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Semiconductor manufacturers utilize a wide variety of techniques to improve

15 the performance of semiconductor devices, such as metal oxide semiconductor field

effect transistors (MOSFETs). FIG. 1 shows a conventional MOSFET device. The

MOSFET of FIG. 1 is fabricated on a semiconductor substrate 10 within an active

} area bounded by shallow trench isolations 12 that electrically isolate the active area of
the MOSFET from other IC components fabricated on the substrate 10.

20 The MOSFET is comprised of a gate electrode 14 that is separated from a
channel region in the substrate 10 by a thin first gate insulator 16 such as silicon oxide
or oxide-nitride-oxide (ONO). To minimize the resistance of the gate 14, the gate 14

is typically formed of a doped semiconductor material such as polysilicon.

The source and drain of the MOSFET are provided as deep source and drain
25 regions 18 formed on opposing sides of the gate 14. Source and drain silicides 20 are
formed on the source and drain regions 18 and are comprised of a compound

comprising the substrate semiconductor material and a metal such as cobalt (Co) or
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2 is that the d| el ectric constant of silicon germanl umis higher than that
of silicon. Agemmplesia MOSHSaRET staivedyilisor grer isghown in FIG. 2. The MOSKET is

fabricated on a substrate comprising a silicon germanium layer 30 on which is formed an epitaxial layer of

25  sirained silicon 32. The MOSFET uses conventional MOSFET structures including deep source and drain
regions 18, shallow source and drain extensions 26, a gate oxide layer 16, a gate 14 surrounded by spacers 28,
22, silicide source and drain contacts 20, a silicide gate contact 24, and shallow trench isolations 12. The
channel region of the MOSFET includes the strained silicon material, which provides enhanced carrier

mobility between the source and drain.

30 One detrimental property of strained silicon MOSFETs of the type shown in FIG. 2 is that the band
gap of silicon germanium is lower than that of silicon. In other words, the amount of energy required to move
an electron into the conduction band is lower on average in a silicon germanium lattice than in a silicon lattice.
As aresult, the junction leakage in devices having their source and drain regions formed in silicon germanium

is greater than in comparable devices having their source and drain regions formed in silicon.

35 Another detrimental property of strained silicon MOSFETS of the type shown in FIG. 2 is that the

dielectric constant of silicon germanium is higher than that of silicon. As a result, MOSFETs incorporating
2
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20  and a gate conductive layer formed on the gate insulating layer. The method also includes patterning the gate
conductive layer and a gate insulating layer to form a gate and gate insulator over the silicon layer; forming a
spacer around the gate and gate insulator; forming an etch stop layer above the spacer, and the gate, and

forming an interlevel dielectric layer above the etch stop layer in a highly compressive deposition process that

compresses the layer of silicon, causing increased tensile strain therein.

25 Another exemplary embodiment relates to a method of processing a transistor comprising providing a
gate above a silicon layer where the gate has spacers located proximate lateral sidewalls of the gate; forming
an etch stop layer above the gate, and spacers, where the etch stop layer is formed in a high compression
deposition causing strain in the silicon layer; and forming a dielectric layer above the etch stop layer, where

the dielectric layer is formed in a high compression deposition causing strain in the silicon layer.

30 Other principle features and advantages of the invention will become apparent to those skilled in the

art upon review of the following drawings, the detailed description, and the appended claims.
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15 preferably has a composition Si;.xGex, where x is approximately .2, and is more generally in the fange of .1 to

3.

The silicon germanium layer 40 is typically grown on a silicon wafer. Silicon germanium may be
grown, for example, by chemical vapor deposition using Si,H, (disilane) and GeH, (germane) as source gases,
with a substrate temperature of 600 to 900 degrees C, a Si;Hg partial pressure of 30 mPa, and a GeHj partial

20  pressure of 60 mPa. SiH, (silane) may be used in alternative processes. Growth of the silicon germanium
material may be initiated using these ratios, or alternatively the partial pressure of GeH, may be gradually
increased beginning from a lower pressure or zero pressure to form a gradient composition. The thickness of
the silicon germanium layer may be determined in accordance with the particular application. The upper
portion of the silicon germanium substrate 40 on which the strained silicon layer 42 is grown should have a

25  uniform composition.

The silicon layer 42 is preferably grown by chemical vapor deposition (CVD) using Si;Hs as a source
gas with a partial pressure of 30mPa and a substrate temperature of approximately 600 to 900 degrees C. The

silicon layer 42 is preferably grown to a thickness of 200 nm.

As further shown in FIG. 3a, a gate insulating layer 44 is formed on the silicon layer 42. The gate
30  insulating layer 44 is typically silicon oxide but may be another material such as oxide-nitride-oxide (ONO).
An oxide may be grown by thermal oxidation of the strained silicon layer, but is preferably deposited by

chemical vapor deposition.
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20  insulating layer using the gate 54 as a hardmask. As shown in FIG. 3b, the thickness of the lower hardmask
layer 48 is chosen such that after patterning of the gate insulating layer, a portion of the lower hardmask layer

remains on the gate as a protective cap 58.

FIG. 3c shows the structure of FIG. 3b after formation of spacers 60 around the gate 54, the gate
insulator 56 and the protective cap 58. The spacers 60 are preferably formed by deposition of a conformal
25  layer of a protective material, followed by anisotropic etching to remove the protective material from the non-
vertical surfaces to leave the spacers 60. The spacers 60 are preferably formed of silicon oxide or silicon
nitride.

In an exemplary embodiment, the conformal layer used in forming the spacers 60 is deposited using a
plasma enhanced chemical vapor deposition (PECVD) process. This PECVD process is preferably a high
80  compression deposition that adds tensile strain to the silicon layer 42. High compression deposition can be

achieved by biased RF power resulting in higher ion bombardment and compression to the silicon layer 42.

FIG. 3d shows the structure of FIG. 3c after deposition of an etch stop layer (ESL) 63 conformally
over the gate 54, the protective cap 58, the spacers 60, and the silicon layer 42. In an exemplary embodiment,
the etch stop layer 63 is deposited in a PECVD process with high compression as to increase tensile strain in

35  the silicon layer 42. High compression deposition can be achieved with increased ion bombardment.
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Patterning is performed using a series of anisotropic etches that pattern
t he upperwlaa{ﬁ Iayer 50 using a photoresist nask as §2(65' t hen
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In an exe?l arf\)/ nmbodi nent, the etch stop |ayer I's deposited in a PECVD
process tPeh fdﬂnvébtf?ﬁ?lé’g%‘}“éﬁmé‘gunﬁ?‘ﬂlwwé'&‘é‘é tenS| I e strainin 35 the
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by introducing a single-crystal high-k material that has a similar lattice constant with SiGe. For example,
20% SiGe can be achieved with DySiO; or GdSiOs,

In another alternative embodiment, an epoxy seal or a seal of another suitable material is applied to
25  the top surface of a silicon die. By modifying the properties of the seal material, the stress in the silicon die
can be modified to induce tensile stress. As discussed above tensile stress improves carrier mobility,
improving device speed. Another way of increasing tensile stress is by using a dome-shaped metal substrate
on which the die can be placed. The dome shape can be manufactured by stamping or etching. The dome

shape provides a physical stress to the silicon die, resulting in tensile stress.

30 FIG. 4 shows a process flow encompassing the preferred embodiment of FIGs. 3a - 3e, the
aforementioned alternatives and other alternatives. Initially, a substrate is provided in an operation 80. The
substrate includes a layer of silicon germanium having a layer of silicon formed thereon. The substrate
further includes a gate insulator formed on the strained silicon layer and a gate formed on the gate insulator. A
spacer layer is deposited and a spacer is formed around the gate and gate insulator in an operation 82. In an

35  exemplary embodiment, the spacer layer is deposited in a highly compressive fashion causing compression

and, thus, tensile strain in the silicon layer below.
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35 exenpl ary enbodi nent, the spacer layer is deposited in a highly
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enbodi Menjs etchl dish ﬂ%‘eﬁdaﬂcﬂ dépRitino0aldRgectiél 154RS Gl ﬁﬁmdetlﬁ%ﬂe cofprdakieaent |y
preferred, it shoul be understood that these enbodi nents are offered by
way of extalmliguasnly. The invention is not linmited to a 20 particul ar
enbodi nent, but extends to various nodifications, conbinations, and
pernutations that fall within the scope of the clained invention and

equi val engs. 7Thd Mdfiod dlairded i BREMT Drwherein the Kigh®loadprévsiot estgiigueenduct or

field effect transistor
20 include high ion bombardment.

4, The method claimed in claim 1 2 or 3, further comprising depositing a liner

using biased RF power for high ion bombardment.

25 5. The method claimed in claim 1, 2, 3 or 4, wherein the layer of silicon has a
thickness of at least 200 nm.
6. The method of any preceding claim, wherein a liner is included between the

gate and the spacer.
30
7. The method of any preceding claim, wherein the etch stop layer and dielectric

layer are deposited using plasma enhanced chemical vapor deposition (PECVD).



(MOSFET), conprising: 5 providing a substrate having a gate formed above
the substrate; depositing a spacer |ayer and formng a spacer around a gate
and gate insulator |ocated above a | ayer of silicon above the substrate;
depositing an etch stop |ayer above the spacer, the gate, and the |ayer of
silicon; and 10 depositing a dielectric |ayer above the etch stop |ayer;

wherein a8, | edBlie MRthodfoft d1€intl@P Gdikein theAPBORDRInclud¥E biasdiPRESpdWerdoRN €t ch
stop layer, and depositing a dielectric |layer conprises high conpression

deposi t i dHghe ion herpeardmentensil e strain in the layer of silicon. 15 2. The
method clainmed in claim1, wherein depositing a spacer |ayer, depositing

an etch stop layer, and depositing a dielectric layer all include high
conprassign  tHehmehes of Tlaithanyeprocsding 2ldifag whereth ahen elch Wivgy ddyer t he hi gh

conpressi on technjques .20 include high ion bonbardnment. 4. The net hod

cl ai med i‘i?nﬁ?r%fFﬁﬁlhc@’%}Fn ; further conprising depositing a liner using

bi ased RF power for high ion bonbardnment. 25 5. The nethod clained in claim
1, 2, 3 or 4, wherein the layer of silicon has a thickness of at |east 200
nm 6. ThH).netHedmnethod oy amy preectiimgiclainai wherein ehesubsteaté comprises aisilidonded
between the gate and the spacer. 30 7. The nethod of any preceding claim
wher ei n tg?émé%ew ¥9p | ayer and dielectric |layer are deposited using

pl asmg enhanced chemi cal vapor deposition (PECVD). 8 8. The nethod of claim
7, wherein the PECVD includes biased RF power for higher ion bonbardnent.

5 9. The het hol méthed aff mnamyeqedimgeclaimys, dirhen commeisgignformingsahics anp | ayer

drain regions in the layer of silicon on opposing sides of the gate, wherein the depth
of the source and drain regions does not extend beyond the depth of the layer of
silicon.
15
12. A method for forming a metal oxide semiconductor field effect transistor
(MOSFET), comprising:
providing a substrate having a gate formed above the substrate;
depositing a spacer layer and forming a spacer around a gate and gate insulator
20 located above a layer of silicon above the substrate;
increasing tensile strain in the layer of silicon by depositing an etch stop layer
above the spacer, the gate, and the layer of silicon; and

depositing a dielectric layer above the etch stop layer.

25 13.  The method claimed in claim 12, further comprising depositing a liner using

biased RF power for high ion bombardment.

14.  The method claimed in claim 12, wherein the layer of silicon has a thickness
of at least 200 nm.

30
15. The method claimed in claim 12, wherein the substrate includes a silicon

germanium layer having a composition Si;.xGex, where X is in the range of 0.1 to 0.3.



conprises silicon nitride. 10. The nmethod of any preceding claim wherein
the substrate conprises a silicon- germaniumlayer. 10 11. A nethod of any
preceding clains, further conprising form ng source and drain regions in
the layer of silicon on opposing sides of the gate, wherein the depth of
the source and drain regi ons does not extend beyond the depth of the |ayer
of silicbh. 1Phdiethédriritned i elaini d2,nilegeia tiegatd camprikes pelysitionduct or fiel d
effect transistor (MOSFET), conprising: providing a substrate having a
gate fornmed above the substrate; depositing a spacer |layer and formng a

spacer arpund ehdafketodRthigad i s18ey I Blvliereid thd sq&&)m@ @HQM‘E Brheif"  Of

silicon above the substrate; increasing tensile str inin the |ayer of
silicon biyentbpoiwithe lagelamfsahl@mm'tsolrctmg/qntaxmﬂ)gmrthhe spacer, the gate, and
the layer of silicon; and depositing a dielectric |ayer above the etch stop
| ayer. 25 13. The nmethod clainmed in claim 12, further conprising depositing

a liner um.ng Th aseddRRhiReIR clhigf 1i1lvﬂtbrélﬁrﬁhe%ﬁaﬁét@ﬂﬁﬂierc&ﬂpns£§e met hod
clained in claim212, wherein the Iayer of silicon has a thickness of at

| east 200shaHpwarenalsisolptiensret hod clai med in claim 12, wherein the substrate
includes a silicon germaniumlayer having a conposition Sil,Ge,,, where x
is in the range of 0.1 to 0.3. 9 16. Therrethodclairredinclaimlz

wher ejon t1® gaTke merhpd ick@Bedi dlsint 12, Firther témprikiag iphaEne HedpBdrck N claim
12, wherein the silicon regions are formed in 5 trenches in the |ayer of

silicon pARA<BRIBAERIOBS. epi t axi al gr owt h.

20.  The method claimed in claim 12, wherein depositing the spacer layer,
depositing the etch stop layer, and depositing the dielectric layer all include high

15  compression techniques.

21.  The method claimed in claim 12, wherein providing the substrate comprises:
patterning a gate conductive layer and a gate insulating layer to form said gate and
gate insulator over the silicon layer.

20
22.  The method claimed in claim 20, wherein the high compression techniques

include high ion bombardment.

23.  The method claimed in claim 21, wherein providing the substrate further
25  comprises:
forming a thin spacer around the gate; and
implanting shallow source and drain extensions, wherein said spacer is formed

around said thin spacer.
30 24,  The method claimed in claim 23, wherein implanting source and drain

extensions is preceded by implanting halo regions at opposing sides of a channel

region, the halo regions extending toward the channel region beyond ends of the

10



18. The method clainmed in claim12, wherein the substrate further conprises
shal l ow trench isolations. 10 19. The nethod clainmed in claim 12, further
conprising inplanting deep source and drain regions. 20. The nethod
claimed ig ¥yl it ositing the
etch stop Iu%? ?Pmd}aaﬁ #gg%ﬁﬁo%g?ﬁgédd;ﬂ% ﬁeagﬁa%g)%% g{’/rg ﬁg{l 3 dog%gde high 15
conpr essi lmv1m¢mldqetasty tgfie offfiositentd the donduatinizy tyipe of halbpan’t of thatsetee N

provi di ng Qﬁ Substr.ate conprises: patterning a gate conductive |ayer and
a gatel 6§ J0BY to formsaid gate and gate insulator over the
silicon layer. 20 22 The met hod clainmed in claim20, wherein the high
conpression techni ques include high ion bonbardnment. 23. The net hod
claimdd in claim?2l1l, wherein providing the substrate further 25 conprises:
formng a thin spacer around the gate; and inplanting shall ow source and
drain extensions, wherein said spacer is formed around said thin spacer.
30 24. The nethod clainmed in claim 23, wherein inplanting source and drain
extensions is preceded by inplanting halo regions at opposing sides of a
channel region, the halo regions extending toward the channel region
beyond ends of the 10 source and drain extensions to be formed, the halo
regi ons conprising a dopant having a conductivity type opposite to the
conductivity type of a dopant of the source and drain extensions. 5 11

1l




