10

15

20

25

30

RELIABLE CONTACTS FIELD OF THE INVENTION The invention
relates generally to the formation of 5 germanide contacts used in, for
example, integrated circuits (ICs). More particularly, the invention relates
to improved formation of nickel-based germanide contacts used in
integrated circuits. 10 BACKGROUND OF THE INVENTION Fig. 1 shows
a portion 100 of a conventional CMOS IC. The portion includes first and
second complementary transistors 120 and 140 formed on a silicon
substrate 101. The first tranREtor ABRE NCIPIRATASSistor formed on a 15
deep p-doped well 121 while the second transistor is a p- MOS transistor
formed on a deep n-doped well 141. Beneath the n-MOS transistor is a
Ehaldv prdopidel WaVERZ Nile a shallow n-doped well is located below
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Uan&suwstnam m or co cide is used. Titanium and cobalt silicides
are used as contacts 170 due to their good electrical 30 properties and

E@l@%@bbf%‘ t@prnpgtstmv%-ﬂ' [gymetal silicide contacts are formed

. As part of the self-aligned process,
Flg- 1 shows a portion 100 of a conventional CMOS IC.

The portion includes first and second complementary
transistors 120 and 140 formed on a silicon substrate 101.
The first transistor i1s an n-MOS transistor formed on a
deep p-doped well 121 while the second transistor is a p-
MOS transistor formed on a deep n-doped well 141.

Beneath the n-MOS transistor is a shallow p-doped well 122
while a shallow n-doped well is located below the p-MOS
transistor 142. Shallow trench isolations 160 are used to
isolate the transistors. Each transistor includes source
(123 or 143), drain (124 or 144), and gate (125 or 145)
electrodes. For an n-MOS transistor, the source, drain and
gate electrodes are doped with n-type dopants, such as P.
As for the p-MOS transistor, the source, drain, and gate
electrodes are doped with p-type dopants, such as B.

To reduce contact resistance in, for example, the
source, drain, and gate electrodes of transistors, titanium
or cobalt silicide is used. Titanium and cobalt silicides
are used as contacts 170 due to their good electrical
properties and relatively high thermal stability. The
metal silicide contacts are formed using self-aligned

salicide processes. As part of the self-aligned process,
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1 dielectric side-wall spacers (128 and 148) on the sides of the gate
electrodes may be used. Salicide processes are described in, for

example, Sze, "ULSI Technology", McGraw- Hill (1996), which is herein
incorporated by reference for 5 all purposes. For high-speed applications,
germanium-based substrates are employed, such as germanium or
germanium- silicon. Germanium-based substrates are advantageous for
high-speed applications due to their high carrier mobility 10

dlierpstrisiies siiehesd Losgaciue fordams diive T4gynth TeHerwides of

cEntacts for siurce, drain, and g&te elect Odeééj’gi glgm%anium-based
L6, REET HERRERIdEY o8 sastre usdd HitfuR AaepaR are
dedale ibithiare Widelyessanitbe 15 $aren sttioide icongatincdregy”™, McGraw-
' pAti ith germanide processes. This is because forming titanium

B D S i ot LD SRTRLEPLC D 5Y I TEbater) For
edduirsp@siesly high annealing temperatures which are detrimental to
germanium- d licatj For example, high tempe cause
K e e A e e e
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currents. To form contacts for source, drain, and gate
electrodes iIn germanium-based substrates, metal germanide
processes are used.

Titanium and cobalt metals, which are widely used to
form silicide contacts, are incompatible with germanide
processes. This 1s because forming titanium or cobalt
contacts with good electrical characteristics (e.g., low
resistivity) requires relatively high annealing
temperatures which are detrimental to germanium-based
applications. For example, high temperatures cause
evaporation of germanium or, where intentionally strained
materials are used, undesirably relax the strain in such
materials.

From the foregoing discussion, it is desirable to

provide an improved germanide contact for use in ICs.

SUMMARY OF THE [INVENTION

The invention relates generally to fabrication of, for

example, integrated circuits. In one embodiment, a
substrate is provided. The substrate includes an active
region comprising germanium. A nickel-based contact is

formed on the active region. The nickel-based contact
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region comprising germanium. A nickel-based contact is formed on the

active region. The nickel-based contact 2 comprises a processing material

which inhibits agglomeration of nickel during processing. This results in

improved electrical characteristics of the nickel-based contact. 5 In one

embodiment, a nickel layer is deposited over the substrate, covering the

active region. A capping layer comprising the processing material is

formed over the nickel layer. In another embodiment, the nickel layer

comprises theapipcessisg inateriakdarnzingwhiicke! piiny dpdsyer. The

substrate is then pro essejib annealing to _form the nickelﬁ%%lsed ,
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contact. 15 BRIEF DESCRIPTION OF DRAWINGS Fig. 1 shows a portion

892%%?1 entional CMOS IC; and Figs. 2-6 show a process for forming

contactninoaecanboca néhtoneeemboliedertaydre nyedeéposited over
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Integrated cifcuit components. In one embodiment, the substrate

gormpriseea mbE-lpyeeassbiganaikestiefl , forming a nickel alloy

layer. The substrate i1s then processed by annealing to
form the nickel-based contact. The processing material of
the capping layer or the contact layer inhibits
agglomeration of nickel during anneal to form the nickel-
based contact.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 shows a portion of a conventional CMOS IC; and

Figs. 2-6 show a process for forming contacts in

accordance with one embodiment of the iInvention.

DETAILED DESCRIPTION OF THE INVENTION

Figs. 2-6 show a process for forming nickel-based

contacts in accordance with one embodiment of the
invention. Referring to Fig. 2, a cross-section of a
portion of a substrate 201 is shown. The substrate serves
to form integrated circuit components. In one embodiment,
the substrate comprises a multi-layered substrate in which
at least the top or surface layer comprises germanium. For
example, the multi-layered substrate comprises a germanium-
on-insulator substrate. The germanium-on-insulator
substrate may include a silicon bulk substrate 203 with a

top layer 205 comprising germanium separated by an
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at least the top or surface layer comprises germanium. For example, the
multi-layered substrate comprises a germanium- 30 on-insulator
substrate. The germanium-on-insulator substrate may include a silicon
bulk substrate 203 with a top layer 205 comprising germanium separated
by an 3 insulator layer 204, such as silicon oxide. The top layer of the
substrate comprises, for example, a single crystalline material, a
polycrystalline or amorphous material, or a combination thereof. The

§as0dBitoYiayayt capdeg, stsrined as relaldd drrogidinga sutfage top layer
isi ermanium over a. silicon-germanium iulk layer is aEé)
the
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ubstrate comprising germanium, mcluding silicon- germaniumis also
useffill kn yet another embodiment, at least a portion of the top surface of
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silicon layeris less than 100 nm. Referring to Fig- 3, a portion of the
whedieat ids less than 50 atomic percent. The silicon-
germanium layer can be strained or relaxed. The substrate
can also include silicon-germanium over silicon-germanium
having different percentages of Ge. Providing a single-
layered substrate comprising germanium, including silicon-
germanium is also useful. In yet another embodiment, at
least a portion of the top surface of the substrate
comprises germanium, including silicon-germanium.

Alternatively, a thin strained layer of silicon
provided on top of the germanium layer is also useful. The
silicon layer should be sufficiently thin to maintain
tensile strain. Typically, the thickness of the thin
strained silicon layer is less than 100 nm.

Referring to Fig. 3, a portion of the substrate is
prepared with doped wells for transistors. As shown, the
wells are prepared for a CMOS application. Other types of
applications are also useful. In one embodiment, active
regions 308 and 309 for a p-MOS and n-MOS transistor,
respectively, are provided. The active region of the p-MOS
transistor includes a deep p-well 321 and shallow n-well

322. The active region of the n-MOS transistor includes a
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25 prepared with doped wells for transistors. As shown, the wells are
prepared for a CMOS application. Other types of applications are also
useful. In one embodiment, active regions 308 and 309 for a p-MOS and
n-MOS transistor, respectively, are provided. The active region of the
p-MOS 30 transistor includes a deep p-well 321 and shallow n-well 322.

The active region of the n-MOS transistor includes a 4 deep n-well 341

and a shallow p-well 342. Separating the active regions are shallow
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thermally grown silicon oxide. Other types of gate oxide materials are
Ap el in dhe caERIimenD ksaating bivenastsphtéres oe kg -

BERIOVHRSEQ B materials, such as silicon or silicon-
germanium, are also useful. Preferably, the gates are
doped with dopants. In one embodiment, the gates of the
transistors are doped with p-type dopants. Doping the
gates with other dopants is also useful. 1t may also be

useful to dope the gates of the p-MOS and n-MOS transistors

with different types of dopants. Beneath the gate is a
gate oxide layer. The gate oxide layer comprises, for
example, thermally grown silicon oxide. Other types of

gate oxide materials are also useful. In one embodiment,

insulating sidewall spacers 428 and 448 are provided on the

sides of the p-MOS and n-MOS gates.

Referring to Fig. 5, the process continues by
depositing materials for forming nickel-based germanide
contacts on the diffusion regions and gates. In one
embodiment, a nickel layer 571 is deposited on the
substrate. Various techniques can be used to form the

nickel layer, such as sputtering, including magnetron

sputtering. The nickel layer is sputtered, for example, at

a pressure of about 5X107’ Torr at about room temperature.

Other techniques or parameters for forming the nickel layer
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sides of the p-MOS and n-MOS gates. Referring to Fig. 5, the process
continues by 25 depositing materials for forming nickel-based germanide
contacts on the diffusion regions and gates. In one embodiment, a nickel
layer 571 is deposited on the substrate. Various techniques can be used
to form the nickel layer, such as sputtering, including magnetron 30
sputtering. The nickel layer is sputtered, for example, at a pressure of
about 5X10-7 Torr at about room temperature. Other techniques or

areanadiess tasddining theeickellbiaesare flsenesatfilcRoe thigieessief

the nickel layer is about 5-100 nm, Preferably, the thickness of the nickel
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e HiCKe] germanide layer. In one embodiment, the material of the
capping lkegppisrigsdiapierniie nckeFbaseticovact. thhenaldkel layer.

odiment, th ing laye ises Mo, Ta, Ti ¥ ora -
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to form the capping

or a combination thereof. Other materials that can inhibit
agglomeration of nickel germanide at processing
temperatures are also useful. In another embodiment, the
capping layer comprises a material which i1s soluble in the
nickel-based contact, such as Pd and/or Pt. The use of a
combination of soluble and insoluble materials i1n the
nickel-based contact to form the capping layer is also
useful.

Various techniques can be used to form the capping
layer, such as sputtering, including magnetron sputtering.
The sputtering, in one embodiment, is performed at room
temperature. Other techniques or parameters for forming
the capping layer such as thermal and electron-beam
evaporation are also useful.

The thickness of the capping layer should be
sufficient to inhibit agglomeration in the layer at
temperatures greater than about 500°C. Preferably, the
thickness of the capping layer should be sufficient to
inhibit agglomeration in the layer at least up to
temperatures of about 700°C. In one embodiment, the
thickness of the capping layer should be sufficient to

inhibit agglomeration in the layer at temperatures from
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20 layer, such as sputtering, including magnetron sputtering. The
sputtering, in one embodiment, is performed at room temperature. Other
techniques or parameters for forming the capping layer such as thermal
and electron-beam evaporation are also useful. 25 The thickness of the
capping layer should be sufficient to inhibit agglomeration in the layer at
temperatures greater than about 500C. Preferably, the thickness of the
capping layer should be sufficient to inhibit agglomeration in the layer at

a;mfupsoc?ozemraturla@ othr!]i@wlttgab&ﬁ.%ﬁ onwmbp@;’)m@t,llﬂawyer , Ffor
thickness of the ¢capping layer shou sufficient to inhibit agglomeration
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Preferably,, the thickness of the capping layer is.about 5 nm. After th .
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germanosilicide contacts'in substrate’ areas comprising germanium. For
todaviyigg ek el geasadiugeionand deD contasclkgdrdhaikkel-based
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temperature of about 200C to at least about 700C for about 1-100
ferairst. phdteanly ke lRPased germanosilicide contacts are

formed for silicon germanium underlying layers. 1In one
embodiment, the annealing comprises a rapid thermal anneal
(RTP). Other types of annealing are also useful. The RTP
is performed at a temperature of about 200°C to at least
about 700°C for about 1-100 seconds. Preferably, the RTP
is performed at a temperature of about 280°C to at least
about 500°C. The ambient of the RTP is, for example,
nitrogen. Other types of ambients, such as vacuum, He, Ar
are also useful. Other types of inert gases can also be
used.

Referring to Fig. 6, the contact layers are patterned
to leave portions of the contact layers in areas where
contacts are formed. In one embodiment, materials of the
contact layers are removed from areas 690 and 691 above the
STIls and sidewall spacers, leaving the contact layers over
the surface of the diffusion regions and gates. The
contact layers are patterned by, for example, conventional
mask and etch techniques. For example, a photoresist layer
IS deposited and patterned to expose portions of the layers
to be removed, followed by an etch process to remove the

layers unprotected by the photoresist layer. In another
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is performed at a temperature of about 280C to at least about 500C. The
ambient of the RTP is, for example, nitrogen. Other types of ambients,
such as vacuum, He, AT 20 are also useful. Other types of inert gases
can also be used. Referring to Fig. 6, the contact layers are patterned to
leave portions of the contact layers in areas where contacts are formed.
In one embodiment, materials of the 25 contact layers are removed from
areas 690 and 691 above the STIs and sidewall spacers, leaving the

enmbiad| iayais, owgietheosittiase dfdhe effusien rotara-aed gpickorfheo the
cont layers are atterned kag for exarr£f conventional mask and etch
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nickel-based contact are also useful. In another embodiment
tomplites o, W, Zr or a combination thereof. Other

materials which are insoluble in the nickel-based contact
are also useful. In another embodiment, Y comprises a
material which i1s soluble in the nickel-based contact, such
as Pd and/or Pt. Providing Y comprising a combination of
both soluble and insoluble materials in the nickel-based
contact is also useful. The thickness of the nickel-based
alloy layer is, for example, about 5-100nm. Preferably,
the thickness of the nickel-based alloy layer is less than
50nm.

In one embodiment, the percentage of Y should be
sufficient to inhibit agglomeration in the layer at
temperatures greater than about 500°C. Preferably, the
percentage of Y should be sufficient to inhibit
agglomeration in the layer at least up to temperatures of
about 700°C. More preferably, the percentage of Y should
be sufficient to inhibit agglomeration in the layer at
temperatures from about 500-700°C. The percentage of VY,
for example, is about 0.1 to 50 atomic percent.
Preferably, the percentage of Y is less than about 20

atomic percent.
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material which is soluble in the nickel-based contact, such 15 as Pd
and/or Pt. Providing Y comprising a combination of both soluble and
insoluble materials in the nickel-based contact is also useful. The
thickness of the nickel-based alloy layer is, for example, about 5-100nm.
Preferably, the thickness of the nickel-based alloy layer is less than 20
50nm. In one embodiment, the percentage of Y should be sufficient to
inhibit agglomeration in the layer at temperatures greater than about

500C. Rrafefabiyiéhe ipetnisgec Yashayd beyauffidentriormeibit 2he
izi)l/nr;loalomeration inthe layer at least up to temperatures of about 7Q0C. h
ST P AN AL LG s W SCRE RSBt ARG the
agolbacralayéarthe [ayer ainterafddnatyrps doesaboforO@Xangléhe
ercentage o for example, is about 0.1 to.50 gtomic percent. 30
AT g o b T S R RS B 20 oMt phiccire, formed
After gt oinke ldmagediainydayardkédrnzad] the mpranassncontihueartedsrrvhere
e contacts by annealing t ntact r. ling. process,
é%gm%ﬁuﬁorggri%ebs%ﬂga pr Tduéé%ﬁe%cﬂ%egd?%%ﬁacéélg é‘?ﬁte%g
ocEgiths campesiogedtked aitd gesmafiutindnreke Whbay ejerme@ium
%e%%?f. 'i\(/%-ﬂé/ RY6\AE | %)i ,ref8§w%>9£ﬁp'ise }Jrﬁeqr‘étﬁdé’é’éhons of
the nickel layer are selectively removed using, for example, a wet etch
selbetid uethtaetbR drgaades optetiioks 1gferthe 1igksduitlayer. As
fé:r'rﬁ']é‘e%ﬁ'ieﬂ NICKIrASI MiRYHER Oh Ik 95EPRALRSIHRITE FORRGR 11e
germahosilicide contacts are formed.

While the i1nvention has been particularly shown and
described with reference to various embodiments, it will be
recognized by those skilled in the art that modifications
and changes may be made to the present invention without
departing from the spirit and scope thereof. The scope of
the iInvention should therefore be determined not with
reference to the above description but with reference to
the appended claims along with their full scope of

equivalents.
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While the invention has been particularly shown and described with
reference to various embodiments, it will be recognized by those skilled in
the art that modifications 15 and changes may be made to the present
invention without departing from the spirit and scope thereof. The scope
of the invention should therefore be determined not with reference to the
above description but with reference to the appended claims along with
their full scope of 20 equivalents. 9 What is claimed is: 1. A method of

fataicaieg @lcoihtaet, the-method comprising: 5 providing a substrate
comprising at least an active region comprising germanium; depositing a

i n aciive region comprising germanium
e S L R o A M

tofgumia nigel-based contact, the processing includes annealing the

substrate t(\)/ic(:]ause a react%lg%rt_o orm the nickel-base ntath, Where|[Ei o

the pro%g(s)sing MiRteRarien Ghamouit wWhich mhbits 1 %%a onerafion o

tregdamacoapeiduny) peceasingmas the processing temperature. 2. The

metho laim 1 wherej sirate compri Itj- d
subsu SRS iy e R PR BB AU RRREY on cne
silitdvgenagaioni. 3. The method of claim 1 wherein the substrate

Comp”ﬁ?%d¥ﬁﬁﬁﬁmﬂn5?6%@@&#%3”%5%&?1al to the contact layer;
and

processing the substrate to form a nickel-based
contact, the processing includes annealing the substrate to
cause a reaction to form the nickel-based contact, wherein
the processing material is in an amount which inhibits
agglomeration of the contact layer during processing at the

processing temperature.

2. The method of claim 1 wherein the substrate comprises
a multi-layered substrate in which a top surface layer

comprises germanium or silicon-germanium.

3. The method of claim 1 wherein the substrate comprises

germanium or silicon-germanium.

4. The method of any of claims 1-3 wherein the processing
material 1s insoluble In nickel-based contact.

5. The method of claim 4 wherein the processing material
comprises Ta, Ti, Mo, W, Zr or a combination thereof.

6. The method of any of claims 1-5 wherein the providing
the processing material comprises forming a capping layer

10
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25 4. The method of any of claims 1-3 wherein the processing material is
insoluble in nickel-based contact. 5. The method of claim 4 wherein the
processing material comprises Ta, Ti, Mo, W, Zr or a combination thereof.
30 6. The method of any of claims 1-5 wherein the providing the
processing material comprises forming a capping layer 10 over the
contact layer. 7. The method of claim 6 wherein the thickness of the
capping layer is sufficient to inhibit agglomeration at 5 temperatures of

oratethancuregpiettalalgeyt 500C. 8. The method of claim 6 wherein the
thickness of the capping layer is sufficient to inhibit agglomeration at

temperatures of at least up to about 700C. 10 9. The method of claim 6
Whereimtiee tackessol thd adappihgvisyee seshieharhaiceaes 4o abotthe
50 nm.nlo. IT he rluethod of1§|glly af Cl’ll ims 1-5n\ﬁh%re'én the riron%idii,rr%& _15nthe
F’é)c%'ss%g xfetial §or§1%rise§:|'n egra 'Rg 1 Ip 8Ce USRI tﬁg
tEppafrieposas gdfie gpesant Hayéaio formequialie ttmasazoaalibysooitact
layer comprising nickel and the processing material. 20 11. The method
of claim 10 wherein the processing material in the nickel-based alloy is
&ss thahaboethodtarficcpaent whaheimette dfitiaikness/hefeithe

B%ﬁ‘ GaVLE 72 PLOERRLRRates E%H'Poﬁ‘tﬁggj%ﬁ{g?é’dﬁf%rﬁt
to 'inhibit aggfomeration during processing at temperatures of greater
terpereduaes apbuedodeast up to about 700°C.

9. The method of claim 6 wherein the thickness of the

capping layer i1s less than or equal to about 50 nm.

10. The method of any of claims 1-5 wherein the providing
the processing material comprises integrating the
processing material into the step of depositing the contact
layer to form a nickel-based alloy contact layer comprising

nickel and the processing material.

11. The method of claim 10 wherein the processing material
in the nickel-based alloy is less than about 50 atomic

percent.

12. The method of claim 10 wherein a percentage of the
processing material in the contact layer is sufficient to
inhibit agglomeration during processing at temperatures of

greater than or equal to about 500°C.

13. The method of claim 10 wherein a percentage of the
processing material in the contact layer is sufficient to
inhibit agglomeration during processing at temperatures of
at least up to about 700°C.

11
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13. The method of claim 10 wherein a percentage of the 30 processing
material in the contact layer is sufficient to inhibit agglomeration during
processing at temperatures of at least up to about 700C. 11 14. The
method of any of claims 1-3 wherein the processing material comprises a
combination of materials which are soluble and insoluble in the
nickel-based contact. 5 15. The method of any of claims 1-3 wherein the
processing material comprises Pt and/or Pd. 16. An integrated circuit

camprising: acsthstiatefhaigg afleabaanactiva regierrclihcameripingcessing
’ﬁ%irg%riiu : a metal layer coFrgfr's'Ln nickel in contact with the active

SPPELRfy Ma 9B Wit TRt sy N Ve R
i@l pivbessing niaisddLtdreprisesthie amiatke Miicisdd icbibitact.
agglomeration of the metal layer during processing which includes
annealing at a processing temperature to form a nickel based contact on
fite_ actiMecregeth@0 IF any of claims 1-3 wherein the processing

material comprises Pt and/or Pd.

16. An integrated circuit comprising:

a substrate having at least an active region
comprising germanium;

a metal layer comprising nickel In contact with the
active region; and

a processing material in contact with the metal layer,
wherein the processing material comprises an amount which
inhibits agglomeration of the metal layer during processing
which Includes annealing at a processing temperature to

form a nickel based contact on the active region.
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