WO 2006/014457 PCT/US2005/023888 DEUTERATED STRUCTURES FOR IMAGE SENSORS
AND METHODS FOR FORMING THE SAME FIELD OF THE INVENTION [00011 The present
invention reMi@20gentrHily to the field of semiconductor devices and more B&ATEIIRMN 43 6&nch
isolation technology for use in semiconductor devices, including CMOS image sensors.
BACKGROUND OF THE INVENTION [00021 CMOS image sensors are increasingly being used as
low cost imaging, deyi i ireuit i es.ad m ixel cells,
each one of tHetet s%i{ oﬁé&mﬁ)@&m% |m(§é§%ted
charge accumulation region within a R EQRMING B ﬁiﬁé%to-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 (RBEHeRs( AddE tBNEEEINned charge level prior to charge
transference. Theggpe! Ce"%ﬂé&ﬁ%@%@ﬁ%ﬁté@@ﬂ@feﬂ@n@% fargeseiving and amplifying

charge from the sensing node and an access transistor for controlling the readout of the cell contents
from the sowemfedndecivankisices/@0A3hbraabiotlinigge sensdr ishintotiviediemkiglp ffra pixel cell
perform the necessary functions of: (1) photon to charge conversion; (2) accumulation of image
charge; (3) trﬁﬁ%ﬁ@rﬁ%@@éﬂ@ﬂ?@@%ﬁd%@é@&%@%@@ﬁ? @i 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

BACKGROUND OF THE 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.



node. 1 WO 2006/014457 PCTfuS2005/023888 [0004] CMOS image sensors of the type discussed
above are generally known as discussed, for example, in Nixon et al., "256 x 256 CMOS Active Pixel
Sensor Can¥et2tie/B18&hip," IEEE journal of Solid-State Circuits, Vol. 31(128¢HUS2046028%6 (1996);
and Mendis et al., "CMOS Active Pixel Image Sensors," IEEE Transactions on Electron Devices, Vol.
41(3), pp. 452-453@%994). See also U.S. Patent Nos. 6,177,333 and 6,204,524, which describe the
operation of cont@iinal GIMSSSiimpegesensers ah e B ReHFt8 A ABTE PERIZSHBH Dinc., the

contents of which are incorporated herein by refergnce. [Q0Q5].4, h??‘])a&% F@Fg ram of a.conventional
CMOS pixel P10"8° gﬂ?ﬂ%ﬁﬁ‘%%?‘ f."?‘ﬁﬁﬁulsrtlrglexd) Bk%%’pi%%?%e Oisa o@gtﬁgﬁs?slf(gr{] (4T) cell.
The CMOS pixglseelcLo-QeRRIAll. COmPYISERR RRAIFEP BRISRRIHRY 8- &4 OV aenaat)gANd
collecting charge generated by light incident on the pixel cell 10, and a transfer transistor 17 for
transferring [oaeQIeR0r(¢ 996y geslfidentls phalto” COIGS shartide HbeeP Brta ge Semsions {ddiE Ry pically a
floating diffusion region 5. The floating diffusion region 5 is electrically connected to the %ate of an

output s'ourc'fé‘rfé}m@?’%ﬁﬁiﬁlﬁcimnr @‘ﬁﬁ&ﬁr MnlaLeR onpe iked r@é’gﬁraﬁ%‘i_‘s‘?&qg or resettir_lg
e o N P ARSI IS Ao SR RS S fouino
device 23, Th SRy ML e ol 8 Bt o D o B en St s b
formed as a pifwéddchhatetiedeporated herein by reference.
[0005] A schematic diagram of a conventional CMOS pixel cell 10 is

shown in FIG. 1. The illustrated 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 outpdfting a signal from the source follower transistor 19

to an output terminal in response to an address signal.

[0006] FIG. 2 is 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
and 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



The photodiode 23 has a p-n-p construction comprising a p-type surface layer 22 and an n-type
photodiode region 21 within a p-type active layer 11. The photodiode 23 is adjacent to and partially
underneath Y@ 8f8té#Iransistor 17. The reset transistor 18 is on a side oP@EtRaAeT2$dRsistor 17
opposite the photodiode 23. As shown in FIG. 2, the reset transistor 18 includes a source/drain 2 WO
2006/014457 PCT/US2005/023888 region 2. The floating diffusion region 5 is between the transfer
and reset traliegiaBr 1%@@%03]%%@%@)&%@@%@@ﬂ&émwﬁeamqrgﬁ@t2, electrons are
generated by light.incid the photo-conversion device 23 and are stored in the n-type photodiode
region 21. Th%égs&ﬁgﬁgl?’aig'transferred to the floating diffusion region 5 by the transfer transistor 17
when the transfer transistor 17 is activated, The source follower transistor 19 produces an output
signal from the tfaosferred Bhehg €VIORBKkILRIOLRLEsierRe i PR tiandl 20 dhetronaaieof
electrons extracted from the n-type photodiode region 21. [0008] Conventionally, a shallow trench

isolation (STgareiated byjlightino denicharide ebifotieprvegision HeyitseBtaridotestheediial cell 10
from other pixel cells and devices of the image sensot. The STI region 3 is typically formed using a
conventional '8¢ fi5FBRs qtﬁé‘@‘aﬁr’é’ﬁmgﬁ tﬁ:}ﬁ?ﬁl fHeEWis Mﬁé‘?ﬂi’& g!?é HMed with a
dielectric materia| 3 | Tple lixide Li ide liner 38
and the dieleﬁﬁ@??%\?é%%?%&g[@%%i%?ﬁgﬁyg pﬁ]o%gg gg%é%% g‘%ﬁ%#ﬁf g‘(l%dé% improved
corner roundipgigRidthgRelddasiefclieprae sarndistoitidenaidSstini caltphinsigemisionirass. Since

the dielectric material 37 typically introduces compressive
transferred charges. A maximum output signal is proportional to the number of

electrons extracted from the n-type photodiode region 21.

[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



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 frorW@2p064%#dfed tunneling and trap-to-trap tunneling mechanism8Gd/Heeres8ai¥sf0010] 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 createhpsghrderriigs aire apsiredlxionghhegad hett beromeschadgsidewadis degtw and
2006/014457 PCT/US2005/023888  These frap sjtes are normally unchargedgut begome charged
when electro HOBE ﬂ%ﬁ%@&lﬁ% SitdSH té)rF o R Ses4pTaned foPed Siong the

bottom & and syl atine SThicaan, swrRmsgReAA AL AN ABG. e eeach pottom ©

and sidewalls 9 can be significant. Current generat om trap sIt€s inside or near the diode 23

depletion regighe etetsesbiteesird dndastdewedhat pochdr isgradieain fixad patigraneeised[BOH]
Conventionally, hydrogen passivation is used to reduce the dangling bonds. However, the nitride liner

39 acts as a diffipstiiehiasidefor naatrde phptdiedin g3d spiletinm regionr daveespadisitich of the
dangling bonds. Therefor%enlhe nitride I%'ner 9 is used dark current may increase. [0012] It is
desirable to hAGE ST ARC BB TR SR H’&eéilﬁ?etit%mdnf’é%ced dangling bonds. BRIEF

SUMMARY OF THE INVENTION [0013] Exemplary embodiments of the invention provide a pixel cell
having a photo-conygerion dRyiaR-ARdRAIBASHRBSHISHEAVAEEAIRARd to reduce the

dangling bonds. However, the nitride liner 39 acts as a diffusion barrier for
‘hydrogen (Hz) during 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. 31is a cross sectional side view of a pixel cell according to an

exemplary embodiment of the invention;
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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 followindVde280&tl éiScription of the invention, which is provided in conéCHER2H02I888
accompanying drawings, in which: [0015] FIG. 1 is 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 vid@P88h pixBlcetAcderinig toeappekesiadiemb atmnciibrtistagr ehtion; 4 wo
2006/014457 PCT/US2005/023888 [0018] FIG. 4A depicts the pixel cell of FIG. 3 at an initial stage of
processing; [BEIGE14S. 4B-4K depict the pixel tell of FIG. 3 at intermediate stages of processing;
[0020] FIG. 5 is a block diagram of a CMOS image sensor according to an exemplary embodiment of

the invention; angh{3921] FIGGS iaB-sehaasticttiapiae @ bofd@uBE piotassedisysteapdncbrporating
the CMOS image sensor of FIG, 5. DETAILED DESCRIPTION OF THE INVENTION [0022] In the
following detgitededeisggjption, 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,

These ombodme dre ORI BTG SRR e e YEHE Jofo RRHETS e

These embodim re d
exemplary embodiment of the invention; and

[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 despribed 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



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 spiM9EebIE70f the present invention. [0023] The terms "waferP&@AAIS0¢EEA688 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 bysarbagersemicandistion foiradtiiniomiecirel caminotiuctedshotcheredidbrirthermore,
when reference is made to a "wafer" or "substrate” in the following description, previous process steps
may have bdesediibatiqertsterbassasmr filirrmEe Tm e Was S SEnacdnEu s B8 IWN2006/014457
PCT/11S2005/023888 structure or foundation. In addition, the semiconductor need not be silicon-
based, but cAlitr B& based on silicon-germanium, germanium, or gallium- arsenide. [0024] The term
"pixel" or "pixel cell" refers to a picture element unit cell containing a photo-conversion device and

transistors for co@ming efeedr Heragiation b @il elegsisabsioprindierdeirasasf Mustration,
a representative pixel cell is illustrated in the figures and description herein, and typically fabrication
of all pixel cefleritpiming agehotorsonyil piit cedice ot tzatigisiars ifpa eimiterfiaghion. [0025] FIG. 3 is

a cross-sectional view of a pixel ¢cell 300 according to an exemplary embodiment of the invention. The
pixel cell BOO%EWFF&?%“?HE TRLL oLy &CFH ﬁ@éﬁ'l?ﬁd%ﬁr&ééﬁl&gfﬁ%'%ﬂnére of the

pixel cell 30Orepresentative pixel cell is illustrated in the figures and description herein, and
typically fabrication of all pixel cells in an image sensor will proceed concurrently

and in a similar fashion.

[0025]  FIG. 3is 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).



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 deuteratedViittide/inF B39 and a deuterated oxide liner 338, and an impRVEA $LANTRBEBENSIStOr
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 porfippg|of thexeesrtigal-atect3t B8R Ereier td sk eelpadmay 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 belopatisevtitiangpdiffersthandgidndgehdyeséadransisior k@, @gd @hgogiehadf, the transfer
transistor 317. Although not shown in FIG. 3, the pixel cell 300 also includes source follower and row

select transistB aedo By L K RbwRAT taiesTstg s BepboeK Ka57 186 952005/ 23888
ORI e B R v S

eng Improvéed Hot-Carrier Transistdrs by Deuterium

Passivation q{faiRGig0R! i.(&éiﬁisp.nSeé%tgéﬁﬁséﬁggtmmgipy@m WO EWROSfYOl. 49.,
No. 3, March 2002, pgs. 529-531. See also, Tseng et at, ALD Hf02 Heavy Water (D20) for improved

MOSFET Stahiltypvedeet@SPB@\scdsIMedilegtr2diBetiMNVE2 Hegh2008. IHDd4t 0EEechnienational,
Dec. 2003, pE}.A.l.l- 4.1.4, which is incorporated herein by reference. In essence, deuterium is an

isotope of hyHHg§€h TRRE fntaaationalidigsr AR Rt 7k ddoiwddsh iz iaeamenaisd nydrogen to
being  displagage by Dot CAHSIS. THCIEHIRA L SMEI RSA Rottfe S IBL ST MRS 2
possesses a larger molecular size and is less susceptible than hydrogen to being
displaced by hot carriers. The deuterated structures 338, 339, 341a, 307 serve as a
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 dangﬁng bond by hydrogen (H)
requires an activation energy of 1.51 eV (Si- + Hz = 5i-H + H). Passivation of a
silicon dangling bond by deuterium (D) requires an analogous activation energy
of 1.51 eV (Si+ D2 =S5i-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.



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 bottoiW@ 2féefddysSieducing dark current. [0028] The passivation of aBHit®R2985 63§30 ond by
hydrogen (H) requires an activation energy of 1.51 eV (Si- + H2 = Si-H + M. Passivation of a silicon
dangling bond by deuterium (D) requires an analogous activation energy of 1.51 eV (Si-+ Dz = Si-D +

D). Whereas, regiasang a hyslsonaptpasdivatelizhang dy-deoiedie taysi-i#1 D2foShétdiDheequires an
activation energy of 1.84 eV. As a result, deuterium incorporation at the substrate 11/oxide liner 338

interface is lavdslyditaitdd Byefiesaklyidberpedt ofidecleyestit] iy frsmad err deutasatadpedo] FIGS.
4A-4K depict the_formation_of pixel cell 300 according to an, exemplary emhodiment of the invention.
No particular Sftf %Yr%‘h u[t]%%I Pigrated @%ﬁ%&%&f&ﬁ@%ggggﬁ?&%ﬂ@ LA
requiring the i i ingly, whi ' : ' ing
performed in {éﬁ%%ﬁ%l%xg‘?ﬁﬁgﬂﬁﬁ?fgéﬁ%éw(ygfalﬁ@bgr%mgﬁgﬁfﬁ%ﬁ% d, ?D?/(Vpg

2006/014457 RieF 4432005323888 c [R30 A ad tstinted tiofdG(ribh-dqad axidy) iy iodideis formed

on the substrate 11. Preferably, the pad oxide layer 441 is formed as a deuterated pad oxide layer.
The deuteratéaypad4ixide layer 441 can be formed, for example, by thermal oxidation in the presence
of heavy water (D20). If desired, the pad oxide layer 441 can instead be formed as a conventional

(non-deuterated)[Bagl?xideAas\é%]r?. el layer 442 is formed on the deuterated pad oxide layer
441. In the illustrated embodilﬁent, the sacrificial layer 442 is a deuterated silicon
nitride layer. As is know in the art, a deuterium containing nitride material can
be formed by using deuterium-containing compound (e.g., ammonia (NDs) and
silane (SiD4)) instead of a hydrogen-containing compound (e.g., ammonia (NHa)
and silane (SiHs)). 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



[0031] A sacrificial layer 442 is formed on the deuterated pad oxide layer 441. In the illustrated
embodiment, the sacrificial layer 442 is a deuterated silicon nitride layer. As is know in the art, a
deuterium cHiZMIKG1A#Tde material can be formed by using deuterium-coRfalr§i¥g%882388nd (e.g.,
ammonia (ND3) and silane (SiD4)) instead of a hydrogen-containing compound (e.g., ammonia (NH3)
and silane (SiH4)). In this manner the deuterated silicon nitride layer 442 can be formed. If desired,
the sacrificialdeyervéd2sang sttedd isbphotoresisichtippirigdetiyenues pietfaralolpby-efikctine coating
(DARC) layer formed by known methods. [0032] FIG. 4B depicts the formation of a trench 430 in the
substrate 11 e 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

(prferably posiyaiady krouia e, s SRRl KRR iskiniRa 40 andpaiemed using

standard photolithographic “patternifg techniques. The sacrificial'layer 442 and the pad oxide layer
441 are etchepidypasintelichio dodsislThdsintedronehs isaldw4stsidontinlsintaitbetemhgrate 11
to form the trench 430. In one implementation, the trench 430 extends into the substrate 11 to a depth

of approximatsishunepind lapexiFisiesrbbothe mnidaiktrssidtkien detrieistapdalayesactive ion
tch (RIE b d.asth tch. The phot [ Kk t sh is 8 WO
200610140451 D6 AR CITEN PSRBT P (EE RN T ST A SR G s,
preferably by g Rlagia,s§8s Bl HNiIREEhAERACH R PRIVEEN ARRIIEALEY AR A and

trench 430 can be lined with a conventional oxide layer.

[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 ata
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.



approximately 150 A thick, is formed on the trench 430 sidewalls 9 and bottom 8, as shown in FIG.
4C. Preferably, the oxide layer 338 is a deuterated oxide layer. The deuterated oxide layer 338 is
formed simiM208%HE &BUterated pad oxide layer 441, as described abovePR lCEAHYEHBASHAth FIG.
4A. Alternatively, the trench 430 can be lined with a conventional oxide layer. [0034] Optionally,
before or after the oxide layer 338 is formed, deuterium can be implanted into the oxide layer 338 and

trench 430 sidewHli¥36]and Bottdepidietis Hlatdliurtheriptarahidefesknad erdturenifmdwliventration at
the oxide 338/substrate interface.. The, deuterium implant can be ¢onducted by methods known in
the art. For e?gﬁy Jezeﬁ%&'éﬁnﬁﬁ%%’é S(?]Eﬁ %%ﬁﬁ@:ﬁgﬁfﬁ 'SF'tﬁ s[%é{fs’fé‘fi_ and
patterned to psgyide AP AREMAGIAINEIRGN ik %89%@9§@o%swﬂgap BLkie invention, the

implant dose is within the range of approximately 1 x 1013 atoms/cm2 t roximately 1 x 1015

atoms/cm2 ateahrinaEg Yotindbecsengiighappraximeatd yppririttatalpsoxiately 100 keV.
Preferably, the implant dose is approximately 2 x 1014 atoms/cm2 at an energy of approximately 40

keV. After theapppraritatelidi@ AncBos ppispienthedaiieratedmiaideinondi g kmge of
approximately, 800 degrees Celsius (C) to approximately 1000, C for approxima 0 minutes to
roximatel B HIF G AR R O e S ER I L5 o AR B SIABH, 350 C for
approximately; ' . ?@é ti M. | tf&gﬁ LRnsal S can
instead be coxr%ﬁlcgtgg}mi t%% orm%%%lr? bﬁ%ﬁ?}gg%ﬁg%g%%ggi ed l%%w in?:%%%?c%[ion with

FIG. 4u. 9 WQne06H kb4 dIPL b0 23888 -

[0037] Optionally, once the nitride liner 339 is formed, a high pressure
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 SiOz; 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



[0036] As depicted in FIG. 4D, the trench 430 is lined with a nitride liner 339. Preferably, the nitride
liner 339 is a deuterated nitride liner, e.g., deuterated silicon nitride. The deuterated nitride liner 339 is
formed by a¥AP3@feBld4¥2chnique, to a thickness within the range of approxXXaEehEe/R18ss
approximately 150 A. For example, the deuterated nitride liner 339 can be deposited using
deuterium-containing compound (e.g., ammonia (ND3) and silane (SiD4)). Alternatively, the trench
430 can be Iiahdvamhrﬂﬁﬁtiéﬁalzhlmddmdirpmd oxizhnligel d4iitisdetivere{)doT pOptiphallysiogee the
nitride liner 339 is formed, a pressure deuterium anneal can be conducted, which serves to
increase the fiRlgrpestb BH %e‘gél]i’é‘fﬁﬁﬁchtw & 988R & ate 11 interface. The high pressure
anneal is conducted at a pressure within the range of approximately 1 atmosphere (atm) to
approximately 5 it a tepperat e WitTABSJANGR | sPRERUIALEY G (9. 3RpAETAIplY 500

C. The anneal ti ithin the range of approximately 30 minutes to approximately 1 mlnutes

Preferably thedtigitarkesarerahtieatisccondisiinst a8 (HESsB) gateappddmtalyfratm at a
temperature of approximately 400 C for approximately 30 minutes. [0038; The trench 430 is then filled

with a dlelecmﬁmﬁw Hlsriskermer o de sphetapdrodinichireitsah Bﬁﬁf@iﬁb@ it
material, for xample silicon o |de ch as SiO or SI%% 0X nitride material, such as
silicon nitrideé®5ftdSi 1fﬁléatﬁ 'jﬂy Srate PR %{ﬁ%%ﬁab‘i%f@fg aterial. In the
illustrated enI%qﬂgpg 65% 5.[% %ﬂgtgéﬁleg% E@%H@OQFJ@ l2sg £5iDR) oxide. [0039] A

ec anlca

chemical m step Is conducted to remove the nitride layer 442 over the surface
of the SUbStr%%ééq@éﬁgﬂfﬁﬁrﬁarﬁﬁr@&@%ate 341b. Alternatively, the gate oxide layer

341a in one or more of the gate stacks 347, 348 can be formed 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 (SiO2), 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



10 WO 2006/014457 PCT/US2005/023888 shown in FIG. 4F. Also, the pad oxide layer 441 is
removed, for example, using a field wet buffered-oxide etch step and a clean step. [0040] FIG. 4G
depicts the \¥@PafiePldtIhe transfer transistor 317 (FIG. 3) gate stack 347 &6dHRMeEIhsistor 318
(FIG. 3) gate stack 348. A first insulating layer 341 a is formed on the substrate 11. Preferably, the
first insulating layer is a deuterated oxide layer, for example, deuterated silicon oxide. The deuterated

oxide layer 3ibala¢ivg $ayethe4ate Txesiliaide Bytafonytee utludgdanttheogatedtaaksiddar gate
341b. Alternatively, the gate oxide layer 341a in one or more of the gate stacks 347, 348 can be

formed Withoiﬁ&zl@@t@]fi Ofdha traveigtor %%?%ﬁ%&ﬁ\)@eﬁf&@ﬂd@%%%%mto he
deuterated oxide ?gg,gg’a‘%%%ﬁ SRR R D SRIYPS AR AIC AR bﬁgyfg s i dne

transistors Sffqé € conhductive layer may be a layer of polysilicon, which may be

doped t0 a SgFQRESRRAUSHKINELYABE & diHAYR® Areecench inSHiatinglayes Bé hbisrgeposited over the

conductive layer 341b. The insulating layer 341c may be formed of, for example, an oxide (Si02), a
nitride (silicotapitridelamtonxyetiaidsusiies tiwminin défi dMttugateni(idy) VW (himgitasxide), or ONO
(oxide-nitride-oxide). [0042] The conductive layer 341b and the s,econdénsulating layer 341c may be

formed by coMfEeAvEREReRSHON-MNBEY idd Re EEneeRERdy abpuRamsAy %r plasma

enhanced chemical vapor deposition (PECVD), among others. The layers 341a, 341b, 341c are then
patterned an éd 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,

[0044] Although not shown, the source follower and row select transistors

19, 16 (FIG. 1), respectively, can be formed concurrently with and in the same
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



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 electroMs299B1445d the second 11 WO 2006/014457 PCTIUS2005/02B888SH¥8¥§3ayers
341c. The suicide layer may be included in the gate stacks 347, 348, or in all of the transistor gate
stack structures in an image sensor circuit, and may be titanium silicide, tungsten silicide, cobalt
silicide, molybdef0M&ilicideAsai¢pittdindil€idé], anlsped itidypecgiontReikipplanted o the a
barrier layer/refractor met&la, such as titanium nitrid%ﬁr{;%)sten (TIN/W) or tungsten_ njtride/tungsten

(WNx/W), or A6 fottRedherRalPef atsgstan Phtriad)- (WARS)JEt4E ARRGEH ROCRERHIST the
source follow 1 vk SEIGS! HESIRIRNR. 4 D6 I SRS lecAn Bclamest epngurrently

with and in thé same manne ransfer and reset transistors below.

Accordingly, fia-geureetiallowsiaid 1awarleslarsiie 19 (REMRYiPiHRVBah RV dayterated
gate oxide layers 341a. [0045] Doped p-type wells 334, 335 are implanted into the substrate 11, as

shown in FIGtye. ddpeafitsspaels 38iapharmedarsehic sobsnsmdrysanaguhdiigplaatedlation region
333 and extending helow the isolation region 333, The second p-well 335.is formed jn the substrate
11 from a poiftISEIBH e WRETIRS aafélgggcﬁﬂ%awbé%ﬁdmg ‘ﬁﬁﬁ%‘c%ﬂ%e‘%%fb?ﬁéléeﬂlt%way

from where t -anﬁrl) lode. ElG: 3) st T, = 4 ed by known
methods. Fohfgéxampgek? Ig)?gée%#&b ﬁo%é%??éﬁ%ﬁ%%?ﬁé%%gﬂgﬁ%}%ﬁ%\%? r?ég;ubstrate 11

having an opeptitieyed tagareathbaHie lRpiel 2139413 3hatenPlbRtation is carried out at

angles other than 90 degrees relative to the surface of the substrate 11.

[0047]  AsshowninFIG. 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. Illustratively,
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.
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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 #2880 bdftions of the substrate 11. Alternatively, the p-wells BG%/Z38084a3B%8 formed
prior to the formation of the trench 430. 12 WO 2006/014457 PCT/US2005/023888 [0046] As
depicted in FIG. 41, a doped n-type region 21 is implanted in the substrate 11 (for the photodiode 23 of

FIG. 3). For exanpi503 layeTleé plopledesistatedhgboinjon dyeyshpatiéiodd 28/¢ e butistisse 11
having an opening over the_surface of the substrate 11 where photodiode 23 (FIG. 3) is to be formed.
An n- type dophtitrates insfiroddhoRiepassatitics larenieny, forpestanphighly dapediptipepening
and into the substrate 11. Multiple.implants may be used to tailor the profile of region 21, If desired, an
ngled mplar RS Fh A SRR Toh AP ARG B TRRBI AT et LRGSR arico
out at, anglesyties iisily Hegress YIS e, AlPe sHpaletdy oML A pligyn I

FIG. 41, the n-type region 21 is formed from a point adja e transfer gate stack 347 an

extending in tHegubppratuifhdechyesr2the 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 re&i?on 5 arg{%source/drain region 2 are implanted by known methods to achieve the

structure shown i3S, 41. THe PTEARRGHHRTS RV FEGHAE RS St dRikneymrieshnidigitned as
n-type regio ﬁg% able n: t s, arsenic, or gatimony, may be used.
The floating (Iﬁ?usmn%g o) %gﬁégﬁggﬁ %ﬁéﬁ?&%gﬁ%ﬁ??%%gﬁ %II% io%s%ﬂrougw
openings in a layer of photoresist. Alternatively, layer 22 may be formed by a gas
'source plasma doping process, or by diffusing a p-type dopant into the substrate

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
la}.fers 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.
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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. 4J depicts the
formation of WQIRMHi¢4fdyer 307. lllustratively, layer 307 is a deuterated o6&/ I2528051923488/er 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. 1€ woeztusishlkssrsRE THin8aoas0288881{B0603 Ty ddpebesuskdédayer 22 for the
photodiode 23 is implantegé as illustrated in FIG. 4K. Doped surface layer 22 js formed as a highly

doped p-type SEFFROR RSy ERe SHCTBFRTANG to eptedRixst Ui dererheial ArpUBE dopant, such

as boron, indium, or any other suitable p-type dopant, may be used to form the p-type surface layer

22.[0051] The prtypa purfapeHayeheHmayRa fimeddekpewiachnl %IEgteeaéumstéayef 22

may be formed by implanting p-type ions through openings in a layer of photoresist. Alternatively,

layer 22 mayshertdonred dwizodas esdurcbthizmardapingqitakes pisebyetitiasting apkyymeedsipant into
the substrate 11 from an in-situ doped layer or a doped oxide layer deposited over the area where

layer 22 is tothé fsmierntpsbepyciEerins amieakagt hasingdeviesdruteruies sfavesmasiiprn portions
form a sidewall spacer, on, a,sidewall of the IE.eset g&t stack,348. The | 7 remains over the
transfer gateaslzt%\ esﬂl}),et%g%%%?olgﬁgge ; e Hoa i%hge %Eﬂ‘d%%r’%“r%%%&r? ﬁ%ﬁm a portion of the reset
gate stack 348 to achieve the

[0055] While the above embodiments are described in connection with the

formation of p-n-p-type photodiodes the invention is not limited to these
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 regions in 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
ﬂuee—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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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 artiQRE%Et#gate stack 348. [0053] Conventional processing meB{iELassHassked to form
other structures of the pixel 300. For example, insulating, shielding, and metallization layers to
connect gate lines, and other connections to the pixel 300 may be formed. Also, the entire surface

may be coverddvifith (e Isatie pirskreiiod ) D gleoegicahelpieleaborddiehte glass
(BSG), phosphasili lass (PSG), or borophosphosijlicate glass (BPSG), which is CMP planarized
and etched t6 ngv%e gont%fé?%&? %Bﬁ%%é%ﬁgﬁ‘ &%9&98%8 %85\‘5%’%0%&397\’194 WO
20061014457 PCT/11IS2005/023888 Conventional layers of conductors and insulators may also be

used to interconnegsgne strrefuremang MGONPasIBKah N iatRRIIRRE RIWE G IDOaH Jhile the
pixel cell 300 is described including multiple deuterated structures, embodiments of the invention

include a pixdhoett & i%aoalyeadeut ane bynpeatédndingls phabeplkeBo8limavioy fefver

deuterated structures than are descrjbed aboye in connection with the embodiment of FIG. 3. [0055]
While the abeB B0 ARty HEAF ebAh b sHNIG D YoRFaoselsch g AR

photodiodes ' Tolalt’ Jimi j i jon.also has licability to
other types of pho oi?{g})%%%srssqgkﬂd%\%%%g e;%%éqgsﬁ gbg%%%gg%%ﬁrﬁggg%qpnarﬁ%o@n%q%%gons ina
substrate, a gighegateraidopbliecanditsiesldban mpthdypeapBRObadR HliarnetstRAopant and

conductivity types of all structures would change accordingly.
select line, and the pixel cells 300 of each column are selectively read out in

response to the column select lines.

[0059]  The row lines 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 (Vrst) and a pixel image signal (Vproto) for each pixel cell. Both signals
are read into a sample and hold circuit (S/H) 586 in response to the column driver
584. A differential signal (Vist — Vphoto) is predﬁced 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



[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 circuitsWavig/eiiffYent numbers of transistors. Without being limiting, BUEU$2eifcrtassay 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 (71). A 3T cell omits the transfer transistor, but may have a reset transistor
adjacent to a brvRadigtatsireritsthabeeutd inghideimagrransnr theviepiddlidetusbtingaddition of
one, two, or three .transisgrs re ectivell .such as a shutter transistor, a CMOS photogate transistor,
and an anti-b §tTan '&8}{5%3559?‘7&m@@%@m@mgﬁmﬁé@gﬁ%éyg@ﬁﬁs illustrated by

e orock dagaihdl, HiGanlNRIAIGAEASHANRACkIeR BRSE LaK

2006/014457 PCT/US2005/6123888 having one orgnore pixel cells 30% ?I@Igéf g?%%é?r‘l}t%{e%nébove. The
pixel cells 30@wio dnkays SHores, atsangadén systedsteitioadiotrtien ol saitiniaand rows. [0058]
Referring to FIGS. 3 and 5, in operation, the rows of pixel cells 300 in array 580 are read out one by

one. Accordirfipilisaticr iy demimadslelsrcamprsstoarayatieselected for readout at the same time by
a row select line, and each pixel cell 300 in a selected row provides a signal representative of

received light to @gg%ﬂout %%érg{a@g%y_@gﬁé%t%gr%ag fp?reea)gai}rgo}tejrg@ %I'féjgahcg@ﬁs? select line,

and the pixel cell of eac umn are se y read out In” response Umhselect lines.

[0059] The royefieraln dbmphig¥saBeatead plastoin activatRamY) & 98V Hlive 282 in response to row
address decoder 581. The column select lines are

microprocessor, that communicates with an input/output (I/O) device 691 over a

bus 693. Image sensor 500 also communicates with the CPU 695 over bus 693.

The processor-based system 600 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] It is again noted that the above description and drawings are
exemplary and illustrate preferred embodiments that achieve the objects, features
and advantages of the present invention. It is not intended that the present
invention be limited to the illustrated embodiments. Any modification of the
present invention which comes within the spirit and scope of the following

claims should be considered part of the present invention.
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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 signg'@g)[gI H{;
column readout lines typically include a pixel reset signal (Vrst) and a pixel image signal (Vpho (%tfor
each pixel cell. Both signals are read into a sample and hold circuit (S/H) 586 in response to the
column driver 584. A differential signal (Vrst - Vphoto) is produced by ciiffprential amplifier (AMP) 587
for each pixel cell, and each pixel cell's differentialgigiiajts 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;@ppsariiate dmage processing before providing digital signals defining
an image output. [00611 FIG. 6 illustrates a processor-based system 600 including an image sensor
500 of FIG. 5. The processarHasoecsysieanvadscexermpldnnaf eubystens, dnd WO 2006/014457
PCT/1JS2005/023888 having digital circuits that could include image sensor devices. Without being
limiting, such a system couldriristlaigom copiputengysténg; camera system, scanner, machine vision,
vehicle navigation, video phone, surveillance system., auto focus system, star tracker system, motion
detection Bystem, image staitizatiofesystbin, afebddradbripréssiorwrgsnsivitione®} Fierein
processor-based system 600, for example a camera system, generally comprises a central
processing unit (CPU) 695, dicAors hvislicivfroned dorthaaudshunieabases vientha mhstioutput (1/0)

device 691 over a ] i
conversion device;

a deuterated oxide liner formed on sidewalls and a bottom surface of
the trench; and

10 a deuterated nitride liner formed on the deuterated oxide liner.

2. The pixel cell of claim 1, wherein the deuterated nitride liner has a

thickness within the range of approximately 50 A to approximately

150 A.
15
3. The pixel cell of claim 1, wherein the deuterated oxide liner has a
thickness within the range of approximately 50 A to approximately
150 A.
20 4, The pixel cell of claim 1, wherein the trench further contains a

dielectric material selected from the group consisting of high density
plasma oxide, silicon oxide, oxynitride, nitride, silicon carbide and

high temperature polymer.
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bus 693. Image sensor 500 also communicates with the CPU 695 over bus 693. The processor-based
system 600 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. | ‘Qdeg}é’égh or
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] It is again noted that the above description and drawings are exemplary and illustrate preferred
embodiments that achieve trgopieetsefeatergsn and.achvantaggsiefihe preseRtdrventian b is not
intended that the present invention be limited to the illustrated embodiments. Any modification of the
present invention which comis phiindhiesspitinade; seo peeofrthefale wingclaitas sheuld ed
considered part of the present invention. 17 i_LOfi.i Ir'vii.E CLAIMS 1. A pixel cell comprising: a
photo- conversion device fogatediide $efpstrate; and an isolation region comprising: 5 a trench formed
in a doped well of a first conductivity type, wherein the doped well is formed in the substrate adjacent
to the photo- conversion device; a deuterated oxide liner formed on sidewalls and a bottom surface of

the trench; and 10 a deuterated nitride liner formed on the deuterated oxide liner.
5 6. The pixel cell of claim 1, further comprising a deuterated dielectric

layer over the photo-conversion device.

7. The pixel cell of claim 6, wherein the deuterated dielectric layer

extends over at least one transistor gate and a floating diffusion

10 region.
8. The pixel cell of claim 1, wherein the photo-conversion device is a
photodiode.
15 9. A pixel cell comprising:

a pinned photodiode formed in a substrate; and

a shallow trench isolation region lined with a deuterated oxide liner
and a deuterated nitride liner and formed in a doped well of a first
conductivity type, wherein the doped well is formed in the substrate

20 adjacent to the pinned photodiode.

10. A pixel cell comprising:
a pinned photodiode formed in a substrate;
a shallow trench isolation region lined with a deuterated oxide liner

25 and a deuterated nitride liner and formed in a doped well of a first
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2. The pixel cell of claim 1, wherein the deuterated nitride liner has a thickness within the range of
approximately 50 A to approximately 150 A. 15 3. The pixel cell of claim 1, wherein the dthg@tgg
oxide liner has a thickness within the range of approximately 50 A to approximately 150 A. 504 ¥he
pixel cell of claim 1, wherein the trench further contains a dielectric material selected from the group
consisting of high density plasma oxide, silicon oxide, oxynitride, nitride, silicon carbide and high
temperature polymer. 18 5. The pixel cell of claim 1, further comprising a transistor coupled to the

photo-conversion device, the fansisias aQRRRSiRg:AAeMIaHIET waae: ¥ide Yo 3 Bufdeapixel cell of

claim 1, further comprising a deuterated dielectric layer over the photo-conversion device. 7. The pixel

cell of claim 6, wherein the dajiesates diRlectic layrsteKianRds QY Rl I8ATHONR irsistppAate and a
floating diffusion 10 region. 8. The pixel cell of claim 1, wherein the photo-conversion device is a

photodiode. 15 9. A pixel celianpfisimgddpineed {hodedicdettarmerdds Hisuhsaithtdeatgalshallow
trench isolation region lined with a deuterated oxide liner
well;

5 a transistor coupled to the pinned photodiode, the transistor
comprising a deuterated gate oxide layer; and

a deuterated dielectric layer formed over the pinned photodiode.

11. An isolation region comprising:
10 a trench formed in a doped well of a first conductivity type in a
substrate;
a deuterated oxide liner formed on sidewalls and a bottom surface of
the trench; and
a deuterated nitride liner formed on the deuterated oxide liner.
15
12. The isolation region of claim 11, wherein deuterium is incorporated

into a surface of the substrate within the trench.

13. The isolation region of claim 11, wherein the deuterated nitride liner
20 has a thickness within the range of approximately 50 A to

approximately 150 A.

14. The isolation region of claim 11, wherein the deuterated oxide
liner has a thickness within the range of approximately 50 A to

25 approximately 150 A.
20



and a deuterated nitride liner and formed in a doped well of a first conductivity type, wherein the
doped well is formed in the substrate 20 adjacent to the pinned photodiode. 10. A pixel cell
comprising: a pinned photodiode formed in a substrate; a shallow trench isolation region linéd With<
deuterated oxide liner 25 and a deuterated nitride liner and formed in a doped well of a first 19 L 3yf;
W Sty conductivity type, wherein the doped well is formed in the substrate adjacent to the pinned
photodiode, and wherein the deutera.ted oxide liner is formed between the deuterated nitride liner and

the doped well; 5 a trgnsistphequRiashio g RinpredRatPdiResthe HBRSISIOn AnmRIsiNg a
deuterated gate oxide layer; and a deuterated dielectric layer formed over the pinned photodiode. 11.

An isolation region comprisingtdQ=a frenghtiarmedcin a doped well of a first conductivity type in a
substrate; a deuterated oxide liner formed on sidewalls and a bottom surface of the trench; and a
deuterated nitride liner formed on the deuterated oxide liner. 15 12. The isolation region of claim 11,
wherein deuterium is incorporated into a surface of the substrate within the trench.
16. The isolation region of claim 15, wherein the dielectric material is
5 selected from the group consisting of high density plasma oxide,

silicon oxide, oxynitride, nitride, silicon carbide and high

temperature polymer.

17. An image sensor comprising:

10 an array of pixel cells, at least one of the pixel cells comprising:
a photo-conversion device formed in a substrate, and
an isolation region comprising a trench formed in a doped well
of a first conductivity type, wherein the doped well is formed
in the substrate adjacent to the photo-conversion device and

15 the trench is lined with a deuterated nitride liner and a
deuterated oxide liner formed between the deuterated nitride

liner and the doped well.

18. The image sensor of claim 17, wherein the deuterated nitride liner
20 has a thickness within the range of approximately 50 A to

approximately 150 A.

19. The image sensor of claim 17, wherein the deuterated oxide liner has
a thickness within the range of approximately 50 A to approximately

25 150 A.
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13. The isolation region of claim 11, wherein the deuterated nitride liner 20 has a thickness within the
range of approximately 50 A to approximately 150 A. 14. The isolation region of claim 11,&\{}’&'??{%}%%9
deuterated oxide liner has a thickness within the range of approximately 50 A to 25 approximately
150 A. 20 15. The isolation region of claim 11, further comprising a dielectric material filling the trench.
16. The isolation region of claim 15, wherein the dielectric material is 5 selected from the group
consisting of high density plasma oxide, silicon oxide, oxynitride, nitride, silicon carbide and high

temperature polymergd 7. Afmiage SRS COMRLSINGs 10ananayofrixal eelgatisast ong of the

pixel cells comprising: a photo-conversion device formed in a substrate, and an isolation region

comprising a trench formed dfeg-clepes aveli kaldisalcaoductvitydMpeonhisrsip dhaidanes well is
formed in the substrate adjacent to the photo-conversion device and 15 the trench is lined with a

deuterated nitride liner and gldewiesaide sidenlnaddoomad hatweattribe drisdnratediagridel liner and
the doped well. 18. The image sensor of claim 17, wherein the deuterated nitride liner 20 has a
thickness within the range dfigbproxipeatéiyr&0alytoeapproximately 150 A.

5
21. The image sensor of claim 17, wherein at least one of the pixel cells
further comprises a transistor coupled to the photo-conversion

device, the transistor comprising a deuterated gate oxide layer.

10 22, The image sensor of claim 17, wherein at least one of the pixel cells
further comprises a deuterated dielectric layer over the photo-

conversion device.

23. The image sensor of claim 22, wherein the deuterated dielectric layer
15 extends over at least one transistor gate and a floating diffusion

region.

24, The image sensor of claim 17, wherein the photo-conversion device is
a photodiode.
20
25. A processor-based system comprising:
@ a processor; and
(i1) an image sensor coupled to the processor, the image sensor
comprising:

25 a substrate; and

22



19. The image sensor of claim 17, wherein the deuterated oxide liner has a thickness within the range
of approximately 50 A to approximately 25 150 A. 21 iLl 20. The image sensor of claim 17, wherein
the trench further contains a dielectric material selected from the group consisting of high density
plasma oxide, silicon oxide, oxynitride, nitride, silicon carbide and high temperature p&?}}fﬁgr?ﬂ@gﬁl.
The image sensor of claim 17, wherein at least one of the pixel cells further comprises a transistor
coupled to the photo-conversion device, the transistor comprising a deuterated gate oxide layer. 10

22. The image sensor of claim 17, whrein 3k [sast QN1 of el eahs, {siher gamprises a

deuterated dielectric layer over the photo- conversion device. 23. The image sensor of claim 22,
wherein the deuterated dielegligdayergl5 extends over at least one transistor gate and a floating
diffusion region. 24. The image sensor of claim 17, wherein the photo-conversion device is a
photodiode. 20 25. A processor-based systehvepmopkisis@in ({:aipsoreaseat;iands(ihsamimage sensor
coupled to the processor, the image sensor
an isolation region comprising
5 a trench formed in a doped well of a first conductivity
type, wherein the doped well is formed in the substrate
adjacent to the photo-conversion device;
a deuterated oxide liner formed on sidewalls and a
bottom surface of the trench; and
10 a deuterated nitride liner formed on the deuterated
oxide liner; and

a transistor coupled to the photo-conversion device, the

transistor comprising a deuterated gate oxide layer.

15 26. A method of forming a pixel cell, the method comprising the acts of:
forming a photo-conversion device in a substrate; and
forming at least one structure comprising a deuterated material
adjacent to the photo-conversion device,
wherein the act of forming the at least one structure comprises

20 forming an isolation region by forming a doped well of a first
conductivity type in the substrate adjacent to the photo-conversion
device, forming a trench within the doped well, and lining the trench
with a deuterated nitride liner and a deuterated oxide liner formed

between the deuterated nitride liner and the doped well.

25
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comprising: 25 a substrate; and 22 an array of pixel cells, at least one of the pixel cells comprising: a
photo-conversion device formed in a substrate, an isolation region comprising 5 a trench formed in a
doped well of a first conductivity type, wherein the doped well is formed in the substrate adjacentt6
the photo-conversion device; a deuterated oxide liner formed on sidewalls and a bottom surface of the
trench; and 10 a deuterated nitride liner formed on the deuterated oxide liner; and a transistor coupled
to the photo-conversion device, the transistor comprising a deuterated gate oxide layer. 15 26. A

method of forming a pixel ceflyIhe RII0R RMPYEIG: e RGO [RITINGAROIE FRRversion device

in a substrate; and forming at least one structure comprising a deuterated material Iall?ﬁé?:ent to the

photo-conversion device, whergiadtihg aekof fararingihe:alileast QRRRIUCIHIS SOMRIISes (20 fprming

an isolation region by forming a doped well of a first conductivity type in the substrate adjacent to the
photo-conversion device, faippirgatsesighisitdin the doped well, and lining the trench with a
deuterated nitride liner and a deuterated oxide liner formed

5 28. The method of claim 26, wherein the deuterated oxide liner is formed

having a thickness within the range of approximately 50 A to

approximately 150 A.

29. The method of claim 26, further comprising the act of filling the
10 trench with a dielectric material selected from the group consisting
of high density plasma oxide, high density plasma, silicon oxide,

oxynitride, nitride, silicon carbide and high temperature polymer.

30. The method of claim 26, further comprising implanting deuterium
15 into the oxide liner.
31. The method of claim 30, wherein the act of implanting is conducted

before the act of lining the trench.

20
32. The method of claim 30, wherein the act of implanting deuterium
comprises using an implant dose within the range of approximately 1
x 1018 atoms/cm? to approximately 1 x 1015 atoms/cm?2.
25

24



between the deuterated nitride liner and the doped well. 25 23 27. The method of claim 26, wherein
the deuterated nitride liner is formed having a thickness within the range of approximately 50 Ato
approximately 150 A. 5 28. The method of claim 26, wherein the deuterated oxide liner is formed/!SE
having a thickness within the range of approximately 50 A to approximately 150 A. 29. The method of
claim 26, further comprising the act of filling the 10 trench with a dielectric material selected from the
group consisting of high density plasma oxide, high density plasma, silicon oxide, oxynitride, nitride,

siicon carbide and high tempgEakice:pRME AT imamaRefolAlBIm 0

HEaSOmRIRINg

a ; ,
implanting deuterium 15 into the oxide liner. 31. The method of claim 30, W&%reln the act of implanting

is conducted before the act@hlipingdhatrenahidBid: I reethod afislaim 39 wierein the act of

implanting deuterium comprises using an implant dose within the range of approximately 1 x 1013
atoms/cm2 to approximatelyatoxd@h& atoms/cmz. 25 24 L kr?~'lv

10

15

20

25

34.

36.

37.

38.

39.

The method of claim 30, wherein the act of implanting deuterium
comprises implanting at an energy within the range of

approximately 10 keV to approximately 100 keV.

The method of claim 34, wherein the act of implanting deuterium

comprises implanting at an energy of approximately 40 keV.

The method of claim 30, further comprising conducting inert

annealing after the act of implanting.

The method of claim 36, wherein the act of conducting inert
annealing comprises annealing at a temperature within the range of

approximately 800 °C to approximately 1000 °C.

The method of claim 37, wherein the act of conducting nert annealing

comprises annealing at a temperature of approximately 850 °C.

The method of claim 36, wherein the act of conducting inert
annealing comprises annealing for a time within the range of

approximately 10 minutes to approximately 30 minutes.
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33. The method of claim 32, wherein the act of implanting deuterium comprises using an implant dose
of approximately 2 x 1014 atoms/cm2. 5 34. The method of claim 30, wherein the act of implanting

deuterium comprises implanting at an energy within the range of approximately 10 keV 10 ovp WISE
approximately 100 keV. 35. The method of claim 34, wherein the act of implanting deuterium 10
comprises implanting at an energy of approximately 40 keV. 36. The method of claim 30, further

comprising conducting inert annealing after the act of implanting. 15 37. The method of claim 36,

wherein the act of conductingekt:apALRING.EODPHSESARNEAINY HAAAMREIBIHS Within the range
of approximately 800 C to approximately 1000 C. 38. The method of claim 37, wherein the act of

conducting nert annealing Z(haenpiisesanealingnehBie mpemtueiefApRroxmatehe 850 C. 39. The
method of claim 36, wherein the act of conducting inert annealing comprises annealing for a time

within the range of approximately 10 minutes to approximately 30 minutes. 25 25 40. The method of
claim 39, wherein the act of conducting inert annealing comprises annealing for approximately 20
minutes. 41. The methbd of Ehmedolicthdroofipriing treasp obanntalingtaf anhBagwieawithin
the range of approximately 1 atm to approximately 5 atm.

5 pressure within the range of approximately 1 atm to approximately 5

atm.

42, The method of claim 41, wherein the act of annealing is conducted
subsequently to the act of at least partially filling the trench.
10
43. The method of claim 42, wherein the act of annealing comprises

annealing at a pressure of approximately 5 atm.

44, The method of claim 41, wherein the act of annealing comprises
15 annealing at a temperature within the range of approximately 300 °C

to approximately 500 °C.

45. The method of claim 44, wherein the act of annealing comprises

annealing at a temperature of approximately 400 °C.

20

46. The method of claim 41, wherein the act of annealing comprises
annealing for a time within the range of approximately 30 minutes to

approximately 120 minutes.

25
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42. The method of claim 41, wherein the act of annealing is conducted subsequently to the act of at
least partially filling the trench. 10 43. The method of claim 42, wherein the act of annealing comprises
annealing at a pressure of approximately 5 atm. 44. The method of claim 41, wherein the actofD Wisg
annealing comprises 15 annealing at a temperature within the range of approximately 300 C to
approximately 500 C. 45. The method of claim 44, wherein the act of annealing comprises annealing
at a temperature of approximately 400 C. 20 46. The method of claim 41, wherein the act of annealing

comprises annealingr  tifne, WD e ARG & PRCIAE B0 MINHiStS A9 BpRrgumately 120

minutes. 25 26 47. The method of claim 46, wherein the act of annealing comprises anneallng for 30
minutes. 48. The method of glaign B wWheseimihetrast of forming the at least one 5 structure
comprises forming a transistor coupled to the photo- conversion device, wherein the transistor
comprises a deuterated gate oxide layer. 49. The method of claim 26, wherein the act of forming the
at least one 10 structure comprises forming a deuterated dielectric layer over the photo-conversion
device. 48. The method of claim 26, wherein the act of forming the at least one

5 structure comprises forming a transistor coupled to the photo-

conversion device, wherein the transistor comprises a deuterated

gate oxide layer.

49, The method of claim 26, wherein the act of forming the at least one
10 structure comprises forming a deuterated dielectric layer over the

photo-conversion device.

50. The method of claim 49, wherein the act of forming deuterated
dielectric layer comprises forming the deuterated dielectric layer
15 extending over at least one transistor gate and a floating diffusion

region.

51. A method of forming an isolation region, the method comprising:
etching a trench in a doped well of a first conductivity type in a
20 substrate;
lining the trench with a deuterated oxide liner formed on sidewalls
and a bottom surface of the trench; and
lining the deuterated oxide liner with a deuterated nitride liner

formed on the deuterated oxide liner.

25
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50. The method of claim 49, wherein the act of forming deuterated dielectric layer comprises forming
the deuterated dielectric layer 15 extending over at least one transistor gate and a floating gdifiy)siwqg
region. 51. A method of forming an isolation region, the method comprising: etching a trench ina’ >k
doped well of a first conductivity type in a 20 substrate; lining the trench with a deuterated oxide liner
formed on sidewalls and a bottom surface of the trench; and lining the deuterated oxide liner with a
deuterated nitride liner formed on the deuterated oxide liner. 25 27 52. The method of claim 51,
wherein the deuterate nitridenlingtisofosmeshhaying aihickpesanitbin dheJarge afapproximately 50

A to approximately 150 A. 5 53. The method of claim 51, wherein the deuterated oxide liner is formed

having a thickness within théorang lofappeorinoaialys50ithia tapRERETFaPHEEE8 As Ry FhEimethod of
claim 51, further comprising forming a deuterated 10 oxide layer over the substrate prior to etching the

trench. 55. The method of clmmﬁmmmierléon&prising forming a deuterated dielectric layer over the
deuterated oxide layer prior to etching the trench. 15
5 53. The method of claim 51, wherein the deuterated oxide liner is formed

having a thickness within the range of approximately 50 A to

approximately 150 A.

54. The method of claim 51, further comprising forming a deuterated
10 oxide layer over the substrate prior to etching the trench.
55. The method of claim 54, further comprising forming a deuterated

dielectric layer over the deuterated oxide layer prior to etching the

trench.
15
56. The method of claim 55, wherein the act of forming the deuterated
dielectric layer comprises forming a deuterated nitride layer.
57. The method of claim 51, further comprising implanting deuterium
20 into the substrate at a surface of the substrate within the trench.

58. The method of claim 57, wherein the act of implanting is conducted

before lining the trench.
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56. The method of claim 55, wherein the act of forming the deuterated dielectric layer comprises
forming a deuterated nitride layer. 57. The method of claim 51, further comprising implantip,gg{.m.« .
deuterium 20 into the substrate at a surface of the substrate within the trench. 58. The mét’F‘io"d} of °F
claim 57, wherein the act of implanting is conducted before lining the trench. 28 59. The method of
claim 57, wherein the act of implanting deuterium comprises using an implant dose within the range of
approximately 1 x 1013 atoms/cm' to approximately 1 x 1015 atoms/cm2. 5 60. The method of claim

59, wherein the act opimplantiRt,dautRribinglCAMATISAR HIRNGR LT BIARLALSA IS AeRIeXTRtely 2 X

1014 atoms/cm2. 61. The method of claim 57, wherein the act of implanting deuterium 10 comprises

implanting at an energy withioriieicapgeial apprOXMaehsd 8 tohappHXigtalsirHAtkeYy §2. The
method of claim 61, wherein the act of implanting deuterium comprises implanting at an energy of

approximately 40 keV. 15 63. IThtatetisaond ftclagprbxinfatikier cempr sitgnsanaiicting and an inert
anneal after the act of implanting. 64. The method of claim 63, wherein the act of conducting an inert
20 anneal comprises annealing at a temperature within the range of approximately 800 C to

approximately 1000 C. 65. The method of claim 64, wherein the act of conducting an inert
5 60. The method of claim 59, wherein the act of implanting deuterium

comprises using an implant dose is approximately 2 x 1014

atoms/cm?2.

61. The method of claim 57, wherein the act of implanting deuterium
10 comprises implanting at an energy within the range of

approximately 10 keV to approximately 100 keV.

62. The method of claim 61, wherein the act of implanting deuterium
comprises implanting at an energy of approximately 40 keV.
15
63. The method of claim 57, further comprising conducting and an inert

anneal after the act of implanting.

64. The method of claim 63, wherein the act of conducting an inert
20 anneal comprises annealing at a temperature within the range of

approximately 800 °C to approximately 1000 °C.

65. The method of claim 64, wherein the act of conducting an inert

anneal comprises annealing at a temperature of approximately 850

25 °C.
29



anneal comprises annealing at a temperature of approximately 850 25 C. 29 66. The method of claim
63, wherein the act of conducting an inert anneal comprises annealing for approximately 10 minutes
to approximately 30 minutes. 5 67. The method of claim 66, wherein the act of conducting an:inext ;-
anneal comprises annealing for approximately 20 minutes. 68. The method of claim 51, further )
comprising the act of annealing at a 10 pressure within the range of approximately 1 atm to
approximately 5 atm. 69. The method of claim 68, wherein the act of annealing is conducted
subsequently to the act of at least partially filling the trench. 15 70. The method of claim 68, wherein
the act of annealing comprises annealing at a pressure of approximately 5 atm. 71. The method of

claim 70, wherein theséct of Ehaealing Cofiise $20-nenlifgealcd é€bopaiaiing within the range of
approximately 300 C to approximately 500 C. 72. The method of claim 71, wherein the act of

annealing comprises annealimgeatl ectemperaturecaliapgooximatetindd@1¢ 12m30utds The method of

claim 68, wherein the act of annealing comprises
approximately 30 minutes.

67. The method of claim 66, wherein the act of conducting an inert

anneal comprises annealing for approximately 20 minutes.

68. The method of claim 51, further comprising the act of annealing at a
10 pressure within the range of approximately 1 atm to approximately 5

atm.

69. The method of claim 68, wherein the act of annealing is conducted
subsequently to the act of at least partially filling the trench.
15
70. The method of claim 68, wherein the act of annealing comprises

annealing at a pressure of approximately 5 atm.

71. The method of claim 70, wherein the act of annealing comprises
20 annealing at a temperature within the range of approximately 300 °C

to approximately 500 °C.

72. The method of claim 71, wherein the act of annealing comprises

annealing at a temperature of approximately 400 °C.

25
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annealing for a time within the range of approximately 30 minutes to approximately _120 minutes. 5 74.
The method of claim 73, wherein the act of annealing comprises annealing for 30 minutes. 31

r
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73. The method of claim 68, wherein the act of annealing comprises
annealing for a time within the range of approximately 30 minutes to

approximately 120 minutes.

5 74. The method of claim 73, wherein the act of annealing comprises

annealing for 30 minutes.
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