WO 2005/008782 PCT/US2004/020748 PIXEL WITH STRAINED

SILICON LAYER FOR IMPROVING CARRIER MOBILITY AND BLUE

RESPONSE IN IMAGERS FIELD OF THE INVENTION [0001] The

' tion relates generally to image sensors, and more

g{%@e%%%‘é‘%;% a pixel cell having an associated strained silicgﬂﬁ%é?‘)é/ﬁa’m

method of fabrication thereof. BACKGROUND OF THE INVENTION
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commonly been used in photo-imaging applications. [0003] Typically, a

digital imager circuit includ8s & fodal planalarayraOpixel cells, each one

of the cells including a photosensor, e.g. a photogate, a photoconductor,

or a photodiode. A CMOS imager is one such digital imager circuit and
[0GRtiudes BerBERf6DE ibireniiwonTiettegdanenalh pixelagesimtoesfarm ofan

ut.transistor., T hotosensor converts photons to electrons which
S e Tt ML TSg et e Ao of
falgpadeeohatsausge follower output transistor. A charge transfer device can

be included as well and may be a transistor for transferring charge from

the photosensor to the floating diffusion region. Imager cells also typically
have a transistor fo ?ﬁ%&ﬁ’é\%%&"féqﬁrwfﬁ BNto a

predetermined charge level prior to charge transference. The output of

soutce follozxéy]l\er transistor js gated as an pg;é?#ésignal bﬁ a row select

o2 sistor. 100G4T ExeriprK Hheading vices EeSdiNgteps

cotifisieentnddie detailed; dessrptinng.efdh @M@Q?Q&Q&’ﬁ%cﬁ%&ﬂv been used

. elements of an imaging circuit are
in photo-imaging applications.

[0003]  Typically, a digital imager circuit includes a focal plane array of pixel cells,
each one of the cells including a photosensor, e.g. a photogate, a photoconductor, or a
photodiode. A CMOS imager is one such digital imager circuit and includes a readout
circuit connected to each pixel cell in the form of an output transistor. The photosensor
converts photons to electrons which are typically transferred to a floating diffusion
region, connected to the gate of a source ﬁoﬁower output transistor. A charge transfer
device can be included as well and may be a transistor for transferring charge from the
photosensor to the floating diffusion region. Imager cells also typically have a
transistor for resetting the floating diffusion region to a predetermined charge level
prior to charge transference. The output of the source follower transistor is gated as an

output signal by a row select transistor,

[0004] Exemplary CMOS imaging circuits, processing steps thereof, and detailed
descriptions of the functions of various CMOS elements of an imaging circuit are

described, for example, in U.S. Patent No. 6,140,630 to Rhodes, U.S. Patent No. 6,376,868
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described, for example, in U.S. Patent No. 6,140,630 to Rhodes, U.S.
Patent No. 6,376,868 1 WO 2005/008782 PCT/US2004/020748 to

Rhodes, U.S. Patent No. 6,310,366 to Rhodes et al., U.S. Patent No.
8/82668®&1¢2 Rhodes, U.S. Patent No. 6,204,524 to Rhodespafgidods /020748
Patent No. 6,333,205 to Rhodes. The disclosures of each of the forgoing

i d f in.their entirety. [0005] FIG. 1
o B R R A et BTG 226 o
Rraygay, 300, with-each Rixelcelibsing canstHgtedas deseribed abouas RiXelodes.

array 300 comprises a plurality of pixels arranged in a predetermined
Theuhsstsoteoirrs addhedweg (g sheoherehepixplsafedashrederdn@rayheir
engog are all turned on at the same time by a row select line, and the pixels

oFetX'ch column are selectively output by respective column select lines. A

plurality of row and column lines is provided for the entire array 300. The

" lectivelv activated b r the ent .
Y e Aecha Tt BRI o r BIEE Sy B A 0
pb@p@mmoorwﬁh?e@@ﬂrpfﬁ&&@ﬂﬁeemﬁac@d plmnaddiessdasedend (0: PlSarray

e

a row and column address is provi for each pixel. The CMOS imager
S0Q oDy sRiperkidPbpixelminggsd toatrsedrtaresel winithezorfivolsmns and

d ers 220, 270 for selecting the appropriate row and column ,
B A L R T e e
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the drive transistors of the selected row and column lines. The pixel
cobgritleshiags; WnRINTpiT08micia0e eopivantdnes isignavidedtfattecentire array
sofxeLimagesianal (Vaig). are read sample and hold circuit 261

assocggted hv%l'%n%é%% ur{%‘ri\eE e\E}lcc?g %%8% A ‘differen |‘éf§%}rq(;lf‘(§?rs§qr\%f? grow
adftessidecolyditfereniakanpliiiesiegittiseach @bt activated by a column
driver 260 in response to a column address decoder 270. Thus, a row and column
address is provided for each pixel. The CMOS imager device 308 is operated by a
timing and control circuit 250, which controls address decoders 220, 270 for selecting
the appropriate row and column lines for pixel readout. The control circuit 250 also
controls the row and column driver circuitry 210, 260 such that these apply driving
voltages to the drive transistors of the selected row and column lines. The pixel column
signals, which typically include a pixel reset signal (V) and a pixel image signal (Vsg),
are read by a sample and hold circuit 261 associated with the column device 260. A
differential signal (Vest — Vsig) is produced by differential amplifier 262 for each pixel that
is amplified and digitized by analog to digital converter 275 (ADC). The analog-to-

digital converter 275 supplies the digitized pixel signals to an image processor 280,

which forms and outputs a digital image.

[0006] P-n-p photodiodes are a type of photosensor sometimes used in CMOS pixel

cells. Ina CMOS imager, when incident light strikes the surface of a photodiode,
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is amplified and digitized by analog to digital converter 275 (ADC). The
analog-to- digital converter 275 supplies the digitized pixel signals to an
image processor 280, which forms and outputs a digital image‘. [0006]
PYR-pHHYtdtiodes are a type of photosensor sometimes useddnGMOQS20745
pixel cells. In a CMOS imager, when incident light strikes the s;Jrf?ce o_f a
tRgiRie & e@&é{ 1US2004/020748 electron/hole pairs
elggggenergé%eiér{%he pn%qnggt%gnt%%{\g]p noct%%él‘o%%.?hﬁ% Sg%‘glloacgdm generated
eleféntivns arelbolietiedie theypdypeicegio mefihetphaiadiodsoRNA ge may be
charge may he amplified when it moves from the initial charge
gy

IRAHSR Tegrtrtd tae ABatigabrasmmarsyion atiomegive to the floating

i iffusion regian via a.transfer transistor. The
i ST s

trausptowoltagebysthet shuite-fallg wih isansisipdaseribrd abeyavIPRAT) A pixel

portion of a CMOS pixel cell having a p-n-p photodiode 49 is illustrated in
OHREI TR RE o iowse frellenits Fanaivew deteebadmbistor would be

included in the 4-transistor (4-T) cell of FIG. 2, but are not shown in the

icted cross-section + region 21 is shown above an n-type region ‘

EOQQ"%'O forf Pﬁéaﬁ)ﬁ‘o %&8@&%&”&%%@%@@ B-PrRgioreiqdi piéhiedlvstrated in
FIeateasBrdsiae  Berlistatad P&@EHT&&P%MSEB%%@%H 435 fded in the

with associated gate 26 and a reset transistor with associated gate 28,
Laengsigt{ @ fosling BifuslopuegionctGlandrsauthe/depiteions30echiog. A p+
iIIustglted ixel also includes shallow trench isolation ETS?TI) regions 55.

e R ARG S SRR For ELIREE ARG phivis ko odewicaly, the

p-ofieasuifers fepRtedlemsesten ﬁ%lﬂ%t@&tﬁ@t?ﬂéﬁﬂﬁé{?ﬁ%%?'@ﬁﬁgs a

lag due to potential barriers between the photodiode 49 and transfer gate
tromseyiomasiptacits ssedmtddgate 26 and a reset transistor with associated gate 28,

along with a floating diffusion region 16 and source/drain region 30. The illustrated

pixel also includes shallow trench isolation (STT) regions 55.

[0008] Imagers having conventional pixel cells using p-n-p photodiodes often suffer
from problems such as inefficient charge transfer and image lag due to potential -
barriers between the photodiode 49 and transfer gate 26 region. Fill factor loss is also a
problem associated with conventional CMOS image sensors. Fill factor is a measure of
the ratio of electrons produced per given light intensity. Fill factor loss may occur when
higher concentrations of p-type dopants are used in the surface of a p-n-p photodiode

and diffuse into n-type dopants, thereby compensating them and causing a reduction in

fill factor.

[0009] Conventional pixel cells may also suffer from poor color fidelity, signal-to-
noise ratios, and may not be able to operate over a wide range of lighting conditions.

This is especially true with regards to blue response, i.e. the conversion of photons from
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problem associated with conventional CMOS image sensors. Fill factor is
a measure of the ratio of electrons produced per given light intensity. Fill
factor loss may occur when higher concentrations of p-type dopants are
YR E & rface of a p-n-p photodiode and diffuse into n-B{RUGeEas;48
thereby compensating them and causing a reduction in fill factor. [0009]
I ixe Is may.also suffer from peor color fidelity, signal-to-
o e e B e B e gL B osr o
theonditionsndThis, is\esperialyijae withragardsiord WeirRspansey hentheolor
_conversion of photons from 3 WO 2005/008782 PCT/US2000/020748
ﬁ%@’vﬁff@%ﬁétﬁé@l@gn electrical charge. Because blue photons are
absorbed closer to the surface and are, therefore, subject to surface

defects and Ieakagegmwmmkﬁwmmﬁ@ﬁm@%&t BRIEF
SUMMARY OF THE INVENTION [0010] Embodiments of the invention

provide an imager utilizing a pixel cell having an associated strained

[osiligon layenJditsHiBipethsilicomiae el ihepixeheslinGIRRSRS LCHRGCLIl having

transfer efficiency, decreases image lag, and improves blue response in
anResoRiigH §teRevRE SIBRIE R PE SORI PTIORIGHITHE Ay RAMANG SO QAN jncreases
chEP Qve-described features and advantages of the invention vyill be .

O R e TR oA ATuCT QLR RO e HARGR i the
inprgivigedwiidh reference to the accompanying drawings in which: [0012]

FIG. 1 illustrates a schematic diagram of a CMOS imager chip having a

ixel array;
P y BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The above-described features and advantages of the invention will be more
clearly understood from the following detailed description, which is provided with

reference to the accompanying drawings in which:

[0012] FIG. 1 illustrates a schematic diagram of a CMOS imager chip having a pixel

array;
[0013] FIG. 2 illustrates a cross-sectional view of a conventional pixel cell;

[0014] FIG. 3 illustrates a cross-sectional view of a pixel cell incorporating a strained
silicon layer constructed in accordance with an exemplary embodiment of the

invention;

[0015] FIG. 4 illustrates a strained silicon layer constructed in accordance with an

exemplary embodiment of the invention;
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[00131 FIG. 2 illustrates a cross-sectional view of a conventional pixel cell;
[0014] FIG. 3 illustrates a cross-sectional view of a pixel cell incorporating
a strained silicon layer constructed in accordance with an exemplary
embodiment of the invention; [00151 FIG. 4 illustrates a strained silicon
yéte6tstructed in accordance with an exemplary embBdifierit Bt
invention; 4 WO 2005/008782 PCT/US2004/020748 [0016] FIG. 5
[ootlelstratElsasamss-sectenadviem afd pixel el lfireC wh giréaaopdratngomlting
strained silicon layer constructed in accordance with an exem Iag(
a sERIBBHIHENR BE S ORBIHRSh R 7] P &ﬂﬁh@ﬁaﬁ’é@?&%’gﬁ’%’ﬁ’ mment of the
inv¥agsssing of a pixel cell, performed in accordance with an exemplary
embodiment of the invention; [0018] FIG. 7 illustrates a further stage of
processing of the FIG. 6 pixel cell; [0019] FIG. 8 illustrates a further stage
[oaafproc@&ssSinglafstheds Istae pixahoeds$ 00260 HpGebatil steatesrad in accordance
_cross-sectional \{fil:%W of a pixeéacell incorporating a strained silicon layer

Wi R ARTERIAR SERSIHRITEE CitReARvEREMblary embodiment of the

invention; and [0021] FIG. 10 is a schematic diagram of a processor

tem- | ' [ i ! | I trueted in

0 HRSOrRRIALNG AN IMAYINg.deieeNARG AniekrelbcoRstide

[ accordance Wi%il an esxemplary e%gnboéiiment ofthe invention. DETAILED
DESCRIPTION OF THE INVENTION [0022] In the following detailed

[oslescription, gafesanes istarade e dbonseampaiRyin thaFGIngsavbith form
a part hereof and show by way of illustration specific

[0020]  FIG. 9illustrates a cross-sectional view of a pixel cell incorporating a strained
silicon layer constructed in accordance with an exemplary embodiment of the

invention; and

[0021] FIG. 10 is a schematic diagram of a processor system incorporating an
imaging device having a pixel cell constructed in accordance with an exemplary

embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0022] In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof and show by way of illustration specific
embodiments in which the invention may be practiced. These embodiments are
described in sufficient detail to enable those skilled in the art to practice the invention,
and it is to be understood that other embodiments may be utilized, and that structural,
logical, and electrical changes may be made without departing from the spirit and scope
of the preéent invention. The progression of processing steps described is exemplary of

embodiments of the invention; however, the sequence of steps is not limited to that set
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embodiments in which the invention may be practiced. These
embodiments are described in sufficient detail to enable those skilled in
\t‘t‘g %(r)t_/t(o ractice the invention, and it is to be understood that other
EmBodiMents may be utilized, and that structural, logical, aRET&HSa#EARIT4
changes may be made without departing from the spirit and scope of the
forpitesesihiavientian bER® RIGESSIORQIPHOCEERINGSIPNR HRSSHRPHM of steps
exemplary of embodiments of the invention; however, the sequence of
NecRsaEliE petUmRadte feargep5W0 2005/008782 PCT/US2004/020748
forth herein and may be changed as is known in the art, with the exception

of steps_necessarily occurring in a_certain order. [0023] The terms

[Oo@émicm%_ﬁrﬁé%f@déw@%%m" areioBRaFIETr St o understood to
inciiell Qﬁf%ﬁsswga%d%%@q%gseﬁsﬁw%% &%@&M&ggggggﬁw&%{ﬁd be

should be understood to inclu con, silicon-on-insulator

undiistrvonesapphires(508)silitpecshaituiacapSDipBitonductaspratasiab),
layers of silicon supported by a base semiconductor foundation, and

doRH eI ERAM COP SPREH eSS TREtaXIMdTRIsQbFLifeBcF Hepied by a base
sexﬂESBHtR@é?fbuﬂa%ﬁSHJE?&QHF&PE&R?&S@%U&?%@E&&KW%?'Lf‘??%semi onductor

germanium, or gallium arsenide. When reference is made to the substrate

nedd tive bellbtiong-tdesdrififasepievinda qrocers dlepsilioay-panadieeth, germanium,
[ junctions in or over the base semiconductor or

utiljzed to form regions or S [
or ?&ﬁ%@%%?@@fﬁﬁ%ﬁé{%iﬁedhﬁ%m%% taedfollowing
deé?i‘fﬁ&éﬁ',%’?@&ib’d@i%f@é&s?%&?i’ﬂ(%%&@@%%%ﬁﬁi@ﬁ%@(}{ﬁﬂi %%tSP.@mcﬁons
parpos e

to an electrical signhal. For s of lillustration, a single representati
in gixsteatbleifsareaensicof durratiorfersadiisirated in the figures and
description herein; however, typically fabrication of a plurality of like pixels

proceeds simultaneously. Accordingly, the following detailed description is
[00gdt  The term “pixel,” as used herein, refers to a photo-element unit cell

containing a photosensor for converting photons to an electrical signal. For purposes of
illustration, a single representative pixel and its manner of formation are illustrated in
the figures and description herein; however, typically fabrication of a plurality of like
pixels proceeds simultaneously. Accordingly, the following detailed description is not
to be taken in a limiting sense, and the scope of the present invention is defined only by

the appended claims.

[0025]  In the following description, the invention is described in relation to a CMOS
imager for convenience; however, the invention has wider applicability to any
photosensor of any imager cell. Now referring to the figures, where like reference
numbers designate like elements, FIG. 3 illustrates an exemplary pixel cell 200

constructed in accordance with an embodiment of the invention.



to be taken in a limiting sense, and the scope of the present inventi_on_ IS
defined only by the appended claims. [0025] In the following descrllpt|on,
e imantian is described in relation to a CMOS imager for_convenle‘nce;‘
however, the invention has wider applicability to any photoggﬂé‘&zg‘f%{ﬁwm
imager cell. Now referring to the figures, where like reference numbers

[0 ignatd idusieniehebEl calB2iUstcitessin sxeinplasiigindhget TU0N

) in accordan ith an embodiment of the invention. 6 WO _
oD B C PS03 305 OV ST TR el e ket ipaggetonal
Clinchidasastraiead siiansiayekd 20; i assReiationwith ﬁlb%ﬂ hsirai L80uwn in

Strained silicon layer 170 is not used in conventional CMOS imagers
Fl{E i thyr sy anvaigrscositicorelages 17eginthegixellog)l, 20stiowrbint fSimited
dvantages.qver previous imaging technaqlogy, including, but not
to'ﬁrrr%?eg Sseto,c\lér?c%%%slegc}f) 1cilla%‘/rflere mobiifty. %5%&5@%%@%’%%8@58& ﬂ@fﬁ"erAs
eleieot e HoMcrAgs Rlestran-HancNGHeRSess PEVRHMANSE IMBFOYES MIRRG siticon

addition of the strained silicon layer 170, charge transfer becomes more
layeiténchareriferiianbatetrenmescashoteritiahbamers betiveanss as potential

) iode 150 t ate region 126 become less of a factor.
e Ao O A L AT LTARbIT o AW AR
fabrlightiogotndiiinnsaigdrprovessdadiienaly. dperstaineshslicondavele of

170 improves the blue response in imagers due to its high absorption

- lightiag criifons Araennosedietigizsnadly2 dteisichided silzwstrate TBDmproves
| %SQE layer or_well 161. In addition, and for exemplary purposes
th%%?gggﬁ tratgeq%é?sggrrs)\%}ﬁgo s é%ﬁ%t%ggﬂf}pi%%mﬁ%%gpe well 161

more heavily doped than p-type substrate 160. The illustrated pixel cell

(00299 alsqmqwﬁﬁeam&oé%gﬁ%&ﬁgcﬂ@gs%hsodggggﬁeoi&%a@%sg% doped layer or

well 161. In addition, and for exemplary purposes only, substrate 160 is a p-type
substrate and includes a p-type well 161 more heavily doped than p-type substrate 160.
The illustrated pixel cell 200 also includes a photosensor 150. The photosensor 150 has a
p+ region 122 and an n-type region 124. The photosensor 150 is illustrated as a
photodiode, and may be a p-n junction photodiode, a Schottky photodiode, or any other
suitable photodiode, but for exemplary purposes is discussed as a p-n-p photodiode. In
- addition, the photosensor 150 may be a photogate or any other photosensitive region
having the ébility to convert photons into an electrical charge. The photosensor has a
portion that extends into the strained silicon layer 170. This allows for electron
exchange between the photosensor 150 and a floating diffusion region 116, discussed
further below.

[0028] The illustrated pixel cell 200 also includes a transfer transistor with
associated gate 126; a reset transistor with associated gate 128; source/drain region 130;

and shallow trench isolation (STI) regions 155. A source follower transistor 127 and row
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p+ region 122 and an n-type region 124. The photosensor 150 is

illustrated as a photodiode, and may be a p-n junction photodiode, a
Schottk ghotodiode, or any other suitable photodiode, but for exemplary
Bﬁ’rﬁ%@@é $Tiscussed as a p-n-p photodiode. In addition, tR€T/US2004/020748
photosensor 150 may be a photogate or any other photosensitive region

i . ility to.convert photons into an electrical charge. The
s R e A AR e L ) s 09, ama
ard bisaliowsfertaleckanaxabanas Remeensherhotasensol daRandR important

floating diffusion region 116, discussed further below. [0028] The

tojtiustrarntipnel belProou4lebtirciodesele et drssistemii8tisrawitheassoeidhetcolumn

. 126;.a reset transistor with assqciated gate 128; squrce/drain region
i SRS SRR B (ST POORE (43 X G HOhGy eanste
_tratf@m&ﬁméa7vaﬂqdﬂwaW£Psa@>Q51QQ§Z§&%@T&Aﬁ%&%&%&ﬁgﬁr%&&mﬂmm

transistor 129 with associated gates are also illustrated in the pixel cell

2 esfandanssishownimeietpioal sehermdiiiotions FMEing beoausel¢heiransistors.
structure is not important to the invention. The output of the row select
transistor 129 is connected with a column line 131. Although shown in

10059, 3 Refearingadilirg49) coditfurirorramed feradayeandisused e the pixel
' i ili ' -fransisto figuration, without
sl o LSRR o

silicandisyers 740028 fRedetrlageolFAGStosh ah dviB tleSEbaied Biliepnayehe
170 used in the pixel cell 200 of FIG. 3, comprises two layers, a

3
S REIAYSE AT AN} SrBs b A¥ Vs ippal aetheflie oR ampsrmnple, thesilicon layer
7alleamave it RIS SIRR PREIAYL R G, SUCON BYRL

174 can be forméd by conventional methods. For example,

(Cidr A theawbéafiorrad@byZitamifolayed dbpaosition (Abd} of ghesicah layer 174
rapgr deposition (CVD). As the two layers 172, 174 are formed, the
”ag‘ﬁ%gﬁh&fgﬁ%vfjf m(‘g}%iﬁb%ﬂlrﬁ9glaie}gs 11¥1 the SiGe base layer 172, as illustrated in

FIG. 4B. Because of the alignment, a biaxial strain is imparted on the silicon atoms of
the silicon layer 174, thus forming strained silicon layer 170. The strained silicon layer
170 has electronic properties that are superior to those of bulk silicon for certain imager
applications. Specifically, the strained silicon layer 170 has greater electron and hole
mobilities, which translate into greater drive current capabilities for imaging device
transistors. The charge transfer from the photodiode 150 (FIG. 3) to the floating
diffusion region 116 (FIG. 3) is increased when compared to conventional CMOS
imagers. Significantly, for reset, the charge transfer to floating diffusion region 116

(FIG. 3) from the source/drain region 130 (FIG. 3) increases as well.

[0030] The SiGe base layer 172 is deposited to a desired ratio of silicon to
germanium. The desired ratio depends on the desired amount of strain applied to the
silicon layer 174. The SiGe base layer 172 preferably has a germanium concentration of

about 30 percent to a™out 40 percent, but the concentration can be optimized for a
8



"align" themselves with the silicon atoms in the SiGe base layer 172, as
illustrated in FIG. 4B. Because of the alignment, a biaxial strain is
W}Pﬁﬂ‘z&)?ﬂ}he silicon atoms of the silicon laver 174, thus forming

strained silicon layer 170. The strained silicon layer 170 ha8 ©T8&r8H820748

properties that are superior to those of bulk silicon for certain imager

‘PapilidatiopeliSpecificatiyl, dhelstiridgshsiicanpayee, MOHAS HRMARement, or other

. electrqp and hole mobilities, which translate into greater drive current

fa&&ff&bi ﬁgg%ﬁﬁ’l‘%@m AR s sTHE Srange hemsids tommible fraction.
todl ( ifl' iffusign region 116 (FIG, 3) is

e o e B by bt

Sit6renésetathschior gediansies tadtdatig 0 ESIGN 4BRIAM L6 (F1Gnd) 198 mole

i the soué%gdraingrxggion 130 (FIG. 3) increases as well. [0030] The SiGe

TR R 75 i8TUb b REE 964 et dFatE of Silicon to germanium.

The desired ratio depends on the desired amount of strain applied to the

dicon layer 174. The, SiGe base layer 172 preferably has a germanium
O et GF ARG RICEH 1 a t HEBRA ek s o about 504 o

aANCBTATIONsGAN 1S O PBRIE S IEAS WS QAR08 .
PCT/US2004/020748 particular application based onsge%s‘?l}lelg Bﬁ%&g y forming a

refaxpsbAkec ptHTanvancemdnt, ot otnediGadtrs: ypiaahSisrealtays. drethat
caSharagterized as SixGe t-xz,. here X is the mole fraction. Other alloys of
STiCoN-germaniim can s aad Hb FRATAHEY Ml 3 Re FReamRIions of

gs%ixﬁiﬁyﬁzzﬁt’rmﬁﬁﬁlb@ﬁi%@&%é@@fpﬁﬁee%ﬁfggb@d@(ﬁ@tg%&gﬂl(ﬁc. The

and Z are mole fractions of Si, Ge, and C, respectively, and X+Y+Z =1.

thiglmassrhéistlame axirs fyparpies wad shordstarmphe, @tisickndss bé limiting in
%75(}9&1}% abput 10 O%érgi&g uld be noted ,af%o g,ver, that the .
ickness could vary by Torming & reisxed $i@e ‘#I/ & BUsE 2 gragfad SiGe base
labet MRLSIGE. | ByREas R COMBRS R RIAgKh R  arying concentrations of
germanium can be stacked to form the SiGe layer 172. It should also be noted that the
top silicon layer 172 can be formed in association with the substrate 160 if SiGe or 5iGeC
or any other material capable of straining the top silicon layer 172 is used as the

material for forming the substrate 160.

[0032] The SixGeux base layer 172 can be extended (i.e., the thickness can be
increased) so that it forms a larger part of the substrate itself. For example, FIG. 5
illustrates a pixel cell precursor 200a with a thicker SiGe base layer 172 comprising a
graded SiGe layer 172a and a bottom SiGe base layer 172b. Iﬁ this example, a majority
of a photodiode 150 (FIG. 3) can be formed as part of the SiGe base layer 172,
significantly improving the red, infrared (IR), and near infrared (NIR) responses in the
pixel cell 200 (FIG. 3). By tailoring the thickness of the SixGen.x) base layer 172, the mole
fraction “X,” and the doping level, the red, IR, and NIR absorption characteristics can be

tuned. Red, IR, and NIR response might be critical in some applications, e.g.,
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case, each of the layers can be tailored separately with varying
concentrations of germanium, and varying thicknesses of, for example,
‘%%01‘1);[ 2/(())00,6;; to about 800A. The thicknesses disclosed are only examples,
And Shotid*hot be construed to be limiting in any way. Addifl6halBz004/020748
multiple SiGe layers, e.g., graded SiGe layer 172a and SiGe base layer
auldfRBHITd en A2 iciscus s Justhes @y j ' ~ .
germanium can be ggied to fgrgr%%}eggég %&?ﬁ}lg%@%%ﬁ %%?géng strain
in fegsiligoar nendPlshiconitageris? bavibe fugheptimassadiationciwitirtheth blue
an ul_pa trrate 160 igt iGe%lSiGeC or any other material capable of straining
0P SifieBr VS 172 s SHEE T HE 8 PRASHET ST forming the substrate

160. [0032] The SixGe(t-x) base layer 172 can be extended (i.e., the

ickne nbe increased) so that it forms a larger. part of the substrate
O F e e S R e e e P il = strained
siltbiekier &iGrRObAsRdaye@irk 2 caMREISRG M arRaedi SiGe Jayerd tdgand a
bottom SiGe base layer 172b. In this example, a majority of a photodiode

Preegysiess 13y circsesiommsarespathofifiersice bassdehed 27 2eing formed in a p-

ignjfi Iy improvina the red,.infrared (]R),.and near infrared (NIR
L e ROy S R bk ges may
2lBikEREnpbasalayeypd 2ulberolarfaekien, dtneant dhssdopipsHavalrdbaay also
red, IR, and NIR absorption characteristics can be tuned. Red, IR, and -

beNﬁQ%sponse might be critical in some applications, e.g., 9 WO
21)05/008782 PCT/US2004/020748 automobile markets. By creating a
iikerjéi(}:e base Iager 172 and. incorporating strain in the silicon layer
0053 & fRSIFEHREMEF AaifgHheRAR AR A B A AtaE ST TR aNH AR Tamaovided.
Th@Qé%@i@ﬂ%égiH}% yisible SPEGRYT %@&Qf‘c _ ieued. L%%ﬁ)ﬂs': Aﬁﬁg CiBstrate where
show one exemplary method of forming a piXel cell withra straine
pixel cells will later be formed. The isolation regions 155 can be formed by any known

technique such as thermal oxidation of the underlying silicon in a LOCOS process, or by
etching trenches and filling them with oxide in a shallow trench isolation (STI) process.
Following the formation of isolation regions 155, a strained silicon layer 170 is formed
in association with the p-type substrate 160. The strained silicon layer 170 is formed
either by selective epitaxial growth or CVD as discussed above with respect to FIGS. 4A
and 4B.

{0035] It should be noted that FIG. 6 is only one embodiment of the present
invention, and that, if desired, the strained silicon layer 170 could be comprised of an
extended SiGe base layer 172 further comprising a graded SiGe layer 172a and a bottom
SiGe base layer 172b, as discussed above with respect to FIG. 5. The strained silicon
layer 170 in the example illustrated by FIG. 5 would be made by forming a bottom SiGe
layer 172b having desired properties; forming a graded SiGe layer 172a over the SiGe
base layer 172b; and forming a silicon layer 174 over the graded SiGe base layer .

10



silicon layer 170 in accordance with the present invention at various
stages of processing. For discussion purposes, the invention is described
obz%m%of%smed in a p- type substrate; however, it should be understood
that'complementary structures may also be formed in an n-RfpéUS2004/020748
substrate. Moreover, other photosensor structures may also be used.
[002634] Reigiring dRduley@rarelbsiptell 6-having islalnt e daNS oS e reset
provided. The isolation regions 155 are formed to electrically isolate
traagivaAs gttt & isbstictéolheis tpivel tellgatill jatd e fomnsekiclirensistor gate are

lation.regions 155 can be formed by any known, technique such as
R B ﬁéﬁ%’ﬁfﬂéfb@d@ﬁ%ﬁ%@ s%{%#ﬁ% depeess Bréess X it %pyioped
ptieiiagrreesbasandfiivgithen with @XidarB.ashalou-trengh dsplation
(STI) process. Following the formation of isolation regions 155, a strained

PadirEpinagied erbirstoriied 7inhassoeintmpiktr e ogbmsubsfiite g6l cell 200

: strained silicon layer 170.is formed either by selective epitaxial
D e e L 8 Ve e 28, G anareset
4868k}t shauld. be thatf- KAlt@d}%ﬁ:{' bhens %@@Q@fﬁﬁﬁ%&frt@%) embodiment,

present invention, and that, if desired, the strained silicon layer 170 could

thpdresaipsen clsrbexreddac Sitentsinser| BBrenTiooflintart compnisingaae no
g SiGe layer 172a and a battom .SiGe e layer 172b, as )
o R PR e S Beait Ol toeiors

the example illustrated by FIG. 5 would be made by forming a bottom
Si&e layer ' ' r jes: ' ed SiGe . la
O v L S e Ay ey O SE L o S LA B2 e BT .
ThhegyadedeBité baseblajentd WWOI2ARE!AOSTARIPGH/6$30044020748

[0 36% Next the circujtry of the pixel cell, including the transfer transistor

i AOERHORY The p-well implant may be conducted so that the well 161 and a p-type

periphery logic well (not shown), which will contain logic circuits for controlling the

pixel array, have different doping profiles. As known in the art, multiple high energy
implants may be used to tailor the profile of the p-type well 161. The p-well 161 is
doped to a higher dopant concentration than the p-type substrate 160.

[0038] Referring to FIG. 8, a photodiode 150 is formed in association with the
substrate 160 by methods known in the art, such as ion implantation. It should be noted
that the photodiode 150 illustrated in FIG. 8 has a top junction that is preferably deeper
in the substrate than the strained silicon layer 170. Therefore, a portion of substrate 160
remains above the photodiode 150. This portion of the substrate remains undoped. In a
less desirable embodiment of the pixel cell 200 in which the top junction of the
photodiode 150 is in contact with the strained silicon layer 170, dark current may be
more prevalent. For example, in the case in which there are defects in the SiGe/Si
interface of the strained silicon layer 170, increased leakage will result in dark current.

Under pinned voltage conditions, if the depletion region extends into the defect region,
11



transistor gate; the source follower transistor gate; and the row select
transistor gate are all formed by well-known methods (e.g., blanket
deposition of gate oxide, doped polysilicon, deposition of metal for a
BiftHE/*4#i2aling to form a silicide, then patterning and etchiHGYSPIGHR 748
shows an exemplary embodiment of the pixel cell 200 with formed gate

thert R B 2n HRdQLdNE HARSIALIANSHIALLA0.(, of'?ni‘{ﬂgf’ ﬁefﬁgigotgiro&%so

transistor 128 (FIG. 3), respectively. Although shown as
degmbadineent) sthetintentite eaniatsbdiecusddsiard 331 @adi$iané3T Yan be limited.
embodiment, in which case no transfer transistor 126 is formed, or other
pixel cells having more or less transistors. [0037] A p-type well 161 is
[00Stmed aftdiiHe furatatpdififthengatastadiéatibsdl e/ dtrnpréypen W@l are
161 may be formed by blanket implantation oipl;g masked implantation.

forped AR iTRpRAY Ry BE Hondtiged Ss'ans e wilisrg 1umed -pseciation
wilEHRNERGIRAIGWEI DA oMM WG WHL CONRID QUG EIRWHR PG ., they are

controlling the pixel array, have different doping profiles. As known in the
dopey megitipks. High exmrgylaim plarissesayiteedseg mtallts, (189 prefile dfped and

p- well 1.61. The p-well 161 is _doped to a higher dopant i
PR ARR NS 8&%@%@6?f%éé'%ﬁﬂ(gi%?ﬁﬁb%tﬂ‘%@l@?%“@ 130
by RbRtadieda LR ISTAMEL:RAsspekatiapEn 1De SyRstrale;dRORY, 130 that are

methods known in the art, such as ion implantation.’It should be noted
forthatithathinotodiodel a5t sistriatedisiti 6§ ¢trat 8. tdpjsiratenellyatris embodiment

ferabl [ bstrate than the_strained silicon | 170. _.
of Qb L1 GRS S0 PEHEH ABOR B g T8l
gatblimBostianefithesauhelaiesemansiudonedt s issmegataliais 115, 119

embodiment of the pixel cell 200 in which the top junction ot the
usipigdtodistdetboiigiesconfarmwiunsier steaisisthsilRoandyesct Todator 128,
current. may be more prevalent. For example, in the case in which there
resfr%c%%?léets in the SiGe/Si interface of the strained silicon layer 170,
increased leakage will result in dark current.

[0040] The pixel cell 200 is essentially complete at this stage, and conventional
processing methods may be used to form insulating, shielding, and metallization layers
to connect gate lines and other connections to the cell.i For example, the entire surface
may be covered with a passivation layer of, for example, silicon dioxide, BSG, PSG, or
BPSG, which is CMP planarized and etched to provide contact holes, which are then
metallized to provide contacts. Conventional layers of conductors and insulators may

also be used to interconnect the structures and to connect the pixel to peripheral

circuitry.

[0041]  FIG. 10 illustrates an exemplary processing system 600 that may utilize an
imaging device, for example, a CMOS imager device 308 (FIG. 1), incorporating a pixel
cell 200 (FIG. 3) constructed in accordance with the embodiment of the invention

illustrated in FIGS. 6-9. Any one of the electronic components shown in FIG. 10,

12



Under pinned voltage conditions, if the depletion region extends into the
defect region, 11 WO 2005/008782 PCT/US2004/020748 there will be an
' ingdark current, Therefore, by forming the photodiode 150
ggﬁ%??ﬁ%% substrate than the strained silicon layer 170, dark BeAteHR0748
can be limited. [0039] In FIG. 9, floating diffusion region 116 and
indodiog/diincEgiond 13agre deredosithiasthe fabrpewelhd 6d ifgaaed circuit
regions 116, 130 are formed in association with the strained silicon layer,
for Hep MPE5EEI18 HR¥8%ype conductivity (i.e., they are doped regions). For
exemplary purposes, doped regions 116, 130 are n+ doped and may be

ed hy applying.a mask to the supstrate 160 and doping the regions
100 13%§%ﬁ%§g’5\6%§ﬁ‘8ﬁ. épﬂéﬁﬂﬁéﬁé@aep%*eéﬂ P HaYE6bkaoupled toa
1of80H0B%d4 64 1301 [meshwithl aaﬁqlﬂ inagh sl
OIayer 170. This is mzigl?/?g{?e embO(%Jr%nHe]zn of t%%%&%?@g?% gg?:d%o coupled
to shelidahbtibé(donBruprbtedsa eyt g ethynwayn dink yy utigie stackory

sidewall insulators 133 are formed qn the sides of the gate stacks 115,
coR G A K BRI G ARG SRS FgTar Faggler 02

andiafs i?%&%%d@ﬁﬁ%@&%-&&% ﬂi*e%pi@ celh 2018 gsseptialy

complete at this stage, and conventional processing methods may be
used to form insulating, shielding, and metallization layers to connect

[0gEE linahangeaibey confelitiopsto Hisocellybien exampls, thgeméigory buses 607.
surface may be covered with a passivation layer of, for example, silicon
Eaglo e BRbIEsespét DBMSEY GnpPReCmAOp ety strlidg atdersd epe memory

oSS NN 0 RSB P8 8068 mocut
Brinteptensiaatiherstotinks antuid-congieahlie: piehtepatirheea IV and
dual inline memory modules (DIMMs). The memory components 608 may include one
or more additional devices 609. For example, in a SIMM or DIMM, the additional
device 609 might be a configuration memory, such as a serial presence detect (SPD)
memory. The memory éontroller 602 may also be coupled to a cache memory 605. The
cache memory 605 may be the only cache memory in the processing system.
Alternatively, other devices, for example, processors 601 may also include cache
memories, which may form a cache hierarchy with cache memory 605. If the processing
system 600 includes peripherals or controllers which are bus masters or which support
direct memory access (DMA), the memory controller 602 may implement a cache
coherency protocol. If the memory controller 602 is coupled to a plurality of memory

buses 607, each memory bus 607 may be operated in parallel, or different address

ranges may be mapped to different memory buses 607.

[0044]  The primary bus bridge 603 is coupled to at least one peripheral bus 610.
Various devices, such as peripherals or additional bus bridges may be coupled to the

13



[0041] FIG. 10 illustrates an exemplary processing system 600 that may
utilize an imaging device, for example, a CMOS imager device 308 (FIG.
%'2 incgrporating a pixel cell 200 (FIG. 3) constructed in accordance with

%%’ﬂ?ﬂc‘]ﬁ?ﬁ%ent of the invention illustrated in FIGS. 6-9. AnY{GHES3#0He20748
electronic components shown in FIG. 10, 12 WO 2005/008782

pefxéi%i[élr@ %Q@WOflﬁ%é@U@Wﬁ%@s@%@@&ﬁ%ﬁ%@%&g%sgalaneous

ricated as an integrated circuit “for use in processing images.
I/Gride prededsimgesystny 606 inctipiesIone mulhoredinqressoss BOIScauptetbgacy
d to.a Jocal bus?§§4 memory or%g;léler 602 and a%{arimary bus bridge 603
AR LB 6B TERAT LAY 64 156 b Bssaliy 5 shathleddreay or more
rofler r A .
o BOB o e ey b B e spec
purpysbemrteyigledatha singlerdexdce 606i{0 048] (Pehnemattcasiioker high
6%& also cqupled to one or more memory buses 607. Each memory
P% %ﬁt?ﬁ?éerﬁﬁé ohporRRSEERWHIR ifude at least one memory

device 110. The memory components 608 may be a memory card or a

oryJmodule. Examples of memory modules include single inline .
O ory TR St ERATHATE I A TGO (S, v o

ory mo nﬁne memory

stdia@dMRNeIY, QorRONHS &ABHNaY 10c!vde SRensE NS RUMNORA roller 611 may
devices 609. For example, in a SIMM or DIMM, the additional device 609

beighSheanolay ardtivamrgmteRicet Chdmay e R prdéstccltiett6d (8PID) 614 may
memory, The memor; ntroller 602 .m Iso be led to a cache
D S e B e A aR e s pewor

intBef 406 cRISIRg &yﬂ&mﬂné’e'E@Eﬁaﬁﬂl@éysélﬂﬁﬁiéi?\ﬂﬁg%ﬂég@mm%msed to interface
({;éocessors 601 may also include cache memories, which may form a
a

Ereaidrrery Viranoibre e foleaun cesiRgsistemsidgr example, the
secondary bus bridge 616 may be a universal serial port (USB) controller used to couple
USB devices 617 via to the processing system 600. The multimedia processor 618 may
be a sound card, a video capture card, or any other type of media interface, which may
also be coupled to one additional device such as speakers 619. The legacy device
interface 620 is used to couple legacy devices 621, for example, older styled keyboards

and mice, to the processing system 600.

[0046] The processing system 600 illustrated in FIG. 10 is only an exemplary
processing system with which the invention may be used. While FIG. 10 illustrates a
processing architecture especially suitable for a general purpose computer, such as a
personal computer or a workstation, it should be recognized that well known
modifications can be made to configure the processing system 600 to become more
suitable for use in a variety of applications. For example, many electronic devices
which require processing may be implemented using a simpler architecture which relies

on a CPU 601 coupled to memory components 608 and/or memory devices 110. These
14



system 600 includes peripherals or controllers which are bus masters or
which support direct memory access (DMA), the memory controller 602
i nt a cache coherency protocol. If the memory controller 602
E%‘%@g l;tr%?a plurality of memory buses 607, each memoR/Biis38wy#/020748
may be operated in parallel, or different address ranges may be mapped
elestERRiT eV ifimony budedabbut (0044} Tineidrtany bigvidiely 81608si9rs and
reg&ucpel Sd to atrlleast onf eﬁ%ﬂ%hir%gbus‘mo' Various devices, such as
berpherals or additis B R BE B @t irrleassghgphones,
nR0LHBARIES 2R T g I .These devices
még)ﬁnclude a gt%ragg%%%ﬂt{gﬁg% g%é%g r%g%%%lg?wg’gggégf)go evite’ g{%ﬁn :SLGPS)
angHeppakabna vBeielgens 16 cadigiitintediarpsarelsor 634 arnd FHega@ging devices
quEgicleeisrétﬁnl‘lz%%gn 20. Tfle rimar?‘f?us bridge 603 may also be coupled to
O S REESS MO SR BB B255H Aopereonale, may be

one'or more specialp

ingslenRsiesd ol @XamPisnibe SHETIAld DY TARREROLL HHQ*%EP&&QC?SQREE f(lgétaetgons

Graphics Port (AGP), used to couple a’high performance vi car
MEdIees sHgsystpln 600I{e045]0fhestoxagergantrpler6lsl sddiples one

.more.storage devices 613, vja a storage bus 612, to the peripheral bus
PR ) SAIanIe e Slbr A KEP TR ALAPBEH S 6L eBRtollr

or exampﬁe,
and storage devices 613 may be SCSI discs. The 1/O device 614 may be

t ' le, the 1/Q.device 614 may be a logal .
oo B I A on B A Ban s lsscrived it

sperifigeafeayresisedMOfsitacelBdditanah devErE Via RRARR% b 18488 H0n has
b gr%:essin .S\é?it.em. For example, the secondary bus bridge 616 may be a
TORRTE AP SETRISB ANYBRY benttefdn awrimreiprP IS BisleVicee et bléathe

T SR TS O AN
pregeissiend@gpcribed above are but only a few methods of many that may be used. The
above description and drawings illustrate preferred embodiments which achieve the
objects, features, and advantages of the present invention. Although certain advantages
and preferred embodiments have been described above, those skilled in the art will
recognize that substitutions, additions, deletions, modifications and/or other changes
may be made without departing from the spirit or scope of the invention. Accordingly,

the invention is not limited by the foregoing description but is only limited by the scope

of the appended claims.
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also be coupled to one additional device such as speakers 619. The
legacy device interface 620 is used to couple legacy devices 621, for

example, older styled keyboards and mice, to the processing system 600:-0YD WISE

[0046] The processing system 600 illustrated in FIG. 10 is only an

exemplary processing system with which the invention may be used.

While FIG. 10 illustrates a processing architecture especially suitable for

a general purpose computer, such as a personal computer or a

workstation, it should be recognized that well known modifications can be
made tg-ggpfigure the processing system 600 to become more suitable

for use in a variety of applications. For example, many electronic devices
which require processing may be implemented using a simpler

architecture which relies on a CPU 601 coupled to memory components

608 and/or meorgggg devices 110. These 14 WO 2005/008782

PCT/US2004/02b 748" QRERE¥TE TV FBBALMBclude, but are not limited

to audio/video processors and recorders, gaming consoles, digital
televisiBEBISORTHEALEF fliEatadnshrdinga pavigedorilirandager at an upper
(including system based on the global positioning system (GPS) and/or

it and: fofl)eatningaibanelegeanompasorgers. The imaging

devices of the present invention, when coupled to a pixel processor, for
example, mayatsliqoptgmenedumdigital cpeneaasi and video processors

and recorders. Modifications may include, for example, elimination of
unnecessary extadnedtisliacdiliorobwatialFREALHGRS MiGHe WiSe layer; and
and/or integration of a plurality of devices. [0047] It should again be noted

that althguiat dberseriondiRe R RN ASSCHIB AN | PRAGTIIETCIBNGR S Raid

CMOS pixel cells having a strained silicon layer, the invention has

brpadshanplisabilityand may be used in any imaging apparatus. For
le, th )

example, the

2. The pixel cell of claim 1, wherein said strained silicon layer has a

thickness of about 500A to about 1000A.

3. The pixel cell of claim 1, wherein said silicon-germanium base layer

comprises SixGe(1-x).

4. The pixel cell of claim 1, wherein said silicon-germanium base layer

comprises SixGeyCz, and X+Y+Z =1.
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present invention may be used in conjunction with CCD imagers.

Similarly, the processes described above are but only a few methods of
many that may be used. The above description and drawings illustrate LLOYD WISE
preferred embodiments which achieve the objects, features, and

advantages of the present invention. Although certain advantages and
preferred embodiments have been described above, those skilled in the

art will récogniz®ericeliselitislérabdioreeinaaiibpdispodifitarerym base
and/or other changes may be made without departing from the spirit or
séaper eptheTisesronti plsclveing b, sthednveetionnsuwothiamiteg tayriieg
foregoing description but is only limited by the scope of the appended
cleomeeritbaltioDy Bf G Shakilaims: 1. At least one pixel cell comprising: 5 a
semiconductor substrate including a strained silicon layer at an upper

portion thereof, the strained silicon layer comprising: a silicon-germanium
base layer; and a strained silicon layer over the silicon-germanium base

layer; angl a pholeseRsPEdAr@eNarRUNG HAGS JNGH 0, A0 4RGN R Blse Tayer

of said 10 semiconductor substrate. 2. The pixel cell of claim 1, wherein

sﬂgss;rgéa?ﬁgﬁiggﬁncmféﬂ%ﬁa%@ t%%es&%gés%%ug@&%%bout 1000A.

15 3. The pixel cell of claim 1, whereln said silicon-germanium base layer
comprises SixGe(i-x). 4. The pixel cell of claim 1, wherein said
silicon-germanium base layer

7. The pixel cell of claim 1, further comprising a reset transistor, a
source follower transistor, and a row select transistor formed in regions of said

substrate containing said strained layer.

8. The pixel cell of claim 7, further comprising a transfer transistor

formed in a region of said substrate containing said strained silicon layer.

9. At least one pixel cell comprising:
a semiconductor substrate including a strained silicon layer at an upper
portion thereof, the strained silicon layer comprising:
a silicon-germanium base layer; and
a strained silicon layer over the silicon-germanium base layer; and
a photosensor for generating charge formed in an upper region of said

semiconductor substrate;
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comprises SixGeyCz, and X+Y+Z = 1. 20 16 LLOYD WISE 5. The pixel

cell of claim 1, wherein said silicon-germanium base layer comprises

multiple layers of silicon-germanium having varying concentrations of || ovp wisg
germanium. 5 6. The pixel cell of claim 1, wherein said silicon-germanium

base layer has a germanium concentration of about 30% to about 40%. 7

The pixel cell of claim 1, further comprising a reset transistor, a source

follower trarsistoransidtar vy SIS ¢h ARt sieiRRTiel éﬁﬁf&ﬂfﬂ%ﬂﬁm SA8n of said

10 substrate containing said strained layer. 8. The pixel cell'o

furtbemsermpicing admpsigs transistor formed in a region of said
substrate containing said strained silicon layer. 15 9. At least one pixel cell

comprising. & SEEISAAUPL ANIRYAIS ety & svaned slcon er a1

an upper portion thereof, the strained Seor 14 HEhy?

SI|I£ -ASIm; rggjl té%%ft ayer and %gtréamﬁ%j silicon layer over the

silicon- germanlum ase lave nsor for generating
charge formed mr%n upper region of said semiconductor substrate; 17
LLOYD WASEWasfiget transister iormsd i assesiation witthsaitluresr portion of

portion of said
said semiconductor substrate.

10.  The pixel cell of claim 9, wherein said strained silicon layer has a

thickness of about 500A to about 1000A .

11.  The pixel cell of claim 10, wherein said silicon-germanium base

layer comprises SixGe(1-x).

12. The pixel cell of claim 10, wherein said silicon-germanium base

layer comprises SixGeyCz, and X+Y+Z =1.

13. The pixel cell of claim 10, wherein said silicon-germanium base
layer comprises multiple layers of silicon-germanium having varying

concentrations of germanium.

14. The pixel cell of claim 10, wherein said silicon-germanium base

layer has a germanium concentration of about 30% to about 40%.
18
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semiconductor substrate; a source follower transistor formed in

association with said upper portion of said semiconductor substrate; and

5 a row select transistor formed in association with said upper portion of-LOYD WISE
said semiconductor substrate. 10. The pixel cell of claim 9, wherein said

strained silicon layer has a thickness of about 500A to about 1000A . 10

11. The pixel cell of claim 10, wherein said silicon-germanium base layer
comprises SixGe(i-x). 12. The pixel cell of claim 10, wherein said
silicon-germanium base 15 layer comprises SixGeyCz, and X+Y+Z = 1.

13. The pigel celofaldiBhlQiheiain saifhalifgn-germanium base layer
comprises multiple layers of silicon-germanium‘aving varying

concentglehs o RIERAFINEL 20 h Te XL gellorclsim 10, wherei

said silicon-germanium base layer has a germantur concantratiorfoft UPper

ahout 3094 ¢ t 40%..181 LOYD WISE 15. At least one pixel cell
cﬁpr%?}]g?%%gﬁnﬁ%%ﬁ ﬁé?gﬁdlésd lg?rté%ﬂﬁ]éﬁfaﬂﬁrglﬁgained silicon layer at

an upper portion thereof, the strained silicon layer comprising: 5 a

silicon-germanifii ¥ &y Braahem base layer; and

a strained silicon layer over the silicon-germanium base layer; and

a photosensor for generating charge formed in an upper region of said

semiconductor substrate;

areset transistor formed in association with said upper portion of said

semiconductor substrate;

a source follower transistor formed in association with said upper portion

of said semiconductor substrate;

a row select transistor formed in association with said upper portion of said

semiconductor substrate; and

a transfer transistor formed in association with said upper portion of said

semiconductor substrate.

16.  The pixel cell of claim 15, wherein said strained silicon layer has a

thickness of about 500A to about 10004 .
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a strained silicon layer over the silicon-germanium base layer; and a
photosensor for generating charge formed in an upper region of said
semiconductor substrate; a reset transistor formed in association with sai
upper portion of said 10 semiconductor substrate; a source follower
transistor formed in association with said upper portion of said

semiconguctorre pskatesIporkaales! WRBRIStLlarseh i @ssReatiANbase layer
with said upper portion of said semiconductor substrate; and 15 a transfer
t@%ﬁg&g‘g{;@%% association with said upper portion of said

semiconductor substrate. 16. The pixel cell of claim 15, wherein said
strained silicon layer has a thickness of about 500A to about 1000A . 20

19 LLOYD WISE 17. The pixel cell of claim 16, wherein said

Si"‘.’on'ggf maRim ?%ﬁ%'ﬁ"&’ Somer .%V%Si)é%eg%iﬁé) sitPonne-AXEL Cel Blce tayer
claim 16, wherein 8aid s icon-germarfium base layer 5 co%prlses

SixGeyCz, nﬁ XtY+Z = g)%m pixel cell of claim 16, wherein said
s‘iﬁ&%{ﬁg ﬁé B I%L r Comprises multiple layers of
silicon-germanium having varying concentrations of germanium. 10

19. The pixel cell of claim 16, wherein said sﬂicon—germanium base layer

comprises multiple layers of silicon-germanium having varying concentrations of

germanium.

20.  The pixel cell of claim 16, wherein said silicon-germanium base layer

has a germanium concentration of about 30% to about 40%.

21.  Animager comprising: a plurality of pixel cells, at least one of said
pixel cells comprising:
a semiconductor substrate including a strained silicon layer at an upper
portion thereof, the strained silicon layer comprising:
a silicon-germanium base layer; and
a strained silicon layer over the silicon-germanium base layer; and
a photosensor for generating charge formed in an upper region of said

semiconductor substrate.

20
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20. The pixel cell of claim 16, wherein said silicon-germanium base layer

has a germanium concentration of about 30% to about 40%. 21. An

imager comprising: a plurality of pixel cells, at least one of said 15 pixel LLOYD WISE
cells comprising: a semiconductor substrate including a strained silicon

layer at an upper portion thereof, the strained silicon layer comprising: a
silicon-germanium base layer; and a strained silicon layer over the

silicon-g&nanirmdraagayof. difn 20 AMANAGsERATJOAGRIELANNh Tayer has a

charge formed in an upper region of said semiconductor substrate. 20

L LGN INMEESEE A ukmedRagssphGlaighgl, wherein said strained silicon
layer has a thickness of about 500A to about 1000A. 23. The imager of

claim 21, wherein said silicon-germanium base 5 layer comprises
SixGe(z-x). 24. The imager of claim 21, wherein said silicon-germanium
base Iayg comﬂrligcias aSixGe Ciz, a%X+Y+Z =1. 1Q 25. The imager of
claim 21 Whereln Said SHCON-Garm: uihsEsn BRI e SHAOR-gekmaniim base
cqgncentration of ahout 30% to about 40%. 26. The imager of claim 21,
w ae‘f%‘fncgg?@’i}ﬁ%%’rxé%@%os imager. 15 27. The imager of claim 21,
wherein said at least one pixel cell further comprises a reset transistor, a
source follower transistor, and row select transistor formed in regions of
said substrate containing said strained layer.

24.  The imager of claim 21, wherein said silicon-germanium base

layer comprises SixGeyCz, and X+Y+Z =1.

25.  The imager of claim 21, wherein said silicon-germanium base

layer has a germanium concentration of about 30% to about 40%.
26.  The imager of claim 21, wherein said imager is a CMOS imager.

27.  The imager of claim 21, wherein said at least one pixel cell further
Comprises a reset transistor, a source follower transistor, and row select

transistor formed in regions of said substrate containing said strained layer.

28.  The imager of claim 27, wherein said imager further comprises a

transfer transistor formed in a region of said substrate containing said strained

silicon layer.
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28. The imager of claim 27, wherein said imager further comprises a 20

transfer transistor formed in a region of said substrate containing said LLOYD WISE
strained silicon layer. 21 LLOYD WISE 29. The imager of claim 21,

wherein said photosensor is a photodiode. 30. The imager of claim 21,

wherein said at least one pixel cell is part of an imaging array. 5 31. A

processing system comprising, .a psocessor;.an imaging device coupled, ..
to said pﬁgceszﬁ(?ﬁes}éﬁl& %ra%gr%al e%g’e%a%]‘fﬁlgn %ab u]r%lﬂyo?ﬁrbﬁ%I%@I%ﬁgiﬁ()dwde'
least one of said pixel cells comprising: 10 a semiconductor substrate
including a strained silicon layer at an upper portion thereof, the strained
silicon layer comprising: a silicon-germanium base layer; and a strained
silicon la3fer ovaPENERes Rlgdrimanity bersnaspii atdeast pretiehseH is part of
for generating charge formed in an upper region of said 15 semiconductor
sabsirReIRharEéadout circuit comprising at least an output transistor
formed on said substrate. 32. The system of claim 31, wherein said
strained silicon layer has a 20 thickness of about 500A to about 1000A.
22
31. A processing system comprising:
a processor;
an imaging device coupled to said processor, said imaging device having
a plurality of pixel cells, at least one of said pixel cells comprising:
a semiconductor substrate including a strained silicon layer at an upper
portion thereof, the strained silicon layer comprising:
a silicon-germanium base layer; and
a strained silicon layer over the silicon-germanium base layer; and
a photosensor for generating charge formed in an upper region of said
semiconductor substrate; and

a readout circuit comprising at least an output transistor formed on said

substrate.

32.  The system of claim 31, wherein said strained silicon layer has a

thickness of about 500A to about 1000A.
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LLOYD WISE 33. The system of claim 32, wherein said
silicon-germanium base layer has a germanium concentration of about

30% to about 40%. 5 34. A method of forming a pixel cell comprising: LLOYD WISE

forming a semiconductor substrate; forming a strained silicon layer in
association with an upper portion of said semiconductor substrate, the
method of forming the strained silicon layer comprising: 10 forming a
silicon-germanium base layer, and forming a strained silicon layer over the
silicon-germanium base layer; and forming a photosensor for generating

charge atsaid hpSey plsmopf slaimd L enlietrituetior slibstragerBrEEnT base layer
method according to claim 34, further comprising forming a reset

trhAg B RRT AT dollowdratamsistehartBa %o sbladt 4G9asistor in

regions of said substrate containing said strained layer. 20 36, The

method according to claim 35, further comprising forming a transfer

transistor in a region of said substrate containing said strained silicon

layer. 234, OYR Mdfiod%t Hhaimethpraceardipmislaim 34, wherein
said forming of a strained silicon layer is performed by forming a strained
silicon IayemgyIBGeniconductor substrate;
forming a strained silicon layer in association with an upper portion of
said semiconductor substrate, the method of forming the strained silicon layer
comprising;:
forming a silicon-germanium base layer, and
forming a strained silicon layer over the silicon-germanium base
layer; and
forming a photosensor for generating charge at said upper portion of said

semiconductor substrate.

35 The method according to claim 34, further comprising forming a
reset transistor, a source follower transistor, and a row select transistor in

regions of said substrate containing said strained layer.

36.  The method according to claim 35, further comprising forming a
transfer transistor in a region of said substrate containing said strained silicon

layer.
23
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thickness of about 500A to about 1000A. 5 38. The method according to
claim 34, wherein said silicon- germanium base layer comprises
SixGe(i-x). 39. The method according to claim 34, wherein said
silicon-germanium 10 base layer comprises SixGeyCz, and X+Y+Z = 1.
40. The method according to claim 34, wherein said step of forming said
top silicon layer is performed by atomic layer deposition (ALD). 15 41. The
method according to claim 34, wherein said step of forming said top

silicon layer is performed by chemical vapor deposition (CVD). 42. The
methodccordihg toetiain 84ondiagetn shithsfep whiawhingid Hirainetof a
silicon layer is performed by forming a top silicon layer over a silicon- 20
gﬁfaiaewmﬂa@seu@eeﬁ@pwémr@@amyammmﬁgrm@ﬂaa{&ﬂsgﬁ@hmy@%éﬂng a
about 40%. 24

thickness of about 500A to abo{it 1000A.

LLOYD WISE

38.  The method according to claim 34, wherein said silicon-

germanium base layer comprises SixGe(1-x).

39.  The method according to claim 34, wherein said silicon-germanium

base layer comprises SixGeyCz, and X+Y+Z = 1.

40.  The method according to claim 34, wherein said step of forming said

top silicon layer is performed by atomic layer deposition (ALD).

41.  The method according to claim 34, wherein said step of forming said

top silicon layer is performed by chemical vapor deposition (CVD).

42.  The method according to claim 34, wherein said step of forming a
strained silicon layer is performed by forming a top silicon layer over a silicon-
germanium base layer having a germanium concentration of about 30% to about

40%.
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