EPI TAXI AL SI LI CON GERVANI UM FOR REDUCED CONTACT RESI STANCE | N FlI ELD- EFFECT
TRANSI STORS HELD OF THE | NVENTI ON [ 0001] The invention relates to the field
of silicon germaniumregions in field-effect transistors. PRI OR ART AND
RELATED ART [ 0002] Frequently in sem conductor devices, a suicide netal is
forned on WEHEWt or regions to reduce resistance. ARCTUROYPTEf ace

bet ween the suicide and a sem conductor, such as silicon, a Shottkey bather
is a source of resistance. This can be reduced by |owering the bandgap, as
occurs when silicon germanium (SiGe) is used as the material in which the
silicide or salicide is forned. The use of SiGe source and drain regions
and a nickel silicide nmetal is described in U S. Patent 6,949, 482. The
bandgap diagrans and related text in this patent describe the advantages of

using, particul arl ickel silicide, on the Si Se L qure 6 and 7
ond el bt ed EERAIKE SHOSPIN CPMANRGUTORAEOHCES LA S RESE RSB R e 1 P
transistors i s obtai ned when meupiE¥Eel TRARBIATHSVe strain is inparted

directly to the channel region of the transistor from for instance,
enbedded Si Ge source and drain regions. Simlarly, it is known that

i ncreased (e ORAGEE INVENRIORD in NMOS transistors when uniaxial tensile
strain is placed on its channel. This is described in "A Tensi]e Strained

NMOS Transil@@®)  Usi nghesinygntion relatestorthe figdhplpiligoy grrmaniumJesions ivn serj al
nunber 11/ L8t hdrsftlofgecenber 29, 2005, assigned to the assignee of the
present application.

PRIOR ART AND RELATED ART

{0002] Frequently in semiconductor devices, a silicide metal is formed
on semiconductor regions to reduce resistance. At the interface between the
silicide and a semiconductor, such as silicon, a Shottkey barrier is a source of
resistance. This can be reduced by lowering the bandgap, as occurs when
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.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0004] Figure 1 is a cross-sectional,

el evation view of two sections of an upper portion of a silicon substrate
in which isolation trenches are forned. [0005]Figure 2 illustrates the
structure of Figure 1, with gate structures and with recesses etched into
the silicofVOE)/R6At t he gate structures. [0006] Fi gur @CIUSKOT YTt es t he
structure of Figure 2, after SiGe source and drain regions are grown in the
recesses. [0007]Figure 4 illustrates the structure of Figure 3, after

maski ng a p- channel transistor and during an ion inplantation of the

n- channel transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

[ooo4] Figure 1 is a cross-sectional, elevation view of two sections of an
upper portion of a silicon substrate in which isolation trenches are formed.
[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 SiGe source and
drain regions are grown in the recesses.

[0007] Figure 4 illustrates the structure of Figure 3, after masking a p-
channel transistor and during an ion implantation of the n-channel transistor.
[c008] Figure 5 illustrates the structure of Figure 3, in alternate
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-channe! 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.



[0008] Figure 5 illustrates the structure of Figure 3, in alternate
processi ng, where after a masking step, sone of the nmaterial in the

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

[ 0010] Fi gur¥0 20071368t r at es anot her embodi ment, where fICHFROMIVEY el
transistor, the SiGe is not recessed. DETAILED DESCRI PTI ON [ 0011] A net hod
is described for fabricating p-channel and n-channel transistors where a
silicon germanium (Si Ge) source and drain regions are used and where a
suicide is forned on these regions. In the foll ow ng description, numerous
specific details are set forth such as inplantation energy |levels, etc. in
order to provide a thorough understanding of the present invention. It wll
be apparen

practiced aP SPetﬁ I hﬁ%&@??%gﬁa%%§$¥§3§tﬁégﬁﬁﬁﬁgﬁﬁghaﬁgifgﬁkgr|?E%oaﬁ

fabri cati onuPERSRSS Sifovah ETRRL sePlfeté 5artidnk bf €1k stibstrate idefiffiedad 10z0and

unnecessar '1'0% a?'et:) islfulégr%tédr.] eOIQ rsecestieor;;[ 'lOia?Xser*Elil gg'described, an n-channel transistor
is formed in the region 15. On the substrate section 10b, a p-channel transistor
is fabricated in the region 16. The region 15 is bounded by the two isolation
trenches 11 and 12. Similarly, the region 16 is bounded by the isolation
trenches 13 and 14. The trenches 11-14 are shallow isolation trenches formed
by etching the upper region of the substrate and filling the trenches with a
dielectric. In some cases, after the trenches are etched, a silicon dioxide is
grown to form a dielectric liner within the trenches. Then, the trenches can be
filled with a material such as a deposited silicon dioxide.
[0023] In Figure 1, only half a trench is shown for each of the four
trenches 11-14. In some of the embodiments described below, as will be
discussed, material filling the trench is etched. In some cases the material is
etched across the entire trench, and in other cases it is etched from 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.



WO 2007/ 126909PCT/ US2007/ 007707 [0012] In Figure 1, the upper portion of a
nonocrystalline silicon substrate is shown. Two separate sections of the
substrate identified as 10a and 10b are illustrated. On section 10a, as

wi |l be described, an n-channel transistor is fornmed in the region 15. On

t he substr YQ2MEEWPYn 10b, a p-channel transistor is fIASAEHOERTH t he
region 16. The region 15 is bounded by the two isolation trenches 11 and
12. Simlarly, the region 16 is bounded by the isolation trenches 13 and
14. The trenches 11-14 are shallow isolation trenches fornmed by etching the
upper region of the substrate and filling the trenches with a dielectric.
In sone cases, after the trenches are etched, a silicon dioxide is grown to
forma dielectric liner within the trenches. Then, the trenches can be

filled wt materi gl such as a deposited sil.icon digxide. [0013]1n Figure
1, only haﬂ?&é]trenc%‘fﬁ_t@‘hgmw ol mﬁg'ﬁ?ﬁseﬁgéﬁ’af’é%ﬂefg‘;"? . In sone
of the enmbqdsBRibss tb REGheRBOVF tHSsoléd arRPd S PSSR for HatieHeah- 1111 ng
the trench is etched. In sone cases the material is etched across the

entire treskannelpand prebannel treasistors.t In Bigure e vecesses Mdextendn the entire
wi dth of HLS’PE{’MQEI Btkﬁnttﬁ@g&t{é Wl llR 183 n o Behdf ﬁB?e"‘éhEQéceéé&
not-to-scal @ tor i nstance.  Pelative to the gate structure. For

conveni enc &P it leech camaekenda sbghthp wndenthespaoers, aval areeunded dyiare t o t he
gate structiggeﬁthgrn they are in an integrated circuit. [0014] Gate

st ruct ur es EFAIRFSBF on the regions 15 and 16 and |ike regi ons of the

substrate. [6016) r esuNARtepiakial gEowel isnBed 20 gvew ISIGEb@uice add draiml udes a
gate dielectrjc m a chann ion i,n the

%1 seR%ati a gate 20 fr reqgi

substrat e, T8HG™8 forhd thg R-cbangeland pehepnel apsisirye e polss 2RALISS 41 o
di sposed OReSiRRY PhdyEbsSiaaRe dMovk IRe BALREI kel 5 P aGBitHesisSNasELRE. as the
n-type andr@;t‘%éﬁe opant tip inplants, and the formation of the sidewal l

spacers, a es¢esions age mamediatelyadjacenbto thedsalatipthtreRchese prior art.

Mor eover, gbmh peci fige ﬁi:%é%@%@e%h%e&@ss@ca@s@mﬁf@ﬁpl&@ and not
critical tot present J1 nvention. WD 2007/ 126909PCT/ US2007/ 007707

[ 0015] Af t estrieiredydtaanst regisingrfes bofhethi gr-¢haaine} sk psbeanad teamsistorshédd i nt o

the case of the p-channel transistor, this strain is beneficial in that it improves
hole mobility in the transistor. Unfortunately, in the case of the n-channel
transistor, 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, 2 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

4



the silicon substrate at the sites of the source and drain regions for both
the n-channel and p-channel transistors. In Figure 2 the recesses 30 extend
approximately fromthe gate structure to an isolation trench. Note the
recesses 30 in each case extends slightly under the spacers, and ar

bounded by Y¥N299¥B6¥¥i on trench. [0016] Now, epitaxi al g?ﬁﬁﬂﬁﬂwgmnggd to grow
Si Ge source and drain regions for both the n-channel and p-channel

transi stors. The source and drain regions may be rai sed above the original

| evel of the substrate, as illustrated. Note these regions are imredi ately
adj acent to the isolation trenches. [0017] The growing of the SiGe in the
recesses causes conpressively strained channel regions for both the

n- channel and p-channel transistors. In the case of the p-channel
transistor, this . strain is, benefj roves hole mobility in
the transi SPHENAINFRATEE AATIATS a"\drﬁfﬁ'é ‘E?a%"énﬂfaf q‘?&“i?@ﬂ&ﬁ U nsi stor, the
same strai pr éﬁ@ﬁﬂﬁls%ﬁidéﬁhdm;htégionﬁ@&bbhﬁfdamh@r& u:seahannel
transi stors, however, will benefit fromthe | ower icide b rrler hei ght

associ at ed [upiantetien epczgy levaleot fa-1/Key aes adequats, SHiths Figsq
[ 0018] Fi gur, flo)hMatb‘i%"lEiégE‘i’é‘Qto‘?ﬁQﬁ%%s for relieving the st ra| n on the

channel reg n-channel transistor while |eaving the strain on the
p- channel {0@Aki st or Followitg this imaplentagiomenbidicideih formerhin geoyshinatsr esi st 41,

is formed Wiinet %%cﬂagtﬁpggigk&rhen FRIRonBAE aaggcé &emguﬁa@m@ﬂd drain

regi ons of ese€ transis ure rons 40 are
i npl ant ed isobxetahed cﬁaﬁaﬂeghmscassmdudﬂmfnrmm@mmnﬁﬂmfsﬂidm rwlkdrannel

transistor to create.dislocati defects 't t as,relaxation sites
Wi hin t he CSRERRdn e RHTEAn SE T feeapns Shioe RENRARLErn g o and

consequent lfpn20] Npr ovas shB@nahasghRY, rﬁmaéﬂmysamn&ﬂn&eﬁ&amed m&lagean The i on
bonmbardnent may he rel atively shall ow since the é}hﬁ{mel %Pon of
c{eﬂ eI ow t he

n-channel tsRE thepask, whezgas ey halfthg dsolajfor ren
gate | nSul Gl b to Lbibnsk AR Mat hkighfRth of okl SEMP Wil eGE01E G rég@éﬁd ce deep

within the recesses. The 1ons whichh are inplanted are not nom nally charge
carriers, &naptaniticeffor shigemimdiatenscWhaheattens sdhatihefiGpsopeeands of the

sour ce. and (gl o LRGIoPNR: p ANl Ble NS 0GR ORI B Blackipbeant 2t | on

energy levels o are adequat e, pproxi nat el y
1E16-5E16 @02/ cn?. Irf ﬂ()amm'ﬂaté embndindntsthergiteantratheanchanrel transistors s
formed in e IEVECF gy ¥emov1ng some, or all, of the material 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.



manner, such as with nickel. The disruption to the lattice of the n-channel
source and drain regions, assists in the formation of the silicide, when
conpared to the source and drain regions of the p-channel transistor.

[ 0020] As shown in Figure 4, the entire isolation trench 13 is included
under the YEROTAMEPeas only half the isolation frenchPCAUSBOYBHEY t he mask
41. This is to denponstrate that the alignnent of the nask wth the

i solation regions is not critical for this enbodi mnent. What matters is that
the Si Ge source and drain regions of the p-channel transistor are protected
fromthe inplantation. [0021]In an alternate enbodi ment, the stress in the
n-channel transistors is relieved by renoving sone, or all, of the materi al
in the isolation trenches. Referring to Figure 5, again, a masking nenber

(menber 50) pl aceqd over th -channel transistors tr ches boundi ng
the n- chanr@? ran5|g'f‘6‘i“§°a¥u§}?pr3§5 B MeFTRRESHOY, P‘ﬁ'eﬂfgﬁ 5, are
exposed, atué&ﬁ%omrbeﬂa%étch@%rm@na@trﬁédm mrﬁ&esurowcg&aas such as the
silicon dioxide, is et out of the trench with either an isotropic or

ar ti sot r opiRFOCE Rertisroeidhe materialipthe Fpnemdl.opieriiatlys maskingrembstr Fi gure
5, not all §d€;t§‘rn?]§:frt]se§%‘gb ﬁgﬂ%‘gﬁ'bﬁé AR \5/%%‘15%5? E%Qn?ﬁﬁ@ﬁe hfatdpmi et ched.

Only the st regl ons, near the surface, needs to
be rel i evedillihg@Reirehadr t4 amd 1 okspactnelyr Eoonbsingatchedaveay parsinalany if

AR T e e DAL
n- channel tdlaﬂsxsseatcﬁf&\e’ﬁmes()f\ma lisdlatidrg aixelbﬁppm‘itetthe nb:émehelt tsargdfistusi ng
croat et by PREREHEHEP ShapRLR i (e A e o 0028 1 n
this case, JiRinBPSKWAIAEIRRIthE b@ﬂﬁﬂr&&ﬂfﬁﬁ‘%hﬁﬂ%l @Rinisis€or disposed on

the side of trench 14 opposite region 16. Where a p-channel transistor does not

share a isolation trench with an n-channel transistor, or where for some reason

the entire trench can be etched, the masking member 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 from

the channel regions of the n-channel transistors, a silicide 57 may be formed 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 5iGe 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,



trench from being etched. For instance, masking nenber 51 of Figure 5
protects a portion of the material in the trench 11. Simlarly, masking
menber 50 protects part of trench 14. The masks 50 and 51 prevent all the
material filling the trench 14 and 11, respectively, from being etched away
parti cul ar IWO pg07/826%&ni sot ropi ¢ etchant is used. Conseq®ERUSHOTHFTTH
p-channel transistor is disposed on the side of the isolation region 11
opposite the n-channel transistor shown in Figure 5 the straininits
channel will not be relieved. Simlarly, the opening 55 would relive the
strain froman n-channel transistor disposed on the side of trench 14
opposite region 16. Were a p-channel transistor does not share a isolation
trench with an n- channel transistor, or where for sone reason the entire
trench can he he k|n menber peed. not fall. op.t ench. This
i s shown byt t‘?‘g‘hg% Cfi PT‘ SUTERSS%: ] ﬁge afyanspsegrined H‘E} g‘U‘F‘ once
the strain éﬂ%d?ﬁﬁﬁtsrcﬁ'lbﬁ)éﬁﬂ ftﬁ@ﬁl:k&@/ﬁ"@ﬂ@?ésxd’t&ﬂieqﬂ thedbford 6bﬁ1r€é’clﬁnne|
transistors, a silicid n% formed on the SiGe surfaces.

Subsequent I[§0261he tr @h@hés‘oaﬁiséeﬁf ba\fq bqeédieﬁﬁl’ﬁwd fosreliqring hastrain i Al er | ayer
dielectric 3ﬂ@§§ reate strain on
t he channeIr{s'é}'EE’E%'[de&lgiﬁa l‘ﬁﬂle&ghg% ao%dg%%h‘krs have een re-filled
with a di elsivaniagessf aﬁﬂ%ﬁmdﬁulgudeto?be ’asedalmihtcnmhalpﬁmml amh- | s
illustrated, Re ses are not fornmed for the n-channel transistors, but
rather theS g???% ped as shown by the source and drain regions 62 for
t he n-channel tranS|stor on the substrate section 10a. Recesses, such as
shown in Figure 2, for the p-channel transistors, are etched for the

enbodi 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 | evel 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 enbodi nents,
suicide 65 is fornmed on the Si Ge surfaces. The advantage gained in the

ot her enbodi nents of lowering the silicon/silicide resistance is therefore
obt ai ned. [0026] Thus, processes have been described for relieving the
strain in an n-channel transistor which uses a SiGe source/drain. This

all ows the advantages of a SiGe fornmed suicide to be used both on the

p- chrannel and n-channel transistors. CLAIM



What is clainmed is: 1. A nmethod for fabricating n-channel and p-channel
transistors conprising: formng recesses in a silicon substrate for source
and drain regions adjacent to gate structures for n-channel and p-channel
transi stors; growing SiGe in the recesses to formsource and drain
regions for the n-channel and p-channel transistors; and relieving
strain in channel regions of the n-¢agarM@s transistors resulting from
growing the SiGe, without substantially affecting the strain in channel
regi ons of the p-channel transistors by etching a dielectric material from
i sol ation posed on one side of the source region and one side
of the dré?%ﬁ€§3?%ﬁg%% the n-channel transistors. 2. The nethod defined by
claiml, wherein not all the dielectric in all the trenches is etched. 3.

The net hodI defi dogf ?lbm 1, inc ud| orm na a silJicide netal on the
source and dr ai “é?g‘? ¢ fabgicatingn- RGPS COMPYHE e n t he

silicide netal ﬁ%ﬁﬁ@'rﬁ@e@sé@'ﬁ k&llicon sul@stﬁ?et f&?goxfr@é aﬁ@ﬂﬂﬁlmFﬁiﬁs @dﬁb@ﬂ@@'
transi stor conprisin formng isolation trenches filled with a

di el ect ri cgatmstaichues fonnecheinel euhpshivgret H@@astfgrrsow ng Si Ge epitaxial source
and drain regi Oné\gmg é&_?ee%s?ﬁs Ie%gs”?% 10 h%o rléQ tnEIa r5in® %{ %gnttor ttg Fleast

i sol ation trench *hi g rrc nmateri roma
part of tmahﬁ@aﬁ@p&hsﬂlaa&aﬁ@sw;@j@ﬁ st ral n | n the Si Ge source and drain

regions; and 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 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.

2. The method defined by claim 1, wherein not all the dielectric in all the

trenches is etched.

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

source and drain regions.
4, The method defined by claim 3, wherein the silicide metal comprises nickel.

5. A method for forming an n-channel transistor comprising:

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.

6. The method defined by claim 3, wherein the silicide is formed using nickel.
8



formng a silicide netal on the source and drain regions. 6. The net hod
defined by claim5, wherein the silicide is fornmed using nickel. 8 7. The
nmet hod defined by claim®6, wherein the dielectric material in the trenches
is silicon dioxide. 8. The nethod defined by claimb5, including masking a
part of at |east one of the trenches such that the masked part of the

trench is Mot erighasthwddefigsd BXANSEd, Phdrtinahe URbectricenaterialsn ehetratthes

is silicon dioxide.

8. The method defined by claim 5, 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.



