DI FFUSI ON BARRI ER AND METHOD OF FORMATI ON THEREOF FI ELD OF THE | NVENTI ON

[ 0001] The present invention relates to diffusion bathers and to a net hod of
forming a diffusion barrier. In particular but not exclusively t he
invention relates to a diffusion barrier in an integrated circuit device

and a net hod oPIFBYHQR) BARRFER AN MHERHED Off EORVIABEINITEEREOEUI t devi ce.

BACKGROUND [ 0002] Di f fusi on of dopant atons and other atons in i nt egat ed
circuit (10 structures is reSHIA3OBIEHE GNVENAUDKer of probl ens associ at ed
with the fabrication and long termstability of IC structures. For exanple,

el ect ri ge001¢harBetREdentihemtioh r@iiad loQli fFARNCIONMAGS 88S toBRRYY @%Mingtaf uctures
are adversely affected by lateral diffusion polysilicon of dopan such as

hosphorg r ' Thi.s: R+.] unctions
A T %ﬁ‘evﬁ%ésﬁ?%ﬁ%ﬁ%@%”??%lﬁﬁé@ﬂfé?%%%zwﬁégﬁ:%%r} ondtin
order t liorate.the. proble al l.ower. rn+ pre-dopeg | nplant an .
snalIer%ﬁ%ﬁgﬁ%F%ﬁ¥%ﬂugyggafgggghggﬁﬁgﬁaﬁ?%ﬂgfﬁﬁﬁé@@??rgﬁﬁ%?@ﬁ?PQP“HP?fu3|on
of dopa%t_sélll occurs during subsequent thermal processing such as
ponS|||88ﬁ-reOX|dat|pn processes and rapid thermal annealing (RTA).
1000411Furthernore, diffusion of extrinsic &uant and source/drain dopant

into the channel region can. occuBAGGEGRAUNBuUlting in an adverse effect on
el ectrical characteristics of the structure. For exanple, the threshold

vol t age [€02phi dbiffasiohafiiglant @GOBdIther deradE ifleBiatcdUbGE(10p GRS conduct
typically reduces with increased anounts of lateral diffusion of extrinsic

and SoUr&BhELitE For dORABL: ofFROBIEAYRRbL N ed -th 650804 ah@ﬁ)%@%?m%%ilﬁ? of IC

i ncreased by several orders of magnitude.

structures. For example, electrical characteristics of static random access memory (SRAM)
structures are adversely affected by lateral diffusion in polysilicon of dopant such as phosphorus
from strongly n+ doped regions. This causes N+/P+ junctions between NFET and PFET devices
to shift towards the PFET device.

[0003] In order to ameliorate the problem, a shallower n+ pre-doped implant and a smaller
N+ implanted area have been adopted. However, substantial diffusion of dopant still occurs
during subsequent thermal processing such as polysilicon reoxidation processes and rapid
thermal annealing (RTA).

[0004] Furthermore, diffusion of extrinsic dopant and source/drain dopant into the channel
region can occur, again resulting in an adverse effect on electrical characteristics of the structure.
For example, the threshold voltage at which a channel region of a transistor device begins to
conduct typically reduces with increased amounts of lateral diffusion of extrinsic and
source/drain dopant. Consequently, sub-threshold leakage can be increased by several orders of
magnitude.

[0005] To mitigate this problem, a reduced dose of dopant may be applied when forming a

halo region, and a lower temperature employed in the course of rapid thermal annealing of the
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[0005] To mtigate this problem a reduced dose of dopant may he applied
when formng halo region, and a | ower tenperature enployed in the course of
rapid thermal annealing of the structure. However, such nmeasures nay

i ntroduce further problens such as gate induced drain | eakage (@ DL) and a
| ack of sdogart HustdvedbudimeaSbVARYint000@ At phodenaf sukbadgnginduckavirsie or a
sem conduct or device is disclosed. The nethod includes providing a

st ruct ungkage @HDSYH bt £1a0RYF Mpahi dchitat®Rd second regions. The nethod further
includes formng a diffusion barrier between at |east a portion of the

first and second regions. The di ffu§b%MRgg{ri er conprises cavities that
reduce diffusion of el enents between e Tirst arid second regions,

f 000711 t her aspect,. a .devi.ce that conprises a stryctur ving first
and secgﬂ@{k&egiéﬁ‘ée%?%dc‘ffrf%%‘&ﬂ%?‘gﬁ’.meﬁﬁé‘ SERNAOBRIGRFdeKISF 15 ‘ﬁﬁﬁ‘?f& sjl]]ge 'E]‘F"?‘f’ﬁsi on
harrier di sposed between at |east a portion of the first and second regions
The di f fiREdss PEEIFINS f SEWREE s 8bsiEdy htvieglishand seeendaegiais fihsinagthest fughenent s
between the first and second regions. 100081These and ot her objects al ong
wi t h adveditdeg ésrmamngla fliéhsion ésref bétivecrpat ésastnd partivieof the firsh exdesenomdi wgloas ed,

wi || becone apparent through reference to the follow ng description nd the

acconparmheRig i@ Wangs comyfitR@aMRELhati rbducs diffuskR oferelchits®edvdeh &le firB€and
features of the various enbodi nents described herein are not nutually

excl usi ‘é‘éco%ﬂ%e_ﬁ@r&. exi st in various conbinations and pernutations. BRI EF
DESCRI PTI ON THE DRAW NGS [0009]In the draw ngs, like reference

char act ?6&07?8 ner al[rll Xno':d?efr ggpe%t?a %Qvelcest%zrirte coﬁlap';‘itsgs z;[ sqgugt%gem?alillgng first and second

regions is presented. The device further includes a diffusion barrier disposed between at least a
portion of the first and second regions. The diffusion barrier comprises cavities that reduce
diffusion of elements between the first and second regions.
[0008] These and other objects along with advantages and features of the present invention
herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations
and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. Various embodiments of the
present invention are described with reference to the following drawings, in which:
[0010] FIGS. 1 to 4 show structures formed during a process of forming a diffusion barrier in

a polysilicon layer according to an embodiment of the invention.



the different views. Also, the drawings are not necessarily to scale,
enphasi s instead generally being placed upon illustrating the principles of
the invention. Various enbodi nents of the present invention arc described
with reference to the followi ng drawings, in which; [00101FIGS. 1 to 4 show
st ruct ur[@s11j or nBid:Sdaitd Nghoa prcaessfoofied dirimgngracesd 6ff fushiap aldatiken tarieaipol y
con | ayer according to an enbodi nent of the invention. [O0011FIGS. 5 to 9

show st raugbitfesadcodiRdo S EhB&ichY TeRsiEvaitiohor M ng a diffusion barrier in a
substrate according to an enbodi nent of the invention. [00121FI GS. 10k 13

show S iy Ar eSpMaTRE iy LG, 8 REACERT ! AL Ao MISIRE, dRYbsfavi ng a

sel f-aligne usi on W a gate region vi ce accordi on
to an enpodi nent of e inyention. JOO13]FIGS. 14 to 16 show structures
for mad dRTCh Bt sted ] SFBHan Ryl AR EE AP ER R RE Ceaior A G
diffusion harriers below o cc and drain regions of the device according to
an enbodiHeAtmesf of the ifvaRtist | on. DETAI LED DESCRI PTION [0014]FIG | is a
schematic illustration in cross-section of a structure 100 formed during a
process [0013X abrFi¢at 1ty 1 shewistrootdes fomedeviinga prchssad fanshgs MOSFEITdom
access nmenory. (SRAM device. Form ng other types of devices or structures
are al sacuigehiling self-aligned diffusion barriers below source and drain regions of the device

according to an embodiment of the invention.

DETAILED DESCRIPTION
[0014] FIG. 1 is a schematic illustration in cross-section of a structure 100 formed during a
process of fabricating a semiconductor device, such as a static random access memory (SRAM)
device. Forming other types of devices or structures are also useful.
[0015] The structure has a silicon substrate 102 having a plurality of, for example, P-type
doped well regions (P-wells) 104 and a plurality of N-type doped well regions (N-wells) 106.
Respective P-wells 104 and N-wells 106 are separated by shallow trench isolation (STI) regions
108.
[0016] The substrate 102 has a layer of a gate dielectric medium 110 formed thereover. In
the embodiment of FIG. 1, the layer of gate dielectric medium 110 is a layer of nitrided silicon
oxide. In some embodiments, the layer of gate dielectric medium 110 is silicon oxide or any
other suitable gate dielectric medium. In some embodiments, layer 110 is formed from a high
dielectric constant (“high-k™) gate dielectric material.
[0017] The layer of gate dielectric medium 110 has a gate electrode layer 120 formed
thereover. The gate electrode layer, for example, comprises polysilicon. In the embodiment of
FIG. 1, the polysilicon layer 120 is around 800A in thickness. Other thicknesses are also useful.

In some embodiments, the thickness is in the range from around 600A to around 2000A.
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[ 00151The structure has a silicon substrate 102 having a plurality of, for
exanpl e, P-type doped well regions (Rwells) 104 and a Morality of N-type
doped well regions (N-wells) 106. Respective P-wells 104 and N-wells 106
are separated by shallow trench isolation (STlI) regions 108. [00161The
subst r aj@18p2 hasedsubstyes maferials ot #sodisefu@ COtHeE thigkebdded Jld1sDicoR thythneover .
In the enbodi nent of FIG 1, the layer of gate dielectric nmedium 110 is a

| ayer ofyrd¥idd isdRd Sitet GO rﬁﬁ%ﬁeﬁs ark'3]s8 QEEL ERP IR Site élp&rdd@mfea%f&%e
dielectric medium 110 iS silicon oxide or any other suitable

di el ectr, some enbodi ments, |ayer 110 is fornmed from a high

di el ect r?@tl@%%géﬁ"%s%l ?mh i gh-10 gate di eI ectric material. [0017] The | ayer of
gate di ric ium 110 has a gate e|ectrode |ayer 120 forned thereover.
The gat Zb%%ict rid Fléi}’é*rt eFthcﬂgﬁagBICél H’%PP%%SSF%I%WMIW impipng he

enbodi nent of FI G |, the polysilicon |ayer 120 is around 800A in

t hi ckneseediume g the rppb'kirlié@xsgs’eral@ tefase anseplant regivng e leedyonimdmneyt, théhe
thickness is in the range from around 600k to around 2000k 100181C her
subst r ateplmatregioall 32 graes at sbstastef lylsparGtthethidkhess bfgsseb/sfcoptlyysidoi con | ayer
120 are al so useful. Qther layer materials are also useful for formng a

gate el gggaopde IhRsheasb&dim@hts] the bk 050k @3:19@'%@&@9&@@93&@& 2 shows
the structure of FIG 1 during a process of |rrp anting an inplant: nmedium

e E&W%"f'théé%ﬁﬁﬂwa GREE T
hi ck f | 0020
e 0 R R LT,

pol ysilierml ayer 120 For exanpl e, non-inplant regi ons w thout inplant
medi um CAEBTHIBAAT B oY BRI SCEAR 267 2lbensslilt Hee noRpmaiot Festying fan 32
Qther configurations of inplant and non-inplant regions are also useful.
The non{fiqiphtanle foeygitomsfowmtel Sdicideithatie. t he formation of netal silieide
therein. 100211In the enbodi nent of FIG 2, the inplant medi um conprises He
atons. Qg In the embodiment of FIG. 2, the implant medium comprises He atoms. Other

implant media or combinations are also useful. For example, hydrogen and/or argon atoms can

be used. The implant medium should have a gaseous state at room temperature (e.g., about

20°C) and a pressure of about 1 bar (100kPa).

[0022] As shown in FIG. 2, a mask member 150 is provided between the structure 100 and a

source of He atoms in spaced apart relationship with a surface 122 of the polysilicon layer 120.

In some embodiments, the mask member 150 is provided in contact with the surface 122. In

some embodiments the mask member 150 is formed directly on the surface 122.

[0023] In the embodiment of FIG. 2, the mask member has an opening arranged to allow

exposure to incident He atoms of a portion of the polysilicon layer 120. The portion exposed is

that located above STI region 108A separating each P-well 104 from an N-well 106.

[0024] In one embodiment, the implant conditions are established such that implantation of

atoms occurs to a depth in the range of from around at least 30% to around 70% of the thickness



i npl ant nmedi a or conbi nations are al so usefid. For exanple, hydrogen and/ or
argon atons can be used. The inplant nmedium should have a gaseous state at
roomtenperature (e.g. about 20C) and a pressure of about | bar (100kPa).
100221As shown in FIG 2 a nmask nenber 150 is provided between the

st r uct ureF b1 pctoa 1HeUT e 19 ore cabsdTmehtd, thOAGEE o ARPiH isaffuall hemshihe W th a
surface 122 of the polysilicon layer !'20. In sone enbodi nents, the mask

menber ApQihSs BF ‘Q%Bg?gﬁﬁ?‘ r%eg%@g agt Om'eg Hnﬂlﬁ‘;ﬁ d%%g ?%g gilesg%g élgéfﬁilsome enbodi nent s

t he mask nenber 1 I rec on the su 00231l n the

enmbodi f F 2.. the er has an o i ng_arranged, t.0 ow
exposu ?ﬁﬂ{’zos(i in c{ngg%?mwlgf%a r?i Iﬁb@%&?i‘%dﬂerﬁqer ﬁ ﬁ@ 130%?‘% ‘15?‘85’ eh?& S.H 12. 0.
The portion exposed is that |ocated above ST1 region 108A separating _each
P-wel | Fe#oRy the sarcfure dathenpadansmrbanharcalpdasirbeh as masksipediardefine
conditions are established such that inplantation of atons occurs to a
dept h i RXhegierange of from around at |east 30%to around 70% of the

t hi ckness of the polysilicon layer 120. In sone enbodi nents, the range of

dept h i JoeaqpundFitaBishels thbseknessf eiG IhR1lpeingShldneailink 8iREss1 28e akdehiig
i mpl ant depths may al so be useful. [00251in the enbodinment of FIG 2, the

mask Merdgdes iR ahtnilB &KepafE b hiAetdvieesT34 if 8Qii g%(rjl{ x?%f%ag;azt g Structure.

Ot her mask nenbers are al so useful Such as masks u I ne RX regions.

0026] FI fE oG N '
o020 P et AR 1R i ShIMELHYE Rinblffce frdLM DHeRd AUBETbIR PooPh,

The anneal 1 ng’ cause Vﬁ%%an um't
i npl ant regjion 132. The sé{uctu.e, for ex le, is annealed at a
{ enper atTiFdlegto S by e BRTAUEL 61 b BRI M BLIREn T e ABE PR wheeal
hours. The annealing can be conducted in an inert gas atnosphere such as
argon, RrEMeBEiegehPT a0t Reifabduinedghe 1f el be gseciated thpt the Hee affpe eiitigsed
that the "ze of the cavities fornted by annealing of the structure wl|
depend domiddeyduneding of i strheu@wit alepeng oprtbe ésstior] QR @ehlarg moresal i ng
tenperatures are also useful. In sone enbodinents, annealing is
[0027] Other annealing temperatures are also useful. In some embodiments, annealing is
performed at a temperature in the range of from around 800°C to around 1000°C. In some
embodiments, the annealing process is performed for a period of time sufficient to form cavities
134 in the polysilicon layer 120 having a size in the range of from around 2nm to around 60nm.
In some embodiments, portions of the polysilicon layer 120 in which cavities 134 form provide a
barrier 135 to diffusion of dopant atoms in the polysilicon layer 120 from one side of the barrier
135 to the other.
[0028] In the embodiment of FIG. 3, the layer of polysilicon is around 800A in thickness and
the cavities have a size in the range of from around Snm to around 10nm.
[0029] It is to be understood that if the cavities 134 are formed to be too large, the
polysilicon line may fail. For example, the polysilicon line may disintegrate due to fracture of
polysilicon.

[0030] It is also to be understood that the depth at which the cavities 134 may be formed is

dependent on the depth of the structure to which the implant medium is implanted.
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performed at a tenperature in the range of from around 800C. to around
1000C. In sone enbodi nents, the annealing process is perfornmed for a period
of time sufficient to formcavities 134 in the polysilicon |ayer 120 havi ng
a size in the range of fromaround 2run to around 60nm In some

enbodi mé3d] pdilGi e vofthe sisicpwt yEFIG. 8almrihay erocd RO imphahtinglopants ties 134
formprovide a bather 135 to diffusion of dopant atons in the polysil icon

| ayer 136rtiohofmienatesldeodd laydte 2baFbi &ambid nitphd dvpamt BRimpl2dQ3&)tb 8 pbARN
enbodi ment of FIG 3, the layer of polysilieon is around 800A in thickness

and the,eaul ﬁﬁnc&?kﬁ?erq 28 'o%@rl;hﬁ% {HRe 480964, OA nfds©MALEUED 1§gf8v§d3d BEQAKE
10nm [0029f I's to be understood that if the cavities 134 are formed to

be too r the caon lin r 8% S|I|con
i ne ma;t/ d’% e 1Dty 3Prisk BEp TR Bty va A8y b B0 B S b
under st hat the _dep t whi ch the cavities 134 may be forned, is
depende Pm ﬁp?qﬁlgnaéglewotyﬁl 19%1%?913@&%‘@“%%?15&1106}?@ NeRoFHN realysiiieess
inplanted. [O0031]FIG 4 shows the structure of Ha 3 during a process of

i mpl ant laygr t?éb@ntaglmmbaangdﬂﬁl dnplefitinghetherdyees off depandadioayertheraortioe pf
exanple, n-type dopants are inplanted into a portion of the polysilicon

| ayer 12 mwedltgprodglalbras Fse wedfihl. 104. A mask nenber 160 is provided between
the polysilicon layer 120 and a source of n-type dopartt thereby to shield

the n-typs2fopanihs@iioasndnt 8FIdIE, ﬂ@rntdy?@d@iamt&%l RREYFdnl LS. a¥er 120
overlying Nwells 104 and the portion of polysilicon |ayer 120 contalnlng

T P RAETRLE U Oy SROLE BT PO L,
4, the n tyB’éo cﬁ)pantpa%]rﬁs z?rg %pllagtgg to {0%%%}1%+%trgfged reglon 140
[0033] The gate electrode and dielectric layers can be patterned to form gate conductors. In
one embodiment, the gate electrode and dielectric layers are patterned to form a gate conductor
passing through the N well and P well. Additional processes for completing transistors can be
performed.
[0034] The embodiment of FIG. 4 has the feature that an amount of n-type dopant atoms that
diffuse from the n+ predoped region 140 beyond the barrier region 135 is substantially reduced
compared with a structure in which no barrier region 135 is provided.
{0035] FIG. 5 shows a structure 200 having a substrate 202 having a layer of a buffer
medium 210 formed thereover. In the embodiment of FIG. 5, the buffer medium comprises
nitrided silicon oxide. Other buffer media are also useful including silicon oxide and high-k gate
dielectric materials.
[0036] In the structure of FIG. 5, an implant region 232 has been formed in the substrate 202
by implantation of an implant medium. The implant medium, for example, comprises He atoms.
Other types of implant media, as described, are also useful. The implant region 232 is formed at

a depth such that a MOSFET device may be formed above the implant region 232. The depth is
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dopant atons are al so useful such as phosphorus atons or any other suitable
n-type dopant. The n-type dopant atons are inplanted to forman n+ predoped
regi on 140, 1003311The gate el ectrode and dielectric |ayers can be
patterned to form gate conductors. In one enbodi ment, the gate el ectrode
and di elabotsnélcthhtadiBnsoraefalopatt tagmmedvaydrdio thn MOFBE € deunawill mrsuffassitlyg
through the N well and P well. Additional processes for conpleting

transi stigfited banhdienphek fe@iomexd?2 td PS4 Fhsstanbodbtdrpitionlin Bbve gerfdagaricbe
feature that an anount of n-type dopant atons that diffuse fromthe n+

predo pegow i 0Nk 4 0, REXOREMEDEsif Eflfrir?g 'fegﬁﬂg 500l BR)1d glesd Hpﬁﬁ;ﬁ’?ﬂltt 'el?ér%%lélgﬁg uced

conpare h a structure i n whi arrier region 135 I's prov

h 0 ' b 202 i ik f
& but 1 erisedt IR aTRopakRLdD PREpEa0 P RS RSB e o B PSPt LT

buffer medium comprises nitrided silicon oxide. O her butler nedia are al so
usef ul Al BATNYEi 1 i con oxi de and high-k gate dielectric materials.
[00361lin the structure of FIG 5, an inplant region 232 has been forned in
t he sub40038l e 202. byhawsghestretironf BIG. &rfollemping atprenseh afffornithe S Thnskiant 2G8edi um
for exanple conprises He atons. Other types of inplant nedia, as described,
ar e al s@huasaf rdgionthes aepbaddd byagioanen?idRalifsbricatiseproadss forddptdinatich. that a
MOSFET devi ce may be forned above the inplant region 232. The depth is

al so sughpdgpat ©icf f YsdwNhO bl PRaBY RICP B0 AR e faPdBe8s MaRfETing B iseBeielth be
sufficiently limted by the inplant region 2%2 to prevent substanti al

et ot gl 8 9 08 AL 581 ROSE L SRl DTS 18 41
embodiment of FIG. 7, the structure is annealed at a temperature of 800°C for a period of
between 10 minutes and several hours in an inert gas atmosphere. It is to be understood that in
some embodiments the size of the cavities 234 formed upon annealing will depend upon the
duration of the annealing process.

[0040] FIG. 8 shows the structure of FIG. 7 following a process of forming a gate dielectric
layer 210 and subsequently a gate electrode 270 of a transistor, such as a MOSFET device, over
the substrate 202. In the embodiment of FIG. 8, the gate dielectric layer 210 is formed from
nitrided silicon oxide. Other gate dielectric media are useful including silicon oxide and high-k
gate dielectric materials.

[0041] The gate electrode 270 is formed from polysilicon by a process of blanket layer
formation followed by a process of patterning and etching.

[0042] FIG. 9 shows the structure of FIG. 8 following a process of forming first spacer

elements 272 on sidewalls of the gate electrode 270 followed by formation of source and drain

halo regions 282, 262 respectively in the substrate 202 by implantation of dopant atoms.



range of from around 4kell to around 7keV is used, and a dose of from
around 1014to 5X1015 cm 2 is provided. 100381FI G 6 shows the structure of
FIG 5 following a process footling STl regions 208. The STl regions 208
are formed by a conventional fabrication process for STI formation,
100391FI@437 shosequintlys secand spagerofleriinG 278 Hagt besni fagned qartbe Bssspateranneal i ng
the structure to formcavities 234 in the inplant region 232 thereby to
form a khhtensr272agd decp23orce hid ddam regioad? 8vené4 abpdetiGly Tormeth By Shlagthtioneofi S
anneal ed at a tenperature of 800C for a period of between 10 m nutes d
several Jop4HiStohR}. an inert gas atnosphere. It is to be understood that in
sone enbodi nents the size of the cavities 234 forned upon annealing wll

depend 00 t E?@%@rﬁ%ﬁ%g\%ﬁ% @grog{rhgg S‘Uaﬁ's@sft&r RBERRh ab ?évgfsﬂgf;g: X Vi 13RS the

structure o ess of conhing a ectric |ayer

210 and. subs ent | te el ectrode 270 of transj stor, .suc S a

v CoreRY A brestope 0% hEce s sduBier faves FiS (ORBRLFIR ALViEE Zgﬂ atg, the
gate dielectric layer 210 is forned fromnitrided silicon oxide. Other gate
di el ect FP# hdigiaacedran gae$ Ul regine LO8 ivgrodier péatenbxFlaesiand0hi Hhs keagae e
dielectric materials. E0O0411The gate electrode 270 is formed from

pol ysi | iredbwesdan anqunoctel&undn bi dopletatdérayerch hothost dapantf adrhofvedingyhasopra@cess
of patterning and etching. [0042] FIG 9 shows the structure of FIG 8

fol | oW ngd arapt RERES29f, 260td pogorlsi of Sl SIBRELE 28 LIBTHom $hédebe 39¢demad | s of
the gate electrode 270 followed by formation. of source and drain halo

regi ons 287 ii?BRAGEIRECLA ¥ELY tb Which@1eSHD Lk @8 %A dB¥ad ARy AR dnyt Of
B i

dopant atons. 100431Subsequently, second spacer e nts 274 have been

formed %gpgnq %toiﬁsrd%tﬁngs %Po%gss of fabricating an integrated circuit comprising barrier layers

according to some embodiments of the invention.

[0045] FIG. 10 shows a structure 300 having a substrate 302 having STI regions 308 formed
therein. A mask member 350, for example, having a layer of silicon oxide 352 and a layer of
silicon nitride 354 thereover has been formed over the substrate 302. The layer of silicon oxide
is formed to have a thickness of around 5-10nm whilst the layer of silicon nitride is formed to
have a thickness of around 20-80nm. Other materials are useful for forming the mask member
350.

[0046] Other thicknesses of layers comprised by the mask member 350 are also useful. In
some embodiments, the mask member is formed from a polymer-based photoresist material.
Other photoresist materials are also useful.

[0047] FIG. 11 shows the structure 300 of FIG. 10 following a process of etching the mask
member 350 to expose a portion of the surface 302A of the substrate 302 over which a gate
electrode is to be formed. Implantation of an implant medium into the substrate 302 has also
been performed whereby an implant region is formed below a portion of the substrate that will

form a channel region of the device. The implant region is provided between regions of the
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el ements 272 and deep source and drain regions 284 64 respectively forned
by inplantation of dopard atons. 100441The structure of FIG 9 provides a
transi stor 290, such as a MOSFET devi ce | ocated between STl regions 208,
The structure has a barrier |layer 235 forned fromcavities 234 that span a
di st anc&eYiFpin igh swqrcer@gudéﬁnmalam SFRSEEY, at ta e madst ordegh@iho08. This
feature reduces an anount of diffusion of dopant atons such as those dopant
at ons f onbeagentlidorswd caetiendillduapresy letgrab dgi@®4,of 26dlanted pormsi ons of t he
substrate 202 away fromthe device 290. This results in a reduction in an
extent t[004si chindeine eibpaihfeaisimislgnthtfonde g glandhcdiukf ¥ peABnRl ad@pantgyat oms
during a. process of fabricating an integrated circuit conprising barrier

| ayers r RPASLE shows
A R R S A VT N A R S e s
therein.5 f?ﬁask menber 350, for exanple, having a | ayer of S|I|con oxi de
352 and “& aﬁgr of silicon nltrlde 354 thereover has been formed over the
substrate 302. The |l ayer of silicon oxide is fornmed have a thi ckness of
around S0%%hni Setomdng implantafingy thepirastine QR l%ﬂmﬁal%atuasteme?rﬁ% USORHvE a

t hi ckness of around 20-80nin. O her materials are seful for formng the
mask nerfber c@Bies 3poonke Suremict IR ak psigy kg mafindr 4y et desomtmdi abed Wigh tdspechtas k

menber 350 are al so useful. |In sone enbodi nents, the mask nenber is forned
from a pdicy embbdigedtsplidicanesiish. Oeice tengleratur€t drrelalsphlmfmlc esdisdussedtierdspdcs ar e
al so usefrit [0047]FIG 11 shows the structure 300 of FIG 10 follow ng a

process @bttt &hbsBmbRe orsknviaAber 350 to expose a portion of the surface
302A of the substrate 302 over which a gate electrode is to be forned.

! npl anﬁbé%(ﬁ Tlgégt}u%l'ealg tcoﬁ?éﬂr&ﬂvh&&% th? gaﬁt‘ﬂ%%%&ﬁ&eea §91%51G ﬁat@ilels ?3 Sblﬁean

peri br ere I mpl-ant®regl on ow a por |on 0
substrate .t ha mnll forma ch ion of.t The inplant region
i s provircR B qlﬁélél?‘?trf‘tgétpgﬁgmff?yn?ﬁ%w WQ%W“&EP 8?‘@83?‘3@ ®and drain

inplants, respectively, are to be made in order that the subsequently
formed. (POt eBGnil P shasiipe asctyira PRy af FIG 1 daljasvindp piospis of fasehing oenie
[0048] I n sone ei nbodinents, inp] ant ati on of the inplant nmediumis
per f or nelelediriakayerid O gyer the emsccwrg‘éomiioﬂr ofthaswitavd oPthe-suiifrate30ar buthd
100keV, and at a dose of around |x1013 to around 5x1015cir
embodiment of FIG. 12, the gate dielectric is a layer of silicon oxide. Other gate dielectric
materials are useful in addition to or instead of silicon oxide. For example, a high-k gate
dielectric material such as hafnium oxide or any other suitable material may be used.
[0052] In a subsequent step, a blanket layer of polysilicon 370 as shown in FIG. 13 is formed
over the structure and an etchback process performed to define a gate electrode 370 above the
gate dielectric layer 310.
[0053] FIG. 13 shows the structure of FIG. 12 following a process of removal of the nitride
layer 354 and formation of first spacer elements 372 on sidewalls of the gate electrode 370.
Source and drain halo regions 382, 362 are formed by implantation of dopant atoms. Second

spacer elements 374 are formed on the first spacer elements 372 and deep source and drain

regions 384, 364 formed by implantation of dopant atoms.



[ 00491 Fol l owi ng i npl antation, the structure 300 is annealed at a
tenperature of 800C to formcavities 334 in the substrate 302 in a simlar
manner to that described above with respect to other enbodinents of the

i nvention. Other tenperatures are also useful, a.s discussed in respect of
ot her ed®¥§di menths refultingestiuatreni(0of FIGOUb00 Tides s MQidiETT devics hedng k gelf-ed

wher eby the cavities provide diffusion barrier 335 in a region of the
subst r atbgnadnieiiisidrebayribrei3 6 Welawctha bit@hel regibn 8B 8Otho ftridnge Hak 14Girdiided by the
[00511FI G 12 shows the structure 300 of FIG ii followi ng a process of

f or m ng peRtiRedir 818336 ih AEBUbsIARR. OMRIcalifles MARSEHs P kfepd 304A of the
surface of the substrate 302. In the enbodi nent 'of FIG 12, the gate

di el ect fhferd yi‘fi’ieg’a%g.r A%fcaﬁt)!: %e%ggro%ﬁ:ﬂ?’13,Cﬁxg8ffﬁg1§§1%a%1e?5?§lt1arslb|%et{’r?otn%rci als are
useful in additionto or 1nstead orf si'litcon oxide. For éexanple, ablltth-k
ate dielectric materi.al _such as haf ni um oxi de or_.any other it e
oot of | aPeiryhp EhedRa geEiDpRbT AR ETFSRARERE @ fapor I3 Bt of Hpaeeh
pol ysilicon 370 as shown in FIG 1.3 is formed over the structure and an.
et ehbaeROPrOEEsHaigapgionmsd ¢+ define a gate el ectrode 370 above the gate
dielectric layer 310, [0053]FIG 13 shows the structure of FIG 12

f ol | owi f@P5&] pr dd6s $4 gfowsenbvetiuraf00t Haeingiatsubdentd 40Peravidg4 Targidne 408 &irined  of
first spacer elenents 372 on sidewalls of the gate el ectrode 370. Source

and dr ailierdiabh@d & RgErITS g3B2licld8Rc afaterfaP4 IE™rhyd theRbai! &f the BmBbdifRpEsIFI6L ONS.
Second spacer elenents 374 are formed on the first spacer elenents 372 and

ecp souscas g haifaians, A8 ARG B Rl A a0l AR
device B?s&llsrslgd fove Ivvfit_h respect to other embodiments of the invention.
[0056] A gate electrode 470 has been formed over a channel region 480 of the structure. In
the embodiment of FIG. 14, the gate electrode 470 is formed from polysilicon. Other materials
are also useful. First spacer elements 472 have been formed on sidewalls of the gate electrode
470 and a capping layer 473 provided over the gate electrode 470. In the embodiment of FIG.
14, the first spacer elements 472 and capping layer 473 are formed from silicon nitride. Other
materials are also useful.
[0057] Implant regions 432 have been formed in the substrate 402 below source and drain
regions of the structure by implantation of an implant medium as described above with respect to
other embodiments. The capping layer 473 and first spacer elements 472 mask the channel
region 480 of the substrate 402 from the implant medium in a similar manner to the mask
member 350 of the embodiment of FIG. 10.
[0058] FIG. 15 shows the structure 400 of FIG. 14 following a process of annealing the
structure 400 to form barrier regions 435 each comprising a plurality of cavities 434. Implant
conditions are optimised such that the barrier regions 435 are formed below regions of the

substrate where respective source and drain regions are to be formed.
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aligned diffusion harrier 335 bel ow the channel region 380 of the structure
that is provided by the presence of cavities 334 in the substrate. The
cavities 334 may also be referred to as 'Inierocavities' 334. As can be
seen fromFI G 13, the diffusion bather 335 has been formed bel ow t he

channel [¢089] on [B&{1 B¢ appreédpddth&arpesReIBH bNSHUER b ataiPiodNREmPRRLY bens of
the deep source and drain regions 384, 364. [0055]FIG 14 shows a structure

400 havy%ﬁgp%gfo% & A2 forkk w&ftﬁg g?rprglga %&ﬁs #08 ﬁ,m% Ele?ﬁéen%ﬁéﬁ“isa | ayer

of a gate ectric material 410 ereover nt of
FIG 14 dielectric mater S, Si O her

i of ect Mircopaans nrEdcEal dfu R Shp et Saspiitn 8 el iitedBaSoect 1o
ot her enbodi nents of the invention. [0056] A gate el ectrode 470 has been.

formed RAP] a dndisuerbodiprsaf HEH 161 the fraplartragergyisein thgywapgroldiae aiopah ekt

FIG 14, the gate electrode 470 is formed frompolvsilicon. Qther materials
are al stp arsefdi] 00kBY dspenspracpon dleatvptit te which thaveirdremd dion netbnearegb tewal | s of
the gate el ectrode 470 and a capping | ayer 473 provi ded over the gate

el ect r oti@nddQat aidosd br@maadil 08 né aotind5:G0"°t4%. t he first spacer el enents 472
and capping layer 473 are fornmed fromsilicon nitride. Clher materials are

al so usejgsh [ Q98714 £H2>|w%'i‘1§e §tﬁﬂtu9@§0(f‘3f2FIﬂaY§fo@l% i §f g&@ tlﬁ?QSt rate

402 bel ow source and drain regions of the struc nt atron el an

i mpl ant m crlbed a t h resp

capo: o AP BB GIRSE LREE A0 En bl GRORE A eI RSO s iond 50
of the substrate 402 fromt nt rredl umin a S|mlar manner to th.e
mask e ST ANty %%Veé%égftﬁemer mﬁméa“%olmrﬁ%@sﬂnmf@dowt SHediken 1siken

structure 400 of FiG 14 follow ng a process of annealine the structure 400
t o for nPyMFIcd to fasgi dsar suBS: adchiain oegesiBAGto4- plurality of ca es 434.

| npl ant conditions are optimsed such that the barrier regions 435 are
forned PpEI6dIv r dgicobsdiafentshud tistibsdntiah én whieh EETelepieed irv forsedrtaedanadt dr ai n
regions are to be fornmed. fO00591It will be appreciated that inplantation

of sour gRdARCuRE HrACRaRE aAd 8RF KEY rd3fonp eRd @éegﬁ&lrb@arm&a@rre Asghayf g ALt | on
of the barrier regions 435. In the enbodinent of FIG 1.5, e source and

50 AR A58 Tl b 0
fromar Pn%ﬁl%mz #I%MC case of formation of a PFET device.
[0063] It is understood that various embodiments of diffusion barriers can be combined, such
as any two or more embodiments. For example, a diffusion barrier below the channel (as shown
in FIG. 13) can be combined with diffusion barriers below the source/drain regions (as shown in
FIG. 15) or the diffusion barrier below the channel can be combined with the diffusion barrier in
the substrate below the transistor (as shown in FIG. 9). Furthermore, these embodiments can be
combined with the barrier in a portion of the gate electrode (as shown in FIG. 3). The
implantation can be performed by separate processes while the annealing can be combined.
Other process sequences or combinations are also useful.
[0064] Some embodiments of the invention have the advantage that electrical properties of
transistor devices of an integrated circuit structure are improved relative to integrated circuit

structures not having diffusion barriers according to one or more embodiments of the invention.
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to around 100keV dependi ng upon the depth to which the source and drain
regions are to be formed, at a dose of around |x1013 to around fix |

0/ 5cM2. 100611FI G 16 shows the structure 400 of FIG 15 following a
process of inplanting a dopant nediumto form source and drain halo regions
482, 4627 hisak hidesdinpart leeamt irnsdnef ensREaHeht S PRBEInvEeARINRA tafofdid OV @Esidd ey i r st
spacer elenents 472. Inplantation of a dopant nediumis then perforned to

form de@p,s@uoRaR @Rtod Rbidn bEIHONS: d8%uréB%nohE0RZLN R 5%8%91‘&1&1“82%%109{ the

invention in which EFT devices are forned, the dopant nmedi um to form

source rai-n_hal o regions and de soprce and drain regi qns _nay, be an.
oty pe Tsht e B P R s Pt Ph e OReSp LB B iR g &
p-type dopant nmedium.in the case of formation of a PEET device. [0063]It is
under st oS RaAAFIRERNS 08 RSIURTHE HP'SCXARPH CPIRTIURE Ky FUPRISER NSeNTonbi ned.
such as any two or nore enbodi nents. For exanple, a diffusion barrier bel ow
t he chanmeludingdus heplimitad t6, @nd 3)ot owendpé taclendlersdioMiexdlud dthersnantidsar t - ker s
bel ow t he source/drain regions (as shown in FIG 15) or the diffusion

barri er abditios, tdreponbanielegaanr hepsconbi ned. with the diffusion barrier in
the substrate bel ow the transistor (as shown in FIG 9). Furthernore, these

enmbodi ”g(m@] canRsughoithe G@sc%ﬁ%)ﬁ(hx 4nQ1HA5 bf @fs shBoiBcBh ! thORnBlilar éﬂ%oﬁﬁ@s@es

el ectrode (as shown in FIG The i nplantation can be peFformed

separ at i . onhi ned.. her _proces
sequenc Znseofgl?ﬁg%ﬂ%? ﬁ%l{]‘%og %é { %ﬁ%@%?g&%%gf Wﬁ%&%ﬂ‘?@%ﬁ%&%@g& ﬁ%’em%tc% of' getdb . e
i nventign have the.advantage that cproperties of trapsistor devices of an
| nt ogr alBEPES PR SSP AP aoa? & rarbe anaalialiyygs Wel 5 Hpgileny: wirs g
structures not having diffusion bathers according to one or nore

enbodi mEPRIEXIEEAUFSES PGRYiIEG- on. This is at least in part because in some
enbodi nents of the invention an anount of diffusion of /infant atons from
one regil@®7pf edewiscategersuod oheadtaisanoddsetbedagcanuicsios withtagntticalary
reduced. 00651Throughout the description and clains of this specification,

t he wor dspece empsdiseiit @rfamplent delnveatith ¥t B Ldsst&dd th Be apRlicasle td Ay exanpl e
"conprising" and "conprises” neans "including but not limted to", and is

not i nt gadedt LanfdiHaaS:r BONpISYGLHIR LR tnlR 8L dSuib R L VES

conponents, Integers or steps.

[0068] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention described herein. Scope
of the invention is thus indicated by the appended claims, rather than by the foregoing
description, and all changes that come within the meaning and range of equivalency of the claims

are intended to be embraced therein.
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What is claimed is:

CLAIMS

1. A method of forming a device comprising:

providing a structure having first and second regions, wherein providing the structure
comprises forming a gate electrode layer on a substrate;

forming a diffusion barrier between at least a portion of the first and second regions,
wherein the diffusion barrier comprises cavities which reduce diffusion of elements between

the first and second regions, and the diffusion barrier is formed in the gate electrode layer.

2. The method of claim 1 wherein forming the diffusion barrier comprises:

providing a mask on top of the structure, the mask shields at least the portion of the
first and second regions;

implanting dopants in regions not covered by the mask to form an implant region; and

annealing the implant region to form the cavities.

3. The method of claim 2 wherein providing the mask comprises forming the mask

directly on the structure.

4. A method of forming a device comprising:

providing a structure having first and second regions, wherein the structure comprises
a gate electrode layer on a substrate; and

forming a diffusion barrier in the gate electrode layer between at least first and second
regions of the gate electrode layer, wherein the diffusion barrier comprises cavities which

reduce diffusion of elements between the first and second regions.
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5. The method of claim 4 wherein forming the diffusion barrier comprises:

providing a mask on top of the structure, the mask shields at least the portion of the
first and second regions;

implanting dopants in regions not covered by the mask to form an implant region; and

annealing the implant region to form the cavities.

6. The method of claim 5 wherein providing the mask comprises forming the mask

directly on the structure.

7. The method of claim 4 wherein the first and second regions of the gate electrode layer

is disposed along a length of the gate electrode layer.
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