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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. Alternatvely, the CMOS

APS cell 10 may include a photogate, photoconductor or other photon to charge
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phot odi ode functions at a voltage bel ow Vpin. An

| et e The phetadiodé 18Hzms gworpesyplet regiomsiSy@gkavimga same
potendal 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
pinned to a constant value, V., when the photodiode is fully depleted. When the
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
Viia While the pinned photodiode functions at a voltage below V.. . An incomplete

pin®

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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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.
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Fig. 7TE is a cross-sectional view of a CMOS APS cel l
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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.
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Additionally, the semiconductor need not be silicon based. Instead it may be based
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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
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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 SiO or SiO,; oxynitride; a nitride, such as
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accunul ation region of a photodiode 331 is to be

titanyugy siligide; pmayfenibicide aeaepaicids, mokybdomemosdivides toir wntglum
i.s iaplanted,t h_ th i ng 316, and, i nt
L N T T

such Bs TYROW of YN viPhASPRgMSbe RIHRA heby HHWRRNY - A
lightly doped n- region 340 1s X

[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 STI 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



i mpl anted from a point below the surface of the
epitaxial layer 302 continuing to the substrate base

WO 286losesbher eby, the n- region 340 and the sub
301 forman n-/p+ junction. Preferably, th?éﬁ&%ﬁm’s‘m

(substrate base) junction is at a depth that is
edgeapiihoxilifatglon 39 adjaahmve vdrerabshue @oudepidonfegicatof a

light. [0041] 1t should be noted that if the substrate
Pho“é’élé%cfcaéll jsdoi bestogmgda p+ base | ayer inplanted before

or after photodiode 331 is forned, the n-region 340
for ] ' he p+.base | ayer. [0042], Th -

(9840 300 ot APERAEAAT BeBl B BHS wet ubdanso afpuen
the dpenis 31§ AAH WSS teptexiGNBY A3 BE O ' is n-

cpoklrl ecting photo- gedriljer at ed{' el(g:tlrs%g?#%:t@?%{)ght 18 D-GPS,
suchjasphaspiormsyarimicsedndmotpi Adlighthyedgpeaf h! fegdbn BAE i-
. Jegiagn 340. . so, an gptgl ed inplantation may al so be
implapire e @ RAUNE BrlaY the sArfageegf e cpiraxiaklaypr 392 aontnuing to the

Lopl.ant athon~i s ,carried out gt angl es ot her than 90
subsizdl 0% SDLY TS e Reriion 340 308 BE sBberee dpeapOT form an
- P2 prd 096 _ At : ration in .
S ) e (PR Wk SREERBR P ol thacis
apprayipracely abehlyove an dbpticn Beprhldfi8d aigpw®s per cnB, and

nore specifically within the range of approximtely 5

x 1015 to_1 x 1018 atons per cnB. The active dopant
[BOKEEN: r adf ghruld bemoted thasdf the sebstrateybast $61heinstrad erp+

i di nensi ons..of the .n- regjon 340
base EBE REb AR Yrtd LT mhotiore Ao fomicth dbe priggion 340

woum-foﬁﬁaqmgﬁgﬁit@@ MM PEvar opped or increased to result
in a lower or thher pYnhed potential, respectively.

50044] Next, a dopant of a first conductivity type is
[D842 lant ed Theroughionhdt0 Bpdighead wddban Blge bhehepité 387 ahd

P | ayer 302,. .as éhovvn in Fig, 4C. Preferably, a p-type
Ormy 8;5’3’9(95@&%}8}%6 532188 S Egien farrollesdng photo-gemmrarsdum

e, G S PR o st
Alsojan frggié DinPiiRra2d6 they Al Be 2ohHNEEHIB MirhhhE ke redlon 340, such

region 340. Preferably, the active dopant
that mr?le@tnnpam ouriedl cuhet paglsuothee ehdra9@degtdds rélsnvd fohihe surface

t he. range of_ approximately 1 x 1017 to 1 x 1020 atons
Ofth5§P1t%’H§%a3éqﬁ(§03nore specifically within the range of
approximately 5 x 1017 to 1 x 1019 atons per cnB.
equen rack:DE ) l.on. mask 315 is.regpved
[Con eﬁt i o;['gé aﬁé?cﬁgégmt%h%ntrﬂuon 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



to conplete. the formation of the pinned photodi ode
331. [0045] The p+ surface |layer 305 nay al so be

wo 2begogesh7by ot her known techniques. For exanpbeyukhfiaBiosno
surface | ayer 305 may be fornmed by a gas source
pl asma dopi ng process, or by diffusin% a p-type dopant
dopedpe sutfaceslgieraxdabveaghem- 30gionf F4shaath fonmisigtajugopen with the
| ayer, yer deposited over the area

.ar oped oxi de |
o R 40 e BB rt e doprne ePRGHLOR Gbdks PasuEHGYer

i j f ' i [ egi 13 t hen
s05, 8088 gl 9B AB IS VS B 36Ty o gt LA, ana
mor8 shadBcalp ReiGhithe tinddof ppr&Bhda2ty & x 108%8/ 1 209" atoms per
adj acent 'to the gate. 307 and on an opposite side o{n

cm’t Sebspauendp7therimplattetiop hoish Giléde r&ldveBby@oabtntional methods
spaigrngS 8 may al so be fornmed on the sidewall of the
8

1O COIRP MRGRRHt 06 Parnesephri@diode0ddlz] Devi ces of a

CMOS APS cel |, including a reset transistor, a source
082”5 FBE B 3bOh ARE: g Ry ey fsmiebnatier Kudwn
techhitfeB e FoPELGRSR! Rtk PRY¥uAA&Aa %@9% g)lqlf?)%%gﬂg}ao%aﬁgﬁmcc

conventional features of a
plasme sigipiremprogessy ed byhtiffadng de-83¢ dopantirts the epitaxial layer 302
(sutfa,ce)/n-lig, (substrate base) structure, with two
fronpan m-sity deped leyep ok adoped ipgide layerglepesizad ovexthermtea where

th ubsirate base 301. Fig. 5 illustrates the
Pho?%ﬁéégﬂitﬁﬁﬁﬁﬂ%f ‘charge capacitance (C) and
pi nni ng voltage (VP;,,) of the photodi ode 331 (Fig.

O0Aekn onalghot o dhe 3 (eage dfftuiofiSeln 303 g e be

conventi onal phot odi repfre
forniddrisy Bdowiratethodaaea dbpeéd) eegian o€ nt type d¢6htBedviBFint the epitaxial
area under the C V curve, the pinned voltage Vpi,, 2
layern$ O répentsashg gate Bhand pa, ag eppasiisrsidchefthergste B0 den the
T T Tl

gate PO bIS200ALRBA40Rchelst age Vpin2, the charge capacity
of photodi ode 331, line 12b, is higher than the

charge capacity of conventional photodi ode 13, |ine
[1)9.473 0049]Dgddest ofom@IMEIS AP cell, indddipod esteodangdstor hasource
an overall performance advantage over the

follo¥sys FeaRe S Hatnh? AABPCTH aBiiTge atsformed. byxmethtisrknown in the
art (36f gk?dvﬂl)c Ofﬂﬂ'ltllléroﬁ]r%cgs%i’c’ncgrrln.%e glsg %lcocvr\lliploycd 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



[ 0050] A pinned voltage, or pinned potential, is
proportional to both the thickness and doping
wo 206 gesyr ati on of the n- region 340. Also, a i
voltage is limted to a voltage bel ow a OM%?*E%%@VNW“N
operating vol tage. Therefore, the n- region 340 doping
voltagONGentheatiiawge o@yache odphorrtiede 881 alihs &9k, B Highverthan the
targeted _pinned voltage.. | f, however, the n- region
chargg4Bpacpi efgcanyaseana phiosedipde déclmaddd past an opti mal
range, the charge capacity advantage of the photodi ode
is diym.nished. ,[0051 ducj. n t odi ode
[(gf‘}g?énsi onédfjgé od% Ri%%%degpﬁ(&?dﬂ)?‘%%ggf hap pR oyerall
- t.h i i
PO A P B e B8 el o RS Raa, RF (PG 2 thter
certaimnsbodighey dsapbed bealoee at a sanme targeted pi nned
vol tage. Thereby the photodi ode 331 has a charge
c%gﬁcity advant age over conventional photodiode 13 is
[ er vedA pipped yoltages or pihnedavasential srprepoitbonabite both the

., Fiq. referably a d h of .th -/ p+ (supstrat .
thickpye and oplis (0GRS G thte® segion 34 Ao\ Samaeg valage is

e B N e L N e e
regior3eddsinp hoheeiedn 3P 68 secrast ddeiiHIR R fovedr eA1g¥ ted
~ degradation for red light. The absorption depth of
pinnadevpltagghtlf, kovedves.ahe e cegior 340 depihggoactmtesyer istdeareased
the absorption depths of either green or blue J
Past 3L QRMUBAGFAREF i %C%alf%frcaaa%‘%% VéPF"ﬁ‘Fa‘i’d%‘W%%@@F ghd 1s
dimifsQy ption depth, the n- region 340 doping
concentration can be higher for a sane pinned voltage,
preserving the charge capacity advantage of
[(UEdt]odi 0dRedding\Riot6dibde dihenabnPlRaioth 9decrkasedSpinned
preserved. 11 WO 2004/ 086507 PCT/ US2004/ 009400 [0053]
voltagh e Thersiere, ehe spaisraizephe piahastiphetfodiedodd hwnll had1higher n-
re .Oefgﬁ)c%i ve at ver .srrglﬁ]e phot odi ode di nensi ons, 1 )
S1O T oPCRINE PET U S FT EapACUaRGC A fdidcoargeted pinned

voltaff@t TheAls rﬂ@)h’%ﬁgocﬁoa%ﬂg@fﬁna??%ﬂ%xgeih&?gﬁgg{ﬂxjaﬁh ;ogtepan

Siliconin't vi si bl e wavel e suc
convaitiored phgesdiadt UBigptegstved. sem conductors of 111- V

materi al system and/or when sone quantum effici ency

|OSﬁ is acceptable. [0054] In addition to increased
[@rtlge capasiorsd abowesinsnpaestinmwithelig. 4B, preferably a depth of

the n- /p+ (substrate basc) 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 phqtodjode 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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reduce dark current and cross-tal k. Dark current
shoul d be reduced because to achieve asane el ectron

WO Mbs8ge capacity, photodiode 331 will neke batLRIS2663R09400
of the pixel volune it occupies and, therefore, nay

have a | ower n- concentration. In an abrupt p+/n-
[08331i on, Therefarepthedupeed phdeodibtld ofletndiontiment BB1 is effective
junction | eakage. Al so, cross-talk may be Br event ed

at vasg smahatedigde dagrevionud micrends! micrdneand bstovgifer
eGP LIS R AR RRRL A 500 in e
s ke B, LS AR Bl RBEbcop o -

V mapteniabshstaphodmiiop eh di6sboh ¢ g &6 @ing! aﬂi’tﬁtd&zﬂbsstib @cceptable.
i nvention. Photodi ode 661 is | ocated etween a gate

607 of a transfer transistor and a STl region 609, and
[ORefldes akn additien fednrciesscq-chargs @paeng thardmbddipent may

separ,ati ng a surface.n-_region 651 and a base p-
reduigg GRHE st 4ok RS i it AR R Rg redgessl because to

. . - r ction
achiGe] e ot o WAl PR g 4L TR ¥ Bk e of the
pixeboadufi® if®caupi¢s i, itBereRrk hmiaf @1aPea 36WeE hatSndra$@HBA1 In an

[ 0056] Formation of the pinned photodi ode 661 wll be
abrughé pey/inb gehanionk) the lefwer eloped tsaddFwiilsde tédnitie. thegfiactiom rakage.

Fi g. ZQI a substrate Qgge_601 of a first conductivity
Also, §%’és“| < R PoREEVentcd begrser the - sasioncti0 frignge to the substrate
X0Yq| | e . . _Instead.of a sub at e .hase
bascfHofLERE cibtsndod ion 1 Blses B8 HEoueRiral g Polia vhicp it

conveaYi®halphdtoliode! mfa9 Miffedel Mtd ¥nbdHRE phlaat is i npl ant ed
beneat h t he photodi ode 661 by conventional nethods

before or after the formati on of photodi ode 661. For
- [90RBIi ci t VEigi @ depicts ararplcompléresesobd tarsivedibese 0@ pinsed

ol oS AR U
oot 40 0 A BSENE, BT TSR e o
o 0o LORESHy A Bt 48055
regiom P82 s hidhf ieomin yonachichalohg adgagthearéofa phho xinfedeat -yrefion
oo 0] byt L0 Y G e B Bt o
joncBh i o SRR bt oL e 2 ST regron 609 and
[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

12



descri bed in connection with Fig 4A above. [0058]
Referring to Fig. 7B, after formation of the STI

wWOraeH/@es309 and gate 607, a first inplantati oRCHESKI04/009400
615 is fornmed over the wafer according to techniques

kn .in 1 rt., The fir ' ni at.| [.S
basso Bisor et el e tieB B b by FP Y A0peds
coxg«gcg)\ﬁ%ﬁi%na@i gtﬁc(ﬁn%@Sf SHr6xi8PA M x1IE ST1 x YEYa@ins per cm?,
ere a charge accurul ati on region of a Plnned
an@hedredipedécARlwitsint thehrengd of apgrtoxiFhetelyi 5 510" to 1 x 10 atoms
i nplantation mask 615 may be fornmed of photoresist. As

pcxshmﬁm in Fig. 7B, on one side, the first inplantation
mask 615 is approximately coincident wth the edge of

t te 607. On the ot ' the first
I oo w5 R hE s Sl b e snbis base S0L
BV 9863100k &X A5 600 £daPeftk dre wBllh R Tormed as

“*g09-adyacent to wher charge accurul ati on regi on of

deserifeatindioadecsil with Fig 4feabdwver med. [0059] Next, a
dopant of a second conductivity type is inplanted

through the opening 616 into the epitaxial |ayer 602,
Pr¥58]abl y, Refraridgpadig.i 4B rmitey fermagiemof the Hhbiggien 689 and

s 9t APt BB RS T SR B
D o e ( _ _

redfid i Blonf KPiheltt 78R byl dablinak s S ptuchiato

pr8Gilic HArdPeAh 61§ to ah Wik betWeeiThfe@lpatifithe Ehe 607 frid the STI

(substrate base) junction is at a depth that is_ )
regiopr@9 whted ¥ clrrgo acaimonletion regisorgfta pinneié phatastiode 61 is to be
light, [0060] It should pe_noted, that i he substrate
fopaed dbe frr mplaageR %aﬁP Yas@ay nggﬂpﬁ% PEREQEP%%%AS shown
. Qf e i ade- 66: r - o
o i i BRERE, TP SOl B 08D coinccen
with QKé B8ES6F ﬁ%&é@@@@&@@é@&er [sRRG the ke ipiahegicinmask 615

650 is aligned with an edge of the gate 607 and forns
ovarlppotiesEhkagive 689 abetedats oraagatemshpasy af ¢rige of Itee ST gegion
hot o- gener at ed | ectrons.  The active_.dopant,. .
oQoriari DI CHT A O AR 656t bBDaFdipre PR i to be
fbgﬁgge of approximately 1 x 1015 to 5 x 1018 atons per
cnd,” and nore specifically wthin the range of
approximately 5 x 1015 to 1 x 1018 atons per cnB.
005P] e i NMWéans slo &a seseddicontattivity dybe ipingplaheed through

of the n- region 650. Al so, an angled '
the opening 616 into the epitaxial layer 602. Preferably, the dopant is n-type, such

as phosphorus, arsenic or animony. 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 absorpton 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.

13



i npl antation may al so be conducted to formthe n-
regi on 650, such that inplantation is carried out at

WO 20/dseso70t her than 90 degrees relative to thepggris366/009400
of the epitaxial |ayer 602. The first inplantation

mask 615 is then renoved by conventional nethods.
[08$42] Ref dheimgegionrd IS'Aégnad satom edgpbithicagito607 and
mask, 625 is.formed over the wafer by conventional
fornit RBAC SRR T HAEER SOTHEs TRHRR i OPEH R PBOE-BrBsatachc
- _reai i npl: i . 62 iy
clecllpat THARR dob it REEER R LFMEY BUOTS S0 1oy, BB ichin the

ran roXBa8¢ly att 20 BHx 9% Lvaisl FRTnt®h _@n@ﬁhorers?@tiﬁeauy
609, but does’ not extend over the photodiode area. On

withtith ¢hotinge afiappratimatadp Sonti0i*rpllan 6t momeask c625 Multiple
xtends,a di stance D past _an edge of gate 607 over a

implagEs gy, berused o wailor ghe profs ©f thoos 332ivn &58af Alsp, amangled

. [ ' f.th - i on. 650_ i
B e HDeghe 2558 S o
impRABMH s \chinkd Rt 2B seftﬁgxll anl9iPde 4P VR B tﬁ'c.tsﬁ%gce of

dopant, such as boron, ber Ium | ndi umor nagnhesi
the ésitaxsd dayer 602 Filhe s implangitidrymdsip 65 igthehredicved -
region 670 is formed in the n- region 650 such that it
Conmajaﬁﬁﬂmﬁbe portion of the epitaxial |layer 602 on a
| ateral edge thereof. In this enbodi nent, the

RGP keBiad B85 AP Pafilie ot s e
oves kRS bf ColR R HEBUR, Byl Lt EELATLBGBG over
the negigion 680. THessecond imphinedionalaslo 62k sy 418y balaSeydhof

-conducted to formthe internmediate p- region 670,
photgresist; {3 angside the sesendsmpdantesdn guask 2 Saongregs oheh STT

. rees relative.to,the,surface of the .
resbfio, By S0 S° LA ABRUERES B Hloter e

secon€ iAo AR S 2 5[ Q&M T HRrACL iDF/J ﬁaﬁ%?egfﬁc of gate 906 overa

concéntration of the internediate p- reg
portwprt bf thet ireregamg@5@f approxi mately 1 x 1015 to 5 x 1017
atons per cnB, and nore specifically wthin the range
f proximpately 5 x 1015 and 1 x 1017 atons per cnB.
[2&%3'3 t he ﬁf@?—%@fd Rptatermediase portiomof thesn-eregidre 650 is
' Lntermedi at e regi an having an, actiyve
Comggg parﬁé . %n]gge%furl%?g B OBt ng%f% _ aflc%‘f“% Wges &Hﬁéf‘ﬁ%{%ﬂ the
dop&a5i€a PlbealtfhahfSush b BBForp,J‘bcrr?ﬂhﬁﬂ i288m bPniielsifim. As
case, thée acfive dopant concentration
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.
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of the internediate p+ region 670 may be within the

range of approximately 1 x 1017 to 1 x 1020 atons per
WQRHWI/086M7 nore specifically within the range ofPCT/US2004/009400

approximately 5 x 1017 to 1 x 1019 atons per cnB.

[ The rmation of the internediate p- region 670
UM o1 e 186 B et bRl e Splirsiised- Higon 670
mdy RPRRhH tHeGdh o of3 rolth&RLAT € 1087 {d 8hd Y07 SRRAL g&e&nz and
y the internedi ate p- region 670. The two n-regions
mdie kpedificly Avithignthe taggnofgipedyialanelg S5at 10€asid DRE BUYSmSs per
thereof. Preferably, the n- regions 651 and 652 are
cmd o e tthel intepngdiate peregtoromay aegead: broa baghlymloged iimtermediate
aIi_%n d wth the ate 607, causing the n- regions 651
P+ FREBLRVIREA AETEICPRISE SONFAREORSHRMFe nthat 6} gheswibstrate base

- ' . t i - in Fig. :
60F SRRE SATATR FYReigh W0, 5 BEAARREC, o b lopdishfcenrrarion
of HedBtE@Endiiite -CRBIGI6T O tidy teewitirdtRSrank @B Gpp %8l x 107
above, the active dopant concentration In the n- ’
to de\gl@"i’i at@8OpeFim’, a08) moey sppeifivalihivithih ehe eamge affapproximately 5
approximpt,ely 1 x 1015 to 5 x 1018 atons per cnB, and
X]ﬁﬁr%’iﬁgﬁﬁ F‘%’&F‘WCWIP in the range of approximtely 5
x 1015 to 1 x 1018 atons per cnB. The active dopant
C trati i -chegion 650 my_al.so chosen
d@peﬁgi ng oﬁﬂf ﬁgmél%}%rr%[{]n(s)f%hﬁgn g_ FRETRP Fee%_f’]&r??%@é? %’ﬁ’a“ two n-
redi8es: { O str@eld- reBiod 65Eghd §bhal ANRGIAPESA! Wblich drk partially
desired, the n-"concentration may be dropped or
sepanged dyeatie imermsdiate pregidw 0. dthehingheiregions®d1 and 652

potential, respectively. [0067] Referring to Fig. 7D,
refhai congeeter adongpl lsattaneqrigsdbrree8 s Praferabhy, thel nogegions 651

t waf er by ceonventignal nethods and.is pafterned t.
anit 35205 Eomiefd Rt ofE cdpniiiot of aRie dieagqanth the
ga@PSOT NAuéiAb (RE nt Reribhd 681 LARIGRDL BbhQdertBSK aQ'J@%lc,(&:)' shve a
7B). 'The third inplantation mask 635 nay al so be a
reveasee-sbipphroviowed ifisim th pp @094 /sB86HATE Fig. 6. Subsequently, the
PCTI_US%OO4/-009402 Then, a dopant of a first )
CORIRRIFRAEYD (35E G20 B KRPANEE BSLEA conyIntional srrbnianss 636
into the epitaxial layer 602. Preferably the dopant is

d L1 i.ndi. .
LGOIPE oy BB oL S LR doBBRY contkrabiB IO region
650QFIE d7B Yomey bk Ratiin the giri %?I&Hﬁﬁ_télﬁ atx 10¥ tB5 x 10" atoms

surface | ayer 605 fornms a juncti

S

ion with the surface

pencmy ggidomoss dpec BRBE withie ftier minlgy of apprauimiavedy xpk0tE to 1 x 10
concentrat|j gn of the p+ surface |ayer ) _

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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605 is within the range of approximately 1 x 1017 to 1
x 1020 atons per cnB, and nore specifically within

WQ pW4/08a3g of approximately 5 x 1017 to 1 x 101EBCEUSR084/009400
per cnB. The p+ surface |layer 605 nmay al so be forned

T e
B4 BRSSP R BB OB B & boron,

bcz?r[ljlﬁndiﬁﬂﬁﬁn@firﬂﬁ%dc@,ﬁﬁﬁ, ArPo piding doped ptharfieetyehed® is formed
he phot odi ode 61l is to be tTornmed. [0069] As shown

ovérthEing re@bp & I, Isoelt idmay thik fof-usirne taygr 605 608nsrayundriom with the
be fornmed by known nethods as a doped region of
SUfﬁaCFyUpéC@Qﬁdi%t-i vity in the epitaxial |aver 602
adj acent to the gate 607 and on an opposite side of

t te 6 a t he t odi i_de L.

998687 soar ek s B Ry RE Sodpbuagi it g gugface laver
60934 %itﬁﬁ?dﬂ)’mﬁ@@_\ﬁ%ﬁ%ﬂiﬁh_ R QAR tOQA0] 0 Paib AR ePEmA, and

CMOS APS cell; incltuding a reset transistor, a source
mdrelspeifxally vattih she rangnof pprovinsetlect x tL0Xnsi $ txak0'da@ms per

fornmed by nethods known in the art (not shown).

coPurlieer prbee savien§Ofepanplso bsdornpt Syarhepkrowmtetmiques. For
CxEBBIS it SRS SGATBU S GB TR BF Gk PR S igis doping

i 2 - 1 i . ..al 1 | . .
PrARRRFLYNERBEL S LUREAL RS B a0 LI o i

dopb@ 198t 662 dbged bixitle Byer ddpwsitd bidudlerat£whiefethe photodiode
rel ati onship between charge capacitance (C) and

66piinrm hgfumradage (Vp.) of the photodi ode 661 (Fig. 6),
represented by line 15, and a conventional photodi ode

S0E v 2s SRR IR e oo B Pl RO el BAE maythen be
for?%cﬁlf}?ﬂﬁ%ﬁﬁﬁ&h%@ 'ay%it?%gﬁ% BRF -8y RPRSHRII BRI hY the epitaxial

e that of the ph 1ode 13 of the prior art

laylee l60W adjapeimnedthevgite &9 dvid-on ad loppefiot side tofiehe ated®” from the
capacity, defined as the area under the CV pi

; ) prn
phetediede §p1 pHidewiibiracers 08 may gherbet fosmeginn Hirasidrvall of the
capacity of conventipnal photodi ode 13. Accordingly,
gaf%&%h%?BBY%@”@EP?&ﬂgﬁr ovi de an adequate
phot osi gnal at a smaller size than a conventi onal

PheuAdi ode Bvicel 80 Z@M@§W8%hymchﬂgﬁgia%% transistor, a source

potentials of the two n- regions 651
follower transistor, and a row select transistor are formed by methods known in the

art (not shown). Further 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
between charge capacitance (C) and pinning voltage (V) of the photodiode 661
(Fig. 6), represented by line 15, and a conventional photodiode 13 (Fig. 2),
represented by line 11. At a same voltage V,, the capacitance of the photodiode 661
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652 will be simlar to avoid inmage |ag. Additionally,
the surface n- region 651 nmay have a V;n higher than
wo thatosedo7t he base n- region 652 to ensure conHEVES2004/009400
charge transfer and avoid image lag. In addition to
I ncreased charge capacit this n?odlnent may
is ag@mmcwmmjm of ¢he pharogéedsuk of Fie POoF é@.h;}pvgszmned

voltiééﬁfﬁﬂi lerelie rrhare, raan s Bk SR S Hene oV
00
gglé.oﬁo'scﬁﬁ&’é‘ggl the: gh %&]@ah& &3 f‘h{;’e‘gﬂ &axigg??g%le

pho'cédlaex 13l S&cc'%%difn@;[vméﬁe BbR@licde 661 epi protidé ah agequare
over a p+ substrate. As known in the art, acceptor

phot&gadar wonlatlehsze fpinan¢enentbatlohdredipdedd. i al
barrier to electrons would be fornmed, and n-wells and

well's woul d be inpl anted er transi stors
(R85 be 1 SFEHEERDLY, G@W}M&wfcx}\ﬁlﬂ?ﬁ Wi By Eegions 651 and

t
L

havJ: G}H%ﬁ& thQﬁSﬁat She dasent §c &h@a]& V] %ﬁbm&rtoahpletcmrge
pp fcaBility to photodi odes fgclnrmsd fromnpn regions
tradsferansiulveid aheze [ipe Idmddxﬂomwdmcmashsrb‘thavgt yapgﬁpﬁsthéﬁ
all structures would change accor d| gly, w.th %2 q
embedinutns mayaprevisis 1sguere erosy-talk 87 Kgen 6 thqun S to

TR oAt on. =

anl é(lentlon is described in connection wth a

our-transistor (4T) pixel cell enploying a transfer
transi stor having a transfer gate 307, 607, the

[0@EBY i on nﬁamcaigmﬂmenvcmmrpxsrcmcardmdmsdvmg formed using a p-

three-transi stor cel | an{] flve tranS|sta<i
cpitasiRl lavst pyera B*rseiéﬂqatau i g gl d pping B PR

Ovcggsgs i nsggl]; a{%@ E%é‘?'%r‘gg‘?g ad géC%E ec o’a pli Pﬁ ng o?%%huenpﬁanmd
whg:%ot S ﬁg%ﬁﬂ%ﬁ@gf t%cé-[éé%%ﬁ@%%m&&gm@ﬁ willstanel p-wells

de and the floating diffusion regions through
woatd by émbhpraf wheteeMOb tensisiornwoelg bnidsmaggi ng t he
two, which is well known in the art. A 5T cell

dlffersfromthe T cell by the,addition, of ter
dilst or BlsoaWBNBES AR EGHR E d%%ggthrlﬁgg%onﬁcmon

%ﬁlrmgéslc %g%gg 7 ﬁec‘ @Hoﬁ%ﬁ&%y 88 Fﬁbﬂq@. ?gt ﬁrfrr&é@o these

I'ng an array of pixel's, which
embydiMaRS. PrReinSeRE6P aldb hds hPplidaBility to photodiodes formed from npn

regions in a substrate. The dopant and conductivity types of all structures would

layer

change accordingly, with the transfer gare 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 (47T) 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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enbodi ments of the present invention, is illustrated
generally in Fig. 9. A processor- biased system 988 is
ry of a system having digital circuit
WO Z?gmggéo?n)él ude C)I\//[)S i mager devices. Wt hout %%?QS%WOOMOO
limting, such a systemcould include a conputer
regiansfdhye pbenediads ped ¢hy floawmm diffusire igiensibsbogh an overlap of
vehi cl e navi g vi deo pho surveill ance system

the SR & 1o BICHSIARIA (e oYP dURER b yldoTRow e art. A ST cell
iR TSP b AN AT AP aBRe B S AR photogare

transit6t.em for exanple a conputer system generally
anconprises a central processing unit (CPU) 986, such as

a m croprocessor, that comunicates with an

[06B6} / out putypital rockssdrems@B 2ysoarnr988 bithudiBga GMPS imager
. . | mager 981, which produces an inmge output froma
aew&% haypggn agray of piksisnyiieninciudgstpixelh acoopdingrroghe

ero 84 Efert B¢ P st RLSEERE Rk 965 S e R procesor

i Bkt Ik IR ey 'ha?%g" i LAR% O includ
e e B ey o £ VR b e Bt il include
CM@Biimhgal devicesmwithoat leeing limiGRl, 466 OvRterh BELRUSRRR 2

The CMOS i mager 981 may be COszt_)I ned with a processor ;.
COMBR{EH SYHEETR, CIMRErady$iEmabcasingy ahaghine wiskar, velnicle navigation, video
rocessor; wth or wthout nen%iy storage on a
0 ¥

PR ST ER PP (RCHSSYHF Mo §tar 4T ek, rergpﬁngkfsm:non
: ' ' hat the above
Sre A arah S gt RS il | lrate
preferred enbodi nents that achieve the objects,
[0@ZTur es AaprbaasboribasgEs sein,{fBe eRUABRM coRPER ispfem! t
i s not intended that the present invention be Tim fed
gencg %lytqsp@iprpqegl 3 cenralprestssdigiutt 6CPRhyY$mdiuth ent iminrapfocessor,

. t. i i whi c S.Wihin the spirit
s S R AT bt 2B e
O i Pod e B TRAR: oML R ol Sl g

commasiates veith thessysteay 088 afves bt 989 d IHieOprdtads6f-badeddystem 988
the substrate base; a base |layer of a first )
also pghies randany aggese memrry RAMME8B aged Inagyeinclotle pefiphetal

devices, such as a floppy disk drive 984 and a compact disk (CD) ROM drive 984,
which also communicate with CPU 986 over the bus 989. The CMOS imager 981

m cro
phong; &

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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conductivity type is the substrate base or is a doped
| ayer over the substrate base; at |east two doped
regi ons of a second conductivity type spaced below 10
the surface of the first layer, wherein at |east one LLOYD WISE
of the regions of a second conductivity type forns a
first junction with the base |ayer; a doped surface

| ayer of a first conductivity type over the at | east
lamsy egi ons of a second conductivity type and forning
a second junction with at |east one of the regions of
a second conductivity type. 15 2. The phot odi ode of
tlaimkbhowhho@énonmwSﬁmrst and second conductivity

n respectively. 3. The phot odi ode of

types_are
cl ai n? 8Ub %\52%‘?2?%% he photodi ode is a pinned 20
phot oglkipg¢ayed- ofE@?m&leHlR‘f'«erﬂﬁtéPfal elé ﬂﬁb%ub‘éﬂﬁ[@b@sé he

base [ ayer |s a p+ base layer, the at |east one doped
r egi om base dayssbadirsborndtivity typey pherein dhe base dayesof a first

o THE R a0 B e POVt el 4 iR el hyprthe

and téeApedasys face |ayer have an active dopant
concentration within the range of approxjmtely 1

1017 atdeapipwexdopadragiansofidseceithaan IV&Wpeswa@ed below
The phat I [

T AR e Al HERAE P AT P SRS el or

act i véestmpladinduetivigntypatfoans wifirsi junt‘,tllm withnige bate layer;
approximately 1 x 1015 to, approxi mat e%§5 x 1018 F\torrs

per cagoped surfaesiaysr of a first qendushivitblypsRvesthe phleast two
wher e
rogl oetdioef 4 Econd BN RAVR NI Florr s b 2REng Jurcin with
| ayerat lsastt oree ofithet legamsrahd mwidyccatduchvuabtwe an
absorption depth of red light. 5 8. The phot odi ode of
claim1, further conprising at |east one doped
pnt er pRebAbRdicdE 8Nciim a, Whesdin a8e et tndl dacohdRDnductivity
partial [y separating the at

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.

5. The photodiode of claim 1, wherein the base layer and the doped surface
layer have an active dopant concentration within the range of

approximately 1 x 10" to approximately 1 x 10%° atoms per cm®.

6. The photodiode of claim 1, wherein the at least two doped regions of a
second conductivity type have an active dopant concentration within the

range of approximately 1 x 10" to approximately 5 x 10" atoms per cm®.
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| east two regions of a second conductivity type. 9.
The phot odi ode of claim 1, wherein the at |east two

regions of a second 10 conductivity type are LLOYD WISE

vertically spaced bel ow the surface of the first
| ayer, and wherein one of the regions of a second
conductivity type fornms a junction with the base

| ayer_and anot her of the regiaons of a secon
Eondubie PhoPAGHRoT GAVR 1anaHIE TN {SGIAE hedyesn at least one
sur f a&ﬁh%ﬁé&i@ps@ al&cto-ﬁe%o‘ﬁla%ﬁ\myggﬁe %fndcth@'éfé‘sé’layer is at a

wher el n I'east two regions a secon
condugépthidpproxipately @t coabeee ad adlsorpficat dépthsif red dght.
edge of each respective region. 11. The phot odi ode of
claim8, wherein the at | east one doped internediate

g0 1 eghOBhbBRsHicHE 8CEIaNSE 19ARMEY cORIPIRIHY af Ieast dhd Bopée
range of =~ approxi mately _i x 1015 to approximately 5x
1017 iatermediate reg®n of A firat pod urlivilyl & Reopitially sgparating the at

substrat e base;. 25 fLr I ; 1 conduct or
mat erIFQFFWe?egt'%S gﬁ%gwérﬁdec@ic&c;tlg&y @);,S'Qe | ayer of a
first conductivity type, wherein the base |ayer of a

first conduct.ivit% type is the substrate base or is a
YopedThepbetasiede ohelaing dpwherrie thegbleasiivalggiens of a second
regi ons 9 n A

ok g P o SRR b R UL Blted st ver

base 4&yahereth@nei ¢f thBeegions of agieeoad ebnduskdiyrtgpe forms a
conductivity type are connected al ong at |east .one 20

LLOYDUREksn wetagge@@ss;i%wrraé@pwthereof?t@sirea',onérﬂf a second
wher ej edi

Coer R SRR o AR 1 8080 durpcefver.

| ayer; an internedi ate doped region of a first

ndugti vit e rtiall separatin he two
841 ohae ghotociddS afaim Bushermif i 7blsaSs i selBas gL second
sur f agshd Yoty Bfpefarkl dotineefiPaBhh it least YRe e ofidih
region of a ‘'second conductivity type furthest from
t he brespectiyeerega@l forning a junction with the region
of a second conductivity type furthest fromthe

11.  The photodiode of claim 8, wherein the at least one doped intermediate
region has an active dopant concentration with the range of

approximately 1 x 10'® to approximately 5x 10" atoms per cm®.

12. A photodiode 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;
two doped regions of a second conductivity type below a surface of the
first layer and vertically spaced over the base layer, wherein the two

regions of a second conductivity type are connected along at least one
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base layer. 10 13. A pixel cell, conprising: a
substrate base; a first |ayer of sem conductor
mat eri al over the substrate base; a base |ayer of a

first conductivity type, wherein the base layer of a LLoYyDwisE

first conductivity type is the substrate base or is a
doped | ayer over the 15 substrate base; a gate of a

transi stor formed over the first |ayer; a fie
i sol sdamof eapvrespeetvaIragon NG Whetein ape of t%amaregions of a

phot Ogéc%% &%%%ﬁmsy {,{geg{;ﬁ? jﬁgl&%ﬁ‘ﬁk bh&SiRer; the

phot odi ode ~conpr | WO dop regl ons of a
seconah echediate dopdd/ mgior6f a3 [ﬁe&texbnbebtmﬂytthpe spartiailtye

of the flrst vvherel

bl Chrpashing LR Bieradisin e s oregnd ooty P and,

J unctj BP pdt S0rfabe IR *f al fR¥EEondiRvity %B%i/é (7 ?é‘gfion of a
layer of a first conductivity type over the at | east

two reapiondscapiduatigityctype fudhel&to‘tomﬁh@' baygéayan@nﬁo‘orﬁwg a

2 scobaierblicP Irdhhdy Besec3Bd pfdeRun Ve TR g the

cl ai npdsy |apeerei n the first and second conductivity
types are’'p and n respectively. 15. The pixel cell of
claim 13, wherein the photodiode is a pinned 30

oto SE 16. The pixel cell of claim
?g V\ﬁé}?&?ﬁeﬁ,hce&hé)YBn ayer is a p+ base layer, the at
| easta enbstidgeashgeegi on of a second conductivity type
is an n- region, and the doped surface | a p+
surf a@ @rqté@)@r of semyicongictes '%‘éter@i PVe'b‘?‘ec?Ui%SFﬁai%
V\,here g f
ondc Bree e s EHERRRY g WhREe th?‘g@%éﬁ%'é‘* of a frst
sur f acendvictivinetyplel is she sapstratewaseaims ardoped laier over the

regio of .a,second conductivity type forns the first
jUth?@?‘FW?HaFﬂe base | ayer and another of the

regi opgafd ofa transistor formed over the first layer;
a field isolation region formed in the first layer; and
a photodiode adjacent to the field isolation region, the photodiode
comprising at least two doped regions of a second conductivity type
spaced below the surface of the first layer, wherein at least one of the
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 two regions of a second conductivity type and forming a second

junction with at least one of the regions of a second conductivity type.

14.  The pixel cell of claim 13, wherein the first and second conductivity types

are p and n respectively.

15.  The pixel cell of claim 13, wherein the photodiode is a pinned

photodiode.
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second conductivity type forns the second junction
with the doped 10 surface layer. 18. The pixel cell of

claim17, further conprising at |east one doped LLOYD WISE

internedi ate region of a first conductivity type

partially separating the at |east two regions of a
second conductivity type. 15 19. The pixel cell of
claim17, wherein the at |east two regions of a second
t®nduthe pixey cel pkclaire 13omhereiadhebang laverizadt age layer, the

edge of C [ [ oo : rani
o e, Sightde ASROFAYNTof SULAAREHERLA R0 U pion
condugid tHe dopéd perface hiyegistdp+secfacd Iayercti on with

t he doped surface |ayer has a higher pinned potential
than does the region of a second conductivity type

! . . o -
Y7 T pi@L el 8f plalfi 43, Whetkih e AFIeRiS 840 BbPedtedions s a
i s a $ecomsf@nductivity tperarewertidally sppaed befovathe surface of the

four-fransistor pixel cell. 22 A CMOS i er . syste

compr 1St Ryer. whrRin Be SE s resiansbizSeeqr otk e forms
| magi g H8vjuReticP With@de bask eyt perssdther MeEEdns of a

I magi ng device conprising: a substrate base; 22 LLOYD

W SE secdnidraandugfivity typederms theisecand juaction withdhe dopgd

base Iﬁ¥er;|a base | ayer of a first conductivity type,
wher e?H'3%5%' g5 e | ayer of a first conductivity type

is the substrate base or is a doped |ayer over the
substrate base; 5 a field isolation region forned in

18e fThepixehgell of ghimd 7pfuthercomprisingatieast ene geped

gat o BIEREDARTELRH S pistEoRudeiig e pafaR, 58bakHg the at
gopggﬁfggﬁ?giéﬂi@om@éodrhdndendnmmrtysyp’eg at |l east two

19.  The pixel cell of claim 17, wherein the at least two regions of a second
conductivity type are connected along at least one edge of each

respective region thereof.

20. The pixel cell of claim 17, wherein the region of a second conductivity
type forming the second junction with the doped surface layer has a
higher pinned potential than does the region of a second conductivity

type forming the first junction with the substrate base.

21.  The pixel cell of claim 13, wherein the transistor is a transfer transistor

which is part of a four-transistor pixel cell.

22. A CMOS imager system, comprising:
(i) a processor; and
(i) a CMOS imaging device coupled to the processor, the CMOS
imaging device comprising:

a substrate base;
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of a second conductivity type spaced bel ow the surface
of the first 10 |ayer, wherein at |east one of the
regions of a second conductivity type forns a first
junction with the base |ayer, and a doped surface

| ayer of a first conductivity type over the at | east
two regions of a second conductivity type and form ng
a second junction with at |east one of the regions of

a second cafigridayersiafsenygenductormaterigh ovorthehase layar m

are b and 5 bRaS RN IS SGRARRYRPHALC NN hEBESs layer of
wher ei n t he fipdtaionduotivity typea ipthensubshiate bdsedeis a ﬂ@péé layer

The systemof claim 22 wherein the base layer is a p+
base Iayer?VQW{BeétUbSFré@slPa%e doped region of a second
conducti vi L i - L OF tﬁ‘anigr . d
surface Ia;é/)élrewgsgtléﬂqggﬁpgégﬂ%ggheﬁ. tféaggr, e system
of cl ai m 22 pixdheebiadjadeat t thiedfiedd isokaticoregibm, de pixel oéll

a second conductivity type are verticall ace

bel ow the SUPPHEEYSH g%/tﬁegfafV?gﬂsﬁoléwmec{/ﬁ%‘?éﬁﬁ%'6%4"’%?“ and a
the regi On?h@lfodﬁzo%f?@r%‘ﬁh&%ﬂﬂj&tédméﬂsihgﬁ@ |22t o dbPed regions
first junction with the base |ayer and another of the

regi ons of ofa seeerthdordurliviy tyne spacasebelowrthe sweface of the first

o S8 i b SO Plhe TG AE b A Honcbnductivity

conpri si ngtypl foAASta BEjudeReHwithtes Bade dyer! 89d ardopedssurface
first conductivity type partially separating the at

| east two teygreha Tiest aenduetivity typd @uet the atleagiwo regigns of a
The syste ' . el : I : ; ;

regi ons o?js%éosngc%rgal?cggﬁmei z%/rﬁ t/o'?ﬁ/ﬁa g'(régaé% l¥1i‘feb(§'to QOYV ith at

al ong at | past onaef dugregidnseaich secaapecnductivity Gipen.
29. The systemof claim 26, wherein the region of a
second conductivity type 10 form ng the second

byNCtirRY sPsfehn b ElaftRR2d whieréinGRe Fitst @dhsstondiidiidettivity types

are p and n respectively.

LLOYD WISE

24. The system of claim 22, wherein the photodiode is a pinned photodiode.

25.  The system of claim 22, 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.

26.  The system of claim 22, wherein the at least two doped regions of a
second conductivity type are vertically spaced below the surface of the
first layer, wherein one of the regions of a second conductivity type forms
the first junction with the base layer and another of the regions of a
second conductivity type forms the second junction with the doped

surface layer.

23



10

15

20

25

30

pi nned potential than does the region of a second
conductivity type formng the first junction with the

substrate base. 30. The system of claim 22, wherein LLOYD WISE

the transistor is a transfer transistor 15 which is
part of a four-transistor pixel cell. 31. A nethod of
form ng a photodi ode conprising: providing a
substrate base; formng a first | ayer of sem caondu tor

26t er The system Ph@lamgé fugther compriskigatigast ong 60p
a baslﬁtérﬁYe%ﬁ?tgfregl c%fs‘aI firsP BIMEItiVity ¥ {ﬁey B&ﬂlawgﬁﬁé&uﬁa?he at

base Tayer conduct|V|ty t

provi ldadt twd fedidres sldsecandcomdisaivity type.a doped | ayer
formed over the substrate base; formng at |east two
doped regions of a second conductivity type bel ow a

r f afRe @2 of £laith 262¥Akreilife at Radt tWe Asdios 8f &fsecond
e regl ons a second 25 conductivity type forms a

f i rstccpnmmtwmwtmetafetmnl@am alapg at lgast enagdgedsirash
surface Ia‘}{er of. a first conductivity type over the at

| east "CSBREWEHYA of a second conductivity type, such

that the doped surface Ilayer forms a second junction

wth at |east one region of a second conductivity

29pe. TR sgstenThECIABD dw@er@néhcmraonmérsgmnﬂ@nﬁw%\ﬂty type

and s : n YA

Fespaliii ¥ SR ArRA 1, bipBa 30fale layer fos;a higher
31, wpiened Ii)dté?ﬁlawlmdrodb@simé edi®T okal sasord pomdctivity type
phot odi ode. 34. The hod of claim31l, wherein a p+
base foapéng the fﬂfﬁbM”&B@l“ WthftB?r%'BStra@ B3Re.at | east one
doped regi on of a second conductivity type is forned

as an n- region, and the doped surface layer is forned
38. a whesyst&em:ef clIaim@Z whereifiiiee trankistbro$ adransfettansistor

wher ei he bas and.the d d | f 10
firstW gk?ﬁfdﬁ&a ft‘%/ rﬁ@ﬂ%ﬂ%réﬁelo‘;ﬁlrveagggagt :

concentration within the

31. 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;
forming at least two doped regions of a second conductivity type below a
surface of the first layer, wherein at least one of the regions of a second
conductivity type forms a first junction with the base layer,
forming a doped surface layer of a first conductivity type over the at least
one region of a second conductivity type, such that the doped surface
layer forms a second junction with at least one region of a second

conductivity type.

32. The method of claim 31, wherein the first and second conductivity types

are p and n respectively.
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range of approximately 1 x 1017 to approximately 1 x
1020 atons per cnB. 36. The nethod of claim 31,
wherein the at | east one doped region of a second
conductivity type is formed having an active dopant
concentration 15 within the range of approximtely 1
X 1015 to approximately 5 x 1018 atons per cnB. 37.
The nmet hod of clajm 31, wherein the fi #nctlon
¥ veEhe pTRthad of Bl SloNbeapinhe PEtadode i fodnedE aipinned
condu&ﬁégPBﬁ ctype and the base layer is at 20 a depth
approxi natel'y at or above an absorption depth of red
light. 38. The nmethod of claim 31, further conprlsing
formng at | eas ne .dop |nterned te r.e

341 o Bo Ralboqof Tl Wierena Py Cosh VAT rovidsdpr formed,
| eastyy

30 T R P She PO 3?2?“5*’:?%@"’%‘%““%2@6 Fagmed as
r egi oars nefegioscamrhthe depeilisyifade kayerisdoemned fasrarp surface
vertlcally spaced bel ow the surface of the first

| ayer@€lich that one of the regions of a second
conductivity type forms the first junction with the

base | ayer and anot her of the regions of a 30 second

g@nd gihe wmethod pb elaimrits wheseindbe hasplaxarnand e dprasklayer of a
ci o rivsbEOuRETy R HHenave b JE HgFentotnolifatEh 1y flne

condugdnigel dfyappredintitély qoxlnthtechmiromawae)aso-’-"oatems per cm’.
edge ther eof. 41. The nmethod of claim 38, wherein the
at | east one doped internediate 5 region of a first

ndu [
WFrn Th ool o BIchts PRI Re IR o8 Rlgifof
appr ogédaridetonduckivitp fypeat di@nanméhaving&n aiveAlapainh cdnedntration
formng a pixel cell, conprising:. .1 roviding,a
subst vlnE Bedanas of AbREIRiens X 1/ero BPoGaBIac 18"
mat er hRimPYeF ciPe base layer; providing or forming a
base [ayer of a first conductivity type, wherein the

LLOYD WISE

37. The method of claim 31, wherein the first junction between the at least
one of the regions of a second conductivity type and the base layer is at

a depth approximately at or above an absorption depth of red light.

38. The method of claim 31, further comprising forming at least one doped
intermediate region of a first conductivity type partially separating the at

least two regions of a second conductivity type.

39. The method of claim 31, wherein the at least two regions of a second
conductivity type are formed vertically spaced below the surface of the
first layer, such that one of the regions of a second conductivity type
forms the first junction with the base layer and another of the regions of a
second conductivity type forms the second junction with the doped

surface layer.

25



10

15

20

25

30

base | ayer of a first conductivity type is provided

with the substrate base or is a doped |ayer forned LLOYD WISE

over the substrate base; 15 formng a gate of a

transi stor over the first layer; formng a field
isolation region in the first layer; and formng a
phot odi ode adj acent to the field isolation region,

form ng the photodi ode conprising form ng at |east

400 dbpemetbed ohslaim 38, ydtesein the GRiRAR o §9ippp &f gespnd
a sur : firs (] f
20"t HeSREusRUint B e ForkRLRla ARG af\chsFlopt Rals (HERA
first junction with the base layer, and formng a

SR L8RS kBl S SR e

1 ) o TR pIEETy By e St

met hotheaangk aif mppeoxinvataleilrx 168 to iapproximatelygSond0'’ atoms per
conductkvity types are p and n respectively. 44. The

met hotMof cl ai m 42, wherein the photodiode is a pinned

30 photodi ode. 26 LLOYD WSE 45. The nethod of claim

42, wherein a p+ base |ayer is provided or forned, and
#Rer eArmethedaf foraisg apixedesie §oMPgist\: of a second

conduct i vi. t ' .n- region, and the doped
surfaB@"fdA@iP e\l@%gat)eibgger’f ace layer. 5 46. The nethod
of cl Rirmirfia firdtdagemofidesnisbnd wast miaverial opedthecipaseniayef;

a second conductivity type are fornmed verticall .
spaceBrayidiog,of fryne Aase layer pfa fijst songdughvity tgg%HNhereln the

t hat reegi o b
o U R B G, SRR G ARILGHN X3 s
anot her isaf doped layegfensedbdver thesubdtratenoass;i vity type

forms_the second junction with .the O doped surface
| ayer forming fl*lﬁ?é“t‘?n?% ﬁgﬁar@fs@I %Y%tﬁ%?'rsftljﬁ?xeﬁer conpri si ng

at | efyhiy's fréw%latidﬁ_trépmmhé firtgayst: ghda first

conductivitly type partially separating the two ]
forming a photodiode adjacent to the field isolation region, forming the
photodiode comprising forming at least two doped regions of a second
conductivity type below a surface of the first layer, wherein at least one of
the regions of a second éonductivity type forms a first junction with the
base layer, and forming 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.

43. The method of claim 42, wherein the first and second conductivity types

are p and n respectively.

44. The method of claim 42, wherein the photodiode is a pinned

photodiode.
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regions of a second conductivity type. 15 48. The

met hod of claim46, wherein the at |east two regions LLOYD WISE

of a second conductivity type are connected al ong at
| east one edge of each respective region. 20 49. The
met hod of claim42, wherein the transistor is a
transfer transistor which is part of a
four-transi stor pixel cell

45.

5 46.
10

47.
15

48.
20 49
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The method of claim 42, wherein a p+ base layer is provided or formed,
and wherein 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.

The method of claim 42, wherein the at least two doped regions of a
second conductivity type are formed vertically spaced below the surface
of the first layer, such that one of the regions of a second conductivity
type forms the first junction with the base layer and another of the
regions of a second conductivity type forms the second junction with the

doped surface layer.

The method of claim 46, 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 46, wherein the at least two regions of a second
conductivity type are connected along at least one edge of each

respective region.

The method of claim 42, wherein the transistor is a transfer transistor

which is part of a four-transistor pixel cell.
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