THERMAL. ANNEAL PROCESS FOR STRAI NED- SI DEVI CES
BACKGROUND 10001] The present invention rel ates
generally to sem conductor devices, and nore
particularly to a nethod to inprove carrier nobility,
t hrough the incorporation of strained silicon, in
sem conduct or devi ces. 10002]

Met al - Oxi de- Sem conductor field effect transistors
(MOSFETs) are a common conponent of integrated
circuits (1Cs). By continually reducing the gate

oxi de thickness, and the | ength of the gate el ectrode,
t he sem conductor industry has doubled the
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tvventy-TUJ}{W@Ag@RpEengnenon popul arly known as
the ‘Moore's Law. The strategy of shrinking both the
gate oxide thickness, and the source drain | ength, has
aghewemkdtepMore's Law to uphold in the past, but
the technol ogy market's insatiable desire for
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I ncreasi ng the performance of MOSFETs is Thance
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"Strained" silicon, or strained-Si may be fo]rnﬂed 2y,
gphasiomgnan popylarly now as theMoprs sdaw; (Theifitegy of shrmking bo

the gate oxide thickness, and the source drain length, has allowed the Moore's Law

to uphold in the past, but the technology market’s insatiable desire for increasing -
switching speed is causing the strategy to reach its limits. Newer strategies, such as
switching to new materials for the transistor’s substrate, and the incorporation of

new process methods to effectively use these new materials, are, therefore, designed

and applied.

10003}  One such strategy for increasing the performance of MOSFETs is to enhance
the carrier mobility of silicon (5i), thereby reducing resistance and power
consumption, and increasing drive current, frequency response and operating.l
speed. A method of erthancing carrier mobility that has become a focus of recent
attention is the use of silicon material to which a tensile strain is applied. “Strained”
silicon, or strained-Gi, may be formed by growing a layer of silicon on a silicon

germanium (SiGe) substrate or base. The silicon germanium lattice is.genera]ly




germani um (Si Ge) substrate or base. The silicon
germanium |l attice is generally,. nore w dely spaced
than a pure silicon lattice as a result of the
presence of the larger germaniumatons in the

| attice. Because the atons of the silicon lattice
align wwth the nore widely spread silicon gernmani um
lattice, a tensile strainis created in the silicon

| ayer. In other words, the silicon atons are
essentially pulled apart fromone another. The anount
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mobility of 80 percent or more for electrons and 20 percent or more for holes. The
increa-se in mobility has been found to persis’-c for current fields of up to 1.5
megavolts] centimeter. These factors are beligVed to enable a device speed increase
of 35 percent without further reduction of device size, or a 25 percent reduction in

power consumption without a reduction in performance.

[0005] The abruptness of the source and drain extensions is critical in strained-Si
technology. One difficulty is that dopants are observed to diffuse faster in strained-
Si than in Si, thereby causing drain extensions to move further under the gateand
increasing gate-to-drain capacitance. Also, the diffusion of germanium across the

SiGe-to-silicon boundary will release stress and reduce mobility in the strained 5i

layer.




technol ogy. One difficulty is that dopants are
observed to diffuse faster in strained Si than in Si,
t hereby causing drain extensions to nove further under
the gate and increasing gate-to-drain capacitance.

Al so, -the diffusion of germani um across the

Si Ge-to-silicon. boundary will rel ease stress and
"reduce nmobility in the strained Si layer. 2 [0006]
In further consideration, the junction depth for
source and drains should be only 35-75 ran deep for
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[00091 In one enbodlnent

thﬁﬁﬁn&%u%ﬂ REhowethsbhedlofverjonetigns seni conduct or
ce using strained S|I|con After formng a first

substrate material, with a first natural lattice :
comIMURYN a device substrate, and a second substrate
material with a second natural lattice constant, on

the fir substr te materia
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device using strained silicon. After forming a first substrate material, with a first

natural lattice constant on a device substrate, and a second substrate material with a
second natural lattice constant, on the first substrate material, channel, source and
drain regions of a field effective fransistor are further defined ﬁsing the firstand
second substrate materials, After implanting one or more impurity materials to the
source and drain regions, and the transistor goes through an annealing process

- using a high speed heat source other than a Tungsten-Halogen lamp. -

[0010] The construction and method of operation of the invention, however,
togetﬁer with additional dbjects and advantages thereof, will be best understood

from the following description of specific embodiments when read in connection

with the accompanying drawings.

.BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG.1illustrates a cross-sectional drawing of a conventional MOSFET.




using a high speed heat source other than a
Tungst en- Hal ogen | anp. [0010] The construction and

nmet hod of operation of the invention, however,

together with additional objects and advant ages
thereof, wll be best understood fromthe foll ow ng
description of specific enbodi nents when read in
connection wth the acconpanying draw ngs. BRI EF
DESCRI PTI ON OF THE DRAW NGS [00111 FIG 1 illustrates a
cross-sectional drawi ng of a conventional MOSPET.
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t iimesmtiaf. vari ous heat sources. [00141, FIG 4
illustrates a cross-sectional drawi ng of a MOSFET

fabri.c d wth a. seco em condu I rial in
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The MOSFET includes a gate el ectrode 102 that is
separated from a channel region

DESCRIPTION

[0016] The present invention provides various design embodiments to
demonstrate the effects of incorporating a strained channel and an advanced

thermal annealing process to improve transistor performance.

j0017] FIG.1 illustrates a cross-sectional drawing 100 of a conventional MOSFET.
The MOSFET includes a gate electrode 102 that is separated from a channel region
104 in the substrate 106 by a thin first gate insulator 108, such as siliconoxideor- -
oxide-nitride-oxide (ONO). The gate electrode 102 is typically formed from a doped

semiconductor material such as polysilicon.

[0018]  The source and drain of the MOSFET are formed on opposing sides of the

gate electrode 102 as deep source and drain regions 110. Source and drain silicide

contacts 112 are formed on the source and drain regions 110. These silicides
 typically include a compound comp_rising the substrate semiconductor material and

ametal such as cobalt (Co), nickel (Ni} or titanium (Ti) used to reduce contact




104 in the substrate 106 by a thin first gate

i nsul ator 108, such as silicon oxide or
oxide-nitride-oxide (ONO . The gate electrode 102 is
typically fornmed froma doped sem conductor materi al
such as polysilicon [0018] The source and drain of the
MOSFET are formed on opposing sides of the gate

el ectrode 102 as deep source and drain regions 110.
Source and drain silicide contacts 112 are forned on
the source and drain regions 110. These silicides
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"degradation of MOSFET performance. The use of shallow source and drain '
extensions 118, rather than the deep sotrce and drain regions near the ends of the -

- channel 104, help to reduce short channel effects and excessive device element
capacitances. The shallow source and drain extensions are implanted prior to the
formation of the spacers 114. Diffusion, during subsequent annealing causes the

-source and drain extensions 118 to extend slightly beneath the gate glectrode 102..

[0021] FHIG. 2 illustrates a cross-sectional view 200 of a MOSFET fabricated with
two layers of substrates in accordance with a first embodiment of the present
invention. The MOSFET structure is formed on a substrate 202, typically silicon. On
top of the substrate 202 is a silicon germanium layer 204, further on which is formed
an epitaxial layer of strained silicon 206. The natural lattice constants of the silicon
germanium layer 204 and the silicon layer 206 are different. The MOSFET uses other

conventional MOSFET structures, including the deep source and drain regions 110,




extensions 118, rather than the deep source and drain
regi ons near the ends of the channel 104, help to
reduce short channel effects and excessive device

el ement capaci tances. The shall ow source and drain
extensions are inplanted prior to the formation of

" the spacers 114. Diffusion, during subsequent
anneal i ng causes the source and drain extensions 118
to extend slightly beneath-the -gate el ectrode 102..
[0021] FIG 2 illustrates a cross-sectional view 200
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[0023] Ina first suggested embodiment, this type of heat lamp may be a DC water-
wall argon lamp or an AC xenon lamp. These types of lamps provide flash times as
low as 0.8 ms, and as high as 1.5 ms. In addition, the wavelength of the xenon lamp

- s typically between 1.4 and 5 um. The use of these types of lamps allows the .

" annealing of the semiconductor without causing excessive germanium diffusion,
which reduces channel mobility. In addition, the use of these sources may reduce
the diffusion of impurities under the gate and the relaxation of the strained-i layer
caused by diffusion of germanium into the strained layer. In the first suggested
embodiment, the useA of any one of the proposed high speed heat sources may
produce MOSFETs, as shown in FIG. 2, Wiih junction abruptness of less than 10 nm

per decade drop of doping concentration.




over the typically used Tungsten-Hal ogen | anp. Such a
heat source shall be able to provide a heat ranp-up
rate of 250 degrees Celsius per second. Wiile in the
anneal i ng process, a peak tenperature tinme should be
controlled so' that no overheating is caused.
Typically, for the reconmmended' heat sources descri bed
in nore details below, no nore than 10 ns of the peak
tenperature time is required. 100231 In a first
suggested enbodi ment, this type of heat |anp nay be a
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t he squﬁ%ﬂg§;tor wi t hout causi ng excessi ve germani um
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region containing the compound semiconductor, typically SiGe, can be removed.

Then, semiconductor material is deposited to form the source or drain region. When
the lattice constants of the materials in the source and drain regions are different, the
anneal process ad described can be used for a better resulting product. One of the
irnpfoved anneal heat sources, as tabulated in the Table 300, may be used in the
fabrication of this type of device, which may have a junction abruptness of less than
10 nm per decade drop of doping concentration. The same device improvements of

minimal germanium and implanted impurity diffusion méy then be realized.

[00261 FIG, 5 illustrates a cross-sectional drawing 500 of a MOSFET fabricated with
one layer of substrate in accordance with a third embodiment of the present |
invention. A strained-Si layer 502 is formed on a substrate layer 504, typically SiGe.
Alternatively, such a device may be fabricated in the substrate layer 504 with a
channel lattice distance greater than 543 Angstroms. One of the iﬁlproved anneal
" heat sources, as tabulated in the Table 300, may be used in the fabrication of this




anot her enbodi ment of the present invention. In this
enbodi nent, the source and drain regions 402 at the
opposing sides of the gate nay have different lattice
constants due to different material conbi nations.
Further, the MOSFET structure may have the sane
structure as the one illustrated in FIG 2, but may
also have a strained-Si |ayer 404 only in the channe
regions. The formation of different materials in the
source or drain region can be done through
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consistent with the scope of the invention, as set forth in the following claims.




type of device, which may have a junction abruptness
of I ess than 10 nm per decade drop of doping
concentration. [0027] The above invention provides
many di fferent enbodi nents or enbodi nents for

i npl enmenting different features of the invention.
Specific enbodi nents of conponents and processes are
described to help clarify the invention. These are,
of course, nmerely enbodi nents and are not intended to
limt the invention fromthat described in the
clains. [00281 Although the invention is illustrated
ariWHAZd6 GLAEMERdbei n as enbodied in a design and

met hod for formng strained silicon devices, it is
neverthel ess not intended to be [imted to the

details shown, since varioys nodificatiaqn A

1 ct AmhodRapeang Y oA dokist Gt Gl tcon the
dﬁge}é@ongl fromthe spirit of the invention and within
t H8® Cﬁ Pgﬁlag'range of equivalents of the clains.
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cafesicssubsttateyi t h t he scope of the invention, as set

forth jn the followng clains...8 WHAT | MER de e
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stralned, sili .athe method conprising: formng a
fitL%}im@g& %a:téaxﬁge}&lﬁ%’t erial with a first natural lattice

const afufini a@har@ely éctece and dialradegions of v fieldopfiactive dongstor
substrate material with a second natural l|attice
c s atfirgand sdvend subgitatewpistipliit e nat eri al ;

implanting one or more impurity materials to the source and drain regions;

and

annealing the transistor using a high speed heat source other thana

Tungsten-Halogen lamp, .
wherein the channel has a channel lattice distance more than about five

angstroms.
2. Themethod of claim 1 wherein the heat source is a noble gas lamp.

3. The method of claim 2 wherein the heat source is a DC water-wall argon

lamp.
4,  The method of claim 2 wherein the heat source is an AC xenon lamp.

5. The method of claim 4 wherein the xenon Jamp has a wavelength between 14

um to 5 um.




defining a channel, source and drain regions of a
field. effective transistor using the first and
second substrate materials; inplanting one or nore
impurity materials to the source and drain regions;
and annealing the transistor using a high speed heat
source other than a Tungsten-Hal ogen | anp, wherein
the channel has a channel l|attice distance nore than
- about five angstronms. The nethod of claim1 wherein
the heat source is a noble gas lanp. 3. The method of

claim2 wherej he, h % el Wekky.
aréon %}Peéﬁ#‘f’dtf’.qc 1@?%5‘3%11%%%03? i er e('l%ﬁert he "heat
source is an AC xenon lanp. 5. The nethod of clai m4
wherein the xenon |anp has a wavel ength between 1.

urm t oTHRe rhethod & cliim Thvbereintthehnedlinglpaovirles ajknshen abr'am@ess
heat source is a XeCl exci | aser net hod of
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abruptness of less than 10 nm per decade drop for a
do"B‘FJ‘rFéal Yoncentration of the inpurity naterials. 8.
The method of claim1 wherein a predeternined peak
~tenperature tinme for the annealing is no longer th
1G8. s . THe. metheel ofelaimmhwhéreuﬂ agireretermired Prak emperaivriims ﬁ{;

rovi des a heat rate
P the annealing is no 1onger ¢ than 10'ms.

9.  The method of claim 1 wherein the annealing provides a heat ramp-up rate

no slower than 250 degrees Celsius per second.

10.  The method of claim 1 wherein the first substrate material is silicon

germanium,

11 The method of claim 1 wherein the second substrate material is an epitaxial

strained silicon.

19, The method of claim 1 wherein the channel region is formed in the second

substrate material only.

13.  The method of claim 1 wherein the source and drain regions have different

lattice constants.
14, A method for forming a semiconductor device using strained silicon, the

method comprising:
‘ defining a channel, source and drain regions of a field effective transistor

10




no sl ower than 250 degrees Cel sius per second. 10. The
met hod of claim1 wherein the first substrate materi al
is silicon germanium 11, The nethod of claiml
wherein the second substrate material is an epitaxi al
strained silicon. 12, The nmethod of claim1 wherein
the channel region is formed in the second substrate
material only. 13. The nmethod of claim| wherein the
source and drain regions have different lattice
constants. 14. A nmethod for formng a sem conduct or

devi ce using:s ' L] SR NO:
B e e
fihg{,iq afilaet g donstamk;st or 10 using a strained silicon
su'st%ate having a first and second substrate

mat er i imiplntihgerierng moid ifnpusitt mitarials tedhesonzse aad grain regions;
i nplanting one or nore inmpurity materials to the
s@bfce and drain regions; and annealing the transistor

using ahi. Qgﬁ,rq &4 Gk sdub@dtlfer than a
Tungstaélﬁgﬁ]—"ggg%en %ﬁ%%in\ﬁiag?@f%et he asnneal i ng provides
aqjqug@gd_IqﬂO@lnglness of less than 10 rimper decade
drop~for a doping concentration of the ig}ll)urity

nat er ielhesein e anfabingyprokides ojunetioniahupm e85 Hhap AL OmPst

,S %léga%g di‘o?) fora. o?a&heg cgr?c%nil:rgﬂ%%' of the impurity materials.

15.  The method of claim 14 wherein the heat source is a noble gas lamp.

16.  The method of claim 15 wherein the heat source is-a DC water-wall argon

lamp.

17.  The method of claim 15 wherein the heat source is an AC xenon lamp having

a wavelength between 1.4 um to 5 um.

18.  The method of claim 14 wherein the heat source is a XeCl excimer laser.

19,  The method of claim 14 wherein a predetermined peak temperature time for
the annealing is no longer than 10 ms.

20.  The method of claim 19 wherein the annealing provides a heat ramp-up rate -

no slower than 250 degrees Celsius per second.

21, The method of claim 14 wherein the first substrate material is silicon

germanium.
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16. The nethod of claim 15 wherein the heat source is
s-a DC water-wall argon Ilanp. 17. The nethod of claim
15 wherein the heat source is an AC xenon | anp havi ng
a wavel ength between 1.4 umto 5 um 18. The nethod of
clai m 14 wherein the heat source is a XeCl exci ner

| aser. 19. The nethod of claim 14 wherein a
predeterm ned peak tenperature tine for the annealing
is no longer than 10 nms. 20. The nethod of claim19
‘wherein the annealing provides a heat ranp-up rate no
sl ower than 250 degrees Cel sius per second. 21. The
met hod of claim 14 wherein the first substrate

'T?i.er i78e rrehodlick £S04 QTR fHelsbdond Subbfrate Hterinbisanpiteixial
claim1l4 wherein the second substrate material is an

epiriiaed ddlicost r ai ned silicon. 23. The nethod of claim1
wherein the source and drain regions have different e
| attice constants. 24. The nethod of claim| wherein

the chany Bnf1 RO b Sndl iSRRG Bns KEVE ifehaR
aggut Iﬁﬁe\l}g&hgﬁggflr ons. H%E’!Miﬁsogfrﬁgconduct ogi%devi ce
COfcicShsREits. @ strained silicon substrate having a
first and second substrate materials wth different

attice constants; .
94 The method of claim 1 wherein the channel has a channel lattice distance

more than about five angstroms.

25. A semiconductor device comprising;

a strained silicon substrate having a first and second substrate materials with

different lattice constants;

a channel region defined on the substrate having a channel [attice distance

more than about five angstroms; and

a source and drain regions of a field effective transistor defined on the -
substrate doped with one or more impurity materials with a junction abruptness of

Jess than 10 nm per decade drop for a doping concentration thereof.

26,  The device ofclaim 25 wherein the junction abruptness is achieve by
annealing the transistor using a high speed heat source having a heat ramp-up rate

no slower than 250 degrees' Celsius per second.

27.  The device of claim 25 wherein the first substrate material is silicon

germanium.
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a channel region defined on the substrate having a
channel lattice distance nore than about five
angstrons; and a source and drain regions of a field
effective transistor defined on the - substrate doped
with one or nore inpurity materials wth a junction
abruptness of Iless than 10 nm per decade drop for a
dopi'ng concentration thereof. 26. The device of claim
25 wherein the junction abruptness is achi eve by
anneal ing the transistor using a high speed heat

o colR BPoRiER HBR PSS NSRRI

wharehn the first substrate material is silicon
germani um 12 28, The device of claim 27 wherein the
second substrate material is a strained silicon. 29.

The device of claim?25 wherein the,source. and drain . .
r @i onBherlgyiee ‘?fiCLaF@E]é efeqy the sourcegRd | ge_gmi]%ﬂlave different

lattice constants.
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