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EPI TAXI ALLY DEPCSI TED SOURCE/ DRAI N Background Thi s
invention relates generally to netal oxide .
waemsoendsictor field effect transistors. Metal PORUSE04/035204
sem conductor field effect transistors include a gate
that is self-aligned with a source/drakn. Tre ; ;
source/drain_may include a .deeper or heavily dope
reg| on and %PL FIDUEY ]AFHB]O$I%IFIS| %OU]R%EAD%QEOH,
sonetinmes called a tip or source/drain extension. Gate
underlap i s the anount Bgck#remndhe source/ drain
matrerisals (@i at ter .
inplgﬁtgﬁﬁgﬁmgﬁgﬁéﬁ%éeéﬁ%gﬁﬁﬁégﬁj'roces§$%%¥ ?ﬁ%%ﬁ
seni gemngicaoiron,ietlive afiftesrt alramidtstioxrs.npl anted is
ex to.heat which cayses the material to nove
dogl\/l%\?v%ﬁdlo)}/{lidﬁt 5 FhEIHE LR 8 e desersisht,
incllatler al by tendentt Re galig-aThYsed a;i%rﬁlésts%nfb%/&cafﬁ.
ion inplanted source/drain extension, the amount o
The, eurgey Afsion Moy decdrsiened despe If @rrcthe@rwﬁfyl JldﬂP:Etd on
t It i ' letq. | atiyvely .shallow . .
e S dBneh Tort FE s Girhbrar SR B E Ry (et ines
calgéggper tipmall sourcansirstior editeRBi0ONS. hsyally, IE
soudrce/ drai n.extension i npl antation techni ques, the
niﬁ?ﬁ%nP ?Srﬂﬁﬁcﬁﬁoﬁgﬁeﬁpﬁgngrgyd@@é@ﬁiﬁ@@ BPUtse/drain
mateecessaiyrgabe underl ape EB%e5Q§EE9“§6ntHﬁplanﬁ$tio% and
source/drain extension, generally the_shO( er the gate
subpeHyeAs PRat REpcBesdnoli zAdteit hopfantetséasi,nghe ]
= 5t | eak rents. Extension doping. uynder the
matgg§%§eg%§ti§§ngg égH%886%§UF§P35F§W PegﬁéFa bech causes
the material to move downwardly into the substrate and, to a

lesser extent, laterally under the gate. Thus, in a system
using an ion implanted source/drain extension, the amount of
underdiffusion is determined as a function of Junction
depth.

It is desirable to have relatively shallow junction
depth for the source/drain extension to support smaller
transistor dimensions. Usually, in source/drain extension
implantation techniques, the minimum tip junction depths are
determined by the necessary gate underlap.

The shallower the source/drain extension, generally the
shorter the gate lengths that may be utilized without
increasing off-state leakage currents. Extension doping
under the gate edge is needed to ensure a low resistance
path between the inversion layer under the gate and the
highly doped source/drain extension region. The low
resistance is needed for a high drive currents, which are
critical for high circuit switching Speeds.

Thus, there is a need for better ways to make

source/drain junctions of field effect transistors.
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path between the inversion layer under the gate and
the highly doped source/drain extension region. The

wo owsnersst ance is needed for a high drive curP@nuUs2004/035204
which are critical for high circuit sw tching speeds.
Thus, there is a need for better ways to nmake

source/dra|n§|unct|ons of field effect
transi st or sPBAEds D@@Kﬁ-@ﬁtlioﬁnoéf thige Dﬁam Figure 1

| s Fagareatl ¥ enl ar ﬁ@%%%y3é%¥§c§§an'dyygﬁ\§é3%fgnéﬂ“%lew at
stage of manufacture; Figure I's an enl arge Cross
one. §§§9ﬁo@§lmﬂﬂ@ﬁaﬂiuaesubsequent stage of manuf act ur e
in rdan wi_ th _gne enbodi nent of resent
|nvg§§?on§ glgureg? %§g§ﬁ'eﬁF§F§e§695%9 -§@%?Y§Hwa
subskegueat stille @ rsuhsedieriurst age aelJRAHAC LU idhe
ccordance W th one enbodi nent of the present
embPﬁ%@ﬁPloﬁf EfGu P& S eind aﬁv€ﬁ¢aP@ed cross -sectiona
Vi eWgit-ca3sylsgquent o %%%g? - IROMEAGL WG 11 03 oy at still
accordance with one e ment of -t he present
a subseqvenh SaageFunHanﬁfastameeﬂhaege@rdance with one
Cr.0SS- t .sti a_subsequent stage of

embﬁgﬁﬂ?g % %Eﬁ 35@5@8 n&@vﬁPFHOBne embodi ment of the
prigﬁkelQV@Btbﬁnen@@E%bbedc@%%%LbQEEQ%nBQf%ﬁ@wuéﬂ‘%
gure 1, a heavily doped sem conductor substrate 12
SUbﬁﬁﬁuB@tcé§é9@dOﬁyménﬁééﬁﬁﬂﬁélap a@ﬁ@@@@@ceomuhhghnk%
pLta Lld.can . | ayer 18 may be
embggggg?ﬁaEESEEQAﬁggfsggs b@%ﬁEléﬁ o%g%Enbodlnent A
gaFegetecBrmdeasteuaamgedlnckudsngeatgahallvﬁ@mW%Q still
ele%trlc 14 may be defined on the

a sﬁ%g%gﬁgg §FPH€OH |Q§8pfacture in accordance with one

embodiment of the present invention.

Detailed Description

Referring to Figure 1, a heavily doped semiconductor
substrate 12 may be covered by a sacrificial, undoped, or
lightly doped epitaxial silicon layer 18. The layer 18 may
be less than 500 Angstroms thick in one embodiment. A gate
electrode structure including a gate 16 formed over a gate
dielectric 14 may be defined on the epitaxial silicon layer
18.

The selective deposition of the sacrificial epitaxial
silicon layer 18 may be carried out, for example, using
dichlorosilane-based chemistry in a single wafer chemical
vapor deposition reactor, such as an Epsilon 3000 epitaxial
reactor, available from ASM International NV, Bilthoven,
Netherlands. The film may be deposited with gas flows of
150-200sccm of dichlorosilane, 100-150sccm of HC1l, 20slm of
H» at 825°C in a processed pressure of 20Torr. Under these
processing conditions, a deposition rate of 10-15 nanometers

per minute may be achieved for silicon on exposed substrate
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18. The sel ective deposition of the sacrificial
epi taxial silicon layer 18 nay be carried out, for
wex@aphess usi ng di chl orosil ane -based chem st rpCT/NSH04/035204
singl e wafer chem cal vapor deposition reactor, such
as an Epsilon 3000 epitaxial reactor, available from
ASM | nternational NV, Bilthoven, Netherlands. The film
whilgy 68184308 c&d oRtiN 1§ds tP SREcer PHO. PoUstec mesrions .

othdir-cBkpbaskliane + 190 Lpdsc ot 15 1 2Q8lyg of at 825C

in a processed pressure of 20Torr. Under these

pr 68essirigngengintti showna idepdgiutricod rat ecofetifheslTalled a

n r er..nm _nute be achi eved for .silicaon on

de e, SRR i PELACRF ot PRG Ssaredhin Ty iy Hlon
dopspagceelandtoxi dgifagians layerhes, depasirdyeomciechyquesinge
. may al so be used. The arrangenent shown in Figure 1 is
in §8ﬁ€?Pﬁ€§t68PI@&Cérée?Fataépéétﬁﬁiﬁ§ﬁsb@ﬁweg@cé@@E\

subgﬁﬁégei§2fshatkﬁ%'%gﬁkggiggpﬁmgigghowé e gpi taxia

| ayer 18, a large ta or change 1 n concentration

oc€hessatructherensépriiacénb&tgeen Lheayubst caterkd ayda
ure shown in

ttaxial silicon |ayer. 18. The_struc
spapff FEETRLRD B9 G08Pea b OLr CACar LnPLER e &Rd oMan the
sidenmk 30t sppteakl ysekrbae ta Fopirkhe sidewal higpacer £128ing
shown in Figure 2 . Sonme [imted etching of the

of EpptaRihpxspli 6hleennmd§ Barupcaurt A §hﬁesﬁmﬁﬁti2f
[ t LY th acer._etch. ter
dep%ﬁ@?ﬂg'?g Qﬂe.gglégkfgﬁg¥{g¥ gﬁe sée?%rn§§c arove t he

acer fornation, a se r've wet “efcl
expbsed ppatesnsoohathengpat axlabtsivki gen kayar md§ agdove

conti nue_etching under the gate 16 . to achi eve the
the [RHBPTER BPFhCPUPeOthbiR PRIFRGURE 311i¢RE dyeRt 18f and

may 98b€tidnue etching under the gate 16 to achieve the
undercut structure shown in Figure 3. The extent of gate 16
undercut can be controlled by adjusting the etch time.

The epitaxial silicon layer 18 may be selectively
etched with a variety of hydroxide-based solutions, for
example. However, for high selectivity of the undoped or
lightly doped layer 18 to the heavily doped substrate 12,
relatively mild processing conditions may be employed.

In one embodiment, an aqueous ammonium hydroxide
solution in the concentration range of 2 to 10 percent by
volume at 20°C may be used together with sonication. The
sonication may be provided by a transducer that dissipates
ultra or megasonic energy with a power of .5 to 5 watts per
cm® in one embodiment of the present invention. Since the
delta doped transistor has a heavily doped region below the
undoped region, it may serve as an etch stop layer for the
wet etch.

After the wet etch undercut, a doped selective

epitaxial silicon layer 50 may be grown. A shallow, highly
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undercut can be controlled by adjusting the etch tinme.
The epitaxial silicon [ayer 18 may be sel ectively
wet@bhodi2gs th a vari ety of hydroxi de -based sol BCT/ORRN4/035204
for exanple. However, for high selectivity of the
undoped or lightly doped |ayer 18 to the heaélly doped
| d processing conditions
sonflly SHURER " S oo T g e
de sAREN AU BMAKHOXIER rS Pt 'g%%e' A d ReLo %b%ﬂttrhaet 'ds%lerm%lgle
of 2 to 10 percent by volune at 20 “ma
SPafrEgetRer afi StosonilcafFigureTHe S@hﬁﬂ%ﬂﬂhﬂIlﬁQﬂﬂMﬁ/draln
vicded :hy sducer .t hat di ssi s ultra
oo e ¥ L A IHEE hiSh e B e
extendsnewalybclfdlomeI‘ttheOfsptab%rpQQSem].‘hlen\é@ﬁtdeQn 288Ie@1%@>1tehse the
ta d% ed transi,stor has a_heavily doped region

len%ﬁ oWt fECuRdSFEG1PEgPER, trt PRajaddoredagngh adietsstidye
thitaxekssf ok the %@&e?t%h téfE%Fah@ew@%%o%%cgh%Q%qbéuko %he

doped sel ective épitaxial Ircon layer 5
gatgr éfm. ﬂh§h§hh@k€rhrgbhynSd@pedegmneeekégasma@x@e@&lQme

t I t he desired, di stance under the
o808 59" $hal biigxbenty, L desiisd, distange under Lhe
theFedyeeo4 thA Hhiteker.source/drain region 50b is

aI| ned wiith the edge of the spacer 28 and extends
8 fPomitHet8palet YRS, MPhe (EYRESr t2aNsRgbbes the

souk@@gBBaQB EQEeﬁ?ESESEPQ 204 %Q%ditgbhgrm?gﬁggpa%b% may

the thickness o ayer 5 0 éxpan

“be §hbmedngytaeihetgaeéy16ep69$tnhgcbpﬁtaegamnb59bn doped

uces re§|stance of the reghon 50 and brings the

Sll{omero¥e§f fgﬂﬁeg?ﬁﬁ?ﬁﬁu%lﬁ§ t8 PREMBRGEMOFORRENGHRELON

of d.to 30 percent, as one example. Under the processing
conditions of 100sccm of dichlorosilane, 20slm H,, 750-800°C,
20Torr, 150-200sccm HCl, diborane flow of 150-200sccm and
GeH; flow of 150-200sccm, a highly doped silicon germanium
film with a deposition rate of 20 nanometers per minute, a
boron concentration of 1E20 cm™, and a germanium
concentration of 20 percent may be achieved in one
embodiment. A low resistivity of 0.7-0.9 mOhm-cm results
from the high boron concentration of the film.

Low resistivity provide the benefit of high
conductivity in the extension and source/drain regions in
some embodiments. This lowered resistivity may reduce the
external resistance. The larger unit cell of the silicon
germanium present in source/drain regions 50b may exert
compressive strain on the channel, which in turn may result
in enhanced mobility and transistor performance in some
embodiments.

In the N-type transistor (NMOS), the source/drain 50b

and source/drain extension 50a may be formed using in situ
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In formng the P-type MOS (PMOS) transistor, the
source/drai n extension 50a and rai sed source/drain 50b
worays/0less or med by sel ectively depositing epit BXi/ab2004/035204

boron doped silicon or silicon germaniumw th a
ger mani um concentration of up to 30 percent, as one
Under the pr ocess condi tions of | O0sccm of
PR R SIAERe, © DaAR P0G SOTGME erRdigeatom The

silhdon ﬁ’da*%ﬁrb%n%écﬂd@’_’it@cd ]S%Qe?cQQLS\feCl@ %ﬁie@e'ﬁf&%’%s\o{ng

150- 200sccm_a highly doped silicon germani um fil
congyitth- o sdefosliGlissren aife ddfctd® nemidretear S2Epéi05nqmtfé(;la 200~

cent o f 1 C and a
300%%:102(&%%% E%rgo tznggerégﬁ n/g%/ %%Sa%ﬁ]é n?ﬂo‘@ngf 20slm
at @B06di nevat .204draw r esipsidspiHordifs Gofrddrit FAtBN R 2E20 cm”
results fromthe hi h boron concentration of the film

? wibly ReSPEELPYVY ir 8Yi BedrAehBABRMEMofayi § achieved in

theC RGNS ¥ii1h tihe ot el % source/drain regions
in Some enbodiments. This lowered resistivity may
r edhee celfd caxt er salcongsitdtianepacHre Jdamger hnifforwedd using
he SI li,co ermani_um present in source/ drai
cony e a0 S LB o PieERe v Fhien on Pheien
sou@:h;@m@a,lnwzc halyn pleU e Y 185 Wldn Il%pq%hﬁam%mllﬂg Yehe

and transistor performance in sone enbodi nents .
SPafRe SN2By §EG B4nsinsk Ghe( RRILS) 16 [7e §om6<§é</ dr &he amleam]dlng
£ r gelflr ai t n 130 De far
s A e T R e e
redenbsd |oms ntinifheesi theodopay tbeliddpedicned nedlettigelhe

a E essi ng: g%ndi tions of | O0sccm of
Opaiﬂ h|18r AEET28Y850scem HO, 200- 300sccm of 1

perBenthRi3 bk 58 1 88S oFALHEeEHE QWO o%%eg‘cﬁiaj}po c

and 20Torr. A phosphorous concentration of 2E20 cm
extensions 50a and the degree by which they underlap the
gate 16 may be independent of the characteristics of the
deep source/drain junction 32. The extent of extension
underlap of the gate 16 of the source/drain extension 50a
may be controlled as desired.

While the present invention has been described with
respect to a limited number of embodiments, those skilled in
the art will appreciate numerous modifications and
variations therefrom. It is intended that the appended
claims cover all such modifications and variations as fall

within the true spirit and scope of this present invention.

What is claimed is:
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with a resistivity of 0.4-0.6 nOhm- ¢ nmay be achi eved
in the deposited filmin one enbodi nent. Thereafter, a
wa@ewsndizshi n spacer 34 may be forned using conRENUSTINAD3S204
techni ques as shown in Figure . A deep source/drain 32
may be formed by ion inplantation using the spacers 28
ang 34 and the gate 1 as a mask. The annealing of the
deep sodr EEHCS FOTPTESY 6 done in a way that reduces
or m ni MESS t di:ffusi j i : P
in the F;yern Og'gﬁgéghgggbféﬁéﬂ%%gyé) fﬂgiéﬁgf?ow ct
t raggds¢e/rd haivi ngx ten sipdne <864 lan dapvs idegr emuncaddchin that

rl th ate 16 may be .i ndependent of the
ethﬂg%agﬁg%Fsﬁggseo Fh&fééeﬁaﬁﬁhf%Qﬂékéé junction 32.
The extent of extension underlap of the gate 16 of the

soyrce/drain extensi on_50a may be controlled as
degi'r ed IP@heé heRe Ofr €48t ilnv@stiveli igad FEERT 2

‘ [ | I e o] I na.t r. qof
° Oug%‘%gg ir%g%t \gXtttg Ilwlg g éﬂs (I;tlhlaltte d %tr? t%]hS e %g]rdt% Wi %Ie %& |§reeS ciat &
gatguseectgsonedi fi cati ons and variations therefrom It is
i ntended that the appended clains cover all such
nodi fi cations and variations as fall within the true

spBrit and seepedobrt BisiRr esent1uBMent irRmiWiatl, is
claimed is:1. A method conprising: formng a rnetal
sacgkifdeigénrohdiépdr vf fepgsatrdc mategisils voerhayisngpsarrate

and®RLLALHE! LY 5deROBILEE BOUr 6RLOr L0 AL axtends e,
t he egggs of & gat e eFectr% 8? ga+€egﬁéF%§ %g §EI§3%$fted
layemcl uding form ng a source/drain extension that
ext ends under the edges of a
4. The method of claim 3 wherein forming a
sacrificial epitaxially deposited material includes

epitaxially depositing a silicon material.

5. The method of claim 3 including selectively

etching said epitaxially deposited material.

6. The method of claim 5 including using sonication

to selectively etch said material.

7. The method of claim 3 including forming a sidewall
spacer on said gate electrode and etching under said

sidewall spacer.

8. The method of claim 5 including selectively
etching said epitaxially deposited material so as to

undercut said gate electrode.



10

15

20

25

gate el ectrode. 3. The nethod of claim11 including
formng a sacrificial epitaxially deposited nateri al
we@@s/oai28tibstrate and form ng a gate el ectr odePOWER2004/035204
said epitaxially deposited |ayer. . The nethod of
claim3 wherein formng a sacrificial epitaxially
degosited material includes epitaxially depositing a
si PirconThet BetRpd 9f. ctramndt Re¢Lerigdatere sirdingiary
epi%@&@%ﬁ'Mﬁk%r@%@hbﬁgséﬂgdS?B%E@ékgl%%dd%& Sty under
material. 6. The nmethod of claim5 including ué%ng
saidomitet kémctoodel.ectively etch said material. . The
nmet hod of claim 3 including formng a sidewall spacer
on said gate el ectrode and etching under said sidewal
spacer . TheemaehBado@f c¢kamoS iihaghudingg Ffeeteely eldbped
.etching said epitaxially deposited nmaterial so as to
eplGﬁééPéuWa§§Féagate el ectrode. 9. The nmethod of claim$8
i ncludi ng depositing an epitaxial material on said
substrate and extendi ng under said gate el ectrode. 10.
Thélpet fibd oetbbdi mE9ciladhudi ngclioridngg farddped said

.epi taxi al terial 11, .Th thod of claim8
oo R 81 BhcPRLEY | Bb, ot by TS, B0 B ELULME oo and

thithennepanear rtbe gate gb@@téqéétéeaethicker spaced
fromsaid gate electrode. 1 . The nethod of claiml

including formng a delta doped transi stor.
'12. The method of claim 1 including forming a delta

doped transistor.

13. A field effect transistor comprising:
a substrate;
a doped epitaxial semiconductor material formed
over said substrate; and
a gate electrode formed over said doped epitaxial

semiconductor material, said doped epitaxial semiconductor

material extending under said gate electrode.

14. The transistor of claim 13 including a
source/drain having a source/drain extension, said
source/drain extension being formed of said doped epitaxial
semiconductor material and extends under the edges of the

gate electrode.

15. The transistor of claim 14 wherein said material
has a first thickness near said gate electrode and a second
thickness spaced from said gate electrode, said second

thickness being greater than said first thickness.
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13. Afield effect transistor conprising: a substrate;
a doped epitaxial sem conductor material forned over
wa@a00d/0s12Bst rat e; and a gate el ectrode fornmed ORET/USENH035204
doped epitaxial sem conductor material, said doped
epi taxi al sem conductor material extending under said
gate electrode. 14. The transistor of claim 13
i ndloudi A§ea tsemsdstgrraiaf avding 1® sawleslidraia sidewall
ensi| ) i d.squr I Al t ensi J s+ for 0
o e T Al e Lo (AR R T T b e
ext ends under the edges of the gate el ectrode. 15. The
claim 14 wherein said naterial has a

P g L T R VUL T e

thildknekress spacedd nAmrsald DalifklAat IQike Sai d second
t hi ckness being greater than said first thickness. 16.

The transistor of claim15 including a sidewall

, S i al di, d id sidewal| .
Spader ! 7 Rk Hlor o o RS Sibr St stor

is secendat dopkdessadrnsiaddogned with said sidewal | spacer.
18. The transistor of claim 13 wherein said transistor
is a delta doped transistor. 19. The transistor of

cl gigm 13jneludint i iimpl.anted e{drgl n ynder
sai o? dopeoef epitasx?sz}?ﬁseo%}gon ucto3? r%?g{cﬁgfgd a‘% %{1
imphentied sompcesidrg:d nf ermieny s igpidogpecalesidrascianiduct or
l.ayer, over a_sem.cqonductor substrate wherein the
Semé_ﬁ%)

PRACEP Ls BRES et or

20. A method comprising:

forming a epitaxial semiconductor layer over a
semiconductor substrate wherein the epitaxial semiconductor
layer has a lower doping concentration than the substrate;

forming a gate structure including a gate
electrode and a sidewall spacer over said epitaxial
semiconductor layer; and

selectively etching the exposed portion of said
epitaxial semiconductor layer as well as a portion of said

epitaxial semiconductor layer under said gate electrode.

21. The method of claim 20 including epitaxially
depositing a doped semiconductor material over said
substrate to fill the region under said gate electrode and

under said sidewall spacer.

22. The method of claim 21 wherein said epitaxial
semiconductor layer has a first thickness under said gate
electrode and a second thickness spaced from said gate

electrode.



| ayer has a | ower doping concentration than the

substrate; formng a gate structure including a gate
web@singe and a sidewal | spacer over said epiPeErRIS1004/035204

sem conductor |ayer; and selectively etching the

exposed portion of said epitaxial sem conductor |ayer

as well as a portion of said epitaxial sem conductor

| ayer under said gate electrode. 21. The nethod of

cl ai3m 2@hien@letdidrg BPiiaxinRldY iGRRAQSI i %cﬁcr&qgfdﬁ

sem conductor material over said substrate to
secrad ¢hiGHass ssdind addioameingc idde said wpderersai d
sidewal | spacer. 22. The nethod of claim 21 wherein
sai d epitaxial sem conductor |ayer has a first
thQékneg'Qeumeehoslaio& gdte reRectinedecand &cetiolfl a deep
Sou zgness spaced from said gate el ectrode .23. The
et hod2of 5 o ®Yi norudiRg 2Psefieg -sai d second
thi ckness in alignment with said spacer. 24. The
met hod of claim 20 including form ng a deep
sodiPee/ dhai fietdglontbylacm Llphantatiog. f26miTe sa:Ld

|Lud id t,
oA TELIED Sl LTS, ED, S S
eleeteodeodadahdvhaglagg&egt@@t@hlbhh@%ﬁe%%t%%h%@u%@ Qhid

te electrode and a | esser thickness under said
gataa? gggeg?oag d a lesser thickness under said gate

electrode.



