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1 2 3METHOD TO REMOVE SPACER AFTER SALICIDATION TO
ENHANCE 4 CONTACT ETCH STOP LINER STRESS ONMOS 56 7 8
Background of Invention 9 1) Field of the Invention 10 This invention relates
generally to structures and method for 11 fabricating semiconductor devices
and more particularly structures and method for 12 inducing stresses of
different areas of a substrate. 13 14 2) Description of the Prior Art 15 16 As
semiconductor device switching speeds continue to increase 17 and
operating voltage levels continue to decrease, the performance of MOS and
18 other types of transistors needs to be correspondingly improved. The
carrier 19 mobility in a MOS transistor has a significant impact on power

CONJUEPHODATO R‘EM@VEWER“AFW‘ER"B@KEI@IDWE?UNWENHRNCE
mobility allows faster 21 switchin eeds. The carrier mobility is a measure

of the average SQQ&T&%TQ%T éﬁ-@%ilm %TBIE%Q@’\/ Mg%iven
semiconductor, given by the average 23 drift velocity of the carrier per unit

electric field. Improving carrier mobility can 24 improve the switching speed
of a MOS transistor, as well as allow operation at 25 lower voltages.

Background of Invention
1) Field of the Invention
This invention relates generally to structures and method for
fabricating semiconductor devices and more particularly structures and method for
inducing stresses of different areas of a substrate.

2) Description of the Prior Art

As semiconductor device switching speeds continue to increase
and operating voltage levels continue to decrease, the performance of MOS and
other types of transistors needs to be correspondingly improved. The carrier
mobility in a MOS transistor has a significant impact on power consumption and
switching performance, where improvement in carrier mobility allows faster
switching speeds. The carrier mobility is a measure of the average speed of a
carrier (e.g., holes or electrons) in a given semiconductor, given by the average
drift velocity of the carrier per unit electric field. Improving carrier mobility can
improve the switching speed of a MOS transistor, as well as allow operation at

lower voltages.

One way of improving carrier mobility involves reducing the

channel length and gate dielectric thickness in order to improve current drive and
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26 27 One way of improving carrier mobility involves reducing the 28
channel length and gate dielectric thickness in order to improve current drive
and 1 1 switching performance. However, this approach may increase gate
tunneling 2 current, which in turn degrades the performance of the device by
increasing off 3 state leakage. In addition, decreasing gate length generally
calls for more 4 complicated and costly lithography processing methods and
systems. 5 The importance of overcoming the various deficiencies is 6

svifehierRAdYBIehaxEsSHewecBnalegiepliexelPriag TheieeEe ¢ iedignneling
subject, as .7 documented b% the relevant patent and technical literature. The

Slyzest awhieh e Agarasies the RRERiEiAnCS e NadRHSR L RqEe3siaR O

kieretisaicrie b SdRRME A8y reasrigeaiiie tbadtligeigal( chllsddr more
20040262784 High performance CMOS device structures and 12 method of

FRIARHCAGE 270 GARYOHIRSIGIPINRI G RS O N0HE L8P 1S%StaS 13 field
effect transistors gAY SARCIWRIFataM NG fiistvigld aifaetitiansisi®isl 4

includes a spacer having a first width, the second field effect transistor .
FidRaced Y the SxIEnSive tochmolRiaRl deve et eRIgd o rgubiect, as
deingbiiesars A selsva patontniitecRneta Akbyaibrfirsheidibssst and

narrower than the second width, A 17 tensile stress %belectric fiI[n forms a

BRRRIFBIBhTRSS ARV YV EHINPRh SRYSOPTS IS Ih 0 PRIGRL HEBiE, can e
ale29edby SAIRIFERY anel IdFod@Rg0113217A1: Stress inducing spacers 21

- Spacer structure for semiconductor devices formed in substrate, has two
spacer
US 20040262784 High performance CMOS device structures and

method of manufacture - A semiconductor device structure includes at least two
field effect transistors formed on same substrate, the first field effect transistor
includes a spacer having a first width, the second field effect transistor includes a
compressive spacer having a second width, the first width being different than said
second width. Preferably, the first width is narrower than the second width. A
tensile stress dielectric film forms a barrier etch stop layer over the transistors.
Inventors: Bruce B. Doris, et al.

US 6825529: and US 20040113217A1: Stress inducing spacers
- Spacer structure for semiconductor devices formed in substrate, has two spacer
structures, each comprising stress inducing material adjacent to both sidewall of
one of device's gate terminal and its channel which applies mechanical stress -
Inventor: Chidambarrao

US20040104405A1: Novel CMOS device - Improving mobility

of holes and electrons within semiconductor device structure, involves forming first
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22 structures, each comprising stress inducing material adjacent to both
sidewall of 23 one of device's gate terminal and its channel which applies
mechanical stress 24 Inventor: Chidambarrao 25 26 US20040104405A1:
Novel CMOS device - Improving mobility 27 of holes and electrons within
semiconductor device structure, involves forming first 2 1 and second stress
layers over p- and n-type metal oxide semiconductor device 2 respectively -
Inventor: Huang 3 4 US 6573172: Methods for improving carrier mobility of

BMR @16t BtPE¥OR ReYiees - f-abits Aligeraeai gy demitdicRIS0r device

forming P- channel and 6 N-channel metal oxide semiconductor transistors in
Wt g ARSI iRF8RI7 P-channel transistor and forming

compressive film on N-channel transistor 8 Inventor: En, etal. 9 10
U820030040158A]§[ Semiconductor device and method of 11 fabrlcatlngbthe S and

same - SemicondderGPdeViée iMeHRISHIE FRARY1RSABRIAPAN Y Ptdndi

NmmnmwﬂMﬂ@mmmmm@wmmﬂQMMn@ and
& tE Takehiro 14 15 16 Thus, there remains a need for methods by Yé\fli’&‘ on

TR ORISR BN A £05 HABREOSSH A MRS SRR G PR

socHmimisaiiatestd® dngiovetrydehipeseivedirn® IPN-pRu@TelQveveikase

ﬂﬁ)eratlon f CMOS
ventor: En, et al.

US20030040158A1: Semiconductor device and method of
fabricating the same - Semiconductor device includes first nitride layer containing
tensile stress and second nitride layer containing compressive stress - Inventor:
Saitoh, Takehiro

Thus, there remains a need for methods by which the carrier
mobility of both NMOS and PMOS transistors may be improved so as to facilitate
improved switching speed and low-power, low-voltage operation of CMOS
devices, without significantly adding to the cost or complexity of the manufacturing

process.
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19 devices, without significantly adding to the cost or complexity of the
manufacturing 20 process. 21 31 2 3 4 Summary of the Invention 5 The
embodiments of the present invention provides a structure 6 and a method of
manufacturing a FET device without spacer and with an overlying 7 stress
layer improves device performance which is characterized as follows. 8 An
example embodiment of the invention is a method of 9 fabrication
semiconductor device; comprising the steps of: 10 providing a substrate
having a first region and a second region; 11 providing a first gate, first
source/drain regions in said first region; a first 12 channel region in said first
region under said first gate; 13 providing a second gate, second spacers on
the second 14 gate sidewalls; second source/drain regions in said 15 second
region adjacent to said second spacers; 16 forming a stress dielectric layer
over: the first gate, the first @R&ﬂ%iﬂf thelawstian: second gate, the

second spacers arigetaentddraents sows pidgent aaiensowpeseiesaicstructure
S e e s s O e LS Ine ARS8 Serying
stress layer improves device performance which is characterized as follows.
An example embodiment of the invention is a method of
fabrication semiconductor device; comprising the steps of:
providing a substrate having a first region and a second region;
providing a first gate, first source/drain regions in said first region; a first
channel region in said first region under said first gate;
providing a second gate, second spacers on the second
gate sidewalls; second source/drain regions in said
second region adjacent to said second spacers;
forming a stress dielectric layer over: the first gate, the first source/drain
regions, the second gate, the second spacers and the
second source/drain regions; whereby said stress
dielectric layer serves to puts stress on the first channel
region on the substrate close to the first gate.

Another example embodiment of the invention is a method of
fabrication semiconductor device; comprising the steps of:
providing a substrate having a first region and a second region;
providing a first gate, first spacers on the first gate sidewalls; first
source/drain regions in the first region adjacent to the first
spacers; providing first S/D silicide regions over the first

source/drain regions;

4
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22 Another example embodiment of the invention is a method of 23
fabrication semiconductor device; comprising the steps of: 24 providing a
substrate having a first region and a second region; 25 providing a first gate,
first spacers on the first gate sidewalls; first 26 source/drain regions in the
first region adjacent to the first 27 spacers; providing first S/D silicide regions
over the first 28 source/drain regions; 4 1 providing a second gate, second
spacers on the second gate sidewalls; 2 second source/drain regions in the

secondyiegigthgdiassdting tatbe seeend spaecers; diaMislisscepecgetSaRewalls;

silicide 4 regions over the second source/drain regions; 5 formin

ga . .
conformal dielectric laye?@FRIAROLIAARD APRIQES IR FESPOGISR%AR Adiacent
second region; 7 formingoxtin®Besiarspricdipiegirevialieg even Hie S Eliciaé

dielectric layer; 8 the non-conformal dielectric layer is thicker over the 9

second cap and first cag @HAMREYEH N RS AR SoM ae&dr Ay BARSANd first

spacer fgiipiglis cbhisimayinieladir thiskneseoitbenostensiareakdielectris
layer in the first 12 region; _usingﬂanﬁtch, to expose the conformal dielectric
e

13 layer over the first spZt8fs! 4 BRGNS 9 %pacers using an etch;
15 remmyfimgniha hen-conformal dielectric layer; toderminshafetinss dislestiis layer;

Iayer which serves to pu&psg'gers]_s OH fthr?n sﬁre IsI 17rPnI thersiubﬁﬁr?(terck\)/s(ra 0
the first gatewheretheﬁ on-conformal dielectric layer Is thicker over the
second cap and first cap and the substrate than over the
second and first spacer sidewalls;
removing a first thickness of the non-conformal dielectric layer in the first
region; using an etch, to expose the conformal dielectric
layer over the first spacers;
removing the first spacers using an etch;
removing the non-conformal dielectric layer;
forming a stress dielectric layer which serves to puts stress on the stress
on the substrate close to the first gate where the first
spacers were removed in the first region thereby enhance

the first device performance.

An aspect of this embodiment is wherein the first region is a
NFET region and the second region is a PFET region; and the stress dielectric
layer produces a compressive stress on the NFET channel in a uni-axial
direction; and the channel has a 110 crystal orientation.
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18 spacers were removed in the first region thereby enhance 19 the first
device performance. 20 21 22 An aspect of this embodiment is wherein the
first region is a 23 NFET region and the second region is a PFET region; and
the stress dielectric 24 layer produces a compressive stress on the NFET
channel in a uni-axial 25 direction; and the channel has a 110 crystal
orientation. 26 27 5 1 An example embodiment of the invention is a
semiconductor 2 device comprises: 3 a substrate having a first region and a

second region; 4 Adistaite BRiTOUrReMiraitHegiveh bR B seid@dRductor
adjacent to the first 5 spacers; providing first S/D silicide regions over the

Y& SSUNESEFRin regions; 7 a second gate over the second region, second

spacerg @npBe feceadng adiesside)ieaingeePsecerid eefioain regions in the
9 second r_eg[ion adjacent to the second spacers; second 10 S/D silicide

regions DUEFtHBEedYH SHRRRTRAM YRR N 118, EShfsRiRd afiregnt layBe first
over the second gate anshtissreCoRreVeingeiisst 2DNsIisaso ReGRIRssHiRidene first

regions, and the first S/D silicide 13 rr%t%i,ons;_ 14 a stress dielectric layer over
the sidewalls of the first JHECEARYBEIEBIONS;

a second gate over the second region, second spacers on the second
gate sidewalls; second source/drain regions in the
second region adjacent to the second spacers; second
S/D silicide regions over the second source/drain regions;

a conformal dielectric layer over the second gate and the second spacers,
the second S/D silicide regions, and the first S/D silicide
regions;

a stress dielectric layer over the sidewalls of the first gate and over the
substrate adjacent to the first gate; the stress dielectric
layer which serves to puts stress on the stress on the
substrate close to the first gate which does not have first
spacers thereby enhance the first device performance;

the stress dielectric layer over the sidewalls of the second spacers and
the second gate.

An aspect of this embodiment is wherein the first region is a
NFET region and the second region is a PFET region; the stress dielectric layer is
a tensile stress layer; and the stress dielectric layer produces a compressive
stress on the NFET channel in a uni-axial direction; and the NFET channel has a

110 crystal orientation.
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15 substrate adjacent to the first gate; the stress dielectric 16 layer which
serves to puts stress on the stress on the 17 substrate close to the first gate
which does not have first 18 spacers thereby enhance the first device
performance; 19 the stress dielectric layer over the sidewalls of the second
spacers and 20 the second gate. 21 22 An aspect of this embodiment is
wherein the first region is a 23 NFET region and the second region is a PFET
region; the stress dielectric layer is 24 a tensile stress layer; and the stress

dielectric layer profiacascy 6 /M@ IssRINE v stHese 8 e dHtrb shparg! in a
uni-axial direction; and the NFET channel has a 26 110 crystal orientation.

P eH R NG IR0 IIRN SRIWY aB USR5 B9 e R YESAd/ o 9xClusive. They

ERRrpresAtyE eMpesitnaeisifNiMdarstiaigingtiexshausterantdépoeglpsive.
They 3 are %resented only to assist in understanding the invention, It should

HAYEIHIRQr AL Ry fey Dl FRIGRMEAMA IR SPEIMMEHOBRRHI G e e

Blathes, cckinasniidie s naidatrRmipHahenawhtiminyardfeageafieasidivns, or
hhe_ claims, or 6 Iimitfaltions ogégﬁmi?\[(alen to the claims. For i?stance,iome
fiiRlansRaagvalentsdo Iy RNIPSIROESRy SRR HS e G Hages

iy RNerLShi preseta dicto § SN EINBY dareid: Senaildilytad@desly present in a
% A R SARIE G SR ol S muent o gud Pl o
bee hdiattiescareitappticaiy es, overteenanahnaold, certain aspects of the
claimed invention have not been discussed herein. However, no inference should
be drawn regarding those discussed herein relative to those not discussed herein
other than for purposes of space and reducing repetition. Thus, this summary of
features and advantages should not be considered dispositive in determining
equivalence. Additional features and advantages of the invention will become

apparent in the following description, from the drawings, and from the claims.
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11 be drawn regarding those discussed herein relative to those not discussed
herein 12 other than for purposes of space and reducing repetition. Thus,
this summary of 13 features and advantages should not be considered
dispositive in determining 14 equivalence. Additional features and
advantages of the invention will become 15 apparent in the following
description, from the drawings, and from the claims. 16 71 2 3 Brief
Description of the Drawings 4 The features and advantages of a
semiconductor device 5 according to the present invention and further details
of a process of fabricating 6 such a semiconductor device in accordance with
the present invention will be 7 more clearly understood from the following

description taken in conByief eyt ptidie st Daswing §rawings in which
like reference numerals designate similar or 9 corresponding elements,

regions and portidh€ ARAM GRS 36vaRtagesidf BigarBicen P&f@rhd@‘éﬁ,?

eassrdeginn e/ \ewsdart ilveriatnaad fureshed talgearUReBHH00A fabricating
tranS|stor accgl[‘;y ﬁ%%rr first example mbodime resent

nt of 15 the
PGP VISR 1PsACEL BHQP\X\Q fbﬁmﬂﬁﬁﬁﬂhg“é%fé‘?ﬂo‘ﬁ"ﬁd?e
horeatlg Bt esttuth faton A6 AEB\itR) ASSEAPHRXRIKGILi @ BHgdnaabhakith

the . . . . . . .
tple accompanying drawings in which like reference numerals designate similar or
corresponding elements, regions and portions and in which:

Figures 1 through 6 are cross sectional views for illustrating a
method for manufacturing a transistor according to a first example embodiment of

the present invention.

Figure 7 is cross sectional view for illustrating a method for
manufacturing a transistor according to a second example embodiment of the

present invention.
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19 present invention. 20 8 1 2 Detailed Description of the Example
Embodiments 3 4 5 First example embodiment 6 The example
embodiments of the present invention will be 7 described in detail with
reference to the accompanying drawings. The example 8 embodiments
provide methods of applying a stress on a channel of an MOS 9 transistor
using a stress layer in silicide process. Preferably, the source drain 10
regions have a silicide contact layer thereover. An embodiment removes
spacers 11 from a gate and forms a stress layer on or adjacent to the gate.
The spacers can 12 be removed from either the PMOS or the NMOS

transistor. 13 Aegiledepstiptionaf the fxampledembodifmants, 15 as

shown in figure 1, we provide a substrate having a NFET 16 region 12, a
PFET region 14 and an optional peripheral region 16. The substrate 17 can
have isolation region(s) 24 at least between the NFET region 12, the PFET
18 region 14 and the peripheral region 16. 19 In the NFET region, we provide
FivsEéxampistenibadiameld 20 comprised of NFET gate dielectric 29, a
NFET gate 30, NEET cap 32, a NFET 21 [shPacers 28 on the NFET gate 30

sidewalls; NFET SO\ S&RITREegibndimemsrr the RieseneiGveriaavdhie
eshiifel shaees dtnisioroviderd trieTaederbiisifling drawings. The example

embodiments provide methods of applying a stress on a channel of an MOS
transistor using a stress layer in silicide process. Preferably, the source drain
regions have a silicide contact layer thereover. An embodiment removes spacers
from a gate and forms a stress layer on or adjacent to the gate. The spacers can
be removed from either the PMOS or the NMOS transistor.

A. Substrate has a NFET region and a PFET region

As shown in figure 1, we provide a substrate having a NFET
region 12, a PFET region 14 and an optional peripheral region 16. The substrate
can have isolation region(s) 24 at least between the NFET region 12, the PFET
region 14 and the peripheral region 16.

In the NFET region, we provide a NFET transistor that can be
comprised of NFET gate dielectric 29, a NFET gate 30, NFET cap 32, a NFET
spacers 28 on the NFET gate 30 sidewalls; NFET source/drain regions 25 in the
NFET region adjacent to the NFET spacers 28. We provide NFET S/D silicide
regions 26 over the NFET source/drain regions 25 and the NFET cap 32
preferably comprised of silicide. The NFET transistor has a NFET channel under
the NFET gate. A NFET channel is in the NFET region under the NFET gate.

In the PFET region 14, we provide a PFET transistor that can be
comprised of a PFET gate dielectric layer 37, a PFET gate 38, PFET cap 40,

9
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23 regions 26 over the NFET source/drain regions 25 and the NFET cap 32
24 preferably comprised of silicide. The NFET transistor has a NFET channel
under 25 the NFET gate. A NFET channel is in the NFET region under the
NFET gate. 26 In the PFET region 14, we provide a PFET transistor that can
be 27 comprised of a PFET gate dielectric layer 37, a PFET gate 38, PFET
cap 40, 9 1 PFET spacers 36 on the PFET gate 38 sidewalls. We provide
PFET source/drain 2 regions 33 in the PFET region 14 adjacent to the PFET

SIFEEISpA e B Srihe BHET @) 588198 S REFI SOV B eMed deHREdource/drain

source/drain regions 33. The cap 40 is preferably comprised of a

S RIES AP A EE T AP IE PHEPSEL IS EELY SooRtp Bea b e, S/D

BIRCRRS | RIE3 S S AiteiGr ISY 16 @ aFB IFFE D giRu FEB/EHATR ASYidrRveB e PFET
eripheral region 16. The peripheral gate struc'?'r_ﬁﬁ are comprised of a
r

p . ( f _
FeRptR R Ryate 2B eoREEEd 9h Gt hoaidfd DériphlSnRapeAss §1ihe bET region
sivierelr ate IRsENdaryipheral) isolation region 24 over at least 10 a portion of

the peripheral region 16; and the peripheral gate structure 49 c?n be 11 over

the isolation regidi. 118 PRERARIBI IR SeRIAVIRA RAIPAY A Gale isHatye 49
b3d3 therteripaketeiegion lage Theé Pefiphinalgituse dcieipamn a6oposedbf a

dielectric layer 52 15 (ahout or substantially uniform thickness) over the
DR e 0 BOP LS 2L 5RB0 AT PBERREIBL P S e
peripheral regionTige Shbpstaittotaslah 1 sheisktiallagernisieediynnas abeuht least

T B TS S B R R T o

andrihe isolation region.
The structures can be made using a salicide process.

B. conformal dielectric layer

Referring to figure 2, we form a conformal dielectric layer 52
(about or substantially uniform thickness) over the substrate at least the NFET
region 12, the PFET region 14 and the peripheral region 16. The conformal
dielectric layer preferably has about uniform thickness.

The conformal dielectric layer 52 can be comprised of oxide or
silicon oxynitride (SiON) and can have a thickness between 50 and 100

angstroms.

C. non-conformal dielectric layer

We then form a non-conformal dielectric layer 54 over the
conformal dielectric layer 52. The non-conformal dielectric layer can be comprised
of nitride or SiC. A nitride non-conformal dielectric layer can be formed using a
PECVD process.

The non-conformal dielectric layer 54 is thicker over about

horizontal surfaces than over sloped or vertical surfaces. The non-conformal

10
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20 angstroms. 21 C. non-conformal dielectric layer 22 We then form a
non-conformal dielectric layer 54 over the 23 conformal dielectric layer 52.
The non-conformal dielectric layer can be comprised 24 of nitride or SiC. A
nitride non-conformal dielectric layer can be formed using a 25 PECVD
process. 26 The non-conformal dielectric layer 54 is thicker over about 27
horizontal surfaces than over sloped or vertical surfaces. The non-conformal
10 1 dielectric layer 54 can be between 150% and 400 % thicker over about

brsiseniallay suacesm thabenessiopsdRramitingd surfaerer bhertaps of Hgizontal
gates and the 3 substrate are about horizontal. The spacer sidewalls are

§W6%Ges4t'%aﬂ%’ﬁ6ﬁ loRRATLPIUPIHGRT SRR kel R MRACPIRE BRlgs And ihe
SUdskaieana3diud hitisohtirafhiape@rdie WhikTara dIbibdd! spacer 36

28 7 sidewalls. 8 For example, the non-conformal layer 54 can have a
thickness 9 between 300 and 400 angstroms over the PFET cap 40 and

NFET cap 32 andrihs nd@-sdpsdiateil M%ashi%maﬁé}e@wﬁméWO%{Mo and
oms over the PFET a NFET spac 8 s

R G0 e D Ao G b AL NA s PRoRE 26,29

ggeall4d. As shown in figure 3, we remove a first thickness (portion) of the

15 non-conformalnitride layer 54 in the NFET region exppse at Ieas

porion 16 of the S FBATD el SEIETEG R RS URLHRY RIS o DB ness

between 300 and 400 angstroms over the PFET cap 40 and NFET cap 32 and the

substrate; and a thickness between 100 and 200 angstroms over the PFET and

NFET spacer 36 28 sidewalls.

D. remove a first thickness of the non-conformal nitride layer in
the NFET region

As shown in figure 3, we remove a first thickness (portion) of the
non-conformal nitride layer 54 in the NFET region 12 to expose at least a portion
of the conformal dielectric layer 52 over the NMOS spacers 28.

A photoresist layer 56 can be formed over the non-NMOS regions
(e.g. PMOS region 14 and peripheral region 16).

The etch can be an isotropic etch such as a wet etch or Chemical
Down Stream Etch (CDE).

The first thickness is between about 33 and 66 % of the
maximum thickness of the non-conformal nitride layer 54.

Due to the poor step coverage of the non-conformal layer over
the spacers, the non-conformal layer is etched away before the non-conformal
layer over the horizontal surfaces (e.g., cap, silicide regions 26, isolation regions
24, etc.).

Next, we remove the NMOS spacers 28.
11
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17 A photoresist layer 56 can be formed over the non-NMOS regions 18
(e.g. PMOS region 14 and peripheral region 16). 19 The etch can be an
isotropic etch such as a wet etch or Chemical 20 Down Stream Etch (CDE).
21 The first thickness is between about 33 and 66 % of the 22 maximum
thickness of the non-conformal nitride layer 54. 23 Due to the poor step
coverage of the non-conformal layer over 24 the spacers, the non-conformal
layer is etched away before the non-conformal 25 layer over the horizontal

surfaces (e.., CaRnsHiGIAR BTG SHRINOM feglings 428nfs etc.). 27 28

Next, we remove the NMOS spacers 28. 11 1 An example option is shown in
figures 4 and 5. 2 E. remoye the ¢ nform@.d'ele tric layer over noe § 3
spacergﬂr Figure ?%%Wsth% ?rmfé é%% é#‘iﬂ%‘éﬁ@i’%g. %I%V{I rgd 5
the peripheralgpgcerd 6. We remove the exposed conformal dielectric layer

52 6 over the NMOS spacers 28 to eggose the NMOS spacers 28. The
conformal 7 dieleGigERyes BB FRloMaplistRPHRdbtPIcktdiedop. 14 and

FREPRShe RIMEYPPRE SR AN EdigeScel M RIANANGIAIBRR layer 52

spacers 28. The etch 10 can be an isotropic etch that is selective to the

SygEdheniMRY. sracete 8 IpraferssySPALSP Rrasars ide [ raeaformal
nsnadiriehyadBreants dhe Briredisid B NSpiRBRYe the mask 56.

F. remove the NMOS spacers

As shown in figure 5, we etch the NMOS spacers 28. The etch
can be an isotropic etch that is selective to the spacer material. The etch
preferably exposed the substrate surface immediately adjacent to the gate 30.

Then we remove the mask 56.

G. remove the non-conformal nitride layer

As shown in figure 5, we remove the non-conformal layer 54. The
non-conformal nitride layer 54 can be removed using an etch selective to oxide.
The silicide regions 26 34 are protected by the conformal

dielectric layer 52 during this nitride etch.

H. form a tensile dielectric layer

As shown in figure 6, we form a tensile dielectric layer 60 (e.g.,
tensile stress nitride) which serves to put a compressive stress on the substrate
close to the gate (where the spacers 28 used to be) in the NMOS region 12, which
in turn cause a tensile strain in the NMOS channel region (Si below Poly 30),
thereby enhance the NMOS transistor performance. The tensile dielectric layer

can serve as a contact etch stop liner (ESL).
12
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13 14 G. remove the non-conformal nitride layer 15 16 As shown in figure 5,
we remove the non-conformal layer 54. The 17 non-conformal nitride layer
54 can be removed using an etch selective to oxide. 18 The silicide regions
26 34 are protected by the conformal 19 dielectric layer 52 during this nitride
etch. 20 H. form a tensile dielectric layer 21 As shown in figure 6, we form a
tensile dielectric layer 60 (e.g., 22 tensile stress nitride) which serves to put a
compressive stress on the substrate 23 close to the gate (where the spacers

28 used to be) in Tie BINIOS tegieisicr ddvick idhifekiay jasseratemiaiMOS
strain in the NMOS channel region (Si below Poly 30), 25 thereby enhance

FRVIGRBRS AR GBS FRRACE!STAR %@H@u@ta.@r&%ﬂeqa%hez@ea%ﬁs@me layer

89 &reANtnetRIBBAEP linee(HLPMDS §|B§OBMQ§ HaasisoP e enannel region.
affected less than the NMOS 2 device because the PMOS spacers 36

separate and spatBRHENRIRIKSRAIE (G/8r A EHIAYRIe SaHSESR IFTtale stress

tReaRIMEM P SIn@ersn 3 mRONMOIMRRH@ANel region. 4 The tensile dielectric
(e.g., nitride) Iay causes atenseif stress 5in a chann @l region of the

NMOS transistor. @?ﬁé’%ﬁ%&%% REARYEIY TP URNEk Gln peferred

prefansichaschan oeiﬂy@madrﬂ&mswl otigftasien sUBlrﬁMé@ié&tﬁerBﬁ@ﬂﬁi i X
ns, not in the Z direction. 9 A feature of the

Hﬁ)&ls in X. 8and Y dlrec?
ﬁﬁ@ﬁw@f’né}%é@éﬂg tﬂg Whrs are 10 removed, the stressor is
nearer to the chapnelcie entraneimd daknséistiisafiatbecause the spacers are

removed, the stressor is nearer to the channel thus enhancing the strain effect.
The device can be finished using conventional process such as
forming a ILD layer, contacts, and subsequent levels of IMD and interconnects.

Alternate embodiment

Figure 7 shows an alternate embodiment where the spacers 36
on the PMOS gate device 38 40 are removed. The process for this embodiment
can be similar to the first embodiment by masking the non-PMQOS regions and
removing the PMOS spacers 36. Stress layer 61 is formed over the substrate
surface. For this PMOS embodiment, the stress layer 61 is a compressive film.

The stress layer 61 preferably puts a tensile stress on the
substrate near the PMOS gate, which in turn causes a compressive strain on the
PMOS channel (Si below Poly 38). This enhances the PMOS transistor.

A. non-limiting example embodiments

In the above description, numerous specific details are set forth
such as flow rates, pressure settings, thicknesses, etc., in order to provide a more
thorough understanding of the present invention. Those skilled in the art will

13
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11 The device can be finished using conventional process such as 12
forming a ILD layer, contacts, and subsequent levels of IMD and
interconnects. 13 Alternate embodiment 14 Figure 7 shows an alternate
embodiment where the spacers 36 15 on the PMOS gate device 38 40 are
removed. The process for this embodiment 16 can be similar to the first
embodiment by masking the non-PMOS regions and 17 removing the PMOS
spacers 36. Stress layer 61 is formed over the substrate 18 surface. For this

RRS eiabedimaiethagsressitesSinfes, GuunersHtellare B Uipmatiespecific

layer 61 preferably puts a tensile stress on the 20 substrate near the PMOS

G2 WhY@ eI Qg S5and QS RBHIREIGE SIPAT B Ere 2 WlhOZ ARYRHS! (Si
BelverBelYo3she KB eahanee s thth BMtansis ol etdiotBnid He practiced

non-limiting example embodiments 25 In the above description, numerous

YIGHE tesa IgHaSet Yo RN 6 RN SRS I ATRQWBr LGRS S 8RRy S0t been
HuRleniessem attailnrosiesteconevidrreorsariy dhesurahhe gessiemndimgation.

the present inventiop. Those skilled in the art will 13 1 realize that power
Sottings, residencu OGS0 fBYF TAE B8 BEETp AR LIRS0 A P AReciTc
waEM | Hong enetdrians obeduitive idecanfiherd lapihRead o 3 heskr e arid

EAARRS AR i L TLIPAHGWH BEELE RERPHALR BEARPR uses but

descrhatkin sinsaitit araerde nsidy)Rectsasdyrdbatiaieaite nsesentormal, and
inve ti.?n. 6Altf}§ugh this invention has been described relatjvEstos ecific 7
E%?ﬁ%ﬁ ]

HiPF ALFARS SERARHNE ANGEHGIh AAP SN S SBR R BRSiRRE H RS

can be substituted as is well understood by those skilled in the microelectronics
arts after appreciating the present invention

Unless explicitly stated otherwise, each numerical value and
range should be interpreted as being approximate as if the word about or
approximately preceded the value of the value or range.

Given the variety of embodiments of the present invention just
described, the above description and illustrations show not be taken as limiting the
scope of the present invention defined by the claims.

While the invention has been particularly shown and described
with reference to the preferred embodiments thereof, it will be understood by those
skilled in the art that various changes in form and details may be made without
departing from the spirit and scope of the invention. It is intended to cover various
modifications and similar arrangements and procedures, and the scope of the
appended claims therefore should be accorded the broadest interpretation so as to

encompass all such modifications and similar arrangements and procedures.

14



8 etching these materials, it is not limited to the specific materials or
apparatuses but 9 only to their specific characteristics, such as conformal
and nonconformal, and 10 capabilities, such as depositing and etching, and
other materials and apparatus 11 can be substituted as is well understood by
those skilled in the microelectronics 12 arts after appreciating the present
invention 13 Unless explicitly stated otherwise, each numerical value and 14
range should be interpreted as being approximate as if the word about or 15
approximately preceded the value of the value or range. 16 Given the variety
of embodiments of the present invention just 17 described, the above
Y¥BRtIRiER MRAiNrstrations show not be taken as limiting the 18 scope of the
present invention defined by the claims. 19 While the invention has been
particularly shown and described 20 with reference to the preferred
embodiments thereof, it will be understood by those 21 skilled in the art that
varioys ge@egasotnpegihgnd details may be made without 22 departing from
the spirit and scoeg of the ir}ﬁntion. It is intended to cover various 23

modifft SHORY Aled LitilP LARh §BAEINE S P IRR8 S res, and the scope of the
24 appensiedraisieribetefvse Sheutisbesssaidae tHetkrondssédiserpieiatisn the

e LT L
sobgbiaesatiplistdgdisesioedansive regions;

a second transistor of a second-type disposed in the second active region,
wherein the second transistor comprises second diffusion regions adjacent to a
second gate, the second gate comprises sidewall spacers; and

a stress layer comprising a first stress disposed over the first and second
active regions contacting the first and second transistors, wherein the stress of the

stress layer affects the second transistor less than the first transistor.

2.  The device of claim 1 wherein:

the first stress comprises a tensile stress, the first-type comprises n-type and
the second type comprises p-type; or

the first stress comprises a compressive stress, the first-type comprises p-
type and the second type comprises n-type.

3. The device of claim 1 comprises a liner lining the second region between the
stress layer and the second transistor and the first diffusion regions.

4. The device of claim 3 wherein:
the first stress comprises a tensile stress, the first-type comprises n-type and
the second type comprises p-type; or

15



a first transistor of a first type disposed in the first active region, wherein the
first transistor comprises first diffusion regions adjacent to a first gate, the first
gate comprises exposed gate sidewalls; a second transistor of a
second-type disposed in the second active region, wherein the second
transistor comprises second diffusion regions adjacent to a second gate, the
second gate comprises sidewall spacers; and a stress layer comprising a first
stress disposed over the first and second active regions contacting the first

and sgronesiransiemphsERin thensyrssREtBe Skl AYSEBilectd thsrises p-

second transistor less than the first transistor. 2. The device of claim 1
{VRErard the FREVILEPEAATRESES (ARE stress, the first-type comprises

n-type and the second type comprises p-type; or the first stress comprises a
compressive stress, the first-type comprises p- type and the second type

CompfsERHGPREUSICFIISUISH GOBIRYISIRY 1 comprises a liner lining the
secongldepirmiepresar-SPwatiast ARl secbie sapanebtrgistor and the

first diffysion regions. 4. The device of claim 3 wherein: the first stress
compAIESHTRIRIMCEPL ST ERBYRG. AiROSE Hidae HreyaetiviirediP8econd

type coBHUtHRS tRakISiarIoF 2 tHECchist SYIBS VRPOHEGES theWBPOHRBSARIBY €88ion;
the first-type comprises p- type and the second type comprises n-type. 5. A
Qé‘rcriniconductor device comprising: a substrate prepared with first and second

activearegrigsts| g/ érsidrapaiity affedirstr-bgseditippesecoveing émitsaetie second
recqion; . . : : :
active regions over the first and second transistors, wherein the first stress of the

stress layer affects the second transistor less than the first transistor.

6. The device of claim 5 wherein:

the first stress comprises a tensile stress, the first-type comprises n-type and
the second type comprises p-type; or

the first stress comprises a compressive stress, the first-type comprises p-
type and the second type comprises n-type.

7. The device of claim 5 wherein:

the first transistor comprises a first gate, first source/drain diffusion regions
adjacent to the first gate and a first channel below the first gate between the first
source/drain diffusion regions; and

the second transistor comprises a second gate, second source/drain
diffusion regions adjacent to the second gate and a second channel below the
second gate between the second source/drain diffusion regions.

16



a second transistor of a second-type disposed in the second active region;
and a stress layer comprising a first stress disposed over the first and second
active regions over the first and second transistors, wherein the first stress of
the stress layer affects the second transistor less than the first transistor. 6.
The device of claim 5 wherein: the first stress comprises a tensile stress, the
first-type comprises n-type and the second type comprises p-type; or the first
stress comprises a compressive stress, the first-type comprises p- type and

the seganddyie SIBRIISE? Widpein?. The device of claim 5 wherein: the first
transistor comprlses a first gate, first source/drain diffusion regions  adjacent

to thelIRHGARIGR &‘?Wb?rt':'f'%%ﬁé?ﬂél&ﬁf@ﬁ@h&aﬂ@b@f%@ﬁrﬂfé“ﬁ?s? n-type and

seel g rRinyiEusdenpregienshyaisl Bie second transistor comprises a second
gate, ﬁ}ﬁ nd source/drain  diffusion regions ?\A%éacent to the second gate and

a secHBIRIERhAHEPBSABMRAECS S SRS BERME S thd GRS, AnyS P
dibesioni neeicreohd By Jdedinpicsceltlgipe 7 wherein: the first stress

comprises a tensile stress, the first-type comprises n-type and the second
type comprises p-type; or the first stress comprises a compressive stress, the

B st-tyFieeceneses daifyPe @hdr@lﬂ Hes0IRSt e COMPIiReS RAppEeY. siléwalls and
evice of claim 7 wherein the rst te comﬁ%rlf% &éﬁ Ed sidewalls and#lJ
R RGP LAl LRY ST AR SPRC] SBRCELS SEYRE fé: first
stress of the stress layer to affect the second transistor less than the first

transistor.

10. The device of claim 9 comprises a liner lining the second region between the
stress layer and the second transistor and the first source/drain diffusion regions.

11. The device of claim 5 comprises a liner lining the second region between the
stress layer and the second transistor and first source/drain diffusion regions of the

first transistor.

12.  An integrated circuit (IC) comprising:

a substrate with first and second active regions;

an isolation region separating the active regions;

first and second transistors disposed in the first and second active regions,
wherein the first transistor comprises a first-type and the second transistor
comprises a second type; and

a stress layer comprising a stress disposed over the first and second active
regions over the first and second transistors, wherein the stress of the stress layer

affects the second transistor less than the first transistor.
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stress of the stress layer to affect the second transistor less than the first
transistor. 10. The device of claim 9 comprises a liner lining the second
region between the stress layer and the second transistor and the first
source/drain diffusion regions. 11. The device of claim 5 comprises a liner
lining the second region between the stress layer and the second transistor
and first source/drain diffusion regions of the first transistor. 12. An
integrated circuit (IC) comprising: a substrate with first and second active

REYIONYcaC ISP EIHANA feuipneseparating the active regions; first and second
transistors disposed in the first and second active regions, wherein the first

transidtGr LERADSOERIIARS B {081 tHE S (DR RIRE SORRHRE S tyPe and the

seeond type; cuitlistegsigyer somprising a stress disposed over the first
and second active regions over the first and second transistors, wherein the

stresdf HEPSESUMRPEPSHCATIHESIG R fhJrRfol LY BRAARPHRGS P-type

HABSIsEoseEéridBtypeedsniridamiypeherein: the stress comprises a tensile
stress, the first-type comprises n-type and the second type comprises

p-type; or the stress comprises a compressive stress, the first-type comprises

p4ypa e seapntEtywasesmprises n-type. 14. The IC of claim 13
WhereE:ihe first transistor com%rise a first%qaﬁe, first sou e/,draig diffusion.
€ h

regionaC AURIEM I RE FFNRYRESA I 3 oSt En I SOLERSARIPAT IR regions
befjaesit toatisStrst gate and a first channel below the first gate between the first

source/drain diffusion regions; and

the second transistor comprises a second gate, second source/drain
diffusion regions adjacent to the second gate and a second channel below the
second gate between the second source/drain diffusion regions.

15. The IC of claim 14 wherein:

the stress comprises a tensile stress, the first-type comprises n-type and the
second type comprises p-type; or

the stress comprises a compressive stress, the first-type comprises p-type
and the second type comprises n-type.

16. The IC of claim 14 wherein the first gate comprises exposed sidewalls and
the second gate comprises sidewall spacers, the sidewall spacers cause the
stress of the stress layer to affect the second transistor less than the first

transistor.

17. The IC of claim 16 comprises a liner lining the second region between the

stress layer and the second transistor and the first source/drain diffusion regions.
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source/drain diffusion regions; and the second transistor comprises a second
gate, second source/drain diffusion regions adjacent to the second gate and

a second channel below the second gate between the second source/drain
diffusion regions. 15. The IC of claim 14 wherein: the stress comprises a
tensile stress, the first-type comprises n-type and the second type comprises
p-type; or the stress comprises a compressive stress, the first-type comprises
p-type and the second type comprises n-type. 16. The IC of claim 14
wheremhéNesrERAte FRRRHERBEXROReS JifRiyahe asdothe @g«i@ﬁ%gﬁ»&@en the

comprises sidewall spacers, the sidewall spacers cause the siress of the

siress [ayer f9HBe e SR e SiaY anr st BosGRid g Wé%%'%’fb'ie&*?”s of the
firg 1aedistaim 16 comprises a liner lining the second region between the

stress layer and the second transistor and the first source/drain diffusion

regions. 18 18. The IC of claim 12 comprises a liner lining the second region
between the stress layer and the second transistor and first source/drain

diffusion regions of the first transistor. 19

19



