Pl XELW TH STRAI NED SI LI CON LAYERFOR | MPROVI NG CARRI ER
MOBI LI TY AND BLUE RESPONSE | N | MAGERS FI ELDOF THE

wo BMENTY7E€N [ 0001] The present invention rel at eBCT/US2004/020748
general ly to i mge sensors, and nore specifically to a
pi xel cell having an associ at ed_strained silicon | ayer

aREXERW I)EH&T EEX BTk ONek- AXER EARINMEB@YVBRGTEARRIER

| NVENTI ON MOBILITYRANDBLUEE RESPONSH INIIMA CGERSE
coupl ed devi ces (CCD) and conpl enentary netal oxide

sem conduct or ( CMOgy F |y been used
i n photo-i magi ng apppﬁ???(}ﬁg ﬁﬁg&;gi iypl cally, a
digital imager circuit includes a focal plane array of

i xel cells, each ogne of the cells including
[OOOﬁh ot JERIgsentdngenton ﬁ%lﬁ%?@ﬁe@emé Yﬁﬁdmg@rﬁﬁué@r@r angymoge

speC&Cra@O% 3%%%%@“{%@%”&53 AEsasiAled SHARY fe%qm@a@‘éan gnethod of

fabri alg i xel.cell in the formof an output transistor.
abIIERILO 8ensor converts photons to el ectrons which
are typl cally transferred to a floating di f fusi on

regi on, connectye 1 ower

out put transi st gdﬁ;ﬁﬁ rge ran ggie\@ﬁgjé@can be

i ncluded as well and may be a tr anS| stor for

transferri ng charge fromthe photosensor to the
[0002] oatlmaging fievises Anelagingchargageupled d@n@ﬁsam%m% ly

have a transistor for resetting the floating diffusion
complegetanyomgtal Oxils smcABRdUERE (@M@%)\ﬁ@nsw. haveiconupgplyebeen used

transference.. . The out put of the source follower
in photgrimiaging apRIGAMIGNS- as an out put signal by a row

sel ect transistor. [0004] Exenplary CMOS inmagi ng

circuits, processing steps thereof, and detail ed
[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 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 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
1



descriptions of the functions of various CMOS el enents
of an imaging circuit are described, for exanple, in
woLR®@s0easent No. 6, 140, 630t o Rhodes, U. S. Pat ePET/NS2004/020748
6, 376, 868t 0 Rhodes, U.S. Patent No. 6,310,366 to
Rhodes et el., U S. Patent No. 6,326,652 to Rhodes
to Rhcdes, P& BatertidNo.&, 3036610 Rhwders efak, Usn Baterg N @&%652 to
333,205 to Rhodes. The di sclosures of each
RhodaSeUf$r@@¢rﬁdv@r@2M%t@ Rixadsnspend s IaenicNer @ﬁ%%zwo Rhodes.

thelr entirety 0005] FI G il lustrates bl o

The disglgpaias st eadwb{:hq ﬁ%@@ng@é% %E@bz’déc%ﬂrﬁﬁﬁé) %%%Wence in their
_array 300 with each pixel cell being constructed as

entirglgscri bed above. Pixel array 300 conprises a plurality
of pixels arranged in a predeterm ned nunber of
columms and rows (not shown). The pixels of each row

[0005]n afi@y1 30@steates ablodkudingrhnonf atCNIRKS iszager devicet3p8aaving a
row select line, and the pixels of each columm are

pixelsat@c 800/ efith e;am@melmpllrb@g@omnatmqt@l asrdesasibedtabiavee Pixel array
A plurality of row and columm lines _is provided_for

300 coneprasesiar plugalityyof3ogels Ttvanged/in arpégdgtﬁ@rwctemlmb@r 9f columns and
activated by a row driver 210 in response to a

rowsdeiot skewac bbe poekoof eask rewl W@éf‘@g 70 91k angd o7 at the same time
sel ectively activated lgépéﬁa col.umm dri ver

by a rewselestling andcdiepine 6%1%6%18886%?3 UV?B@%UtPéltPé’WESPeCﬂVQ

R TEES 5 sty BB e s

o trfo%aﬁ'?%&“e;stg S Ao

8 g OB T O 2

drlv%% g%p&’(b%% %[ncgd&fg&gdél&ldlef‘gﬁ Tﬁu§ I&ero% bﬁ& column
FANSI S

of t ected row and columm 'I'| nes.

addrBbs® tpr891 0 'eQEFE‘ el MTh& @M@B'l ggi/ dbPieb Bde 1@019ér>é%d by a

reset” signal (Vrstjand a pixel image signal (Vsig),

tlmn\ﬁl’é gnd %81qtrBYc1§CLﬁ@Qm QviRicH cbRtrelscd ddidsd dé’c@ﬂe@égﬂ]; 280 est selecting
he colunm device 260. A differential signal

the appr8 na%é%o@s} hid RORAA ¢theb Yordbikélereadbut| Therpdnthdladirc®250 also

or each pi xel that
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 (Vis)) and a pixel image signal (Vsig),
are read by a sample and hold circuit 261 associated with the column device 260. A
differential signal (Vist — 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. In a CMOS imager, when incident light strikes the surface of a photodiode,
2



is anplified and digitized by analog to digital

converter 275 (ADC). The anal og-todigital converter
WQ7Z®580081 i es the digitized pixel signals to aPCT/Dszpe4/020748

processor 280, which fornms and out puts a di gital

i mage. [0006] P-n-p photodi odes are a
electpmd?mokaemm aregeperated mﬂm&jpmu@m of ﬂtﬂ ph@ﬂquodet nlke generated

WQﬂ when i nci dent %ht sirikes the surface
electmnSaarp eeted de the ndype m‘egi@n e Pho@déo%fé nehafoechar ge may be

the p-n junction of the ot odi ode. gener at ed
ampléfl@‘éwltﬁﬁslt Mmevesdromdhednitial e atl%%uf e tqyhe floating

phot odi, od Phot h d wh t
diffugiapeeef TRt itRBaY B Eroasreares éﬁéé@gﬁﬂ f&ﬁl(ﬁﬂi@ﬂ%@? Yig a transfer
cansfe SRE ey P AR b b I

t the fl
outpi 3PER8S BY et P EEh rhifstop AR U
vol tage by the source follower transistor described
above. [0007] A portion of a CMOS pixel cell having a
[0007} n- pA plostioniodd € MOS pixel delldraving @ pra-ppletogliode 49 igrillastrated in
foll ower transistor and row sel ect transistor woul d be
FIG. |2ncA a@meufﬂll‘vwgr ranpigipsiandgiow gelqgt teagisistey mvd;i bz m@utied in the

ot shown in the deplcte Cross-segtion.

4-tramé§FQ¥r{42T1) Ged of FdGin2 Authase RRt phawpn thy Aepictest fhg%s-gection. A p+
regiomp) Been Eoovea B P EIPARIP i HhE PP RAPS Ay Typically, the
pr r%m% R PRRR M rUb B ﬁﬁgvﬁ%ﬁaﬁ@ #idifdudesa
tran%t8 hp&g;&a&givw s ggﬁogha %% 'g %1225' %r{cf%é? er?ﬁﬁ{%goaated gate 28,
o JEHASIR TG FRED ek %ﬁgacé@w% 305 st
pixePalSs p}&{i&&%aﬁ@% +RhER KopaH s Thy RIPidHCH ems such as

cl ent arge transter and 1nage | ag due to
potential barriers between the photodi ode 49 and

oo S5 R A i B3t s e
from’ Srn Shlems such as 1n ®Hiden Echargg?ras W8 o84 ; 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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the ratio of electrons produced per given |ight
intensity. Fill factor |oss may occur when hi gher
W@ owseeR78at i ons of p-type dopants are used i n PEEUS2004/020748
surface of a p-n-p photodi ode and diffuse into n-type
dopants, thereby conpensating them and causing a
blue edieddrigths toat eldctrdict chirge] Beo&dsetine phiotomsirembsetbed closer to
cells may al so suffer from poor color fidelity,
the satfgoahnd angitherefate, esbjeetrtd smefpce defegts ail eakegemmtianal color
over a wde range of lighting conditions. This is
fidel#gpufferd dsya tesudt. wi t h regards to bl ue response, i.e.
t he conversion of photons fronblue wavel engths to an
el ectrical charge. Because bl ue photons are absorbed
closer to the E&EE\S@%&Y@,FT%MEETI@%j ect to
surface defects and | eakage, optimal color fidelity
suffers as a result. BRI EFSUMVARYCOF THE | NVENTI ON
[001d]00 1 HmBo&ReéAE B $hoinvieRioh previdec ifgydrdeiliing agged] cell having
utilizing a pixel cell having an associ ated strai ned
an agsbbiatestrained silldoa layéri Tredstdihed siticbayeyerasf thb@ixel xell increases
cell increases charge transfer efficiency, decreases
chargeragasienegffidailyi, dpeeuss iblage lagspahisepiaves idué rasgonge in the
devi ce. BRI EFDESCRI PTI ON OF THE DRAW NGS [ 0011] The
imagihgdevitescri bed features and advantages of the
invention will be nore clearly understood fromthe

follow ng detail ed description, which is provided with
reference to BREE@@@@QR&I@H@FMEW Feh:

[0012] FIG 1 illustrates a schematic diagramof a
CMCS i mager chip having a pixel array; [0013] FIG 2

[0011] | UStHedIRSvead &cAiBed ettt nald advamitagesofbriRvitiutalvill be more
pi xel cell; [0014] FIG 3 illustrates a

clearly Qﬁﬁeﬁsﬁg@écﬂ érvmh thvd fallowfing deitaidd desctiptionpwidctats prgvided with
straine
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. 3illustrates 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;



silicon | ayer constructed in accordance wth an
exenpl ary enbodi nent of the invention; [0015] FIG 4
WO Rd0oames78t es a strained silicon |ayer construcP@rUs2004/020748
accordance with an exenpl ary enbodi nent of the
i nvention; [0016] FIG 5 illustrates a cross-sectional )
[0016]i ewFdE. Qiliﬂstmms:e ctosprsedtinnad vigw 06 p poxeltdelprgcursor incorporating
strained silicon |ayer constructed in accordance w tcp
a straine@ gidiepndayercopstiusedtingecenance wath ap axemplary qﬁi% igent of the
. illustrates a stage of processing of a pixel cell,
inveR#a®R or ned i n accordance with an exenpl ary enbodi nent
of the invention; [0018] FIG 7 illustrates a further
stage of processing of the FIG 6 pixel cell; [0019]
[001A! G BGl blilligdtrates s&g%ldifgh@d‘essihggﬁ agpixpl cedle petfogmetl in accordance
the FIG 7 pixel cell; [0020] FIG 9 illustrates a
withanhasengslaty embbdithent afftha ipverdloncel | i ncorporating a
strained silicon |layer constructed in accordance with
an exenpl ary enbodi nent of the invention; and [0021]
G , . . . _ .
10018], o 35 2T RERE TR e ARt BT Ricclif OF BRORIG WS FrRell
constructed in accordance with an exenpl ary enbodi nment
of the invention. DETAI LED DESCRI PTI ON THE; )
[0019INVERFFGoRIfweatps » futther $t88¢ BlpTRsesring of Hie FIG. 7 pixel cell;
description, reference is made to the acconpanyi ng
drawi ngs, which forma part hereof and show by way of
[0020] | uSUGaDiilbistsates h kisssaatibohaiwidw df a pikelotelltiheorporating a strained
i nvention may be practiced. These enbodi nents are
silicatelaget barbtiurtsd frf acioeddnaeydhlantaxesplbteembodinehi of the
inthe art to practice the invention, and it is to be
inventideyratdod t hat ot her enbodi ments may be utilized, and
that structural,

[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 present 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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| ogical, and electrical changes may be made w t hout
departing fromthe spirit and scope of the present
WO pwsenes78n. The progressi on of processi ng st epBCT/US2004/020748
descri bed is exenplary of enbodi nents of the
i nvention; however, the sequence of steps is not |
forth/Hemeinend maythe chooged as s kaown in she artayithetherpxagpiiom of steps
is known in the art, with the exception of steps
necessatibsgeqIrringdaauterioiyOrdela certain order. [0023] The
terns "sem conductor substrate" and "substrate" are to
be understood to include any sem conduct or - based
[00233t ' UThirtermd MeeraRBha QoY stibstrate! untUfsabsthate!’ drdeo be understood to
understood to include silicon, silicon-on-insulator
includ8@ny,sesitdrediictonbasehdttuctutS(H)e satnjeddanidr shaaped should be
sem conductors, epitaxial |ayers of silicon supported
undebstoad hasrecladaisilmodyusitioon-botinsalat@n(SQlp diliconeen-sapphire (SOS),
sem conductor structures. The sem conductor need not
dopedearsl tindoped assitoniinetass repiamninal daysrs obsiligonsupported by a base
silicon-germani um germanium or gallium arsenide. .
semigyrehiatef g}@td?éioins atharsentieo oF sirectilpes: hghe semiconductor
foll ow ng descrjption, preyious process. steps may have X
needpwipeiliqanzeesede Fhsrsemieepdirdobroyldha sihern-garmg (germanium,
t he base sem conductor or foyndation. Oq24 The.ter.m
or gallijmearsenigs. \When Fiprense 150pae o e %\ulb%a B! Hpwing
uni.t cell .containing a photosensor faor nyertin . .
descHAHPRRFFIPUA PRICER HPRSNAR PN & PeoriHTizgl 36 {im gpBtons or junctions
. dllustration, .a single repre ative pixel and its
In Or ffh e@?sefsgpﬂﬁ?ﬁ‘%%&glf & fchr‘j%ﬁé ted in the figures and
description herein; however, typically fabrication of
a plurality of |ike pixels proceeds simultaneously.,
[00244c c oTihertgtmy, “plikel, "fasl usedihegeinetefersde ajpletorglement naitestl
to be taken in a limting sense, and tgg scope oL ﬁhe
containinga PhptRsensoier icgnﬂ@fﬂﬁﬁé&l%ﬂnﬁlt%V‘ elestrigabaiggaly For purposes of
.. claims. [0025] In the fallow description, the . .
illusEAgen( BHEIeT pEReRiasEe FxeLAIds Brryisr oF Bt Rhgfe i llustrated in

the f{ﬁg{gpsf grg %E%Qer?ﬁt?@ g%vs\aﬁ ro’wévr(]e% éyrlla\{c%lilltyl fgﬁriggt?or\{m ofj 8 ﬁolurality 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.



phot osensor of any inmager cell. Now referring to the
figures, where |ike reference nunbers designate |ike
web@seoi’82 FIG 3 illustrates an exenpl ary pi xeCT/U81004/020748
200 constructed in accordance with an enbodi nent of
the invention. [00’261 The illustrated, pixel cell Zq% )
[0026}.1<:|h ublessillustratest picel edll 2W00nclusps straingchsilisen davsrilgl in
ssoneboneih st bakets Ao SR S e RO onventionl
strained sjl.i I - 170, h Lxel I 0 .
CMOh RSP 5 e e % T b e A o i
FIG AP ok B Pob P o b BB ot imiea
.electron f.low .As el.ect fl ' f
to, FEpBariog Doty daeera cop s LFf Bl Ao LRI As
a 170, char transfe : faf - Cl peTole P
clecirf Slov! firers aRet RIS Sy HAFRHE ABUA 6 BT e Ained silicon
IayeF hod %ﬁ%fgeetirﬁggfﬂgc&?nésr rﬂc gf% %f:ficﬁ?lg,:ctll{cfghﬁ’éb IeHREERER as potential

€SS 0 ac . SO,
e §88ha {4 0L 09 R0 ARBIALALBLGR 106 Heline e of

factid A fsbORAb} HdlelitySsighhRtdIRGisS rhtiGd %H@?@Eaﬁ&@ob@@é N@6 range of
the bl'ue response i'n imagers due to its high

nghahg RbRYitRMs Gee ithpedwit. . AHARRDARINEhe dttdined siliedn fayer!170 improves
cel'l 200 includes a substrate 160 havi ng a doped | ayer
the Blzewaéporks In imagasididd writs kgt dbsorpticenpiedfigieptir poses

only, 'substrate 160 is a p-type substrate and i ncl udes

a p-type well 161lnore heavily doped than p-type

bst tod A& o | t i
o5 L B e R G 1 o o
+F 8Qi.an: i i _ oo
Bl HLEOIE 08 0108 68480 T8 oot 1601 e
sub%ﬁ%f%e %gldQnﬂhﬁeb Hgﬁgyﬂ"w@l‘ 96 P RE Deatdilpabpbd han gl-Jttypfe substrate 160.

I ode, or ot her suitabl e phot odi ode, or

The SHEIRARH YiR4 BN D08 aisd ifltIsEes a¢thoddsesor 160 Phwphdiosdrsor 150 has a
In addition, the photosensor 150may be a photogate or

p+ régionoiRemduiiohag pe ségibn d 24 e The phiotosengort 150 ialilllisiratet as a

convert photons into an electrical charge. The
phopdttibds ebimalyds @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 ability 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
7



portion that extends into the strained silicon |ayer

170. This allows for el ectron exchange between the
w@hb@toessssor 150 and a floating diffusion regiPCI/L$1904/020748

di scussed further below. [0028] The illustrated pixel

cell 200 also includes a transfer transistor wth

sele@TPRGIAOLL DA B s36ciafed' 64 aferAswilkiserated ihthe pixel cell 200, and
associ ated gate 128; source/drain region 130; and

are sHoMh BYeleeeiahsdieahaid form(iS I 8 dicomsseltheir shrisaburecie not important
follower transistor 127 and rowsel ect transistor 129

to thel ihbetsorncTh edtmatcftharewalebut tdahsistorai29ds connénted with a column
pi xel cell 200, and are shown in electrical schematjc

line 8. nAltholigt shdwreirdis: 3tdsei 4-tisnsistan(AE) renfiguration with a transfer
important to the invention. The output of the row . .

transistercthetingesiicn oan a0 Hesutdlinedantacdt tipnsister S8) gemfigymasion, without
131. Although shown in FIG 3 as a 4-transistor (4'{) )

a trapsferittansiaton orin okhex nixelmsilepnfighrationsdravipg gore or less transistors.
invention can also be utilized in a 3-transistor (3T)
configuration, wthout a transfer transistor, or in

[0020] her Refekihg 46 FIGS A gl 4B, tHensrdiavd Blicoarleyer 170assed in the pixel
transi stors. [0029] Referring to FIGS. 4A and 4B, the

cell 300 8f FIS! 35 bbing@ize ay6laylrussiticimgeimanivne (Sici) bagolyer 172 and a
of FIG 3, conprises two |ayers, a silicon-gernmani um

silicoRil&e)r 17as FhleajltdonlRentich ia fairhed omet theefiGebhse Tayer 172. The
sili'con layer 174is tfornmed over the Si Ge base |ayer

silicdif 2ayeFHF4sahibedormeg &y Grwentiondlenethodsd Fey example, the silicon layer
conventional nethods. For exanple, the silicon |layer |

174 tatbe foroned byeiedidpyer depasitiery 6ALD) g6 shemégal vappy dgposition
chem cal vapor deposition (CVD). As_the two Iaf)sltﬁr S...

(CVD)2 Astthe twiodayensiga, 1#aredprmedrhgstisonatomsoide siisan layer 174
| ayer 174 "align!' thenmselves with_t sil.ico to i .

“alignbthoneelvceitidpe ﬁﬂlf?z,a’f%@s i Fhs IR ey @ 122 fpfilstrated in
Because of e alignnment, .a.bjagxi.al. strain,is jinmparted

FIG off. Hocesior 0E e SHBHBEBE o8l s Fapaied ol tERTicbRatoms of
f.arm S ined silicon l.ayer..170. t ) . T

the SRETR I 172 58 R P AT by 2, TR ke stcon e

uperior to tho K.Sili i Asd ..
170 BB FletBprlsa oP &R et b A R W e PR TG TPE eptn imager
appiizagci&?s? ﬁe%ﬂlc%ﬁyﬂh%%fa@ﬂec?ﬁﬁc&? Ile?yer 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 about 40 percent, but the concentration can be optimized for a
8



nobilities, which translate into greater drive current
capabilities for imaging device transistors. The
w@ basges7sr ansf er from t he phot odi ode 150 (Fl G PGl/US1904/020748
the floating diffusion region 116 (FIG 3) is
i ncreased when conpared to conventional CMOS i magers.
part@dan appligation based onalasirediphete nespgase,rmabilidy enbancement, or other
floating diffusion region 116 (FIG 3) fromthe )
factarsy rlypiepl 5ite pHgyvareidoragtenizedys Sixcrenswhese Xiig the mole fraction.
[0030] 'The Si Ge base layer 172 s deposited to a
Otha%%lqufrsaleq%l-mrr%wugb?ﬁrt be yeadantherhasehayerds2r Egr example,
. atio depends on th esiyed strai pl i
St Fat SRPIHE ey dhe Pase Loyt 12 (G, 28k Siigferk 35 BndZ are mole
referab ha er mani.um c ion of about 30
fracﬁgp%gfﬁ, t%’ %‘B@S? r%??egg?"élé’n?r}g%?g zf:i'concent ration can
be optim zed for aparticular application based on
desi red photo response, nobility enhancenent, or other
[003hct oTke stgiviedatiliGindayet 1)/ sas @ examplet @ thizlenksaof about 500A to
Si cGe&\' -x),where X is the nole fraction. Qher_ alloys
abowef 10604 dbshejddrremated chowbeen tud the thigeness couldiyery by forming a
172, For exanple, SixGeyCzcan al so be used as the base
relax%@,@Geltpp ]@];zp@ve;g) gragrdrhotiom $iGe layey agpcompasite stack. In that

fractions .of Si, , .and C respectjvely, and X+Y+Z=
case; eag 3@? layers 52 e ialored) sepgiatelyyeith yagyipgconpeptrations of

o A ot B S N o,
thickiebey isrlasd Ag pnlye axeﬂﬁ%éﬁ?iﬁi‘%%%%?éf bt ROt Biiting in
any %@a%r' R&df&%aﬁlﬁy&g.ﬁﬁé%giig% lé;@érrlﬁ’génga g?aecge%f dﬁt?e l&y#giﬁa and SiGe base

varyi'ng concentr vary

layel 172 [AEF S uescyP P o) F0Rihs Eoink SoRtin Yo
germARind cAObe BEAKOATS E(?i%ﬂi HhO510% 1@@9 17209t sRo@al¥SYe noted that the
Additionally, multiple SiGe layers, e.g., graded SiCe

top bifiv6H 1623 7208n Bk Grrkad th hayeiatibAaith thSsubstHits 486 #BIGe or SiGeC

further bel ow), having varying concentrations of

or agg btiedtiraeeal chsatié of keginidy ey toptdilecod I69et BFRIs wkéd as the
It should also be noted that the
material for forming the substrate 160.

[0032] The SixGeq-x) 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. In 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 SixGeux 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.,
9



top silicon layer 172 can be fornmed in association
Wth the substrate 160 if Si Ge or Si GeC or any other
WOore0s008I82 capabl e of straining the top siliconPCHYS2004/020748
172 is used as the material for formng the substrate
160. [0032] The Si xCe(i-x)base |ayer 172 can be )
automadhlededrkets.eBy créutings tHiderSiCababelayer Aéagnd)ineyporating strain
that it forms a larger part of the substrate itself.
in thesilicordaper]’4adesied sensarhavasg high geantuan pffisiendigsdgoth blue
200a with a thicker SiGe base |ayer 172 conprising a
and gechtrgions chthesyisible spectramg can beecbieveilGe base | ayer
172b. In this exanple, a majority of a photodi ode 150
(FIG 3) canbe forned as part of the Si Ge base | ayer
[0033]72, BIGR6L9 SR IoheiekRR@aryambiifod efformifg arpsdel (ceRwith a strained
and near infrared (NIR) responses in the pixel cell
silic@®Mayler N0 i3 hecdddahéd Withi thg prbserit edrizssatofaridues stages of
Si xGea- x) base | ayer 172, the nole fraction "X, " and
prodebsingopondidcassibn putposesdthel iRyeatidn i desthibed psibeng formed in a p-
characteristics can be tuned. Red, IR and NIR
typer abptass hovgiver tié shoult eaindersodethap pomplementary structures may
e.g.,autonobil e markets. By creating a thicker SiGe
alsobadermagdn anzetypisubstiate OVreonsersehgr rhppseReotsitryctares may also
| ayer 174, a desired sensor having high quantum
be ug¢d.i ci encies in both blue and red regions of the
vi si bl e spectrum can be achi eved. [0033] FIGS. 6-9
show one exenplary nethod of formng a pixel cell with
[0033] St r Refeefn§ itd FTANG,|psifistratd1d0hadngistdatien vedibns BeS is provided.
present invention at various stages of processing. For
The @algtiss ragions 1 fHaesforined to eletticaly isslatesagioneof the substrate where
being forned in a ptype substrate; however, it should
pixebeellinwill Eteobe fdrated: Hpd isnkatioartpgimsidbsenderfaymeiidyy any known
be fornmed in an n-type substrate. Moreogver, other
techpimtasmhsas thetmatoxidetionwy the wodedyingesilicqromay.OCOS process, or by
Referring to FIG 6, a substrate 160having isolatio
etchingtrenchassBid filing thearwithrexide &n ashalowdgensmisise 0BST]) process.

Follfggz{'g@ng? gtgat g}r%%%@r cl)fcizsjlcl)lla 'orll ?gglgigag 1g§,gal straine s{hhcgn 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 5iGe layer 172a and a bottom
SiGe base layer 172b, as discussed above with respect to ﬁIG. 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



pi xel cells will later be fornmed. The isolation
regi ons 155 can be forned by any known techni que such
w@sgoosies7sml oxi dati on of the underlying silicoPCT/HSH04/020748
LOCCS process, or by etching trenches and filling them
with oxide in a shallow trench isolation (STI)process.
[0036]o! | aVextghe bizchioryaf therpixél deHpinatiding the transfet Sfnsistor gate; reset
strained silicon | ayer 170|s formed in association
transistbh gatep the doupee fllmsverdtansigor gatepand tlaé red select gansistor gate are
| ayer 170is formed either by selective epitaxial
all faynedt by wellduDvas nittbods éngl., hlamket depositier pégate exide, doped
FI GS. 4A and 4B. [0035] It should be noted that FIG 6
polysidicom) depssticemelonietrd fer apilicie, praedling e a sificidenthen
that, if desired, the strained silicon |layer 170 coul
pattesaingoand peBin®)f Fiq. shewaen expaplayysanpaginent ﬁfth?ﬂ?éﬂ? cell 200

w1m§§glpé2;i%;aarlgstg¢%glal%:glglfc§§e§blga g%%%%?li]ﬁég@gécg q:&?e eset
can 18 GG By % AP G D) Bt
the iR S grabae églé;%é#&%%i?bveﬁb%ﬁ‘?%‘té@e i caserno
ol B R Pt N o EUETl s

the pixel cell, i ncI udi ng the transfer transistor
ate; reset tranS| stor gate; the source foll ower

[003 4 an?r?ffgngglé é%ﬁorlﬁfﬁfétﬁrm frmationaf fb@zﬁat%%tﬁéks 115, 119.
The aetpmg g blﬁldma@&@efomaﬁé &y a%gfgt q%ﬁ(drlpg&# b%'l fasked
implancey P ol PRt Qﬂa%&%et}f’]s@o ap-type
s SASEE EISRTEN R A4 0GB At
I et T AR
imp Q Igng%s " or Eléﬁﬁ&%e[p%%ﬂié &nth‘é mﬂ@eﬁv@el@%ﬂs?ﬁe bowell 161 is

ment case no

dop%d: g2 E&ﬁce%%ﬁaltﬁmftﬁéﬁ?ﬁe P pehiBstrie8D. cel I's

avi ng re r ESS transi stors.

[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. Ina
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



[0037] A p-type well 161 is forned after the formation
of the gate stacks 115, 119. The p-type well 161may be
w0 oo0seeB78Y bl anket i nplantation or by masked PCT/US2004/020748
i mpl antation. The p-well inplant may be conducted so
that the well 161 and a p-type periphery |l ogic well
there(will be hniimdreasdincdankd durrexdn Thiereforsy by forming the photodiode 150
controlling the pixel array, have different doping o
deeppr bt Heasbsthatekthanrthestrainedagiticomlayer pY@® darkleusient ggn be limited.
i mplants may be used to tailor the profile of the
p-type well 161. The p-well 161is doped to a higher
opa n ' dgiiéh sGHR@Jd@ierddioh 130 are
[OOS[OOB%FE%f%ﬁ%%%%%ﬂ%{IS@%, a g%%?g%i ode 550 is Tormed
formbkd vﬁﬁ%ﬁ%@tﬁ—g{})é’%ﬂ 1bNeTRERSILRIR THE0D30 Rt foecedkn@vsbciation
In the art, ch as ion inplantation. It should be
with TRE §@afnlalsilidth Riyet, eslidede dbpRditblansi-typecbridudiviy (Be., they are
has a top junction that is preferably deeper in the
dopeslegidra) eFbhaxerhpiarg tpiaposs, doped oegibay 16, 130 are n+ doped and
Therefore, a portion of substrate 160 renmai ns above
may badogrhed bt apgdyiti0a mbiak $o fue subsiracé 16hand diopingithe regions 116, 130
remai ns undoped. In a | ess desirable enbodi nent of the
by iopi ivghlanteition2 (the illustriated pivel cad2Q0hrstdapedotegions 116, 130 that are
phot odi ode 150 is in contact with the strajned silicon )
formedyweithinzand dader the sterinedraificon lajard 7Br didg J@,ﬁlere%bpne embodiment
in the case in which there are defects in th

exanmpl e, a .

of m@p@gf el 209.earchghowd nasbesopairned ta be; d)enyivey- Finalty,
i ncreased | eakage will result .in dark, current. Under

gate piaskenevel PUIGRIN adorird pRITRSHIGERE pats i e 115, 119

. extends into the fect region,ther i1l _be.an .

using KpPpavisRhidgsP ot A ST P e o 2B gnf aPmt prelsior 128
rgr)t ?di ode 150 deeper in the substrate than the

respgc( V&ified silicon layer 170, dark current can be

limted. [0039] In FIG 9, floating diffusion region
116 and source/drain region 130 are formed within the

[004@)- t y pheneixel gedli200Tis @g@ent@yymgnglgg at1hi shpge, POLROgVeRtional
procg;%&fi Ingtiwgas %%C@éﬂ%ﬁé{@%%%ﬁéfa%%géiﬁ'eﬁééi ﬁgﬁ%ﬁaﬂﬁm layers
to co&%%ictggf'%% il,inle::g éﬁééﬁﬁpﬁ%gg%egﬁggg o the c%ﬂ.p %%r % rln% S ke ntire 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

iilustrated in FIGS. 6-9. Any one of the electronic components shown in FIG. 10,
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may be formed by applying a mask to the substrate 160
and doping the regions 116, 130 by ion inplantation.
wah@siobd7est rat ed pi xel cell 200 has doped regi PCEUS2004/020748
116,130 that are formed within and under the strained
silicon layer 170. This is nerely one enbodi nent of .
includirg @PEE0T ahd iR@Gingdelishd0f, dnagobe fabrivaterdt asie integtased circuit
limting in any way. Finally, gate stack sidewal |l
for usasupar@ssing3tages f orned on the sides of the gate
stacks 115, 119 usi ng known techni ques, to form
transfer transistor 126 and reset transistor 128,
espegld i Té00 iREXE lor 208rei sroees6d 6 dotipled to a
[004@onpr?§¥éeﬁ gcxﬁuﬁggg%%@e@a]ﬁgmgg ?1\@7 g%toi onal %r ocessi ng P

localBRidHWAS ARYerSriHesithrd1fer 60D Bndns prifiarh Gus Sl dgecti0Baire atsd coupled
nmetal lization |"ayers to connect gate |ines and ot her

to theQHaR Bluis @03, Mhelpibcdsiry: systim 68ampyeincldte wuwdtiple memory
surface may be covered with a passivation |ayer of,

contfSller§ 662Rh&/orhliltile pdiinmegrdms BREHR%03. dheBRSBOWNcohtroller 602

is CWP planarized and etched to provide contact holes,

and Wi sHoaire bulsémidyet 63| map e imtegrated de acinglactevice 606.
Conventional |ayers of conductors and insul ators may
al so be used to interconnect the structures and to

[004§8ninleflfujes Hég?mtfdﬂeﬁ’ %Pﬁ Rhat&bogpled 4b ong-orREkkhefrldsy buses 607.

exenpl ary processing system 600 t ha

Y SRRy d8Mipeaenfs@DsexRIFhAlificlude @&st one memo
Ead?%gé&ﬂ%ﬁ% %8 %ﬂlgl %, 1) I,p%i ﬁ%gr porating a pixel cell i

129916 Fife nm68PEShPeh&stks 608 atsobélanta@npiyt fartdher a memory module.
deVlerrbodi nment of %e i%venti on il lustrat edmf}f} FI GS. 6-09.

ExarfiplestFanefoi encdles frahide singlointine snethomnmiaduiésGSIMMs) and

10, i ncl udi ng’ CPU 601 and i magi ng device 308, may be
duaf ialline At dramadules (PIVNspdThe noarhory cympererity 608 may include one

processing i1 mages. [0042] The processing Eést em 600 _
or midreladdétsoror elevicentp®. Fovewsnplesirc®3ddlipr BUMM, the astdifional

bus 604. A nmenory controller 602 and a primary bus
deviue b9 enighsbe aeoafiguratimpinemory, such as a serial presence detect (SPD)
memory. The memory controller 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



to the local bus 604. The processing system 600may
include nmultiple nmenory controllers 602 and/ or
woredosiogd7e2 pri mary bus bridges 603. The nmenory PCT/US2004/020748

controller 602 and the primary bus bridge 603may be
integrated as a single device 606. [0043] The nenory

peripherat blis 610.60Resesdatices may phddde e storege conyoBenghip ayniscellaneous
buses 607. Each nenory bus accepts nenory conponents

I/O dodcenhl4 la senandrty tats hradge 6ne mukimediaaiocessen 618, mé a legacy
menory conponents 608may be a nenory card or a _nenor

devige intefacegdhplee pumarghsspridgafBsmay elsedee equpled to ohe or more

inline nmenory nodul es (SIMVs) and dual inline nmenor

- speciad ArpesE mgwaaeedmt g7 acmfﬁ FORBYSL Ry emepf?d the special
one or nore additional e i ces 60

UGS TBERAbE HIASERITRAShGFARicT Brtdae o) B hctbi® a high
configuration such as presence detect

perfppepehEsP Fard o LIRS LA Rr I P 030 20my ol 56 be
coupled to a cache nenory 605. The cache menmory 605
may be the only cache nenory in the processing system

[004B] t erTia¢ stoedge cartthalterddlicoeplesfome axaoyd Siprqgedt@&wr@3 viaa
601lmay al so i nclude cache nenories, which may form

storageies 612 tathdpeniphérat hus 610reFar gxapuse, the storage controller 611 may
processi ng system 600 i ncl udes perlpherals or

be aG&ifl conirefler amnd storage dpvisenold may heyS Qﬂu pcss (oY device 614 may

direct menory access (DMA),  the ontrol |
be apg gortRfiRasidieral. &@ét@égm%ﬁbﬁé@ge b maybe f Scaf afea network

| mte%% %ﬁcﬂ%ﬁé‘%é%%neggad EiRAFoD gry%leﬁs ﬁﬂéé%'a* Flpagfo intertace
TR L BB B i
secogg_ilér}gégﬁ Bgﬁl‘gg ég ,ge gglghaxt/%JssglgsZehagﬁer al SBg I?:Sflajollgf’ﬁsed to couple
UsEAh{d 3R Y3 tﬂgé eg#&%&iﬁgxy&s COP IR hPfRERE! HRIEER): 618 may

ese I Ces |ncueastorae

r v,
v oSEIRRO Oty AHI AR A i
also%cto%ﬂl&g @ ¥ne 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



device interface 620. The primary bus bridge 603 nmay

al so be coupled to one or nore special purpose high
wepwedogoer ts 622. In a personal conputer, for BPXEDP1004/020748

t he special purpose port mght be the Accel erated

e T A e

recoRiATP OB B AP Ieoa et T IEE S WSt DG graPhpres.

navighienieyicef el ifihe fyseth sl GEfr bt aToRigrns e o)

and S35l HivienBpRE i @ G oRE B 386 g imaping devices

ot w3t SO Aoh RO SPER G PE el Fop Sl may be

impleM &b d%E d?@gﬂltchﬁ{é‘? QY VRRD ﬁﬂo@e.ﬁ@% aed rcgédﬁdéx%. tM&difications
processi ng System For exanpl'e, the secondary bus

may3htRQR, ﬁﬂr@@ﬁfi@, é’liIHﬁ{'a‘t‘i%h%|ur§1%Eés%blgpé6ﬁlgonents, addition of
(USB) control I er 'used to couple USB devices 617 via to

spedidlfzell REAESE! ity SARHOP intd b titul ofi A Bldirali thT STCREA@S.
618may be a sound card, a video capture card, or any
other type of nedia interface, which may al so be

004 B3t G0 854 P S O SRR e i

. £ ' f , 4 . .

sped AR E RN Pl PRI S5 SRSy e inventon s

orod 8 4B EREY AT, DU ELABAI Sy ate Rofl Grople, the

predelPirl X EBh!REy BBY1sBE iﬁ'%&gunwblll Gift @Cﬂﬁnb%ét‘d.s Biall#dy dthe
processing architecture especially suitable for a

pro&@8aa#scABERABEVE Q_f%ﬁtednl?r AUEW ASHRDABVLINAY AT BE used. The
or a workstation, it should be recognized t'hat wel’l

abovd@¥¥erigidinf ér?cﬁﬁfm(%@ alusieatanitefet@edcanbodimients mehich achieve the
procesSing system 600 to becone nore suitable for use

objetts, feav@espind adlvappgecat thenmesdraineerdivl. eAlthemgh certain advantages
el ectroni c devices

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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whi ch require processing may be inplenented using a
sinpler architecture which relies on a CPU 601 coupl ed

W@ 2008808083 conponents 608 and/ or nmenory devi ceBCT/WLS2004/020748
Theseel ectroni ¢ devices may include, but are not
limted to audi o/ video prog(E &)rs and recorders,
gam ng consol es, digital BMMSon sets, wired or
vvi rel ess tel ephones navi gatl on devi ces (| ncl udi ng

rnba n the b i oni system (GR
P8 RER e as Al BB S e gt B s Pt of the
corders. The inmagi ng devices of the present
Lh“%%e%%%SI , When coupled to a pixel processor, for
exanpl e, may be inplenmented in digital caneras and
vi deo processors and recorders. Modifications may
i nd} ude Atileastoremike, celllcomprigingn of unnecessary
conmponents, addition of specialized devices or

circuits, d/or integration of a plurality of
dedi S@ggcorll(gw?!f sylstetie indudiggi astrringd sdigopdayeratamough

the invention has been described with specific
uPPFEPQF%WEg?r?%f;éN%S pi xel cells having a strained
S|I|con | ayer, the invention has broader applicability
be usdlna in ratus. For exanpl e,
£ hé EIbeEeoF Farheling e SR e Rppre e an
Sald%gRUB&? ?)rs‘%%gdtgrly, t he processes descri bed above

ew net hods of nany that may be used.
The above descrl ption and draw ngs illustrate

preferred enbodi nents which achi eve the objects,
f edt ur edhegivelxgll aficlagmsl, cwhctlﬁm spid strminadmaibiean Inyer
gh certai gg@&vant ages a d preferred enbodi nents

hasaébléﬁa%@rp fbopt tapboe QOQ e skilled in the art

W Il recognize that substitutions, additions,

del eti ons, nodifications and/ or other changes may be

nmade wi Theytixelephiofichgmf T, avidrbinh supdl sirbireid silepelagtr t he

i nvention. Accordingly, the invention is not limted
compyisehe tép sidigon dgyatdormediovena siliconsgermanitunbase dayor.

the scope of the appended clains. CLAIMS What is

claimed as new and desired to be protected by Letters

Pagent ?’Eetﬁ%@el cell of claim 3, wherein said silicon-germanium

base layer comprises SixGea-x.

5. The pixel cell of claim 3, wherein said silicon-germanium

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

6. The pixel cell of claim 3, wherein said silicon-germanium
base layer comprises multiple layers of silicon-germanium having varying

concentrations of germanium.
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United States is: 1. At |east one pixel cell
conprising: a sem conductor substrate including a

W@ 00aiosse2 si | i con | ayer at an upper portion thRCBEUS$2004/020748
and a phot osensor for generating charge fornmed in an
upper rz‘?\ipon of sai d sem conductor substrate. 2. The
pi Xel cefe Pixelceliohclrimah avlerginsssid sliconrgasmaninirc on
| ayer, has a thickness of apout, 5CgA_tg about | QO0A.

baseﬁ%&%h&%ﬁ* geERANiYM cpngentratiopRfaboxt 3a7etoaboit A8%-
silicon | ayer conprises a top silicon |ayer forned
over a silicon-germani um base |ayer. 4. The pixel cell
of 8cl ai tha pixdleeHiof chindl, $uttheocorgprisingi airasbase | ayer
conprises SicCGea-c). 5. The pixel cell of claim3,

trangistared sogmedoBowier trangistarpand mrbwsseldch yiam sistomior sesl

. SixGeyCz,and X+Y+Z= 1. 6. The pixel cell of claim3

in reghensedfrsaid pabsirate contajeingmaidisiriiasd layarer conpri ses
mul tiple | ayers of silicon-germani um having varying
concentrations of germanium 7. The pixel cell of claim
3, owher ®ha phadl Gefl ok bHAR-8) $h VRS éﬁﬁ%@ﬁtﬁg ag%-ﬁﬁsf@f‘s a

0

ger mani um concentration of about 3 out 40% 8.

trandibrioAkd &€ klre@lonCdfahil dubstiaté BeitaliiAP chidl dihifled €SEt
transistor, a source follower transistor, and a row

siliceelayet. transi stor formed in regions of said substrate
containing said strained |ayer. 9. The pixel cell of
claim8 further conprising a transfer

10.  Atleast one pixel cell comprising:

a semiconductor substrate including a strained silicon layer at an

upper portion;

a photosensor for generating charge formed in an upper region of

said semiconductor substrate;

a reset 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; and

a row select transistor formed in association with said upper

portion of said semiconductor substrate.

11.  The pixel cell of claim 10, wherein said strained silicon layer

has a thickness of about 500A to about 1000A.
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transistor formed in a region of said substrate

containing said strained silicon layer. 10. At |east
wo@p@spioscet cell conprising: a sem conductor SuPGL/DS1084/020748

including a strained silicon |ayer at an upper

portion; a photosensor for generating charge forned in

an 1@pperThegpjxehcedk ofsckaign é‘ér’ﬁvh@ﬁﬂu&aidrsﬁﬁmig sitiven layer

reset transistor formed in association with said upper
conyyises griopsilicandlayenjsBredueies @ siliensngermpaniym bagedlayer.

follower transistor formed in association with said

upper portion of said sem conductor substrate; and a

rowssel ate pikanelisdflai12/86héRirAsHQ GllRlonogerdiiusai d
upper portion of said sem conductor substrate. 11. The

basglayel comiprisef StdGe. 10, wherein said strained silicon
| ayer has a thickness of about 50CgA to about | OOOA. 12.
The pixel cell of claim10, wherein said strained

Si lyisCON THAYSL  CARIE $45, fzﬁwergg{y;eaga Sl B er LR,

over a Silicon-germani um oase e plXe

bascf%'y’er e&mﬁéﬁ;ggf};ﬁx@ %@ﬂ;@.@%g 15i l'i con- ger mani um base .

Y . .
ayer conprises SixGea-X). The pixel cell of claim
12, wherein said silicon-germani um base | ayer

conpri s Si x cand XtY+z= 1, 15. The pixel cell of

cl aPm 13@\%@%&? F sy 12 eéeﬁrgamfﬁ sheopeaeamagyem
basegl%%{' h@t%%rglejé }I{Lﬁl:iSIel lgygrrssof%hic%}ll-ée%?r{]érg&lrn :lel{[gn Vr;?}\r/iln%g
concentrations of germanium.

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

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

17.  Atleast one pixel cell comprising:

a semiconductor substrate including a strained silicon layer at an

upper portion;

a photosensor for generating charge formed in an upper region of

said semiconductor substrate;

a reset 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;
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concentrations of germanium 16. The pixel cell of

claim 12, wherein said silicon-gernmani um base | ayer
wha®s5m087682 mani um concentrati on of about 30% t oPEDUS1004/020748

40% 17. At |east one pixel cell conprising: a

sem condect or substrate jncluding a strained silicon

| apdPvatelest trassistopfarmedin agsomafiorns withvsaid sipper
enerat.i,ng charge formed i n an upper region of said
por %WEB%G&%FBFO oF %Hr%,traé@ t transistor fornmed in

association with said upper portion of said
' t .Substrat e; R f.al | { ist
£ omiEaete el RPR TR Fin frsS3RHOR ik sHiminnd owtdn o
ofsﬁﬁ@eﬁﬁ@&?&%&ér Sc,%%%t rate;a row select transistor forned
ation

I'n associ IF?‘tes‘:ai d upper portion of said
sem conductor substrate; and a transfer transistor
formed in association with said upper portion of said
sedPcondbetixel sebof claie 171 rheTein said strained|siliddorclagiem
17, wherein _said s'&r ai ned silicon | ayer has a

has p ghicknessof boxb 500A soaloutsl098Aut | 000A. 19. The pi xel
cell of claim17, wherein said strained silicon |ayer
conprises a top silicon |ayer formed over a

si f19.conThe piseslicalNod akem! By dherd@. salthStrHind | sile@In 1a9br
claim 19, wherein said silicon-gernmani um base | ayer

compoisps & $@ps sificattdayar)foridéd ovbea pilikoh-gegilanidmMaze fayld,
wherein said silicon-germani um

20.  The pixel cell of claim 19, wherein said silicon-germanium

base layer comprises SixGeq-x).

21.  The pixel cell of claim 19, wherein said silicon-germanium

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

22.  The pixel cell of claim 19, wherein said silicon-germanium
base layer comprises multiple layers of silicon-germanium having varying

concentrations of germanium.

23.  The pixel cell of claim 19, wherein said silicon-germanium

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

24.  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; and
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base | ayer conprises SixGevCz,and X+Y+Z= 1. 22. The
pi xel cell of claim19, wherein said silicon-germnmani um
whawe/obsager conprises multiple |ayers of PCT/US2004/020748
si | i con-germani um havi ng varyi ng concentrations of
germanium 23. The pixel cell of claim 19, wherein ,
saf Photosenseor fnrgenatatingsdvege fgraredhimsamugpeneagiondf
..concentration of about 30%to about 40% 24. An imager
Saldéé%?‘i’%‘i%‘?r%lﬂiﬂt{ﬁ*%rl ity of pixel cells, at |east one
of said pixel cells conprising: a sem conductor
substrate including a strained silicon |layer at an
UpRRr pOhtivageRbtidaidh ot osReRdn sdid steened ailicog lgpar ge
formed in an upper region of said sem conductor
has & thisknesseof abbut FoeA tavalget 100041 ai m 24, wherein said
strained silicon |ayer has a thickness of about 5CgA
to about | O0OA. 26. The i mager of claim 24, wherein
Sab8l StALARALS! bt Gt PANEhe AR RAed OfficBh 148

n
| ayer formed 8ver a Silicon-gernmani um base layer. 27.

. . ,|_ . - 1um

comped TRASEiLRon T r Roified UOBE & bflicd] eriank A bIE 1

clai m 26, wherein said silicon-germni um base | ayer

conpri s Si xGev%, and X+Y+Z=_1. 29. The i mager of

cl 4{-m 26hedpager af dainy 26 whewsip § I eHR er

as a ger mani concentration of about 30%to about

basezaypt %gppﬁiﬁ%‘i #‘%ﬁ‘éﬁ' of claim24, wherein said inager
is a CMOS

28.  The imager of claim 26, wherein said silicon-germanium

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

29. The imager of claim 26, wherein said silicon-germanium

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

30.  The imager of claim 24, wherein said imager is a CMOS
imager.
31.  Theimager of claim 24, 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.

32. The imager of claim 31, wherein said imager further
comprises a transfer transistor formed in a region of said substrate

containing said strained silicon layer.
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i mager. 31. The imager of claim 24, wherein said at
| east one pixel cell further conprises a reset
WO e@s®E8Dr, a source follower transistor, andP@DUS2004/020748

select transistor forned in regions of said substrate
contai ning said strained |layer. 32. The imager of
cl ¥3-m 3Thejimager af daim 2Anwherein saidphotosensorise a
transfer transistor formed in a region of said

Phot_%‘h%‘f‘?*at e containing said strained silicon |ayer. 33.
The i mager of claim 24, wherein said photosensor is a
phot odi ode. 34. The inmager of claim 24, wherein said
at 34.easTheoimager cldal P4, ivehérelrt s0fl adleastoge pikehtelhis
35. A processing system conprising: a processor; an

partiofragiimggiteyamrey coupl ed to sai d processor, said inmaging
device having a plurality of pixel cells, at |east one
of said pixel cells conprising: a seni conductor
sufst r ap e, ] ' Silicon layer at an
up%;r p%&%ﬂiogﬁgsy‘%e e%‘?’;‘%’%@ﬁ ‘ensor for generating
charge forned in an upper region of said sem conductor
SU&)?}@@%@E and a readout circuit conprising at |east
an output transistor formed on said substrate. 36. The
system of claim 35, wherein said strained silicon
| agrefmaging 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;

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.

36.  The system of claim 35, wherein said strained silicon layer

has a thickness of about 500A to about 1000A.

37.  The system of claim 35, wherein said strained silicon layer

comprises a top silicon layer formed over a silicon-germanium layer.

38.  The system of claim 37, wherein said silicon-germanium

base layer has a germanium concentration of about 30% to about 40%.
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has a thickness of about 50gA to about | COOA. 37. The
system of claim35, wherein said strained silicon

wo a9081008782Tpri ses a top silicon layer forned ovPCT/ES2004/020748
silicon-germanium | ayer. 38. The system of claim 37,
wherein said silicon-germanium base | ayer has a
ge%ani A metbadaftiprmingm pixehedLicompesig: about  40% 39.
A nethod of forming a pixel cell conprising: formng a

sem conduct or, su strat%;ts formng a strained silicon
| dPERInG a §eRWeANEtUCERr SHOBHA: upper portion of said
sem conduct or substrate; and form ng a photosensor for

ti h .at id. . t f d
s cRTEdBB B o B et ibaespriaiRB kBl A ng 10
claim 39, furt iLSLr ' t
portppafart st gndticl SBGHTSAEI U1 anststor . and a row
select transistor in regions of said substrate

R A RR T rRhE WA chabfe o SR TRIEAR porion

Ofsagcg {c%ﬁd‘ilrc?c?sél%ﬁﬁté.n a region of said substrate

ntarning s strained silicon |ayer. 42. The nethod
according to claim39, wherein said formng of a

i ned sili I [ rf d.by f i
G P3RSl TS RO 2,
At b | OOOA. 43. ..Th h ' | ai
ornd A P S s TR SR g
P BT SRR By el ANl 2

41.  The method according to claim 40, further comprising
forming a transfer transistor in a region of said substrate containing said

strained silicon layer.

42.  The method according to claim 39, wherein said forming of a
strained silicon layer is performed by forming a strained silicon layer

having a thickness of about 500A to about 1000A.

43.  The method according to claim 39, wherein said forming of a
strained silicon layer is performed by forming a top silicon Jayer over a

silicon-germanium base layer.

44.  The method according to claim 43, wherein said silicon-

germanium base layer comprises SixGeq-x.
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44. The nethod according to claim43, wherein said

sil i congermani um base | ayer conprises SixGe -x).45.
wab@swes7Bod according to claim43, wherein saiPICT/US2004/020748

sili conger mani um base | ayer conprises SixGevCz, and

X+Y+Z= 1. 46. The nethod according to claim43,

whéPei n 1&gimethodpceprding o plgimA3awheieinispidsificomyer i s

erforned atom c, | ayer, depositiqn (ALD). 47. The
gerianiigh %%%ex FRMPEiSes %!P(ﬁff@ aﬂﬁe?ﬁéﬁ@( Zdid step of

formng said top silicon layer is perforned by

chem cal vapor deposition (CVD). 48. The nethod

acdér di fipetnoethbdiarc@9ingheclaim 43pivthesdinpaif stepiofi ng a

strained silicon layer Is perforned by formng a top
forrgiinigj saixhtdpasibicorolayer & sérformed bgatmnialay bradepdsityen

havi ng a germani um concentrati on of about 30% to about
(ALBO9%

47.  The method according to claim 43, wherein said step of
forming said top silicon layer is performed by chemical vapor deposition

(CVD).

48.  The method according to claim 39, 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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