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foa eenéfeyrirgiitipuge fioeth eigdhargeadcuaulaiortrepi@ned a sensing node,
representing pixel charge fromthe
and a transistor, for resetting the sensing node to a predetermined charge level

prior to charge transference. The pixel cell may also include a source follower
transistor for receiving and amplifying charge from the sensing node and an
access transistor for controlling the readout of the cell contents from the source

follower transistor.

[00031 In a CMOS image sensor, the active elements of a pixel cell
perform the necessary functions of: (1) photon to charge conversion; (2)
accumulation of photo-generated charge; (3) transfer of charge to the sensing
node accompanied by charge amplification; (4) resetting the sensing node to a
known state‘ before a transfer of charge to it; (5) selection of a pixel for readout;
and (6) output and amplification of a signal representing pixel charge from the
sensing node. Photo-generated charge may be amplified when it moves from the
initial charge accumulation region to the floating diffusion node. The charge at
the sensing node is typically converted to a pixel output voltage by a source

follower output transistor.
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heTey by BB in FIG 1. The OVOS pixel cell 10 is a
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the source follower transistor 11 to an outpu

vdlegaibefdre a photoelectric charges are transferred; a source follower transistor

11 which receives at its gate an electrical signal representative of the photoelectric
. charges from the floating diffusion region 4; and a row select transistor 13 for
outputting a signal from the source follower transistor 11 to an 6utput terminal

in response to an address signal.

[0006] FIG. 2 is a diagrammatic side sectional view of the pixel cell 10
of FIG. 1 taken along line 2-2°. As shown in FIG. 2, in the conventional CMOS
pixel cell 10 the photo-conversion device 21 is a pinned photodiode. The
pinned photodiode 21 has a photosensitive p-n-p junction region comprising a
p-type surface layer 5 and an n-type photodiode region 14 within a p-type active
layer 1, which is typically a lightly doped p- active area. Adjacent to the pinned
photodiode 21 is a gate 7 of a transfer transistor. Typically, the transfer gate 7 is
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in response to an address signal. [0006] FIG 2 is a
di agrammati c side sectional view of the pixel cell 10
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[0009] In a conventional CMOS pixel cell having a photo-conversion

device, such as pinned photodiode 21, a potential barrier might exist where the
transfer gate 7 and pinned photodiode 21 are in close proximity: the
photodiode /transfer gate region 30. FIG. 3 is a graph representing the potential
(V) in the pixel cell 10 along the distance (D) of line 3-3’ (FIG. 2) in a direction
from the pinned photodiode 21 to the transfer gate 7 and the floating diffusion
region 4 of the CMOS pixel cell 10. The potential profile of FIG. 3 shows the
potentials that an electron may encounter, including a potential barrier 31, as it is

transferred from the pinned photodiode 21 to the floating diffusion region 4.

[0010] As shown in FIG. 3, there is a potential barrier 31
corresponding to the photodiode/transfer gate region 30. If this potential

barrier is too high, a portion of the charge will be unable to move from the
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devi ce, such as pinned photodi ode 21, a potenti al

barrier mght exist where the transfer gate 7 and
w@revsea2phot odi ode 21 are in close proxi mty: PEEUS2004/020010

phot odi ode/transfer gate regi on 30. FIG 3 is a graph

representing the potenti al in the pixel cell 10
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what is desired is a technique for manufacturing a CMOS picxel cell having both a

-

reduced potential barrier in an area where a photodiode and a transfer gate
structure are in close proximity to one another and also with low sub-threshold

leakage characteristics.

BRIEF SUMMARY OF THE INVENTION
[0012] Embodiments of the invention address the problems described
above and provide a method of forming a pixel cell and the resultant pixel cell. A
pixel cell comprises a photo-conversion device formed at a surface of a substrate
and a transistor adjacent to the photo-conversion device. The transistor
comprises a gate overlying a channel region. The gate comprises at least one

gate region having a work-function greater than a work-function of n+
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IS apparent in a subsequent inmage. Previous nethods to
reduce this potential barrier have resulted in
wale@sadedo sub-t hreshol d | eakage current for theCT/US2004/020010
transfer gate 7. It is difficult to optimze both the
potential barrier and sub-threshold | eakage current
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pachi eved vvitch reduced gr om t f ed channel dopi ng,
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cell taken along line 2-27;

[0016] FIG. 3 is a graph representing the potential profile of the FIG.
2 pixel cell along a cut-line 3-3’;

[0017] FIG. 4 is a diagrammatic side sectional view of a pixel cell

according to an exemplary embodiment of the invention;

[0018] FIG. 5A depicts the FIG. 4 pixel cell at an initial stage of
processing;

[0019] FIG. 5B depicts the FIG. 4 pixel cell at an intermediate stage of
processing;



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0013] The f oregoi ng

and ot her aspects of the invention will be better
waeasnst2aod fromthe foll owi ng detail ed descriptT/082004/020010

the invention, which is provided in connection with

t he acconpanyi ng drawi ngs, in which: [0014] FIG 1 is

a I an vi.ew_of .a conyentj.onal pi xel cel|,;

[d@@g? FI G \ﬁéq-ééd%ﬁnaf@rtaﬁ#i@épyf eclb¥icAn Biemssizg sege

FlG .1 pixel cell taken along line 2-2'; [0016]

o;ﬁ_;?récesgﬁ}gg a graph representing the potential profile

of the FIG 2 pixel cell along a cut-line 3-3"; [0017]

FIIG021#] | s a Gr@eRaabp plai vewstatportish ofaikediceR according

pi xel cell according to an exenplary enbodi nent of the
ta avembpdimerftaff1Bt iFle@®ioBA depicts the FIG 4 pi xel

cell at an initial stage of processing; [0019] FIG 5B
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igft-er medi at e stage of processing; [0021]
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is atbp plan view of a portion of a pixel
cell according to an enbodi nent of the invention;

[ p0023] FI G Fi8. ddik attep plai Wew ofaqidraedlof ipiwel ekl ke@rding
pi xel cell of FIG 6A along line 6B-6B ; [0023] FIG

torm embodispenslofithe invgnena portion of a pixel cell
according to an enbodi ment of the invention; [0024]

F depi ross sectional vi.ew of, the pixel
Ciﬁ)Z%}B = gﬁ¢;7§| (ier%ctf p SEOSS éecﬂgnal Vi€W of the plXCP ifof FIG.
7A along line 7B-7B’;

[0025] "FIG. 8 is a schematic diagram of a pixel cell according to an

embodiment of the invention;

[0026] FIG. 9 is a simplified block diagram of an image sensor
incorpérating the pixel cell of FIG. 6; and

[0027] FIG. 10 illustrates a simplified block diagram of a computer

processor system incorporating the FIG. 9 image sensor.

DETAILED DESCRIPTION OF THE INVENTION
[0028] In the following detailed description, reference is made to the
accompanying drawings, which form a part hereof and illustrate specific
embodiments in which the invention may be practiced. In the drawings, like
reference numerals describe substantially similar components throughout the
several views. 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



[0025] FIG 8 is a schematic diagramof a pixel cel

according to an enbodi nent of the invention; [0026]
wWO-R@s5/081246 a sinplified block diagram of an i neBgEUS2004/020010

sensor incorporating the pixel cell of FIG 6; and

[0027] FIG 10 illustrates a sinplified block diagram
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typically fabrication of all pixels in an image sensor will proceed simultaneously in

a similar fashion.

{0031] Embodiments of the invention provide a method of forming a
pixel cell for an image sensor and the resultant device. The pixel cell includes a
photo-conversion device adjacent to a gate of a transfer transistor, which
comprises a gate electrode. According to embodiments of the invention, the
work-function of the transfer gate is tailored such thatat a given threshold
voltage, V,, the dopant concentration in a channel region of the transfer gate is
reduced or eliminated as compared to a conventional pixel cell 10 (FIGS. 1 and
2). Additionally, embodiments of the invention provide a transfer gate having a
gate electrode comprising a plurality of regions having differently tailored work-
functions.



[0030] The term"pixel" refers to a picture el enent
unit cell containing a photo-conversion device and
wo e@ssieiors for converting el ectromagneti ¢ r aPCEHUBSII04/020010
to an electrical signal. For purposes of illustration,
a representative pixel is illustrated in the figures
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prﬁpggg ng(‘%"é | Sa11 ﬁﬁe{ ggéh X ate elngl'g?r(,: hgﬁaily expressed in
electron volts, required to remove an clcctron from the Fermi level of the
material. The work-function of a gate electrode is important for its effect on the
threshold voltage for a transistor. For example, there can be over a one-volt
difference in the work-function between the gate electrodes of n+ polysilicon and

p+ polysilicon.

[0035] Referring now to the drawings, where like elements are
designated by like reference numerals, FIG. 4 shows an exemplary pixel cell 400

according to a first exemplary embodiment of the present invention.

[0036] FIG. 4 illustrates an isolation region 409 in a substrate 401.
There is also a gate structure 450 of a transfer transistor. The gate 450 includes

a first layer of insulating material 453a over the substrate 401, a gate electrode



interface charge. The work-function difference (FMS)
is defined as the difference in the work-functions of
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Al/TiN, Ti/TiN, and TaSiN which are commonly used in semiconductor
devices. Altering the mole fraction of the constituent material alloys in a mid-

gap material alters the work-function of the mid-gap material.

[0039] The work-function of the mid-gap material, and therefore the
gate electrode 452, is tailored by altering the mole fractions of the constituent
materials, such that the work-function of the gate electrode 452 is higher than
the work-function of a conventional n+ gate electrode 8 (FIG. 2). Atasame
threshold voltage, V., the dopant concentration in the channel region 455 of the
transfer gate 450 is determined at least in part by the work-function of the gate
electrode 452 and is lower than in a conventional pixel cell 10 (FIGS. 1 and 2),
or may be eliminated.



whi ch, for exenplary purposes, is a floating diffusion
region 404. [0038] In a first exenplary enbodi nent of
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wor k-function is tailored by formng the transfer gate
450 conprising a | ayer of doped or undoped m d-gap

ATUEHE s nc SO RaY RO ORGP UBF REFUIALFSEiHe SHFes to

v ooil] O\ - . i at
iRt Rlistts Blopdidiic/ ST BhS2cRloR fh where the
trdfsfér gar 450 end ahspimayd phoesdivde 421 and inf slBseQroRidiiey and to
constituent materials. Exanples of such materials
imipnoveuthe s8bith@sholdriehkage charattaxistiqy ¢fthy transfér zatsi4%0.
whi ch are commonly used in sem conductor devices.
eri.ng th e fractign aof .th nstitue t er.ial
AES " radammendet G sel P DRSPE R o G
i.d- i.al 9 - ' f. .
depotfbol i ARRTP U FIQ G SAEE B S iRl Bfudh s Ffhired
fol@xdy of thetatibas descHBed h&ﬁl’lﬁ,f&céﬁt&bﬁﬂi&eﬂd&%@iﬂy%qu'@mgtlhe
constituent materials, such that the work-function of
resutlis of prior etdens. ofiecotdinglys whilgttbe actiens hahew are described as
wor k-functjon of a .conventional .n+ gate el ectrode
befitg performod:n s Senatl QP AR PG i PR ARy S8Ry
&R entration in the channel region 455 of the
%rahsfer gate 450 is determned at least in part by
the work-function of the gate electrode 452 and is
| o2t han FIGa5Aaivpises awialatiphxegionetd9 ihh ublstette 401.

and 2), or may be elim nated,[0040] The | ower dopant
Prefsrabdysithe sibsirase 40hds ¢ pAvipe siliceypuistaty 4@k The isodation a

oteptial. barrier.in a photodi@qde/iransfer.. gate,regi on
refggh R ol v BT A il R P ERadcet
mAPRLOH %g #&ﬁ&c A o%ide S &A@ SiM dr)Si @bty RitkilRs L¥ride,
he Sub-threshol d | eakage’ characteristiCs of the
suth ansifieon giaiide;Adon]AEEidE; aThighftompetatore pflymée opiotkdr
cell 400 shswnin FIG 4 wll be described in, |
suiialla satedal. Rreferablicas i thicerumplg, thadselatien sgion ise thaflow

trénch 'isolation PSTI) region 409, formed by known STI processes.

[0043] . As shown in FIG. 5B, a gate 450 of a transfer transistor is
formed over the substrate 401. Preferably, the gate 450 is a multilayer transfer
gate stack comprising a first insulating layer 453a of grown or deposited silicon
oxide on the substrate 401, a gate electrode 452 comprising a mid-gap material,
and a second insulating layer 453b, which may be formed of an oxide (Si0,), a
nitride (silicon nitride), an oxynitride (silicon oxynitride), ON (oxide-nitride),

- NO (nitride-oxide), or ONO (oxide-nitride-oxide). The first and second
insulating layers, 453a and 453b, and the gate electrode 452 may be formed by
conventional deposition methods, such as chemical vapor deposition (CVD) or

plasma chemical vapor deposition (PECVD), among others. The layers 453a,
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for any of the actions described herein, except for

those logicallyrequiring the results of prior actions.
weecwsnaizngl y, while the actions bel ow are descPibEes208$020010

being perfornmed in a general order, the order is

exenplary only and may be altered. [0042] FIG 5A

epi Gt i sol ati on r 40 n a sybstrate 401.
45 ang, bare prcstsdkior G te pylglaers fiteshawn in
Y rate 401. Thelsolatlon region 409 is forned

I'n the substrate 401 and is filled with a
dielectric material, which may include an oxi de, such

apo@i4) or STHZ mmcgap irfakéifal férniih thél gateSelédfrode 452 hazQn
nitride; silicon carbide; a high tenperature polyner;
work-finkgen falling betveent theivedrk- anetﬁ@tsalr}P - Sizandi m+ 8hi Ehe mid-

g%@%ax b v il Siogies B ﬂ%@%‘/ﬁﬁ Tasi or
%ﬁglfé)ﬁﬁ??l[lﬁgﬁ%tcﬁi Sﬁ? o'lé’]frﬂt%ns?)?’th@c ?A}Eqﬂ%iﬂgs

rans ansi s or ned over e su

ar€EQEQEARS Ychibiea dadife dApOrk-fanetifn| tTiHeaydik ﬂ1f1é\it§{ 8f thizahRy-
stack conprising a first insulating | ayer 453a of

gagroakeriek atdeso & pad dstdriniues theiddpanncanicensatiis ied ehatie]
e L R S5 M i e,
ade BB Ao AR Pl £ SmbSLL (880 copventional

an oxynitride I con oxy

piX el @ ONFIGEI®)andY. (ni tride-oxide), or ONO
(OXI de-nitri de- oxi e) The first and second insul ating

a ers, 453a and 453b, and the gate el ectrode 452 may
G4fIned bPrefornblynthomid-gdp mcml(fnr ﬂmge@d slec@qd«h 453 is a

lax%?.%g? %Je%n@?f ;AR Rl Rolibh edraE 3% Fpsed B ditteve o

deéiﬁ%iil I ayer st aé%%%@fg&rﬁ @5{10\%% ifr%t{gﬁé@ g%ges[%lv rk-

furddtbonni Prefi@pblypiley mele fradtivnnef GO én gal i, e ddyepdE2 452
has a work-function falling between the work-functions

appfoxymagly @4d n+ Si. The ni dgap

[0046] Also, the Si, Ge, layer 452 may be doped with p-type or n-type
dopants. N-type dopants may be phosphorus, arsenic, antimony, or any other
appropriate n-type dopant. P-type dopants may be boron, indium, or any other

suitable p-type dopant.

[0047] As is the case with n+ and p+ silicon, p+ Si, ,Ge, has a higher
work-function than n+ Si; ,Ge,. The work-functions of p+ and n+ Si; ,Ge, are
discussed in King et al., “Electrical Properties of Heavily Doped Polycrystalline
Silicon-Germanium Films,” IEEE Trans. Elect. Dev. Vol. 2(41) pp. 228-232
(Feb. 1994), which is incorporated herein by reference. As discussed bj King et
al. and noted above, the work-function of p+ and n+ Si; ,Ge, decreases as the
mole fraction of Ge increases. The mole fraction of Ge in a p+ Si,,Ge, layer

452, however, has a greater effect on the work-function difference than in an
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material may be, for exanmple Si xGex, TINW A/TiN;

"Ti/TiN, TaSi N or any other appropriate material. The
worpdos/0b42a€t i ons of the constituent material s aP€T/US2004/020010

selected to achieve a desired work-function. The work

function of the mdgap nmaterial at |east in part
centration in a channel

r?égﬁéﬁ?eg@%erﬁ%%%ﬁ?r%r‘é?%é g3 t38B: 5wl Kagioror G,
B ek T A b A el PR N R ok upions

tihia 2 &¥illaal i+ gigxd;&llgﬁrgzand 2). [0045] Preferably, the

m d-gap material” for the gate electrode 452 is a | ayer
452 OFSi1 Gex. The nole fractions of Ge and Si are
al {@048] t 0 adRefaviegaodd§. 58] thoivehtio isi wot.linited &agieng

he Ge fracton.d h kfunct i on. |
SIGFUF ABIthe stk aaAssieriad ahover Adlionaljiyesimaycha sdded or
i i Ly 0.4, [0046], Al so,. the Si
thEaEq 450 strJoBROR Y BIU AN 33 i eiidd A0l ich i g o,
plovidsd Shatht YRk dRAGTSS of B ke PRESBACLES is dﬁggﬁetﬁi &cording

antinony, or any other appropriate n-type do

tp-thg pnvedtipan tfor waymple, bsiliokde layet (ot shofvgiiayobd frmed
As is the case with n+

sui tabl.e p-type dgpant. [0047] . ‘
behwesty the; é)ait% 64%?%36 g?z od the secondringtiaingleyse-453tc t Tha
] £ .9 X 1. Lhe rk-fu i ons pf .p+ and.n+ Si
SHERHE e Ty BER R0 MRE Eang 5 P32 off o i Epstor gare
stneReEd ines iafageRanidr irbeR e, | (i
Silicon-Cer rr;r%iéﬁm Firl ns, " | Igl.;%h?ﬂﬁgﬁ%ﬁgde%%ld%et\%g%ﬁl.
sificigle) colplt $Bgde3nolybdbnuim 38itide, ohiattalum sihdae pThat Ritional
herei n %Xﬁrefer nce. As discussed by Ki ng et al. and
coRdudvaltiee mavalsaus & betii favsr tsfragier asgalnsuch asskidly W or
: ct .0 Ge increases. The

Wﬁé ?l’g%tlt?%ﬂﬁ%?e@}ﬁ%& é@%flyﬁ%l % | ayer 452,

however, has a greater effect on the work-function

di[0Depgnce tAahahue] dplanBinay@ie BAXHAARR toiRRNSEHY Gesired
for a sane range of nole fractions of Ge, a

dopant in a channel region 455 below where the gate 450 is to be formed. Any

suitable known technique may be used to dope channel region 455,

Accordingly, channel region 455 may be doped, for example, before or after the

gate 450 is fully formed. The channel region 455 may be implanted with a p-

type dopant, which may be boron, indium, or any other suitable p-type dopant.

As noted above, however, a channel implant may also be eliminated.

[0050] Referring to FIG. 5C, a sensing node 404 is formed adjacent to
the gate 450 and on an opposite side of the gate 450 from where the photodiode
421 is to be formed. Preferably, the sensing node 404 is a floating diffusion
region 404. The floating diffusion region 404 is formed in the substrate 420 by
known methods as a doped region of second conductivity type, whichis

preferably n-type.
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p+ Sil Gex layer 452 will have a w der range of
correspondi ng work-functions than will an n+t Si1 Gex
WO ay08/004252. [ 0048] Referring to FIG 5B, the | POUBNE1004020010
is not limted to the structure of the gate 450 as
descri bed above. Additional |ayers may be added or the
g 0 str e . | |
RORRET R ¢ e Bhpto et RSt BHETOm AR @B gare
4508n%AiG BpFSshiteatahd Hoatifg Uitfilstoretbobnr 404 Peeferablyhes is
I nvention. For exanple, a silicidelayer (not shown)
sty heFIGr 5@ dtheghaterconversipat devideds a piedqimtadiode 2 1.
second jnsul ating l.ayer 453b. The silJicide | ayer na
The pied Rhaoiederi2 1% ba dertiest BT meshodifipEin the T
transi stor . St.ruct ur i j Moo Gl j .
ALoAIR B bt el 4 o FlohTRERIGRRAG g [GBhhed in
tHeQh®kiraRi401C E@ferﬁ!&?}’@fém&bhb ¢eglen 404 it anightiyirtoped n-
silicide. This additional conductive layer may also be
regidrad 14 e Theay-argioaf 4 kisapprostimbtelsalignedsvith i wige of the gate
WNyW_ or it could be fornmed entirely of x. [0049] A
450, and dprmsyp PAGEOSFRSIIE B EACH e&f’vf%?ﬁlcgh?c“élg photo-
desir&d dopant in a channel region 455 bel ow where the
BPHHISETON G be formed. Any suitable known techni que
may be used to dope channel region 455. Accordingly,

clfaope] r egiRHopED siiiceigyed apE S of fakt otRltietitity Bplas formed
or after the gate 450 is fully fornmed. The channel

overghon- 4&gomeh 4b Pricfepitdyt thd deped sarface/lpgerdi®dainn higitly doped
be boron. indi her suitabl e p-

P g s A5t CHOC VS RGBS a S LA AN tisy

S0 SB35

A&NEnYAndMmeRpPEtificall if xih@eclyed £ 1050atbine pervbs’ e Boben is
pphot odi ode 4?? i se%lg’l bg?l?g)r rred.gPr ef erably, Ip{e.he.
thegrrefentpdrdapangdanti ather fuiahle priype donasis suehess isdivpgsmay be

us;I;Bg Sérkg:?glg,gt@gg; stirface 1{},%19}18 5 isA's%gceldS av]:fa?yr ﬁf&% the gtalt?eeelcctrodc
452 by approximately 800 to 1200 A.

[0053] To complete the structure shown in FIG: 4, sidewall spacers
451 are formed on the sidewalls of the gate 450 by conventional methods. The
sidewall spacers 451 may be an appropriate dielectric material, such as silicon

dioxide, silicon nitride, an oxynitride, ON, NO, ONO, or TEOS, among others.

[0054] Further processing may be employed to form other

conventional features of a pixel cell.

[0055] A second exemplary embodiment of the invention is described
below. The second exemplary embodiment is similar to the first exemplary
embodiment described above in connection with FIGS. 4 through 5C, except for
the material comprising the gate electrode 452. For simplicity, the second
exemplary embodiment is described with reference to FIG. 4 and only the
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known net hods as a doped regi on of second conductivity

type, which is preferably n-type.[0051] A
w@b@soeenver sion device is also fornmed adj acePCT/US20041620010

gate 450 on a side opposite to the floating diffusion
.region 404. Preferably, as is shown in FIG 5C, the

phot o- conversion device is a pinned phot odi pde 421 .
enges AUER FRPRCS 4P %%gatgffwdsé‘r cﬂfﬁéet%{j &g%é)&sformaﬂon
nQwWN, art ... Accordingl h 1ode _region 414
of R L0 B S Pttt oty SRRl Uit
tRHRRGEM R Hdle iPESARERBhYWvith FEGRNDA eHiEH JEC0RBp At the
is alightly doped nregion 414. The n- region 414 is
gatepleotiodet 432 is fbrmyerk df avidifferant malgsialofFartstmphitiey, 45 saription
fornms a photosensitive charge accunul atjng region_for
Of H19 processds peforcpgrted raadédﬂségwial&%ceq\mb ZesPACIdiopdg gate
urfac ayer 405 of a first conductivity type is
C%S&ﬂgﬁligé@%{lﬂg%h- region 414. Preferably, the doped
surface layer 405 is a highly doped p+ surface |ayer
409056/ _act Ax@rdiBRaB the 9reRdidi@inphity embodanérdt Stihkace
| ayer 405 is preferably within the range of
irveption; thetvedrk-finxtidip) o8 theotrdnster gatOelactonde $82 iscraitoredrisy
nore specificallyis approximately 5 x 1018 at ons per
algering é@r%rpapg W@Pﬂ%ﬁ%@&rﬂf the gateplesrode #52 pThe
-t t i adi . e used.
sBie I RPBRA2 R 2 e AR oL Bp e R HEoT S pacea
awayfrom the gate el ectrode 452 by approxinately 800
t q0DBOP A. [1Befesdbly ahe dupkdiset BBpéISf§iH€drU492h $OWEpdnRrately

FIG 4, sidewal | spacers 451 are forned on the
depetbpalldysn#52 theviggtaedemdt boncommatnniof igataterthiho ds .eqlitleto

si dewal | . spacers 451 may be_an. apprqpriate dielectric
ampéﬁf?a&Flyslsﬁgﬁgoééo@F IPFEB‘H? 3 E&?r&gg’ ’ g&l PG R%nitésel,;"féw,

i tri . . : . 4

U A1 8 a3 M B PhorCFL 1APRAP B Bip i et
Agpnygeleiote 4gathis ashigherav@ilk@hce6h than the convention n+
transfer gate electrode 8 of pixel cell 100 (FIG. 2).

[0058] The work function of the p+ gate electrode 452 at least in part
determines the dopant concentration in a channel region 455 (FIG. 4) of the
gate 450, such that at a given threshold voltage, the dopant concentration is
reduced or eliminated as compared a conventional pixel cell 10 (FIGS. 1 and 2).
The lower dopant concentration in the channel region of the transfer gate 450
serves to reduce a potential barrier in the photodiode /transfer gate region 430

and to improve the sub-threshold leakage characteristics of the transfer gate 450.

[0059] Alternatively, the doped layer of polysilicon 452 may be a lower
doped p-type or n-type polysilicon layer 452. For purposes of this specification,
the term “lower doped” refers to a dopant concentration that is below a
concentration of a heavily doped p+ or n+ region. Accordingly, lower doped
polysilicon has a work-function between that of n+ and p+ polysilicon. Ata
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[ 0055] A second exenpl ary enbodi nent of the invention

i s described bel ow. The second exenplary enbodi nent is
wa@Rossloar24¢ 0o the first exenplary enbodi nent desPCT/bsz04/020010

above in connection with FIGS. 4 through 5C, except

for the material conprising the gate el ectrode 452.

SrGRLOFHTBIA S, GO BERE s B BBt
clddifetie 45 pety g‘&d}%ff&ﬁ&ﬁﬁi bdt¥eb R ehdMogk-EhRE10n9 G p452 and

are note the tormation of a pixel cell 400
n+38iC Or'lsk Work-turidtiensefahe toveeredgpedrpodysloxdinnteydr 452, sndriths the
to that described above in connection with FIGS. 5A

gathAbO grorkdinesiars it tailased bhehagging diedanpaypeng s

f d. of diff t terdal. F Lmpligit
copgeRFAtAn: oRhb fepediers, ebugr-Buicsion arph Ve dapdfic,
cop PR AGERI R BRERChc il Bakg axigaendSi e

weMeFRhatore Diffelenbn Be®fechthe iPolgiticoniGate had Silicon Substrate on
wor k- function of the transfer gate electrode 452 is
the Doping debsl inlthe Polygilicor,”dEFdhi ranspEleghdpey. Vol. ED-32(3)

erc RRSEH a8 ) i R e
[0057] Preferably, the doped |ayer of polysilicon 452
i EO(% egenenahaley dgg&?ﬁ-ﬂ??'e gﬁié%lecﬂé?der@d gy Be HPaA with
conce h

rati on of greater n or equal to

phappheras ataliy, ahtindif2 0r ahpothepapproiateneaype dopant. t he
p-type dopant is boron, and the r | ayer 452 is doped
Proferahly chayweven-the lower doned gase pleciadedo2 s 2 REVRF Batea p+

t trpde 452 ,h hi k- ti.
I le A A By R g BRocs PRl Shelf P olol i, bl &l biler
: = 0058] Th k f ti f th + t
S%P@S&ﬁ@(g 452 £ai Ie]ast ienwggrt ggfelr?nnngs thg gopgﬁte

concentration in a channel region 455 (FIG 4) of the
gp0@E M50, sThe lowet dapedagage eleatrote ¢SRahay bofarage, using:
dopant concentration is reduced or el.i.m nated as,

copyeRiensl tee ntos fxAmplex AopY refyting ipooy actiyation,

such as indium, may be used. Also, a polysilicon layer 452 that is of one
conductivity type may be subsequently counter doped with a dopant of a

- different conductivity type to achieve the desired active dopant concentration.

[0062] The work function of the lower doped gate electrode 452 at
least in part determines the dopant concentration in a channel region 455 (FIG.
4) of the gate 450, such that at a given threshold voltage, the dopant
concentration is reduced or eliminated as compared with a conventional pixel cell
10 (FIGS. 1 and 2). The reduced dopant concentration in the channel region
455 serves to reduce a potential barrier in the photodiode /transfer gate region
430 and improve charge transfer from the photodiode 421 to the floating
diffusion region 404.
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The | ower dopant concentration in the channel region

of the transfer gate 450 serves to reduce a potentia
wharosioer240 n t he phot odi ode/ transfer gate regi oPCHBS20841020010

to inprove the sub-threshol d | eakage characteri sticsof

the transfer gate 450. [0059] Alternatively, the doped

I f I il 2 . -
ot 063 e pdiirsic B ey npdl BpiiBlicliRile BolyiftEon
12585837 WAPAO [ad B _Qichf‘c%h"df@h‘@ oljsiResh layef £53. Depletion of

opant concentrationh that is below a coOncentration of
the putpilidondeysed 52 omursear eyimarfackcwith dheo gkide lhyenek53a which
doped polysilicon has _a work-function beth at of

en t
sopar polysiligen layes 452 Arom ghe/abstmtcetb| dhe shickngss of the
te 450, conpri si | 0 doped, pol ysj li.can _gat e

déhlerian rgiom gl il AtgRrss B el 1B 4BtaiEi af dncteased
l]mgjltg- . i ideadten+ Si. The work-function

0 s{eﬂlr{gl&é(?&gggéc %8 fs?i i]}ig%éon ‘layer 452, and thus the
gate 450 work-function, is tailored by changing the
d¢peed] t ype Ianddirivinkatengilayrem bdindaperithe aevenfrion, a pixel
wor k- function on n-type dgpant concentrations in a
collongy havecn gatg stractuse ghas dncludes tHp oF MOKG Fegionstyiigience

. th k-.F td .Di ff, Bet t .
difrentl s oers taperials 5 N ERPIRES srifodiments are
dsEMBed bR Rk &idd SR8 FIGSBA-TR AN gat® eBiGlcur DBifving o

plurdioy pégadeadgipas eiay Heygenefably dommeed 400B0ibéd hiowerindoped
n-type gate el ectrode 452 may be doped wi th
comssionmith FHeS HA-BC, sReapi AL onsratigns can fpgperformed

B R R B8 P 4 o
2188 B€ HiRIEBPdoiuiddd-chdPBa@GBGBh. i S uUsed, such as

oron, 1 ndi'um” or any other suitable p-type dopant.
[0061] The | ower doped gate el ectrode 452 nmay be

f §0665l] usi nFheogate ntgiomamay be hvimpebef difforent nzatptiads, ca a
dopant resulting in poor activation, ch as i.ndi um
Saﬁﬁymﬁg%ﬁﬂw— ISAMEE‘P 1 G3eAty §?8‘P’&§]i[1?‘1‘%§/ éﬁéﬁ%‘*} Workrtupguops-

F&'&ample, one gate region may be formed of Si;,Ge, and another may be

formed of p+ polysilicon; or one gate region may be formed of p+ Si,,Ge, and
another one gatc electrode may be formed of n+ Si; ,Ge,. It should also be
noted that one or more of the gate regions may be formed of n+ polysilicon.
Additionally, the channel region may have different dopant concentrations under

each gate region.

[0066] FIG. 6A depicts a top plan view of a portion of a pixel cell 600
having a gate, which is iilustrativcly a transfer gate 650, that comprises two gate
regions 650a and 650b with differently tailored work-functions. FIG. 6B depicts

-a cross sectional view of the pixel cell 600 along line 6B-6B’. In the example of
FIGS. 6A and 6B, transfer gate region 650b has a higher work-function than
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conductivity type may be subsequently counter doped

with a dopant of a different conductivity type to
wa@ehwseve4t he desired active dopant concentrat i BOT/US2004/020010

[0062] The work function of the | ower doped gate

el ectrode 452 at least in part determ nes the dopant

r &Hdiom i ; [=Tal i t he

R L T R e bl
fRBeAt concentration is reduced or elimnated as

conpared with a conventional pixel cell 10 (FIGS. 1

and 2%. The reduced do]{%gnt concentration g&rli@t he
cHARRE] r egiRefeudy odflkePA,dhe sransier gatsdiadhis ibgrween a photo-

L) LTS R B L, A8 S
is shB b Bl R FAANGORTTHIND e iR RGOS wbich are
sHtvén W ST dgions 608 dnoopirpimgt dides affplicedipde Wil landdioating

| ayer 452. D&gl etion of the polysilicon |ayer 452
difisionsregiear 6@haind patially andenlying iperésasdel ranséor 2453650. The

ich. t h lysili l. 452 f 1 he.
3 Ebcioas 600 Jetoerhevich clstnae SHer R A teb P Bthe
| _ f et _
cPiite S 1S B BV o B S O R e

difRi¥RIn rep 6604, laddatidichaid keglsgnpb 5a, \6SBbAHIGe 6BS. of
the invention, a pixel cell nay have a gate structure

that includes two or nore regions &a:(gi ng differently
t 40068&d words showa indiSs. g gate @XQLhpd ngte oxide layer 653a

L et I
62%& £nd BEDBAF GRY the IR VKid 1&{ f 3 3 dCasdeane @g 652a has

ove in connectionwth FI 5A-5C, except tha
a bpe¢ravonfincdon blearpegicr 682b.s Apevdiedly, regionatiParmagy be.
Additional |y, the gate structure’ s@ﬁphannel regi on Jan
foaamed ofa diffefeat amtenel dobpbirgion 0p2Ra ey seEOREHP4hand 652b

may be a same material with different doping characteristics to achieve different

work-functions. For purposes of this specification, the term “doping
characteristics” refers to the dopant used, conductivity type, and dopant
concentration. Any one of, or any combination of, doping characteristics may be
used to achieve different work-functions. Conductive region 652a may be an n+
polysilicon gate electrode, and region 652b may have a work-function greater
than that of n+ polysilicon. Also, both regions 652a and 652b may have work-
functions greater than that of n+ polysilicon. There is lso an insulating layer
653b over the régions 652a and 652b.

[0069] Channel regions 655a and 655b are below and correspond to
the gate regions 650a and 650b, respectively. Channel regions 655a and 655b

may have same or different dopant concentrations. For example, if a same
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[ 0065] The gate regions may be fornmed of different
materials, or a sane nmaterial that is doped to create

wo egsone4havi ng di fferent work-functions. For BXEDPL084/020010
one gate region may be formed of Six_xGex and anot her
may be formed of p+ polysilicon; or one gate region

may be f d of p+ Sj 1xGe d .
theesbold altagmas deirchdpr BRtORAT FEpas G0k and ORpRHanaflyssion
noted that one or. nor . regi b
oy i R s B Riibl By epl i, B, e
regi on may have different dopant concentrations under

epe07@Pt © T 8GisABwnliAFGElS, BAGndOHB deite eégion 6500 cplcads

t
Vi eng a portion of a pixel cell 600 having a gate,
beyondISTIS609 hnd bvatthe ettjre drea by halistgaied) §58milably; gate region
conprises two gate regions 650a and 65

650t exsends bfWOtnd: J13r & %%?1* R‘:}‘F & AFgYsArcE %a%g%pﬁ)f:_t s a
Digtsiis D i Hhama b Sl ip U ien B ofbhthand, | e

gate region 650b has a higher work-function thangate
ff@g@m 650b THRWifBRhe wolls et oo adiffeieni REiead dopxe a
hi'gher” wor kfunction. [0067] Referring to FIG 6A, the
cdricans héonsg ahd/650iferenb diseens,dD phist Dediov gatsi tegions ¢idOe and
whi ch i s shown as photoaiodﬁ,62 , and .a sensinﬁsnode“
6y mrayibs usad ip medulats and aptariee B BANSRIGESR 28OS OpREAtion
g%ghi%olation regi ons, which are shown as STI regions
¢S Gn opposi ng si des of phot odi ode 621 and fl oati ng
di ffusion region 604 and partially underlying portions

offgpyapsf er FIe gAEDictd BeoSplaneek @fa padodef apéxel cell 700
between them an el ectricallyactive area, which, in the

haviagp lgatey ivhidhGS illraginely 8 Branisfee aieedS O ivompnisingdihoeresate
S e b Ghind A el 580 o708 B Gematipe
in F { op 6 d

ol 0d Bonk s 8 257 Tl nfcnehe oAy sha 508 e

m@ﬁ&w%ﬁﬁfcﬁbh@tmﬁg%ﬁase i65280Bnd 652b are over the
gat e oxide | ayer 653a. nducti ve regi on 652a has

[0073] Referring to FIG. 7A, transfer gate 750 is between a photo-
conversion device, which is illustrated as photodiode 721, and a sensing node,
which is shown as floating diffusion region 704. There are isolation regions,
which are illustratively STI regions 709, on opposing sides of photodiode 721
and floating diffusion region 704 and partially underlying portions of transfer
gate 750. The STI regions 709 define between them an electrically active area,
which, in the example of FIGS. 7A-7B, includes the photodiode 721, the
floating diffusion region 704, and the channel regions 755a, 755b, 755¢ (FIG.
7B).

[0074] As shown in FIG. 7B, the gate 750 has a gate oxide layer 753a
over a substrate 701 and between the STI regions 709. Conductive regions,

752a, 752b, and 752c are over the gate oxide layer 753a. Conductive region
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a | ower work-function than region 652b. Accordingly,

regi on 652a nmay be forned of a different material than
WO e@som26b62b. Al so, regions 652a and 652b nay PET/ESHONE20010

material with different doping characteristics to

achi eve different work-functions. For purposes of this

speci fication, the term"dopin ara isiHics" ..
7595105 8 150k WeHgBRCHOR SRR ERAR AN VRS § o2 oGO TRve
d Cati . et an
PR 87 AR5 T s e e O R g,
ang labpfIpRRte ¥athkinhtBA Of engeridlomstytorn deping ghamncfizdcsmayy be
e an n+ polysilicon gate electrode, and_region 652h
usediyo hehieveathaatesirédiwotk-firncgions ferr thepagionp 62+ 7 2b, and

polysiljcaon. Also ot h regions 652a and.652b have
75361 IGnRICHBR Eegion 2{52? Ay ToREd GF i Gileony PR fegions

7P 52 R RO pRURE BEPRA T Sicon,

AlES3BeiBhe 752h 018 ) dnd P152e A Ehve Gvdrkefugationy @ighen shabdar

and 650b, respectively. Channel reg4ons 655a and 655b
of imypdipsilicomariEhare idilid en esulatiogdayer Z63berver the wwgionsii2a,
exanple, if a sanethreshold voltage is desired for
75385 Ang £Pacr egi ons 650a and 650b, channel region 655b
may have a | ower dopant concentration than channe

r@%’ﬁg 655a L{Z‘Q g@ﬁ ' §F558R071 Hible

regi’o 650acg‘x e%%é eflgggx\’?'lslgbégg ang ogerg}% e E’:lcti A

re @088 7802, 3015 a8 78 0ParesSedtivelgr IGhpatbrezegi PH55ban higher
ext ends beyond STI 609 and over the active area by a

dopiast emenBbtionitbimdranchegions 75 bnand Pebeghinne regions
diffe fromone another. [0071]. The djfferent
7540 I PR B A e AT e S

concentrations, and/or different distances, Da and Db,

f te reghang fia aRPPH0TBYrRe S fead whepedul at e

aﬂsdpiggti m zg;ataﬂfee transfer gate anderi ts ope?ati on as
phdesdibde 72[lGAde} ST CegidA 700pi Thesaraa tdyeretterphatediodf 721 and

ortion of a pixel cell 700 )
STT region 709 meet is typically a high leakage region due to STI stress related

issues. Providing gate regions 750b and 750c having higher work-functions and
reducing the dopant concentration in the channel regions 755b and 755¢ may

control the sub-threshold leakage for the transfer transistor.

[0077] Although additional embodiments in FIGS. 6A-7B show a
transfer gate device having two or three gate regions having specific
configurations, the invention is not limited to specific numbers or configurations.
Accordingly, a gate may also have more than three gate regions and the gate

regionss may have other configurations.

[0078] In any of the embodiments described above, a gate may be part
of a PMOS transistor, rather than an NMOS transistor described in connection
with FIGS. 4-7B above. If the gate is part of a PMOS transistor, the photodiode
would be an npn-type photodiode instead of a pnp-type photodiode as described
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having a gate, which is illustrativelya transfer gate

750, conprising three gate regions: 750a, 750b, and
wQ2@6/00£8. 7B depicts a cross sectional view PET/URS04/020010

pi xel cell 700 along line 7B-7B'. The transfer gate

regi ons 750b and 750c have hi gher wor k- functions t han

gate region, 750b 0073] Referrjng to FIG TA,
m.caﬁg%ongmtb H&S- %s %e W@eﬁngdé \YHY $YRSS A othate,

| strated hotodlode 721, and a sensing
ﬁ%ﬁélrcW| Slﬁi? £hab or ‘oating di ffusi on region 704.
There are isolation regions, which are
i | foog]at i velmhik! the @8bRd émbB8iméits %@@ﬁ'a@a&f&%%t Qlother
phot odi'ode 721 and floating diffusion region 7
tpasistarl gayestindepikglicaly apanrdingrte the M\rtmmisrhenayghe ﬁorﬁ&@l sumlarly
The STI regions 709 dgai)ne bet ween t hem a

t@|the frapser g3tses described aboyhinegpnnestion é"lﬁkﬁfﬁﬁ -gB.
FIGS. 7A-7B, includes the photodi ode 721 the floating

CLORHOD " oBhBng B DS, A R AIRN ke R ESERR a00 i
depicted’ RRobdifigdo dAleRed ]?lﬂ?eﬂn@bﬁimgxﬁi’tﬁ’tﬁ& %vcﬁu%ﬁbsﬁﬁeaﬁlﬁel cell
701 and between the STI Tegions 709. Conductive

808dias ndloatingaliffiéei node §0252d wpiened photdtboql;aBEl owhidh are

| ayer 753a uctive re |on as a wer, :
fQus w?r&mb%@mvﬁ 1P§§PB %ﬁaﬁx& P52 cTﬁe'@nﬁalé@ peansfer
n r if

S SO e E6 Ty p BN W s oS imens

desiiibed b8 irPEoricabh a\h@h FI@$ Of-780pi ng

characteristicsmay be used to achieve the desired

wor k-functions for the regions 752a, 752b, and 752c.

CAit&ddi ve r"Eg«r pnccl76<2b80fhgz18tb gofmprisesch :t;furc&follower transistor
lysilicon, e ns 752b and 752c y

0y & e Eaniimer obetiul s rankadestienshiar sqIh) B kb

té‘n Etolgg 860 08770, 4nd 380", é)%}?}?ns%rhq 14REG gﬁXtet}@%l%n At lcast one of

unctionsg ‘greater than that o

tHEhﬁ:lset 860 ah@ owde Folbwert§700rAIRyseors ?15@*311@% Qrgattth ﬁ)rmed as

regi ons 752a, 752b, and 752c.
described above in connection with FIGS. 4-7B. The transfer 850, reset 860,

and source follower 870 gates may be formed having identically tailored work-
functions; or one or more of the transfer 850, reset 860, and source follower 870
gate regions may be formed having a work-function tailored differently from the

others.

[0082] The work-functions of the reset 860 and source follower 870
gates may determine in part a dopant concentration in a channel region of the
reset 860 and source follower 870 transistors, respectively. Alternatively, a
dopant concentration in a channel region of the reset 860 and source follower
870 transistors may be a conventional dopant concentration, and the work-
functions of the reset 860 and source follower 870 gates may determine a desired

threshold voltage for the reset 800 and source follower 870 transistors.
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[0075] Channel regions 755a, 755b, and 755c correspond

to the gate regions 750a, 750b, and 750c,

wo egpmeilvel y. Channel region 755a has a hi ghepCTHORZN/020010
concentration than channel regions 755b and 755c.

Channel regions 755b and 755c may have sane or

di fferent dopant caoncentratijons. [0076] Gate regions

7508083b 750dn@pxfitke ttmboavwstsmmeﬁﬁv@tﬁm wg@rczop.t_h n-
STl i on 7Q9. . t adi
555 530, 3 b St e deinsd 160 8 SRR DR el TP IRNRS B850 and

SO0 B A B ¥ i

procéss fi mdiidhosepasanel nfaskl leve B grd B ddofonh the meept katlipetype
in the channel regions 755b and 755c may control the
gates asthnesoindthieqsikage for the transfer transistor.
[0077] Although additional enbodinments in FIGS. 6A-7B

"l 2 AfnenRbitef Blehie G vbR i toreatRBafHER our-
P it e R i e A R B S

CRIDS pixehodl] dérigrgdiwingadifforens nombehovfrradsivors. Without being
configurations. [0078] In any of the enbodi nents ]
b e adesign may dacladera ghise-tpmsistast(3d) rrkbor a five-transistor

nsg st,o rat he han MOS transistoy described .
(BT eElmact T shE itk b Entf bt i oy hafegafeser ensistor
RPcknlo AphdiddiddANAl , difis RAARE Y IR #a%llﬁsh
n r?—ltlyr?e Bhot od?%%eﬁi%%la%mgf a pnp-tggge p o%l% I ode ofa
tems3asC sudhedi ashueren eahsistor o b CHIASSphdtopRratiaysistoand
the conductivity types of other structures would

change,_accordi ngly. [0079]. Whil e the abgve enbodi nents
di a t r Bepeadingancthedesign afragpizelaelly a ganefer gate anay not

[ ' t.o t inyentbon may be formed
8 ficsfifts 1 BEORECOMriPa HBel oM MR R csBiRRe: pf che
ieRRRGt dBEritdd RerRBGRith réPBect ROBRhnsTeY BhRsktbPmiY Fristd Be
schemati ¢ di agram of a pixel cell 800 is
applicable to a different transistor. Without being limiting, such a transistor may

be, for example, a reset transistor.

[0086] FIG. 9'is a block diagram of an exemplary CMOS image sensor
999 according to an embodiment of the invention. The imaging device has a
pixel array 990 containing a plurality of pixel cells arranged in rows and columns.
One or more of the pixel cells in the array 990 is a pixel cell 800 as described

above in connection with FIG. 8.

[0087] The image sensor 999 operates as is known in the art.
Accordingly, the pixels of each row in array 990 are all turned on at the same
time by a row select line, and the pixels of each column are selectively output by
respective column select lines. The row lines are selectively activated by a row
driver 991 in response to row address decoder 992. The column select lines are

selectively activated by a column driver 965 in response to column address
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depi cted according to an exenplary enbodi nent of the
i nvention. The pixel cell 800 has a floating diffusion
wooes/ 080240 and a pi nned phot odi ode 821, whi ch aP€T/U8200%020010
as descri bed above in connection with FIG 5C. There
is also a transfer transistor 850 having a gate forned
ment s, descri,bed apove in

EER e Phek ey EZ)P?%??? biats Sees sndépnte Argeeds.
SR cO0UTBI: st AEQUIEE 082 S0l 1B Ml loridbiiad sq and

cbhfifin ihed R Pkl Bpngl R8086 OThSplkel EslAmPSg CMIRFHISE tydhcally
| east one gate region. At | east one of the reset 8

inglude o pixet résot sigead (V) andraepizéldtmags sigayl (ay)k arc gadby a
forped escrj bed. _above in.connection with F|GS.

sampls : m@ﬁ%&téﬁ@o‘% eSQeABH I HoF %%’f{}é’edlf‘@lf P6ferA

s be 0 ' j i.cal |l Vikaj

e ST LVeeS, Vigh iS00 By WG EF wrobpl 095 962 for
ch@s fixeBRRiIChAO ImPUAEE Bndl Aidian®! bBIRal62k6 diAgl eHSveRY (RDC)
fornmed having a work-function tailored ditfferently
K borkhenabog by digifabo@RiertEh 87 hwuppliasrthe idigitizat pixblesignals to
reset 860 and urce follower 870 gates nmay determ ne

ap image Pr%eaS@ﬁg%g whish darpat digital Hndgcehannel regi on of

the reset 860 -and source follower 870 transistors,

r ively i 0 £ at | in

a lzhanﬂel re‘a}tg%a%? B?%iél\{’r%léés{% ﬁggcgag%i @o%%%gé?%% Pvgt\?\lear
CMOS ingipei sehsurs tHitbyivaRich Ralveippliodtié tél@RaAbEous structures of a
concentration, and the workfunctions of the reset 860
charge soupled deyice ¢WEsD Bitdagrateasonmay det er mi ne a desi r ed
threshol d voltage for the reset 800 and source

f gl 870, t i stors. [0083] | f the
k58 Fonc « BT wepSiRocrRed hyrbrtn T0On wifpiecludes the
t . IR . ' X
IR oEfs R (RfeE D0 Ol AR BlcK i IS TG, 101
ptduessoirtabedgistenia910ds Exnplalyvf assystenl hadhgy digidaL&feuits that

process in which separate mask | evels are used to form
coyd inclugde MR isaggmensor devices. Without being limiting, such a

system could include a computer system, camera system, scanner, machine vision,
vehicle navigation, video phone, surveillance system, auto focus system, star
tracker system, motion detection system, image stabilization system, and data

compression system.

[0090] A processor-based system, for example a computer system,
generally comprises a central processing unit (CPU) 1044, such as a
microprocessor, that communicates with an input/output (I1/0) device 1046
over a bus 1052. The CMOS image sensor 999, which produces an image
output from a pixel array, also communicates with the CPU 1044 over bus 1052.
The processor-based system 1010 also includes random access memory (RAM)
1048, and may include peripheral devices, such as a floppy disk drive 1054 and a
compact disk (CD) ROM drive 1056, which also communicate with CPU 1044
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gates as known in the art. [0084] Al though the
invention is described in connection with a
wo ousooensi stor (4T) pixel cell, the inventi onPOEYSENS 0010
be i ncorporated into other CMOS pixel cell designs
havi ng different nunmbers of transistors. Wthout being
a three-transistor

OE’in[rnéffeiég%gsi 1034° nis &ﬁbggﬁ@”géﬁé}nsgl{ §$§ R pe combpegayifh a

ik Dt 48 Ce BT SR 3traeils, P ERb el Pl o
WithRt i@ndry t6labe By o fifgladstiebtod i &F 3R aidfFQent 8B han
as a shuttér transistor or a CMOS photogate

the prieesbnr . [ 0085] Dependi ng on the design of a pixe
cell, a transfer gate may not be adjacent to a

phot o- conversj gn device., I n such as case, enbodi nents .
ORW)%é i nvenVibys t@‘églé’FPB@'él hag %‘?%&K)F‘E‘ e‘f’é’é%‘?}é& 1} gogpection
A t by« [ i . be, a i .
iR et CPESRsR: KRy ASHR P s SR R AR uietood
thdr3A8 irfeAfioN T ndElimited t6 ¥edBisdoscd ¢rib6dintendd) SREMRE, the
[0086] FIG 9 is a block diagram of an exenplary AMOS
inventien sem bo médified te oxabirporatcarymuenbadefivaniatiofs, alterations,
invention. The imgi ng device has a pixel array, 990 .
sebsSituions Ry causTalgntarapeements,nqt Teatolorg Aescrbed: byt whigh are
QQQ . {ﬂf j .cells in the
carré%ggégyﬁghgﬂgFﬁ%?gggﬁpﬂ%b as 'é§%¥ﬁ ed above in
connection with FIG 8. [0087] The inmage sensor 999
operates as is known in the art. Accordingly, the

pi xel s of each rowin array 990 are all turned on at

the sane tine by a row select |ine, and the pixels of
each columm are selectively output by respective

columm select lines. The row lines are selectively
activated by a row driver 991 in response to row

address decoder 992. The columm select lines are

sel ectivel yactivated by a colum driver 965 in

response to colum addressdecoder 971. The pixel array
is operated by the timng and control circuit 995,
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whi ch control s address decoders 992, 971 for selecting
the appropriate row and colum |ines for pixel signha

w0 e@dowf240 The pi xel col umm signals, which typiPR&l/U$2004/020010
i nclude a pixel reset signal (Vret) and a pixel inmage
signal (Vsig), are read by a sanple and hold circuit

(S/H 961 associ ated vvitlthEﬁgol um driver 965. A
differential signal (V1I¥- ig) is produced by

di nti al Lifii.er ((ANMP) 96 I h pixe ich

i s[fofg%%ﬁi fied %gls fmed AR eﬁry&gﬁ%{sﬁr@d? (2% ipg?{ég{ed\'@y Eetters
PaRAY BF Hed Uned)stéeis: The anal og to digital converter

975 supplies the digitized pixel signhals to an imge
processor 985 which fornms a digital inmage. [0088]

Al though pitted célhvempiisingi s descri bed in connection with

a CMOS i mage sensor, the invention is also applicable

to anal i . 3%..devi ce
|PERS St g%%g{ ath &hALY 8F& St £t

(CCD) i e sensor. typi cal” processor - based
system 1010, which includes, the CMOS i mage sensoy

devi ce 09t HpBYTOr pdjarent e the PRALGyEARSICENON drvice the firsy,
A processor-based system 1010 is exenplary of a system
tragszstag coingrisial acgate and 8 chhanelcegibd undet detegdtd/Mheigange
sensor devices. Wthout being limting, such a system

T oL RS XA chan o

ope, surveil]ance system . auto fqQgus system star

WBQ%{ELREPO rg_m%l, ?IE%’DSE{C&HI} HBYERE KSPEFHGePortions
stabilization system and data conpression system

b¢lo®30h Aapr wgiEss ovhdreisadd opisg eoncdnorationafik &ast one
conmput er system generally conprises a central

pOHRASKThEShiMhd] ré&Bhis d04AninRHGR 185t & prsim% LGERSOT

that communi cates w th an 1 nput/out put devi ce
1046 ogg[leaa bus. 1052. The CMOS i nmage sensor 999, which

fupraon OL LG IFSPRENE 2B S#O% r om a pi xel array, also
communi cates with the CPU 1044 over bus 1052.
2.  The pixel cell of claim 1, wherein the first transistor is a

transfer transistor for transferring photo-generated charge from the
photo-conversion device to a floating diffusion region.

3.  The pixel cell of claim 1, wherein at least one gate region
comprises a mid-gap material.

4.  The pixel cell of claim 3, wherein the mid-gap material is
selected from the group consisting of: Si,.,Ge,, TiN/W, Al/TiN,
Ti/TiN, and TaSiN.

5.  The pixel cell of claim 3, wherein the mid-gap material is
Si;.,Ge,, and wherein the mole fraction of Ge in the Si;_,Ge, is

approximately 0.4.
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The processor- based system 1010 al so i ncl udes random

accessnenory (RAM 1048, and may incl ude peri pheral
waelewsoers0 such as a fl oppy disk drive 1054 andP@r/US2004/020010

conpact disk (CD) ROM drive 1056, which al so

communi cate with CPU 1044over the bus 1052. The CMOS

uch asTBe biel oo g i &1 Ghefe L it oht gaie

m croprocessor, with or wthout nenory storage on a
ragion lissd opeder aiecof < firse o secondeondudiififyetypat chi p t han
the processor. [0091] While the inventi on has been

dess! | DB ReASHAL dAify SOPRERI Aeith b REEIREIRE. |

enbodi nent nown at etine, It

understood that the invention.is not I|mted to the
Cﬂ‘iné’é‘ms@sae‘ge@%@(ﬂ?ﬁﬁlﬁ’f’é dpg icopayernyent | on can be

modi fied to incorporate any number of variations,
al t&r at Tl pixeledblsdfi dlaiin bmhmheqdéasabﬁatgawﬂegrm@enent s
not heretofore described, but which are commensurate

| AI \Y%S3
t*&tﬁit B0 Lo PEBERR Bich e BAEBE LAy
é)tected by Letters Patent of the United States i S:
condyctiyjty &YP&el | conpri sing: a phot o-conversion devi ce
at a surface of a substrate; a first.transistor
adj@ceriThd pixthellpffaldmcwisdrsinan lelsy bne gatehegionr st
transi stor conprising a gate and a channel region

hw&g%t.ﬁgjvrlsﬁtge%uom@ Lg 160D i@Hor 8P Ane gate

regi 2 CWor & unctl gre er than a

wor k-functign of n+ Si, the channel region conprising
leag QREAG E°GOR | ons bel ow each gate region, wherein a

dopi ng concentration of at |east one portion of the

c hehnel Theepixelcell ofdbtiar §ri wiadeiat the eloptnt 8 ipdinin. by t he

wor kfunction of the respective gate region. 2 . The

g' el eald piRll CiAfBatm WRGHEER thBf i bpSioxihARE) & OF 1S

“active dopant in at least one portion of the channel region.
12.  The pixel cell of claim 1, further comprising:

a second transistor formed over the substrate, wherein the second
transistor comprises a gate, the gate compﬁsing at least one gate region
having a work-function greater than a work-function of n+ Si.

13.  The pixel cell of claim 12, wherein at least one second
transistor gate region is formed of a same material as the at least one
gate region.

14.  The pixel cell of claim 1, wherein the first transistor

comprises first and second gate regions and first and second channel

portions under the first and second gate regions, respectively.
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transfer transistor for transferring photo-generated
charge fromthe photo-conversion device to a floating
walkdososi2zan regi on. 3. The pixel cell of clai mBCT/US2004/020010
wherein at | east one gate region conprises a md-gap
material. 4 . The pixel ceII of claim3, wherein the

m d- gap terjal sel fro h nsi sti ng
of 155 "k E{XCLI'FW‘V(?CI qqe;nr?zﬁimogﬁg %ﬁ%aﬂg 5. The
pi xel cell of claims3, vvherelnthe m d-gap material is
sédond(geite r@ghdnwmemdsm\tch enmotie dreaby iachiffatntGdistance.he Si
XxGex 1s approximately 0.4.6. The pixel cell of claim

q&heffhg pt {fc&f of Gafi 12 Con%%inett{ee@s%d s%cgﬂd?%g%eé 0

one of a or secon uctrvity type

pi.xel cell of clali 1 wher ei | eas gate
r%@ﬂ%hav@dhﬁ?ﬁegéé" F@F‘yﬁ C%'+W®§‘I ysilicon
| ayer. 8. The pi xel ceI | of claiml, whereifn at | east

finttgiofat greaee than acnmiki-faastion béyerSiof | ower doped
polysilicon of a first or second conduct|V|ty type. 9.

The- pi ate
r eg|7 on hag ﬁ Bged%egl;%ft:élpr of i1 eﬁéhg{neévt\#n%g or at Oﬁ% gslt%
parti al depl etion of tahg | east one gate region. 10.
ICRARNTOMBPIIYE] $arR MAFeIaNEYIn Wéfg@%t @‘Piénﬂopant i s
indium 11. The pixel cell of claiml1l, wherein there

ch@aapdstiosi mat el y no active dopant in at |east one
portion of the channel region. 12. The pixel cell of

A, L SO i, SRR o
comprises first, second, and third gate regions and first, second, and
third channel portions uhdcr the first, second, and third gate regions,
respectively.

19.  The pixel cell of claim 18, wherein the first gate region is
between the second and third gate regions, and wherein the second
and third gate regions are each over a respective area where an
isolation region and an active region meet, and wherein at least one of
the second and third gate regions has a work-function greater than a
work-function of n+ Si.

20. The pixel cell of claim 19, wherein the second and third
gate regions have a same work-function.

21.  The pixel cell of claim 19, wherein the doping

concentration of at least one of the second and third channel portions
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transi stor conprises a gate, the gate conprising at
| east one gate region having a work-function greater
w0 bas/oss2wor k- functi on of n+ Si. 13. The pi xel P€/USWN4/020010
claim 12, wherein at |east one second transistor gate
regi on is formed of a same material as the at | east
ate region. 14.. The e fclalml
iyt Bped g6 est lowpart b BhesPore bigcipn o8ehd rébfting
second gate regions and first and second channel
gperdegimms under the first and second gate regions,
respectively.15. The pixel cell of claim 14, wherein

eags. O_fThbtheiE oﬂmmfsg%qmereﬁmerﬁe é&%ér@giérlﬁ%ds over

an active area by a di rent di stance. 16 e pixe
cell of ¢laim 14, erein the first second gate
fqrgquoﬁaéa %ﬁ@é@r&imﬂa@ﬁm&wwaﬂé@éﬁ@ﬂ { TR n
“each workfunction is greater than a work- fincti on of
n+2&i . THe pikbkcqll ofedlainel 9, valfereinathmfiist, sedoadeamd t he
first and second gate regions conprise a sane materi al
SR b8 ALIohE LR orfiRRIRY GRETAGEAR Mg dialfine The I xe!
ce arm1 erein I rst trahsistor
conprlses first, second, and thlrd gate regi ons and
dpping chagacsesi$ics-and third channel portions under the
first, second, and third gate. regions, respectively.
1924.TheApﬁJaeetelted>mpﬁﬁngﬂ aim 18, wherein the first gate
region is between the second and third gate regions,
and whef ghdhol Qe REH edthe Wb eO8E £ sit5@la0SnAT e each
over a respective area ere an I sol ation région and
an active regio andV\/n rein at |east ope of the
cecond HHESHPT P g@ﬁ@%@%ﬁ% ROOLOROPKEIFIGRATISE>
greater than a
wherein a gate of the transistor comprises a mid-gap material, and wherein a

doping concentration of at least a portion of a channel region of the
transistor is determined at least in part by the work-function of the mid-gap
material.
25. A pixel cell comprising:
a photo-conversion device at a surface of a substrate; and
a transistor formed over a substrate and adjacent to the photo-
conversion device, the transistor comprising a gate overlying a channel
region, the gate comprising at least two gate regions, wherein at least one of
the gate regions has a work-function greater than a work-function of n+ Si,
the channel region comprising respective portions below each gate region.
26.  The pixel cell of claim 25, wherein each gate region extends

over an active area by a different distance.
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wor k-function of n+ Si. 20. The pixel cell of claim
19, wherein the second and third gate regi ons have a
waams/onnk- f unction. 21. The pixel cell of cl aP@T/1182004/020010

wherei n the doping concentration of at |east one of

the second and third channel portionsis determ ned at

| east in part by the work-function of the respective
gaté re@i%’?ﬁl colp COmpEsHEiel cell of claim 19, wherein

the first gate region is forned of a different

mat eri ad thaﬂcdxherﬁ@c dedcanca sirfacd ofatsabstegeodigl 23.

The pixel cell of claim19, wherein the first, second,
and thi al.e | NS .ar f rial
navi ng SFRRr G PR R S bATE I aceBVH AR ROl

cell conprjsing: a photo-conversion device at a
cQuyarsien dsyice, HGHEANSIIEQE: COMPYISING R FAS) %dynw ¢hagnel
adj acent to the photo-conversion device, wherein a

rghibde, e gabecdmphisihg tiest, s@ond] aﬁiattﬁrdf%ﬁcg ofifitvetidréih, the
and wherein a doping concentration of at Teast a

SRl SRR SRR RSk S o

the md-gap material, 25. A pixel cell conprising: a
thyhtscond gRd shisd gategegians ase ogeram freg where an isolationaegion
and a transistor formed over a substrate and adj acent

ahd ah RedphRigaomeéet, ahd witte¥inGe ledshenéd bAfE eb@Rd and third
conprising a gate overlying a channel region, the gate

efATeE P A ShorfRlsdo RO RELT shifEh WRB AR Ghisn s

t han_a work-function of n+ Si, . )
channel region comprising first, second, and third portions below each gate

region, respectively.
28.  The pixel cell of claim 27, wherein the second and third
gate regions have a same work-function.
29.  The pixel cell of claim 27, wherein a doping concentration
of at least one of the second and third channel portions is determined
at least in part by the work-function of the respective gate region.
30. An image sensor, comprising:
a substrate;
an array of pixel cells formed at a surface of the substrate, wherein
each pixel cell comprises a transistor formed adjacent to a photo-conversion
device, the transistor comprising a gate and a channel region under the gate,
the gate comprising at least one gate region having a work-function greater

than a work-function of n+ Si, the channel region comprising respective
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t he channel region conprising respective portions

bel ow each gate region. 26. The pixel cell of claim
WQ@osmherei n each gate regi on extends over an BCT/USE04/020010

area by a different distance.27. A pixel cell

conprising: a photo-conversion device at a surface of

a substrate; and a transistor formed over a substrate
perdonshdewrach gateregiono MHEkHY 8 dOPHIE erngeatratipn of at least

transi stor conprising a gate overlying a channel

one@oztion O ehelineDrgpidrsis Wgtdrinindd atsles® il padity thBividik-
gate regions, wherein the first gate region isS between

. Se t. hi t.e regions, and wherein the
ﬁé%%%%ﬂaﬁﬁgr%ﬂ%?%“béﬁggggg?bns are over an area where
an_isolation region and an_active region neet, and
wh3kei nThe imagestensereofuflainhd0,seleesnin hedmage sensgaise
regi ons has a work-function greater than a*
(ﬂﬂ(ﬁ&ﬁﬁﬂg@kk@ﬁmpf n+ Si, the channel 'region conprising
first, second, and third portions bel ow each gate

jon, tively.. 28 i xel [l of claim 27,
wrdbel nrhR EREEsHEP L0t 70 SR B Tone® e R are
wor k-function. 29. The pixel cell of claim 27, wherein

charge spnpled slstisatimage samsof. at | east one of the second
and third channel portions is determned at |east in

paz3. byThé'Bnys¥ denfotiidam 30, wit@einahp @EdnkNeOraah €
regi on. 30. I mage sensor, conprising: a substrate;

SN (RN TR L
pfl(r)g)rjgcimsvtc?srio; ggggg toae(lj jﬂggt(ieggt ditff%sizzl)nprrc]:?g'to(r);. converston

34. The ﬁnage sensor of claim 30, wherein at least one gate
region comprises a mid-gap material.

35. The image sensor of claim 34, wherein the mid-gap
material is selected from the group consisting of: S, Gey, TIN/W,
Al/TiN, Ti/TiN, and TaSiN.

36.  The image sensor of claim 35, wherein the mid-gap
material is Si; ,Ge,, and wherein the mole fraction of Ge in Si;_ ,Ge, is
approximately 0.4.

37.  The image sensor of claim 36, wherein the least one gate
region is doped to one of a first or second conductivity type.

38.  The image sensor of claim 30, wherein at least one gate

region comprises a degenerately doped p+ polysilicon layer.
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device, the transistor conprising a gate and a channe
regi on under the gate, the gate conprising at | east
wWor@sgat2d0 r egi on havi ng a wor k-function great ePCT/H82004020010
wor k-function of n+ Si, the channel region conprising
respectiveportions bel ow each gate region, wherein a
dopi ng concentration of .at éﬁ st one portion of the
chanel Thegnage ﬁeglsw'%rlwrh% ereiAtlessh opg gatay t he
wor kfunction of the respective gate region. 31. The
régiag eospnisey a hercofloweBdopadpolgsiticéhef a ivg@rsens@ i s
a CMOS I mage sensor. 32. The image sensor of clai m 30,

' i mage sensor is a charge coupl ed device
C&%@%&“@X%@%%_ 33. The inmage sensor of claim 30,

wherein _the transistor i;s a transfer transistor for
t réhst eFlae impagsrrsnenrgefirdainy 39 wehereigehe ag lsashane gate

phot o- conversi on device to a floating difftision

régderh b a déparfgofiledowies 6 atdéast paicial dépletibiebEihe at
| east one gate region conprises a md-gap nmaterial .

T i .sensor of claim 34, wherein the m d-gap
afgnlg?sérq%glgai@g;%%é%gct ed fromthe group consisting of:

Six.xGx, TINW A/ PN, Ti/TiN, and TaSiN. 36. The

i fblge sEsisnagerseasariohcksm Jheyharpinttherais d- gap nat eri al
is Sil Gex, and wherein the nole fraction of Ge in Si
appsexinhfelYy fotiveriophit B £ le3¥ ond perticragftfeathaanelof

claim 36, wherein the | east one gate region is doped
rdofopne of a first or second conductivity type. 38. The

i“Mmage sensor of claim 30, wherein at | east one gate

regi on conprises a doigener ately doped r+ polysilicon

| der . Johe mage;seayps of sl 3Giwhareinthggrangistarei n at

| east one gate '
comprises first and second gate regions and first and second channel
portions below the first and second gate regions, respectively.

43. The image sensor of claim 42, wherein the first and second
gate regions each extend over an active area by a different distance.

44. The image sensor of claim 42, wherein the first and second
gate regions have different work-functions, and wherein each work-
function is greater than a work-function of n+ Si.

45.  The image sensor of claim 30, wherein the transistor
comprises first, second, and third gate regions and first, second, and
third channel portions below the first, second, and third gate regions,
respectively.

46. The image sensor of claim 45, wherein the first gate region

is between the second and third gate regions, and wherein the second
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region conprises a |layer of |ower doped polysilicon of

a first or second conductivity type. 40. The i nage
w@enson42ed cl ai m 39, wherein the at | east one PEL/ES2004/020010

regi on has a dopant profile allow ng for at |east

partial depletion of the at |east one gate region. 41.

The inmage sensor of ¢laim30, wherein there is

E‘F‘&igﬁ‘iﬁtrégﬂ?)nﬁér%ﬁ@é(e’%bcéﬁﬁt}vﬁ aL¢a WVagStAne porti on

of the channel region. 42. The inmage sensor of claim
issRtionheg@inandh AdtiRe $egidn meeoygird wherein #sleasaoaiesscond

gate regions and first and second channel porti ons

fix ively.
8 i 5 R B OOHE SRS BealFRRRF
~and second gate regions each extend over an active
W@ﬂ’eﬁullgﬂoé} I &k ent di stance. 44. The i mge sensor of
claim42, wherein the first and second gate regions

haye diTheitide sepsdt-df ehérhi46)wheaeid thbee@ind erich
wor kf unction 1s greater than a work-function of n+ Si.

T e 0, wherein the
d as%?f%‘%%%ﬁ%r?é%% %flgbﬁ{ g]ggiond and third gate
re ions and first, second, and thi rd channel portions
betbw tHes magstsensps b shimAf Yhereig thadepingyi ons,
respectively. 46. The image sensor of clai m 45,

coenfiatioh ff af leasttorgadfahe egiond dngl dhiridvetanntlsorsieasond
and third gate regions, and wherein the secondand
is C e rea
B R R L e G e
and wherein at Ieast one of the second and third gate
SHEFEHAY- has a work-function greater than a

49. A processor system, comprising:

(i) a processor; and

(ii) an image sensor coupled to the processor, the image sensor
comprising:

a substrate;

a pixel formed at a surface of the substrate, the pixel comprising:

a photo-con\;ersion device and a transistor, the transistor
comprising a gate and a channel region under the gate, the gate comprising
at least one gate region having a work-function greater than a work-function
of n+ Si, the channel region comprising respective portions below each gate
region, wherein a doping concentration of at least one portion of the channel
region is determined at least in part by the work-function of the respective

gate region.
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wor k-function of n+ Si. 47. The imge sensor of claim

46, wherein the second and third gate regi ons have a
wa@as/o02nk- f unction. 48. The i mage sensor of cPEi/ms2064/020010

wherei n the doping concentration of at |east one of

the second and third channel portions is determ ned at

| east | art by _.the rk-functjion of the respective
ga?@ re’gl?%WStcﬁ@PfﬁpaﬁP e Sdigrei fg EIBC SSRGS RNg: (i) a
processor; and (ii) an inmage sensor coupled to the

(M OSassge sehdoe. | mage sensor conprising: a substrate; a
pi xel formed at a surface of the substrate, the pixel
COogrpr | Srﬁkgéys{%ﬁn? BPLQirk 49V Ghehd tl‘ﬂf?ﬂhé;g”c RAbrds a
transistor,” the transistor conprising a gate and a
channel rgg' on yunder the gate, the gate conprising at
chasge copple VIeC B3P OHFMei ng a wor k-function greater
than a work-function of n+ Si, the channel™region
casthr i A ng:thed pé fdriming pqritdl eal, the lneihed cbngatsig: egi on,
wherei n a dopi ng concentration of at |east one portion
of the _ [ I Ses -1d hed ' r
by ¢ ho AT pAGR AR GEUAIE A helict 87 bubhldng
The system of c¢laim49, wherein the iage sensor is a
CMOS | HaHBingatdeast ong trapsisros adjagetdp the phetorgonygsdeai n
the i mage sensor is a charge coupl ed device inmge
dewes ehe att of forming the transistor comprising forming a channel region

and forming a gate over the channel region, the act of forming the gate
comprisiné forming at least one gate region having a work-function greater
than a work-function of n+ Si, the act of forming the channel region
comprising forming respective portions below each gate region, wherein a
doping concentration of at least one portion of the channel region is
determined at least in part by the work-function of the respective gate region.
53.  The method of claim 52, wherein the act of forming the
first transistor comprises forming a transfer transistor for transferring
photo-generated charge from the photo-conversion device to a
floating diffusion region.
54. The method of claim 52, wherein the act of forming the at
least one gate region comprises forming a layer of mid-gap material.
55. The method of claim 54, wherein the act of forming the

layer of mid-gap material comprises forming the layer of mid-gap
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52. A nethod of formng a pixel cell, the nethod

conprising: form ng a photo-conversion device at a
wagorsace4of a substrate; and formng at | east PEEUS2004/020010

transi stor adjacent to the photo-conversion device,

t he act of formng the transistor conprising formng a

chan i on d formn oV nnel
magefi ﬁe CFtF’rg ¢ SFINT ‘Sflﬂg oé'atsé g?wtil g formng

at | east one gate region having a work- funct| on
Ay ERY T AR aad WaSKNf uncti on of n+ Si, the act of
form ng the channel region conprising formng

regpect ke nRendd 8@&&59%@ B &t %?%rﬁﬁnﬁm‘g&ég' n a

dopi’ng concentration o t one portio
hannel reglon is determ_,ned at in rt. by the
igl-gap fRRCHA OmRHises fi %rg 54 G@gwgw.relasl. The
nmet hod of claim52, wherein the act of forming die

nfdle ﬁtacﬁdsmbsGati@apmomdtslgs).4.or mng a transfer
transi stor for transferri ng phot o- gener at ed charge

G P R RS SRR AIENE e By B Wyer

the act of formng the at @gast one gate r§§| on
O ehferswunpriehriaping theaer f Shidde oo Okt figst or55. The
nmet hod of- claim54, wherein the act of formng the

sdcaydrcontiusiidtyogpe.mat eri al conprises formng die |ayer
of m d-gapmaterial sel ected fromthe group consi sting

ofgq Si % W gls 6.
Th5e8 rret (gﬁféFhOd[glf m é'i/\irst,er el n %%tg??ﬁnﬁﬁééﬂr}l&matgg a
| ayer of m d-gap mater ngy formn %Iager
legftepne G35 FCRIPR COMPTAS r@lrt% decpgratdly dope
approximately 0.4. 57. The nethod of claim56, wherein
ptipelyailicoaf formng a layer OFSil Gex conprises doping
the layer OXSi1 Gex to one of a first or
59. The.method of claim 52, wherein the act of forming the at
least one gate region comprises forming a layer of lower doped
polysilicon of a first or second conductivity type.
60. The method of claim 52, wherein the act of forming the
layer of lower doped polysilicon comprises forming the layer of lower
doped polysilicon having a dopant profile allowing for at least partial
depletion of the at least one gate region.
61. The method of claim 60, wherein the act of forming the
layer of lower doped polysilicon comprises doping the polysilicon with

indium.
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second conductivity type. 58. The nethod of claimb52,
wherein the act of formng the at |east one gate

wo e@som2eonpri ses formng a | ayer of degener at BCT/USHP€ 020010
p+ polysilicon. 59. The”nmethod of claim52, wherein
the act of formng the at | east one gate region
conprises formng a |ayer of | ower doped ilicon
ofgg

|
f i +he mathed of slaie Gde udierein fgrmipgdhe Gggm'ﬁe met hod

of claim52, wherein the act of forming the | ayer of
rd YR oS PRREs RAMISE b kAt RRMVrtcR DS ted dhditel hgibmayer of
| ower doped polysilicon having a dopant profile
l.] ow for at |e tial depletion of the at
g dhBiuifard) padPite & FratiRifioh”0r °ci ai'm 6o,
wherein the act of form ng:the |ayer of |ower doped
pob3si | Thomethog of skain d3p whgreim shagtyofifpiming thiet h
i ndium 62. The nmethod of claim52, wherein form ng the
gSRaONrises BhrAMing TR dndlae cdhd Bt Gegibnb, el wRORIP@et | ON
of the channel region having approxi mately no active
0 t congentration.. 63. The thod of claim52
o BiR  ee o e Cos® BAPETE S AP CEReH i ng
first and second gate regions, and wherein the act of
chamel pgrtidns bﬂka\wrrtgt first ghd seeomegate segiong, mespgetivelist  and
second channel portions below the first and second

gab£ I EphORRethéEoPElainh 68| Whefdn tHd et BFEHORIngfthe! ai m
63, wherein the act of formng the first and second

te.regi ons .conprises form the,fixst and second
55 ¢l segprlzats FEHopF Smpthiet oy frdiendisedid ond
gate regions extends over an active area by a
galicfregioan swels that cach of the first and second gate regions

D

extends over an active area by a different distance.

65. The method of claim 63, wherein the first and second gate
‘regions are each formed having different work-functions, each work-
function being greater than a work-function of n+ Si.

66. The method of claim 52, wherein the act of forming the
gate comprises forming first, second, and third gate regions, and
wherein the act of forming the channel region comprises forming first,
second, and third channel portions below the first, second, and third
gate regions, respectively.

67. The method of claim 66, wherein the first gate region is
formed between the second and third gate regions, and wherein the
second and third gate regions are each formed over a respective area

where an isolation region and an active region meet, and wherein at
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65. The nethod of claim63, wherein the first and
second gate regions are each forned having
wal2dosmoem wor k- f uncti ons, each workfuncti on beP@mUS2004/020010
greater than a work-function of n+ Si. 66. The nethod
of claim52, wherein the act of formng the gate

. ¢ . L q g
3B, 8P R d MR e S3EE00 b RB B tBRanne
regi on conprises formng first, second, and third

¢frfdpn goyerkoactien efint 1% first, second, and third
gate regions, respectively. 67. The nethod of claim

6668 WheThé thethed bf Elaim 671 heRa EHE deoh®@hAB thib® buRen
the second and third gate regions, and wherein“the

d d third gate reqi te each fornmed over a
.f,@é%%%ﬁ%@g%g%gf@ngﬁrggﬁgﬁ% regi on and an
active region neet, and wherein atleast one of the

se@dnd Bagimeriodiofjclaion HEgivbersithtle axt wbfdenfingthé on
greater than a work-function of n+ Si. 68. The nethod

s&2bn@laatthd.chwhedl PortibRecsiBERR fatRtink Mhe e BAHSHHET ONS

are fornmed having a same work-function. 69. The mnet hod
of , gl aim 67 wherei,n the act of formng the second and
tftt PRl RS SR el & Binine oncp Bt 6 S ESS o
and third channel portions such that a doping

otdwcerendiand thind ckanncbpertionsds diterrhined et brast ianeart hi r d

channel portions is determined at |east in part by the

byrEtidwbHA I BN S thé fespE&RR Gt/ Rgilii.© regi on. 70. The
nmet hod of claim52, further conprising: formng a

S nd t,r ansj;stor, (t.he.ac f form.ng the second
tre/g(ﬁsi s#bermg hslig ?%’réfftﬁﬁr 8‘?mP’é‘§85: one second
transistor gate regi on having a work-function greater
t han afoeningfasscond rapsister, tBe act of forming the second

transistor comprising forming at least one second transistor gate regidn
having a work-function greater than a work-function of n+ Si.

71.  The method of claim 70, wherein the at least one second
transistor gate region is formed of the same material as the at least one
gate region.

72. A method of forming a pixel cell, the method comprising:
forming a photo-conversion device at a surface of a substrate;
fgrnﬁng a transistor adjacent to the photo-conversion device, the

act of forming the transistor comprising forming a gate overlying a channel
region, the act of forming the gate comprising forming at least one gate
region of a mid-gap material, the act of formiilg the channel region

comprising forming respective portions below each gate region, wherein a
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71. The nethod of claim 70, wherein the at | east one
second transistor gate region is fornmed of the sane
woraosnoeho as the at | east one gate region. 72.PEI/IE10000R20010
of formng a pixel cell, the nethod conpri sing:
form ng a photo-conversion device at a surface of a
supstrate; form transi stor, adj.acent to th .
ORECNSRDLREIPB R e ARt HHanBELPASTion it Ay tigmingd at least in
transi stor conprising formng a gate overlying a
pattdiyndhle wedfonctibh ef dod mid-ghp mmdtagalt he gat e conpri sing
formng at | east one gate region of a m d-gap
mayeri ah, - 1 i h Lon .
Corst i BB o Aok S A R BB gac o
regi on, ~wherein adopi ng concentration of af |east one
channel fop@ing & phpto-genvarsipn sgvise at @ seiface pigasubsteate; and
wor k- function of the md-gap material. 73.“A nethod of
f or m ngfoamingie kraasikior atjaeeneohhd phoopcoavdigon idevidt Ndiea
phot o- conversi on device at a surface of a substrate;

o OIS G 5B STl By e

‘transi stor nprising formng, a gate overlying a
reghQmyoE aﬁte@fg %wm& the;gate PMPEISIASIQUDIE Ydedst sumeEatsi ng
. formng at | east two gate regions, wherein at | east
regiensy fwhichen gatast e ofithehpse segiorishdsunedikofungtien ig@dater

than a work-function of n+ Si, the act of form ng the

" j i S f ' r ' tions
LB RARLOR SIS, WOy T e RN Feigh o
wherein the act of formng the at | east two gate
COBPIiAS feHRING ISERECHYE RPFHPISRIO B Lagh St 4eBORegi ons
extendi ng over an active area by a different distance.
7574.A riidodtiodd dbH¢lainn §3awhiereih tlxeddt of thenifgtthedt
conprising: form ng a photo-conversion device at a

134 iR EatE e Fofl BShpALE foftfhg each of the gate regions

extending over an active area by a different distance.

75. A method of forming a pixel cell, the method comprising:
forming a photo-conversion device at a surface of a substrate; and
forming a transistor adjacent to the photo-conversion device, the

act of forming the transistor comprising forming a gate overlying a channel
region, the act of forming the gate comprising forming ﬁrst, second, and
third gate regions, wherein the first gate region is formed between the
second and third gate regions, and wherein the second and third gate regions
are each formed over é respective area where an isolation region and active
region meet, and wherein at least one of the second and third gate regions is

formed having a work-function greater than a work-function of n+ Si, the act
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formng a transi stor adjacent to the photo-conversion
device, the act of formng the transistor conprising

wo erosiomg4@ gat e overlying a channel region, thRCHUS2004/020010
form ng the gate conprising formng first, second, and
third gate regions, wherein the first gate region is
f-or ned tween the .second and third gate regions,,and
QReTERE SR AR SOl R P aM i ARb AL, 203 eh
formed over a respective area where an isolation
pozdgoambelaw the firstesqcogidoandrturd gatadeginny, atspeativdlpast
one of the second and third gate regions is forned

haysng ThuidthbddFtciann 75, SHetdin ithe becdn¥Win-thitdGakon  of
n+ Si, the actof form ng the channel region conprising

farmn irs second, and,third portions bel ow the
’?5*@??ggéﬁﬂﬁ@Pagﬁg%ﬁﬂﬂ%ﬁ@ﬁhﬁﬁ?@&gons, respectively.
76. The nmet hod of claim 75, wherein the second and

t h77d ghhe mathodiof chimn 75omhetinahe dgpiagsameentration

wor k-function. 77. The method of claim 75, wherein the

oftaPiea GRNGIARE seddlarRf thatd diRaak] SB1eolS istdietinend and

third channel portions is determned at |least in part

at*:J Yeaststhlg pva\l?tr ll)(y Eh%nv%(t)}kqﬁm%it:io}l Q)% dhe ?e%ﬁé:ctdv‘é %agealte?oriorn? gt on.
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