METHOD AND STRUCTURE FOR FORMING STRAINED DEVICES
Field of Invention The invention generally relates to semiconductor
devices and methods for manufacturing such devices, and more
particularly to methods for forming a smooth boundary between nitride
films to enhance device performance and product yield. Background
Description Generally{EAEQEb AN SERRESAHURBr AR sistors include a
substrate made of a semiconductor material such as silicon. The
transistors typically inciiRB BN d §rdeAddgdh DEEdHERe| region and a drain
region within the substrate. The channel region is located between the
source and the drain regions. A gate stack, which usually includes a
conductive material, a gate O}g;ig@dlgjy%%gg Sldewall spacers, is generally
provided above the channel region.”More particularly, the gate oxide layer
is typically provided on the substrate over the channel region, while the
gate EENHUCRHIGE SRARBTEBITdReBARN BRI B dEeT Aesiorsiiegds for
spacers help protect the sidewalls of the gate conductor. The current
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generally directly proportional to the mobility of the carriers in the channel.
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operation speed of the transistor can be increased. Also, mechanical
stresses within a semiconductor device substrate can modulate device
performance by, for example, increasing the

Background Description

Generally, metal-oxide semiconductor transistors include a substrate made of a
serniconductor material such as silicon. The transistors typically include a source
region, a channel region and a drain region within the substrate. The channel region is
located between the source and the drain regions. A gate stack, which usually
includes a conductive material, a gate oxide layer and sidewall spacers, is generally
provided above the channel région. More particularly, the gate oxide layer is typically
provided on the substrate over the channel region, while the gate conductor is
provided above the gate oxide layer. The sidewall spacers help protect the sidewalls

of the gate conductor.

The current flowing through a channel, which has a given electric field across
it, is generally directly proportional to the mobility of the carriers in the channel.
Thus, by increasing the mobility of the carriers in the channel, the operation speed of
the transistor can be increased. Also, mechanical stresses within a semiconductor

device substrate can modulate device performance by, for example, increasing the



I mobility of the carriers in the semiconductor device. That is, stresses
within a semiconductor device are known to enhance semiconductor
device characteristics. Thus, to improve the characteristics of a
semiconductor device, tensile and/or compressive stresses are created in
the.channel of the n-type devices, (e.g., NFETs) and/or p-type devices
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stress or co Bressive stress, improves the device characteristics of one
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affecting the characteristics of the other type device. By way of example, a

tensiﬁ1 tress will improve the performance of an NFET and a .
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I imize the performance of both NFETs and PFETs withj
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NFET device in a longitudinal paralle "6t rrent
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current flow). Further, a first isolation region and a Second isolation
improve the performance of a PFET. Thus, in order to maximize the performance of

both NFETs and PFETs within integrated circuit (IC) devices, the stress components

should be engineered and applied differently for NFETs and PFETs.

To selectively create tensile stress in an NFET and comﬁressive stress in a
PFET, distinctive processes and different combinations of materials are used. For
example, a trench isolation structure has been proposed for forming the appropriate
stresses in the NFETs and PFETs, respectively. When this method is used, the
isolation region for the NFET device contains a first isolation material which applies 2
first type of mechanical stress on the NFET device in a longitudinal direction (parallel
to the direction of current flow) and in a transverse direction (perpendicular to the
direction of current flow). Further, a first isolation region and a second isolation
region are provided for the PFET and each of the isolation regions of the PFET device
applies a unique mechanical stress on the PFET device in the transverse and

longitudinal directions.



region are provided for the PFET and each of the isolation regions of the
PFET device applies a unique mechanical stress on the PFET device in
the transverse and longitudinal directions. 7 Alternatively, methods have
been proposed for providing a single strain layer on the entire device,
using two lithography masks for patterning. By way of one illustrative
exandierssingie mitddiayer bidnpfrpbsiteRs seoniiineatis plogedodger
the entire structure, e.g., NFET and PFET, after silicidation. In the
onakample=discisasesingareiriitibgrfiphtynittisia @yenteposgs Biiensilef one
component within the channel of the NFET. An oxide hard mask is then
illgepositeck avetdheshiyrldelaider apd @ipho firsesigisdsqiaeadave poreddver
the transistors, e.g., NFET. A reactive ion etching (RIE) is then performed
théeramovathed arg MESKTouel HREP FHEEailddetiemdinibe hotpleesisiussed
over the NFET. A nitride etch is then performed to remove the nitride layer
hernrey tivefl1RFETId hijkdénlppersvitesitompresaie ediipahenhistbeof the
placed over the PFET and the hard mask over the NFET, across a trench
NEglatiton stideturat (S3dY. i Hisn nitpdsilay evwyithinposi: dagemipiéaspheto resist
component in the PFET to enhance device performance. A photo resist is
is pherrdepositetlaf\be thesiitide tayeNiHAe RREAL v cacrahsnin RET) 1T thisn
photo resist also overlaps the tensile nitride layer of the NFET, taking into
pevonsicik ratiomord yith bard niesk ectgetbé PIEET stndittic eclaariogiphguthesist
mapping process. A nitrogen etching process is then performed, which
ovetthedN&Way A nitride etch is then performed to remove the nitride layer over the

PFET.

A nitride layer with a compressive component is then placed over the PFET
and the hard mask over the NFET, across a trench isolation structure (STT). This
nitride layer will impose a compressive component in the PFET to enhance device
performance. A photo resist is then deposited over the nitride laver of the PFET and
across the STL This photo resist also overlaps the tensile nitride layer of the NFET,
taking into consideration only the vertical edge of the first nitride layer during the
mapping process. A nitrogen etching process is then performed, which etches away

the compressive nitrogen layer over portions of the NFET.

However, due to normal alignment errors of the patterning process, €.g.,
placement of the photoresist and difficulties controlling the etching, an overlap of the
nitride layers is formed near the boundary of the compressive nitride layer and the
tensile nitride layer. Namely, the compressive nitride layer remains over portions of

the hard mask and the tensile nitride layer over a gate poly and the STI, resulting in



the compressive nitrogen layer over portions of the NFET. However, due
to normal alignment errors of the patterning process, e.g., placement of
the photoresist and difficulties controlling the etching, an overlap of the
nitride layers is formed near the boundary of the compressive nitride layer
and the tensile nitride layer. Namely, the compressive nitride layer

threqlaies Sarperabnd ke siasHask imaubrequeriieinadiffisiiverta
gate poly and the STI, resulting in 3 three layers of material. These
this #2188 FE&IAin subsequent etching difficulties at this overlap region.
These same alignment errors can also cause gaps between the nitride
layers, however, such a g%p iS not ve% desirable because metal ions
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In further processing steps, an oxide layer is deposited over the nitride layers,
and vias are then etched into the oxide layer. A metal is then placed in the vias to
create via contacts to the source and drain regions of the device. However, etching
becomes very difficult due to the variations in layer thickness, especially at the
overlaﬁ of the nitride layers. For example, etching in the overlap region (i.e., over the
nitride layers and the hard mask layer) to make contact with the device results in over
etching of the remaining portions of the device. On the other hand, etching designed
for the portions of the device with one or two layers will result in an under etch of the
overlap region. This under etch will result in a layer blocking contact between the

device and the contact. (Figure 1).

While these methods do provide structures that have tensile stresses being
applied to the NFET device and compressive stresses being applied to the PFET
device, they may require additional materials and/or more complex processing, and

thus, resulting in higher cost. Further, due to the inaccuracies of the etching processes,



nitride layers and the hard mask layer) to make contact with the device
results in over etching of the remaining portions of the device. On the
other hand, etching designed for the portions of the device with one or

an Bzlayer svwillerestitdmassunde pettbnobthre aveidapregiansd hismirgerching

. etch will result in,a layer blocking, contact between the device and the
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tensile stresses being applied to the NFET device and compressive
stresses being applied to the PFET device, they may require additional
materials and/or more complex processing, and thus, resulting in higher

cost. Further, due to YhMNEEROr&die5H8f theY EftitY processes, 4 an under

etch or over etch can result in portions of the device. In the case of under
etching in the overlap region, the contact will be blocked from contacting
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second layer is etched to form a smooth boun etween the first'layer
the gepnthlasecoprirRfslaTHas E@sBP¢dyer is stripped. According to another
embodiment of the invention, there is provided the method includes

depositing_ a first strain Ia)éer over a first device and depositir]g a second
strafhceording to another e ed the method

odiment of the invention, there 1s provi
includes depositing a first strain layer over a first device and depositing a second strain
layer over a second device and a portion of the first strain laver. A mask layer is deposited
over portions of the second strain layer, where an edge of the mask layer will not exceed
extreme vertical boundary conditions measured from vertical edges of the first strain layer
and the second strain layer. The exposed areas of the second strain layer are etched to
form a smooth boundary between the first strain layer and the second strain layer. The

mask layer is then stripped.

In one aspect of the invention, a semiconductor device comprises a semiconductor
substrate having at least one p-type device and one n-type device. A first strain layer
imposes a compressive stress in the p-type device and a second strain layer imposes a

tensile stress in the n-type device. A smooth boundary is provided



layer over a second device and a portion of the first strain layer. A mask
layer is deposited over portions of the second strain layer, where an edge
of the mask layer will not exceed extreme vertical boundary conditions
betmeasbedtdramivesicahetige sabiestissh Syain Aayeteand thersedepekited
strain. layer. .The exposed areas of the second strain layer are. etched to
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having at’least one p-type device and one n-type device. A first strain
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smSSRIRLIAVRHMRRSBRI ARSI Stress in the n-type device. A smooth
boundary is provided 5 between the first strain layer and the second strain

layer. A dielectric layer is deposited over the first strain layer and the
secondnsthin layer; ichadingrthenstheaeth bawndary sdhiteastasedddce,
contact is formed, in the %i Iectﬂc layer ?nd connects g) ane of the n-tt)égFe
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in the p-type device; a second strain layer imposing a tensile stress in the

leagt Wy EQ0RGs é(’%fhﬂb%ﬁil’?}féwcplfé’gfoeé’& connecting to one of the n-type

device and p-type device at the smooth boundary, wherein one of the at least one via
contact is in contact with the first strain layer and the second strain layer, and wherein the
smooth boundary is defined as abutting ends of the {irst strain layer and the second strain

layer.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure ! illustrates a conventional structure;

Figure 2 illustrates a beginning structure for forming stress components for a p-

type transistor and n-type transistor according to the invention;

Figures 3-8 illustrate exemplary processes for forming stress components for a p-

type transistor and n-type transistor according to the invention;

Figure 9 illustrates boundary conditions for a resist pattern according to the

invention;

Figures 10 and 11 illustrate an exemplary process using one boundary

condition according to the invention;



between the first strain layer and the second strain layer; a dielectric layer
deposited over the first strain layer and the second strain layer, including
the smooth boundary; and at least one via contact formed in the dielectric
layer and connecting to one of the n -type device and p-type device at the
smooth boundary, wherein one of the at least one via contact is in contact
with the first strain layer and the second strain layer, and wherein the
smddthukolndiasyris:clefinectias huitng ends:ohtbefirsingtraihddyesmaiod;
the second strain layer. BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates a conventional structure; Figure 2 illustrates a
begtigines Stiueidild fErfosminyestrestcompanentsnfotha peuydetransistor

Conggg)ggyppgﬁgQQ§i§tor according to the invention; Figures 3-8 illustrate
exemplary processes for forming stress components for a p- type
transistor and n-type transistor according to the invention; Figure 9
illustrates boundary conditions for a resist pattern according to the
invention; Figures 10 and | | illustrate an exemplary process using one
boundary condition according to the invention; 6 Figure 12 illustrates an
another boundary condition according to the invention; Figures 13 and 14
illustrate an exemplary process using the boundary condition of Figure
12;

6a



6a Figures 15 and 16 illustrate end processes for forming stress
components for a p-type transistor and n-type transistor using the
boundary conditions of either Figures 10-11 or Figures 12-13 according to
the invention; and Figure 17 shows a cross-section of a semiconductor
substrate according to the invention using a scanning electron
micrbEdspe! Denfalp Hlyseis end presrees Koo e PermP iR for a
INVENTION The invention provides a method for fabricating devices with
PO FARSH ettdr e eRasieisning sherbowadaty eerditions phvihrsdigures
- smooth boundary is formed between two films or layers, i.e., a layer that
IOTHﬁHs%g‘HQ%AQHéMSH@rfPiFPWWE%ﬁHda layer that imposes a
compressive component in a PFET. The smooth boundary does not have

between the Jayers. The smooth boupdary of the tensil
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. srqooth boundar betwgen two stain I%gers, a resist pattern is aligned to a
IMVENLION

vertical porion o thes SECond IRy € s

, Si3N4, so that a minimum
overlap overlay condition of the resist is aligned to the outer surface of the
vertical portion of the second nitride layer. Then, an isotopic etch process
is applied to remove the second nitride layer from the exposed surface
and some or all of a vertical portion of the second nitride layer that is

covered by the resist.ihxpRerimplementaiendhegecond layer is aligned

to the first layer pattern to ﬁovide the smallest overla(g
EMBODIMENTS OF THE INVENTION

The invention provides a method for fabricating devices with improved
performance characteristics. In one aspect of the invention, a smooth boundary is
formed between two films or layers, i.e., a layer that imposes a tensile component in
an NFET and a layer that imposeé a compressive component in a PFET. The smooth
boundary does not have gaps or overlaps between the layers. The smooth boundary of

the tensile and compressive films is also critical to improved product yield.

To form a smooth boundary between two stain layers, a resist pattern is
aligried to a vertical portion of the second layer, e.g., SiaNg, so that a minimum
overlap overlay condition of the resist is aligned to the outer surface of the vertical
portion of the second nitride layer. Then, an isotopic eich process is applied to remove
the second nitride layer from the exposed surface and some or all of a vertical portion
of the second nitride layer that is covéred by the resist. In one implementation, the
second layer is aligned to the first layer pattern to provide the smallest overlap

possible.



possible. 7 Figure 2 illustrates a beginning structure for forming stress
components for a p-type transistor and n-type transistor according to the
invention. In Figure 2, a PFET 1.00 and NFET 200 are formed in a
conventional manner in a substrate 102, such as silicon. A gate
polysjlicon 104 is formerg oyer.a gate oxide 106 on the substrate 102.
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In Figure 3, a first layer 120 such as, for example, a nitride layer, is formed
over the structure of Figure 2. In the exemplary illustration of Figure 2, the first
nitride layer 120 generates a tensile stress in the NFET channel in order to enhance
the performance of the NFET 200. Those of skill in the art should recognize, though,
that the first nitride layer 120 might generate a compressive stress to enhance the
performance of the PFET. In this latter scenario, a tensile nitride layer would then be
deposited to enhance the performance of the NFET. These layers will be termed
hereinafter “tensile” and “compressive” for sake of convenience. In one application
using & current 248nm lithographic tool, the first nitride layer is approximately 75nm
with very good conformality. An oxide hard mask 122 is deposited over the first

nitride layer 120.

Figure 4 illustrates an exemplary process for forming a photoresist mask 123
on the oxide hard mask 122, over the NFET 200. In this exemplary illustration, the

first nitride layer 120 is a tensile nitride layer and the photoresist mask 123 will



with very good conformality. An oxide hard mask 122 is deposited over
the first nitride layer 120. Figure 4 illustrates an exemplary process for
forming a photoresist mask 123 on the oxide hard mask 122, over the
NFET 200. In this exemplary illustration, the first nitride layer 120 is a
tensile nitride layer and the photoresist mask 123 will 8 protect the tensile
proffides peeinifigsiAyse JUERE SYRRMA FHOESBENHRARERRSr, FiPtHeY Bviinihe

that the first nitride la Iﬁyer 120 is a compressive nitride layer, the photoresist
eveRAERL DTN TREN e AR At ARRIPRRESP FER 1S 3T the Rigripraistive
nitride layer during subsequent etchln%&rocess Figures 5-7 illustrate
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in which the OXIde hard mask 122 is etch or removed from the PFET. In
during O HERPEEISCRiSsk 123 is stripped to expose the underlying
oxide hard mask 122, over the NFET. Figure 7 illustrates a nitride etch to
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the PFET 100. The nitride etch will stop at the silicide layer 116. These processes can

equally be used for a compressive nitride layer provided over the PFET, during the

initial processing stages.

Figure 8 illustrates the deposition of a second nitride layer 124. In this
illustration, the second nitride layer 124 is a compressive nitride layer deposited after
the first nitride layer 120 is patterned. In the illustration shown, the thickness of the
second nitride layer 124 is approximately 75nm with very good conformality. The
width of the vertical portion of the second nitride layer 124 is similar to the maximum
overlap size, e.g., approximately 70 to 75nm. Tn embodiments, vertical film thickness
is in a range of alignment error +/- 50nm . As discussed in more detail below, the

oxide layer 122 will act as an etch stop during the second nitride etching process.

Figure 9 illustrates extreme vertical boundary conditions for a resist pattemn
according to the invention. These extreme boundary conditions are used to map the
edges of the resist layer and to ensure a smooth boundary region between the first

nitride layer 120 and the second nitride layer 124 after etching. As should be



width of the vertical portion of the second nitride layer 124 is similar to the
maximum overlap size, e.g., approximately 70 to 75nm. In embodiments,
vertical film thickness is in a range of alignment error 50nm. As
discussed in more detail below, the oxide layer 122 will act as an etch

usgsssthadh ghivebestgecnididiemtohithirpiecessefigedecihditiatesan be used
extreme vertical boundary conditions for a resist pattern according to the
inragenTRACT Nasthesreméobdardhigvechdisinnstarecusddrtolspaphifierced ges
of the resist layer and to ensure a smooth boundary region between the
nfirgde AyRIe layer 120 and the second nitride layer 124 after etching. As
should be 9 understood, though, edge conditions within the extreme edge
conditions can be used in accordance wit the invention to achieve the
smoolh BSurdEDipgbFisessden tedstinneel R éfommedeossaihphewd nitride
_Figure 9, aresist layer 126 is formed over the second nitride layer 124.In
layetitpfindroteriapia gtrmerang thipaesistd avmio lsn sk ansivs ativtalesn taken
. in account during the design process: (i) the edge 120" of the first nitride
nAcepusslusing thy des\ierRregssagénte %s%aﬁé%?@@fﬁaarﬁim@ira@rlmﬂo
The distance between the vertical edges 120" and 124" is considered the

and {1y o sTHer et htasBihese u5iee 13367 1I40Rhs 6iseBlmbetween

technology, the gverlay tolerance is approximately 40nm, so the
t g ofBie! pfh ot GRiidared She dunrnrer BupmO barmtingt the
vertical portion of the secand nitride layer 124. The 80nm dimension
m&%\)@fgf g%@%t%%ﬁé’ﬁ MR ERe Ry asss the areriarialerases s 2opramately
8xtreme vertical edge . .
40nm, so the maximunt overlap of the photo resist is approximately 80nm, including
the vertical portion of the second nitride layer 124. The 80nm dimension provides a
slight overlap with the edge of the first nitride layer 120. These extreme vertical edge
conditions can be adjusted depending on other technologies or other considerations, as

should be understood by those of skill in the art.

Figures 10 and 11 illustrate the process of providing a smooth boundary
between the first nitride layer 120 and the second nitride layer 124, using the example
of the extreme outer edge 124°. In the process steps of Figure 10, an isotropic SisNyg
RIE process is used to remove the second nitride layer 124 in the photo resist 126
opening, as well as laferaily below the photo resist 126. During this RIE, the oxide
layer 122 acts as an eich stop to protect the edge of the first nitride layer 120. Figure
11 fllustrates the removal or stripping of the photo resist 126. As shown, these
process steps result in a smooth boundary between the first nitride layer 120 and the

second nitride layer 124, e.g., no overlap.
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conditions can be adjusted depending on other technologies or other
considerations, as should be understood by those of skill in the art.
Figures 10 and 11 illustrate the process of providing a smooth boundary
between the first nitride layer 120 and the second nitride layer 124, using
the example of the extreme outer edge 124'. In the process steps of
FiguFdeteeah’iabtropit 4Taria thaBTproee et REQTIEd s fRRoYe 1ARGEE  nd
nitride layer 124 in the photo resist 126 opening, as well as laterally below
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stop to protect the edge of the first nitride layer 120. Figure 11 illustrates
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steps result in a smooth boundary between the first nitride layer 120 and
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illustrate the process of providing a smooth boundary between the first
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Igwe extreme inner edge 120' shown in Figure 12. In the process steps, of
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la 24 in the photo resist 126 opening. Similar to that described with
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etch stop tg protect the edge of the first njtride layer 120. Figure 14
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process steps . resu a smooth baundary between the first nitride layer
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Figures 15 and 16 show end processes for forming the contacts. In Figure 15,
an inter level dielectric 128 is formed over the nitride layers 120 and 124, The inter
level dielectric 128 may be a deposited TEOS, BPSG or low K dieleciric material.
The interlevel dielectric 128 is then planarized using, for example, a chemical or
mechanical polishing process. As seen in the illustration of Figure 16, a contact via
with a metallization formed therein, generally represented as reference numeral 130,
is then formed in the interlevel dielectric 128. In the processes described herein, since
there is a smooth boundary between the nitride layers 120 and 124, over or under
etching is no longer problematic and the metallization properly makes contact with

the device.

Figure 17 shows a cross-section of a semiconductor substrate, manufactured in
accordance with the invention, using a scanning electron microscope. As shown in
this illustration, a smooth boundary layer is provided between the nitride layers 120
and 124. That is, the smooth boundary layer is formed as abutting ends of the nitride

layers 120 and 124.
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Figures 15 and 16 show end processes for forming the contacts. In Figure
15, an inter level dielectric 128 is formed over the nitride layers 120 and
124. The inter level dielectric 128 may be a deposited TEOS, BPSG or
low K dielectric material. The interlevel dielectric 128 is then planarized
using, SRl ahemisalel srReshanisalnalshing pIacest ARseen
in the illustration of Figure 16, a contact via with a metallization formed
usiﬁgrcﬁlﬁl aapshallyePiasRed @8 L&I%Eﬁib%‘? @1‘&'%%@&&%%&1%3 PReIQIBE the
in‘the interlevel dielectric 128. In the processes described heréin, since

nitRBESISR SHORihoundaybemes bR RS Bxers 130,288 184nO¥Rkin

or under etching is no longer problematic and the metallization properly
enIREEGORAES Wit RBARVIER: FIGUISohE SAOWS AHRSSIHRCHRAIA, from
Semiconductor substrate, manufactured in accordance with the invention,
RESING a scanning electron microscope. As shown in this illustration, a
smooth boundary layer is provided between the nitride layers 120 and
124. That is, the smooth boundary layer is formed as abutting ends of the
nitridevigyars iR ansh héd bédaladheivueniepmherNmbddanernd-Bbse skilled
devices are enhanced simultaneously using dual silicon nitride liners. In
in the ivention:dbe spathbavndaiyshefvee prive cBiRae g ndkmnet hingla
the contact to the NFET or PFET. Also, due to the strain engineering, a

th@apiiB hed foupedrand smeiatiéand apilisnot diffuse into the silicon from
BEOL.

12



While the invention has been described in terms of embodiments, those
skilled in the art will recognize that the invention can be practiced with
modification within the spirit and scope of the appended claims. 12
CLAIMS What is claimed is: 1. A semiconductor device, comprising: a
semiconductor substrate having at least one p-type device and one n-type
device; a first strain layer imposifg-&8bmmpressive stress in the p-type
device; a second strain layer imposing a tensile stress in the n-type
Wiestwscelzanethisoth boundary provided between the first strain layer and the
second strain layer; a dielectric layer deposited over the first strain layer
and the second strain layer, including the smooth boundary; and at least
one via contact formed in the dielectric layer and connecting to one of the
n-tye}e %%ic&gggdor-&épe device at the smooth boundary, wherein one of
the &t ToAst one-Via contact 18 MPE6Hct with the first strain layer and the
second strain layer, and wherein the smooth boundary is devoid of
overBapRTMECHER AR BFE AV Abieast resriyBendB B IGA PEIY P8 BvaRE
of gaps.
device;

1.

a first strain layer imposing a compressive stress in the p-type device;
a second strain layer imposing a tensile stress in the n-type device;
a smooth boundary proVided between the first strain layer and the second
~ strain layer;

a dielectric layer deposited over the first strain layer and the second strain
tayer, including the smooth boundary; and

at least one via contact formed in the dielectric layer and connecting to one of
the n-type device and p-type device at the smooth boundary,

wherein one of the at least one via contact is in contact with the first strain
_iayer and the second sirain layer, and

wherein the smooth boundary is devoid of overlaps.

2. The device of claim 1 wherein the smooth boundary is devoid of gaps.

3. The device of claim 1 wherein the at least one via contact is plural via
contacts, the plural via contacts contacting the n-type device and p-type device at the

smooth boundary and at locations other than the smooth boundary.
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3. The device of claim 1 wherein the at least one via contact is plural via
contacts, the plural via contacts contacting the n-type device and p-type
device at the smooth boundary and at locations other than the smooth
boundary. 13 4. A semiconductor device, comprising: a semiconductor
substrate having at least one p-type device and one n-type device; a first
4. straift BEFANPRNIPEESIERBESITEStress in the p-type device; a second
strain layer imposing a tensile stress in the n-type device; a smooth
bourdsrniprovide iretivtetethevigtadtizant laye papdethesecand steairtype
layer; a dielectric layer deposited over the first strain layer and the second
dewi@in layer, including the smooth boundary; and at least one via contact
formed in the dielectric layer and connecting to one of the n-type device

and p- i . mQQt herein gne aof the at least one
i OIS S S IEHEAR AR MRS RSB
layer, and wherein the smooth boundary is defined as abutting ends of the

first SFERPNEEPANARE SBESIG rians gy et MiBS TriRe pevice:

a smooth boundary provided between the first strain layer and the second
strain layer;

a dielectric layer deposited over the first strain layer and the second strain
tayer, including the smooth boundary; and

at least one via contact formed in the dielectric layer and connecting to one of
the n-type device and p-type device at the smooth boundar.y,

wherein one of the at least ong via contact is in contact with the first strain
layer and the second strain layer, and

wherein the smooth boundary is defined as abutting ends of the first strain

jayer and the second strain layer.
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Method and structure for forming strained devices A method for
manufacturing a device includes mapping extreme vertical boundary
conditions of a mask layer based on vertical edges of a deposited first
layer (120) and a second layer (124). The mask layer (126) is deposited
over portions of the second la§&5 TR Based on the mapping step. The

exposed area,pidie: %ﬁﬁ_%@é%@&}%@%&%@t}%@ dorg.a smooth
boundary between the first layer (120) and the second layer (124). The

resist layer (124) is stripped. The resulting device is an improved PFET

A mBEEARANERT e vice with @ Sreothhasndaryhetueen e dist,and

second layers such that a contact can bée formed at the smooth boundary

condifipisit GvBR SERiFPatHS PArEELcaE e sl s Pasilpd st layer (120) and a

second layer (124). The mask layer (126) is deposited over portions of the second layer
(124) based on the mapping step. The exposed area of the second layer (124) is etched to
form a smooth boundary between the first layer (120) and the second layer (124). The
resist layer (124) is stripped. The resulting device is an improved PFET device and
NFET device with a smooth boundary between the first and second fayers such that a
contact can be formed at the smooth boundary without over etching other areas of the

device,

Fig. 14.



