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A row select access transistor is also typically used to gate a pixel output signal
produced by the source follower transistor. The pixel cell above is often called a
CMOS Active Pixel Sensor (APS) cell, which is used to collect light energy and

convert it into a readable electrical signal.

[0003] A schematic top view of a portion of a semiconductor wafer
fragment containing one exemplary CMOS APS cell is shown in Fig. 1. This CMOS
APS cell 10 is a four transistor cell. As it will be described below, the CMOS APS
cell 10 shown includes a photodiode 13 formed within a substrate. This photodiode
13 is formed as a pinned photodiode shown in Figure 2. Alternatively, the CMOS

APS cell 10 may include a photogate, photoconductor or other photon to charge
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[0006] The photodiode 13 has two p-type regions 5, 2 having a same
potential so that the n- region 14 is fully depleted at a pinning voltage (V ;,). The
pinned photodiode is termed “pinned” because the potential in the photodiode is

when the photodiode is fully depleted. When the

pinned to a constant value, V,,,,
transfer gate 7 is operated, photo-generated charge is transferred from the charge
accumulating region 14 to the floating diffusion region 3. A complete transfer of

charge takes place when a voltage on the floating diffusion region 3 remains above

Vpin

while the pinned photodiode functions at a voltage below V ;.. An incomplete

transfer of charge results in image lag.
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[0010] At least approximately 30,000 electrons are needed to generate an
adequate photosignal. Even as pixel size and, therefore, photodiode size, scale
down, the number of electrons needed for an adequate photosignal remains the
same. Decreasing the size of a conventional photodiode decreases its electron
capacitance, leading to an inadequate photosignal. Accordingly, a pinned
photodiode for use in a CMOS APS cell that permits decreased pixel size without

decreasing electron capacity or increasing the pinning voltage is desired.
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accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Fig. 1 is a top plan view of an exemplary CMOS APS cell.

[0015] Fig. 2 is a cross-sectional view of the CMOS APS cell of Fig. 1
along line AA’.

[0016] Fig. 3 is a cross-sectional view of a CMOS APS cell illustrating a

pinned photodiode according to one embodiment of the invention.

[0017] Fig. 4A is a cross-sectional view of a CMOS APS cell of Fig. 3
illustrating the fabrication of a pinned photodiode according to the first

embodiment at an initial stage of the process.



[0017] Fig. 4Ais a cross-sectional view of a CMOS APS
cell of Fig. 3 illustrating the fabrication of a
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[0023] Fig. 7A is a cross-sectional view of a CMOS APS cell of Fig. 6

illustrating the fabrication of a pinned photodiode at an initial stage of the process.

[0024] Fig. 7B is a cross-sectional view of a CMOS APS cell of Fig. 6
illustrating the fabrication of a pinned photodiode at a stage of the process

subsequent to that shown in Fig. 7A.

[0025] Fig. 7C is a cross-sectional view of a CMOS APS cell of Fig. 6
illustrating the fabrication of a pinned photodiode at a stage of the process

subsequent to that shown in Fig. 7B.

[0026] Fig. 7D is a cross-sectional view of a CMOS APS cell of Fig. 6
illustrating the fabrication of a pinned photodiode at a stage of the process

subsequent to that shown in Fig. 7C.



illustrating the fabrication of a pinned phot odi ode at

a stage of the process subsequent to that shown in
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including silicon, silicon-on-insulator (SA),

agsomppoingdrewprgs, whichgosy a pat hawobgy, illdsiped spaific embodiments
daped sem conductors, epitaxial. lagyers of silicon
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material including silicon, silicon-on-insulator (SOI), silicon-on-sapphire (SOS)
technology, doped and undoped semiconductors, epitaxial layers of silicon
supported by a base semiconductor foundation, and other semiconductor structures.
Also, a “wafer” or “substrate” may have been previously processed to form regions
or junctions in or over the base semiconductor structure or foundation.
Additionally, the semiconductor need not be silicon based. Instead it may be based
on silicon-germanium, silicon-on-insulator, silicon-on-sapphire, germanium, gallium
arsenide, or others. The term “substrate base” refers to a base semiconductor

structure or foundation an epitaxial layer(s) and /or other semiconductor structures.

[0032] The term “pixel” refers to a picture element unit cell containing a

photosensor and transistors for converting electromagnetic radiation into an
6
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reference to Figs. 4A-4D. Fig. 4Aillustrates a wafer
Phd’%ﬂgmﬁﬂ@%‘he cross-sectional view as shown in Fig. 2.
There is a substrate base 301 of a first conductivity

Th b 301 .0V | h
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metheds deffee or after the formation of photodiode 331. For simplicity, in this
example, the substrate base 301 is provided with the wafer and is described prior to
the formation of the photodiode 331. Preferably, the substrate base 301 is a highly
doped p+ substrate base 301 having an active dopant concentration within the range
of approximately 1 x 10" to 1 x 10*° atoms per cm?, and more specifically within the

range of approximately 5 x 10" to 1 x 10'® atoms per cm®. Over the substrate base

301 a p-type epitaxial layer 302 is formed.

[0036] Fig. 4A also shows an isolation region 309. An isolation region
309 is formed within the epitaxial layer 302 and is filled with a dielectric material,

which may include an oxide, such as $iO or SiO,; oxynitride; a nitride, such as

7
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[0039] Referring to Fig. 4B, after formation of the STT region 309 and
gate 307, an implantation mask 315 is formed in a pattern over the wafer, providing
an opening 316 to an area between an edge of the gate 307 and the STT region 309
where a charge accumulation region of a photodiode 331 is to be formed. The
implantation mask 315 may be formed of photoresist according to techniques
known in the art. As shown in Fig. 4B, on one side, the implantation mask 315 is
approximately coincident with an edge of the gate 307. On the other side, the

implantation mask 316 overlaps the STI region 309, but does not extend past an
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agpoed] nat elNexaph dopaendf adetbndboedgaivity typeisdaiptand€d through

On the other side, the inplantation mask 316 overl aps
thehepeinlg Bb@iand L@t@gthemmtmgglgymi% xPl@fﬁxalplastheaipmnm n-type,

2004/ 086507 PCT/ US2004/ 009400 f the STI
@8@ RS BB A TP g BT OATRE ' oG S B
aﬁ&at O(ﬁ'h déoﬁ?’ﬂ%b% ‘Ehg Qe L Lo MR -ephQR40k &"3362 c@htmumg to the

pant econd conductivity type Is I

sdH&&ﬁt&th’hse 30e. ofiesting tBd G- asglon B340 aInHGthe Bubﬁmmlbadeé@(ﬂr form an
302. Preferabuy the dopant is n-type, such as

npfrosjunction, Pasfsebis the nafivt (ruhstrata hasfzjhtmytl%pead arglepth that is
reglon %go i S b ed f.rom a,paol nt bS]OMIthe

2 R bR H ARG H G B B0 ng to t he
substrate base 301. Thereby, the n- region 340 and the

S L[@? gt e b%@h&ﬁl@l Hedhe@Rhatlf (R *suib¥Rstel 128e 301 is instead a p+
Pre bly, the n-/p+ (substrate base) junction is at
basedgyel hmphated befoappr afkdrmaiordiodt 381 iafmweedgthe n-region 340
absorption depth of red |ight. [0041] It should be
weotdprmrmiunctionribe puthese lyer-base 301 is instead a p+
base | ayer inplanted before or after photodi ode 331 is

th ' 3 I f
ba08 P hyer . ProRoie Bl oA i g GUEMT B SE R4 8P oo
fdihsead t@gentsﬁﬁfe qa&%e%@arag@% 1&9 fd@co@le@ﬁh@% pRERSbthdrred
charde storage region for co | ecti ng phot o- gener at ed

clet@ons. aMsitipla imppines inap bantsed nayailoe this prbftlo of did o reglva 340.
profile of the n- region 340. an. an
Mﬁ@é@dé@pmatmrs@aﬁ @lsefh?oq%lﬁléated&wfeis gﬂkﬂﬁél fegion 340, such
0, such. n t
“Eﬁ%?’@%ng% By 15 C?irgledg?}l aa égr Sg re tﬁlar\llgétc%’%f e ?glﬁér% Ca%ogale surface
oPthe dHa®idi Tl 202! ayer 302.

[0043] The active dopant concentration in the n- region 340 may be
within the range of approximately 1 x 10" to 5 x 10" atoms per cm®, and more
specifically within the range of approximately 5 x 10" to 1 x 10*® atoms per cm®.
The active dopant concentration in the n- region 340 may also be chosen depending
on the dimensions of the n- region 340 to result in a desired pinned potential. If
desired, the n- concentration may be dropped or increased to result in a lower or

higher pinned potential, respectively.

[0044] Next, a dopant of a first conductivity type is implanted through the
opening 316 into the epitaxial layer 302, as shown in Fig. 4C. Preferably, a p-type

dopant, such as boron, beryllium, indium or magnesium, is used to form a highly
9



[0043] The active dopant concentration in the n-
region 340 may be wthin the range of approximately 1
we 200486300 5 x 1018 atons per cnB, and nore PCT/US2004/009400
specifically within the range of approximately 5 x
1015 to x 1018 at ons er c e tive dopa
d@B‘?fi:Bhﬁ‘Ff 15edAyar P 0Prever the @grfcﬁﬁoeéga 38{%161%@?%89% ith the

endi [
BRI 500, el TR b L el B R0 e v
305 130@115&0&1%%!1@@ of@yprogingitelped 101 tbrick @a¥edoing peesui’f and
in a lower or higher pinned potential, respectlvely

njode 4gdcifidally within olpcamng@fof approncgna@bfr@ w0 ia thyopeaﬁ%ns per
he epitaxi al

cmg?y)'? ssaen i tBAGRRIAR Ty eIy el methods

¢ BRloy " al?l%ﬂ§8 P B DB SR BERaD, T MmOnes

PCT/U82004/009400 doped p+ surface | ayer 305 over the

n-[00egi on 34bh& ?d studide lager B 0jsunay hled beifbinédby other known
regi on 340. Preferably, the active dopant

tacbnismes.r Koi exanaples the prsustace dayer BAY aray Boformedidint higss source
h f 1017 to.1l 1020 a

plgsina fsﬁgagfgaﬁr@cgﬁgsggég B ApTyPar ORI it Byer 302

fréprgﬁr? ﬁ{-ﬁﬁi ffec'@ hager.l&lg bBed oXide %@Ea B&ceBdver ﬁf@garea where

sequent atlon 5is renoved by

ﬁ@ﬂxﬁwdds&&ﬂsﬂﬁﬁdﬁmmhedto conplete the formation of the
plnned phot odi ode 331. [0045] The p+ surface |ayer 305
nié al so be forned by other known techniques. For

A0S, theﬁqcﬁhoym maEle #By erfloagsg diffusien recgi%éf()ﬁyn%y then be

AR S R TRD oRABG LR St Y B R epivaia
Ly 363 Haj Q&Qﬁ%ltﬁy Y 61030 PaislOBR AnpdSicd BUELF HRPOREIRY from the

ver t area phot odi ode 1 is to be fornmed
ph@ﬂﬁﬁd»de%&ihﬁlﬂ&vmh sPaq@rs 308 nayfalsodid ihgmddfdmﬂjecmdewaﬂ of the

regi on 303 may then be fornmed by known nethods as a
satsply begewignspng-my@edéonductivity in the epitaxial

| ayer 302 adjacent to the gate 307 and on an opposite

St AR A8 P AAES 8o e
fcﬁl.d%v‘?é{‘@}ajnsi@{org DR 2 96W e BOY trYsistOnMe %ﬂn@éﬂiby PRitH8@Sknown in the

art (not shown). Further processing may also be employed to form other

conventional features of a CMOS APS cell.

[0048] The resultant pinned photodiode 331 has a p+ (surface)/n-/p+
(substrate base) structure, with two p+/n- junctions because the n- region 340
extends to the substrate base 301. Fig. 5 illustrates the relationship between charge
capacitance (C) and pinning voltage (V) of the photodiode 331 (Fig. 3),
represented by lines 12 and 12b, and a conventional photodiode 13 (Fig. 2),
represented by line 11. For a same charge capacity, defined as the area under the C-
V curve, the pinned voltage V,, of photodiode 331, line 12a, is lower than the

pinned voltage V,;,, of a conventional photodiode 13, line 11. For a same pinned

10



[0047] Devices of a CMOS APS cell, including a reset
transistor, a source follower transistor, and a row

weebmamssr ansi stor are fornmed by met hods knownPCH/uSk@®4/009400
art (not shown). Further processing -nay al so be

enpl oyed to form other convention features of a
volmss: Yab! the] dhong] capreity @énthQE%O% %#eémﬁ o i gherEan the

has a pt+ (surface)/ns/p+ (s rat e;pase) structure,
Ch%gewan%WpOiffﬂ‘?P"ﬁ%%f{ar‘ Bﬁgt%cé%%eﬁ%’ lﬁ?elfn)'- regi on 340
extends to the substrate base 301. Fig. 5 illustrates

ttUiM@?' at i ongRidHARYWBE PLSI fotoditpiR @ 3lanGen &erdnd
pi nning voltage (Vp;,,) of the photodi ode 331 (Fin.
pedprmanepidvarnige dvbythd qayeddorah gintd, phatadipde 13 (Fig. 2) under
convent i onal phoéa‘?%g{')ode 13 (Fig. 2), represented by
certpinecopglitiqnsydegcr eAwr ge capacity, defined as the
area under the G V curve, the pinned voltage Vp; a2 of

p i ode 33 ' a,. Ls. | '
OV Ftegyd DOedyer biacdndite B ORI boh the
thitkness@hd & condenadtiod Of K2 R0R4iA8880.7 Also, a pinned voltage is

PCT/ US2004/ 009400 voltage Vpiii2, the charge cafpaci ty
linnifedptvod volicagtebeddw,a CM{@S iiRhgeri apenitijigeyoltagsn glfhﬁée ore, the n-
charge capacity of conventjonal phaotodi pde 1 line
region TA00AE]nRABPETBRADAY he dBFRED BIRsnsF e TR
.an I _ C o
ARG B AERIE 5 RS9 PURS tarmrion s decrcs
paS€il 8ptimeORAkLE | RThdfRchbhat) hivhamge (B@OphdralicuesBl is
vol tage, or pinned potential, is proportional to both

diteishddhi ckness and dopi ng concentration of the n-
region 340. Also, a pinned voltage is limted to a

v e bel qw.a . [ r operati ol t age. .
TR, o' ReaSrizneliohaTodh 6 R ans e Sor Pkerasn pigped
e i it ' i -
o g LRI, B B e e R S fhave higher n
reEOACRIT d@hingtonsertetipparihighastapacitapt ianalsamangestddysinned
charge capacity advantage of the photodiode 331 is
voliiage.nilbhedy thepbetodiede g B hdraph shoge sapacy melvaptgas over

| eads t decreased pi nned, voltage. Therefore, at a
Cwm%t}a?gﬁ?@oﬁﬂie E?h sg¥iet-odi ode 331 wil | have

hi gher n-

[0052] As noted above in connection with Fig. 4B, preferably a depth of

the n-/p+ (substrate base) junction of photodiode 331 is approximately at or above
the absorption depth of red light. Such a placement of the n-/p+ (substrate base)
junction prevents photodiode response and Quantum Efficiency degradation for red
light. The absorption depth of red light is chosen because it is higher/deeper than
the absorption depths of either green or blue wavelength light. For a

smaller /shallower red light absorption depth, the n- region 340 doping
concentration can be higher for a same pinned voltage, preserving the charge
capacity advantage of photodiode 331 over conventional photodiode 13 is

preserved.
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regi on 340 dopi ng concentration and hi gher capacitance

at a sane targeted pinned voltage. Thereby the
wohoi4pdésode 331 has a charge capacity advant ageCows2004/009400

conventional photodiode 13 is preserved. [0052] As

not ed above in connection with Fig

dﬁgpﬁz bf  t hEhgsetosa, the pHYY l}@tggjé)él): C]?G %ngg l?agl is effective
b e EBRotod® aRRRLEH Trid 1 WicAARtRe LERS s for

sdhicBitd it GBP k&8s a highee hb@tpR6A c6effisicRb BiR04REs in the
response and Quantum fflClency degradation for red

vikibighevaveléregth vsiggen sidnasdelpton- gérmee)mmla@hy or semfrosdnctors of III-
because it is higher/deeper than e absorption
Vaepicksl systeat;tapdy Oy FOER SeMEALIETHE ‘éﬁ‘b%’ﬂoﬁﬁ 1§Receptahle.q
smal | er/shall ower red |ight absorption depth, the n-

ggggg . %%9&0& RGRRLEA! LR Ay hﬂ@“&ﬁb&&ﬂn%&t may

nned Vo preserving capaci

redii¢e Gﬁﬂ@@lrﬁfnt&ﬂ@tc@gdsctd& I34rkQie@fent @lﬁWlﬂﬂtBe%ahced because to
phot odi ode 13 is preserved. 11 WO 2004/ 086507

adbiveliSROBA¢ 10080 ror{gR0BB}cifh phefasliede 8Bk will mmkd better use of the
phot qdi ode of enbodi nent.331 is, effective at ver
P’é‘ﬁla‘quu’a}?& Befubess aagwge}fgfifeﬁ% may have T B GPRSaIasiRg. In an
I 0
RO P (hOfuncBEIT, ARGHEL AEpERUAE WA HeRBdf LGS leakage.
AWBY Qﬂﬁé‘-m M t3Eprefeitbd BScHist HEON- GLAGRBLORKAINIOYo lie substrate

sem conductors of II1- V material s stem and/ or when
baserellacting clnvtediis ioj aelrmya tlosq toghe gelgstasbbase 3MQ54ich m a

addi tiion to increased e ca t hi s enmbodi nent
CoRKFNtpE tﬂ@@ﬁﬁcﬁ?Y d?gggmﬂéF% Dark current

shoul d be reduced because to achieve a' sane el ectron

st capagj,t t.ogl r
T e
pH@ﬁtﬂl@dd 6GEIn fccofdunce ﬁhﬂﬁtﬁedﬁvedﬁbrﬁ@hcﬁbﬂiﬁe @3’3[ Bocated
junction, the | ower doped side will determne the

betweeniagnt¢ 68K @fe tranafes sransisios and al K Tegicre6 97 pshinelades an
because the n- Qggfon 40 extends to.the subst6g& dab
“’6%%%“' YFIPeLt§'RY SCPﬁraE‘Hgérséléfaﬁ‘T Bs BB, Oppgna a base n-

BSQ t %hﬂﬁ%g é.g'll??ﬂgqsy(:&g 2{1&1 rﬂigl%t)f O?ﬂ% surface n- r CglOIl

t odi ode, e |nto er pi xe
651 forms a ]unct10n Wlth a p+ surface layer 605 and the base n- region 652 forms a

junction with the p+ substrate base 601.

[0056] Formation of the pinned photodiode 661 will be described with
reference to Figs. 7A-7E. Referring to Fig. 7A, a substrate base 601 of a first
conductivity type is provided. The substrate base 601 may be provided with the
wafer. Instead of a substrate base 601 of a first conductivity type, there may be a
base layer of a first conductivity type that is implanted beneath the photodiode 661
by conventional methods before or after the formation of photodiode 661. For
simplicity, in this example, the substrate base 601 is provided with the wafer and is

described prior to the formation of the photodiode 661. Preferably, the substrate
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[0055] Fig. 6 depicts a nore conplex second enbodi nent

of a pinned photodiode 661 in accordance with the
wonvangéon. Phot odi ode 661 is | ocated betweenPaTgalm®4/009400

607 of a transfer transistor and a STI region 609, and

basg il gy capras o ubar B f Parige Rk oban:
RSBy RS BEPIRS g PR o

ereo 1 forms a junction
ad flore specificaily adhin dyerangdof appdxitherelyas e 104 toehixdr0'” atoms
652 Jorns a junction with the p+ substrate base 601.
p¢ro@m36] Formati on of the pinned photodi ode 661 will be
described with reference to Figs. 7A-7E. Referring to

CHBOSTE o ov Bube SR T B2 iy B ler B MY bhdk so1.
Fi%ggw AL el Q@m’g%i_%;ém&@ga@féoq, st Al BedBRBed as

of a first conductivity type, theré may be a base
désasibed of cenrddctish wadnHige4A wbbye.t ype that is inpl ant ed
beneat h t he phot odi ode 661 by conventional nethods

before or after the formati on of photodiode 661.  For
STRAFSEI Ty ReferemeaodingPettio Herbain PEME SR ipn092 and

sfts Blze F SrtirPan st irgth G5 iR BRERL ARt Rioek@nb
teSHRRuk @k fovky i\ 294 TORBERO it AitHsR @ 4G9 padi@®ed to
601 is a highly doped p+ substrate base 601 havi ng an

pavideva dpqpang 616 coeerteabdtoremian kidge ofi ehe gag®0afand the STI
approximately 1 x 1017 to 1 x 1020 atons per cnB, and.

regieOQp stiers ¢ sharge argpmplating reging©f 8P PHYtRgse 06l is to be
X 1017t 0:1 X . r . oy -

R e BR8P AR LB AEIEE, s oo

inB@%: 7BFbA onéAidR| B filst HeplaAtaEi®nanaikl 6 IPREaBPr@BaRBAcAncident
gate 607, which may be formed as described in

witbrthe etlgonf dict gnt&i607 4 Omblvay ethef 6106 StheRefeimmplagration Bhagk 615
7B, after formation of e STl region 609 and. gat

0@@? s Bhg SFSsreaiompaie bt h_SMt@X@ Ragt FordEO b Tiegion
o AR S SRR L Mo e o o

foRfhedpPeni ng 616 to an area between an edge of the gate
607 and the STI

[0059] Next, a dopant of a second conductivity type is implanted through
the opening 616 into the epitaxial layer 602. Preferably, the dopant is n-type, such
as phosphorus, arsenic or antimony. A lightly doped n- region 650 is implanted
from a point below the surface of the epitaxial layer 602 continuing to the substrate
base 601. Thereby, the n- region 650 and the substrate base 601 form an n-/p+
junction. Preferably, the n-/p+ (substrate base) junction is at a depth that is

approximately at or above an absorption depth of red light.

[0060] It should be noted that if the substrate base 601 is instead a p+
base layer implanted before or after photodiode 661 is formed, the n-region 650

would form a junction the p+ base layer.
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regi on 609 where a charge accumnul ati on region of a

pi nned photodi ode 661 is to be fornmed. The first
wonpl4msésari on nmask 615 nay be formed of phot or e6TAIS2004809400

shown in Fig. 7B, on one side, the first inplantation

5is r oxi mat .cqi nci,dent w,th e ed f
rnotgdte corthbh” etoinonts Qieded e ap frae of A £1€80% and
ol A . i on

B S e

elebRonslj Bheattiteadopaart eonccninariga iache Ay katibmB50agiobe Githin the
a phot odi ode 661 is to be fqgned. [OOSQJ Next, a

rangs ftapproxamateliohd bntue i 14t gtamgpeer an’, apd anersdpecifically

RS RSB 1 P S 0 B 508

: [ i | e B &) O 50, |
AR s P OPBer hd AR R0 o 09 Mo b
ireplah eationl mhyyles bé@andacttd noiftwgn tite hheeghotb 660 ahieh thase

. 601. Thereby, the n- region 650 and the substrate base
ingplanfasiomig farpied put af yrgles oher Haar 20 degyees ralative-toghe surface of

BT ver 505 ThF bt e BrbE R BBy

ugggﬁhonmqgggkxﬁy shoul d be noted that if the substrate
ase 601 1s instead a p+ base layer inplanted before

or after photodi ode 661 is forned, the n-regi on 650
wg0i0d2] or m aR¢feiniig tonFighBCp 4 sbaswel ihgpiaitatidid ¥k 625 is formed
2004/ 086507 PCT/ US2004/ 009400 [0061] The n- region

ogrghe avaigr byneanvantona methgds and pagergse do dove am@PeingH26 over

a phot osensitiyve charge storage regi for collegtin
U B REEE a0 SHE sERDEPRuTAAGHE BRI e be SThiie
pEOIREEN: @ik BRe kide! R s@Coﬁc@Eh}ngn@%%n"fﬁyskt@z S\bidHaPs HRESTT
range of approxinmately 1 x 1015 to 5 x 1018 ato per
ragid) 689 gbumders e ekfendadviey therphdtiodiddecarean@e thie other side the
approximately 5 x 1015 to 1 x_ 1018 atons per cnB.
sqvand iimplntatasn Bask o gxisads s distanseld iprgran rgemieatg 607 over a
of.trm¥%¥ regi.on 0. Also, an angled inplantation
pﬂ%ﬁ”%?s “Be &g red to formthe n- regi on 650, such
that inplantation is carried out at angles other than

?qodsg%ees rEAREdeR, dPinkbien &Mk 3eRE6H of tHhen ERIIANE50 is
ayer 602. The first inplantation mask 615 i s then
cowrterdegped\by implanting a dopant of a first conductivity type. Preferably, the
dopant is a p-type dopant, such as boron, beryllium, indium or magnesium. As
shown in Fig. 7C, a lightly doped intermediate p- region 670 is formed in the n-
region 650 such that it meets a p-type portion of the epitaxial layer 602 on a lateral
edge thereof. In this embodiment, the intermediate p- region 670 meets a p-type
portion of the epitaxial layer 602 on a lateral edge thereof adjacent to the STI region
609. Multiple implants may be used to tailor the profile of the intermediate p-
region 670. Also, an angled implantation may also be conducted to form the

intermediate p- region 670, such that implantation is carried out at angles other than

90 degrees relative to the surface of the epitaxial layer 602.

14



conventional nethods. [0062] Referring to Fig. 7C, a
second inplantation mask 625 is forned over the wafer
woypommss®nt i onal net hods and patterned to havePamwus2004/009400
openi ng 626 over the n- region 650. The second
i mpl ant ation, mask 625 may al so be a er of .. .
p%@?ﬂesi st %hmc"é\’f-’e AP ,COPﬁeéltEaélé’gn‘%H Hgﬁﬁltﬁmlg‘?ﬁa‘gnp THggien 670
625 overlans. th ' 0105 7 018k eRf and
mHv erwftﬁ%n %Eeoﬁa}&%?gggﬁ%rpe&gghgﬁ lfﬁg ot herSégﬁ%zeépctghes%%tr > o
mSRCPBEAEAR! bl the RamBséf Hpposintaeetds »al 0F ahdrice 10" pastns per
an edge of gate 607 over a portion of the n- region
cn5 M ls¢,0D6 JpteTinediatd p-ercgicmmiy instepddrat Bighdy doperl Birenpreiate
n- regjon 650 is ount erdoped by inpl antin dopant
Pofegoy havaRg A At ‘i‘?ﬂaﬁff C?WE‘.“ éfséanE%fl P tlhf‘ﬁgfa&‘&osﬁgﬁ?m base
1S, 8y -t ; h ’ REE ¥ deWBpah PEbABNtrati
6o e Rcs BRI iR THE" TANPR e, PEE Yo tiBpagl ot Bntration
ofitht iteRALALR Pr rdof@i 670 67 beswithtomid fangé bfapproxegitely 1 x 10"
650 such that it neets a p-té_ﬁe portion of the )
todpx 18 abmis pee cmb i domose bpectically withipetheapge pf approximately 5
this enmbodi,ment, the jntermediate p- region 670 neets
x B0°p 1@ Jpel O p3temyRefMi-he epitaxi al | ayer 602 on a
| at eral edge thereof adjacent to the STl region 609.
i e | HSREE Rl bOFedidi® 6P0 Qfsol Briflf two n-
twﬁéééc%ﬂterne fklg{}éﬁgwl}egfon 676. Al so? ae angl edS " °n
rebitRkantsaihen Rgical 651 bed adaskiat sgido65Dy whichare partially
I'nternedi ate p- region 670, such that inplantation is
sepaarede thetinttrmedigitep- vigher 67 Rad hegwaredegiess pal and\ps2

to.the surface of the epitaxial |ayer 60 4 WO _ .

eI OB BT B0 OS RSO TeORe [ TREY Lt Yeresions 651
G | i 8588:8 a Ride a8 h e whdOrh

R S T
gate 607 /cadsiigEchper regiBns 681 andwise, sprsiddred ab b ywhwilt,tbrhave a

the range of approximately 5 x 1015 and 1 x 1017 ato
repese CeslBpe Ab siswedHeomn ihe paispective'shpwna diigrP-naybsequently, the

i nstead be a highl oped inter.nedi ate .p+,reqion
sefad PR R0 DR Rt RoPEcPate et SR

of the substrate base 601 and the surface p+ region

6 suc e agdtl %Qic%@ﬁé‘éﬁ RANGEBH FAHOR- regi

o?é??]ée]ni nt erb\ﬁt&eh [ g‘?gb%‘i’regi orY 670 may %e within the resIon
63@(IE. PB) appriexiithinethy rdnge dflipproximately 1 x 10*° to 5 x 10" atoms

per cm®, and more specifically within the range of approximately 5 x 10*° to 1 x 10"
atoms per cm®, The active dopant concentration in the n- region 650 may also be
chosen depending on the dimensions of the n- regions 651 and 652 to result in a
desired pinned potential. If desired, the n- concentration may be dropped or

increased to result in a lower or higher pinned potential, respectively.

[0067] Referring to Fig. 7D, next, a third implantation mask 635 is
formed over the wafer by conventional methods and is patterned to form an opening
636 that is similar to that of the opening 616 of the first implantation mask 615
(Fig. 7B). The third implantation mask 635 may also be a layer of photoresist.
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to 1 x 1020 atons per cnB, and nore specifically

within the range of approximately 5 x 1017 to 1 X
waQi®R/aéons per cnB. [0065] The formati on of t RET/US2004/009400

internedi ate p- region 670 also forns two n- regions:

Than, e HoRme: g i 'F%%éﬁ%%%ﬁ gt [HPRENLGE ospips 630
mt(rg)g ;i gg\ gng 24 &fé'r g%ﬂé dggin@iﬁ e db HR# fhch as boron,

eas ne e Pref erabl Y,
Pﬂ@urﬁ nch@ﬂnQﬁfsmﬁ siv Carfeb2 higdhdy d@pmbp% eldrffdedmg:r@IOS is formed
['east " one edge thereof on a side allgned with the
ovegathe 602gionaest mych teatrthe pegugace Bsar ¢fufasp a junction with the
consi der ed a whole, to have a reverse C-shape as
SUKf; P%M%dngBhggke perspective shown in Fig. 6.
Subsequently, the second inplantation mask 625 is

r@mgqu usi pLeapKed aaRt do ?W&&%§Ua{1&9@9lhe°§+ RAERd layer
above

the active dopant contentration in the n-

60589 inathin 85O rinpe ®f apBioximytehel wi it o 1 el Ol%lmtgmm)per cm® and
approximately 1 x 1015 to 5 x 1018 atons, cng,
mmrseegﬁeailyfwl(tbllnl thewpngd of anmsoximeRly 67% Bp F@)li )frﬁ?ewporgs per
15 t x ,1018  _at o nB8. ; The .acti ve dopant
cronleni t ST RV 08 HEY Faob omats! RO St CERugs. For
ﬁl a 111
xR SR A e TR e S?frﬁ%ﬁb%ét%ﬁ??“iF@P prhaditing
prééss rathy difftsing «C dpait dirorthy ebﬁa:dﬁldmmdm@rfrom an in-situ
increased to result in a | ower or hlgher pi nned
dq@@démer ar a dapsgepide/leysr. dpossT] oveftar Ardigviee thephotgdiode
ext, éihl rgd i nplantation mask 635 is forned over
%é? ‘conventional nmethods and is patterned to
forn1an opening 636 that is simlar to that of the

7@?(569_?9 616A@ hbRA ihHiS!78, rﬁpﬂl@diﬁ@dlﬁﬁsﬂﬁﬁk%lﬁﬁ%%ﬁhgy then be

hethlr i npl'antation mask 6 may als
fotrayé by thophomettesiset a dopbd \WRia0 @F nEGHE@Gnductivity in the epitaxial
PCT/U82004/009400 Then, a dopant of a

lays ré@@cetdmeny tq Yhfegits ioﬁﬂlnérﬂfb%lﬂ PHP%%WKI%%*S %‘ﬁ&%ﬁh@% fm the
t I 02. R
PR B Bl S g By SRR AT ERRRRAY bP e
:?@86?gwqﬂknéﬁﬁbﬁMEﬁ&mb&sdOped p+ surface | ayer 605 is
or ne over the n- region 651, such that the p+

surface | ayer 605 forns a junction with the surface
nf00ZQ on 6%levices of a CMOS APS cell, including a reset transistor, a source

follower transistor, and a row select transistor are formed by methods known in the

art (not shown). PFurther processing may also be employed to form other

conventional features of a CMOS APS cell.

[0071] The resultant pinned photodiode 661 includes two high
capacitance p+/n- junctions and has approximately double the capacitance of the
conventional pinned photodiode 13 (Fig. 2). Fig. 8 illustrates the relationship
) of the photodiode 661
(Fig. 6), represented by line 15, and a conventional photodiode 13 (Fig. 2),

between charge capacitance (C) and pinning voltage (V,,

represented by line 11. At a same voltage V;, the capacitance of the photodiode 661
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[0068] Preferably, the active dopant concentration of

the p+ surface layer 605 is within the range of
wappuggevat el y 1 x 1017 to 1 x 1020 atons per eaBusad/009400

nore specifically within the range of approximtely 5

x 1017 to 1 x 1019 atoms per . cnB. T p+.surface .
is dppyexinGoely ey big dut @éﬂ?eowh%adbsdgg‘t%@g Siﬁrﬂf%ﬁ art below a pinned
echpi ques, Fpr xampl e, the ce |aye /
volget Yraal By et o b ashaciit fhe Aufinddirty

cu%z @’F I»EHﬁjcﬂ&d@é@l tyREhaOMaRthé Bhaet kepRRyIPEbaed Al

oman In-situ “doped | ayer or a doped oxide
phloeydibde@posAdceddiaght thdghaodmdaterlecanirrophist amdidedeate

661 is to be forned. [0069] As sho in Fig, 7E, a
phiotesignahgt aismplles sze hegiaonomiona) Pméwﬂﬁée 9f°>o|r nmed by

known net hods as a doped region of n-type conductivity

[ epi t axi | ayver. ' B

07 ah OBy, BGEn§e pRRUAERDERE it 18REn0851 and

65NQHIOCH QARIaP B ayoit 481 lafgS Reddfisnf63 th@yurflce @-egion 651 may
(0]

ornmed on the sidewal the gate 607 by

haeeawe thigiealthaetivadd th¢ DEE0]- rBelvncEs? tf crsugvBBpRs: charge
cell, including a reset transistor adipurce f.ol | aner

transtenandupid imagedag ol addiden toasTeise shatgeeparite fiby
t hods . k L in th Fu
e%ﬁ%‘g&gf Hga(})’\/\rpg)?{ﬂgf gggleéeag&r%ﬁ%%%(dﬁ#gﬁ%tP% dcj) trr&lgr%h 652 extends to

thE QNG RLE BRR. bERAL ety deER AHIR difflibing [RHT bhe Piveel to
resul tant pinned phot odiode 661 includes two high

ano@paci t ance p+/ n- junctions and has approxi mately
doubl e the capacitance of the conventional pinned
hot odi ode Fi 2). Fi.g. .8 ill. rates the .
PE@%Z?bnshié& oy ﬁ%®ﬁ8?881%ﬁ%§85%iﬁ% m%éfggﬂﬁdu“ngagr
i_nnj v e - f ' : _Fi ;

exfip 2| Qfer Gl A3 ayfRieite, Rpph Bab BERSHRE NG b b Cpftanial layer

oRP A% Bd@atk3 AFitibwiZin ther@Rlesphbettgyns waeld e infilarired
sanme voltage V1, the capacitance of the photodi ode 661
whére Wi potHtaBb&E0Er RETleUsan0woolban formesl, apg noweireans grwells

doubl e, t hat qf the t odi ode 13 the prior art
worlddRg mpinptsd avhers M@géﬂ\?ﬁft%*s WO?E% Psigl%‘i"ge,d't he charge
capacity, defined as the area under the GV curve, of
pE@b?ﬁ ode ?\(isrlo,'véhiﬁt' @08botdanbbAn &8 A AEI&RABE Y cdinection
convent i ona
with the formation of pnp-type photodiodes the invention is not limited to these
embodiments. The invention also has applicability to photodiodes formed from npn
regions in a substrate. The dopant and conductivity types of all structures would
change accordingly, with the transfer gate being part of a PMOS transistor, rather

than an NMOS transistor as in the embodiments described above.

[0075] In addition, although the invention is described in connection with
a four-transistor (4T pixel cell employing a transfer transistor having a transfer gate
307, 607, the invention may also be incorporated into a three-transistor (3T) cell, or
into a five-transistor (5T) cell. A 3T cell differs from the 4T cell by the omission of

the charge transfer transistor and associated gate 307, 607, and the coupling of the n
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phot odi ode 13. Accordingly, the photodi ode 661 can
provi de an adequate photosignal at a snaller size

wohem/@eonvent i onal phot odi ode 13. [0072] Pr ePeraiskopd/009400
t he pi nned potentials of the two n- regions 651 and

regifansdththe ebo bpeg s BuCliSising FRESendogons ShiozRBrn srar of

tHe Vo Of ard H%C% ﬁeorﬂir%ﬁg cﬁ%ﬂ? 1sev0§]}'[<§o ggﬂ et §rt A 5T cell

charge transfer a I’mage [ ag. tion
diffees easedhe cilacgebye &pﬁ(dchiyon bha Shut&ﬂiﬂﬁhsm@ﬁ omYJMOS photogate
provi de reduced cross-tal k because the n- region 652
trasdi®atls to the substrate base, better preventing
el ectrons from di ffusing from one pi xel to anot her.

Al th d ' .
R R R G TV L e
ddicd@y1 hdfsRR afaq AR RiANnRudeP phRl RtoldYElo the
over a p+ substrate. As known in the art, acceptor

embgdimmsntsvofitic [laesanmﬂna:lmned isvilvesteatedh gemm'hldgnm Bis. 9. A processor-
barrier to el ectrons wuld be forned, and n-wells and
bgsedsystem RS &Xﬁ@plaﬁsppéfh pseerpbayiegwkgitalcaiegits that sould include

db bov
ciRUSdmags SORRE Ylndbg Rnittistieh Ay A0 Sould include o
ccfrﬁfnﬁ@? dﬁ@erﬁf caPRda kyREmPRAhAS, ﬁga%ﬁlr{ehﬁmbﬁvﬂﬁél@flaxhgaﬁ@{ video

limted to these enbodi nents. The invention also
plap, iseabillantey sysenphoto doad egstémy, sed thelomspgram, rmgnamr@etecmn
in a _substr The dopant  and conductivity types of
syawemaémgeﬁwgd@am |Sﬁﬁterahwfbéata§@armmmsysm h the
transfer gate being part of a PMOS transistor, rather

0 Y AL o g
gdRYARL ddbrises 8 @RtrhlqREcdsBing UHHEQLPON 986t BuchBas a microprocessor,

four-transi stor (4T) pixel cell enploying a transfer
thiat aamngtmcattwthgnanpma/mmftwt @A dsire, 980dvertaHms 989. The

b d
CMISSame e ST L oaich produces in TGree PR ool aray-obio
cc‘rgrplmfc%kés V}Ilﬁ'x ﬁe@%{ﬁ’h‘ 958 LSLSpid 980 ! lﬁle gcglc;r—lgfxeci system 988

om ssion o ge trans er transts

@S ERAI R eshdinh @c&@yme éamlxx} 83 CaéPinaf th Phdd ﬂs@lﬁhem
17 WO 2004/ 086507 PCT/ US2004/ 009400 regi ons of  t he
detices pulich de adlugpy [eskf droat 9¢gard] £ Cosipect dislg{ 6P ROMbdrte 984,
I f
g.lcho s%rcoarlnm?lmcate with CPU 986 over the bus 989. The CMOS imager 981
may be combined with a processor; such as a CPU, digital signal processor, or
microprocessor; with or without memory storage on a single integrated circuit or on

a different chip than the processor.

[0078] It is again noted that the above description and drawings are
exemplary and illustrate preferred embodiments that achieve the objects, features
and advantages of the present invention. It is not intended that the present
invention be limited to the illustrated embodiments. Any modification of the
present invention which comes within the spirit and scope of the following claims

should be considered part of the present invention.
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the two or an n region bridging the two, which is well

known in the art. A 5T cell differs fromthe 4T cel
woyodvscsmddi ti on of a shutter transistor or a ENMDES2004/009400

photogate transistor. [0076] A typica

processor-based system 988 including a CMOS i mager

devi ce 981 having an arrayChfIM&el s, which includes

pi xel s according to the enbodinents of the present

p%@%& or - . ?I’etlulls g % ene(rigi?g#pci & ge tOtSCt§§s?%yeIrﬁtters

rheyi Sodighiad sekéGki t's that could i ncI ude CMOs
I mger devices. Wthout being limting, such a system

could include a conputer system canera system
$ caAngiatodiachicomprisgigon, vehi cl e navi gati on, video
phone, surveillance system auto focus system star

traggﬁgﬂﬁﬁé%ggg notion detection system image
stabilrzation System and data conpreSSIon system

[ 0077 essor - hased s e

conp ey a&i& SRLCOGEHECL N e‘é rP;YF’F ﬂ-gss SnE‘i‘?t%"é%
processing unit (CPU) 986, such as a m croprocessor,

t hat basmiaye ofat st W')mduqaiwity iypet, dner@uotth¢ ba®)laytedf adirst

982 over a bus 989. The CMOS imager 981, which

pr OQHﬁ&&tﬁzﬂz tg?@ﬁ A S PBYrakd BASea RS X Blopdl ¥y o@érstﬁe substrate

comuni cat h the system 988 over bus "989
processor-based system 988 al so incl udes random
acc@8>menory (RAM 983, and may include periphera

devi ces, such as a floppy disk drive 984 and a conpact
di skt le@d)orRG@ideidi regiod8df, a seabind hoadsuivityrppmbelatethaistitface
CPU 986 over the bus 989. The CMOS i mager 981 nmay be

conpr AR tagaa VAHPGRSE Mast SHCEE AR Regbité ofti QbRd

si gnal process 6r m croprocessor;” wth or wthout

st or age le inte ted C|r uit or on a
i 1 FRNGHREVI PS. ﬂlst%@gfpwaeté%g*ﬁ%?’@ ay Lis again

noted that the above description and dramnngs are
exenplopey sarfacd lhyarsifradirst grmefuetivieyd tygetodr tendtdedshate
achi eve the objects, features and advantages of the

preg, %i&n oY %@édrﬂ"coﬂcfuch%t)ﬂ@;p claAHeBAath egq"?écoha?ulﬁ’(ftﬁﬁleﬁfth

|nve ton be [imted to t ustrat d enbodriments
di ficat tgn of. the i,nvention which comes

LA attrpélescgf FECEiARS SEBHEOBR CRBFONPNPRg i ai Mo
shoul d be considered part of the present invention.
2. The photodiode of claim 1, wherein the first and second

conductivity types are p and n respectively.
3. The photodiode of claim 1, wherein the photodiode is a pinned

photodiode.
4. The photodiode of claim 1, wherein the base layer is a p+ base

layer, the at least one doped region of a second conductivity type

is an n- region, and the doped surface layer is a p+ surface layer.
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18 WD 2004/ 086507 PCT/ US2004/ 009400 CLAI M5 [0079]

What is clained as new and desired to be protected by
woetdaseso7Pat ent of the United States is: 1. APCT/US2004/009400

phot odi ode conprising: a substrate base; a first

| ayer of sem conductor material over, the substrate

basdhephesediofapérlagn 1a wherain the hawsdaysriang thgpe,

wherein the base layer of a first conductivity type

I s Ubped ik atyer haseawhctig doplapedndeayationwethihhe

substrate base; at |east one doped region of a second

conduct i vit e. 18Ur . hioSt

I ayere, W 8%3}% ]g)?mfigégw %le) 0 %P}ﬁgm?[g%?lgggx gp a
second conductivity type fornms a first junction with
t het9aEPIrayer; a doped surface layer of a first
conductivity type over the at | east one region of a
secamd phonsiiotie i tMirh MR evirAcin frh¢ bt lRgstreadsprd | unction
with at |east one of the regions of a second

conduct i vi e - t.odi - Of im1,

wh e?eéqgr#l %éggéX?%O\rﬁgjt “Ahd Céggb%g h%g ﬁ'[g %g?\?evclk?}gyﬁltty pes are p
and n respectively. 3. The photodi ode of claiml1,

whe F@ResnEREOp G Ea the sangs of apprreratehh ol o8e. 4. The
phot odi ode of claim1l, wherein the base |layer is a p+
bas epproairestelythe 18t° dteastpepam®*doped regi on of a second
conductivity type is an n- region, and the doped

T R R S ey

wherei n the base | ayer, and_the doped surface | ayer
hav &% least ppe of spdiesionh ebass@nrisendreryify type and

the base layer is at a depth approximately at or above an
absorption depth of red light.

8. The photodiode of claim 1, having one doped region of a
second conductivity type.

9. The photodiode of claim 1, having at least two doped regions of
a second conductivity type, and further comprising at least one
doped intermediate region of a first conductivity type partially
separating the at least two regions of a second conductivity type.

10. The photodiode of claim 9, wherein the at least two regions of a
second conductivity type are vertically spaced below the surface
of said first layer, and wherein one of said regions of a second

conductivity type forms a junction with the base layer and
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the range of approximately 1 x 1017 to approximtely 1
x 1020 atons per cnB. 6. The photodi ode of claiml,
wohewn@msesot he at | east one doped region of a secoms2004/009400
conductivity type has an active dopant concentration
within the range of approximately 1 x 1015 to
appeBRihenPEsaid Segéonmga stcons paduetpty type sa
phot odi ode of claim1l, wherein the first junction
bet y@estiontwieh @i Hopad swfieecdfyepai d regi ons of a second
conductivity type and the base layer is at a depth
pp i v at . i red
1P G B Gaaior iR 2Bl APRORRI R AERAR o pec
region of a second conductivity type. 9. The
phoS&eNIFOnGRCYiE] WPE arheranrgiost 2lors at lepsionsaisias
regions of a second conductivity type, and further
conpghidrebfg at | east one doped internediate regi on of
a first conductivity type partially separating the at

135e oralRup SRERF Blra® SRENA SORRER Mo dordlr | 1y

regions of a second conductivity type are vertically
spadiarpediziy regiondips pacs ive flopantsoprensration with thaqd
wherein one of said regions of a second conductivity
t y pearfgerofapproximatdlypb xw 0'hté hsproaseackigysar 1@Hdtaias WO
2004/ 086507 PCT/ US2004/ 009400 anot her of said regions
of §8§Sﬁond conductivity type forns a junction with

t he*doped surface layer. 11. The phot odi ode of claim
9, wherein the at |east two regions of a second
150néU@Fﬁ9¢P@Q%ﬁﬁPQﬂQEconnected al ong at | east one
edge thereof. 12. The photodi ode of claim9, wherein

t he aaubbteasbacne doped

a first-layer of semiconductor material over the substrate base;
a base layer of a first conductivity type, wherein the base layer of a first
conductivity type is the substrate base or is a doped layer over the substrate
base;
a doped region of a second conductivity type below a surface of said first
layer, wherein the region of a second conductivity type extends to the base
layer and forms a junction with the base layer;
a doped surface layer of a first conductivity type over the region of a
second conductivity typé forming a junction with the region of a second
conductivity type.

14. A photodiode comprising:

a substrate base;
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i ntermedi ate region has an active dopant concentration

wth the range of approximately 1 x 1015 to
wappugteoat el y 5x 1017 atonms per cnB. 13. A phoras2mde0d400

conprising: a substrate base; a first-1layer of

sem conductor material over the substrate base; a base

| ay edirgflayerfof semiconduciorimatesialtayge thepwbsenis B3¢ base

| ayer of a first conductivity type is the substrate

basg Hake laerPoftORRE cbddiettivity @Fpd, Rghepeih thé Bug lapasHia st
doped region of a second condﬁct|V|ty type bel ow a

Seconuruibalie FebebypeiS bt F PR Bk E B B puBhrare

and forns a junction with the base |ayer; a doped
surbagse | ayer of a first conductivity type over the
region of a second conductivity type formng a

j unefb Adpal tréeibhe of £8dc@ndWondus@ENEpe GoIbHIE bhvhdeYof said
type. 14. A photodi ode conprising: "a substrate base;

2 004/ 08650. CT/ Us2004/ 009400 fi . f.
2 et Riier B VR icaly actt BYEH s BaSe oy, WileRdin (B Bhg Hgions

| ayer of a first conductivity type, wherein the base
| ay &f 2 6¢camdf qonshuctivighBpetare Feynac pBg phleagidna edgee
base or is a doped |l ayer over the substrate base; two

dopegigere 69 hpd wiekeid ciRCS e eRBdEEbIY b ¥ séovpd deldavtidty type
surface of said first layer and vertically spaced

over. the basg | avar rein . the two regions of a
secgﬁgxﬁ%ﬁ%ﬁg ?3%@§ﬂF$%§e§Wgnconnected al ong at | east
one edge thereof, and wherein one of the two regions
of anseterneadiewndrrad reistop efjgplrst feRdHEtyity GyRa pasrally t h
t he base | ayer;

separating the two regions of a second conductivity type; and
a doped surface layer of a first conductivity type over the region of a
second conductivity type furthest from the base layer and forming a
junction with the region of a second conductivity type furthest from the
base layer.

15. A pixel cell, comprising:
a substrate base;
a first layer of semiconductor material over the substrate base;
a base layer of a first conductivity type, wherein the base layer of a first
conductivity type is the substrate base or is a doped layer over the substrate
base;
a gate of a transistor formed over the first layer;

a field isolation region formed in the first layer; and
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an internedi ate doped region of a first conductivity

type partially separating the two regions of a second
woamdwséiovi ty type; and a doped surface | ayer 8€TAIS2004/009400

first conductivity type over the region of a second

conductivity type furthest fromthe base | ayer and

f or Aiphgtediofle ﬁ%@ﬁéﬁ tithe Helddsolagen ﬁeg}f’nat@é%’&ﬁ ode

conductivity type furthest fromthe base layer. 15. A

Pi Xebmpeking a€ (Hbr disd Agped Regiatbsf & adconbiavaduetivity §pe below

| ayer of sem conductor material over the substrate

base: a _bhas ' [ W4

wnofls forPRE SEURLEL Blef sylch b oF RASHELE M A€ bR of  gecond

is the substrate base or is a doped |ayer over the

subsenduaivitg sxre fosmg atfustgpngion yudy dediase byei andwetoped

the first layer; a field isolation region forned in

t hesddfdcstlayeaypEh firatdnddeiWe BP0 vEBGRAT least one region of a

PCT/ US2004/ 009400 a phot odi ode adjacent to the field

| solatgn ohaglct?\ﬁty t%rpg f(pljﬂ%hg g’ sggc?ncfl %@85{1%&9 aPeadt@33of
one ope& regron-ofta second conductivity type Below
the surface of the first |layer, wherein at |east one
of theregiqissid sssond sBKEVILE &Rgucti vity type forms a
first junction with the base |layer, and a doped

16.uUr'The pidebydl oftdlaitn 155 wherednehedirstvarid/sdcppd over the at
| east one region of a second conductivity type

forgkﬂgmg_ﬁgg@anhﬂggﬁagnf k£?¥g§_least one of the

regions o econd conducti vity type. 16. The pixe
cell of claim15, wherein the first _and second

1%on#be pixel £sll efdeim 45 ewhergiyths phospdiodever pinned.  The
pi xel cell of claim15, wherein the photodiode is a
pi nplestodfdet odi ode. 18. The pixel cell of claim 15,
wherein the base layer is a p+ base
18. The pixel cell of claim 15, wherein the base layer is a p+ base
layer, the at least one doped region of a second conductivity type
is an n- region, and the doped surface layer is a p+ surface layer.
19. The pixel cell of claim 15, having one doped region of a second
conductivity type.
20. The pixel cell of claim 15, having at least two doped regions of a
second conductivity type vertically spaced below the surface of
said first layer, wherein one of said regions of a second
conductivity type forms the first junction with the base layer and

another of said regions of a second conductivity type forms the

second junction with the doped surface layer.
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| ayer, the at |east one doped region of a second
conductivity type is an n- region, and the doped
weundiasesol ayer is a p+ surface |layer. 19. The PCX@iS2004/009400
cell of claim15, having one doped region of a second
conductivity tgpe. 20. TEF pi xel, cel |l of clain1%?,
2havihe pavel rahet clifp 2Qofiether cgmprisingratdeast ge Agpe
conductivity type vertically spaced bel ow the surface
of ins@ntkdiite $égibayfn firvhemeuntivinetypk pasaialyr egi ons of a
second conductivity type fornms the first junction

1 . _ , . ¢

secRRe EaRIiE ot BUR oA RIS Bld SRR . O
with the doped surface |ayer. 23 WO 2004/Q8650

2pcTlsposhrdboidam 29, whersimtheat least pvgregpas of 20,

further conprising at |east one doped internedi ate

r egée@bn@icondiidtivity tgpnaliecionnittyd taygrey pdedst dhk ydge

separating the at | east two regions of a second

conguetivity type. 22. The pixel cell of claim 20,

wherein the at | east two regions of a second

conductivity type are connected aJ ong.at | east one
2%ddghepﬁ@}@%¥9 é@ﬁl%ﬂéwbﬁﬁé}ﬂEéﬁg“E¥g%1§Fﬁ? 0, wherein

the region of a second conductivity type formng the

secasddlyctniy hyge forming the sdopetjunstiohavth tiaydopddas a

hi gher pi nned potential than does the region of a

sec | Vi }Q%]HQE] L dShel Lion
mﬁtﬁﬂ?ﬁgﬂﬂgﬂgéi%a ee%é@%;ﬁ%ﬁﬂ% e p|x%+sceff&§§ claim
15, erein said transistor is a transfer transistor
 whi @ ?%053 COngRCEIy YRS ?@rrmeg the ﬁgﬁs Junctiongth fager
system conprising: (i) a processor; and (ii) a CMOS
i megiRgattehdsee coupled to the processor, the CMOS
i magi ng
24. The pixel cell of claim 15, wherein said transistor is a transfer
transistor which is part of a 4T pixel cell.
25. A CMOS imager system, comprising:
(i) a processor; and
(ii) a CMOS imaging device coupled to the processor, the CMOS imaging
device comprising;:
a substrate base;
a first layer of semiconductor material over the base layer;
a base layer of a first conductivity type, wherein the base layer of a first
conductivity type is the substrate base or is a doped layer over the

substrate base;

a field isolation region formed in the first layer; and
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devi ce conprising: a substrate base; a first |ayer of

sem conductor material over the base |ayer; a base
woOayarosef7a first conductivity type, wherein t REThES®4/009400

| ayer of a first conductivity type is the substrate

base or is a doped | ayer over the  substrate base; a

fiel d 4 pokkadjerent egtlenfi¢ld ispdetiomragien.fthe pixe] gQaprisigg@

24 WD 2004/ 086507 PCT/ US2004/ 009400 a pi xel adjacent

to the%afté oF d tisek@iriformEéL eV @the e 1Ryex eAnd o photcliodr, ahe
gate of a transistor fornmed over the first |ayer, and

a phot gdi.ode,, the hot odi 0 oL I4SI I one
doped I%é Og‘hddgfcoglps@s%%t e%sgﬁ) %c | \?lht%bélgf/lg)tefaggi?%ﬁvéthe
surface of the first layer, wherein at |east one of
the regfinshustivity typscebom thositrtpeeiofith figsy fayer,orhasein at least
first junction wth the base |ayer, and a doped

sur f acgnd ay@ie rekions bif b SéciNEBittuciity typeMPAnOY st filgction
at | east one region of a second conductivity type and

" ogi ond BiAE SERcatel Sid Adebd Sp e R orgds o Bviay,

of claim25, wherein the first and second . .
conductypeiorgr thepadeast engregien pf p segnnch soapsiugtivipytypeiad
system of claim 25, wherein the photodi ode is a pinned

phot odfRfng &8ecohldguvide Withfatdéat Bhedf tiheistind dffagecond
base | ayer is a p+ base layer, the at |east one doped

region_of,a._.second conductivity type is an n- region,
and th%”&%ﬁggﬁ% Hace layer is a p+ surface layer. 29.
The system of claim 25, having one doped region of a

26s e rsystsonafielainy 20y whyen rstrped §§¢90Em of cl ai m 25,
having at | east two doped regions of a

conductivity types are p and n respectively.

27. The system of claim 25, wherein the photodiode is a pinned
photodiode.

28. The system of claim 25, wherein the base layer is a p+ base layer,
the at least one doped region of a second conductivity type is an
n- region, and the doped surface layer is a p+ surface layer.

29. The system of claim 25, having one doped region of a second
conductivity type.

30. The system of claim 25, having at least two doped regions of a
second conductivity type vertically spaced below the surface of

said first layer, wherein one of said regions of a second

conductivity type forms the first junction with the base layer and
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second conductivity type vertically spaced bel ow the

surface of said first |ayer, wherein one of said
woeg4meesoof a second conductivity type forns tReTMSE®E/009400

junction with the base |ayer and 25 WD 2004/ 086507

PCT/ US2004/ 009400 anot her of said regions of a second

coadetbti of $ajd regiens of asecond copdBFIIYUNRE FESHEN t he

doped surface | ayer. 31. The system of clai m 30,

f ugt deH GRS SichdhaldopedstriaRdagieped i nternediate
regi on df a first conductivity type partially

separating t .at,least two regi

3lco LSY?tG’?‘t #ﬁ‘%}ﬁ’es 0 8@‘.1 tth’f’ﬁ &y g?g %1%?) ! egl%:tl (grll‘:rsn&{%}%%pI wher ei n
the at |east two regions of a second conductivity
t y pecanedisemegisnedf afishgonrdudtisify tyRsREdge  t her eof .
33. The system of claim 30, wherein the region of a

seconthifPRRUEIEME o kogend of Mdentkendaedie) jypact i on
Wi tgﬂﬂlt hnerfggoped surf%cegil ayer has a hi gher pinned

potential than .do t he region

32 onRGoY T gt YL ol sy Bhe T IAIPREA i th the
substrate base. 34. The system of claim 25, erein
saiseccndamsidsicOvity typs are eersfasked AlpRASTE KRHOMIEAET i s
part of a 4T pixel cell. 35. A nethod of formng a
phetadhpde conprising: providing a substrate base;
formng a first |layer of sem conductor naterial over

t he base | ayger.;. rmng.o rovi dj se | ayer of
334 &hﬁsﬁys%ﬁhéﬁ@m%ﬁ yv%f/%gf &ﬁlggleqnné){%see%o gse | ayer of
a first conductivity type is either provided with the

sulehdattvityhape fonmipg the srspad jragan Vohibe doved t he
substrate base; 26 WD 2004/ 086507 PCT/ US2004/ 009400

surface layer has a higher pinned potential than does the region
~ ofasecond conductivity type forming the first junction with the
substrate base.
34. The system of claim 25, wherein said transistor is a transfer
transistor which is part of a 4T pixel cell.
35. A method of forming a photodiode comprising:
providing a substrate base;
forming a first layer of semiconductor material over the base layer;
forming or providing a base layer of a first conductivity type, wherein the
base layer of a first conductivity type is either provided with the substrate

base or is a doped layer formed over the substrate base;
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formng at | east one doped region of a second

conductivity type below the surface of said first
woOayarogeanher ei n at | east one of said regi ons oPC&US2004/009400

second conductivity type fornms a first junction with

the base layer; formng a doPed sur fac Iayer of .a th

fi fetmiogrdlerst one dopghecgiriz Pt 1 frroRd qoadurtivighypr bglayh the

of a second conductivity type, such that the doped

SULHAR® bRMRT first DIEE wheseia anttapiumnt dbnidvdgiomst of eesond

one region of a second conductivity type. 36. The

net hod of .cl aim.3 | e £ cond

corfatt P?@??VyPﬁ8@2m5¥ggﬁﬁgﬁgbﬁg?g%ggi??ee3?% 37. The

met hod of claim35, wherein _the photodiode is f rne?

as farmipigrméepqshoi et dayer obalirstrandusthdy e ey tﬁ?és,ea“

wherein a p+ base layer is provided or fornmed, the at

| easle rop@ndsReRcordiconddtvity sgagrdclc drauh¢ deoped sufagpdayer

is formed as an n- region, and the doped surface |ayer

Is. forned as .a p+ g i
cr dptaiss kD BpfioR B A8 TearBUEL regih of QS GTRUI o tvivy
of a first conductivity type have an active dopant
cofgehtration within the range of approximtely 1 x
1017 to approximately 1 x 1020 atons per cnB. 40. The

36etIMednethod &ff daib35 Whilksreinnchic festaind asthd one doped
region of a second conductivity type is fornmed having

an active.dg t...CcO ' ithin the range of
apﬁPgQPﬁﬁ?grgs’;§C%U#§ﬁ?%&§%%§?g¥1nately 5 x 1018
atons per cnB. 27 WD 2004/ 0865Q7 E%T/USZ&$4/ 09400
3741 Thenaethedhefcrlam 3P avhsigm paiodeés r’r"’§8 Bdnction
between the at | east one of said regions of a second
congiiedd phdtwdiodgee and the base layer is at a depth
approxi mately at or above an absorption
38. The method of claim 35, wherein a p+ base layer is provided or
formed, the at least one doped region of a second conductivity
type is formed as an n- region, and the doped surface layer is
formed as a p+ surface layer.
39. The method of claim 35, wherein the base layer and the doped
layer of a first conductivity type have an active dopant
concentration within the range of approximately 1 x 10" to
approximately 1 x 10> atoms per cm®.
40. The method of claim 35, wherein the at least one doped region
of a second conductivity type is formed having an active dopant

concentration within the range of approximately 1 x 10" to

approximately 5 x 10*® atoms per cm®.
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depth of red light. 42. The nmethod of claim 35,

wherei n one doped region of a second conductivity
woppE/08650f or ned bel ow a surface of said first Payais2004/009400

43. The nethod of claim 35, wherein at |east two doped

regions of a second conductivity type are forned
41 beThwracthad fofchimf35s avhereinithe firstagrstionhervegh ther

conprising form ng at | east one doped internediate

I e Rikt VnedofishidSe gl S alstabridycdnduetipiay tipelang the
separating the at 1 east two regions of a second

copductivi.ty type, 44. The [ sapWher ei n
nBsgiayesia e ¢ Pt NGER oRhg ot Fon "
type are formed vertically spaced bel ow the surface
of deptihdoffieddighttayer, such that one of said regions of
a second conductivity type forns the first junction
42 i LhehbaSS cIdiRyss, vandeiansid dspadf regindoff €gicond of a
second conductivity type fornms the second junction
with the. doped syrface, la of claim

43 conhaTai i pe S 4P el by Bk sude TaRITEL R 0
conductivity type are connected al ong at |east one

43edFhe mbevodotf claig 35 veherainasdeast T¥P SOREALCSIQRLPE n t he
at | east one doped internediate region of a first

coRdusid Mrductivibetpraraforatd bdow 28uYiBc2 6086507
PCT/ US2004/ 009400 ""dopant concentration with the range

of  appr ox ely 1 x.lol ' 5 x 1017
at&ﬁ%ﬁﬁ§¥1ﬁﬁ%ﬁr§?ppﬂﬁn #h%égggﬂﬁ%gﬁkﬂgggb%ﬁxel cel |
conprising: providing a substrate base; formng a -
fi istermagiate wiiaead © 6558 (eRSHCHTHY SYPQPUEVRY t he base
| ayer; providing or formng a base |layer of a first

c 0@%&5&‘% e 40/BSt 0B EGbAs bNE sedoasleconayetiviof typef i r st
conductivity type is provided with the substrate base
44" The method of claim 43, wherein the at least two regions of a

second conductivity type are formed vertically spaced below the

surface of said first layer, such that one of said regions of a

second conductivity type forms the first junction with the base

layer and another of said regions of a second conductivity type

forms the second junction with the doped surface layer.
45. The method of claim 43, wherein the at least two regions of a

second conductivity type are connected along at least one edge

thereof.

46. The method of claim 43, wherein the at least one doped

intermediate region of a first conductivity type has an active
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Is a doped | ayer formed over the substrate base;

formng a gate of a transistor over said first |ayer
woanwosgsoa field isolation region in the firstPCagseqo4/009400

and form ng a photodi ode adjacent to the field

i sol ation region, the photodiode conprisin t | east
2D

ondopopagncenisiprovith the s81E AARRISEMATY)

e bel ow

the surface of the first layer, wherein at |east one

of 15 ahstokBEIORST x 2D arsespetcmdnductivity type forms a
first junction with the base layer, and a doped

sur,face | of a fir C fiylity type over the at
471eé@?cgﬁﬁﬁ%gépgﬂw%%pgﬁgé%%gég%%%%%%tivity type form ng
a second junction with at |east oné of the regions of
a yeoddigeonthsoriahasy; type. 48. The nethod of claim
47, wherein the first and second conductivity types

ar goRn@Rth first RyBEstsertonddtor Maeriabovmdhebas layan 47,
wherei n the photodi ode is a pinned photodiode. 50.

Th hod Lai m 47, i i che
pr S};ggltgal%ﬁro%og%?%groasgnlay@%ﬁ' ﬁ}s@ccﬁfd@tﬂ%ﬁ:}é gg%é?Wh'efem th

wherei n the one

doped region of a second 29 WD 2Q 4/0%%3%7 ,
PChastskgeueoBrso gondusiyiiy (YRS 6 Preyded pathathe substzage base or
and the doped surface layer is a p+ surface layer. 51.

Thes Febped 18tr fraict dvér tvhartsimtd hephot odi ode i s
formed having one doped region of a second

co

tivity t bel f .said fi
ayieroing b RSB e MRS RGE I D (he”

phot odi ode is formed having at |east tgo doped
e

r efooning fieldgealatien eghery st g st kygre an

rtically

spaced bel ow the surface of said first l[ayer, such

t haform@fiea phoiicid £Gans to thafidddmisiaoregimt,itie t y
type forns the first junction wth the base |ayer and
anot.her .of, said r

48.

49.

50.

photodiode comprlsﬁ%i AN&asPbnd doped region of a second conductivity

type below the surface of the first layer, wherein at least one of said regions
of a second conductivity type forms a first junction with the base layer, and
a doped surface layer of a first conductivity type over the at least one
region of a second conductivity type forming a second junction with at
least one of the regions of a second conductivity type.

The method of claim 47, wherein the first and second

conductivity types are p and n respectively.

The method of claim 47, wherein the photodiode is a pinned

photodiode.

The method of claim 47, wherein a p+ base layer is provided or

formed, and wherein the at least one doped region of 2 second

29



second conductivity type forns the second junction
wth the doped surface |ayer. 53. The nethod of claim
weo2¢p04fo860her conpri sing at | east one doped PCT/US2004/009400
internedi ate region of a first conductivity type
partially separating the t regi ons of. a,second
c ondudedtivity yryps/isan 154 S PRe F]h‘bgoPﬁ STEACHIAYST Bgher i n
the at least two regions of a second conductivity
tyBQSquagg_agcted al ong at |east one edge thereof.
55 The nethod of claim57, wherein said transistor is
a transfer . transi ] i Halths Rrhidpi xel
51ceflihe r%%&loﬂ ?é@arﬁ%ldﬁdf%l?égg%qr% p} O@%&dierrsag(rér system
conprising: (i) providing a processor; an i
pr dwvidgrapeadapodsegioagtiigseaend een W&Wﬂ%gﬂ&y WO
2004/ 086507 PCT/ US2004/ 009400 a substrate base; a

fi Kaifadedy@bidficsBRpECcONduct or material over the base
| ayer; a base layer of a first conductivity type,

wh [ he, b | . ' i vi
52; Se,lflf?leglgﬂ}g)git ?fgcflagmo@’y €l &eirfeife! pg(ﬁ)%(é%ﬂa@ WEh ety type

ase or 1s a 'ayer over the
substrate base; a field.isolﬁtion region formed in the
fi revingzardeast gl dappil xegiongplrctsond SORAUCHVIl) Bpe
i sol ation region, the pixel conprising a gate of a
t r 3R GlpEpaed brldh eiodirfde ofigjid dentlaten, duh thatt e, the
phot odi ode conprising at |east one doped region of a

second . conduct i vigt he
fiﬁgF‘#éy@wfgﬁﬁéF€F§C§¥Rf%a§#&§¥%?§?§§§P§§?Eg?%%s of a

second conductivity type forns a first junction wth
t hgubetian Withethe baselagCrmseanasherrefsaid aans G ag ¢ r st
conductivity type over the at |east one region of a
S eGRAch& esilifdivity typd B the second junction with the

doped surface layer.

53. The method of claim 52, further comprising at least one doped
intermediate region of a first conductivity type partially

 separating the two regions of a second conductivity type.

54. The method of claim 52, wherein the at least two regions of a
second conductivity type are connected along at least one edge
thereof.

55. The method of claim 57, wherein said transistor is a transfer
transistor which is part of a 4T pixel cell.

56. A method of forming a CMOS imager system, comprising:

(i) providing a processor; and

(i) providing a CMOS imaging device comprising:
30



form ng a second junction with at | east one of the

regions of a second conductivity type; and (iii)
woamalosery7t he processor to said CMOS i magi ng degiras2004/009400

57. The nethod of claimb56, wherein the first and

second conductivity types are p and n respectively.

58. ThesubstrAsdase; cl ai m 56, wherein the phot odi ode is

a pinned photodi ode. 59. The nethod of claim 56,

wher ei NfAc Pifed@8R nliddtedudior magyiabledtrahe bhgrlapat; and
wherein the at | east one doped region of a second 31

Y0 200 S50t PRI POEERUEIL L ot

surface layer. 60. The nmethod of claim 56, wherei ntttlhe
phot odtconkeictiviey tipe is Hspedstraigiese oF 152 yer over the
conductivity type. 61. The nethod of claim56, wherein

t he phofirdhRdaseas at least two doped regions of a
second conductivity type vertically spaced bel ow the

surface.of, .sgid first | ¥ -0 of said
regi ondf lﬁca%té%%ﬁe&l%% ﬁ(g%lgetrq 1\1/‘15‘#% tﬁtryt Eg”e% b%ﬁis the first
junction wth the base | ayer and another of said. .

r egi ona pixkl adjaesns el the Beldutalation (EEYHENE IieE Comerising a
second junction with the doped surface |layer. 62. The

et hodggat oFhatdhskior dndrd piestodivderadjdaagt ad tHeegt, thae
doped “internediate region of a first conductivity

type partiall separat i t J 4 f cond
conduck {‘Q/ﬁq%\}o%ycpoé? 19 %%[?é ﬁﬂ%ag&&%ﬁo@g P %gélg)?fno%lﬁeéov\%g rein
the at |east two regions of a sectgngl C nductLvi}I}/

type arendushivgytet blowghasuiksal tha rség‘@’é‘r>w ereit at least

one of said regions of a second conductivity type forms a first junction
with the base layer, and a doped surface layer of a first conductivity
type over the at least one region of a second conductivity type
forming a second junction with at least one of the regions of a second
conductivity type; and
(iii) coupling the processor to said CMOS imaging device.
57. The method of claim 56, wherein the first and second
conductivity types are p and n respectively.
58. The method of claim 56, wherein the photodiode is a pinned
photodiode. |
59. The method of claim 56, wherein a p+ base layer is provided or

formed, and wherein the at least one doped region of a second
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thereof. 64. The nethod of claim5.6, wherein said
transistor is a transfer transistor which is part of

wa 240li/08630el cel | . 32 PCT/US2004/009400

60.

61.

62.

63.

64.

/

conductivity type is an n- region, and the doped surface layer is a
p+ surface layer.

The method of claim 56, wherein the photodiode has one
doped region of a second conductivity type.

The method of claim 56, wherein the photodiode has at least
two doped regions of a second conductivity type vertically
spaced below the surface of said first layer, such that one of said
regions of a second conductivity type forms the first junction
with the base layer and another of said regions of a second
conductivity type forms the second junction with the doped
surface layer.

The method of claim 61, further comprising at least one doped
intermediate region of a first conductivity type partially
separating the two regions of a second conductivity type.

The method of claim 61, wherein the at least two regions of a
second conductivity type are connected along at least one edge
thereof.

The method of claim 56, wherein said transistor is a transfer

transistor which is part of a 4T pixel cell.
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