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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 consumption and
20 switching performance, where improvement in carrier mobility allows faster

21  switching speeds. The carrier mobility is a measure of the average speed of a
22 carrier (e.g., holes or electrons) in a given 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.

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



24 inprove the switching speed of a MOS transistor, as well as & ow
operation at 25l ower voltages. 26 270ne way of inproving carrier nobility
i nvol ves reducing the 28 channel length and gate dielectric thickness in
order to inprove current drive and sw tching performnce. However, this
approach may increase gate tunneling 2current, which in turn degrades the
performance of the device by increasing off 3state | eakage. In addition,
decreasing gate length generaliy calls for nore 4 conplicated and costly
I'i thography processing methods and systens. 5The inportance of overcom ng

the varijous \@’FJHl Egﬁ?ﬁﬁ%ﬂh M%C%Q gogeh%)e%tggsﬁgg Ph,%"'n al

devel oprrent I rec docunent’ed evant patent
and t eckni calrréntt ehihun eurnTdegraties twt paridrmdameastdhe (deviter ey inereasing off

t ech | devel t t h tent . lit t be 9 d
Consi dort ngh IR CRRRR NS, e SnTshomi6378a A Aor PN ONCS. devi ce
struct uges gﬂc?at@&'aﬁ?%ogfl gﬁ'&ﬁ%?dwg%cesﬁn %tﬁ@ﬂ@ﬁﬁ&@ysﬁéﬁ% ce structure

i ncl udes at st two ranS|s ors formed Oon sane substrate,
the first fiel d effect flhersipeirance 4if vy desing thp saeeuhdeticigneies is st wi dt h,

g e N N e A T
Preferahly, déélﬁnéhtbat rg/\hetrae\énfleétteﬁwhdtté@rhéeh@te?aﬁ@ed ThieclBseshahdt ensi | e
stress dielectric f forns barrier etch stop |ayer over the
t r ansi stBor sapparently more relevant technical developments in the patent literature can be
9 gleaned by considering the following.

10

11 US 20040262784 High performance CMOS device structures and

12  method of manufacture - A semiconductor device structure includes at least two

13 field effect transistors formed on same substrate, the first field effect transistor

14  includes a spacer having a first width, the second field effect transistor includes a

15 compressive spacer having a second width, the first width being different than said

16  second width. Preferably, the first width is narrower than the second width. A

17  tensile stress dielectric film forms a barrier etch stop layer over the transistors.

18 Inventors: Bruce B. Doris, et al.

19
20 US 6825529: and US 20040113217A1: Stress inducing spacers
21 - Spacer structure for semiconductor devices formed in substrate, has two spacer

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



18I nventors: Bruce B. Doris, et al. 19 20US 6825529: and US 20040113217A1:
Stress inducing spacers 21- Spacer structure for sem conductor devices
formed in substrate, has two spacer 22structures, each conprising stress

i nducing material adjacent to both sidewall of 23 one of device's gate
termnal and its channel which applies nechanical stress - 24 Inventor:

Chi danbarrao 25 26U9200401 04405A1: Novel CMOS device - Inproving nmobility
270f holes and el ectrons within sem conductor device structure, involves
forming first 1land second stress |ayers over p- and n-type netal oxide

| t ' i : ' - ..Mt hod
A e e Tk e e
sem cong@uctrespdetiietye- myvehtornHogn@- channel and 6N-channel netal oxide

sem conductor transistors in wafer, formng tensile filmon 7P-channel
transi sPor and for ni ng conpressive filmon N-channel transistor -

Sinventgr: En, et al. 9UDEEEOPA0MEHREATer BAILEAD U S mEBihCs PSR O

of l1lifabricating the sane - Sem conductor devic cludes first nitride
| ayer cént aillMiOfy degicensi Fabriatiesof aedisenduadondavicalby faysng cbabaindl agd
compresa! VeyThannal rheleﬂ\é?({geosrémiconductor transistors in wafer, forming tensile film on
7  P-channel transistor and forming compressive film on N-channel transistor -
8 Inventor: En, et al.
9
10 US20030040158A1: Semiconductor device and method of
11 fabricating the same - Semiconductor device includes first nitride layer containing
12 tensile stress and second nitride layer containing compressive stress - Inventor:
13  Saitoh, Takehiro
14
15
16 Thus, there remains a need for methods by which the carrier
17  mobility of both NMOS and PMOS transistors may be improved so as to facilitate
18 improved switching speed and low-power, low-voltage operation of CMOS
19  devices, without significantly adding to the cost or complexity of the manufacturing
20 process.

21



13Sai | oh, Takehiro 14 15 16Thus, there remains a need for nethods by which
the carder 17 nobility of both NMOS and PMOS transistors may be i nproved so
as to facilitate 18 inproved s'rvitching speed and | ow power, | ow voltage
operation of CMOS 19devices, without significantly adding to the cost or
conplexity of the manufacturing 20 process. 21 1 2 3 4Summary of the

I nvention 5The enbodi nents of the present invention provides a structure 6
and a nethod of manufacturing a FET device w thout spacer and with an
overlying 7stress |ayer inproves device performance which is characterized
as follgws. 8An exanple enbodi nent of the invention is a nmethod of

9f abri cati on sem conductor device; conprising the steps of: 10providing a
substrafe having a first region and a second region; l1llproviding a first
gate, fiﬁrst source/drain regions in said first region; a first 12channel
region Pn said first region under said first gate; 13providing a second
gate, sgcond spacers on the secgghmary 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 source/drain
17 regions, the second gate, the second spacers and the
18 second source/drain regions; whereby said stress

19 dielectric layer serves to puts stress on the first channel
20 region on the substrate close to the first gate.

21

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



l4gate sidewal is; second source/drain regions in said 15second region

adj acent to said second spacers; 16formng a stress dielectric |ayer over:
the first gate, the first source/drain 17regions, the second gate, the
second spacers and the 18second source/drain regions; whereby said stress
19di el ectric | ayer serves to puts stress on the first channel 20regi on on
the substrate close to the first gate. 21 22Anot her exanpl e embodi ment of
the invention is a nethod of 23fabrication sem conductor device; conprising
the_stepZSOf: 24providing a substrate haying a first region and a second
regi on; provi di ng- LT f i .

si deval I1s; fir s'([jb @8@&%3}3 g?'g(?:?(s}eég#%ﬁnf%%?f) ﬁ?g‘% e?%%‘?c{)ﬁét%.f}gggﬂs’t o the
first 2pspacers; providing fisesbn®sbusicldrairdegiced ioribe second hegidin agjacent

28source/drain regions; 1providing a second gate, .second ers. on the
second §ate sidewalls; Zsecort\‘élt%ﬁ&%@‘ﬁ%ﬁ%r?;ear%/ﬂ@ngﬁeFﬂ@ﬁEZ@éHﬁ' egi on

adj acenty 3to the second spacegsionP'%t HSe&RriirS/Brsih Iré§ibAs; 4r egi ons
over the second sourceldrain r@é’f‘gns}é gq ormng a conf (r)r mal gldi el ectric |ayer
over thé& subst r afoematg & eastortrizé didlecitic Gayegi orerdnel suhsiratecnenst dog st

7form ng a non-conforrnai dielectric,| aé/er over the conformal dielectric

| ayer : region and the second region;
7 forming a non-conformal dielectric layer over the conformal dielectric layer;
8 the non-conformal dielectric layer is thicker over the
9 second cap and first cap and the substrate than over the
10 second and first spacer sidewalls;
11 removing a first thickness of the non-conformal dielectric layer in the first
12 region; using an etch, to expose the conformal dielectric
13 layer over the first spacers;
14 removing the first spacers using an etch;
15 removing the non-conformal dielectric layer;
16 forming a stress dielectric layer which serves to puts stress on the stress
17 on the substrate close to the first gate where the first
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



8t he non-conformal dielectric layer is thicker over the 9second cap and
first cap and the substrate than over the 10second and first spacer
sidewal I's; 1lrenoving a first thickness of the non-conformai dielectric
layer in the first 12region; using an etch, to expose the conforma
dielectric 13l ayer over the first spacers; l4renoving the first spacers
using an etch; 15renoving the non-conformal dielectric layer; 16formng a
stress dielectric layer which serves to puts stress on the stress 17on the
substrate close to the first gate where the first 18spacers were renmoved in
the first region !herebnopanpR dAbbairerer teiiveationtd aseptiemduidbral 22An
aspect of this enbodinent iIs erein the first region is a 23NFET region
and t he Zecdadce eginpnises: a PFET region; and the stress dielectric 24 |ayer

produces, a conpressjve stress on.th FET i ni - axi al
25di r ectd on; gndatsHbStE‘ﬁtgrnfeanmars}'rélt r%g@&n?@rﬁ[ﬁaa%q e%tgg(ﬂ{on. 26 27 1An
exanpl e gnmbodi meni fiaf ghtee firsvenircomirain ragperiic anslfict esgidn deljdoset toimerfirsies;

5 spacers; providing first S/D silicide regions over the first

6 source/drain regions;

7 a second gate over the second region, second spacers on the second

8 gate sidewalls; second source/drain regions in the

9 second region adjacent to the second spacers; second
10 S/D silicide regions over the second source/drain regions;
11 a conformal dielectric layer over the second gate and the second spacers,
12 the second S/D silicide regions, and the first S/D silicide
13 regions;
14 a stress dielectric layer over the sidewalls of the first gate and over the
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 atensile stress layer; and the stress dielectric layer produces a compressive

25  stress on the NFET channel in a uni-axial direction; and the NFET channel has a
26 110 crystal orientation.

27
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3a substrate having a first region and a second re 4a first gate, first
source/drain regions in the first region adjacent to the first 5spacers;
providing first SID silicide regions over the first 6source/drain regions;
7a second gate over the second region, second spacers on the second 8gate
sidewal I s; second source/drain regions in the 9second regi on adjacent to

t he second spacers; second 10S/D silioide regions over the second
source/drain regions; 1la confornmal dielectric |ayer over the second gate
and the second spacers, 12the second SA) silicide regions, and the first

3/0 silicide 13reqions; Tﬁ‘qéiaticééeﬁ%@q BEI%WQa\Férﬁaélc?é’?lgd f’ééaq{xréshfre%fdewa' I's of

the first gate and over t rate adj ace e first gate; the

stress d el epresentdbleagebodimetits omly esid arepuit £xbausthe amd/ohexdusiessTlogy t he
17substrate close to the first tgiate whi ch does not have fi rsf i sspacers

t her eby Jenhdieddegpgted; grly tagsis nmtﬁﬁ%‘@;tﬁ%’ﬂ‘fﬁ“@ﬂr Esbogidh@ctric Iayer
he si . ) ,
over thg si ﬁrﬁ%@%@gﬁl}]af feySse ré;ﬁ’r%%@ﬂtéan?@%f 20the iRRRABRs aggrﬁeFdEB} {2 AN

aspect of t ment i’ s wherein t irst region IS a T region
and t he Ssecdaing, dgibencarsiderB8Hmitadighemn thhénwntessadieiredt by thel cgiers,ig 24a

L g S Tal e oA rla e B et o eSSBS B antges . ne
NFET chagnnel,hase mutually contradictory, in that they cannot be simultaneously present in a
8 single embodiment. Similarly, some advantages are applicable to one aspect of
9 the invention, and inapplicable to others. Furthermore, certain aspects of the
10 claimed invention have not been discussed herein. However, no inference should
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



26110 crystal orientation. 27 28 1The above and bel ow advant ages and
features are of 2 representative enbodi nents only, and are not exhaustive
and/ or exclusive. They 3are presented only to assist in understanding the
invention. It should be 4understood that they are not representative of ai
the inventions defined by the 5clains, to be considered limtations on the
invention as defined by the clainms, or 6limtations on equivalents to the
claims. For instance, sonme of these advantages 7may be nutually
contradictory, in that they cannot be simnultaneously present in a 8single
enbodimgnt. Simlarly, sone advantages are applicable to one aspect of 9the
i nvention, and inapplicable to others. Furthernore, certain aspects of the
10 cl ai @ed invention have not been di scussed herein. However, no inference

shoul d 1lbe drawn regardi ng tho di scussed_herein relative to those not
di scuss€d herein 12 ot her thgﬁ'eﬁﬁeﬁﬂw&%gf e&ﬁ%‘ﬁ’é“%"hd reduci ng

repetitiyon. Thus, this wggg?mrég aﬁafﬁﬁggﬁ%§q{f% gém%egg@?& gb@eLd not be

consi dered dispositive in ermning 1 al ence. A 1onal teatures
and advant agEmrdihgttbhéhe presenit ovewlibh apedortbed Selppganéatprocesshef fabtitatiigng
descri pt6i Onéucfhracl) ?eHi‘c%nocliru% o-rno%%iceamdacfc[)%grgc%ewﬁrlm ﬁ%engr'es%gt in%/e%tion will be
7 more clearly understood from the following description taken in conjunction with
8 the accompanying drawings in which like reference numerals designate similar or
9 corresponding elements, regions and portions and in which:
10
11
12
13 Figures 1 through 6 are cross sectional views for illustrating a
14  method for manufacturing a transistor according to a first example embodiment of
15  the present invention.
16
17 Figure 7 is cross sectional view for illustrating a method for
18  manufacturing a transistor according to a second example embodiment of the
19  presentinvention.

20



3Brief Description of the Drawi ngs 4The features and advantages of a

sem conduct or device according to the present invention and further details
of a process of fabricating 6such a seni conductor device in accordance with
the present invention will be 7nore clearly understood fromthe foll ow ng
description taken in conjunction wth 8the acconpanying drawi ngs in which
li ke reference nunerals designate simlar or 9correspondi ng el enents,
regions and portions and in which: 10 11 12 13Figures 1 through 6 are cross

sectional views for illustrating a 14nethod for manufacturing a transistor
accordi to a first exanple enbodi mrent 15the present invention. 16
17Figure 7 is cross sectional view for illustrating a nethod for 18

manuf actairi ng a transiBetailedddesctipigon of ahs Examip exEamblodimehtsli nent of the
19prese2§< invention. 20 Detailed Dascriptm of the Exenpt: Enbodinents 3 4
5Fi r st anpl e enbodi nent

4

First example embodiment

5

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 A. Substrate has a NFET region and a PFET region
14
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 a NFET transistor that can be
20 comprised of NFET gate dielectric 29, a NFET gate 30, NFET cap 32, a NFET

21  spacers 28 on the NFET gate 30 sidewalls; NFET source/drain regions 25 in the
22  NFET region adjacent to the NFET spacers 28. We provide NFET S/D silicide

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



6The exanpl e enbodi nents of the present invention will be described in
detail with reference to the acconpanying draw ngs. The exanple 8

enbodi ments provi de nmethods of applying a stress on a channel of an MOS
9transistor using a stress layer in silicide process. Preferably, the
source drain 10 regions have a silicide contact |ayer thereover. An

enbodi nent renoves spacers 1llfroma gate and forns a stress |ayer on or

adj acent to the gate. The spacers can 12 be renoved fromeither the PMOS or
the NMOS transistor. 13A. Substrate has a NFET region and a PFET region 14
15As sh i i [ - j j 12, a
PRET rog) on' IF G S e PEER i S8 S R B uO PRET Sorae Al
have i sd® at regione§Bantisd PEE Tategicentd abigiceaeto theePNEEEpaegisd36. 1 PFENS/PFET

18 i 14 d the, i ph | i 16 th FET reqi , id
B N 13 ansTetlsrrSOiER A REdd D& B Edt S A ceaobs o 116 ot
NFET gatge 3@g Nﬁ@ﬁéﬂé}%gfﬁ%@gd@%@ﬁ%é %2P§§T}\cﬁ?g%nh‘5ﬁ§iﬁﬁ’iéaP#%T region

sidewal I s; NFET source gions 25 1nt regi on adj acen
t he NFETS spavdesth2s?FiAé gatevi de NFET Si D suicide 23 regions 26 over the

NFET [ dr ai i 5 d, the NEET 32. 24 f b i d of
S 11 cr ded “The NEET t e anardgeRabem e HamardE ptihoth R retinds’ A
NFET Chaﬂnebvéﬁthierpér%é}@ﬁ'&?kﬁgi&WH@“}?@&;{H&?QI e TstartGes 204 QQFSHggisO Bl a

region 14, we provide a PFET transistor that Can be 27 conpri a PFET
gat e di €3 ecPelipheray gates®0), periphETalgpreesd4 apEHIeriRleralo;apats.

9 The substrate has an (peripheral) isolation region 24 over at least
10  a portion of the peripheral region 16; and the peripheral gate structure 49 can be
11 over the isolation region.

12 The structures can be made using a salicide process.
13 B. conformal dielectric layer
14 Referring to figure 2, we form a conformal dielectric layer 52

15  (about or substantially uniform thickness) over the substrate at least the NFET
16  region 12, the PFET region 14 and the peripheral region 16. The conformal

17  dielectric layer preferably has about uniform thickness.

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

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



1PEET spacers 36 on the PEET gate 38 sidewalis. W provide PEET
source/drain 2 regions 33 in the PEET region 14 adjacent to the PEET
spacers 36. PEET SiD 3 silicide regions 34 are forned over the PEET
source/drain regions 33. The PEET 4 cap 40 is preferably conprised of a
silicide. A PEET channel is in the PEET region 5 under the PEET gate. 6Iln
t he peripheral region, we provide peripheral gate structure 49 over the
peri pheral region 16. The peripheral gate structures are conprised of a
8peri pheral gate 40, peripheral spacer 44 and peripheral cap 48. 9The
substratge h ; ' ' j | tion
of the pori Oma® P B4Rl de bERGT HS0YSHc AN d: Mo Bhel BB3 IRCRR
llover the bsdhedd ianregratopetldrheridcal setfaces. cEwe topsrdiec gatasgared 8l i ci de
process. 13B.conformal die]ectric er 1l4Referring to figure 2, we forma
conformed dFePYEAIRiae BROHT LQQZQLrﬁﬁlahgétSp@Peéﬁlﬁ@i"’éh? i%éer’ BYPPEHi f or m t hi ckness)
over the substrate at |east the NFET 16region 12, the PEET region 14 and

t he peripheral region 16. The conformal 17dielectric |ayer preferably has
about urb f or m t hi ckness.THsMhe-coofdrovattdyedisdl ie dhicker dwey dine B%Edacampd0 and

bet neen 50 M@ 168 3 atyBersshaTaBEaRtSE dut b ol St M 0t PhAC 9D 2ve
then form agpea=penformal dielectric |ayer 54 over the
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 and the
10 substrate; and a thickness between 100 and 200 angstroms over the PFET and

11 NFET spacer 36 28 sidewalls.

12 D. remove a first thickness of the non-conformal nitride layer in
13 the NFET region
14 As shown in figure 3, we remove a first thickness (portion) of the

15  non-conformal nitride layer 54 in the NFET region 12 to expose at least a portion
16  of the conformal dielectric layer 52 over the NMOS spacers 28.

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.g., cap, silicide regions 26, isolation regions
26 24, efc)).

27

28 Next, we remove the NMOS spacers 28.
11



23conformal dielectric |ayer 52. The non-conformal dielectric |ayer can be
conprised 24of nitride or SIC. A nitride non-conformal dielectric |ayer can
be formed using a 25 PECVD process_ 26The non-conforrmal dielectric |ayer 54
is thicker over about 27 horizontal surfaces than over sloped or vertical
surfaces. The non-conformal 10 1dielectric |ayer 54 can be between 150%
and 400 %t hi cker over about horizontal 2surfaces than over sloped or
vertical surfaces. The tops of the gates and the 3substrate are about

hori zontal . The spacer sidevvalis are sloped. 4 5The non-conformal |ayer 54
is thicker over the PFET, : : substrate than
over the1ePEET and NFET s%@%g?ﬁ%éé 9@"‘2’} g'g&vv;hvﬁgp] @&eggx%%g?'e, t he
non-conformal |ayer 54 can have a thickness 9 between 300 and 400 angstrons
over the2PEET caf.40 andreNidife tizpc8afanmaaltdieledrisubger ave, thenlMD$S hi ckness
bet ween ,100 and 200 angstrons over the PEET and 11NFET spacer 36 28

si dewal 1. 12ftrem)vesgaf’?¥%t t hi ckness of the non-conforn& nitride |ayer

in 13t he, NFET regi on 14As. sho in figu , nove,a first thicknes
(portion) of the 15non-c W?\rggsthWﬂJ%d%EFiﬁ&g%%gioﬂem@ 'BI\EE rﬁgﬁpoﬁfﬁrﬁto
expose & | gaspedphnalic@ibrlbef Wheemoné eieekpsicd] 6sitbifal @¥RERAapNes2 t he
NMOS spacers 28. 17A photoresist |ayer 56 can be fornmed over the nhon- NMOS
regi ons 6 overthe NMOS spacers 28 to expose the NMOS spacers 28. The conformal

7  dielectric layer 52 can be removed using an isotopic etch.

8 F. remove the NMOS spacers

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

12 Then we remove the mask 56.

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 the NMOS region 12, which
24 inturn cause a tensile strain in the NMOS channel region (Si below Poly 30),

25 thereby enhance the NMOS transistor performance. The tensile dielectric layer

26 can serve as a contact etch stop liner (ESL).
12



18(e.g. PMOS region 14 and peripheral region 16). 19The etch can be an
isotropic etch such as a wet etch or Chemi cal 20 Down Stream Etch ( CDE)
21The first thickness is between about 33 and 66 % of the 22maxi nmum

t hi ckness of the non-conformal nitride | ayer 54. 23Due to the poor step
coverage of the non-conformal |ayer over 24 the spacers, the non-conforna

| ayer is etched away before the non-conformal 25l ayer over the horizontal
surfaces (e.g,, cap, silicide regions 26, isolation regions 2624, etc.). 27
28Next, we renove the NMOS spacers 28. An exanple option is shown in

figures and 5 2F.renows 1 | el ect rd AHMOS
3spacer s144Fi gure 4 shomﬁ%gﬁﬁwﬁé@@‘@%@ 4¢e§t@§§rt§%rﬁhné @EA and 5 the
peri pheral dedgcometbusdthg BMIYS sphcereximseshraaniiod sphcelirel ebié aitlidy éryeb2 6
over the Ntv10S spacers 28 to expose the NMOS spacers 28. The conf ornal

7di el ectd i cOP &P Ipselnirale undrbied” WiagPrasersstt apd e PMOS shaneadgeiahe
10can b an i sotropi o et Bl IRale iedficTp iltEie)peer SEaEfs a Shailibire”
etch 11(H ef erabhyneslpegiet dfiiee NNISS mbiesistorf ace i nmedi atel y adj acent to the
gate 30'6 The stress is preferably in a Uni-axial direction only. A preferred

7 channel has a 110 crystal orientation. Uni-axial strain means the strain is in X

8 andY directions, not in the Z direction.

9 A feature of the embodiment is that because the spacers are
10 removed, the stressor is nearer to the channel thus enhancing the strain effect.
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 PMOS embodiment, the stress layer 61 is a compressive film.
19 The stress layer 61 preferably puts a tensile stress on the

20 substrate near the PMOS gate, which in turn causes a compressive strain on the
21  PMOS channel (Si below Poly 38). This enhances the PMOS transistor.

22

23

24 A. non-limiting example embodiments

25 In the above description, numerous specific details are set forth

26  such as flow rates, pressure settings, thicknesses, etc., in order to provide a more
27 thorough understanding of the present invention. Those skilled in the art will

13



12Then we renove the mask 56. 13 14G renove the non-conformal nitride |ayer
15 16As shown in figure 5, we renove the non-confornal |ayer 54. The
17non-conformal nitride |ayer 54 can be renoved using an etch selective to
oxi de. 18The silicide regions 26 34 are protected by the conform
19di el ectric layer 52 during this nitride etch. 20H. forma tensile
dielectric |layer 21As shown in figure 6, we forma tensile dielectric |ayer
60 (e.g., 22tensile stress nitride) which serves to put a conpressive
stress on the substrate 23 close to the gate (whore the spacers 28 used to

b tih e
Do) e P SIcH el oAb s AUSSoR hRASIE St Ak Y, b
transi st?or aed fvdl varydeom Tﬁhe brandsxfequqhn&rﬁdo rnotHeay erlt 241 baobsieuse as a
essthan ¢ RVRKES'Ode R TR Bl ek (HdnPRE U 4o LoBanSEpa FarkaRd space
the teng | ewmhddittABsé A¥RYils3 I9BtHdrarsthRges Ubst Kr?dv@h Pfﬁiﬁ"sstﬁé‘?/eme Racers 36

and the PMOS channel region. 4The tensile dielectr (e.g., nitri | ayer
causes & ted@qrbedtmd@mllanrordemamntejnmgssanImbbsweMN%resansmmmDn 6The

stress 'GS preferably in A?thgﬂbh?ﬁfsa}hvedr'ltlro% ta'lsobneé)nnIdgscnbepdr re‘a%veeto specific
7 insulating materials, conductive materials and apparatuses for depositing and
8 eiching 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 description and illustrations 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 various changes in form and details may be made without
22  departing from the spirit and scope of the invention. It is intended to cover various
23  modifications and similar arrangements and procedures, and the scope of the
24  appended claims therefore should be accorded the broadest interpretation so as to
25 encompass all such modifications and similar arrangements and procedures.
26
27
28

14



7channel has a 110 crystal orientation. Uni-axial strain nmeans the strain
isin X 8and V directions, not in the Z direction. 9A feature of the

enbodi ment is that because the spacers are 10renoved, the stressor is
nearer to the channel thus enhancing the strain effect. 11The device can be
fini shed using conventional process such as 12formng a |UD | ayer,

contacts, and subsequent |evels of IMD and interconnects. 13Alternate
enbodi ment 14Figure 7 shows an alternate enbodi nent where the spacers 36 15
on the RN Wi ce 38 40 are renoved. The process for this enbodi nent
16 can be S|%?%ﬁ?gf%'the first enbodi ment by masking the non- PMOS regi ons
and 17 renoving the PMOS spacers 36. Stress |layer 61 is forned over the
substrate 18surface. For this PMOS enbodi nent, the stress layer 61 is a
conpr essjve Aigbite dMMRiIngtress layer 61 preferably puts a tensile stress on
the 20 substrate near the PMOS gate, which in turn causes a conpressive

strain on thesdbiPMeSvitiaangh se&ndertigveehy: 38), This enhances the PMOS
transistor. 22 23 24A. non-limting exanpl e enbodi nents 25In the above

descri pti on,a fildesrBlssor 9P Gist type dRpasddsin dieirseictifedrehdn26Batei tasfikl ow r at es,
pressure settings, thicknesses, eta, in order to provide a nore 27Thorough

under st anghsigorabmphsesi@sesdt gdtevieavaien. Those skilled in the art will
lrealize that power settings, residence tines, gas flow rates are equi pnent
specific a second transistor of a second-type disposed in the second active region, wherein
the second transistor comprises sidewall spacers; and
a stress layer comprising a first stress disposed over both 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 due to the exposed gate

sidewalls of the first transistor.

2. The device of claim 1 wherein:

the first transistor comprises a first gate with the exposed sidewalls and first
diffusion regions adjacent to the first gate; and

the second transistor comprises a second gate with sidewall spacers and second

diffusion regions adjacent to the second gate.

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 1 wherein:
the first stress comprises a tensile stress, the first-type comprises n-type and the

second type comprises p-type; or

15



2and will vary from one brand ot equi pnent to another.It w |l be obvious,
3however, to one skilled in the art that the present invention may he
practiced 4w thout these details. in other instances, well known process
have not been 5described in detail in order to not unnecessarily obscure

t he present invention. 6Al though this invention has been described relative
to specific 7insulating materials, conductive materials and apparatuses for
depositing and 8etching these materials, it is.not limted to the specific
material s or gdipdsHesseunmsises asampreseve pEsss: Lpsi+Pe CB'HB?%étpétV‘?%?ri‘dzs, such
as conformal and noncoritormal, and 10capabilities, such as depositing and

et chi ng, NARPCBIHEPE AATRTIESINYRRHd apparatus 1lcan be substituted as is wel |
understood by those skilled in the mcroelectronics 12arts after
appreciating the present invention 13Unless explicitly stated ot herw se,
each nunmerical  value and l4range should be interpreted as being approxi nmate
as i f the wolde¥58GP™MBYSS approxi mately preceded the val ue of the val ue or

range. 16G ven ésg %@%L%tgéﬁﬁgifsmﬂéﬁﬂ??FWe rgé\?mpr esent invention just

17descri bed, 4 on a ustrati ons show not be taken as

limting the 185 (t:r?tq&stgrf oftahﬁsetgﬁcgﬁosje@?ﬁqn% yggﬁ&&% 'rém %éertenﬁhg EYULE

19Whi l e the Irnventi on has I cul ar o) scribed 20w th

referenc i thereof, it will be understood by
t hose _212&?&%%&8?"%@%%%&?6?E??%L&agrﬁlgg%s changes in formand details may be
made wi t hout a%%gmqfatnbfg%rBf%%%P?—_ty%&'diéﬁos@ﬂ {9 RBn@hictivB Pedidl Whkican. it is

i ntended to cover various 2 ications and simlar arrangenents and
procedur g, sHBAd ARG RmMpAted S sBRRSAGRE Cl ai ms therefore shoul d be

accorded the broadest interpretation so as to
a stress layer comprising a first stress disposed over both the first and second
active regions over the first and second transistors, wherein the first stress of the stress

layer affects the first transistor more than the second transistor due to the exposed gate

sidewalls of 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
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25 enconpass all such nodifications and sim|ar arrangenents and
procedures, 26 27 28 Wat is clained is: 1. A device conprising: a

substrate with first and second active regions; a first transistor of
a first type disposed in the first active region, wherein the first

transi stor conprises exposed gate sidewal k; a second transistor of a
second-type disposed in the second active region, wherein the second

transi stor conprises sidewall spacers; and a stress layer conprising

a first strefg sdisrRaQAssRY&SmEHRES atsBEorldl dabd, satthdsRuRBAIraAE Hifi§ioh €gi ons over
the first and second transistors, wherein the first stress of the stress

l'ayer af feghs atijdterft @S BB GetdnanBits A a b&mnd thathel B&ol tHesdecbiidge St or due to
t he exposed gate sidewalis of the first transistor. 2. The device of claim

1 wher ei stween the sebénhdf doliRde/draindRiusiboregiamdpri ses a first gate with the
exposed sidewal s and first diffusion regions adjacent to the first gate;
and the second transistor conprises a second gate wth sidewall
spacers and second diffusion regions adjacent to the second gate. 3. The
devi ce 08. clBienagyideéslain ¥ whereir:i ni ng t he second regi on between the stress
| ayer and the second transistor and the first diffusion regions. 4. The
devi ce of clthefitststdssrcemprises a tensiteratrefs, iths first-typs soroprines indye andttbasi | e
stress, the first-type conprises n-type and the second type conpri ses
p-type; ®&cond type coimeridasrstypgtaress conpri ses a conpressive stress, the
first-type conprises p-type and the second type conprises n-type. 5. A
devi ce conpriheffirsg stresssametisest acqmprpeaiedstirss. ing firststype aemeiaes mdyrecandv e

regi ons; a first transistor of a first-type disposed in the first
active riégiseeondikes eamprishenfiyRest transi stor conprises exposed gate

si dewal | s;

9. The device of claim 7 wherein the second gate comprises sidewall spacers, the
sidewall spacers cause the 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. A device comprising:

a substrate with first and second active regions;

first and second transistors disposed in the first and second active regions,
wherein the first transistor comprises a first-type with exposed gate sidewalls and the

second transistor comprises a second type with sidewall spacers; and

17



a second transistor of a second-type disposed in the second active region,
wherein the second transistor conprises sidewall spacers; and a stress
| ayer conprising a first stress disposed over both the first and second
active regions over the first and second transistors, wherein the first
stress of the stress |layer affects the first transistor nore than the
second transi stor due to the exposed gate sidewalls of the first
transistor. 6. The device of claimp wherein: he, first stress
conprises a PEHETS @Y CPROUSINg ﬂég??sr‘gip-oﬁ%gveé8%‘#?%@@% 193757 a%‘%&’% he second
type conprises p- e, or the first stre QPRLI onpr essi ve
stress, {T‘ﬂéo’?slor\’gf ﬁ%@bééae%ﬁ%crqngérgn?@t??p\évﬁ%rﬁ@ t@ %%%@gﬁ‘& s’?rg%sela?grrpri ses
n-type. 7. The device of. i [ S fl t si stor

conpri sed gty ﬁesﬁecﬁré téa_,nsfsli: rrzétsg]sﬂgaun\rﬂzggﬁ %& g?r%s's |rfdf'jﬁg(|b§1r? elrx é%sltegr%@;dj acent to
the fi rst;date ff@ﬁjef?rstftkefnﬁkto?.ha_””el bel ow the first gate between the first
sour ce/ dParhnodi TTusi on regli ons; and the second transi stor conprises
a second gate, second source/drain diffusion regions adjacent to the second
gate and a second channel bel ow the second gate between the second

sour ce/ digi n1fi hEHsd StidiRdbUherein:8- The device of claim7 wherein:
the first stress conprises a tensile stress, the first-type conprises

n-type and t R $REOBSENRE aGOHENE sHEsS, hrliYstpeQomprises n-fyB& ahd et stress
conpri ses a conpressive stress, the first-type conprises p-type and the
second t YBEorfiQPY EchtisBs pYR: or 9. The device of claim7 wherein the second
gate conprises sidewall spacers, the sidei,vall spacers cause the first
stress of thenesdifees Sorhpiket atcompfdseivt strées, hedieidypercanmprisdsas-typeaad tHean t he
first transistor. 10. The device of claim9 conprises a liner lining the
second r egténd thed sepedtisehe-tywlel ess | ayer and the second transistor and the
first source/drain diffusion regions. 11The device of claim5 conprises a
liner Iining the second region between the stress |ayer and the second
transi stor and first source/drain diffusion regions of the first

transi st dd. TBe dévickeofiammclSvgreraining: a substrate with first and second
active regions; first and second transistors disposed in the first
and second adhs first trapgistonsompvises @ifinst ghte ithrtbe exnasad patesidewdipfiistes a
first-type with exposed gate sidewalls and the second transi stor conprises
a second soyrse/drdin Hiffgsierereglons egigeent &o thgigst gate and 4 fisgtcharne bglew thediplr i si ng a
stress di sposed over both the first and second active regions over the
first andatchanern thefist seuseeldrainffusion regiens@pédss of the stress |ayer
affects the second transistor less than the first transistor due to the
exposed gat e tR8 $REARY IransitorioREIPFisgsst SqcPathERt8 $fcond sourepdrai@elifusionos ¢l ai m 12
wher ei n: ] the stress conprises a tensjle stress, the first-type

conpri sed' GQQTWC&HH%”P%S@BE@%F“WB@ €6 ‘?"?Egdﬁ-e@ﬁ@? sgfond gate

between the second source/drain diffusion regions.
15. The device 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.
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the stress conprises a conpressive stress, the first-type conprises p-type
and the second type conprises n-type. 14. The device of claim 13 wherein:
the first transistor conprises a first gate with the exposed gate
sidewal s, first source/drain diffusion regions adjacent to the first gate
and a first channel below the first gate between the first source/drain

di ffusion regions; and the second transistor conprises a second gate,
second source/drain diffusion regions adjacent to the second gate and a

second chennile ricews tihin $£6ABRIrQAE ArsbgiteRemplidts sxpeHAGiENANE 8ATHhai N

di ffusion regions. 15. The device of claim 14 wherein: t he stress
conpr i sesecand gateidompadsessdawdllRpaddrs, She Siy@ealicPapdrs Seselthé ¥ipsssaithet he second
type conprises p-type; or the stress conprises a conpressive stress,

t he fi r sstresy yectogiecisbs s@ednd pransisidr kbethae tranfistitygpeiswenpri ses n-type. 16.
The device of claim 14 wherein the first gate conprises exposed sidewal k
and the second gate conprises sidewall spacers, the sidewall spacers cause
the stress of the stress layer to affect the second transistor |ess than
t he first7.t rBresdeyicerof claiby 16 Fdrepribes iadieedinirgl thé secbBd cegipr batwserathki ner | i ni ng
t he second regi on between the stress | ayer and the second transistor and
t he fi rsttresglayeeanit the sectindftiasisisior reg)iherisst sourge/drrireditlesidreregiohs.cl ai m 12
conprises a liner lining the second regi on between the stress |ayer and the
second transistor and first source/drain diffusion regions of the first
transistor. _19. The device of claim5 conprises an isolation region
separ at i Hy t He ¢Rvice\pé clpisyil daamprigs atiner g the sefond Iregion hetweeihihei ses an
i sol ation re?i on separati ngi the active regions. .

stress Tayer and the secondtransistor and first source/drain diffusion regions of the first

transistor.
19. The device of claim 5 comprises an isolation region separating the active regions.

20. The device of claim 12 comprises an isolation region separating the active regions.
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