EPI TAXI AL SI LI CON GERVANI UM FOR REDUCED CONTACT
RESI STANCE | N FI ELD- EFFECT TRANSI STORS FI ELD OF THE
wo DMENTd9BN [ 0001] The invention relates to thepdT/@bmondor707
silicon germaniumregions in field-effect transistors.
PRI OR ART AND RELATED ART [0002] Frequently in
sem conduct or devices, a suicide netal is forned on
sem conductor regions to reduce resistance. At the
interface between the suicide and a sem conductor,
such as silicon, a Shottkey barrier is a source of
resi stance. This can be reduced by | owering the
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and a nickel silicide netal is described in U S
Pat ent 6, 949, 482. The bandgap di agrans and rel at ed

FIEEHS O NV TioNescri be the advantages of using,
particularly nickel silicide, on the SiCGe. (See
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strain is inparted directly to the channel region of

the transistor from for instance, enbedded Si Ge
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silicon germanium (SiGe) is used as the material in which the silicide or salicide
is formed. The use of SiGe source and drain regions and a nickel silicide metal
is described in U.S. Patent 6,949,482. The bandgap diagrams and related text in
this patent describe the advantages of using, particularly nickel silicide, on the
SiGe. (See Figures 5, 6 and 7 and related text.)

[0003] It is recognized that improved performance in PMOS transistors
is obtained when a uniaxial compressive strain is imparted directly to the
channel region of the transistor from, for instance, embedded SiGe source and
drain regions. Similarly, it is known that increased performance is obtained in
NMOS transistors when uniaxial tensile strain is placed on its channel. This is
described in "A Tensile Strained NMOS Transistor Using Group III-N
Source/Drain Regions," application serial number 11/323,688, filed December
29, 2005, assigned to the assignee of the present application.



[0004] Figure 1 is a cross-sectional, elevation view
of two sections of an upper portion of a silicon
wodstitabe in which isolation trenches are forpedus2007/007707
[0005] Figure 2 illustrates the structure of Figure 1,
with gate structures and with recesses etched into the
silicon, adjacent the gate structures. [0006] Figure 3
illustrates the structure of Figure 2, after SiGCe
source and drain regions are grown in the recesses.
[0007] Figure 4 illustrates the structure of Figure 3,
af ter maski ng a pchannel transistor and during an ion
i mpl antation of the n-channel transistor. [0008]
Figure 5 illustrates the structure of Figure 3, in
alternate processing, where after a masking step, sone

BIRIEE DESERAFTRINI OFTTRE DRAWINGST enches is et ched.
[0009] Figure 6 illustrates the structure of Figure 5
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drgﬁiﬁgégh%%mimﬁe spegidi c details are set forth

on energy levels, etc. in order to
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processing, where after a masking step, some of the material in the isolation
trenches is etched.

[0009] Figure 6 illustrates the structure of Figure 5 after a silicide is
formed on the source and drain regions. |

[0010] Figure 7 illustrates another embodiment, where for the n-channel

transistor, the SiGe is not recessed.

DETAILED DESCRIPTION

[0011] A method is described for fabricating p-channel and n-channel
transistors where a silicon germanium (SiGe) source and drain regions are used
and where a silicide is formed on these regions. In the following description,
numerous specific details are set forth such as implantation energy levels, etc.
in order to provide a thorough understanding of the present invention. It will
be apparent to one skilled in the art, that the present invention may be
practiced without these specific details. In other instances, well-known
fabrication processes are not described in detail in order not to unnecessarily

obscure the present invention.



fabrication processes are not described in detail in
order not to unnecessarily obscure the present

wo pwentdoon. [ 0012] In Figure 1, the upper portiper/v$2087/007707
nonocrystalline silicon substrate is shown. Two
separate sections of the substrate identified as 10a
and 10b are illustrated. On section 10a, as will be
descri bed, an n-channel transistor is formed in the
region 15. On the substrate section 10b, a p-channe
transistor is fabricated in the region 16. The region
15 i s bounded by the two isolation trenches 11 and 12.
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is fateibad irc te Rgidn 16 Theirefion Thisdydualdeslioy tlstwo isolation
deposited silicon dioxide. [0013] In Figure 1, only

trenghes 31 angnkh Signilarbnrihe spgioncie s boumeed iy the lsplation
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be discussed, materia ng the trenc
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the entire trench, and in other cases it is etched . .
diglegtiq- dassome rasesealser thedrecies age etghed; A siigen digxide is
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b EtobhEp SelfS-RINE linkD et BUIAT THeR, the trenches can be
filRidr withLi atédal ssahvasa dapesitedndlitoe didddear e shown to

be much narrower relative to the gate structure than
00K}y are MFigHre bt %@Wahaéga &enghiis ?hwmft eagh 9? the four
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disdussed unateridl dilling th&tguch i2etchad| inseme gabethe material is

ielectric 21 separating a gaje 20 from a .channel
et¢ %o§§]tliene€ntireptrench, a%d ingotf'xer cases it is etcheda H'om less than the

entire width of the trench. The trench widths as shown in the drawings are
not-to-scale, for instance, relative to the gate structure. For convenience, the
trenches are shown to be much narrower relative to the gate structure than
they are in an integrated circuit.

[0014] Gate structures are formed on the regions 15 and 16 and like
regions of the substrate. Each resultant gate structure, shown in Figure 2,
includes a gate dielectric 21 separating a gate 20 from a channel region in the
substrate, and a hard mask 23 over the gate 20. Sidewall spacers 22 are
disposed on opposite sides of the gates 20. Processing steps such as the n-type
and p-type dopant tip implants, and the formation of the sidewall spacers, are
not described here. These steps are known in the prior art. Moreover, the
specific gate structure shown is by way of example and not critical to the

present invention.



substrate, and a hard mask 23 over the gate 20.
Si dewal | spacers 22 are di sposed on opposite sides of
wo b@7gadees 20. Processing steps such as the n-pypesantoor707
p-type dopant tip inplants, and the formation of the
si dewal | spacers, are not described here. These steps
are known in the prior art. Mreover, the specific
gate structure shown is by way of exanple and not
critical to the present invention.[0015] After the
gate structures are forned, recesses 30 are etched
into the silicon substrate at the sites of the source
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drain regi ons nay be rai sed above the original |eve

isglatiohdrendbstrate, as illustrated. Note these reglons
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SRIHRIES BoMethe 8lchahferarkd prilRinret HadBftdrel ThHeiddurf€and drain
n channel and p-channel tranS|stors In the case of

regipnspmayi derreisedraboyeshe originakleyel of theisubstrats, ias ilustrated.
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mobi lity. Bo he n-channel and p-channe

strained chawne regisms\fer both the nehannel and prelpanebmapsistors. In
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tr;rt]s?stor, the same strain degrades electron mobility. Both the n-channel and
p-channel transistors, however, will benefit from the lower silicide barrier
height associated with the SiGe, once the silicide or salicide is formed.

~ [0018] Figure 4 illustrates one process for relieving the strain on the
channel region of the n-channel transistor while leaving the strain on the p-
channel transistor. First, a masking member, which may be photoresist 41, is
formed over the p-channel transistors, covering the source and drain regions of
these transistors. Then, as shown in Figure 4, ions 40 are implanted into the
SiGe source and drain regions of the n-channel transistor to create dislocation
defects that act as relaxation sites within the SiGe. This reduces the strain on
the channel region, and consequently, improves the electron mobility in the
channel region. The ion bombardment may be relatively shallow since the
channel region of the n-channel transistor is near the surface of the silicon
(directly below the gate insulator), thus, there is no need to disrupt the crystal |

lattice deep within the recesses. The ions which are implanted are not
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channel region of the n-channel transistor while

| eaving the strain on the pchannel transistor. First,
w@20vadkiong nenber, which may be phot oresi st 41PCT/85S2007/007707

fornmed over the p-channel transistors, covering the

source and drain regions of these transistors. Then,

as shown in Figure 4, ions 40 are inplanted into the

Si Ge source and drain regions of the n-channe

transistor to create dislocation defects that act as

rel axation sites within the SiGe. This reduces the

strain on the channel region, and consequently,
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[0021] t hi s Iardroalitemate edMbaidinent ahe stress rathd fiehShfel transistors

. sqQurce and drajn regions of t{:e p-chgﬁnel transj stor
is Iéqlgv'gfi&year%avwﬂq\ﬁé)q q,}bpéﬁ g ma}grial in the isolation trenches.

Referring to Figure 5, again, a masking member (member 50) is placed over the
p-channel transistors. The trenches bounding the n-channel transistors, such as
trenches 11 and 12 of Figure 5, are exposed, at least in part. Then, the material
in the trenches, such as the silicon dioxide, is etched out of the trench with
either an isotropic or anisotropic etching process. As shown by the openings 52
and 53 of Figure 5, not all the material in the bottom of the trench needs to be
etched. Only the strain in the channel regions, which is near the surface, needs
to be relieved.

[0022] Where an isolation trench separates an n-channel transistor from
a p-channel transistor, etching the entire width of the trench, may cause the
relieving of strain in both the p-channel and n-channel transistor. This would
eliminate one of the benefits of using SiGe in the p-channel transistor,

specifically the higher hole mobility created by the strained channel.



[0021] In an alternate enbodi nent, the stress in the
n-channel transistors is relieved by renoving sone, or
w@bdoz/1edood he material in the isolation trenchesct/us2007/007707

Referring to Figure 5, again, a masking nenber (nenber

50) is placed over the p-channel transistors. The
trenches boundi ng the n-channel transistors, such as
trenches 11 and 12 of Figure 5, are exposed, at | east

in part. Then, the material in the trenches, such as

the silicon dioxide, is etched out of the trench wth
either an isotropic or anisotropic etching process. As

wn by [
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Thi's would elimnate one of the benefits of using SiCe
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case prevent the
shR¥mh heFt &) the smrmbﬁhrigs ﬁ’(aﬂ’ﬁﬁ(]i W1HQ’£otl bestetisoed. BRARAY, the
menber of Figure 5 protects a portiaon of the

OpRItiBg |5§|W1>hld rediverthg skrain frogn any raﬁh@n%sa@ﬁlféor@wmsed on

98 654 e LSRR 1 g 30 o ocs o

sha@é aemlaﬂehyrerfcmmtharng-chhﬁhentramﬁytopaoﬁ wmlrafdrysdrﬁe reason
an ani sotropic etchant is used. Consequently,

the eatigp tranchicapdiegtghed dhgirapgdag rpembRE nged é\%fal% ﬂ% the
tréﬁgai o hidh Eﬁ&%ﬂf@l&eﬂm%%ﬁg&%@ channel transistor

own I n |gure e strain’in 1ts channel wll not
[0b24]r el | eveg.illGstialedrinyEigthe6,omnamwi thg shainbab beér rélVeved from
thterl:%a%[alarlenglgrﬂsoc% t%r(]e rﬂcﬁggggleéargsrlsatgisl Sat s?lrlmgl SSE%onSg}g bgr}ormed on
the SiGe surfaces. Subsequently, the trenches are re-filled with, for instance, an
interlayer dielectric (ILD). This re-filling of the trenches does not create strain
on the channels. Note in Figure 6 the openings 52 and 53 have been re-filled
with a dielectric 58.
[0025] In Figure 7, an additional embodiment is illustrated. Recesses are
not formed for the n-channel transistors, but rather the silicon is doped as
shown by the source and drain regions 62 for the n-channel transistor on the
substrate section 10a'. Recesses, such as shown in Figure 2, for the p-channel
transistors, are etched for the embodiment of Figure 7. Then, the SiGe is
epitaxially grown, forming the regions 60 for the p-channel transistor, and the
regions 63 for the n-channel transistor. The regions 63 are above the level of

the channel region, and as a result do not cause strain on the channel region of

the n-channel transistor. Again, as was the case in the other embodiments,



the side of trench 14 opposite region 16. Were a

p- channel transistor does not share a isolation trench
wowdoh/120900- channel transistor, or where for sSoPETr/USASDINTT07

the entire trench can be etched, the maski ng nenber

need not fall on the trench. This is shown by trench

12 in Figure 5. [0024] As illustrated in Figure 6,

once the strain has been relieved fromthe channe

regi ons of the n-channel transistors, a suicide 57 may

be formed on the Si Ge surfaces. Subsequently, the

trenches are re-filled with, for instance, an interlay
el 1dicel ' . Thij  f ikl i
silfiaflbSHERrhd bh 48 SCENTRRS e A4 oD Balded ¥R other
entbédignéie of hgsefingahd siidohdsitichderesistamidd isatemifote abtained.

dielectric 58. [0025] . In Figure 7, an_ addj.tional L.
0@&%dodi nenthys prpresses hawrbeqrdesairedsior relieving the gtiadn in an
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Recesses, such as shown in Figure 2, for the p-channe
chappakirandstors.are et ched for the embodi nent of Figure

7. Then, the SiGe is epitaxially grown, formng the

regions 60 for the p-channel transistor, and the

regions 63 for the n-channel transistor. The regions

63 are above the level of the channel region, and as a

result do not cause strain on the channel region of

the n-channel transistor. Again, as was the case in

t he ot her enbodinents,silicide 65 is forned on the

Si Ge surfaces. The advantage gained in the other

enbodi nents of lowering the silicon/ silicide

resistance is therefore obtained. [0026] Thus,

processes have been described for relieving the strain

in an n-channel transistor which uses a Si Ge source/

drain. This allows the advantages of a Si Ge forned

silicide to be used both on the p-channel and nchanne



transi stors. CLAIMS What is clained is: 1. A nethod for
fabricating n-channel and p-channel transistors
wa@epn2@ing: form ng recesses in a silicon subBCT/EE®07/007707
for source and drain regions adjacent to gate
structures for n-channel and p-channel transistors;
growng SiGe in the recesses to formsource and drain
regions for the nchannel and p-channel transistors;
and relieving strain in channel regions of the
n-channel transistors resulting fromgrow ng the SiGe,
W t hout substantially affecting the strain in channel
regi ons of the p-channel transistors. 2. The net hod
defined by claim1, wherein the relieving of the
CIAIMISY occurs by inplanting ions into the source and
dr ai regiqns of .the n-channel transistors to
anorpRALE ¢aENef 2. 3. The nethod defined by claim 2,
wherein the ions are normally noncharge carrying

1. at 0% méthodBr EBHQEirEehIcREANEYartd pldRadineVi@hSisforshe

ions conprise carbon ions. 5. The nethod defined by
copipriising; wherein the relieving of the strain in the

n-c anng& transi stors.is ob%qg gﬁ p¥ et ching,a. ions

di ol QIR IEREORERD A SHETR PUBTIRERT Foateeinne dfipsseis

adpitefPfo SheéSstAlcthd foP W-afariRU Al REHaORE tedrtkestefs;t he
drain région of the n-channel transistors. 6. The

met IgyewdegiSied ibyhe redessss tofhamedanrae and|draimeegions for the n-
dielectric,in all the trenches is etched.
channeland p-channel transistors; an
relieving strain in channel regions of the n-channel transistors resulting
from growing the SiGe, without substantially affecting the strain in channel

regions of the p-channel transistors.

2. The method defined by claim 1, wherein the relieving of the strain
occurs by implanting ions into the source and drain regions of the n-channel

transistors to amorphize the SiGe.

3. The method defined by claim 2, wherein the ions are normally non-

charge carrying atoms.
4. The method defined by claim 3, wherein the ions comprise carbon ions.

5. The method defined by claim 1, wherein the relieving of the strain in the
n-channel transistors is obtained by etching a dielectric material from isolation
trenches disposed on one side of the source region and one side of the drain

region of the n-channel transistors.

6. The method defined by claim 5, wherein not all the dielectric in all the

trenches is etched.

7. The method defined by claim 1, including forming a silicide metal on the

source and drain regions.



7. The nmethod defined by claim1, including formng a
silicide nmetal on the source and drain regions.8. The

woresohagkookef i ned by claim 2, including form ng pceusHod07707
metal on the source and drain regions. 9. The nethod

defined by claimb5, including formng a suicide netal
on the source and drain regions. 10. The nethod
defined by claim9, wherein the suicide netal
conprises nickel. 11. A nethod for formng an

n- channel transistor conprising: formng isolation
trenches filled wwth a dielectric material in a
silicon substrate; growi ng Si Ge epitaxial source and

8. dr aiThd QUL defnk& I(Bgt%;%n DOS R Vi fb?ﬁuﬁ% R$i5@H€E metal on the

adj acent to the 1so on trenches; etching the
sodied ®dd drainmegesnsal from at | east part of the trenches
so as to relax strain in the SiGe source and drain

regi.qQns; and.for.m a,suicide nmetal,  on.the source gn
9. o oy e g e BhRed by i Sy Tiog fofffitg & A4 fndtifon the
so\ﬁ'fk%rﬁid‘d}ﬁ?u%gi&{sde is formed using nickel. 13. The

net hod defined by claim 12, wherein the dielectric

material in the trenches is silicon dioxide. 14. The .
10t W aethed defiped by glaim 9, whereini thg siticide metal eamprises
niﬁzelat | east one of the trenches such that the nasked

part of the trench is not etched when an exposed part

of the trench is etched. 15. An integrated circuit
11haviAgnétbiod for ¢banirgd amnechantiehtraekistorartahptising:

forming isolation trenches filled with a dielectric material in a silicon
substrate;

growing SiGe epitaxial source and drain regions in recesses formed in
the substrate adjacent to the isolation trenches;

etching the dielectric material from at least part of the trenches so as to
relax strain in the SiGe source and drain regions; and

forming a silicide metal on the source and drain regions

12.  The method defined by claim 11, wherein the silicide is formed using

nickel.

13.  The method defined by claim 12, wherein the dielectric material in the

trenches is silicon dioxide.

14.  The method defined by claim 11, including masking a part of at least one
of the trenches such that the masked part of the trench is not etched when an

exposed part of the trench is etched.

15.  Anintegrated circuit having both n-channel and p-channel transistors
comprising;:
strain inducing means for causing strain in the source and drain regions

of both the n-channel and p-channel transistors; and
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conprising: strain inducing nmeans for causing strain
in the source and drain regions of both the n-channe
wapg7p2eeannel transistors; andstrain relievingcTnesisr007707
for preventing the strain in the source and drain
regi ons of the n-channel transistor from causing
strain on channel regions of the n-channel transistor
whil e not preventing the strain in the channel regions
of the p-channel transistors. 16. The integrated
circuit of claim15, wherein the strain inducing neans
is SiGe source and drain regions. 17. The integrated
circ&it of..cl.aim 16 erein the.strai.n.r

o nstain iisaRs Thegis oF Srerdhaing 0¥ §fudbdhe Sifhand drain

reSions of the hithrap@lel &an_@@a)m@ﬂjﬁkaﬁﬁmé)maﬂ ort BRafndBBIMHs of
ransistors filled with a different dielectric in

the netheines] tiappistadwbile noé psevdading thehwiraoindbe gshdndelaiegions
regions of .the p-channel transistors. 18. The

Ofiﬂh?qu? nael GanstiteTSgef i ned by clai m 16, wherein the
strain relieving neans conprises an anorphous Si Ge

16! €9iTHe infegdraedé i of BRI 5, RviidgirPtheddtrdilG@ndueit@ihehns is
transistors. 19. The integrated circuit defined by

Sie spurceand dedindiegtpnsui ci de on the source and drain
regi ons of the n-channel and p-channel transistors.

1720. fir W Rl io? gﬁ'utn ﬁe%mggp%lecgﬂiﬂ] rlﬁeving means
i ncl'udi'ng ¥ui ci de on the source and drain regions o
cobrfjfrisesdbslatioh tesidthps divpuszed dir thesidéoofsthe source and drain
regions of the n-channel transistors filled with a different dielectric in trenches
disposed on the sides of the source and drain regions of the p-channel

transistors.

18.  The integrated circuit defined by claim 16, wherein the strain relieving
means comprises an amorphous SiGe region in the source and drain region of

the n-channel transistors.

19. The integrated circuit defined by claim 17, including silicide on the

source and drain regions of the n-channel and p-channel transistors.

20.  The integrated circuit defined by claim 18, including silicide on the

source and drain regions of the n-channel and p-channel transistors.
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