THERMAL ANNEAL PROCESS FOR STRAI NED- SI DEVI CES
BACKGROUND [ 0001] The present invention relates
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. [0002]

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,
the sem conductor industry has doubled the
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the Moore's Law. The strategy of shrinking both the
gate oxide thickness, and the source drain | ength, has
al BACKGROWNDbores Law to uphold in the past, but the
technol ogy market's insatiable desire for increasing
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performance of MOSFETs is to enhance the carrier
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doubled the transistor’s switching speed every eighteen to twenty-four months, a

phenomenon popularly known as the Moore's Law. The strategy of shrinking both
the gate oxide thickness, and the source drain lehgth, 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.

0003}  One such strategy-for increasing the performance of MOSFETS is to enhance
the catrier mobility of silicon (Si), thereby reducing resistance and power

~ consumption, and increasing drive current, frequency response and operating.
speed. A method of enhancing carrier mobility that has become a focus of recent 7
attention is the use of silicon material to which a tensile strain is applied. “Strained”
silicon, or strained-5i, may be formed by growing alayer of silicon on a silicon

germanium (SiGe) substrate or base. The silicon germanium lattice is generally -



attention is the use of silicon material to which a
tensile strain is applied. "Strained" silicon, or
strained-Si, may be forned by growing a | ayer of

silicon on a silicon germanium (Si Ge) substrate or

base. The silicon germaniumlattice is generally; 1

nore wi dely spaced than a pure silicon lattice as a
result of the presence of the |arger gernmani um atons

in the lattice. Because the atons of the silicon

lattice align with the nore widely spread silicon
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percent or nore
atom, thereby causing them to scatter at a rate of 500 to 1,000 times less thanin .

relaxed silicon. As a result, carrier mobility is dramatically increased in strained
- silicon as compared to relaxed silicon, thereby offering a potential increase in
mobility of 80 percent or more for electrons and 20 percent or more for holes. The
increa.se in mobility has been found to pe.rsisé for current fields of up to 1.5
‘megavolts Jcentimeter. These factors are believed to enable a device speed increase
of 35 percent without further reduction of dew}ice size, or a 25 percent reduction in

power consumption without a reduction in performance.

[0005] The abruptness of the source and drain extensions is criﬁcgl in strained-Si
technology. One djfficulfy is that dopants are observed to diffuse faster in strained-
Si than in 5i, thereby causing drain extensions to niove further under the gate and :
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,



increase in nobility has been found to persist for
current fields of up to 1.5 negavolts/centineter.

These factors are believed to enable a device speed
increase of 35 percent without further reduction of
device size, or a 25 percent reduction in power
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[0009] In one aspect, there is provided a method for forming a
semiconductor device using strained silicon, the method comprising: forming a
first substrate material, with a first natural lattice constant on a device substrate,
forming a second substrate material with a second natural lattice constant on the
first substrate material; defining a channel, source and drain regions of a field
effective transistor using the first and second substrate materials; implanting one
or more impurity materials to the source and drain regions, and annealing the
transistor using a high speed heat source other than a Tungsten-Halogen lamp.
[009a]  In another aspect, there is provided 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

using a strained silicon substrate having a first and second substrate

materials having different lattice constants; implanting one or more

impurity materials to the source and drain regions; and annealing the

transistor using a high speed heat source other than a Tungsten-Halogen

lamp, wherein the annealing provides a junction abruptness of less than 10

run per decade drop for a doping concentration of the impurity materials.



anneal i ng process for form ng strained-Si devices.

[0009] In one aspect, there is provided a nethod for
form ng a sem conductor device using strained

silicon, the nmethod conprising: formng a first
substrate material, with a first natural lattice
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anneal ing the transistor using a high speed heat
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drain regions of a field effective transistor using a
strained silicon substrate having a first and second
substrate materials having different lattice
constants; inplanting one or nore inpurity materials
to the source and drain regions; and annealing the
transi stor using a high speed heat source other than a
Tungst en- Hal ogen | anp, wherein the annealing provides
a junction abruptness of |less than 10 run per decade
drop for a doping concentration of the inpurity
materials. 3 [0010] The construction and mnet hod of
operation of the invention however, together

3a



wi th additional objects and advantages thereof, wll
be best understood fromthe follow ng description of
speci fic enbodi mnents when read in connection with the
acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE

DRAW NGS [0011] FIG 1 illustrates a cross-sectional
draw ng of a conventional MOSFET. 3a [0012] FIG 2
illustrates a cross-sectional drawing of a MOSFET
fabricated with two layers of substrates, in
accordance with a first enbodi nent of the present

I nyent.i 013] FIG 3 tabul.ates th . .
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fabricated wth a’ second sem conductor material -in

t hénweatiorce- drai n regions in accordance with a second
enbodi ment of the present invention. [0015] FIG 5

il lustr S, a Ccrosg-sectional draw.ng .of a MOSFET
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with a third enbodi nent of the present invention.
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pe pécondhembasimproof e prasent inventionyst rat es a
cross-sectional drawi ng 100 of a conventional MOSFET.

[0015] FIG. 5 illustrates a cross-sectional drawing of a MOSFET fabricated with one

layer of substrate in accordance with a third embodiment of the present invention.

DESCRIPTION

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

 thermal annealing process te improve transistor performance.

[0017] 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 silicon oxideor- - -
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

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



The MOSFET includes a gate el ectrode 102 that is
separated froma channel region 104 in the substrate
106 by a thin first gate insulator 108, such as
silicon oxide or oxide-nitride-oxide (ONO. The gate
el ectrode 102 is typically fornmed froma doped

sem conductor material such as polysilicon. [0018] The
source and drain of the MOSFET are fornmed on opposing
sides of the gate electrode 102 as deep source and
drain regions 110. Source and drain silicide contacts

112 arefor d on- the,;source rain re ns 110.
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as an inplantation mask to define the lateral position
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i ncl.udes shal | ow source and
drain extensions 118. As dimensions of the MOSFET are reduced, short channel

- effects resulting from the small distance between the source and drain cause a

‘degradation of MOSFET performance. The use of shallow source and drain
extensions 118, rather than the deep source 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 electrode 102.. .

[0021] FIG. 2 fllustrates 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 latfice constants of the silicon
germanium layer 204 and the sih';:on layer 206 are different. The MOSFET uses other
conventional MOSFET structures, including the deep source and drain regions 110,



drain extensions 118. As di nensions of the MOSFET are
reduced, short channel effects. resulting fromthe
smal | di stance between the source and drain cause a
degradati on of MOSFET performance. The use of shall ow
source and drain extensions 118, rather than the deep
source and drain regions near the ends of the channe
104, help to reduce short channel effects and
excessi ve device el enent capacitances. The shal |l ow
source and drain extensions are inplanted prior to the
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sili.cide gate cont hannel region 104 o

t eroMdSE Bdat ramp-ug este bh250 degrees Culsiusyiet secomd. Mhile irethe

whi ch provi des enhanced carrier npbility between the
annealing process, a peak temperature time should be controlled so that no
overheating is caused. Typica]ly, for the recommended heat sources described in

more details below, rio more than 10 ms of the peak temperature time is required.

[0023] In a 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 additidn, the wavelength of the xenon lamp

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

- annealing of the semiconductor without causing excessive germanium diffusiﬁn,
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-Si layer
caused by diffusion of germanium into the strained layer. In the first suggested
embodiment, the use of any one of the proposed high speed heat sources may
produce MOSFETSs, as shown in FIG. 2, wifh junction abruptness of less than 10 nm

per decade drop of doping concentration.




source and drain. It is understood that the channel
|attice distance may be bigger than five angstrons

due to the strained silicon arrangenment. [0022] After
the introduction of dopant inpurities, typically by

i mpl ant, annealing is perforned to activate the

i npl ants. The use of a fast heat source such as a

noble gas lanp is herein proposed as an inproved

nmet hod for performng this annealing over the
typically used Tungsten-Hal ogen | anp. Such a heat
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t hagiod Ebrifdihing the compound semiconductor, typlcally 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
imprb%d 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 ‘merovement.é of

minimal germanium and implanted impurity diffusion m;ay then be realized.

[ODZGj 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-Gi 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 5.43 Angstroms. One of the iinproved anneal
" heat sources, as tabulated in the Table 300, may be used in the fabrication of this



per decade drop of doping. concentration. 6
..................... [ 0024] In another suggested
enbodi ment, an XeCl excimer |aser maybe used as an
anneal i ng heat source. The heat pulse tinme of an
exci mer |aser provides the shortest pulse tinme of 90
ns. A Table 300 of the heat pulse tinmes of various
heat sources is presented in FIG 3. [0025] FIG 4
illustrates a cross-sectional draw ng 400 of a MOSFET
according to another enbodi nent of the present
|nvent|on In t nbodi nent, the sour.ce ancel0 dralg d
“havace
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|nat| the MOSFET structure may have
the sane structure as the one illustrated in FIG 2,
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t N@ytended to be limited to the details shown, since various modlfxcatlons and

structural changes may be made therein without departing from the spirit of the
invention and within the scope and range of equivalents of the claims. Accordingly,
it is appropriate that the appended claims be construed broadly and in a manner

consistent with the scope of the invention, as set forth in the following claims.



fabrication of this type of device, which may have a
junction abruptness of less than 10 nm per decade
drop of doping concentration. The sane device

i nprovenents of mninmal germani um and i npl ant ed
impurity diffusion may then be realized. [0026] FIG 5
illustrates a cross-sectional drawi ng 500 of a MOSFET
fabricated with one layer of substrate in accordance
with a third enbodi nent of the present invention. A
strained-Si layer 502 is formed on a substrate |ayer
504, typically SiGe. Alternatively, such a device may
be WHRAMIIS €LAIMED Ifhe substrate |ayer 504 with a
channel lattice distance greater than 5.43 Angstrons.
One of the inproved anneal heat sources, as tabul ated
in the Tabl e 300, may be used in _the fabricatjaqn of
thils 7 Aysthodforderpinga seppirenslugay ey 4S8 P'aﬁ%}ﬁ %ﬂwnf the
abrupt ness af, | ess than 10 run per decade drop of
doﬂ?é%?i?ﬂ?@gﬂPﬁation. [0027] The above invention
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described to help clarify the |nventipn, These are
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nmet hod for formng strained silicon devices, it is
neuging el fest and atcond substrate thatepialse |inited to the
details shown, since various nodifi ct%ti ons alad . I
implanting one or more impurity materials to the sotrce ar drain regions;
and
annealing the transistor using a high speed heat source other than a
Tungsten-Halogen lamp, _ _
wherein the channel has a channel lattice distance more than about five

| angstroms.
2 'I'hé method 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-wail argon

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

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

um to 5 um.



structural changes may be nmade therein w thout
departing fromthe spirit of the invention and within
t he scope and range of equivalents of the clains.
Accordingly, it is appropriate that the appended

cl ai 6 b&he arttodwé diati ® atheyeirbthe hédd s@ure®EiB A eleCl excimer laser.
consistent with the scope of the invention, as set
forth in the following clainms. 8 WHAT | S CLAI MED | S:

1. met hod _far farnm n sem conduct or devi ce using
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constant on a device substrate; “form ng second
subsimrity meiewals.al with a second natural lattice

constant on the first substrate material; defining a
channel, source and drain regions of a field.effective
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g o ol ane pidEloBRe il LRyl R S AR LBl ome
to thetsabicain@iRtodscNthhied) ARS; and anneal ing the
transi stor using a high speed heat source other than a
Tungst en- Hal ogen | anp, wherein the channel has a
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rate no slower than 250 degrees Celsius per second.

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

germanitim.

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

epitaxial strained silicon.

12, 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. The method of claim 1 wherein the source and drain regions have

different lattice constants.

15.  The method of claim 1 wherein the channel has a channel lattice distance

more than about five angstroms.
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2. The method of claiml wherein the heat source is a
nobl e gas lanp. 3. The nethod of claim2 wherein the
heat source is a DC water-wall argon |anp. 4. The

met hod of claim2 wherein the heat source is an AC
xenon |anp. 5. The nethod of claim4 wherein the xenon
| anp has a wavel ength between 1.4 umto 5 um 9 6.

xe0t cr e Ao Ol A ebchet 0 BERe B b Ritap, e

t he artedlcomgrging@vi des a junction abruptness of |ess
than 10 run per decade drop for a doping concentration
of the idepuing eyhapaelesqurdeqnd draimisgionsofrolicldeffesting trarsistor
wherein a predeterm ned peak tenperature tine for the
annealing is no longer than 10 nms. 9. The nethod of
claim1l wherein the annealing provides a heat ranp-up
rate no slower than 250 degrees Cel sius per second.

10. The method of claim1 wherein the first substrate
material is silicon germanium 11. The nethod of
claim1l wherein the second substrate material is an
epi taxial strained silicon. 12. The nethod of claim1
wherein the channel region is forned in the
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second substrate material only. 13. The method of
claiml wherein the source and drain regions have
different lattice constants. 14. The nethod of claiml
wherein the source and drain regions have different
lattice constants. 15. The nethod of claim1 wherein
ysifeg & Heaiied silicon sabstramiaing afirst eed sioond pdwstratgonaseridian
about Efl ve %ﬂ%strogs.t 10 16. A nethod for formng a
haxme GiHsteat HroE SOt Sisi ng strained silicon, the

et Neb1GRHY din op thor fhpuH ) I RerflSANAL sout WMfGIrARJegions; and
drain regions of a field effective transistor 10a

usi ngnngalidg the redsistot usiigna ighspeal ieeahsourdotherftharsd and

second substrate materials having different lattice
TupgsteakiadosendyNant i ng one or nmore inpurity materials

dr ai i ons: _and | i
tr anaraPAE S Rdnd bR et SRR3R P BT et (i ner
dbeatsdre fdral R dodbBihtraibe beite iﬁ&ﬁﬁ?‘&ﬁﬁ@ﬁ&l@g provi des

a junction abruptness of |ess than run per decade
“drop for a doping concentration of the inpurity

Vo ST Ie RS RAR SESiLR . "

18.  The method of claim 17 wherein the heat source is a DC water-wall argon

lamp.

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

wavelength between 1.4 um to 5 um.

20.--The method of claim 16 wherein the heat source is a XeCl excimer laser.

21.  The method of claim 16 wherein a predetermined peak temperature time for the

annealing is no longer than 10 ms.

22, The method of claim 21 wherein the annealing provides a heat ramp-up rate no

slower than 250 degrees Celsius per second.

23.  The method of claim 16 wherein the first substrate material is silicon

germanium.
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18. The method of claim 17 wherein the heat source is
a DC water-wall argon lanp. 19. The nethod of claim
17 wherein the heat source is an AC xenon | anp havi ng
a wavelength between 1.4 umto 5 um 20.-- The nethod
of claim 16 wherein the heat source is a Xed exciner
24.as drhe rpethodrpfeclainn Howherinctha isenoné swistratsi matarial is an epitaxial
&Le%gtfrnined peak tenperature time for the annealing
SYangs i 8fger than 10 ns. 22. The nethod of claim 21
wherei n the anneal i ng provides a heat ranp-up rate no
sl ower than 250 degrees Cel sius per second. 23. The
nmet hod of claim 16 wherein the first substrate
material is silicon germanium 11 24. The nethod of
claim 16 wherein the second substrate material is an
epitaxial strained silicon. 12 THERVAL ANNEAL PROCESS
'FOR STRAI NED-SI DEVI CES ABSTRACT A nethod is
di scl osed for formng a sem conductor device using
strained silicon. After formng a first substrate
material with a first natural lattice constant on a
devi ce substrate and a second substrate nmaterial with
a second natural lattice

12



constant on the first substrate material, a channel,
source and drain regions of a field effective

transi stor are further defined using the first and
second substrate materials. After inplanting one or
nore inpurity materials to the source and drain
regions, and the transistor goes through an anneali ng
process using a high speed heat source other than a
Tungst en- Hal ogen lanp. (FIG 1)

THERMAL ANNEAL PROCESS FOR STRAINED-SI DEVICES

ABSTRACT

[0029] A method is disclosed for forming a semiconductor 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 materigl, a channel, source and drain regions of a ﬁdd .
effective transistor are further defined using the first and 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.

(FIG. 1)

13



