DEUTERATED STRUCTURES FORI MAGE SENSORS AND METHODS FORFORM NG THE SAME

FI ELD OF THE | NVENTI ON [ 0001] The present invention relates generally to

t he fi el dwofoeami4senduct or devi ces and nore parti cul arl pcrasteosneisss

i sol ation technol ogy for use in sem conductor devices, including CMXS inmge
sensors. BACKGROUND OF THE | NVENTI ON [ 0002] CMOS i mage sensors are

I ncreasingly being used as | ow cost imaging devices. A CMOS i mage sensor

circuit i DHUBBRATEDCSTRUEGTURBSSFOR IMAGE SENSORS2CNDOMETHODS cel | s
i ncl udes a photogate, phot OF@)g%RMII\?G’Pﬁ%nge havi ng an associ at ed
t

charge accumul ation region wthin a substrate tor accunul ati ng

phot o- generat ed charge. Each pixel cell may include a transistor for

transferring charge fromt@]ﬁkﬁﬁgj&l&m{’ﬁm@ﬁoﬁgi on to a sensing node,

and a transi 7 forp M higead8y 9 tife B term ned charge
HA0) o o PAEL BRI ool ok Beprl

| evel prior rge transterence. may al so include a

source foldbAneindu@DBdSTieEs Al rﬂcﬁﬁ?a&‘ﬁaﬂaﬁ do FBch fiyd1Bgork bahaeld the
sensi ng node and an access transistor for Tontrolling the reado of the

cel | cont qfkSn ke@MRdERI SOUIGA I QB CRITE Fh&¥e sdr@8f3] I'n a CMOS image
sensor, the active elenments of a pixel cell performthe necessary functions

of: (1) photon to charge conversion; (2) accunul ation of inage charge; (3)
transfer of charge to the sensing node acconpani ed by charge anplification;
(4) resetting the sensiBCEKGBQUND IOBWHE INVENTION

[0002] CMOS image sensors are increasingly being used as low cost
imaging devices. A CMOS image sensor circuit includes a focal plane array of
pixel cells, each one of the cells includes a photogate, photoconductor, or
photodiode having an associated charge accumulation region within a substrate
for accumulating photo-generated charge. Each pixel cell may include a
transistor for transferring charge from the charge accumulation region to a
sensing node, 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.

[0003] 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 image charge; (3) transfer of charge to the sensing node
accompanied by charge amplification; (4) resetting the sensing node to a known
state before the 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.



state before the transfer of charge to it; (5) selection of a pixel for
readout; and (6) output and anplification of a signal representing pixel
char ge frwonoéwmisesnsi ng node. [ 0004] CMOS i nage sensors @UTHUS20050pa3ss

di scussed above are generally known as discussed, for exanple, in N xon et
al., "256 x 256 CMOS Active Pixel Sensor Canera-on-a-Chip," |EEE Journal of

Solid-State f@g{o&g: tsCM@b%g%é%?sé%lﬁorlg%fz ﬁﬁﬂ%s@é@%ﬁééelz lﬁigﬁé\%&*ﬂl et al.,

"CMOS Active | mage sactions on ron Vi ces,

Vol . 41( 3enchifh ﬁéléi%-c&és_%dﬁ FAUWhmpie Enals@nlt 81, PEesnsANOMOS AktiveIddland

6, 204, 524, whi ch describe the operation of conventional CMOS i nage sensors

and are agphehedatn@rdbAlLONhTEC IREE ¢8Yrmall BE SelidSeate Ait@fitss Vol. sijzc;rp@r e
i ncorporated herein by reference. [0005] A schematic diagramof a

convent i onales.GES (1998 R landallend 3 dt 215 MOMO$ A dtivePidel IiageiSehsisis“aibEE CMOS
pi xel cell 10 is a four transistor (4T) cell. The CMOS pixel cell 10

gener al | y Togngctioas oa Flbeion Dewices SVoh 40@Y,i me 432-4561(1904).eBed alsg Tafd
col l ecting charge generated by light incident on the pixel cell 10, and a
transfer [PaaasilNon®, 17,336 rarkd 623,824, iwigch desaiieibierdperatien gecorfventionhk

phot oconversi on device 23 to a sensing node, typically a floating diffusion
regi on 5. QMOS integd segsdisfdndsamerassigmedrio Micsor ledindlogy | Ince thmenrttentst o t he
gate of an output source follower transistor 19. The pixel cell 10 al so

i ncl udes @fmdsich ate mroipenated Befein by aeferenaeg t he fl oating diffusion region
5 to a predeterm ned voltage; and a row select transistor 16 for outputting
a signal fromthe source follower transistor 19 to_an output _termnal i.n

response to H¥0&Hdr edsschpppbic dipgraospt prepventional QYESpxelaellofds vi ew of

he pi xel |1 1Q_of _FI
the pixe slcngwn inOFI 1. T%e iflustrated CMOS pixel cell 10 is a four transistor (4T) cell.

The CMOS pixel cell 10 generally comprises a photo-conversion device 23 for
generating and collecting charge generated by light incident on the pixel cell 10,
and a transfer transistor 17 for transferring photoelectric charges from the photo-
conversion device 23 to a sensing node, typically a floating diffusion region 5.
The floating diffusion region 5 is electrically connected to the gate of an output
source follower transistor 19. The pixel cell 10 also includes a reset transistor 18
for resetting the floating diffusion region 5 to a predetermined voltage; and a row
select transistor 16 for outptﬁ*ting a signal from the source follower transistor 19

to an output terminal in response to an address signal.

[0006]  FIG. 2is a cross-sectional view of the pixel cell 10 of FIG. 1
depicting the photo-conversion device 23. The exemplary CMOS pixel cell 10 has
a photo-conversion device 23, which may be formed as a pinned photodiode.
The photodiode 23 has a p-n-p construction comprising a p-type surface layer 22
éhd an n-type photodiode region 21 within a p-type active layer 11. The

~ photodiode 23 is adjacent to and partially underneath the transfer transistor 17.
The reset transistor 18 is on a side of the transfer transistor 17 opposite the

photodiode 23. As shown in FIG. 2, the reset transistor 18 includes a source/drain
2



depi cting the photo-conversion device 23. The exenplary CMOS pi xel cell 10
has a phot o-conversi on device 23, which may be fornmed as a pinned

phot odi odwo 20és1pisot odi ode 23 has a p-n-p constructi on ECEUS2@ISHOESES P-t ype
surface |layer 22 and an n-type photodiode region 21 within a p-type active
| ayer 11. The phot odi ode 23 is adjacent to and partially underneath the

transfer gﬁ%i t - ; 3RS s bRFwddh iR PhhFeSitier&bt t he
transfer :rré nsét%ﬁeqéa%%%gglfﬁ&ﬁﬁ%glgﬂotlggi f)vée 23. As shown fn FIG 2, the
reset trangiiRbrsi®, 'qﬁ_cl udes a source/drainregion 2. The floating diffusion
region 5 is between the transfer and reset transistors 17, 18. [0007] In

the CMOS pixel cell 10 depicted in FIGS. 1 and 2, electrons are generated

by I'ight incigtr OnIﬂﬂfé@MIDS)ﬁi‘a@W@[ $0 depiiead HEFIGS. anchd? ledsr@hren t he
n-type phot odi ode regi on 21. These charges are transferred to the floating

di f f usi on geagi£ied bylligHt ecitl et e plictosdopiversidd debize 28hedt drensdred in
transistor 17 is activated. The source follower transistor 19 produces an
out put si ghah-tiyperptiobediotanegien2id Theae ghargedanatansieredttpuhe slogting i s
proportional to the nunber of electrons extracted fromthe n-type

phot odi odeliffagionregibn § b3 trénsfee friansistdr 1y, whers Hed tramsfer enanbistoedl7dsi on
(STI) region 3 adjacent to the charge collection region 21 is used to

i sol at e t laetipated) Thel sout@ follomrertttansigioxt? pratuces andudpuf sigsaldiromhthei mage
sensor. The STl region 3 is typically fornmed using a conventional STI
process. Trans&Tred eldrgas.3Ai maxippimautput pigadl isinrepartiendl de the nembggoind
filled wwth a dielectric material 37. Also, the STl region 3 can include a

nitride |ielstrons exbpgied fromdhg i-we phitedisslegegiamel - di el ectric material 37.

[0009] The nitride liner 39 provides several benefits, including inproved

[0008] Conventionally, a shallow trench isolation (STI) region 3 adjacent
to the charge collection region 21 is used to isolate the pixel cell 10 from other
pixel cells and devices of the image sensor. The STI region 3 is typically formed
using a conventional STI process. The STI region 3 is typically lined with an
oxide liner 38 and filled with a dielectric material 37. Also, the STI region 3 can

include a nitride liner 39 between the oxide liner 38 and the dielectric material 37.

[0009] The nitride liner 39 provides several benefits, including improved
corner rounding near the STI region 3 corners. The nitride liner 39 typically has
tensile stress. Since the dielectric material 37 typically introduces compressive
stress, the presence of the nitride liner 39 results in an overall decrease in stress
levels. Reduced stress levels provide decreased leakage currents in the photo-
conversion device 23. Particularly, leakage from trap-assisted tunneling and

trap-to-trap tunneling mechanisms is decreased.

[0010] A common problem associated with the above described STI
region 3 is dangling bonds (e.g., dangling Si- bonds) at the surface of the
substrate 11 along the trench bottom 8 and sidewalls 9. The dangling bonds

create a high density of trap sites along the trench bottom 8 and sidewalls 9.
3



corner rounding near the STl region 3 corners. The nitride liner 39
typically has tensile stress. Since the dielectric material 37 typically

i nt roducesocompressi ve stress, the presence of the nitripde/dseovsn239srresul ts
in an overall decrease in stress levels. Reduced stress |evels provide
decreased | eakage currents in the photoconversion device 23. Parti cularly,

B A *r%@a%fe? e OB A ROkl A ed WG cBGrGREART, ST
STl regi onpJekpe eeqﬂc!ﬁeg e As 82091 OOheke mg%ﬂéé gﬁnﬁd‘ﬁgﬁg q&@ce of

t he substrate 11 ong he trench bottom 8 and side glrng

bonds creapgiémiy &hd SRR 9% the 81T 8é 18ﬁ 3%191@611 g%lé‘hetrét?&? Hei&oéﬂd)ﬁlbﬁéand

sidewal I s 9. These trap sites are norrra 'y unchar g&d but become ¢ ed when

el ectrons gpor&ihasotha @wnd sideRats Dikah e si{%ﬁlﬁﬁant%c@rréﬁﬁ der@kdithgse trap

sites fornmed al ong the bottom 8 and side s 9 of the STI region 3,

current gepapaiteOhsitkasr Asut the ?’h@tddl@dé 8 depldont @ich edittes ieidegitdds 9 can
be significant. Current generated fromtrap sites I'nside or near the

phot odi oded2& dapdretandnan fgrene tatised pattdashoid. dark current and an
increase in fixed pattern noise. [0011] Conventionally, hydrogen
passivation is used to reduce the dangling bonds. However, the nitride
liner 39 actd0@Hl]a diGdrusintionblyhytrogen paysivaijemis(kied ki»me'duge flmssi vati on
and reduces passivation of the dangling bonds. Therefore, when the nitride
liner 39 idangliay biends. ddewener, Wagnitride dimse 39 poB ] diffusiordeasiriealibre to have
an isolation region with a nitride liner and reduced dangling bonds. BRIEF
SUMMARY orhydgegenyHEriTdaring passivation and reduces passivation of the dangling bonds.

Therefore, when the nitride liner 39 is used dark current may increase.

[0012] It is desirable to have an isolation region with a nitride liner and

reduced dangling bonds.

BRIEF SUMMARY OF THE INVENTION
[0013] Exemplary embodiments of the invention provide a pixel cell
having a photo-conversion device and at least one structure including a

deuterated material adjacent the photo-conversion device.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] The foregoing and other aspects of the invention will be better
understood from the following detailed description of the invention, which is

provided in connection with the accompanying drawings, in which:
[0015]  FIG. 1is a schematic diagram of a conventional pixel cell;
[0016] FIG. 2 is a cross sectional side view of a conventional pixel cell;

[0017] FIG. 3 is a cross sectional side view of a pixel cell according to an

exemplary embodiment of the invention;
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[ 0013] Exenpl ary enbodi nents of the invention provide a pixel cell having a
phot o- conver si on device and at | east one structure including a deuterated
mat eri al woj2amant4sthe phot o- conversi on devi ce. BRI EF DEBCRIUST008MN23388 THE
DRAW NGS [ 0014] The foregoing and ot her aspects of the invention will be
better understood fromthe follow ng detailed description of the invention,

which is pro in 1134 FOOPABY hAGhifibPyaBesf 1 n whi ch:
[ 0015] FIG Kd(ﬂgjja SE}E?%:& Fba%{regb(%?%aqgonventlonall pi xe? cell; [0016]

FIG 2 is ofds g&? sectional side view of a conventional pixel cell; [0017]
FIG 3 is'a cross sectional side view of a pixel cell according to an
exenpl ary enbodi nent of the invention;[0018] FIG 4A depicts the pixel cell

of FIG 3 at ;@Ul%mtFHts.wd@pi@ﬂQ@ps@le@lommgs]atﬁh@sme@&télstagepbﬂ t he
pi xel ceII o] 3 at internedi ate stages of processing; [0020] FIG 5 is

a bl ock dige ;. a CMOS i nage sensor according to an exenplary enbodi nent
of the invention; "and [0021] FIG 6 is a schematic diagram of a conputer
processor systemincorporating the CMOS i mage sensor of FIG 5. DETAILED
DESCRI PTI ON' @02U0HE | RMENTis@blpaodRigram ofeeCMIDE dwage sesoaiacerdieg ta apt i on,
reference is made to the accortrﬁgnyl ng draw ngs, which forma part hereof
and i | | ustexatgplayemmbodinesriedithetventionndh t he i nvention may be
practiced. In the draw ngs, like

[0021] FIG. 6 is a schematic diagram of a computer processor system

incdrporating the CMOS image sensor of FIG. 5.

DETAILED DESCRIPTION OF THE INVENTION

[0022] 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
changes may be made without departing from the spirit and scope of the present

invention.

[0023] The terms “wafer” and “substrate” are to be understood as
including silicon, silicon-on-insulator (SOI), silicon-on-sapphire (SOS), and
silicon-on-nothing (SON) technology, doped and undoped semiconductors,
epitaxial layers of silicon supported by a base semiconductor foundation, and
other semiconductor structures. Furthermore, when reference is made to a
“wafer” or “substrate” in the following description, previous process steps may

have been utilized to form regions or junctions in the base semiconductor

5



reference nuneral s describe substantially simlar conponents throughout the
several views. These enbodi nents are described in sufficient detail to
enabl e t hweeaoskilkdsed in the art to practice the inventi egr/uspesiok3sss to be
under stood t hat other enbodi ments may be utilized, and that structural,

| ogi cal and el ectrical changes nmay be made w t hout departing fromthe

*Cubst 1 2{‘%&3%?@%%%8%9%5@&2 rﬂ%@ﬁﬁioﬁzhiq°%mik§r‘?éﬁ%nogﬁﬁ,e3 ST PestifaR: i neul at or
SO, sily . . ‘ o on- nat hi SQL
gec h)nol glgy agg(?fe%ﬂefsﬁg‘ﬁ)cgﬁlag’gﬁ%iséﬁ) %%ﬁaﬁ?i@‘@lﬁli&ﬁeggﬁlﬁ%%%ﬁ%ﬁﬁ( ii@lr&- silicon

supported X?ﬁ ase sem conductor foundation, and ot her sem conductor
structures. Furthernore, when reference is made to a "wafer" or "substrate"
in the follow ng description, previous process steps nmay have been utilized

to formregi rj LONS i 0t Qe em s

f oundati on. ﬁ?\mél di jt?grglfté@ﬂepis%%j%g 8%]:{300(3?1 E\Sgegé‘g&ogﬁog%tﬁg Fhlacon%ggietds611but
could be %ﬁ?é%lnﬁ{g §phbﬁpébrﬁ%&ﬂﬁﬁ'démce%{dr@&héié‘?_orﬁor%h% seni de. [0024]
The term "pixel"” "or "pixel cell” refers to a picture elene unit cell

cont ai ni nQzl@ctﬂﬁﬁ&@lé%&%ﬁfaﬁc@ﬂod@/él@@cri@_ﬂpbigﬁém Slio‘itp?i’rgoé&rofqﬂﬁé’t%t‘iéﬂ)%
el ectromagnetic radiation to an electrical signal. For purposes of

i | I ustr at irepresentativeqsrdlicall iy #lustraedd Bethle fighiires hid deptr@stiom hbhen farglr es and
description herein, and typically fabrication of all pixel cells in an

i mge senggpically falpi@tioadfabineinel @lisliy aaithage sansormivilbprdcasd icofcurk &BP]

FIG 3 is a cross-sectional view of a pixel cell 300 according to an

exenpl ary aewbiodi sipnitar édshitve i nventi on. The pixel cell 300 is sinmlar to the
pi xel

[0025]  FIG. 3 is a cross-sectional view of a pixel cell 300 according to an
exemplary embodiment of the invention. The pixel cell 300 is similar to the pixel
cell 10 depicted in FIGS. 1 and 2, except that'one or more of the pixel cell 300
structures includes a material containing deuterium, rather than the conventional

structures that contain hydrogen. In particular, the pixel cell 300 includes an
improved isolation region 333, which has a deuterated nitride liner 339 and a
deuterated oxide liner 338, and an improved transfer transistor 317 gate stack 347,
which has a deuterated gate oxide layer 341a. The pixel cell 300 also includes as
deuterated oxide layer 307 over the transfer gate stack 347, the photodiode 23, the

floating diffusion region 5, and portions of the reset gate stack 348.

[0026]  Further, the pixel cell 300 may include a first conductivity type
doped well, e.g., a p-type well 334 surrounding the isolation region 333 and a p--
type well 335 below the floating diffusion region 5, the reset transistor 318, and a
portion of the transfer transistor 317. Although not shown in FIG. 3, the pixel cell
300 also includes source follower and row select transistors 19, 16, respectively

(as shown in FIG. 1).



cell 10 depicted in FIGS. 1 and 2, except that one or nore of the pixel
cell 300 structures includes a material containing deuterium rather than
t he convewDi200wal14457r uct ures that contain hydrogen. | n pacriusaéanisshe pi xel
cell 300 includes an inproved isolation region 333, which has a deuterated
nitride liner 339 and a deuterated oxide liner 338, and an inproved
transfer transistor 317 gate stack 347, which has_a deuterated gate oxide

| ayer 34la. T027hbi xeReeantly, deutesiugg hag beerakows t@él?taefeaitSEHeB% de layer 307

et C LR R DR TR R MY
e el TR B b Lo RS SRR s 3
oo O B Sl L S PP oot B RPERRE TS e
prel ool AOR GuaSobLSRSeR, SRS A LSS LB PR B e
Shon 0 iR SBET R TR RSB o Byt o o
Tttt S AR BRRE Y 0 Belca ey ISR
2002, pgm@%&xﬁﬁ%&%@serﬁ?a&@iﬂ is mﬂs@tdr}'ﬁef%fz R eéhar (DzO)for

i mpr oved _ | El'ectron Devices Meeti | EDM ' 03 _ _
Techni cal Jdsg&sts alaﬁ-%gr Il RUIARN A is388s s1AeOibIRRhat hiddogeh th Bbinghi ch i's
i ncorporated herein by reference. In essence, deuteriunis an isotope of
hydrogen afighlResEBp e carrietd. JRie dBkteeitbd stroicaiaesdBB,i339) BHS, SUBSEPE bbhe than
hydr ogen to bei ng

solid source of deuterium, which improves the passivation of dangling bonds.

The deuterated liners 338, 339, in particular, improve the passivation of dangling
bonds along the isolation region sidewalls 9 and bottom 8, thereby reducing dark

current.

[0028]  The passivation of a silicon dangling bond by hydrogen (H)
requires an activation energy of 1.51 eV (Si- + Hz = S5i-H + H). Passivation of a
silicon dangling bond by deuterium (D) requires an analogous activation energy
of 1.51 eV (Si-+ D2 =Si-D + D). Whereas, replacing a hydrogen-passivated bond
by deuterium (Si-H + D2 = 5i-D +HD) requires an activation energy of 1.84 eV. As
a result, deuterium incorporation at the substrate 11/oxide liner 338 interface is

- largely limited by the replacement of pre-existing hydrogen with deuterium.

[0029]  FIGS. 4A-4K depict the formation of pixel cell 300 according to an
exemplary embodiment of the invention. No particular order is required for any
of the actions described herein, except for those logically requiring the results of
prior actions. Accordingly, while the actions below are described as being
performed in a general order, the order is exemplary only and can be altered if

desired.



di spl aced by hot carriers. The deuterated structures 338, 339, 341a, 307
serve as a solid source of deuterium which inproves the passivation of
dangl i ng wondes/01d45¢ deut erated |iners 338, 339, in partipcultmegosiozssove t he
passi vation of dangling bonds along the isolation region sidewalls 9 and
bottom 8, thereby reducing dark current. [0028] The passivation of a

eu (5" oo 0y s e homlebledun U SRR RS B M o
s, Sl SRR IS B tlls e 3
oottt WO ool ] bt IR
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exem Y SROLTER it BE AMEILL2%on DAL A Rt s o 1

t he resul s é)LJ‘ Arior actions. Accordingly, while the actions below are

. 1 441, : .
described as being perforned in a general order, the order is exenplary
only and can be altered if desired.[0030] As illustrated in FIG 4A a pad
oxi de | ayer fddevrlr; f ar SReifien] 14Rr WP H fodtRdloh thr &hRemhéy a&h&i@ﬁg@f' de

layer 441 is formed as a deuterated pad oxide layer. The deuterated pad
oxi de | ayefs1444 (kelR€ratd éMPodinténteRBACESiCRY dykeudR s HYbdRARY silicdnhe
presence of heavy water (D20 . If desired, the pad oxide |ayer 441 can
i nstead baifriddRfensAs iclmye i tienalt, { dontedieuh eontadtihgpettidxindeerial can

be formed by using deuterium-containing compound (e.g., ammonia (NDs) and

silane (SiDs)) instead of a hydrogen-containing compound (e.g., ammonia (NHb)
and silane (SiH4)). In this manner the deuterated silicon nitride layer 442 can be
formed. If desired, the sacrificial layer 442 can instead be a conventional nitride

layer or a dielectric anti-reflective coating (DARC) layer formed by known

methods.

[0032] FIG. 4B depicts the formation of a trench 430 in the substrate 11
and through the layers 441, 442 on the substrate 11. The trench 430 can be formed
by any known technique. For example, a photoresist mask (not shown), either
positive or negative resist (preferably positive) as known in the art, is applied
over the sacrificial layer 442 and patterned using standard photolithographic
patterning techniques. The sacrificial layer 442 and the pad oxide layer 441 are
etched by a dry etch process. The etch process is allowed to continue into the
substrate 11 to form the trench 430. In one implementation, the trench 430
extends into the substrate 11 to a depth of approximately 1000 A to
approximately 8000 A. An anisotropic etch such as a plasma or reactive ion etch

(RIE) process can be used as the dry etch. The photoresist mask (not shown) is



| ayer 441. [0031] A sacrificial layer 442 is formed on the deuterated pad
oxide layer 441. In the illustrated enbodi nent, the sacrificial |ayer 442

I s a deutwoavexbisisii con nitride layer. As is know in thecarusooa/ocses eri um
containing nitride nmaterial can be formed by using deuteriumcontaining
conpound (e.g., ammonia (ND3) and silane (SID4)) instead of a

hydr ogen- cont ai ni.ng_co un e g....anonia ) and_sil a SiH)). In
(s manncinicseltng SERAHRE phBifreint P RuT GOh S et Bl b hatiehsa
desired, t&@_\sacri ficial layer 442 can instead be a conventional nitride

| ayer or a dielectric anti-reflective coating (DARC) |ayer fornmed by known
nmet hods. [0032] FIG 4B depicts the fornmation of a trench 430 in the

bstrate 11 th | 1 : 1. Th
T kA B e S S S

mask (not ) ' I s ; f {tive
( WinatRlyt 1507 A PRk Lik YornREd BRYAS H¥ACH 850 a}deemrg %ﬁ%‘cﬁ@ﬂ% )

as known in‘the art,” is applied over the sacrificial |ayer

pat t er ned disihporstrardaid, m@f@hmgb&w@aaé fayRRABBE W Alutcp2idll KidSlayéhe
sacrificial |ayer 442 and the pad oxide |ayer 441 are etched by a“dry etch

process. T @&@brdiedoRRR laferdIsquestnidd siaildrive ﬂ}iétdédt@ﬁtédlpﬁa oRide 11 to
formthe trench 430. In one inplenentation, the trench 430 extends into the
substrat e lajert At1naslépddhibell abppe x omictivn WitR FAGE A 2 p{1taxhtinelg) theB000 A. An
ani sotropi c etch such as a plasma or reactive ion etch (RIE) process can be
used as t heertihyd36tcah.beliredphither @sivehtionslloxjdelayehown) i srenpved usi ng
standard photoresist stripping techniques, preferably by a plasma etch.

e
Yoot

[0034] Optionally, before or after the oxide layer 338 is formed, deuterium
can be implanted into the oxide layer 338 and trench 430 sidewalls 9 and bottom
8. The deuterium implant increases the deuterium concentration at the oxide
338/substrate 11 interface. The deuterium implant can be conducted by methods
known in the art. For example, a mask (e.g., photoresist) (not shown) can formed
over the substrate 11 and patterned to provide an opening to the trench 430.
According to an embodiment of the invention, the implant dose is within the
range of approximately 1 x 10%® atoms/cm? to approximately 1 x 10" atoms/cm? at
an energy within the range of approximately 10 keV to approximately 100 keV.
Preferably, the implant dose is approximately 2 x 10* atoms/cm? at an energy of
approximately 40 keV. After the implant, an inert anneal step is conducted at a
temperature within the range of approximately 800 degrees Celsius (°C) to
approximately 1000 °C for approximately 10 minutes to approximately 30
minutes. Preferably the inert anneal step is conducted at approximately 850 °C

for approximately 20 minutes.

[0035] Alternatively, the deuterium implant and inert anneal steps can
instead be conducted after the formation of the nitride liner 339 described below

in connection with FIG. 4D.



[0033] A thin layer of oxide 338, between approximtely 50 A and
approximately 150 A thick, is fornmed on the trench 430 sidewalls 9 and
bott om 8,we=xoehaws7in FIG 4C. Preferably, the oxide | aper/i33@si033888

deut erated oxide |layer. The deuterated oxide |ayer 338 is forned simlarly
to therdeuterated pad oxi de | ayer 441, as described above in connection

th FIG A4A i yel. .h
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a%e{ renc hés}B(ﬁ‘ SféggbV\llX ﬁ.}élg %%q'ﬁ%{)%ﬁqs rHéLI“h@"%‘%(iji glgaﬁrﬁ%ﬁp%h?m?t%ﬁ%as es
t he deut t Th
dout er i um SrE RS, TRE i dhicd Gaits £F ‘3%%/ S EAEaTD] afy MRl 207 The

I th
gﬁgg{)rgte f@ﬁ& patter%?%ﬁg{r%%%ﬁ% %\)gﬁf’ege edrfgge(rjl\éﬁrmoe
Accor di Ng 4Rkl wneﬁt ol emﬁpwwaéﬁ@rat&awﬂrm@ [#kr 330%@nibe Wi thin the

range of approxi mat x 1013 atons/cm 2 to approximately 1 x 1015

at oms/ cm 2q@osfBd *RAT euwehhhncbﬁ@nﬁﬁ @enplovdiane®y) dhhRiria (DRI O
appr oxi mately 100 ke\?aPreferably, th% I mpl ant dose S appglgm mately 2 x

1014 at onsdilafe4Sidls))anlenengyel9f taapech 488t@hbedthdiey cof¥drtforfabaitidel ant, an
i nert anneal step I's conducted at a tenperature within the range of

appr oxi natlgler, 80rrdlagk aattridhd Bnets (0C) to approxi mately 1000 OC for
approximately 10 mnutes to approximately 30 mnutes. Preferably the inert
anneal step is conducted at approxinately 850 OC for ;ﬁpr oxi mately 20
m nutes. [ 0038037N t eQptianadlyy pnechidedetrids lingn 338p$ formexrh@ highpressumeal st eps
can
deuterium anneal can be conducted, which serves to increase the incorporation of
deuterium at the oxide 338/substrate 11 interface. The high pressure anneal is
conducted at a pressure within the range of approximately 1 atmosphere (atm) to |
approximately 5 atm at a temperature within the range of approximately 300 °C
to approximately 500 °C. The anneal time is within the range of approximately 30
minutes to approximately 120 minutes. Preferably the high pressure anneal is
conducted at a pressure of approximately 5 atm at a temperature of

approximately 400 °C for approximately 30 minutes.

[0038] The trench 430 is then filled with a dielectric material 337 as shown
in FIG. 4E. The dielectric material 337 may be an oxide material, for example a
silicon oxide, such as SiO or 5iOz; oxynitride; a nitride material, such as silicon
nitride; silicon carbide; a high temperature polymer; or other suitable dielectric
material. In the illustrated embodiment, the dielectric material 337 is a high

density plasma (HDP) oxide.

[0039] A chemical mechanical polish (CMP) step is conducted to remove
the nitride layer 442 over the surface of the substrate 11 outside the trench 430, as

10



I nstead be conducted after the formation of the nitride liner 339 described
bel ow in connection with FIG 4D.[0036] As depicted in FIG 4D, the trench
430 i s |iweaonddilmsa nitride liner 339. Preferably, the mcirnisdesloesses 339 i s
a deuterated nitride liner, e.g., deuterated silicon nitride. The
deuterated nitride liner 339 is fornmed by any suitable technique, to a

o]
For _exampisiovih HSHAE atse e EPRIsis Rur Y455 s8n BednRi s R itga
A ter nat g ith e EEERAE A SiPind T A &Ponvent fonal nitride |1her, or
can lack a nitride liner. [0037] Optionally, once the nitride liner 339 is
| nor ease ¢ he by pot 1 g bl fedBRfaliof 8F e aRIEHEaAR P IERE Bfes 1o
I nterface. a-[ggtagk@?é%3?&%&@&%&?50%%1§Wl@”@;ggte%ttaﬁ< LSRRG W thin the

range of d?pprom ma at nosp atm to proximately 5 atmat a

t enper at Uriﬁs%ﬁﬂg 2@;&%4ﬁ9%r ed%pmh%&%m%&%l%&wﬁr ISRl gt 500

0C. The anne I's wmthin the range of approxi mate 30 mnutes to

appr oxi mitlﬁ*é% i3 2 A RP oxiBE 84 Riraddr ¥xhip1d) il it RESliCoresRdal The conduct ed
at a pressure of approximately 5 atm at tenperature of approximately 400

0C for appietérid®byidddayerpdlieserved@s8e ddte okidilaherd3Pla forthen filled with
a dielectric material 337 as shown in Fl 4E. The dielectric material 337

may be an sabbeluamlyeforled thatsigtungate84tb s Aliectutivaty, dhe gatcdxide 18<® or Si O ;
oxynitride; a nitride material, such as silicon nitride; silicon carbide; a
hi gh t enpe34adh im enp ol ywoae;of the ghteastacksiBd31848 cdndledormied without deuterium.
[0041] Next, a layer of conductive material 341b is deposited over the

deuterated oxide layer 341a. The conductive layer 341b serves as the gate

electrode for the transistors 317, 318 (FIG. 3). The conductive layer 341b may be a

layer of polysilicon, which may be doped to a second conductivity type, e.g., n-

type. A second insulating layer 341c is deposited over the conductive layer 341b.

The insulating layer 341c may be formed of, for example; an oxide (S5i02), a

nitride (silicon nitride), an oxynitride (silicon oxynitride), ON (oxide-nitride), NO

(nitride-oxide), or ONO (oxide-nitride-oxide).

[0042]  The conductive layer 341b and the second insulating layer 341c
may be formed by conventional deposition methods, such as chemical vapor
deposition (CVD) or plasma enhanced chemical vapor deposition (PECVD),
among others. The layers 341a, 341b, 341c are then patterned and etched to form
the multilayer gate stacks 347, 348 shown in FIG. 4G.

[0043] The invention is not limited to the structure of the gate stacks 347,
348 described above. Additional layers may be added or the gate stacks 347, 348
may be altered as is desired and known in the art. For example, a silicide layer

(not shown) may be formed between the gate electrodes 341b and the second
11



material. In the illustrated enbodi nent, the dielectric material 337 is a
hi gh density plasma (HDP) oxide. [0039] A chem cal nechanical polish (CWP)
step i s cwoduatoagssto renove the nitride |ayer 442 over trohe/usorcacmssof the
substrate 11 outside the trench 430, asshown in FIG 4F. Al so, the pad

oxi de layer 441 is renoved, for exanple, using a field wet buffered-oxide

Cranser | iSSHeRes b s ALk Oﬁcqésfaév%pia?ykﬁ%%fﬂfeaf PRS0, h
318 (FI G 4

subsgrat esﬁ at Z ‘%ﬁﬁﬁﬁﬂ‘gﬁ&ﬁ& éaté?él nsu afhtr %ﬁéﬁg ¢ ér%giégltrré?lgt 8>r<li Ezlee
sala ser Srgg“@é‘ﬂ zmaeééﬁ%?éﬁf’wgﬁ*e“ ABqG eE i S“ﬁ%%%ﬁ%‘é"@%ﬁﬁnp%%ﬁﬁg' e

transi stor rgﬁglﬁﬁ]sﬁl ?lﬁllg%gggt%ﬂal cgﬂg?&ﬁﬁeela 9% H\% | A¥SEhe 3bheribn one or

nor e of the ga 1e SracK can or med W|th ut deuterium [0041]

Next , g&‘%ﬁraﬁ%%@tﬁl gﬁcﬂrﬁé BldrAhm3filRd d/AuteRas (THRIWD R  tuhbstegleut er at ed

OXIde Iayer e conductive layer 341b serves as the gate el ectrode
for the t liGoudd be TOENEQ BALALY Ve tlrgstén Atlilemay be a
| ayer of W?ﬁ% te%wlﬁgﬁe)rm@s be doped to a secojrfld conductivity type,
e.g., nty second insulating |ayer 341c is deposited over the
conductlve Iayer 341b. The insulating |l ayer 341c may be fornmed of, for
exanple, an oxide (SKIh), a nitride (silicon nitride), an oxynltrlde
(silicon oxyfiosd] de) AltEdughxiod shoivhy &t&)our@ﬁo(llnivxteria@d 1oxv slpct toans@iors
(oxi de-nitride-oxide). [0042] The conductive |ayer 341b and the second

i nsul at i ng9) By @IG33) cesprytivelyf cameelfdymedororentieotiy widh podiinithe samehods,

such as chem cal vapor
manner as the transfer and reset transistors 317, 318 as described below.

Accordingly, the source follower and row select transistors 19, 16 may or may not

have deuterated gate oxide layers 341a.

[0045]  Doped p-type wells 334, 335 are implanted into the substrate 11, as
shown in FIG. 4H. The first p-well 334 is formed in the substrate 11 surrounding
the isolation region 333 and extending below the isolation region 333. The second
p-well 335 is formed in the substrate 11 from a point below the transfer gate stack
347 extending in a direction in the substrate 11 away from where the photodiode
23 (FIG. 3) is to be formed. The p-wells 334, 335 are formed by known methods.
For example, a layer of photoresist (not shown) can be patterned over the
substrate 11 having an opening over the area where the p-wells, 334, 335 are to be
formed. A p-type dopant, such as boron, can be implanted into the substrate 11

- through the opening in the photoresist. The p-wells 334, 335 are formed having a
p-type dopant concentration that is higher than adjacent portions of the substrate
11. Alternatively, the p-wells 334, 335 can be formed prior to the formation of the
trench 430.

12



deposition (CVvD) or plasma enhanced chem cal vapor deposition (PECVD),
anong others. The |layers 341la, 341b, 341c are then patterned and etched to
form t he wol2bediaysr gate stacks 347, 348 shown in FIG 2CGr/jse@48r3sshe
invention is not limted to the structure of the gate stacks 347, 348
descri bed above. Additional |ayers nmay be added or the gate stacks 347, 348

e (ot onid e@%i%%@ﬁ%@%ﬁw@?ﬁ-&?@f@s@%ﬁ %ﬁiﬁf@@f@%&s@% hep
| . A ween [ and

oot o ke LR RO 2 U IR RS

coba £ g | (RE Shotin ity pe BRfferitM Ry nd ARSI hevil o FRAERYEL LT, 05

conducti Vesdﬁ%;o;ws%&&tggm gyh%%ochaasaé &ﬁ@.% {0 BEfoRnedS YSHnds

titaniumnitri tungsten tungsten nitride/tungsten (\N\b(?\-/\) or

1 coul d, DeypkerdBasks Qichi8 phoBbhSHAORIERicnbH iRohNinky heliBRdhiedl L nough not

shown, the“source fo row sel ect transistors’19, FIG 1),

6
respect i vejhfouSR hdSpéahSRd dGARS tHe' ibbirited I, Malehle im t§ PRNERT tps the
transfer and reset transrstors 317, 318 as descri’bed bel ow. Accordingly,

t he sour cetaflof Hevprofie of repios el et ddsirad sarshngled Ihpldftatioy ntdy b&Y not have
deut erated gate oxide |layers 341la. [0045] Doped p-type wells 334, 335 are

i npl ant ed ¢oniductdbtosiopst thatdopkl, regiorstiownch thatlifiplattatidhés ddrrietl outwel | 334
Is formed in the substrate 11 surrounding the isolation region 333 and
ext endi ng dejleswthiee thaodhdegrees egative B88Be stinfacs of tredsybstvatd 1835 i s for ned
in tine substrate 11 froma point below the transfer gate stack
[0047] As shown in FIG. 4], the n-type region 21 is formed from a point
adjacent the transfer gate stack 347 and extending in the substrate 11 between the
gate stack 347 and the isolation region 333. The region 21 forms a photosensitive

charge accumulating region for collecting photo-generated charge.

[0048] The floating diffusion region 5 and source/drain region 2 are
implanted by known methods to achieve the structure shown in FIG. 41. The
floating diffusion region 5 and source/drain region 2 are formed as n-type
regions. Any suitable n-type dopant, such as phosphorus, arsenic, or antimony,
may be used. The floating diffusion region 5 is formed on the side of the transfer
gate stack 347 opposite the n-type photodiode region 21. The source/drain region
2 is formed on a side of the reset gate stack 348 opposite the floating diffusion

region 5.

[0049] FIG. 4] depicts the formation of a dielectric layer 307. Ilustratively,
layer 307 is a deuterated oxide layer, but layer 307 may be any appropriate
deuterated dielectric material, such as a deuterated nitride, among others, formed
by methods known in the art. Alternatively, the dielectric layer 307 can be

formed without deuterium.

13



347 extending in a direction in the substrate 11 away from where the
phot odi ode 23 (FIG 3) is to be fornmed. The p-wells 334, 335 are forned by
known netwodsos/ress7exanpl e, a | ayer of photoresist (not pemawsnjosozsssbe
patterned over the substrate 11 having an opening over the area where the
p-wells, 334, 335 are to be forned. A p-type dopant, such as boron, can be

L Y S A B
o vl | 5 5 BERREERPEL I Wiadt isdiceliy i b dpriid BnosieTndpelinPe
the subst rifled TRy edohed 52 ssBe5 P BB SRR, Aoyt BBOALGET o
bpeni ng. oyt RIRAREIER o ff Bl IR Rt ol SRR b 10T 3
may b e o R YA eni ng and i o he Substrate 11 Mitiple
i mpl ants may be used to tailor the profile of region 21. If desired, an

angl ed i npl arppggzjon "I%éﬂlﬁ{;%)ﬁﬂ%i‘quyér@zfrﬁéﬁbé @erﬂé’dpﬁg %%w@&cﬁﬂaqu%ﬁch t hat

i nplantation’is Carried o at angl es other” than 90 degrees relative to the

surface of Fdth&adyble! lagbe2d day[iFbiheAbySiaintifg bligpeddns tHigught ype region

21 is fornmed froma point adjacent the transfer gafe stack 347 and

ext endi ng dpertigs ﬁwratyreabﬁ?ﬁétd@@dme@ﬂtérh@ﬁg@lyﬁlayéﬁmnfas%@faﬁniea%y gghation
region 333. The region 21 forns a photosensitive charge accunul ating region

for col | ecdourge phst-dspiaggrocess harlgediffidadBh plypefdopant rgodhé sulsdtane r egi on
5 and source/drain region 2 are
11 from an in-situ doped layer or a doped oxide layer deposited over the area

where layer 22 is to be formed.

[0052] The deuterated oxide layer 307 is etched such that remaining
portions form a sidewall spacer on a sidewall of the reset gate stack 348. The
layer 307 remains over the transfer gate stack 347, the photodiode 23, the floating
diffusion region 5, and a portion of the reset gate stack 348 to achieve the
structure shown in FIG. 3. Alternatively, a dry etch step can be conducted to etch
portions of the deuterated oxide layer 307 such that only sidewall spacers (not

shown) remain on the transfer gate stack 347 and the reset gate stack 348.

[0053] Conventional processing methods can be used to form other
structures of the pixel 300. For example, insulating, shielding, and metallization
lajrers to connect gate lines, and other connections to the pixel 300 may be
formed. Also, the entire surface may be covered with a passivation layer (not
shown) of, for example, silicon dioxide, borosilicate glass (BSG), phosphosilicate
glass (PSG), or borophosphosilicate glass (BPSG), which is CMP planarized and

etched to provide contact holes, which are then metallized to provide contacts.

14



I npl anted by known nmethods to achi eve the structure shown in FIG 41. The
floating diffusion region 5 and source/drain region 2 are formed as n-type
regi ons. woyosuitshl e n-type dopant, such as phosphor us pCarsenison23sss
antinony, may be used. The floating diffusion region 5 is formed on the
side of the transfer gate stack 347 opposite the n-type photodi ode region

24 opposlBERBORM kA pfal b b el bf 8 %‘%Jdef?’eéegftc? Sthe
dout or ot ol GRS e Lty R B8 Lpphe B YO P el P o ot e

dielectric materlal such as a deuterated nitride, anpbng others, formed by

met hods kno thew%{de tﬂ'\% g&il%ﬂ'%@ké’des*cﬂﬁe&’ hﬁ‘élﬁ&ﬁf ﬁuhtgm@rde%@&aw be

formed witho t uterlum he doped surface er 22 for the

phot odi Odgn%%tdrés 'e%&ﬂh%i‘xts 8sthel ihvshticH Rlude ﬂo&el 6@11 hEBPReGbriyiohace | ayer

22 is formed as a highly doped p-type surface layer and is formed to a

depth of gROHEXicPREE srtdreBBhdA Pixélded HieRe fowaUddutemt&bs@icturadinam or
any other suitable p-type dopant, nay be used to formthe p-type surface

| ayer 22. af®@bddibEdabpve i eontddiatevithykre eRbotiyeteof IGred by known
techni ques. For exanple, layer 22 may be forned by inplanting p-type ions
t hrough openings in a |layer of photoresist. Alternatively, |ayer 22 may be
formed by a [55kour Wil therahoste pibgpdpmentssee descrilyeddint domsiengomwith fhee
dopant into the substrate 11 froman in-situ doped | ayer or a doped oxide
| ayer depdsimaibrovkp-r-pdype photripded thednveastionsistnot bienited tacthese
embodiments. The invention also has applicability to other types of photo-
conversion devices, such as a photodiode formed from n-p or n-p-n regionsin a
substrate, a photogate, or a photoconductor. If an n-p-n-type photodiode is
formed the dopant and conductivity types of all structures would change

accordingly.

[0056] Although the above embodiments are described in connection with
4T pixel cell 300, the configuration of pixel cell 300 is only exemplary and the
invention may also be incorporated into other pixel circuits having different
numbers of transistors. Without being limiting, such a circuit may include a
three-transistor (3T) pixel cell, a five-transistor (5T) pixel cell, a six-transistor (6T)
pixel cell, and a seven-transistor pixel cell (7T). A 3T cell omits the transfer
transistor, but may have a reset transistor adjacent to a photodiode. The 5T, 6T,
and 7T pixel cells differ from the 4T pixel cell by the addition of one, two, or three

' transistors, respectively, such as a shutter transistor, a CMOS photogate

transistor, and an anti-blooming transistor.

[0057] A typical single chip CMOS image sensor 500 is illustrated by the
block diagram of FIG. 5. The image sensor 500 includes a pixel cell array 580
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[ 0052] The deuterated oxide |ayer 307 is etched such that remaining
portions forma sidewall spacer on a sidewall of the reset gate stack 348.
The | ayerwBdQéoamams7ns over the transfer gate stack 347, pChaspisiesssode 23,
the floating diffusion region 5 and a portion of the reset gate stack 348
to achieve the structure shown in FIG 3. Alternatively, a dry etch step

can be cong#{ggggﬂe Or HhG rpgﬁ%ltéeﬂgégg&%l)@g) deu®eatpdvexTHe gw%éus’i% guch

that only space not s remaln on the transfer gate stack

347 and 1 heriPses alrPuilack S0RdelBATAL ARG RRImAY AGERSKAY et hods

can be used t'o form ot structures of the pixel 300. For exanpl e,
I nsul ating, shielding, and netallization |ayers to connect gate |lines, and

ot her connect[pgasj t 0 Reh@ripigx6IFI8803 BRY 5bih bisuraEen, thesowstdipitsiicellessur f ace
may be covered with a passivation |layer (not shown) of, for exanple,

silicon dijexrets: 5800iegehd 6at 6ngbaone( Bﬁ&rdigg?pb@ céllsc3006ing] @88 of PSG), or
bor ophosphosilicate glass (BPSG, which is pl anari zed and etched to
provi de cantacs8halead] seldvtehf@rreat betnatrithe adine 2ie by apoovsalect line, and
contacts. Conventional |ayers of conductors and insulators nay al so be used
t o i nt er ccranbqlixdlfrell $00 irc b velestedndwt pravidess sigpakEpré@dtativepefmepdieed|
circuitry. [0054] While the pixel cell 300 is described including multiple
deut er at edighttrtaatreadeut limbisdiitsemolemof In bee arrapa80,mach golunde aksodiasel cel |
having only one of the deuterated structures and a pixel cell having fewer
deut er at ecselact linearektherpinelmells 386 of earbarcdwewenre selegivelyrrad ot ith t he
enbodi nent of FIG 3. [0055] Wi l|e the above enbodi nents are described in
connect i orfegpensettadhe golwmn seleglingsn- p- t ype phot odi odes the invention is
not limted to these enbodi nents. The invention also has applicability to

other types %OB%TOt Orhe row %1%% in the array 580 are selectively activated by a row
driver 582 in response to row address decoder 581. The column select lines are
selectively activated by a column driver 584 in response to column address
decoder 585. The array 580 is operated by the timing and control circuit 583,
which controls address decoders 581, 585 for selecting the appropriate row and

column lines for pixel signal readout.

[0060]  The signals on the column readout lines typically include a pixel
reset signal (V=) and a pixel image signal (Vphoto) for each pixel cell. Both signals
are read into a sample and hold circuit (5/H) 586 in response to the column driver
584. A differential signal (Vrst — Vphoto) is produced by differential amplifier
(AMP) 587 for each pixel cell, and each pixel cell’s differential signal is digitized
by analog-to-digital converter (ADC) 588. The analog-to-digital converter 588
supplies the digitized pixel signals to an image processor 589, which performs
appropriate image processing before providing digital signals defining an image

output.

[0061] " FIG. 6 illustrates a processor-based system 600 including an image

sensor 500 of FIG. 5. The processor-based system 600 is exemplary of a system
16



devi ces, such as a photodiode formed fromn-p or n-p-n regions in a
substrate, a photogate, or a photoconductor. If an n-p-n-type photodi ode is
fornmed thwoadowznt4sand conductivity types of all structures/vscasazskange
accordingly. [0056] Although the above enbodi nents are described in
connection with 4T pixel cell 300, the configuration of pixel cell 300 is

only exenlAfide aididl REcltY Bt BRIIBERI Sl denSOF ROViRELAWithoRt BERG! Pi xel
% % drg'%é transi'st @g‘; I gl

circuits havin erent nunbers _ ors. t hout bel ng ting,

such a ci ngui } I r&kﬁ i a
five-tr ansliﬁg%tiicﬁg'T(%Sigl'll)l 8%}75‘[‘5&1 goel%llalﬁgugfe% tr @Fgfg%s}é%%ﬁﬁgfacx ISltecné'I |, and a

seven-t r anghRh& nitickele ¢i8idn, Céflikle Mhvidatich, lviddd pRohd) SutvaANS @ sybfeaRlSi st or,
but may have a reset transistor adjacent to a photodi ode. The 5T, 6T, and

7T pixel critbSodlis dystenh, sban tricket by ens metedr dbtectibie spsleing iRlgof one, two,

or three transistors, respectively, such as a shutter transistor, a CMOS
phot ogat e dtalsitizatsdrosystemngand datd corhprsssiongysteansi st or. [0057] A typi cal
single chip CMOS i mage sensor 500 is illustrated by the bl ock di agram of
FIG 5. The inage sensor 500 includes a pixel cell array 580havi ng one or
more pi xel c¢0062] 300 Thelp@oceSpordbased dystena b0, dor @hemplexetameta sys@@df of array
580 are arranged in a predeterm ned nunber of colums and rows. [0058]

Ref er r i ng gemeFdli3ScomBpeises Heeritral pecessingrynit ePUpaL5, stichhaxel cells 300 in
array 580 are read out _one by one. Accordingly, pixel cells 300 in a row of
array 580 miopiqcessorchateomptunicataputithran inpaitsutiput (1f2) devige pPhweaniaect

| ine, and _each pixel cell 300 in a selected row praovides_ a signal

r epr esent &AUsAS3odmage sened 500 gio qasnmundcadenvithithe GEdY 697 everdrush?3. | n t he

h col h
array 580’T}?ea}§rocgs%o¥-%gsgA g}(rjstelg%og also includes random access memory (RAM) 692,

and can include removable memory 694, such as flash memory, which also
communicate with CPU 695 over the bus 693. Image sensor 500 may be
combined with a processor, such as a CPU, digital signal processor, or
microprocessor, with or without memory storage on a single integrated circuit or

on a different chip than the processor.

[0063]  Itis again noted that the above description and drawings are
exemplary and illustrate preferred embodiments that achieve the objects, features
and advantages of the present invention. It is not intended that the present
invention be limited to the illustrated embodiments. Any modification of the
present invention which comes within the spirit and scope of the following

claims should be considered part of the present invention.
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select line, and the pixel cells 300 of each colum are selectively read
out in response to the colum select lines. [0059] The row lines in the
array 580weneocsahsscti vely activated by a row driver 582pcm/use®pomsest o row
address decoder 581. The column select lines are selectively activated by a
colum driver 584 in response to colum address decoder 585. The array 580
is operated by the timng and contr ol~cCj it 583, which controls address
decoders 581, 585 for selecting the appropriate row and colum |ines for

pi xel si gnal Jpﬁégiiom -wﬁ%%%iai&%a a%irga%%q;ragfi%aft&ﬂé Bg&e&{%ai ettdres

typically in a pix reset signa and a' pi xe ge signal

(Vphoto) f e kegiBOth signals are read into a sanple and hold
circuit (S}ﬁ-t(?ﬁ 6 |gn rgesf)gdr?seemto the columm driver 584. A differential

signal (Vrst - Vphoto) is produced by differential anplifier (AMP) 587 for

each pixel celly, @Dgix%ﬁééll &'bﬁqgﬁsﬁ%u ‘s differential signal is digitized by
anal og-to-digital converter DC) 588. The anal og-to-digital converter 588

supplies the digitized pixel signals to an image processor 589, which
perforns appropri atRhoteragaversiseedevier) aBdf ore providing digital signals
defining an i mage output. [0061] FIG 6 illustrates a processor-based

system 600 i ncl udhp%g%ﬂ%@ggctﬁ@mﬁ%éojdéﬂt& t8d midi&rRr ocessor - based

system 600 is exenplary of a syst ving digital circuits that could

i ncl ude i nage sensor devices. Wthout being limting, such a systemcould
i ncl ude a conput erdipyenteie platecansysiomndedcanner, machi ne vi sion, vehicle
navi gation, video phone, surveillance system auto focus system star

tracker syste m2 nqrhie%r}xg%teﬁ %tf icf%lri]msff %ﬁé&m‘ t%%@ructure is an
isolation region comprising a trench formed in a substrate
and adjacent the photo-conversion device, the trench
being partially filled with a deuterated material.

3. The pixel cell of claim 2, wherein deuterium is'
incorporated into a surface of the substrate within the
trench.

4. The pixel cell of claim 2, wherein the trench is lined with
deuterated nitride.

5. The pixel cell of claim 4, wherein the deuterated nitride
liner has a thickness within the range of approximately 50
A to approximately 150 A.

6. The pixel cell of claim 4, further comprising an oxide liner

between the deuterated nitride liner and the substrate.
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stabilization system and data conpression system [0062] The
processor-based system 600, for exanple a canera system generally
conpri seswe @ntiaesl processing unit (CPU) 695, such as a&Cmus@pnessessor ,
that comunicates with an input/output (1/0O device 691 over a bus 693.
| mrage sensor 500 al so communi cates with the CPU 695 over bus 693. The

processor - based, s 0 I Ny . T : menory (RAM 692,
and can incl udg'rm%@gg@%%hggwgg%ﬁgg%%gﬁgﬁ%r?ory, whi ch al so
comuni cate with CPU 695 over the bus 693. |Inmage sensor 500 nay be conbi ned

with a processor, deutdratesl exi€®linedi gi tal signal processor, or
m croprocessor, with or without nenory storage on a single integrated

circuit or on different chip, than the processor., 063] It is again noted
Chat "t he above dedbe Tt Al At QAR A R GECRUANAPINAA |11 ust rat e
preferred enbodi nents that achieve the objects, features and advant ages of

t he present i nvenghieRnedstwitBin@k rgﬁg@@p@%@aﬁhafe{sﬁ@y&e@ent i nvention be
limted to the illustrated enbodi nents. "Any nodi fii cati on of the present

i nvention which cones wthin thgspirit and scope of the follow ng clains
shoul d be consi deREEr@dmatey 168 .present invention. CLAIMS [0064] Wat is
clainmed as new and desired to be protected by Letters Patent of the United

States is: 1. & PIrkEliealcbr 6PERERT, WhorBinAEtREAIY AR8l Waflevi ce; and at

| east one structure conprising a ut er at mat er |

deuterated oxide.

10. The pixel cell of claim 9, wherein the deuterated oxide
liner has a thickness within the range of approximately 50
A to approximately 150 A.

11. The pixel cell of claim 2, further comprising a doped well
of a first condﬁctivity type, wherein the isolation region is
surrounded by the doped well.

12. The pixel cell of claim 2, wherein the trench further
contains a dielectric material selected from the group
consisting of high density plasma, silicon oxide,
oxynitride, nitride, and high temperature polymer.

13. The pixel cell of claim 1, further comprising a transistor
coupled to the photo-conversion device, the transistor

comprising a deuterated gate oxide layer.
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adj acent the photo-conversion device. 2. The pixel cell of claim1l, wherein
the structure is an isolation region conprising a trench fornmed in a

subst r at ewvendosadjescent t he phot o- conversi on devi ce, theptrasedsheissg
partially filled with a deuterated material. 3. The pixel cell of claim

| Iwherein deuteri um i s i ncorporated into a surface of the substrate within

the trench. 4. r renhislined W th
deuterated nit r4i de. ?b?ffZ%mbLaéflp%%’r Sw%n%if{%gﬁéf e deut er at ed
nitride liner has a thlckness wi thin the range of approxi rrately 50 Ato

appr oxi mat el y 150 dhelebiriclagerpovezithe phbtwtorctersion4levide t her conprising an
oxide liner between the deuterated nitride |liner and the substrate.7. The

pi xel cell of a| 6, ein.the oxide |iner is a deuterated oxide liner.
8. The pixel c&r ?‘é{n‘f?ilé’f%g} ﬁ"’lﬂqéub%edjé‘-‘ult?%é‘i“fhas a t hi ckness
wi thin the range of approximately 50 A to approximtely 150 A. 9. The pi xel

cell of claim2, \eﬁaé@ﬂri&159@@%&%@4&6@%&&%%&5@@%ed oxide. 10. The
pi xel cell of claim 9, wherein the deuterated oxid

and a floating diffusion region.

16. The pixel cell of claim 1, wherein the photo-conversion
device is a photodiode.

17. A pixel cell comprising:
a pinned photodiode; and
a shallow trench isolation region lined with deuterated
nitride, at least a portion of the shallow trench isolation
region being adjacent the pinned photodiode.

18. A pixel cell comprising:
a pinned photodiode;
a shallow trench isolation region lined with deuterated
nitride, at least a portion of the shallow trench isolation
region being adjacent the pinned photodiode;
a transistor coupled to the photo-conversion device, the
transistor comprising a deuterated gate oxide layer; and
a deuterated dielectric layer over the photo-conversion

device.
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liner has a thickness within the range of approximtely 50 Ato

approxi mately 150 A 11. The pixel cell of claim2, further conprising a
doped welwoaboc1fi4srst conductivity type, wherein the isecatuseosnesgson is
surrounded by the doped well. 12. The pixel cell of claim2, wherein the
trench further contains a dielectric material selected fromthe group
consisting of f g it 1S L iH ey | tride, nitride, and
hi gh tenper at ul:y'e B‘(})\g?)n%él.&gg{f%%@ 1p8?>%}}e$§§1tﬁégﬂ§%?%&h& further conprising
a transistor coupled to the photo-conversion device, the transistor

conpri sing a deut éacdatioh tpglien owingeisbay deutietatediuxige kimbr.cel | of claim 1,
further conprising a deuterated dielectric |ayer over the photo-conversion
devi ce. 15. Thg, pixel Il of.claiml4 wherein the deuterated dielectric

| ayer extends Ove pofa‘gng&reg}?éxqmgf@gm gate and a floating diffusion
region. 16. The pixel cell of claim1, wherein the photo-conversion device
is a photodi ode. a&enthgoraed &iehlsubstime) ﬁiertgénch}jﬂhmg]partmlg;t odi ode; and a
shall ow trench isolation region lined with deuterated nitride, at |east a

ortion of the shallow trench isolation
P gheg with a deuterated material.

21. The isolation region of claim 20, wherein deuterium is
incorporated into a surface of the substrate within the
trench.

22. The isolation region of claim 20, wherein the trench is
lined with deuterated nitride.

23. The isolation region of claim 22, wherein the deuterated
nitride liner has a thickness within the range of
approximately 50 A to approximately 150 A.

24. The isolation region of claim 22, further comprising an
oxide liner between the deuterated nitride liner and the
substrate.

25. The isolation region of claim 20, wherein the trench is
lined with deuterated oxide.

26. The isolation region of claim 25, wherein the deuterated
6xide liner has a thickness within the range of

approximately 50 A to approximately 150 A,
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regi on being adjacent the pinned photodi ode. 18. A pixel cell conprising: a
pi nned phot odi ode; a shallow trench isolation region lined with deuterated
nitride, WO 2b@ant4sa portion of the shallow trench i sol arcoruse@gioesssdei ng
adj acent the pinned photodi ode; a transistor coupled to the

phot o- conversi on device, the transistor conprising a deuterated gate oxide

| ayer; and a terated dielectri a over .t hot p- conver si on
devi ce. 109. Th& pi jni‘ielﬁ‘gﬁﬂo%Fe%‘Pﬁioi%ncké%%nW}@Fﬂnt E%éfﬁ'ﬁﬁl ow trench isolation
region conprises a deuterated oxide liner. 20. An isolation region

conprising: a trepgRhbPEdMRAins? deReRtd matdial kbecledaRem thei ng partially
filled wth a deuterated material. 21. The isolation region of claim 20,

wherein deuteriumis incorporated into a surface of the substrate wthin
the trench. 22. TIgEOVR 6pndisting plighrdespity plasmadigvdensityy t he trench is
lined with deuterated nitride. 23. The isolation region of claim 22,

wherei n the deut ekﬁ% Rt dohd$i é%ﬂ;{‘gﬁlﬁ%magkﬁﬁfﬁlgﬂ thin the range of

appr oxi mately 50 0 approxi nat él'y

temperature polymer.

28. A shallow trench isolation region for an imaging device,
the shallow trench isolation region comprising:

a trench formed in a substrate, the trench being lined
with deuterated nitride and filled with a dielectric
material.

29. The shallow trench isolation region of claim 28, further
comprising a deuterated oxide liner.
30. Animage sensor comprising:
an array of pixel cells, at least one of the pixel cells
comprising:
a photo-conversion device, and
at least one structure comprising a deuterated
material adjacent the photo-conversion device.
31. The image sensor of claim 30, wherein the structure is an

isolation region comprising a trench formed in a substrate
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24. The isolation region of claim?22, further conprising an oxide |iner
between the deuterated nitride |iner and the substrate. 25. The isolation
regi on ofwol2asémi23y; wherein the trench is |ined wth deecernst@docsssgle. 26.
The isolation region of claim25, wherein the deuterated oxide liner has a
t hi ckness within the range of approximately 50 A to approxi mately 150 A. 27.
The isolation region of claim?20, wherein the trench further contains a

di el ectric materi @ndsadjecens the phatoreanvigrsion dewicei theitrendf  hi gh density

pl asma, high density plasm, silicon oxide, oxynitride, nitride, and high

t enper at ure pol ynq;eirtlgg%tﬁl soHéf s £8& k04 48R €91 on for an inaging

devi ce, the shall ow I'on region conprrsing:. a trench fornmed in

a substrate, the trench being lined with deuterated nitride and filled with
a diel ectric rf erlited imape.sefber afddihodl, twhereln dewteaitinois r egi on of cl ai m 28,
further conprising a deuterated oxide liner. 30. An inmage sensor

Compr S ng: AN ar R orordlel ShtoF bl ace )t thEBbsePE Wlnih i P X! oot lo
trench.

33. The image sensor of claim 31, wherein the trench is lined
with deuterated nitride.

34. The image sensor of claim 33, wherein the deuterated
nitride liner has a thickness within the range of
approximately 50 A to approximately 150 A.

35. The image sensor of claim 33, further comprising an
oxide liner between the deuterated nitride liner and the
substrate.

36. The image sensor of claim 35, wherein the oxide liner is a
deuterated oxide liner.

37. The image sensor of claim 36, wherein the oxide liner has
a thickness within the range of approximately 50 A to
approximately 150 A.

38. The image sensor of claim 31, further comprising a doped

well of a first conductivity type, wherein the isolation

region is surrounded by the doped well.
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* a photo-conversion device, and at |east one structure conprising a

deuterated material adjacent the photo-conversion device. 31. The inage

sensor ofwolaeemn1d3;7 wherein the structure i s an isol ati @QTESgN0E/2388HPr i Si ng

a trench forned in a substrateand adj acent the photo-conversion device, the

trench being partially filled with a deuterated material. 32. The inage

sensor of clai rg 3 wherein deuteriumis incorporated into a surface of the
n t

substrate witH% the imagessnsarof clim $haghersbndwitreichduather31, wherein the
trench is lined with deuterated nitride. 34. The i nage sensor of claim 33,

sherein the deut etghendh U8 HiRErBRSI L DHERDERSkN 0 the range o

approximately 50 A to approximately 150 A 35 sensor of claim
33, further conprising an oxide |iner between the deuterated nitride |iner

and the subst r at e coBsistimgef highydensityqasmé, silictmed@de, wherei n t he oxi de
liner is a deuterated oxide liner. 37. The inmage sensor of claim 36,

uher ef n the oxi de o LAgk 3% Aab Ui AGASepbhlilrd BElysAtIge Of approxi mat el y

50 Ato

40. The image sensor of claim 30, wherein the at least one
structure is a transistor coupled to the photo-conversion
device, the transistor comprising a deuterated gate oxide
layer.

41. The image sensor of claim 30, wherein the at least one
structure is a deuterated dielectric layer over the photo-
conversion device.

42. The image sensor of claim 41, wherein the deuterated
dielectric layer extends over at least one transistor gate
and a floating diffusion region.

43. The image sensor of claim 30, wherein the photo-
conversion device is a photodiode.

44. A processor-based system comprising:

(i) a processor; and
(ii) an image sensor coupled to the processor, the image sensor
comprising:

a substrate; and
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approximately 150 A. 38. The imge sensor of claim31, further conprising a
doped well of a first conductivity type, wherein the isolation region is
sur r oundeniohyoditnessdoped wel | . 39. The i nmage sensor of cl acmu3iosobsssei n t he
trench further contains a dielectric material selected fromthe group
consisting of high density plasma, silicon oxide, oxynitride, nitride, and

hi gh tenperature polyner. 40. The | e sensor of clajm3 wher ei.n the at
| east one structure i s @B arFaynQf RIK Cré@g'tﬁfﬁ%‘%f’tPBePﬁglﬁ)HB‘FnLgeg{?WE?@l%ﬂg&evi ce,

the transistor conprising a deuterated gate oxide |ayer. 41. The inmge

sensor of claim 30, whehekdl bitferdon RAtde ARLaSeAHTIY Rrictu &msﬁéiﬁg%d
dielectric |layer over the photoconversion device. 42. The i mge sensor of

claim4l, wherein the deuterated dielectric |ayer extends over at |east one
transi stor gate and a fevtarpteg materiad pdjaceridhe phota-conyvrsionedvieensor of
cl aim 30, wherein the photoconversion device is a photodi ode. 44. A

Censor coup et o't RE Rk RiE agke! GUPHRGREREK cobffibing) 21 | TRd8
the acts of:
forming a photo-conversion device; and
forming at least one structure comprising a deuterated
material adjacent the photo-conversion device.

46. The method of claim 45, wherein the act of forming the at
least one structure comprises forming an isolation region
by forming a trench within the substrate and partially
filling the trench with a deuterated material.

47. The method of claim 46, wherein the act of at least
partially filling the trench comprises lining the trench
with deuterated nitride.

48. The method of claim 47, wherein the deuterated nitride
liner is formed having a thickness within the range of
approximately 50 A to approximately 150 A.

49. The method of claim 47, further comprising the act of

forming an oxide liner in the trench.
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conprising: a substrate; andan array of pixel cells, at |east one of the

pi xel cells conprising a photo-conversion device and at | east one structure
conpri si yoaoakrutsrat ed materi al adj acent the phot o- converaiscovsdesssge. 45.
A method of forming a pixel cell, the nethod conprising the acts of:

form ng a photo-conversion device; and formng at |east one structure

conprising a t er.at ed eri.al j acent the photo-conversion device. 46.
The met hod of -aﬁﬁ}e@?ﬂﬁ?&lﬂl@% \g{ﬁ@reg}th%qcﬁpgét{qqgt at | east one
structure conprises formng an isolation region by formng a trench within

the substrate and magkhilAking ifd irBSer RenpEAAMiNk Hhe feflent o at ed material.

47. The net hod of “cl aim 46, erein the ;act of east partially filling
the trench conprises lining the trench with deuterated nitride. 48. The

met hod of cl ai m 4witheentgratedvexideut erated nitride liner is formed having a
t hi ckness within the range of approximately 50 A to approxi mately 150 A

49. The net hodsof Tﬂeg%&%’eoé nég%ihggé, 311;78598&{ ﬁ"ieg%iag ngfis fg%lﬂfggr mng an oxide

liner in the trench. clrarm ) erern act of at | east

partially filling the trench conprises lining the trench
having a thickness within the range of approximately 50

A to approximately 150 A.
52. The method of claim 46, further comprising the act of
| forming a doped well of a first conductivity type in the
substrate surrounding the trench.

53. The method of claim 46, further comprising the act of
filling the trench with a dielectric material selected from
the group consisting of high density plasma, high density
plasma, silicon oxide, oxynitride, nitride, and high
temperature polymer.

54. The method of claim 46, further comprising implanting
deuterium into the substrate at a surface of the substrate
within the trench.

55.  The method of claim 54, wherein the act of implanting is
conducted before the act of at least partially ﬁlliﬁg the

trench.
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W th deuterated oxide. 51. The nethod of claim50, wherein the oxide liner
is formed having a thickness within the range of approximtely 50 Ato
appr oxi mavelxgoclia®sA. 52. The net hod of claim46, furthercrasprosseisgsthe act
of form ng a doped well of a first conductivity type in the substrate
surrounding the trench. 53. The nethod of claim46, further conprising the
act of filling, the,trench with.a djelectrigc material. selected fromthe
group consi st %ﬁg o1t OGéﬁﬁatl?l%Jr’m,euh' ﬁchi%{]’é’i‘le &sma, silicon
oxi de, oxynitride, nitride, and high tenperature polynmer. 54. The method of

claim46, further d@ﬁf&fﬂrﬁicﬂﬁlﬂr[ﬁéb@@iﬂg%Hﬂplaﬁt'dbé@wm'@nﬂﬁ@ substrate at a
surface of the substrate within the trench. 55. The nethod of cl ai m 54,

wherein the act of inplanting is conductsed be ore the act of at | east
partial ly fillingrange efranpipxipgatelpnbx ot t@é‘éfné'{mb It8i m 54, wherein the act of
i npl anting deuterium conprises using an inplant dose within the range of

TR LY L SRR IO gl Ll 1 ¢ 1015 atomcre. 57

57. The method of claim 56, wherein the act of implanting
deuterium comprises using an implant dose is
approximately 2 x 10 atoms/cm?.

58. The method of claim 54, wherein he act of implanting
deuterium comprises implanting at an energy within the
range of approximately 10 keV to approximately 100 keV.

59. The method of claim 58, wherein he act of implanting
deuterium comprises implanting at an energy of
approximately 40 keV.

60. The method of claim 54, further comprising conducting
and an inert anneal after the act of implanting.

61. The method of claim 60, wherein the act of conducting an
inert anneal comprises annealing at a temperature within

the range of approximately 800 °C to approximately

1000 °C.
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deuterium conprises using an inplant dose is approximately 2 x 1014
atons/cnR. 58. The nethod of claim54, wherein he act of inplanting
deut eri unwoaomviis4s i npl anting at an energy within the pramgms2ab/023888
approximately 10 keV to approximately 100 keV. 59. The nmethod of claim 58,
wherein he act of inplanting deuteriumconprises inplanting at an energy of
approxi mately 40 keV. 60. The method of claim54, further conprising
conduct i ng an@2anThearathed eé glaimilewhereindbe agk of Gamdaistinggn 61. The net hod

of claim60, wherein the act of conducting an inert anneal conprises

appr oxi mat ol y 1008 oA sipalslh AR PR e R B * Ve act of

conducting an inert anneal conprises annealing at a tenperature of
appr oxi mat el y 850apfioxfiBateln850Chod of clai m 60, wherein the act of
conducting an inert anneal conprises annealing for a tine within the range

claim 63, whepd) nibnabod of ARG RHGERTA! adre! ihERngdfor | cos anneal i ng
for approximtely 20

inert anneal comprises annealing for a time within the

range of approximately 10 minutes to approximately 30

minutes.

64. The method of claim 63, wherein the act of conducting an
inert anneal comprises annealing for approximately 20
minutes.

65. The method of claim 46, further comprising the act of
annealing at a pressure within the range of
approximately 1 atm to approximately 5 atm.

66. The method of claim 65, wherein the act of annealing is
conducted subsequently to the act of at least partially
filling the trench.

67. The method of claim 66, wherein the act of annealing

comprises annealing at a pressure of approximately 5

atm.
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m nutes. 65. The method of claim46, further conprising the act of
annealing at a pressure within the range of approximately 1 atmto

appr oxi mavelxgosiatsm 66. The nmet hod of claim 65, wherei rCrhms2@623388
anneal ing is conducted subsequently to the act of at |east partially
filling the trench. 67. The nethod of claim66, wherein the act of

anneal i ng conprises annealing at a pressure of a mately 5 atm 68. The

. _ pr oxi
met hod of cl ai6h 6Fhewnethedmftdaimael, Vdneraﬁh@@act]gpmmhnges anneal ing at a
tenperature within the range of approximately 300 0C to approxi mately 500

anneal i ng at . t onBRPEEEF eRbrlina el EhbdfaiteRh AGERE 86 TO0U of ol ai m

65, wherein the act of annealing conprises annealing for a time within the
range of approxi mapproxidatelyB00E€ to apppmrimateltc®0yC120 mi nutes. 71. The
met hod of claim 70, wherein the act of annealing conprises annealing for 30

least “one st r 0Ll ectBPrES g B ghetent d et fofiieating °™ "9 11 &
comprises annealing at a temperature of approximately
400 °C.

70. The method of claim 65, wherein the act of annealing
comprises annealing for a time within the range of
approximately 30 minutes to approximately 120 minutes.

71. The method of claim 70, wherein the act of annealing
comprises annealing for 30 minutes.

72. The method of claim 45, wherein the act of forming the at
least one structure comprises forming a transistor
coupled to the photo-conversion device by forming the
transistor comprising a deuterated gate oxide layer.

73. The method of claim 45, wherein the act of forming the at
least one structure comprises forming a deuterated
dielectric layer over the photo-conversion device.

74. The method of claim 73, wherein the act of forming

deuterated dielectric layer comprises forming the
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coupl ed to the photo-conversion device by form ng the transistor conprising
a deuterated gate oxide layer. 73. The nethod of claim45, wherein the act
of form mngotb&/m|at4steast one structure conprises form ngraTasadsn2dses
dielectric |layer over the photo-conversion device. 74. The nethod of claim
73, wherein the act of formng deuterated dielectric |ayer conprises

formng thedeuteragted dielectric¢c |ayer extendin er at | east one

transi stor gate aaautgrﬂegéﬁﬁﬁgtraﬁ1??%%%%@%%’ga? ashORBt hod of fornming an
isolation region, the method conprising: etching a trench in a substrate,
and partially fil {ﬂaﬂgisgd}egatté SRGR Midth iﬁ@g{&{@%ﬁ_ﬁ&t erial. 76. The nethod

of claim?75, wherein theact of partially filling the trench conprises
lining the trench with deuterated nitride. 77. The nethod of claim 76,
wher ei n the d&bt eAamethad ef fosming asiisolationregientieimethadt hi ckness wi t hin
the range of approximately 50 A to approximately 150 A. 78. The nethod of
claim76, furtherc&ﬁ 1%11%”9 the act of form ng an oxide |iner between the
deuterated nitride nér “and the substrate. 79. The nethod of claim75,
wherein the act of partially

etching a trench in a substrate; and

partially filling the trench with a deuterated material.

76. The method of claim 75, wherein the act of partially
filling the trench comprises lining the trench with
deuterated nitride.

77. The method of claim 76, wherein the deuterated nitride
liner is formed having a thickness within the range of
approximately 50 A to approximately 150 A.

78. The method of claim 76, further comprising the act of
forming an oxide liner between the deuterated nitride
liner and the substrate.

79. The method of claim 75, wherein the act of partially
filling the trench comprises lining the trench with
deuterated oxide.

80. The method of claim 79, wherein the oxide liner is formed
having a thickness within the range of approximately 50

A to approximately 150 A.
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filling the trench conprises lining the trench with deuterated oxide. 80.
The nmethod of claim 79, wherein the oxide liner is fornmed having a

t hi cknesswoi2bd/nd4she range of approximately 50 A to approxiusedosioyssi&0 A. 81.
The nethod of claim 75, further conprising form ng a deuterated oxide |ayer
over the substrate pri or to etching the trench. 82. The nethod of claim 81,

further conpri deu ted dielecgtric |ayer over the
deut er at ed 'oxﬁfjenﬁé‘i/ %9&8? égcﬁ'} ﬁbertqqg\ml%ﬂgfﬁqr & ¥he method of claim
82, wherein the act of formng the deuterated dielectric Iayer conpri ses

forming a deut er al@seRithd o9aid Y6 ovdi4he TUBCRENtbA ciligha 75, fur ther

conprising inplanting deuteriunmiinto the substrate at a su ace of the
substrate within the trench. 85. The nethod of claim84, wherein the act of
inpl anting is cortfedteswhbefore partially filling the trench. 86. The method
of claim84, wherein the act of inplanting deuterium conprises using an

rplant Cose w41 HIey GR8R:Bh sPRLAN it ol 41 o ome 10
deuterated dielectric layer over the deuterated oxide
layer prior to etching the trench.

83. The method of claim 82, wherein the act of forming the
deuterated dielectric layer comprises forming a
deuterated nitride layer.

84. The method of claim 75, further comprising implanting
deuterium into the substrate at a surface of the substrate
within the trench.

85. The method of claim 84, wherein the act of implanting is
conducted before partially filling the trench.

86. The method of claim 84, wherein the act of implanting
deuterium comprises using an implant dose within the
range of approximately 1 x 10®® atoms/cm? to
approximately 1 x 10 atoms/cm?,

87. The method of claim 86, wherein the act of implanting

deuterium comprises using an implant dose is

approximately 2 x 10* atoms/cm?.
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87. The nethod of claim 86, wherein the act of inplanting deuterium
conprises using an inplant dose is approximately 2 x 1014 atons/cnR.88. The

met hod ofwol2ademi1847 wherein he act of inplanting deuter PCmUSIUSHLIBES
inplanting at an energy within the range of approximately 10 keV to
approxi mately 100 keV. 89. The nethod of claim88, wherein he act of

i npl anti ng deyj.eri-lim conpr.i ses .i antin t an ener.gy . of approximtely 40
keV. 90. The t%thgg‘ed?e@'lggi%@@{“ng%rw gﬁgbﬁﬁﬁﬁ%ﬁlﬁt}’l WaBicti ng and an inert
anneal after the act of inplanting. 91. The nmethod of claim90, wherein the

act of conductingd@ﬂtérnﬁhtcoﬁmw@siﬁgjmmﬁ%eétﬁﬂ URGitRin et €MPErature
within the range of approxinmately 800 OCto approxinmately 1000 OC. 92. The

met hod of claim 91, wherein the act of conducting an inert anneal conprises
anneal i ng at a t efgRgeeiarproxinpiehoid kaY éo pppsoxioetelyd00ked . met hod of clai m
90, wherein the act of conducting an inert anneal conprises annealing for

appr oxI et el 630 ThAYh BhokORBEOHS TRk ROa ik SRan @y The et hod of

claim93, whereln e act condudting an 1nert "a %onpri ses anneal i ng

for approximtely 20
deuterium comprises implanting at an energy of

approximately 40 keV.

90. The method of claim 84, further comprising conducting
and an inert anneal after the act of implanting.

91. The method of claim 90, wherein the act of conducting an
inert anneal comprises annealing at a temperaturé within
the range of approximately 800 °C to approximately
1000 °C.

92. The method of claim 91, wherein the act of conducting an
inert anneal comprises annealing at a temperature of
approximately 850 °C.

93. The method of claim 90, wherein the act of conducting an
inert anneal comprises annealing for approximately 10
minutes to approximately 30 minutes.

94. The method of claim 93, wherein the act of conducting an
inert anneal comprises annealing for approximately 20

minutes.
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m nut es. 95. The nethod of claim 75, further conprising the act of annealing
at a pressure within the range of approximately 1 atmto approxinmately 5
atm 96. wbeommltilzd of claim 95, wherein the act of annealriusgoos®23sesnduct ed
subsequently to the act of at least partially filling the trench. 97. The
met hod of claim 95, wherein the act of annealing conprises annealing at a

pressure of approyinately.5.atm .98 he nethod of,. claim 97, wherein the
act of anneal ggg %B}%%%%‘ioéﬁlﬁgaﬁ%n&r eracotr%g.pgtth?g%r?t hin the range of
approximately 300 OC to approximately 500 OC. 99. The nethod of clai m 98,

wherein the act oinrafaMiegldtaghresdtizewitisinahaeahgdef at a tenperature of
approxi mately 400 0OC. 100. The nethod of claim 95, wherein the act of

anneal i ng conprises annealing for a tinge w tfﬂ n the range of approximately
30 minutes to appiRpEoFERately 1amdosppedmalely raEinet hod of cl ai m 100,
wherein the act of annealing conprises annealing for 30 m nutes.

96. The method of claim 95, wherein the act of annealing is
conducted subsequently to the act of at least partially
filling the trench.

97. The method of claim 95, wherein the act of annealing
comprises annealing at a pressure of approximately 5
atm.

98. The method of claim 97, wherein the act of annealing
comprises annealing at a temperature within the range of
approximately 300 °C to approximately 500 °C.

99. The method of claim 98, wherein the act of annealing
comprisés annealing at a temperature of approximately
400 °C.

100. The method of claim 95, wherein the act of annealing
comprises annealing for a time within the range of
approximately 30 minutes to approximatély 120 minutes.

101. The method of claim 100, wherein the act of annealing

coniprises annealing for 30 minutes.
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