 meets (intersects) a
bottom surface of the guard ring at a position substa.-~tially close to the
first position. It is preferable that guard ring 220 is formed in STI 202
so that surface 216 intersects the bottom surface of the guars' ring at a
median position on the guard ring. The presence of N+ doped guard ring 220,
at the first position, causes depletion region 214 to interface with STI
202 at a lateral inner surface 228 of external region 20S as opposed to the
bottom surface 218 of STI 202. The guard ring 220, thus, shapes the way the
depletion region 214 makes contact with the STI 202. Termination of
depletion region 214 onto lateral surface 228 of the STI 202 is preferable
to termination of depletion region 214 onto bottom surface 218, because
lateral surface 228 has been determined to be cleaner   



0 ~ MAn ~~~~~ wo 99m3so Pcrws9s; ~.so~.~ (e. g., it includes less silicon
damage and residue than bottom surface 218 of the STI). A cleaner interface
area, between depletion region 214 and surface 228, causes less
generation/recombination of holes and electrons at the interface of the
depletion region with the STI and thus less generation of dark current.
Moreover, since the area of contact 224, at lateral surface 228, is
inversely proportional with the doping of guard ring 220, guard ring 220
causes a smaller area of contact between the depletion region 214 and the
STI, than in the case where the depletion region 214 intersects bottom
surface 218 of the STI. Guard ring 220 moves the depletion region away from
the bottom of the STI to the lateral surface 228 of the STI. Guard ring 220
causes a reduction in the area of contact between the depletion region and
the STI due to retrograde p-well doping, i.e., p doping is higher near the
surface. Therefore, guard ring 220 contributes to a decrease of the dark
current in the embodiment of the photodiode according to the present
invention. Figures 3a and 3b illustrate cross-sectional views through
portions of one embodiment of the photodiode according to the present
invention where the widths of the guard ring are different. Figure 3a of
the embodiment shown has a guard ring with a width 3S0 that is smaller than
a width 3S2 of the guard ring of the embodiment illustrated in Figure 3b.
An interface between the depletion. region 314 and the lateral surface 328
of the STI is large: for a guard ring with a narrower width 3S0 (=figure
3a) than for a guard ring with a larger width 352 (Figure 2b). Accordingly,
the _ g _   o r r~a~ 2G2 ~i~0 99/1 73s0 PcT,vs9s; ~ so=~ wide the guard
ring the lesser the area of interface of the depletion region with the STI
and the lesser the dark current generated around that area. 6^l~uil a
c~ider guard rings are preferable) due to the smaller interface at lateral
surface 328 of the STI) the wider the guard ring the smaller is the optical
sensing area, i.e., the internal region 303 of the STI. Accordingly, the
wider the dark ring, less dark current is generated but the sensitivity of
the diode is reduced due to the smaller optical sensing area. Therefore)
for any given process, an optimal value may be determined taking into
account the sensitivity and the dark current of the photodiode. Figures 4a
and 4b illustrate first and second embodiments of a photodiode according to
the present invention. The guard ring of the embodiment of Figure 4a is
substantially similar to the guard ring of the embodiment described above.
The embodiment of Figure 4b has a portion 407 defining an internal portion
405 and an external portion 403. However, instead of a N+ heavily doped
guard ring, a gate oxide guard ring 455 is formed between regions 403 and
405. A layer of polysilicon gate 453, over thin oxide 461, is formed over
the STI region between the internal and external regions 405 and 403
respectively. The layer of polysilicon is silicided and coupled to ground.
Note that the silicon interface within the N-well is inverted as the gate
voltage is at 0 volts and the well voltage is positive during operation.
The depletion region is terminated on high auality gate-oxide regions. The
_ g _   0 7 M,~~ 2u02 



ii'O 99/1"380 PCT~'L~S9Si 1902.t gate-oxide region has high quality to
satisfy good MOSFET operation. Figure 5a illustrates a cross sectional view
through an embodiment of photodiode according to the present invention with
a metal contact 560. The N+ guard ring also plays the role of ohmic contact
to the photodiode's well because the N+ region is conductive. The silicided
region 562, on top of the guard ring 520, is conductive too and is
typically coupled to a metal contact 560 that biases the photodiode. The
metal contact 560 is coupled to a pixel node 618 that is shown hereinafter
in Figure 6. Figure 5b illustrates an exemplary layout of a ChIOS
photodiode according to the present invention illustrated in Figure 5. The
guard ring S20 surrounds the inner photosensitive portion S03 of the
photodiode. The N-well includes the portion limited by the dotted line 512.
The metal contact 560 contacts the N+ guard ring 520 for biasing the
photodiode according to the present invention. Figure 6 illustrates a
possible implementation of an imaging system 603, such as a digital camera
or a video device, with an active pixel sensor cell circuit 600 that
includes one embodiment of the ~hotodiode 602 according to the present
invention. The active pixel sensor cell may be included in a CP:OS active
pixel sensor array 60S. The imaging systems 603 may also include a control
device 607 coupled to the array 605 and a post processing device 609
coupled to both the array and to the control device 607. - 10    0 7 t~~~~~
2~~2 ~1'O 99/1"r380 PCTn.;S9S/ 1 a0?.t The act~.Ve pi:~el sensor cell 600
includes a reset transistor 614 and a source follower device 616. The reset
transistor 614 selectively resets a pixel node o'18 to a predetermined
voltage. ~rl'nen a readout signal is asserted to row scritch transistor
622, the source follower 616 provides a voltage related to the voltage at
the pixel node 618 to an image capture system (not shown). Incident light
causes pixel node 618's voltage to drop by collection of electrons
photogenerated in the depletion region of the diode. The photodiode 602
according to the present Invention including the guard ring explained in
the foregoing minimizes the negative effect of the dark current as this
current is substantially reduced by the above guard ring explained in the
foregoing. In the foregoing specification, the invention has been described
with reference to specific embodiments thereof. It will however be evident
that various modifications and changes can be made thereto without
departing from the broader spirit and scope of the invention as set forth
in the appended claims. The specification and drawings are, accordingly, to
be regarded in an illustrative rather than a restrictive sense. Therefore,
the scope of the invention should be limited only by the appended claims. -
11    0 7 I~~~n ~~~~ What is claimed is: 



1. A photodiode comprising: an insulative region (IR) to permit passage of
light therethrough; a substrate region of a first conductivity type; a well
region of a second conductivity type, formed within the substrate and
beneath said IR, the well demarcated from the substrate by a first surface;
and a heavily doped region (HDR) of said second conductivity type, formed
within said IR at a first position, said first surface meeting said HDR at
substantially the first position. 2. The photodiode of claim 1 wherein said
heavily doped region is a guard ring including a diffusion formed within
said IR. 3. The photodiode of claim 1 wherein said IR region has a
substantially circular form. 4. The photodiode of claim 1 wherein said HDR
region has a substantially annular form. 5. The photodiode of claim 1
wherein said IR region has a substantially rectangular shape, said HDR
enclosing said IR. 6. The photodiode of claim 5, wherein said HDR region
has a substantially rectangular loop-like form. 7. The photodiode of claim
1 wherein said HDR includes a loop that separates said IR into an internal
region surrounded by said HDR and an external region surrounding said HDR.
8. The photodiode of claim 7 wherein said external region has a lateral
surface in contact with said HDR. 9. The photodiode of claim 8 wherein a
depletion region formed in the well and substrate, in the vicinity of said
first surface, when said substrate and well are reversed biased, terminates
at said lateral surface. 10. The photodiode of claim 7 wherein said loop
has a first width and said internal region has a second width, a ratio of
said first and second widths being in a range defined by first and second
values. 11. The photodiode of claim 1 wherein said HDR includes a silicided
top surface. 12. The photodiode of claim 1 wherein said IR region includes
a shallow trench isolation region. 13. The photodiode of claim 1 wherein
said HDR has a bottom surface that intersects said first surface. 14. An
active pixel sensor array comprising: a photocell electrically responsive
to light exposure, said photo cell including a photodiode that includes, a
substrate region of a first conductivity type; 12   0 7 r~~,~ ~~~2 an
insulative region (IR), formed within the substrate, permitting passage of
light therethrough; 



a well region of a second conductivity type, formed within the substrate
and beneath said IR, the well being demarcated from the substrate by a
first surface; and a heavily doped region (HDR) of said second conductivity
type, formed within said IR at a first position, said first surface meeting
said HDR at substantially the first position and reset circuitry coupled to
said photodiode, to initialize the photodiode; and read out circuitry,
coupled to the photodiode, to read an electrical signal representation of
detected light. 15. A photodiode comprising: a semiconductor substrate
region of a first conductivity type; an insulative region (IR), formed
within the substrate, permitting passage of light therethrough a
semiconductor well region of a second conductivity type) formed within the
substrate and beneath said IR) the well demarcated from the substrate by a
first surface; and a heavily doped region (HDR) of said second conductivity
type, formed within said IR, said HDR surrounding a first portion of said
IR to foam a guard ring) said first surface intersecting said HDR. 16. The
photodiode of claim 15 wherein said guard ring demarcates said first
portion of said IR from a second portion of said IR that surrounds said
first portion. 17. The photodiode of claim 15 wherein said substrate and
well) when reverse biased, form a depletion region in the vicinity of said
first surface. 18. The photodiode of claim 17 wherein said depletion region
terminates at a lateral surface of said second portion. 19. The photodiode
of claim 15 wherein said HDR includes a bottom surface and said first
surface meets said HDR at said bottom surface. 20. The photodiode of claim
19 wherein said first surface intersects said bottom surface of said HDR at
a location substantially positioned near a center of said bottom surface.
21. A photodiode comprising: a semiconductor substrate region of a first
conductivity type; an electrically insulative region (IR), formed within
the substrate, permitting passage of light therethrough, said IR having a
first width; a semiconductor well region of a second conductivity type,
formed within the substrate and beneath said IR, said well having a second
width larger than said first width, the well demarcated from the substrate
by a first surface; and 13   



./~ ~~r~6'", ~U~2 a gate oxide region formed upon the substrate and
surrounding the IR, said first surface meeting said gate oxide. 22. An
active pixel sensor array comprising; a plurality of photodiodes, each
photodiode including an insulative region (IR) to permit passage of light
therethrough; a substrate region of a first conductivity type; a well
region of a second conductivity type, formed within the substrate and
beneath said IR, the well demarcated from the substrate by a first surface;
and a heavily doped region (HDR) of said second conductivity type, formed
within said IR at a first position, said first surface meeting said HDR at
substantially the first position. 23. An imaging device comprising: a
control device; an active pixel sensor array coupled to said control device
including an insulative region (IR) to permit passage of light
therethrough; a substrate region of a first conductivity type; a well
region of a second conductivity type, formed within the substrate and
beneath said IR, the well demarcated from the substrate by a first surface;
a heavily doped region (HDR) of said second conductivity type, formed
within said IR at a first position, said first surface meeting said HDR at
substantially the first position; and a post processing device coupled to
said control device and to said active pixel sensor array. 14
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