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Background of the Invention Field of the Invention The invention relates to
met al - owigdAsses93i conductor field effect transistors ( MOSETE3g0RREHeOr €
particularly to transistor structures having partially isolated
sourceldrain junctions. and nethods of maki ng sanme. Background The trend
of integrating nore functions on a single substrate while operating at ever
hi gher frequencies has existed in the sem conductor industry for many
years. These higher operating frequencies are generally nmade possible by

advances i egﬁﬁl Ow E:ﬁ}gml ?gﬂk desi gn
and archi tg_g?gb&ﬁ%}ﬁa gi ﬂﬁﬂ 9 g@ﬁ‘?@é@ihnol ogy
that lead to NCTIONS AN M B ated to

i nprovenents in the el ect r| cal characteri stl CS of circuit elenments, such
as transistors and capacitors, and the structures used to interconnect the
various circuit elenments. Mire particularly, one way to realize gains in

the operating frequency clegd&relihaldréfie Mvdrtigiprated circuits includes
reduci ng parasitic Capacitance.” Parasitic capacitance tends to sl ow down

t he oper, tloq of |nt? rated circuits because nore current is required to
charge Me parasitic capacitors and therefore nore tine is
required to dhevipv¥alib@vslatdd fidetdofgde kBmitMIHES fi@d efRictage. A

signi ficant amount of Etpar asitic capacitance in integrated circuits exists
in the ]ttmmat@m (Mp&EHTa) cadomeoe pattedlady to fraasidtosfstretures havgigst or s
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Background
The trend of integrating more functions on a single substrate while

operating at ever higher frequencies has existed in the semiconductor industry
for many years. These higher operating frequencies are generally made
possible by advances in both semiconductor manufacturing and digital
systems design and architecture.

Improvements in semiconductor manufacturing technology that lead to
improved operating frequencies are generally related to improvements in the
electrical characteristics of circuit elements, such as transistors and
capacitors, and the structures used to interconnect the various circuit -
elements.

More particularly, one way to realize gains in the operating frequency
characteristics of integrated circuits includes reducing parasitic capacitancs.

- Parasitic capacitance tends to slow down the opearation of integratad circuits
becauss maorg current is required o charge and discharge (he parasilic
capacitors and therefore more time is required 1o drive various circuit nodes to
the desired voltage. A significant amount of parasitic capacitance in integrated
circuits exists in the junction capacitance associated with field effect

transistors typically found on an integrated circuit.



What is needed is a field effect transistor structure having source/1d]rﬁ]§1mm
termnals wth reduced junction capacitance. Wat is further needed i's

nmet hod of manufacturing such a structure. Sunmary of the Invention Briefly,
a m croeloantwsadi ¢ structure includes at | east one sour cePdr/&@bw/42¢®r m nal of
a first conductivity type that is partially isolated froma region of

sem conductor material of a second conductivity type. In a further aspect
of the invention, a process for formng a mcroelectronic structure having
at |l east one sourceldrain termnal of a first conductivity type that is
partially isolated froma region of sem conductor material of a second
conductivity Wb@blsl needribls a dield aljeat ranwsior sHuchge Having sawee/d8iMi ng a

pack- 11 PTG eefiEsq BrkGeh chbeliiohds by Bhel REe b T 82T ot i on

of the Q;Qwoagﬁ rﬁggufalgmmgasgghgnﬁ?ugufé oss-section of a conventional
MOSFET. Fig_ Is a schematic cross-section show ng the structure of a

partially corrpl eted MOSFET with recesses fornmed adjacent to the sidewall
spacers and nitrogen inpl aBwdnmarywofithe lheettoom porti on of the recesses.
Fig. 3 is a schematic, cross-section showi ng the structure of Fig. 2, after

a Sle' ective Siiatyon @rﬁfoc@fskrﬁmce#%@}arequweﬁ ) leaphane SONERRIETARG | he
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adj acentsehﬁcémcﬁoﬂmméﬂmmaa:ségonmadnauctumrtymtri de formed over the
bott om and side surfaces of the recesses. Fig is a schematic

cross- sect i ofn éhiohes aspeckeh hetinventsn. @ grocgss é@rtf@Fm'QQna et ching operation
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material of a second conductivity type includes forming a recess having a
surface, forming a dielectric material over a portion of the surface of the

recess, and back-filling the recess to form a source/drain terminal.

Brief Description of the Drawings

Fig. 1 is a schematic cross-section of a conventional MOSFET.

Fig. 2 is a schematic cross-section showing the structure of a partially
completed MOSFET with recesses formed adjacent to the sidewall spacers
and nitrogen implanted into the bottom portion of the recesses. .

Fig. 3 is a schematic cross-section showing the structure of Fig. 2, after
a selective silicon epi formation operation fills the recesses and the implanted
nitrogen has been annealed.

Fig. 4 is a schematic cross-section showing the structure of a partially
completed MOSFET with recesses formed adjacent to the sidewall spacers
and silicon nitride formed over the bottam and side surfaces of the recesses.

Fig. b is a schematic cross-section showing the structure of Fig. 4, after
an etching operation removes silicon nitride from side surface of the recesses.

Fig. 6 is a schematic cress-section showing the structure of Fig. 3, after
back-filling of the recesses.



Fig. 7 is a schematic cross-section showing the structure of Fig. 6 aJLfNelr[]l]
excess silicon nitride is renoved fromthe MOSFET structure. Detailcl.c] J
Description Overview Conventional sourceldrain junction formation is

acconpl wghgdkokyt one or nore ion inplantation operationspdhasooaseegeneral |y
self-aligned to the gate electrode, or alternatively, aligned to sidewall
spacers that are adjacent to the gate electrode. In such a process, ions
of a first conductivity type (p- or n-) are inplanted into a sem conductor
material of -a second conductivity type (n- or p- ).A capacitance between
the two nodes represented by the different conductivity types arises at

t hei r juncti dngands iasschefmatet ¢roas-clectioe shiostng die siectucke pf étg'.(ﬁ:l aftegi on

formed at the junction. .The wi dth of th ion region my be affected
by var i GHSeESMONAHEYe RGN 4B MOSHETSUEU&e "ot v al's used.
the concentrations of those materials, an externally supplied voltage, if

any, applied across the junCtiﬁ’é}a;|%Bq).§50r ion N typical circuit
applications these capacitances are undesirable and are often referred to

as parasitic_capacitances. In order to reduce the parasitic junction
capaci tgﬁv—%ﬂe rious structures have been used wherein the source/drain
material is formed on an insulating |ayer, such as silicon dioxide. A
di sadvant age (e@nvarntiengt padiceldsin BINcHan fermagtionénaseamplishatiby #nér@ate a

conpi et 10/ b ElaR o e I el 278 Hupelally 6 RANARS ICHDBRE wene s o
the presgedtrddyy Drtdi@indiey, dgigaatttbalidéwall ebhedrsahat fre agigveslodthai n

termnal fromthe well (or bulk sem conductor) while |eaving the channel
regi on, gate electiesiendansuchraprasess eloastafiachiist gordugiviiy tre trhérwel 8¢ or bul k

e ST e M R Ny S
layer, SuQcagacifaiceHRWRER the itvbGRIHeR! febtékantadd by tHAMifRREAt VO 01/ 50535
conductivity types arises at their junction and is a function of the width of the
depletion region formed at the junction. The width of the depletion region may

be affected by various conditions including but not limited to, the materials
used, the concentrations of those materials, an externally supplied voltage, if
any, applied across the junction, and so on. In typical circuit applications these
capacitances are undesirable and are often referred to as parasitic

capacitances.

In order to reduce the parasitic junction capacitance, various structures
have been used wherein the source/drain material is formed on an insulating
layer, such as silicon dioxide. A disadvantage of such structures is that they
generally tend to create a floating body terminal in a MOSFET because the

channe! region is completely isolated from the well (or bulk semiconductor).

Embodiments of the present invention provide partial isolation of the
source/drain terminal from the well {or buik semiconductor) while leaving the
channel region, i.e., the body terminal, electrically coupled to the well {or bulk

semiconductor) rather than floating.

More particularly, source/drain terminals in accordance with the present

invention inciude a dielectric layer, such as, for example, silicon nitride,
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di sposed between a portion of the source/drain termnal and the well 7 qJy 2004
bul k sem conductor). In one illustrative enbodi nent of a process in
accordance wth the present invention, at |east one recess having a
surface weo oiseased in a substrate, self-aligned to a gat eweohuorie,
nitrogen is inplanted, self-aligned to the gate electrode, into a portion
of the surface of the recess, an epitaxial silicon layer is then fornmed to
back-fill the recess and a high tenperature anneal is performed. In an
alternative illustrative enbodi ment of a process in accordance with the
present invention, at |east one recess having a bottom surface and a side
surface RISPOSPHEPIYERN-HPPHIRUOL hieasuee/dspiacerming aadsihei welh (ombylki de

| ayer is I the. to . Sl . of ate el ectrode and over the
bot t om 2 QBT orss Ry ley & Bibadiph{ R ST Befe M 68N eBRRg thi cker
and dengsh tAB grBseROIvemisHr 4taeast Had rétbssNtavingl@ SUHAGRCR, fofiBd M tri de is
renmoved fromat |east the side surface of the recess thereby exposing a

portion sbbsthate, selistligacd, toam gate elashiodenditoigen |sayeplanted| selfedigertendi ng

| at eral | utward , fromthe exposed sjde surface to back-fill, the recess.
It shoul %’ g’? %%&'EP{EB 2 '”F%Qt’j%ﬁ'cf%if}ﬁ 1f1irge PLbEEEPYS hBREHRht s above
are descki; i trd 1 i i - -8l saligned to
the gat o hPa |aEra8TAER fodHed 1 bACK AL T ORS Bhi AMighOL s gl

sel f - al i gneealtio rxirttewedd. bpac elterndtivehilasteativeoembobimerstedl @agdramesstint o t he
gate el ectrode of a %FET. Ter m nol ogg The termns, chig,_ i nt egr at ed

ci rcui t, SRERTEPNERVATHER BEESCOEINVERHANCRLICASHRDE FECEFS RaYipg ehettom

m croel e i i I d..SA A t ; ions are
of Len uesa 88 Sndt ek RirsQROFHen AitaidiBd & o Biiedfc PLfedH

appl i cabhirid®ajdr i$ fermedabueerathettbp\anar sidge oétied futeupidetrstio@ndioverhie fi el d.
Epi taxi a] |ayer rg]l‘cg)s to a Ifa er of single crystal sem conductor naterial.

The t er nPoYReand siqeopdatessehde ergsamii il Hlidrsyer ReiRotiEtPs aRken
naul ateq Bate e PORENT SRS 1R, BB BRI il e T BRSS ORIy ex
of transirstroat leilastthd sdielsOrfHdy Qe recess thereby exposing a portion of the

substrate, and an semiconductor layer is formed extending laterally outward

from the exposed side surface to back-fill the recess. It should be understood,

that although the illustrative embodiments above are described in connection

with various operations being self-aligned to the gate electrode, this should

also be taken to include being self-aligned to sidewall spacers which are

commonly used adjacent to the gate electrode of a MOSFET.

Terminology

The terms, chip, integrated circuit, monolithic device, semiconductor
device or component, microelectronic device or component, and similar terms
and expressions are often used interchangeably in this field. The present
invention is applicable to all the above as they are generally understood in the
field.

Epitaxial layer refers to a fayer of single crystal semiconductor material.

The term “gate” is context sensitive and can be used in two ways when
describing integrated circuits. As used herein, gate refers to the insulated gate

termina! of a three terminal FET when used in the context of transistor circuit
q



WO 01/50535 PCT/ US00/ 42279 configuration, and refers to a circuit fdr7 jun 700
realizing an arbitrary logical function when used in the context of

| ogic gate. A FET can be viewed as a four termnal device when the

sem conduxrtigosisody i s considered. Polycrystalline silicopCT/#S@&/nompor ous
formof silicon often formed by chem cal vapor deposition froma silicon
source gas, or other nethods, and has a structure that contains
crystallites or donmains with [arge-angle grain boundaries, twn

boundaries, or both. Polycrystalline silicon is often referred to in this

field as polysilicon, or sonetines pore sinply as Saur cel drai n
termi nal%o"gﬁf‘éfft'qrb anskrefeeripmariEcst foh r?@li'”%éﬂv@réﬁr%)(%ca Idenetiftt i on occurs

under t Rend DLLUENT T LoRBxPHES diE oblce! A PRI BUSMWES AbhProu NV er sion of

t he sem conductor surface un nfl uencé of "an"elec eld

resul ti ngrrhinaindevice whea tapenidohdudtbeboay és tensidapdd. Source/ drain
termnals are typically formed in a sem conductor substrate and have a

conduct i vity @rys(éllu‘?e silBohYP® Mngbrby P Frrit RAGIIcEN e rORRARLIS, of the
conductivity type“of the substrate. Sonetinmes, source/drain terrfinals are

r ef er r eccheonias! yapart depssitioGioer al diygort MJrsetgaﬁe aruthelr aiethods, randal s ar e

fabricated su h that, the I trical symmetrical our cel drain
t er mi nal"@S@y r“ﬁ@l"’ﬁd@%?é@%én%ﬁg’ rIEtGﬁ'é:frl aings\with équpoarggie %P8, Whl ch are

shal | owgy, uwaaﬁegt tPc(Sledhe ChBF beHe Pﬁ%h%?élﬂﬁé'slﬂ@ﬂrug‘dﬁ%h%f%

typically exten annel regl'o romthe maln port I on
of the s:mmmse‘leldasnpblgsrhrmaj or Yémetigesmbre sihply aspowyetrical source and
drain termnals it is cormmon to sinply refer to these termnals as

sour ce/ dr ai n SRIBLRREM teMMhAIS irsfeR GBS LR in&lsi oY dJFqu Bva@ééh whl%‘hS' gners
often designate a particular sourceldrain termnal to be a "source" or a

"drai n" condupkongscyrolindercthecnflugreea of ae ed@mncélald subsaquertrtidithal when the
FET is oeratedft a circuit.. Subsirate her e rs.tq the

physi caltHFER of ey sPDiogupier sirags ufsiel dne ience 4 BREIRIEE, Do i ous
process rgp@tiakifRRe 4 Ub@a$$@pﬁﬁd (Sthe gh@@%ﬁﬁir ®YrceRMAihAdFAnbRN. A

substrate may also be referred to as a wafer.
are typically formed in a semiconductor substrate and have a conductivity type
(i.e., p-type or n-type) that is the opposite of the conductivity type of the
substrate. Sometimes, source/drain terminals are referred to as junctions.
Generally, the source and drain terminals are fabricated such that they are
geometrically symmetrical. Source/drain terminals may inciude extensions,
sometimes referred to as tips, which are shallower than other portions of the
source/drain terminals. The tips typically extend toward the channe! region of a
FET, from the main portion of the source/drain terminal. With geometrically
symmetrical source and drain terminals it is common to simply refer to these
terminals as source/drain terminals, and this nomenclature is used herein.
Designers often designate a particular source/drain terminal to be a “source”

or a “drain” on the bacic of the voltage to be applied to that terminal when the

FET is operated in a circuit.

Substrate, as used herein, refers to the physical object that is the basic
workpiece that is transformed by various process operations into the desired

microelectronic configuration. A substrate may also be referred to as a walfer.
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sem conducti ng, non-sem conducting, or conbinations of sem conducting and
non- sem conducting materials. The termvertical, as used herein, neans
subst antw@bisosper pendi cul ar to the surface of a substrat eCTAS00/42279
cross-sectional view of a conventional FET is shown in Fig. 1. A gate

el ectrode 102 is disposed superjacent a gate dielectric layer 104, which in
turn is disposed superjacent a sem conductor substrate 101. Sidewal l
spacers 106 are disposed adjacent to the stack forned by gate dielectric
104 and gate electrode 102. Sourceldrain term nals 108 are di sposed,

adj acentWadersi graalr Maga cdrsemiogandpeng, B -SeeichOUUCpg HFfugh a variety of
material s nB%ﬁ?e usqd it is ﬁx@ic%} t o have sgbsﬁratetlollbe silicon,
gate di etYEPTALODELEeRICoRIUGENS N0 PP ESNICtUCNS [131808!S102 be

pol ysilicon, and sidewall spacers be an insulator such as silicon nitride
or silicon di bk drm sertigaly as gsed figrels. means substantially pRrPpRIcedalPed t hat

sour ce/ [ L nal are normally reversed biased with respect to
substraﬁ@gl@ﬁa%%%g\ag?ég " biased junctions act as voltage variable
capacitors since the width of the depletion region associated with a _
rever sed bi asRhikbRhdl Sicl bi'ACondEn@ind!lIET KOLAAWIE RIS Alagrd unction.

In addition to the capacitance associated with these junctions, there is
al so a |«akingge A2 isdispbsed sspergamenit at gatevdietectrielayeun84i siich Reltaei ng

both the itic | ti i t d redugj , - bi d
Junct | ors| Gakaed HPEUREeTicasenTeo NG CHBryarmtie Upuel sesca’ ' °¢

ddi t1 ongdd Yre BRIGEBHAUAILAILTOUSK BN 1y1GRARURINACNOL FBToAE Fi 0.

rt
1, are suscepti to al pcﬂea particle Induced 'soft errors. In operation,
char ge isecobtier 6 oBedrat/dtde tarapasist 108 whe disfcsefipadipdebl td hiddewall

rever sed- bi ased _saqurceldrain ju ion, Al pha particles fromthe | .

envi r onrgACef¥ éaﬁedf‘l%‘i‘ frl"‘fekéoj'-t %%QHBEtar‘égré‘?tyégéS?tﬁﬁa H?“@M@ﬁ Y368 dubst rat e
and genaraiing EAIIS5IostE 1AL SHSn el iRl 34 Bel SIBLAR dife_ char ged
source/draf’n junctions an affect the vdbltage at those nodes by changi ng

t he anouwilicef, gHterstelctedda 402 be polysilicon, and sidewall spacers be an

insulator such as silicon nitride or silicon dioxide.

Still referring to Fig. 1. it will be appreciated that source/drain terminals
108 are normally reversed biased with respect to substrate 101, The reversed
biased junctions act as voltage variable capacitors since the width of thg
depletion region associated with a reversed biased junction is a function of the
voltage across the junction. In addition to the capacitance associated with
these junctions, there is also a leakage current that is associated with the
junctions. Reducing both the parasitic junction capacitance and reducing the

reverse-biased junction leakage current icads to higher performance circuits.

Additionally, source/drain terminals 108 of the conventional FET of Fig.
1, are susceptible to alpha particle induced soft errars. In operation, charge is
often stored at the capacitor which is formed by the reversed-biased
source/drain junction. Alpha particles from the environment frequently strike
the substrate, passing through the substrate and generating carriers. The
carriers may then migrate towards the charged source/drain junctions and
affect the voltage at those nodes by changing the amount of stored charge.

This phenomenan (5 somatimas raferrad te “zapping”. Ag seurce/drain
il



Thi s phenonenon is sonetinmes referred to "zapping". As source/drain B7 I 7004
JUN 2006 WO 01/50535 PCT/ US00/ 42279 term nals 108 are reduced in size by
manuf acturers to increase integration density, the smaller sourceldrain
term nab& ar®sabl e to store correspondingly | ess chargepandseaye2idherefore
correspondi ngly nore susceptible to the effects of zapping. Protecting

t hese nodes from zapping by isolating themfrom al pha particle induced
carriers is desirable. Referring to Figs. 2-3, a first illustrative

enbodi nent of the present invention is described. As shown in Fig. 2, a
wafer is processed in known ways to formone or nore regions of

seni condﬁg'ﬂtﬂa’?rﬂpérﬁrﬁl regigeed do Iskacebly Hlanuaciuresy toriepreasesotegration ( STI)

structur 0 ' € p.c | aye Is formed on the surface
of seni chezn u t%q%ng{agkfgga%g#ag’ﬁ%@b@&%éoé%lg‘ggzst&:ﬁ 88?"8§%?J£§%‘5erj acent
gate di dbssthamyd anerardQhiercior bEeYRINdiRRIRTRER SMtabtBle ty M akasf or med
adj acent to the sidewall of gate electrode 202. In enbodinents of the

present AfEAPRINGNPreleginathespaedes rR0BzapRIng By isalating thatm frotmeglphaspacer s.

Mul ti -1 ayer. .spager.s,nay.have an.oxide |ayer formed from

tetraet %%‘FI?HB }"F?%é:tain?rﬁi' esérﬁélean overlying nitride layer forned from
bi s- (tertiarF¥ bu'{tﬁ/l am_no) silane (BTBAS). As further shown in Figs. 2 and
3, a barri e §/8y#Ng Wpkigss &3, adistdiiestrative arabodmad f the pgesentel ect r ode

et orr ot et BforRial s BTN BE0 A% W NRBRESBITRER 202, 204

may be avajd foclinmong iodendryRigiondofearalcondMctorinhaterial 2ot qsbiated'dy be used
that substantially prevents the polysilicon of gate el ectrode 202 from

bei ng etsGREEWIIRTHY 'S2!PiI0EcESH) spuecreoRd 10i whereie hate séejeekicdayera?as f or med
i e ial 201. E |.e: . i I 204 be, but
0 Sor FORHRLE b R e serhRna BB e RO b SO BB oy

Is not required an oxi ayer | ayer.

Barrier dr@feimed®4u Ma@éﬁlog%dﬂ@ disleelriccRybp 208, andGidewsitkHaRss. 20658Rs equent
to the formation of the gate el ectrode and STl structures described above,

t he sur feiealbs foseedeagiacentdo thatsidewal obgateslesteordri202elin-
embodiments of the present invention, sidewall spacers 206 are typically
multi-layer spacers. Multi-layer spacers may have an oxide layer formed from
tetraethylorthosilicate (TEOS) and an overlying nitride layer formed from bis-
(tertiary butylamino) silane (BTBAS). As further shown in Figs. 2 and 3, a
barrier layer 204 is formed over the top surface of gate electrode 202. Barrier
layer 204 may be an anti-reflective coating sometimes referred to as BARC
(bottom anti-reflective coating). Barrier layer 204 may be a silicon nitride layer,
however any suitable material may be used that substantially prevents the
polysilicon of gate electrode 202 from being etched during a process operation
in which recesses 212 are formed in semiconductor material 201. For
example, barrier layer 204 may be, but is not required to be, an oxide layer with
an overlying oxynitride layer. Barner layer 204 may also be referred to as a paly
hardmask.

Subsequent to the formation of the gate electrode and STI structures
described above, the surface of semiconductor matenal 201 is etched, self-
aligned to the gate electrode and sidewall spacers 50 as to form trenches. or
recesses 212, In the illustrative embodiment, substrate 201 is a silicon waler,

gate dielectric layer 208 is a silicon dioxide layer, and gate electrode 202 is
7



aligned to the gate el ectrode and sidewal| spacers so as to form trerichesn
or recesses 212. In the illustrative enbodi nent, substrate 201 is a
silicon wafer, gate dielectric layer 208 is a silicon dioxide |ayer, and
gate el QA95W&3202 is 7 1 7 JUN 2004 WD 01/ 0535 PCT/ USOCrap2z&f20rared from
polysilicon. Although gate dielectric layer 208 is typically a thin |ayer
of oxidized silicon, the thickness and chem cal make-up of this gate

i nsul ator layer may be varied within the scope of the invention. Recesses
212 are forned in the wafer at |ocations where the source/drain term nal s
of the EET w,l.| be |ocated., The recesses are forned t he ani sotropic

etch of PHREQLOM, P 'CQPCFA@WH@E?S‘? [RlgcHisniayer 3ﬁ§ ‘%M'C%Weﬁ BiRbly chosen
such thak,dher Sligh Hssllh%cﬂﬂ't%eStﬁ"cﬁﬁéésv%n@@ﬂe @zt Iévfyt yé&ges the vafer
)é wal | ect Ihe§

rat her than the SI spacers or the gae In the

i |1 ust r ahsnietoe tdogstimapthe vddedithirhihewaiope afahenﬂwe:mmn the gate dielectric
Is an oxide of silicon, the gate electrode is polysilicon and the side wall

spacers are ReidRBsm{z bﬁk@for@ﬁbcplraﬁ@wﬁﬁe@*btqmwds%ﬁe@% as a pressure
of 400 to 550 ml, a power of 250 to 350 Watt a plate spacing of 0.5 to 1

.cm a H@W¢&jdraﬂatteﬁmﬁal$00ft thelBBTswid be, Ioaat&dCl’Ehe resessaiseareffofied thy 200
sccm  Af rece re f eani ng operation is perfornmed on

t he reéé@?” 'P&’écegtsc% ge‘é’gpeémc%mé CE'&H" Wé‘@é(ﬁcﬂ‘é’ﬂﬂ%‘ ®h the present
i nvent | cmemmy%beeﬁ @cﬁl RAThEbh ,sm.@p%ﬁédn% a(Hcﬁ% asma et cher
such as those avail able from LAM Resear Cor p |t|ons for the
recess ﬂmﬁeﬁ:ﬁ\ec\h(em ratherithah dde sidepwel spaeeisnot the gatag:ﬂelet:trmayéro 300 ndr.

f 25 100 | at th f 0.8t
oL crin NGl ARy er@Badiatd. whkesn Bhe v ac'%%gemg%%ﬁn ACSES £l ow
rat e inidhg oi@é‘@?s%o%tﬁe"gé@eﬁﬁﬁ%e 'QQB%{“%?HO%‘(S{W‘%&{(E 3 |pressure is

apprOX| mately 250ml he power 1's appro ate spacing is
appr oxi spaeénss ark siGopn triteidee anl plasmat etch comaitions sadteby 4l pfessaeanof and t he

SF6 Tl 0‘91056} E1550 mTaa 61:9\5&”8} %H to 858 Watts a plate spacing of 0.5t0 1 cm, a

He flow rate of 50 to 150 sccm |, and Ci, flow rate of 100 to 200 sccm.

After the recesses are formed a cleaning operation is performed on the
recess surfaces. A recess surface clean in accordance with the present
invention may include a plasma etch in a parallel plate type plasma etcher
such as those available from LAM Research Corp. Plasma conditions for the
recess surface clean may include a pressure in the range of 200 to 300 mT.
power in the range of 25 to 100 W, a plate spacing in the range of 0.8 1o 1.5 .
cm, a He flow rate in the range of 200 to 350 sccm, and an SF6 flow rate in the
range of 25 to 100 sccm. In one embodiment, the pressure is approximately
250mT, the power is approximately 50W, the plate spacing is approximately
1.1cm, the He flow rate is approximately 150 scem, and the SFg flow rate is

approximately 50 scem.

Those skilled in the art and having the benefit of this disclosure will
recognize that the operations and structures shown and described herein, are
compatible with various field oxide isolation architectures. Examples of field

oxide isolation architectures include shallow trench isolation regions in a



Those skilled in the art and having the benefit of this disclosure wii N0
recogni ze that the operations and structures shown and described herein,
are conpatible with various field oxide isolation architectures. Exanpl es
of fielWOUHES i sol ation architectures include shal |l ow gegcpUshizsnel ati on
regions in a8 1 7 JUN 2004 WO 01/50535 PCT/ US00/ 42279 surface of a
substrate, and the ol der | ocal oxidation of silicon (LOCOS), which
typically formed non-planarized oxide isolation regions. Still referring to
Fig. 2, an N2 inplant operation is perforned into recesses 212,

and the sjdewal] spacers The N2

| f- |
?ripl aﬁt ':%5%;;8,[ &Sﬁ%sq?%}gi 5 ‘5%96’ grilgeal dationotsitieart (kQeEHg WG 5 x
1015 0 typikall itk RBA Hnarfill SRJENE o] gg@bﬂg from10 KeV to 20 KeV.

That is, gate electrode 204 and si ers 206 act as barriers to
the ion inplgpt ent tothe eration, the
wafer is g})é‘%ﬂer%?érﬂﬁﬁ%fﬁg ‘Ji';'? Blsr&‘pgﬁﬁﬂ Opﬁlr?t@rhﬁ? él‘ﬂc{ cl eani ng

oper at i eBceR¥esh1 2 acdi-aNgtbd Yo e Shfe ere)étr%é rzand fNet %@Wduv apergar bon may

be inplanted rat her than ni trogen.” In such ternative process, a
si i con TdgrNz uepllaayepewailorwas rhepically aamlledlca.ntvvltmatdmsesrahgt@ flomp®Kt i on of

th & Ref to Fi 212
bagksgr{1;&edpu€f(ﬁ mr{é‘énsggmzvgn%”l g)\g[qqlg%?g gPH{:ié S\%%ago |K§%r ?ﬂé’-’itr ecesses
are fillig é@é@lbcﬂfdde@&@ﬂﬁfsuﬁéwaﬁ%?y%%ﬁf?ﬁé 2%t aggﬂrﬁe.%rebsgf%'r pand takes

its crysta orientation fromthat o sem con ral 201 which
is foundﬂalantai@reamr@@enomem t@ i irhplanbbpeeathoditheniaferf ist he present

i nventi el ectiv akes place in a, reaction chanber,
such as%Qgﬁ”RgnW@’bém%ﬁ’ﬁb%‘g g‘}'{,ﬁ ff\tﬁﬁy o cleanipg peraionmayifer at ur e

bet weenaéRted By OO, gidipnan H2 carrier .gas with a flow rate between 10
and 40 slm a dichiorosilane (Si H2C 2) flowrate between 25 and 200 sccm

an HCl fl ow Iy ssur bet Torr and
200 Tarr, andﬂ%ﬁ-!sét}@% pt% (%th% ﬁ%& %%%3‘?’%@&@@%&@3[’91 BIF¥m i ISHC AE
enbodi rranecnamhe ptepess, ta Sificte Taeias Uaeriis formed as a dielectric to isolate a

portion of the source/drain terminal.

Referring to Fig. 3, recesses 212 are back-filied using a selective Si
deposition process, That is, the recesses are filled with siticon that is
substantially single crystal, and takes its crystal orientation from that of the
semiconductor material 201 which is found at the surface of recesses 212. In
one embodiment of the present invention, the selective Si deposition takes

place in a reaction chamber, such as an ASM Epsilon 2000 single wafer CVD -
reactor, at a temperature between 700°C and 900°C, with an H, carrier gas

with a flow rate between 10 and 40 sim, a dichlorosilane (SiH,Cly) flow rate
between 25 and 200 sccm, an HCI flow rate between 10 and 200 sccm, a
pressure between 5 Torr and 200 Torr, and a susceptor rotation of '
approximately 35 rpm. In one embodiment, the deposition temperature is
approximately 800°C, the H, carrier gas with a flow rate is approximately 20
slm, the SiH;Cl; flow rate is approximately 120 sccm, the HCI flow rate is
approximately 45 scem, the pressure is approximately 20 Torr, and a

deposition rate is achieved wherein a 1000 angstrom fiilm can be deposited in
approximately € minutes,



approxi mat el y 800C, the H2 carrier gas with a flowrate is approxi me|in 72f)
slm the SiH2C12 flowrate is approximately 120 sccm the HO flowrate is
approximately 45 sccm the pressure is approximately 20 Torr, and a

deposi t MOMOYHEE i s achi eved wherein a 1000 angstrom fi | nP€AASHE+1REPOSi t ed
in approximately 6 mnutes, 9 1 7 JUN 2004 WO 01/ 50537 PCT/ US00/ 12279
Subsequent to the selective Si deposition process, layer 204 is renoved,
typically by a wet etch. Subsequently, a high tenperature anneal is
performed, resulting in, anong other things, the formation of a silicon
nitride |ayer 215 below the source/drain termnals. O course, if carbon

rather than ﬁppﬁ%ﬂé@ﬂt\ﬁ&sthﬁrﬁ'%‘m‘(ﬁﬁi ARRRIO™D PEOGESSH tRYSE %p"sis! i con car bi de
ayer. Varhguss bRl BRANIGPREA! S 0BG JTRY Y DERidie R LAt AL igler 1o

formthe Vvariou nter connection and 1 ns ion typically found

on i nt egpeiensd, esuithg AN adrey BRidriRingabod foemiation dffe siiceaentridenventi on
is described in conjunction with Figs. 4-7. This enbodinent differs from
t hat desi@yepddsibelowdhaseureridiainiemigals. X08counset Hparpen father fan

i mpl anti ng _and anneal jng_ nitroge o farma_silicon pnitri I roo.a
deposi ti Bﬁrogggrvgﬁ ﬁﬁp|a§ﬁ’% r'%e&?%ég$ow%ﬁﬁ8\r/qeda sé{'cog‘i%r@'c()}r? [ﬁ'g'? Fi %?[Pgiz/er to
parti al | ytret Knaivd Spatatishd man it Bk paidriednh diger BURSHY Bleevadbushi ch t hey
are formed. More particularly, Fig. shows. a wafer which has been

pr ocesselgvels ahotarconyectian aod insination typigadlyrfegndon istegratad eoeuitsct or
material 201 isolated by shallow trench isolation structures 210, wherein
gate di el ectrAn digyeatidD8mibbdimentdf the pleseatiniveatonfis desaribedduct or

material 201, gate el ectrodes_202 are formed superjacent, gate  dielectric
ayer  208ONHABGN W 195 st o SIS BWbRLERHIHETY oM ERGIBEEM to t he

tort o AV PR AL THE S o R PRI Pl
Barrier td fyera dlidormiitride layenrd depesition bbeeatiomaisi prafatdd © brovade ai tri de,
however any suitable naterial may be used that substantial Ig/ prevents the
pol ysi | i sihgoppitride layer to partially isolate source/drain terminals from th

substrate in which they are formed. More particulany, Fig. 4 shows, a wafer

which has been processed in known ways to form one or more regions of

semiconductor material 201 isolated by shallow trench isolation structures

210, wherein gate dielectric layer 208 is formed on the surface of

semiconductor material 201, gate electrodes 202 are formed superjacent gate

dielectric layer 208, and sidewall spacers 206 are typically formed adjacent to

the vertical sidewalls of gate electrode 202. As further shown in Fig. 4, a

barrier layer 204 is formed over the top surface of gate electrode 202. Barrier

layer 204 may be an anti-reflective coating such silicon nitride, however any

suitable material may be used that substantially prevents the polysilicon of

gate electrode 202 from being etched durning a process operation in which

recesses 212 are formed in semiconductor material 201. Subsequent to the

formation of the gate electrode and STl structures described above, the

surface of semiconductor material 201 is etched, self-aligned to the gate

eiectrode and sidewall spacers so as to form trenches 212. In the illustrative

embodiment, substrate 201 is a silicon wafer, gate dielectric [ayer 208 is a

silicon dioxide layer. and gate electrode 202 15 formed from polysilicon.

10



gate el ectrode 202 from being etched during a process operation in whj EUIN 2004
recesses 212 are formed in sem conductor material 201. Subsequent to the
formati on of the gate el ectrode and STl structures described above, the

sur f acewofnigesasconduct or material 201 is etched, self-alrqgreshotiezthe gate

el ectrode and sidewall spacers so as to formtrenches 212. In the
illustrative enbodinent, substrate 201 is a silicon wafer, gate dielectric
| ayer 208 is a silicon dioxide |layer. and date el ectrode 202 is forned
from pol ysilicon, 10 1 7 JUN 2004 WD 01/50535 PCT/ US00/ 42279 Still

referring to Fig. 4, approximately 30-50nmof silicon nitride is
di recti onal | ﬁtﬂfefﬁé%ﬂ‘ﬂgdocﬁ)ﬂ{‘it ArPimately 80-50men RAFEECNINEINEdS ng t he

Sur 1 30 bctb PG er BB A 85,3408 B30kt fiB/Rlagpgeer s 206

and the top surfa bartier ayer usi chem cal

vapor depasd pi phtheRBp\ANd sitlh §ur¢9@é§bis.a@w<ap%rpateﬁmossah@ $hé o silicon
nitride layer 402 al ong the bottom portion of recess 212 and a silicon

ni tri de susfpee cid@rrien aygr 204 ¢sidg mmmacﬂﬂf@meé@é@m@alzvm t he side

f f d 206 h tride |
705 poC bRt BB C Ty, dBPSs PR STl Feritiin i sibah STRdR Ieksrsl oY s
process 42 ﬁ%ﬁﬁrtﬁ'é%ﬁom E)Brtkﬁ'\eof %&%@@12 EVERLiDdn ﬁtﬁHH Rﬂ/é'r Qgiscal |y

non-conformal hitride |ayer is deposited in a parallel plate direct plasm
react or ,almg:theasn;iefmnmenwfpbeesaﬂmp@rhd thee skt eirfamesofsidewsilapasetd. A

waf er ace ceram,c susceptor, . (i.e. he | gwer pl ate)
and RE B0e A5 Ehovaui o’ s Shrey @ﬂaeeﬂ%vem@plaéwc 86 Snlidsendtaon' pl at e.

The pl a%ﬁlg%ﬁ%tﬁgﬂ%gggeﬂ Jiloi h(?n e n%la%r Rac%@srimacf:%an%%%”‘tﬁe's in the

range o mrorr , erature is in the range of 250C to
350C, t ipees¥ntjovenmtiars a mdrpbollogumlyaiorﬁcﬁrﬁonnal)niﬁndﬁ Gyizr it lepSsiteld f | ow
rate is.in the ra 1to 05 scc the NH3 flowragte is in the
range &1 SpArale R @-5%% aﬂa’atrﬁ@cr@z PUGhF e cxemRies #e APIEE of 2 to 6
scem | w@ﬁa[sefﬂmfa.aﬁ%bpot "8 (PAEL S5 BRREIM b S BRI LRI cysds%egga the
pressure 1S approxi mate orr e tenperature I's approxi hat el
275C, t ljie=.Rbhe tmwmrpleht&) apper’;R ipmetes| (1 3GRAMHYY isrdaliveted 18 &l uppengast e i s
approxi mately 0.02

distribCtion piate. The plate spacing is in the range of 6 to 15 mm, the

pressure is in the range of 500 to 1500 mTorr, the temperature is in the range
of 250°C to 350°C, the RF power is in the range of 0.02 to 0.5 W/em?, the SiH,

flow rate is in the range of 0.01 to 0.05 sccm, the NH, flow rate is in the range
of 0.1 to 0.3 sccm, and the N, flow rate is in the range of 2 to 6 sccm. In one

embodiment, the plate spacing is approximately 12 mm, the pressure is
approximately 700 mTorr, the temperature is approximately 275°C, the RF

power is approximately 0.16 W/cm?2, the SiH, flow rate is approximately 0.02
scocm, the NH, flow rate is approximately 0.2 sccm, and the N, flow rate is
approximately 3 sccm. A nominal nitride layer thickness of 500 angstroms is

used in one embodiment of the present invention.

Referring to Fig. 5, it can be seen silicon nitride 403 has been removed
from the side portion of recesses 212 and the side of sidewall spacer 206,
while silicon nitride 402 remains along the bottom surface of recess 212.
Silicon nitride 403 1s typically removed by etching in tnmix for approximately 2

minutes. This permits the removal of nitnde 403 while still leaving between

11



sccm the NH3 flow rate is approximately 0.2 sccm and the N2 flow rlat ¢UN 2004
approximately 3 sccm A nominal nitride |ayer thickness of 500 angstrons is
used i n_one enbodi nent of the present invention. Referring to Fig. 5, it

can be YN con nitride 403 has been removed from t RETAKeE2PDY ti on of
recesses 212 and the side of sidewall spacer 206, while silicon nitride
402 remains along the bottom surface of recess 212. Silicon nitride 403 is
typically renoved by etching in trimx for approximately 2 mnutes. This
permts the renoval of nitride 403 while still |eaving between 11 17 JUN

2004 W | 4227 iyt el y,20nm to 30nm of nitride 402
on the. BT ST aRel; 200 R 67 3R s Ps fnd gHAR aewOPeRrRTx. ¢ he
waf er i 212, eroiesvingithe @il FOfimiRFhedhdfeatis BleatiRdasitt 9 s%%p%ﬁgdyﬁétcﬁi de

portion of recess 212 for selective silicon deposition. I de portion
of rece$HeaS I preparedbe sitr ppdinn ohragess 210 far saibstegusiidcon dppositiban i n
whi ch r SS: .S back-fil . Referring to Fig. 6, recesses 212 are
back 11 BRI oh & 38665es:¢ T2 ash aschpuCieion S8/ar 2ssbseRent s gr own
| at eral I@@Mdﬁfﬂﬂﬂ&ﬂéd&s&é%?@&éaﬂﬂ% recess 212. This lateral
formati on produces source/drain reglons % that are partially isolated

fromthe sub i | Ll Laver ., Typi cal ._source/drain
regi ons 408 ziféefébﬁ‘li%bdpyf Bﬁ(rplg%é;;ges Ss"ldﬁ g(r)%_%arfﬁ%ﬁgdgﬁﬁ ?é&*‘%ﬁ%’"ﬁkﬁéhcc’é‘rt and
havi ng depobiioafiayend0s st idigrelasttealy blivigareshahe sidipodidnesmat i ve
enbodi nents of the present invention may include the formation of

sour ce/ BPERST £84i Jius kgral fatmatign peodudeasesoyrceidsainaiegionsy4@8 deateardi ng on

th i i lective sili ition. Fig. 7

shoust RET S FR1etf B Siberiafe B Gicon Bindie 8 4UR BReab: <i 1 con

ni tri desd0&edhain yedipnt 08 ape fiiar6f eﬁdéﬂ;@@%bbnsmﬁ%%ss@l% irffie silicon
e

nitride 402 overlying the toP surface of barrier layer 204 have en
r enoved apyard baving.thadanefit of thie disthesurei will ipprediatebtinat mtterriativer 204 i s

A 50 ¢ hBHGHER b B HBeRH AR TR mdf SIS the Wimatdh of * 111 S point the
source/drain regions 408 that may be either p-type or n-type depending on the

gas mixtures used during the selective silicon deposition.

Fig. 7 shows the structure of Fig. 6, after the remaining portions of
silicon nitride 403 overlying the top surface of sidewall spacers 206, and
silicon nitride 402 overlying the top surface of barrier layer 204 have been
removed by etching. As is further shown in Fig. 7, barrier layer 204 is also
removed from the top surface of gate electrode 202. At this point the structure
of Fig. 7, may be subjected to conventional processing steps such as, for
example, the formation silicides on the exposed surfaces of the source/drains

and gate electrode,

Thase skilled in the art and having the benefit of this disclosure will
recognize that the operations and structures disclosed above are applicable to
the formation of both n-channei FETs (NFETs) and p-channe!l FETs (PFETs).
NFETs and PFETs are structurally similar, however the relative placement of p-
type and n-type dopants is different. Thatis, a PFET includes p-type
source/drain terminals in an n-type body, and an NFET includes n-type

source/drain terminals in a p-tyne body.
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of Fig. 7, may be subjected to conventional processing steps such as,7 fiN 70
exanple, the formation silicides on the exposed surfaces of the
source/drains and gate el ectrode. Those skilled in the art and having the
benef it vad ot/40535 di scl osure will recognize that the oper BETHREV/BAY
structures disclosed above are applicable to the formation of both
n-channel FETs (NFETs) and p-channel FETs (PFETs). NFETs and PFETs are
structurally simlar, however the relative placenent of p- type and n-type
dopants is different. That is, a PFET includes p-type sourceldrain
termnals in an n-type body, and an NFET includes n-type sourceldrain
termnals in a p-type body. 1 1 7 JUN 2006 WO 01/50535 PCT/ USQQ 42279

Concl usiegncﬁgﬁ)&qi ments of the present invention provide mcroel ectronic
structures such as, for exanple, FETs with sourceldrain termnals partially

i sol ated fronEfitedivabhts of theuplessetirnemndoot mroyidenmignpelrctrael are f or ned.

Furt her enbodi nents of the present invention provide nethods pf
nmanuf act%lflﬁqigf%%whs@ﬁu@ilﬁ?‘é‘é‘?piﬁEﬁgTédﬁ‘ga?PH&pq,% ‘ feé MRS rﬁ?”’f on incl ude

back-fil ,laﬁf!%%? Eﬁr"?‘f h'gé ?erﬂ (ot f)&lm Q@vlrﬁ‘tonldﬂcﬂﬂf irPUPRN t'ﬁ%gtaretfﬁﬁnéi@m ng

concentr our’ce/drain termnals can be Controlled by

cont r ol | Fpanéhembagirmkiisusfahet grepenainveatiomptovipe esatbods dfn a reaction
chanber. Formation of the sourceldrain termnals in this way also provides
i ncr easetangfagtaring suchesttyrdesfsl budget of the manufacturing process, since
a high tenperature operation is not required to activate the dopants, or
to thermal |y FBETdidrhbsayingahdapesest innectiomedige paek-fited spurgaidrain

sourceldrain term nals. An advanta of particular e i .t he
present (GRFEIRIFoANIGNE RALOAREPTY it“i‘g?oﬂﬂ%ﬁ??%??rgrfﬁggiﬁﬁge@gééfg%eed. An
further adygnlage ofe Eéﬁ&bﬁéﬁ By OmRetingERksy# nlikereonempatatury,eatd on s
t hat charge Ieakage pathways bétween a~sourceldrain termnal and the
pressure, in a reaction chamber. Formation of the source/drain terminals in
this way also provides increased margin for the thermal budget of the
manufacturing process, since a high temperature operation is not required to
activate the dopants, or to thermally in-diffuse the dopants into the tip portion of

the source/drain terminals.

An advantage of particular embodiments of the present invention is that

parasitic junction capacitance is reduced.

An further advantage of particular embodiments of the present invention

is that charge leakage pathways between a source/drain terminal and the .

substrate are reduced.

A still further advantage of particular embodiments of the present
invention is that source/drain terminals are provided with a measure of

shielding from carriers generated by events such as alpha particle strikes.

it will be understood by those skilled in the art having the benefit of this
disclosure that many design choices are possible within the scope of the
present invention. For example, structural parameters, including but not
limited to, gate insulator thickness, gate insulator materials, gate electrode
thickness, sidewall spacer material, inter-layer dielectric material, isolation

trench depth, and S/D and well doping concentrations may all be varied from
13



substrate are reduced. A still further advantage of particul ar enbog'zr_r@nﬂtzﬁm
of the present invention is that source/drain termnals are provid t

a neasure of shielding fromcarriers generated by events such as al pha
particl ewstoiskss. It will be understood by those skilled pardiigiadA havi ng
the benefit of this disclosure that many design choices are possible
within the scope of the present invention. For exanple, structural

paranmeters, including but not |imted to, gate insulator thickness, gate
insulator materials, gate electrode thickness, sidewall spacer material,
inter-layer dielectric material, isolation trench depth, and SID and wel |

dopi ng cEMieHIOW PHEleSRERCRIN CorNEelarewith theilgstmiive rINbRIEMD (0160535

PCT/ US01/,4 t.ha 0 r.desalted in coppection with the illustrative
erbodt nediocg A4, REER, Rt Fions Gokhi® 8 e iscaBeds RipbPE sUisoly | e

r ecesses cHRIdE Patidrithan silkahtiifRic! ahRe! tﬁé‘épeﬁitidn?moﬁhirfg febesbbs andt he
operation of formng recesses and back filling with material may be

r epeat edbaok fillingowith reatenapeaynioe depeatgd go daildrethecthapeecasd dopimgopraifie

term nal sfht1 V\nllrﬁepg ungérm%t og? t hat various other changes in the details,
mat eri al 8! 'NGAEY e 'Ba%f the parts and steps which have been
described and i]lustrated nay be nade by those skilled in the art having
the benefit oft wHilke uaﬂgtﬂt%@%/haatvmrwmt epahenges fir e dekilpr mateniles and

2004 wagnl SRR Ao ARG G Mot Have oREH SRR ey e
COMpr i i IgstrbdTinRy B GRide by SRSOIAIARY 1% FlHdvidgre bepaimuthisspacer S

and a barrier layer superacent the gate el ectrode, wherein the barrier
| ayer coffigclostse svithadwepryting frodethe poneiphas and scegs of the frevendiencamduct or

surface, adj acent. to the .masked portion, . the recess having a bottom portion
and a si 858%§%Eﬁdﬁ;t%e sn?b;omelé EIans_

1ad



inplanting ions into the bottom portion; and selectively formng a j Lﬁ\g{ﬁ
| ayer disposed at |east partially within the recess. 2. The nethod of 4: PTL\
1, wherein the gate el ectrode conprises polysilicon and the barrier |ayer
further conprises silicon dioxide. 3. The nethod of claim1, wherein

form ng .eEeRSn&ROPri ses plasma etching for approxi mately 15 seconds, in
a parallel plate plasma reactor having a plate spacing of approximtely
0.8 cm a pressure of approximately 475 nfl, an RF power of approxi mately
300 W a0 flLow.datseqfn fofof s 1HRR- Ty 1"1% rate of approximately 100
seem 4. The meoﬂll\%t %t fft'] g @Laéreﬁlﬁal }4\%9 i ons conprises

i npl anting ni fqrmgam gag. emtrmmwg ofuit- kayemshlgwdl @@W%@ddrba'rrher tageri nal |

conpri si t f formng a recess
in the sé eracg%uctgj(;]ﬁg e%ﬁr%%béevwelg}héegjgﬁt%mtag&? ﬁéﬁﬁﬁggﬁlﬁ‘g{np&ﬁﬁfrgn the recess
havi ng a bot t émmpgratreeess iankk samgoubiciposurfaon adjarept @ritd mgpkedpistiar, thear bon i nt o
the bottom port.i on nd sel ectiv ormng a silicon |ayer disposed at

| east paretcl Sgﬁlfwm%\? ?%t%m Ifoﬁ“eonraélgggl e¥%{1m}!\ nmet hod of form ng a source/drain
termnal, corrpn;bla!tm:onsm'a(sthblhgttmpmmn@ndof the sem conduct or surface;
g 2 e e R BRAT SR AoR ! BRTaR S e B o o
| ayer of si Iicon nitride over the bottom portion of the recess such that
Form ng & | ayaPe Befist PTr Te Fhea T e AR o A B o3t 1R0n ot 1 he
recess ahmiwdhmdxmgrdo&tpﬁsalsilyor&mdéromthe side portion. i5 1 7 JUN 2004
7. The nethod of claim6, wherein masking a portion of the sem conductor
surface conprises formng a gate el ectrode having sidewal|l spacers and a
barrier Bayer Taumemj)cacfe:rlﬁimtlherhergatf@nﬁiwcre@d@mp&ses‘ﬁmmntchimgl fof claim7,
wherein the atte Iectr de Cona}il r—is B \ N le ewalfl spacers
conpri seRRPXIRAEk P§§F8P Al PR Baf“é%'g?c of H‘ %ﬁgagﬁp?m@ro | ayer

conpr i sespwddimately ¢.§ooty, Aipkdssull€of approximately 475 mT, an RF power of approximately
300 W, a Cl flow rate of 150 scem, and a He flow rate of approximately 100 sccm.

4. The method of claim 3, wherein implanting 1ons comprises implanting nitrogen.

5. A method of forming a source/drain terminal, comprising:

masking a portion of a semiconductor surface;

forming a recess in the semiconductor surface, adjacent to the masked portion, the
recess having a bottom portion and a side portion;

implanting ions of carbon into the bottom portion; and

selectively forming a silicon layer disposed at least partially within the recess.

6. A method of forming a source/drain terminal, comprising;

masking a portion of the semiconductor surtace;

forming a recess in the semiconductor surface adjacent to the masked portion, the
recess having a bottom portion and a side portion;

forming a layer of silicon nitride over the bottom portion of the recess such that the
side portion of the recess is substantially exposed: and

selectively forming a layer comprising silicon, beginning at the side portion of the

recess and extending laterally away from the side portion.
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9. The nmethod of claim®6, wherein form ng a recess conprises plasma,etchin
for approximately 15 seconds, in a parallel plate plasma reactor ll? v@& Z&ﬂ
pl ate spacing of approxi rrately 0.8 cm a pressure of approximately 475 nfl,
an RF power of approximately 300 W a C flow rate of 150 seem and a He

flow rate of %ﬁ@ﬁ@eﬁbmcﬁalaé 6199er§lﬁ%5'sk1&£a ﬁ}h&l i efiRhaklRlikLe wherein

formng the silicon nitri 'ayer over t bottom portion of the recess
conpr i sesorimised fagmiag agatp klettoge bwlmwlmﬁﬂ oprcers A a rigr dayar syperiacens theayer |

the sili gﬂgclg t#D‘:":de | ayer covering the bottom portion of the recess and the
side portion of the recess, and wherein a portion of the silicon nitride

| ayer covering the bottom portion of the recess is thicker and denser than

a portiop of ihemshid GG3! thgglﬂ% Sle RAVEL CQQPmsﬂgyﬁﬁfmnﬂ%;a nyof the

recess. clarm i Sl renovi ng the portion
of the sis;iabermmmp’rtse ardexidd layeerand:omerdeﬂng/et hed the Herigdayer commpfsed fileconecess.  12.
The et hod C{ dcI aim 10, wherein renoving conprises etching in trimx. 13.
The net h&8"6F*¢l aim 6, further conprising, prior to selectively formng a
| ayer conprising silicon, cleaning the recess in an SF6 plasna. 14. A

met hod of, for our termnal . conprising: asking A portion
of the sé‘n‘i coﬂ.’ﬁ:@f@?; ftjﬁlaf"&ce“’ ?r?)mf rmm a‘rre(ée(kbfsecsoén TRt aesglggt&%ggd&uctor surface
adj acent a;ip@omrhﬂeltmslsmdnqbsomta pamlletﬂiﬁe plaﬁmsctdframvma platzapicimpgiorti on and a

side porti for er f sili over t ot t portlon of
Ther Bcetpraiuny A art e ppPmsfiths et A EEREE: S SuBShRl B
exposed: 3@ng, s€l geb taredbf shosom, agl AHE ﬂy\elrate:mmppnosumglssld()lscm begi nni ng at
the side portion of the recess and extending laterally away fromthe side
portion. 16 1 7 JUN 2004 15. The nmet hod of claim 14, wherein masking a
portion of. thehsmethcdofilding; wﬁuéhmﬁlingabémrdosaﬁriﬂ@hayﬁ'rmgerahagmttemel ectrode
havi ng si dewal acers and barrier
el ect rodB"m‘i‘B"tju‘f% CWFW‘SB%%E?'% ?nmfg’ho l@?'@’l"ﬁ g’%‘a‘r 'C8P ggrt"r?f:()%e ‘conpri ses
pol ysi li t}ﬁ@.hcbrhmtnda|la3_l,emaiv&:msgaaﬁmmﬁprmoseleaacmdie]clsmy@bmamdfrae nitride
layer; apegests ha%d lev Iégelneg pom(}/ egf tl%e%qpcgrll gl%'?de layer éo%grrl]ngotﬁé/ Qltttolr.n portion of the

recess is thicker and denser than a portion of the silicon carbide layer covering the side

portion of the recess.

11. The method of claim 9, further comprising removing the portion of the silicon nitride

layer covering the side portion of the recess.
12. The method of claim 10, wherein removing comprises etching in trimix.

13. The method of claim 6, further comprising, prior to selectively forming a layer

comprising silicon, cleaning the recess in an SF; plasma.

14 A msthod of forming a seurce/draln terminal, compricing:

masking a portion of the semiconductor surface:

forming a recess in the semiconductor surface adjacent to the masked portion, the
recess having a bottom portion and a side portion,

forming a layer of silicon nitride over the bottom portion of the recess such that the
side portion of the recess is substantially exposed: and

selectively forming a layer comprising silicon, beginning at the side portion of the
recess and extending laterally away from the side portion.

16



17. The method of claim 14, wherein formng a recess conprises plasnp7 2004
etching for approximately 15 seconds, in a parallel plate plasm reacgg$
having a plate spacing of approximately 0.8 cm a pressure of

approximately 475 ml, an RF power of approximately 300 W a d flowrate

of 150 sqem and wRimbe of AW 1r49a§¢ra9ma%h@?%&hafnméﬁmducﬁsurﬂb@ met hod of
claim 14, wherein formng the silicon carbide |ayer over the bottom

porti on &PMPprises FAEBIBES LG RISFraseaYing Hifavallsrersis pade ByTierdpyey sursidistibr mal
silicon qm;%ﬂéykcﬁhﬁyer, the silicon carbide |ayer covering the bottom
portion of the recess and the side portion of the recess, and wherein a
portion of the silicon carbide | ayer covering the bottom portion of the

recess iSgthi I i f Lhil.C caLbi de | ayer
oo no Fho SHSEcRRd AR, Rt SRR LIRS gAY a2 00

further compell seerss sompives #ngpxidedaysorndiaovitrige layereanslithg basmer layar wimpeisdsay er
coveringfihg, sivdgiRortion of the recess. 20. The nethod of claim 18,
wherein renDV|ﬁg conprises etching in trimx. 21. The nmethod of claim 14,
further conprising, prior to selectively formng a |layer conprising

silicon, ¢l earipgBgof 88653, hike@h f()?‘ﬁ%g%l r@&g@confwiscs plasma etching for

approximately 15 seconds, in a parallel plate plasma reactor having a plate spacing of
approximately 0.8 cm, a pressure of approximately 475 mT, an RE power of approximately

300 W, a C1 flow rate of 150 scem, and a He flow rate approximately 100 sccm.

18. The method of claim 14, wherein forming the silicon carbide layer over the bottom
portion of the recess comprises forming a morphologically nonconformal silicpn carbide
layer, the silicon carbide layer covering the bottom portion of the recess and the side portion
of the recess, and wherein a portion of the silicon carbide layer covering the bottom portion of
the recess is thicker and denser than a portion of the silicon carbide layer covering the side

portion of the recess.

19. The method of claim 17, further comprising removing the portion of the silicon

carbide layer covering the side portion of the recess.
20. The method of claim 18, wherein removing comprises etching in trimix.

21. The method of claim 14, further comprising, prior to selectively forming a layer

comprising silicon, cleaning the recess in an SFg plasma.



