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DARK CURRENT REDUCI NG GUARD RI NG BACKGROUND OF THE

| NVENTI OO 173 i o) d of the Invention The preseRETUARMR G
generally relates to photo detecting sem conductor structures. Mre
particul arly, the present invention relates to photodi odes built using
nodern state-of-the-art conplinentary netal oxide sem - conduct or
(CMOS) fabrication processes. (2) Backaround Information A
key conmponent of inmaging systens is a photodi ode detector--a device
used to detect incident photons of vi si bl e Iight that originate froman

obj ect that has an g to be _captured. The R hot odi ode is exposed to
i ncident |ight which travE ﬁPB&&HTaRFPQGEHQr% xR HHEG i sol ation

| ayer thereof and into a silBagl 1 NV ppt may i nclude a P-N
junction. Vhe? Eheggéggeg;ﬁhﬂgﬁiéﬁgagiggf S reverse bi ased, a depletion
regi on nmay e pairs are generated bot h

i nside and outsi derhgepgapkat eavee%% geneeamwseemtes tbn?hgﬁat phot ons
of visible Ii npi ngi ng, ont transparent oxide isolation |ayer.

|
The phot o gengﬁﬁﬁﬁﬁlng sgmicep HCEBFeSﬁ§PF§u5F§ sviépre Rpytbgula¥ivisi on and
drift mechani she prdseak! éavedtinnt keldepketbophoteditdes builbereding

Ut 9.2 POGLREH FE0k SR EREILLAY AofEthiRlery, miLad PEBRIZCRE VI CY,
a sensitivityconductor (CMOS) fabrication processes.
(2) Backaround Information

A 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 exposed to
incident light which travels through a transparent oxide
isolation layer thereof and into a silicon region
thereof that may include a P-N junction. When 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 part by dark current which is
the amount of reverse-bias diode leakage current induced
in the photodiode when the photodiode is in the dark,

i.e., current that is not induced by light. Dark
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of a photodiode is its ability to capture as nmany I nci dent photons as

possible. The sensitivity of the phot odi ode is affected in, part by
dark cur npolooifaseh i s the anount of reverse-bias diodg E@gngurrent
i nduced i n the phot odi ode when the photodiode is in the dar

I.e., current that is not induced by light. Dark current is

particularly generated at an interface between the transparent isolation

| ayer and the depletion region. The dark current causes noise in the signal
generated in response to the exposure of the photodiode to |light. Excessive
dark current may al so cause the readout dynam c range to be reduced.
Efforts are nade-to mnim ze the dark current thereby reducing the noise in

the signal detgeiedtafd pPareEEyiaely SPRUH LY A i AR It is
desirabl e to decrease the anpunt of ark current generatign at the

i nterface bet%%‘ﬁe%nd%?e'ﬁ%?\sﬂ’%’f/%‘?ta?@ My HAFRT A} &M% region of a
phot odi ode. depletion region. SUMMARIa£X J&ﬁéxﬁﬂ/ﬁf‘ﬁis@é noise in the

signal generated in response to the exposure of the
photodiode to light. Excessive 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 preserving 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.

SUMMARY OF THE JINVENTION

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 first conductivity type and a well region of
a second conductivity type. The well is formed within
the substrate, beneath the IR. The well is demarcated
from the substrate by a first surface. The photodiode
further includes a heavily doped region (HDR) of the
second conductivity type. The HDR is formed within the
IR at a first position. The first surface meets the HDR
at substantially the first position.

BRIEF D PTI )

The features, aspects, and advantages of the
present invention will become more fully apparent from
the following Detailed Description, appended clalms, and

accompanying drawings in which:
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A phot odi ode is provided. The photodi ode includes an insulative region (IR)
that pernits passage of light therethrough. The photodi ode al so i ncludes a
subst r at é”?é‘ﬁf?@ﬁ“ of a first conductivity type and a wel |l rcRfEHSW14R4second
conductivity type. The well is fornmed within the substrate, beneath the IR
The well is demarcated fromthe substrate by a first surface. The
phot odi ode further includes a heavily doped region (HDR) of the second
conductivity type: The HDR is formed within the IR at a first position. The

first surface neets the HDR at substantially the first position.

BRI EF DESCRI PTI ON OF THE DRAW NGS The features, aspects, and
advant ages of theégresent ipvention will become nore fully apparent from
the fol lowi ng Det F+EFectcilpesbrateppnckeessrseesional wiew iphrguah :

drawi ngs in véhéhembodiment of a photodiode accokrding to the present Figure
| illustrates, a cross-sectional view through one enbodi ment of a photodi ode
according to THREEHrE®RA ¢ : R
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
photo cell circuit that includes one embodiment of the
photodiode according to the present invention. '

ETAT D IPTIO

In the following description, numerous specific
details are set forth to provide a thorough
understanding of the present invention. However, one



I nvention; Figure 2 illustrates a cross-sectional view through one
enbodi nent of a photodiode with a guard ring according to the present.

i nvent i onWO99/17380F gures 3a and 3b illustrate cross-secti onpeTNisssobfr ough
two enbodi nents of the photodi ode according to the present invention eacCh
havi ng guard rings of different w dths; Figures 4a and 4b illustrate
first and second enbodi nents of a photodiode according to the present

i nventi on; Figure 5a illustrates a cross sectional view through an
enbodi mrent of photodi ode according to the present invention with a netal
contact coupl ed thereto; Figure 5b illustrates an exenplary |ayout of
a CMOS phot odi ode according to the present invention; and Figure 6

il lustrates ahlacrﬂ.:r:lgblo&'dllﬂiah@f’rekhaﬂ.l on eheaapbosRoaell ré€tbgiite tHAL | NCl udes
o0 oo el ISR Ry SRR LRSI,
detail s are s&etaddish t dnpsoweddnstancesugivelibdknewandinguits] ie present
i nvention. HOWRMRIotueE, and techniques have not beefiSshown 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 well 106, is
reverse biased, a depletion region 114 is formed at a
vicinity of a surface 116 demarcates the N-well 106 from
the P-substrate 104.
Dark current is particularly generated at anf
interface between the STI and depletion region 114
Since the STI 102 is wider than the N-well 106, an
interface 124 between the depletion region 114 and STI
102 is formed at a bottom surface 118 of 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
118 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.




having ordinary skill in the art should recognize that the invention can be

practice #E_g {.J these specific details. |In sonme instances, well-known
ci rcwts%stgl B res, and techni ques have not been shown i nPEBUSPY14024 Nt
unnecessarily obscure the present invention. Figure 1 illustrates a

cross-sectional view through a di ode photo receptor (hereinafter
"phot odi ode") 100. Phot odi ode 100 i ncludes a sem conduct or substrate 104.
The substrate 104 has a N-well region 106 fornmed therein. Furthernore,
phot odi ode 100 has a shallow trench isolation (STlI) region 102. Wen a P-N
junction, forned between the substrate 104 and the well 106, is reverse

bi ased, a depletiaqnp regiaq Is formed at a vicinijty of a surface 116
demar cat es tﬁe N\/%‘?“%G{]fjrj]g;rﬂﬁq’?@?e%uﬂns‘ﬁ%ﬁ%‘ mtlonal e Earough s
particul arl y qymnesdeiimentaof @‘Hcaxmi:hﬁie/\&tﬁ Rt flig.é:ﬁlﬂa Hh: Qid‘glég egi on
114. Since t | t.he N-we an.nterface

bet ween the gceeﬁi‘% | %e} on%elaf'ﬁ&;q‘g) élh stzeﬁegn? &fﬁﬁe&l O bot.t om surf ace
118 of the SEhatgzdiade 200 mean Bowart el adMOSitinayge eoanevmathatn of

el ect ron- hol GuBAIKS raad Ny 5P bta Wisadiat (418 &b 2fod ‘Fnlili Lt -

is believed tha e cause o ] ,
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 206 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 P-
type 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 is formed by
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I ncreased generation/reconbi nation at the bottom surface 118 of the STI is
caused by damaged areas, existent at the bottom surface of the trench, and
caused bywe snessess of etching the STI. Such process is perﬁ@f,ﬁ@;,,u&“obt ain
the shallow trench. After the etching process takes place, residue,
partlcularly carbon, is left at the bottom of the trench.

-4- Figure 2 illustrates a cross-sectional view through
one enbodi nent of a photodi ode 200, with a heavily doped region 220,
according to the present invention. - Photodi ode 200 may be part of a CMOS

| mage sensor that may be made by way of a nodern silicon CMOS fabrication
process such as a process designed to fabricate m croprocessors. Moreover,

the CMOS i magst&ieingra rEHaIJEbvp&[feﬁh M adp \6E FHR@.F'SI&%’E%%'tea”aY tha}3
used i conneREs ofPal TH TFRdh iy SR ot Wieh Wt g A ber o o &
vi deo devi ce.thereby formlng a shallow trench isolation (STI) region

(shown 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-known

to persons skilled in the art.

The shallow trench has a width (in a horizontal
airection) larger than a width (in a horizontal
direction) of N-well 206 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.
When 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) (hereinafter referred to as "guard ring")
220 formed within STI 202 . HDR 220 has a second
conductivity type N, and since it is heavily doped, HDR
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 -



Phot odi ode 200 nmuch in the sane way as the enbodi nent of the photodi ode of
Figure'l (% 9{ ﬁFS a silicon substrate region 204 that -has a first
conducti Vi @’ 3 e and a well region 206 forned in the si | i F&TEE8aM24t o
The well region has a second conductivity type. In one enbodi nent of -the
present invention described herein substrate region 204 includes a P-type
silicon substrate and well region 206 includes a N-type silicon well. It
shoul d be understood that the enbodi nent of the present invention described
herein may be as well inplenmented with a Ntype substrate and a P- type
well. In one enbodi ment of the photodiode according to the present

I nventi on, be fo nmpl an atlo of substrate 204 or
any ot her mggkkkﬁggng%%oée§§g 9%§k?ﬁ8p wef-e reﬁﬁSPoéP§d§a§oo ‘
further incIadrecehnguﬂarabhppemsahdtguarﬂegung edoehastahchnﬂﬁzarkhat i's

| gnt perm ¢ Feag paRia Shenf ar, L118sLeRERE 1hCEIEHEAS) RepERtRALG) | <°

f or med by later in this descrlptlon,5_

In one embodiment of the photodiocde 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. Guérd'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 so that surface 216 meets
(intersects) a bottom surface of the guard ring at a
position substantially 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
guard 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 205 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
-7 -



etching a shallow trench at the top of the substrate. The shallow trench is
then filled with oxide (Siderr]) thereby formng a shallow trench -

i sol at i orWOI917380egi on (shown in hashed |ines that form an BCrrusesadglse Wit h
respect to a horizontal direction). Shallow trenches and processes of
maki ng of these trenches are well-known to persons skilled in the art.

The shallow trench has a wwdth (in a horizontal direction) |arger than a
width (in a horizontal direction) of NNwell 206 thereby covering N well
region 206. N-well 206 is defined by Nwell surface 216 that demarcates
(separates) N-well 206 from P-substrate 204. Wen the N-well and the
P-substrate are reverse biased, a diode depletion region is forned across
and near the PeNgjunitiimcludes bpesidiliddy,ddtmyeliand mepldid aharegion i's

f d 2 | f |1
206 11 om suboPe o Shoaur e cf 8 OF he ' SRey AiOleddl SRBAHST LT

rate 2 [yIng a cofrect reverse-bias voltage to
t he phot odi oderea, phetweenrdeplenign eeghem cetd i and|iuetars|228.0n region
214 in respongguk@st 18ss ' §88Tat £6n ) HEBmbISALEN 4O KdiFesS Hnd The

enbodi ment of ihe ghotodio e 200 of _the g esent _inveniion described herein
al so i ncl udes®hESHFPYS dBhetRe IRERTERER) %h%?%i@ER}%ﬁl?%ﬁ¥ﬁ9¥RPtWFEE;"guard
ring") 220 fothedspitand thhs208ss GEirer0itASof decioncuetsskticti vity type
N, and since ft_is heavily doped, HDR 220 is, Nt shapg ,of the guard
M g 220 oy HBGESERS cPudeh-FRS,aFoRcoh cERtpRt Ak eparateradn 902 in
two regions: snréanel 228gi ba 20Gemsdlpxbropartiegrbrwlds. the dopimgrbodi ment
according to LBegLegeping"¥80! | lard ring 220 causes a smaller afeéa -

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 1éteral 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 350 that
is smaller than a width 352 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 larger for a guard ring with a
narrower width 350 (Figure 3a) than for a guard ring

with a larger width 352 (Figure 2b). Accordingly, the
-8 -



STI 202 has a rectangul ar shape, internal region 203 has a rectangul ar
shape, "and uard rlng 220 has an annul ar- rectangul ar shape as illustrated
in Flgure“§9 % bed later in this descri ption. | n oRCTAISNEAHRENt _ of
t he photodlode 200 of the. present invention, guard ring 220 is forned 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.
Quard ring 220 is then subjected to the process of ion inplantation 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, ,woul d_neet the botto rface 218 of the STI 202 had quard
ring 220 not M& ITGPﬁb&“ﬁF FﬁngTI eﬁﬁiif& Are2o0f dntrxface: pEd so -
that surface Zhe deplletiont eegdons withb a0 STIUahAC thef ldsgeguahd ring at a

uar d ??né“é’it&% Prkehe HRohR R sy led el B¥eebic | niersects the
bottom surface of the guard ring at_a median position on the guard ring.
While wider 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 quality gate-oxide regions. The

-9 -



The presence of N+ doped guard ring 220, at the first position, causes
depletion region 214 to interface with STI 202 at a | ateral inner surface

228 of ext@ve)pisgg €g9i on 205 as opposed to the bottom surfacq,cq.}l% g,fmﬁ}'l 202.
The guard ring 220, thus, shapes the way the depletion region f makes-
contact with the STI 202. Term nation of depletion region 214 onto |ateral
surface 228 of the STI 202 is preferable to term nation of depletion region
214 onto bottom surface 218, because | ateral surface 228 has been

determ ned to be cl eaner -7-

(e.g., it includes less silicon damage and resi due than bottom surface 218
of the STlI). A cleaner interface area, between depletion region 214 and

surface 228, Jasseildts T RRe HesOHibRCiBARY 86 Shelalgsgapd el ectrons at
and thu

the interface of the deplétion region with thé STI ess generation
of dark curr dSFEDhRer@tiofN.nce the area of contact 224, at | ateral

surface 228, is inversely proportional with the doping of guard ring 220,
Oust oo ohd g (ool FE TR gl Sona dRea D OO
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 560.1is coupled to a pixel node 618 that is shown
hereinafter in Figure 6. '

Figure 5b illustrates an exemplary layout of a CMOS
photodiode according to the present invention
illustrated in Figure 5. The guard ring 520 surrounds
the inner photosensitive portion 503 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 biasihg 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 photodiode 602
according to the present invention. The active pixel
sensor cell may be included in a CMOS active pixel
sensor array 605. 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.
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I ntersects bottom surface 218 of the STI. IGiJardhrilng 220|ane? the228
depl etion i way fromthe bottomof the STI to the lateral surface

of IOt he STW&%ﬂﬁgsA)ari %g 220 causes a reduction in the area ofPQ:W%t‘M_" )
between the depletion region and the STI due to retrograde p-well doping,

i. e., pdoping is higher near the surface. Therefore, guard ring 220
contributes to a decrease of the dark current in the embodi ment of the

phot odi ode according to the present invention. Figures 3a and 3b
illustrate cross-sectional views through portions of one embodi ment of the
phot odi ode according to the present invention where the widths of the guard

ring are differentgﬂg ure_3a_qf the enbodin&g#siﬁpwn has. a guard ring with.
. X _

a width 350 that FAVS RARSE RERSRT3SS 1ncdudes wy TeEathe
enbodi nent i | kusnsistori ALE gudea3bouscei fbdibwes Hetdeen silge deplet i on

i A s Larger .for-a rd

oL - nEekE KRB 610" ol1BeSrult, Ripors, it sk MUY

| arger width 592a(PF&@ﬁ§e£@¥PeﬂcE§g&B§ghy,Whna a readout signal is

- 8- asserted to row switch 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 wifhout
departing from the broader spirit and scope 6f 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 -



wi der the guard ring the lesser the area of interface of the depletion
region with the STI and the | esser the dark current generated around that

ar ea. WO 91738 wi der guard rings are preferable, due to RCRAUSISHKONI
interface at lateral surface 328 of the STI, the wider the guard ring t he
smaller is the optical sensing area, i.e., the I nternal region 303 of the

STlI. 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

determ ned taking into account the sensitivity an of the
phot odi ode. Figures 4a and 4b illustrate fir "mHmslm FI""%OdI ment s
of a phot odi ode according to the pres€bAIMBventi on.* Tlre guar

enbodi ment of Fleure é@ JS(fubstantlaIIy simlar to the guard. ring of the
enbodi nent dé@% THE embodi ment of Figure 4b has a portion 407
defining an internal portlon 405 and an external portion 403. However,

i nstead of a No hedvPhgtodiede geomprising: a gate oxide guard ring 455 is

formed between reghgnend@Baeive 4Pagidn! e¥el @6 poins IpLipdiatlgy 453, over

thin oxide 461, is forned over. the STl region between the I'nt ernal and
ext er nal reglbhg Bosherethrghspecti vel y. The layer of polysilicon is

silicided and COUpheSubﬁtﬂéﬁanﬂegN&ﬁeofhéitfif‘@tSd:d)rtdmﬂ:i\ﬂiﬁ?i fiagewi thin the
N-well is inverted CE #g %ate VO tage IS % t d t he m§%> vol t age
i s positive during®oP&ratFoATFhR d%p?%??% ?%@ %ﬁ\*?? i gh
gual i ty gat e-wktHinrtheossbstitete and beneath said IR, the wed-l

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 HDR includes
a loop that separates said IR into an internal region
surrounded by said HDR and an external region
surrounding said HDR.

6. The photodiode of claim 5 wherein said external
region has a lateral surface in contact with said HDR.
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gat e-oxi de region has high quality to satisfy good MOSFET operation.

Figure 5 A; 5 ates a cross sectional view through an enbodi ment of
phOtOdIOSg, é@@ Ing to the present invention with a metal ROWERS/18G3.
The N+ guard ring also plays the role of ohnmic contact to the photodiodes

wel | because the N+ region is condu “Elded region 562, on top
of the guard ring 520, is conducti M‘Em\ﬁg G“m“ ically coupled to a
nmetal contact 560 that biases the @ Yhe*netal contact 560 is
coupled to a pixel node 618 that is shown hereinafter in Figure 6. _
Figure 5b illustrates an exenplary layout of a CMOS phot odi ode according to
the present ipvention illustrated in Figure 5. The guard ring 520 surrounds

the inner phof osendhei PBOERALPdR 9§3céﬁ1mh§ phereinoadedepietiionel | i ncl udes

t he portlondlrégieﬂ gﬁfﬁbﬂbﬂﬁttﬂé wele 5ﬁ§ 3ﬁhgtﬂsgggr ﬁgﬁﬁ%gv?égn%? g:ﬁts
h I as ot odi,ode, a -
fnseﬁ?lggar r%ngﬁ?éufégétlFPEg?gﬁte@hgnpﬁ@%éb?@b?ﬁﬁ?EﬁeﬁgétWﬁﬁ lopre

reversed biased, terminates at said lateral surface.

8. The photodiode of claim 1 wherein said HDR 1ncludes
a silicided top surface.

9. The photodiode of claim 1 wherein said IR region
includes a shallow trench isolation region.

10. The photodiode of claim 1 wherein said HDR has a
bottom surface that intersects said first surface.

11. The photodiode of claim 5 wherein said guard ring
has a first width and said internal region has é second
width, a ratio of said first and second widths being in
a range defined by first and second values.

12. 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;

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 meetlng said HDR at
- 13 - - .

This Sheet Has Been Rep

= A




an i magi ng system 603, such as a digital canera or a video device, with an
active pixel sensor cell circuit 600 that includes one enbodi nent of t.he
phot odi od¥03937380cordi ng to the present invention. The acti permsysHdosensor
cell may be included in a CMOS active pixel sensor array 605. The inaging

systens 603 may al so include a contr | upled to the array 605
and a post processing device 609 cougl ﬂnﬂﬂ tﬁﬁ"array and to the
control device 607. * Lo . The

active pixel sensor cell 600 includes a reset transistor 614 and a source
foll ower device 616. The reset transistor 614 selectively resets a pixe
node 618 to a predeterm ned vol tage. Wien a readout signal is asserted to
row switch troulsssdmri&llDy the Sotstc deitiorerand Geeyetyiciatowi vt t age
related to t ' : e J capture system
(not shown). %‘g&d%%?g?%#[&%%ﬁé‘g&pﬁ% tﬁ%%‘eﬁ%&n\r/&gl ege to drop by
col | ecti on ofpkoeediede; prandgenerated in the depl etion region .of the

di ode. The phot odi pdgq68gr aeLAEE B8y ! OcbhiS1 8 66 Nthé W&&{b&{?'wi ng the
guard ring explained in the_for%gpln m nim-zes the negative effect of the
dark current ga%h§§-%{ﬁq§§&cq% ignal representation of detected

light.

13. A photodiode comprising:

a semiconductor substrate region of a first
éonductivity 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 o

a heavily doped région (HDR) of said second )
conductivity type, formed within said IR, said HDR
surrounding a first portion of said IR, said first
surface intersecting said HDR.

14. The photodiode of claim 13 wherein said guard ring
demarcates said first portion of said IR from a second
portion of said IR that surrounds said portion.

15. The photodiode of claim 13 wherein said substrate
and well, when reverse biased, form a depletion region
in the vicinity of said first surface.

16. The photodiode of claim 15 wherein said depletion
region

terminates at a lateral surface of said second portion.

- 14 - —
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substantially reduced by the above guard ring explained in the foregoing.

In the'f
reference to

| specification, the invention has been descr] W.t h
élgséhc?l fic enbodinents thereof. It will however 5’5%2‘3?

FA124¢ hat

various nodifications and changes can be made thereto w thout departing
fromthe broader spirit and sco;mlmj”ﬂnummmﬁmﬂ on as set forth in the
appended cl ai ns. The specificati are, accordingly, to be

regarded in an illustrative rathér fhah & réstrictive sense. Therefore, the
scope of the invention should be limted only by the appended cl ai ns.
What is clainmed is: 1. A photodi ode conpri sing: an insul ative region

(IR to perm
first conduct
f or med

477255900 5bcbbilbhel B BLUSRUSE. ynerey RHPRLERRE ! 50 o, 1 2

vrty 'oh~o
1ncludes a bottom surface and said first surface meets

said HDR at said bottom surface.

18. The photodiode of claim 17 wherein said first
surface intersects said bottom surface of said HDR at a

location substantially positioned near a center of said
bottom surface.

19. 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

a gate oxide region formed upon the substrate and

surrounding the IR, said first surface meeting said gate
oxide.

20. The photodiode of claim 1 wherein said IR region
has a substantially rectangular shape and said
rectangular loop-like shape, said HDR enclosing said IR.

21. BAn 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;

- 15 -
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within the substrate and beneath said IR, the well demarcated fromthe
substrate by a first surface; and a heavily doped region (HDR) of- said
second cow@unsEoty type, formed within said IR at a first BETUSPYM0245i d
first surface neeting said HDR at substantially the first position. .2.

The phot odi ode of claim1 wherein said heav \m doped region is a guard ring

I ncl udi ng a diffusion forned mm‘&m m The phot odi ode of claim
1 wherein said IR region has ¥““ |rcular form 4. The

phot odi ode of claim 1 wherein sai 8 HDR regl on has a substantially annul ar
form 5. The phot odi ode of claim 1 wherein said HDR includes a | oop that

separates said IR into an internal region surrounded by said HDR and_an
external region suarwehlii negtandofiDR segond qordymt Gty devRe. cfermed

‘&hDge' n said %%&ﬁiﬂ%héegﬁﬂ&ﬁée%&tﬁé@éa&wéﬁf& IH, GaRd agd1i th said
TH S SHEET HAGemarrpted 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.

22. 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 éonductivity typé, 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.

- 16 -



7. The.phot odi ode of claim6 wherein a depletion region forned in the well
and subst wpd 99138t he vicinity of said first surface, when said substrate
and wel | are reversed biased, terninates at said | ateral surPGHES8/B024 The
phot odi ode of claim1 wherein said H 5i ncludes a silicided top surface. -
9. The phot odi ode of claim1l whereifi“said IR region includes a shall ow
trench isolation region. 10. The phobtl@Hdde of claim 1 wherein said HDR
has a bottom surface that infersectp said figrst surfface. 11. The

phot odi ode of claim5 whereip said guard rirg has first wdth and said

I nternal region 6 S a secondlwidth,]a i@%l o |of said first and second wi dths
being in a rangé efi ned by i rst d ong, val ue 12. An active pixel
sensor array c ri sing: a photo | el'ectricdlly responsive to light.
exposure, ' ] ] ' ' — A
Substrate r '

region (IR, f //6//) ///

k_‘/ 7

: I\'\124 118 106 11118
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AN il
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substrate, permtting passage of |ight therethrough; a wel l
region of a second conductivity type, formed within the substrat-e and.
beneath S¥P1BR8%t he wel | being demarcated from the substr RETASHSA4624r St
surface; and a heavily doped region (HDR) of said second =~
conductivity type, forned wthin saidzyg at a first position, said first
surface neeting said HDR at 13

substantially the first position and reset circuitry coupled to said

phot odi ode, to initialize the photodi ode; and read out circuitry,
coupled to the photodi ode, to read an electrical signal representation of
detected light. 13. A ph %giode conpri si ng: a sga%conductor

an sul ative region

substrate region of a fir conductivity type;
(IR), formed within the s bsfratejgﬁérﬁﬁﬁrrnd>

a seni conW gi\n\%%ﬁr\\\“

P-Subsrate

}/ 303

35
\

7 )

N |

— ——
——— —

Fig. 3b P-Subsrate



conductiyvity type, formed within the substrate and beneath said IR the

wel | demarw?ﬂﬁ, pOMm the substrate by a first surface; and a heavily
doped region HDI% of said second conductivity type, forned RCE{S384424 | R
said HDR surrounding a first portion o%Ggaid IR, said first surface

I ntersecting said HDR  14. The phot odi'cde of claim 13 wherein said guard
ring demarcates said first portion of said IR froma second portion of said
| R that surrounds said portion. 15. The photodi ode of claim 13 wherein
said substrate and well, when reverse biased, forma depletion region in
the vicinity of said first surface. 16. The photodi ode of claim 15 wherein
said depletion region termnates at a |ateral surface of said second

portion. - 14 - 17. The phot odi ode.
of claim 13 wherein said HDR

Ty pEen mae S s

N\

Fig. 4b

P substrate
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Fig. 4a
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P substrate
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I ncludes a bottom surface and said first surface neets said HDR at said
bottom surface. 18. The photodi ode of claim 17 wherein said first surface
i Nt er sectwodeissbot t om surface of said HDR at a | ocation sUREST/HSS 1424y
positioned near a center of said bottomsurface. 19. A photodi ode

conpri si ng: a sem conduct or subg.tlgate region of a first conductivity
type; an electrically insulative'fegion (IR), forned within the
substrate, permtting passage of light therethrough, said IR having a first
wi dt h; a sem conductor well region of a second conductivity type,

formed wthin the substrate and beneath said IR, said well having a second
width larger than said first wdth, the well demarcated fromthe substrate
by a first surface; and a gate oxide region forned,upon 588 substrate
and surrounding fhe IR sald first gurface negfeting saidjgate_oXide. 20.
The phot odi ode off claim1 erein sdid IR regf on hagha—gubstéantial |y
rectangul ar shapd andgggi d|rectangullar | oop-I| k§ezs METALHDR encl osi ng
said IR 21. Anjactiye pixel sensof array coppriNgi a plurality of
phot odi odes, eac odi 0 i ncl udyng an i ns¥l at | R) to permt

Al
arniiinib i ey

passage of 0 L el NT ougn, a substrate § I rst
conduct i vi tgX t ype OX oK
N-well
S o R <
®
Fig. 5a
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a well region of a second conductivity type, formed within the substrate
and beneath.'said IR, the well demarcated fromthe substrate by a first
surface; ;w0®9/17380 a heavily doped regyon (HDR) of said secarcik/usssh4o2d vi-ty
type, formed within said IR at a first position; said first surface neeting
said HDR at substantially the first position. 22. An inmaging device

conpri si ng: a control devi ce; an active pixel sensor array
Coup| edto-said contraol device includi ng--an. Lnsul ative FF\GLO_I"I (LR\ to

permt |passage of light th t hrough; bstrate regl on of alfirst
conductji vity type; &/Q? regi on of/a/ago?gnd conductivity typg, formed

within jth¢ substrate an beneath sald IR 't wel | demarcated fronjthe

substr gt efby ROST r st surjace; a heavilly doped region (HDR)-o} said

second |copdu@ROCGESSINGPe] forped QONTROLsai df IR at a first positiop, sard

first sjur aceDEwgt_:l ng sajd HOR at substantiajly the first position| and

a post jcoupled to said confrol device and to safd active

pi xel s 605 e
~~
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(57) Abstract

A photodiode (200) is provided. The photodxodc (200) includes an insulative region (202) that pcnmts passage of light therethrough.
The photodiode (200) also includes a substrate region (204) of a first conductivity type and a well region (206) of a second conductivity
type. The well (206) is formed within the substrate (204}, beneath the insulative region (202). The well (206) is demarcated from the
substrate (204) by a first surface (216). The photodiode (200) further includes a heavily doped region (220) of the second conductivity
type. The heavily doped region (220) is formed within the insulative region (202) at a first position (222). The first surface (216) meets
the heavily doped region (220) at substantially the first position (222).




