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Background This invention relates generally to netal oxide sem conductor
field effect transistors. Metal oxide sem conductor field effect transistors
5 include a“gﬁ@&thg& is self-aligned with a source/ draiperudoesssms ce/ drai n
may i ncl ude a.deeper or heavily doped region and a shallower and lightly
doped region, sonetines called a tip or source/drain extension. Gate
underl ap is the anmount by which the source/drain 10 nmaterial diffuses under

the gate after ion inpl BREGPKSALENIE R cessing. After

inplantation, the material that is inplanted is exposed to heat which
causes the material to nove downweBaXgruovn@ t he substrate and, to a |esser

extent, |ateral b Unfgted 16, 0ald: 1t HlIgenklafy 980 Sk UBLANE an 1 o

i npl ant ed source/drain extension, e “anount underdiftusion is
det er m ned samiachdunctoonf dlq untfidadn trdepibtots.is desirable to have

relatively shal] ow junciion depth for the urce/drain extension to support
smal l er 20 tran FE?%rO%ﬂ¢ﬁnﬁﬁ 9“4&§§8F|%}ei %gﬁ?%%/ %ﬁ?ﬁ%&&%ﬁwion

i mpl ant gt i aAcleadni qyiece tHwet NidigviP-hilpgheackion sepdhscefdraidet ermi ned by
t he necessary gate under| ap. The shal | ower the source/ drain extension,

general |y CHE SSHEFREFTRIHR MAX e NSNGENS - BRSPS RuQL beedYHY ARPSM t hout 25
i ncreasi ng rabfioft 4& 4 eqkAOE WAl B0t %igﬁ%l?nébﬁé'ddﬁ&%:{&i, wwedt itae gat e edge

is needed to_ensure a | ow resistance path between the inversion [ayer under
the gate as@lifd ahkihl9r dBpErysinedsy ekaPASERRensi on regi on. The | ow

resistance is ngedgd, {8, A 8N d URGHET Bt ni 8 e ASurce/arain

10 material diffuses under the gate after ion implantation and
subsequent heat processing. After implantation, the
material that is implanted is exposed to heat which causes
the material to move downwardly into the substrate and, to a
lesser extent, laterally under the gate. Thus, in a system

15 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

20 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

25 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

30 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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30 critical for high circuit switching speeds. Thus, there is a need for
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manuf acture in accordance with one enbodi nent of the present invention;

Figure 3 is an enlarged,_cross-sectional view at_still a subsequent stage
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10 Figure 4 is an enlarged, cross-sectional view at a

subsequent stage of manufacture in accordance with one
embodiment of the present invention; and

Figure 5 1s an enlarged, cross-sectional view at still
a subsequent stage of manufacture in accordance with one

15 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

20 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

25 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

30 150-200sccm of dichlorosilane, 100-150scem 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
2



vapor deposition reactor, such as an Epsilon 3000 epitaxial reactor,
avail able from ASM I nternational NV, Bilthoven, Netherlands. The film may
be deposited with gas flows of 30 150-200sccm of dichlorosilane, 100-150sccm

of HC1, ZOSWB%B odisggdt 825C in a processed pressure of gOfR&ios/ddmer these
processi ng con |?| ons, a deposition rate of 10-15 nanoneters per minute may

be achieved for silicon on exposed substrate 2 WO 2005/041288
PCT/ US2004/ 035204 whil e achieving selectivity to spacer and oxi de regions.
Q her depowhiienatkidiningiese imotixlicy be asader Ted apxisghgyeragitonshown i n

Figure 1 i ' . d del ta_dgp r ' r. Because there is
relativel yaﬁﬁgﬂe‘gé%%%%%:‘i%ﬁ l%ge%pfnggx?gfélggytﬁééf& a large delta or
change in concBm rattamyeacautr shatvnt e Fhgeré atel besameerindse cadullesit rate 12

and the epitaxial silicon |layer 18_ The structurge sh in.Figqure 1 may be
covered by%§ %p%%%?é n’hlfaé}ﬁlﬁltoa’r"nd Pﬁgﬁuﬁﬁié%??%p%%aﬁ%ﬂejt%ehlé’d g %f ormthe

10 si deyal Boppag sl @B HOWhitaxiiaguneydr HOyea | lqddedtiaitehioig chahgthe
epitaxial silicon 18 may occur at the sanme tinpe dg&endi ng %n the selectivity
of the spadBrCeRePRtIFRIRD QREEHS Por BB SALCELIET SR TWNAEIWE %t ch may renove

the exposed,poriions: Pfadde RPidAX@hasi ki £08ch aySfe A8 @@nd 15 may continue
et ching under the gate 16 to achieve the undercut structure shown in Figure

3. The extent ofhgatterustunmddhiceint ipafiigereohtiay kel dverudi Bg the etch
ey o SR L e e 18uop e seLes sloy o ched Wit 8
sel ecti®it yidéwahe spmioped 28 dhoght iy Bdgede | ayerSad tlointiHededehingdoped
substrate 1z, prelativelyn M4 Rh0G857L99E00d! L s B PG sGiIP! oved.
depending on the selectivity of the spacer etch.
After spacer formation, a selective wet etch may remove
the exposed portions of the epitaxial silicon layer 18 and
15 may continue 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
20 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 agqueous ammonium hydroxide
solution in the concentration range of 2 to 10 percent by '
25 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
30 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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I n one enbodi nent, an aqueous ammoni um hydroxi de solution in the
concentration range of 2 to 10 percent by 25 volune at 20C may be used
together with sonication. The sonication nay be provided by a transducer

t hat di ssi PRHLSS0 Olﬂzts%a or megasonic energy with a power mfruszei4msBodatts per
cn2 in one enbocﬁ/ ment of the present invention. Since the delta doped
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i ghly 3 40 20061041288 PCHS2004/ 03520 slepedrsouneeldugiaiext ensi on 50a

| ateral ly exten esired di stahce und he gate 16 edge and the
sidewal |  spacer 28, as stloown innFEggueed 4. M tHhickesr soorcedfdrarn  region

50b is aligned w t.he edge of t C 8 5 t away fromthe
spacer 28.ger%Jéonspstéécl)erlSzz?elé%é‘ﬁ%e‘s”ltgﬁeégge%%?% Ooﬁqﬁhees xt(%%iszgnwgba to be
tail orexl asdtahdoverdhefrdnhittknepacet 2&e |HyersiElream 28X pavadh leist hbat

shorting to th te 16. The .thicker region 50b reduces .resistance of the
regi on 50 %ﬁﬂgéﬁi%s&%éﬂt@\%ﬁof‘egﬁ@t Eﬂgge r eyt %eccfc?&éieta&lofé %ﬁg edge of
the gate 1fnidknd$y MMNGHNa RehyBe VoSekFMEP)wiirnd siheirtinlge tosabece/ drain
extensi on 50a and rai sed source/drain 50b ma be formed by selectively

deposi t i nggepe th&i al Thsortdr d6Fedeasrni ed {ﬁglm% S IGEERES @ WPEh a
ger mani um goneantsatd on I%rgfgfg,s'ﬁﬁet 9?639; PEESENManAS QR KX JTRIse. thnder the

processi ng onditions o ccm of dichlorosilane, 20sl m H2, 750-800C,
20Tor r10 156k 08dee mHGhe diaser de fl ow of 150- 200sccm and GeH4 fl ow of

150-200sccm a fif gpolfénidnogoq:%eSiPl—it%Q ﬂSén?ﬂdé@)] transistor, the

source/drain extension 50a and raised source/drain 50b may
-be formed by selectively depositing epitaxial boron doped
silicon or silicon germanium with a germanium concentration

15 of up to 30 percent, as one example. Under the processing
conditions of 100sccm of dichlorosilane, 20slm Hy, 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

20 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

25 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

30 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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resi stance. The larger unit cell of the silicon germaniumpresent in

sour ce/ dr aifROs@FiosHS Soperngibkern damnfpitessilpe oser aMROSHATERE: chlltfhel , whi ch
in turn may lrlq%'thQ b@ 80Baaced: rabiddiied uhaegs?%eése@ﬁ@or mance in

sone enbodinents. In the E?type t ransi st or he source/drain 50b
and sourcekdmﬁlml@m5e9§léﬁOSOemna@Cbeﬂﬂ@ﬂwedeQEmg25n5§5€9m HCWD 205/ 041288
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silicon ma eposi Vel'y “under ocessing conditions 100sccm
of dichlsor asi 17808 C 2hd5@8T6nr HCIA ﬁHthHﬂﬁbmecmbnbeﬁtpattentoPFBEZWtdmaa H2

gas carriery flow of 20slm 5 750 20Torr sph ous qncentration
of 2E20 cm 3¥HFPh3arFeseEtTiAY ffog) g % g @&Hﬁﬂ‘?c‘}’ﬁ‘ bae edin the
deposi ted fiHeMdepo@Ree8MpOUIH BRIt ond hatRiht .2 second thl n SDacer 34 may be
formed using conventional techniques as shown in Figure 5. A deep, 10

sour ce/ drai n 32 TheyeBELEEy nedSBFORdERifpISRICEE 4 @éynﬁetﬁ%rm%%a%%FEJZS and
34 and the Gake -G 0as1acaRRk: olbe AnnGaLindn 6 glbe deepasqussel drain 32 my

be done in a way t reduces or mnimzes the dopant diffusion including
t he ddﬁantsqqrcﬁwdraaye625may be formed by ion implantation using the

spacers 28 and 34 and the gate 16 as a mask. The annealing
of the deep source/drain 32 may be done in a way that
reduces or minimizes the dopant diffusion including the
dopant in the layer 50.

15 The characteristics of the shallow source/drain
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

20 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

25 claims cover all such modifications and variations as fall
within the true spirit and scope of this present invention.

What is claimed is:



15 The characteristics of the shallow source/drain extensions 50a and the
degree by which they underlap the gate 16 nay be independent of the
characteristics of the deep source/drain junction 32. The extent of
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i nventi on. forMWhata daérifidisliepRakials déposited Mat@iahovkr a80stiate; Ng: fornming a
sacrificial epitaxially deposited material over a substrate; formng a gate
el ectrode BWamgsHate desitiodk Pygrisgidgaibadaltyedsrosited matariab #Ad  sel ecti vel y et chi ng
sai d epitayjal; ik -QfJ . pethod of claim11 further
conprisingéﬂ%%&%yggngiﬁéggpﬁ%éﬁégﬂ%gﬂggg% u??gr field effect transistor
having an epitaxially deposited source/drain that extends under the edges

of a gate el ectrode. 3 <] hod of claim2 including formng a
source/draﬁn ex @H@?%ﬂﬂ?%QP“gE% SCOMMGE®: t he edges of a gate el ectrode.

4. The met RRliff aChddaM okidh 8&RicOnduRfdM fidld BefBRRE Itahkislo| haORgt 8| pith¥iallieposi t ed
materi al includes epitaxially depositing a silicon material. . The net hod
of cl ai m | d¢pesitaddionrge/dedimthatoendsundar thardgey dagalegisctiodeh said material . 6.
The nethod of claiml including formng a sidewall spacer on said gate

el ectrode and etching under said sidewall spacer. 7. The nethod of claim1l

i ncl udi ng 3el ecThevmkthodtof klang - dicthdéry foaxingld soudepdrsintextknsioatteatieatendo as to

undercut said gate e&Fctrode.
c

under edges of a gate electrode.

4. The method of claim 1 wherein forming a sacrificial epitaxially deposited

material includes epitaxially depositing a silicon material.

5. The method of claim 1 including using sonication to selectively etch said

material.

6. The method of claim 1 including forming a sidewall spacer on said gate electrode

and etching under said sidewall spacer.

7. The method of claim 1 including selectively etching said epitaxially deposited

material so as to undercut said gate electrode.

8. The method of claim 7 including depositing an epitaxial material on said substrate

and extending under said gate electrode.
9. The method of claim 8 including forming a doped epitaxial material.

10. The method of claim 7 including forming said epitaxial material to be thinner

near the gate electrode and thicker spaced from said gate electrode.



8. The method of claim7 including depositing an epitaxial material on said
substrate and extending under said gate electrode. 9. The nethod of claim8
including formng a doped epitaxial material. to. The nmethod of claim?7
including formng said epitaxial material to be thinner near the gate

el ectrode and thicker spaced fromsaid gate electrode. 6 11. The net hod of
claim2 including formng a delta doped transistor. 12. A nethod
conprising: formng a epitaxial sem conductor |ayer over a sem conduct or
substrate wherein the epitaxial sem conductor |ayer has a | ower doping
concentration than the substrate; formng a gate structure including a gate

el ectrode agnd i | ace . I i taxi i conductor |ayer;
and sel ectlﬁ\'/el irhg{%ﬁ?%%g()ftc a@mé}gé%lgﬁe’lﬁé 6031?1 nlcéoan&gtlf] dgé‘%ogxlraen%ﬁgé‘xi al sem conduct or

| ayer as well as a portion of said epitaxial sem conductor |ayer under said
gate el ectrode. 13. The nethod of claim 12 including epitaxially depositing

a doped st corfttrethed compridng:a over said substrate to fill the region under
sai d gat e glaah r0gdGEang 5 RARhdRArdlayd slrpal Lenﬁ@&fh‘ﬁﬁto}g LibstrhRE wWiBlelPtheof Cl ai m

13 wherein said epltaxial semconductor fayer has a first thickness under
sai d gat e epitedbirsenieoaduttar lsyec basch bhiecdopassconpentration thentheasubistiptt;e el ect r ode.

15. The nethod of c¢laim.J14 includin orm.ng, said second thi ckness i,n
21 gnment Togifie 2 gt e e A aleo b RERer g MR, Sl R S i ng a
deep sour cpitgidll sBmicdgd@ior¥yek;@ad | npl antation. 17. The nethod of claim 12

including formng said epitaxial sem conductor |ayer extending under said
gat e el ectselsetévelheiching theexaosgd dattian afispidiapiadalogmiondectert layeiag Weltas a

el ectrode AnthrsfiaflhadidsEHRERAuMIIGer Bitlel s8R e Blefifsde0de: 7

13.  The method of claim 12 including epitaxially depositing a doped semiconductor
material over said substrate to fill the region under said gate electrode and under said

sidewall spacer.

14.  The method of claim 13 wherein said epitaxial semiconductor layer has a first
thickness under said gate electrode and a second thickness spaced from said gate

electrode.

15.  The method of claim 14 including forming said second thickness in alignment

with said spacer.

16.  The method of claim 12 including forming a deep source/drain region by ion

implantation.

17. The method of claim 12 including forming said epitaxial semiconductor layer
extending under said gate electrode and having a greater thickness outbound of said gate

electrode and a lesser thickness under said gate electrode.



