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1 2 3 METHOD TO REMOVE SPACER AFTER SALI Cl DATION TO
ENHANCE 4 CONTACT ETCH STOP LINER STRESS ON MOS 5 6
7 8 Background of Invention 9 1) Field of the
Invention 10 This invention relates generally to
structures and nethod for 11 fabricating

sem conduct or devices and nore particularly structures
and method 12 for inducing stresses of different
areas of a substrate. 13 14 2) Description of the
Prior Art 15 16 As sem conductor device sw tching
speeds continue to increase 17 and operating voltage
| evel s continue to decrease, the performance of MOS
and 18 other types of transistors needs to be
correspondingly inproved. The carrier 19 nobility in a

MORMETHOD TOREWDTVRSPIATER IARTER ISALICIDATION P& ENHANCE
consunption_and 20 switchi rﬁgk&erf ormance, where
|

i npr ovementCONTAGT EICHBA0 ER SIREFS2ONMOS

swi tching speeds. The carrier nmobility is a measure of
the average speed of a 22 carrier (e.g., holes or
el ectrons) in a given sem conductor, given by the
average 23 drift velocity of the carrier per unit
electric field. Inproving carrier nobility can 24
i nprove the sw t chi rBagiggoundfofankeltibhansi stor, as
wel | as allow operation at 25 | ower voltages. 26
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

1
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27 One way of inproving carrier nobility involves
reduci ng the 28 channel length and gate dielectric
thi ckness in order to inprove current drive and 1 1
swi tching performance. However, this approach may

I ncrease gate tunneling 2 current, which in turn
degrades the perfornmance of the device by increasing
off 3 state | eakage. In addition, decreasing gate

| ength generally calls for nore 4 conplicated and
costly lithography processing nethods and systens. 5
The i nportance of overcom ng the various deficiencies
simiclﬁng\piedermadcéxy%mm@/axﬂwésna:bpread:rerriaydhcr@iasagate tunneling

d I di t tg th t

cH oV By Sedieant Tegr Lt RRce Sl (Y Pt BY SRR of
st fkaganih a‘iio@lﬁlﬂﬁfd%ﬂiéa\éw@{?eﬂe 1SHgRN gBhetaflg hall§ﬁir more
devel opnents in the pate iterature can be

cgmptivetad Wd@@ﬁﬁvaﬁmf@vWO%ﬂwW dﬁoandlqysws
20040202784 1S RAEHEL TRBGEGARR BRUILRUS HHELHEES is

and 12 netho rranu acture Semconductor device
esidenctd bg then ekﬁede&ed@chreﬂ@cal wevelbpnfantdiateabfl dathe subject as

tran tor d bstr the f t, f
doprdentect tntedelh enbPaGal TdteBRhieak fernl, i Yo pdsT efe
aYEQréhﬂyhhtﬁesf@@aﬁt fecBhidarddvefdpnidras s HeOatbmalistdegean be

ressive spacer having a second width, the first

oigader hyecrqr@fdﬂrmgéh@m!lowm said 16 second wi dth.

Preferably, the first wdth is narrower than the

second width. A 17 tensile stress dielectric film

forms a bar ri@R0840262i8pHighyerfoonence heos dansestoicires and
nt or Bruc

E8oed s Maifrogerdh apnicagauiter TeyiPe sutPied Melies i sast two

fidlel off 2R BEOEIsErs Fsrhideor 94me elibSeMmdUtHeolrsOiRId effactitririsesor
in substrate, has two spacer 22 structures, each

iRcieins @ PRACEthaviY 2 AtrlMid, thgrsecrng figly effeshirapgisigpingludes a
c@hﬂﬁ%‘%we\z/\gﬁg%%&zrggﬁﬁ éjgeéb‘?wl\q’j' \ﬁrﬁtrﬁ' t@fr%t Wtﬂ‘b’éﬁ'lg @frdnt than said

I"es nec stress -
second width. Preferably, the first width i |s 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 -
{nventor: Chidambarrao

US20040104405A1: Novel CMQOS device - Improving mobility

of holes and electrons within semiconductor device structure, involves forming first
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24 Inventor: Chidanbarrao 25 26 US20040104405A1:

Novel CMOS device - Inproving nobility 27 of holes
and el ectrons within senm conductor device structure,
involves formng first 2 1 and second stress | ayers
over p- and n-type netal oxide sem conductor device 2
respectively - Inventor: Huang 3 4 US 6573172:

Met hods for inproving carrier nmobility of PMOS and 5
NMOS. devices - Fabrication of sem conductor device by
form ng P-channel and 6 N-channel netal oxide

sem conductor transistors in wafer, formng tensile
ahtls@cend stfes l@PémrﬁJerth andirstype nastdl dxideisegiconductor device
conpressive filmon N-channel transistor 8 Inventor:
regpecivelyr ey J980830040158A 1 Semi conduct or devi ce
and nethod of 11 fabricating the sane - Sem conduct or
device includes first nitride |ayer containin

tensil e strdss6and! Eddelbiods fariieravinecacientns %ﬂi’mgf PMOS and

ORGSR BTSSP B anc

N-beariras m&tal dx?deﬂ@@hldohyuaf)r bahdistIMIS vaafdr FdRIng tensnle film on
tranS|stors may b nBroved SO astof |I|taL
Haawioeﬁﬂﬁgorga SFOHIRACTHE HEURR | f@%@%tor*
té}l Eg;\n %1; CMOS 19 devices, without significantly
|ng tot e cost or conplexity of the manufacturing
20 process.

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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3123 4 Summary of the Invention 5 The enbodi nents
of the present invention provides a structure 6 and a
nmet hod of manufacturing a FET device w thout spacer
and with an overlying 7 stress |ayer inproves device
performance which is characterized as follows. 8 An
exanpl e enbodi nent of the invention is a nethod of 9
fabrication sem conductor device; conprising the steps
of : 10 providing a substrate having a first regi on 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 regi on adjacent to said
second spacers; 16 formng a stress dielectric Iayer
over: the first gat Summary pf the kyygptiendr ai n

regions, t heThSegérﬁggd AR fts of @1 Sﬁswgn\ﬁe%sal ?oxﬁ?é’s Eg?ri:ature

18 second sour rain reg

afde m@trrddcoﬂ raamfastezrmg&a Ef[éT p&etxmes«h’thes*ssmﬂnar laadfw:ﬁsan overlying
chan 20 re n.on the substrate. cl ose to

5{:{3{5% V?!‘L IMPHOVESAIYEE RYIAFBIANCE Y isereras S5 101IbRE.

i nvention i saed@hprebibodim@nt abﬂwquérﬁlansgﬁl GasHYE ber
device; conprising the steps of: 24 providing a

famrmzoats@mmndrq@toa devicst cermgriging drristeps éond r egi on:
sgt 2 gc?{ \/\gl%l sib;bs#rlgafets i?%ﬁﬁ a st BLioRRAGChSefBnd fsyibh." St
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 sidewalis; 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




QO ~N O W N e

N O N N N RN RN N 4 aa a a d ed A e A
-~ O U A W RN a2 O O N RW N 2 OO

26 source/drain regions in the first regi on adjacent

to the first 27 spacers; providing first S/D silicide
regions over the first 28 source/drain regions; 4 1
provi ding a second gate, second spacers on the second
gate sidewal ls; 2 second source/drain regions in the
second region adjacent 3 to the second spacers;
provi di ng second SID silicide 4 regions over the

second source/drain regions; 5 formng a conform
dielectric |ayer over the substrate at |east the first

6 region and the second region; 7 formng a

non- pavidingralsedord gater isacbagespawerort the seonndatd sidewalls;
dielectric |ayer; armal diel ectri.c. .
fayer 15 thi cker 58w 1owe b Snaofln Grerpply Sagp adiacent
and the substrat ¢ tH@%éo@Yl@fsptab@rs Woserandcand I/Drsiicide
spacer sidewalls; 11 renoving first thickness of the

non- conf or el di EPERRT P¥eN fﬁ?éﬁcwﬂ Bp@ceidraip regions;
regi ﬂﬂ{nrri%ié '&%gﬁa‘?mﬁ? GiBtech [%ﬁé’ro?ﬁelt e s‘ﬁ%@fré‘tre%lleast the first

di el ec | ayer over t rst spacers;

renovi ng the fir$e@epaodr&mwacngdaﬂye&ch 15 renDV|ng

t he pon-confornal ctri.c

o MR e enrtpd fklgatla B8P et fhe Sifuhde digectys taver
the stress 17 ofhd h@n@uhﬁirmatej@é@ﬁ@ldy@rtm:dkerstmr the
gate where the first 18 spacers were renoved in th

Tirst region theSeRYNdAHAARG ITHGapHBTHIE SUDHERtPchan over the
performance. 20 s%&on@%rﬁ'hr@tsﬁ%%r Ygdtig; embodi ment

is wherein the first regionis
removing a first thickness of the non- conformal dielectric layer in the first

region; using an etch, to expose the conformal dielectric
Jayer 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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23 NFET region and the second region is a PFET region;
and the stress dielectric 24 |ayer produces a
conpressive stress on the NFET channel in a uni-axial
25 direction; and the channel has a 110 crystal
orientation. 26 27 5 1 An exanpl e enbodi nent of the
invention is a sem conductor 2 device conprises: 3 a
substrate having a first region and a second region; 4
a first gate, first source/drain regions in the first
regi on adjacent to the first 5 spacers; providing
first S/IDsilicide regions over the first 6

sour ce/ dr ai i egiropls;embalimenboitthgatventiveis & heensieooduaktor
regi on, second spacers on the second 8 gate
d@Wg%ﬁEFW§§e§econd source/drain regions in the 9 second

regi QRuB8iraeaitvirPa iRt ré6Q6QRAJSRREEHI r ond 10 S/D
silicide regions over the second source/drain regions;

ns
11 a afyst oalealfireli soueca/dioin regyens isee i sedier gaipcgat © the first
and the second s , i he : kA 1Cl :
regi ons, and the%? ?(?%rtg & #glbﬁﬁgg?gwléﬁ%ge@ééndss;6\;11% tge first
stress di el ect ri columpédraomegidrise si dewal | s of the

first gate and over the 1 substrateqad' acent bﬁﬂthe d
firsf 5%8?%‘%’ IR0 RS SEERM 8L ¢ S84 "RART ST Secon
serves to puts sigessidefalidie sebbf$so@deldiginkdgions in the
substrate close to the first gate which does not have

first 18 spacer $ecerd ExjorAnaReR! torke sepeatd spRageEs second

e I e e

gat ea 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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21 22 An aspect of this enbodinment 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 |ayer
produces a conpressive 25 stress on the NFET channe

in a uni-axial direction; and the NFET channel has a
26 110 crystal orientation. 27 28 6 1 The above and
bel ow advant ages and features are of 2 representative
enbodi nents only, and are not exhaustive and/or
exclusive. They 3 are presented only to assist in
under st andi righet dtvierarginbelon advinislyes latidfeatdrasnatercft ood

that they are not representative of al| the inventi.on
R AR S RBUITaS Tt BT Y 81 B0 LSS Bre AT PRERaLs S ey

aft? ﬁ]rté%%n{éﬂjv@rw kPBsASt !ﬁ%ﬁb@%@arhﬂrtw%ﬂ% ialSihtieh. Et‘%fhou@ be

tations on eqU|va ents to e cl ai ns.

undensmﬂethakthw aye nohexsesaniativeaeferdl the lwtt@@s dgtined by the

&1 %eg Illhﬂ? |or1152§§(d'5: lm&gﬁtlc%?erar? Pgw%/o?&gg\%él%ms, or

iiﬁﬂﬁﬁ@ﬁfﬂ@ﬁéqaiva!emmtol theh:la?mtsoF@tnlesmpepmmé of hesbedvantages
i nvention,

i |l e to other t her
R TGN g K h BANGY R RSN D) Fissent in a
mgﬁlgﬁeM‘?@fﬁdsmfa?ﬂynsorh@\éﬁ\lﬁrﬁtagég ak@éﬁﬁl%ﬁ% t%hrmé' &pect of

i rawn regar I nNg t hose di scussed erein relative
theinvhotien, mod lda@dl@@b@dONDéWQFBnFUﬁ@FmQﬁ@,rCQWaWﬁCtS of the

c@%ﬁ}%@?@f‘eﬁgnﬁeéz\gf‘g?%@ Sggxgé van E]Eglel_}sd vgru}E)uiﬁferér%esshou!d

beaitsivel eegardiicsipost tiscessat derber mlatlveg‘.o THosquotvidaseed herein
Add|t| onal features and agvan es of therl nventi on

OfRSTItNHREB REIrPOSPS Q) FRAER AN YRS BRSSP s HHS pYaRary of
& 4t0Rst ARy S AIMAEES I 6B EdiRiddral Mspositife Th 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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1 2 3 Brief Description of the Drawi ngs 4 The
features and advantages of a sem conductor device 5
according to the present invention and further details
of a process of fabricating 6 such a sem conductor
device in accordance with the present invention wll
be 7 nore clearly understood fromthe foll ow ng
description taken in conjunction with 8 the
acconpanyi ng drawings in which Iike reference nuneral s
designate simlar or 9 corresponding el enents,
regions and portions and in which: 10 11 12 13
Figures 1 through 6 are cross sectional views for
illustrating a 14 nethod for manufacturing a
transistor according to a first exanple enbodi ment of

15 the present | B¢RAD&Rriptdn dffthe! -wvﬁnasl S cross
sectional view for illustrating a nethod for 18

manuf act ur i Ndedfeatues aed advarieges vhag sepieorsbicrgevice
xan‘pl f Y
SR SRR bR S R 4 BT Bt
sBcH afse‘ﬁmb@idmmwv&wnbmdomme with the present invention will be
more clearly understood from the following description taken in conjunction with
the 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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6 The exanpl e enbodi nents of the present invention
will be 7 described in detail with reference to the
acconmpanyi ng drawi ngs. The exanple 8 enbodi nents
provi de nmet hods of applying a stress on a channel of
an MOS 9 transistor using a stress layer in silicide
process. Preferably, the source drain 10 regi ons have
a silicide contact |ayer thereover. An enbodi nent
renoves spaces 11 froma gate and fornms a stress

| ayer on or adjacent to the gate. The spacers can 12
be renoved fromeither the PMOS or the NMOS
transistor. 13 A Substrate has a NFET region and a

ubst r at e MeAg HesGRRORLor Ifh ckétp EmptReielly 07

and an optional peripheral region 16. The substrate
17 can have isolation region(s) 24 at |east between
the NFET region 12, the PFET 18 region 14 and the
peri pheral regi on 16. 19 In the NFET region, we

ﬁ"g Poﬂirﬁ@ﬁf stor that can be 20 conprised of
gat d| electric 29, a NFET gate 30, NFET cap 32,

a NFET 21 spacetample driisodimbhtsgstiee Jiteséntanadition WFBE
sour ce/ drain reﬂl ons 25 in the 22 NFET region

degrabechitn defail wih keferengededhe ageomwsﬁmwr%nw:ﬁh@sﬁ@amp'e
A5 B9 KRR DIABIAS'S SHEM PR RAE fh OB
tamsstdn hintea sThes NIVET int sibeide staneshareferbbFT thehsmed drain

d 25 t FE fe NFET h N
PGB o e e Gir AnelBeh RRe bl el vEh Shaces

fiden Qr%lda @Ad fort=d stresdBiyet oh of bd}ao@ﬁtﬁobﬁe gaie. ddeppiased can
of a PFET gate dielectric |ayer a PFET gate 38,

%0 fupn eghar tbﬁé’f”'@&a@éh@ '\ﬁ\éo&ifﬁf}%gt@fl:a gate 38
Si devval |'s. We provide PFET source/drain 2 regions 33

in the PFET sguipitclfasdiNFENFediBnldn®t REPFETNRGRIS 36.
PFET SID 3 silicide regions 34 are formed over the

PFET source/drain regions 33. The PFET

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 on the NFET gate 30 sidewalls; NFET source/drain regions 25 in the
NFET region adjacent to the NFET spacers 26. 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 27, a PFET gate 38, PFET cap 40,

9
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4 cap 40 is preferably conprised of a silicide. A PFET
channel is in the PFET region 5 under the PFET gate.
6 In the peripheral region, we provide peripheral gate
structure 49 7 over the peripheral region 16. The

peri pheral gate structures are conprised of a 8

peri pheral gate 40, peripheral spacer 44 and

peri pheral cap 48. 9 The substrate has an (peri pheral)
isolation region 24 over at |least 10 a portion of the
peri pheral region 16; and the peripheral gate
structure 49 can be 11 over the isolation region. 12
PFEE spiaoecs 86 es tcaPFbd gatdSausidewyalts. ¥é¢ puivilie ftrackessurce/drain

13 B. onor di el egtri | ayer,,1 rrin

e a8 ST HEPRLT OB aadacdN B tehief $hhS Je, PrET s
smaﬂ@ubg@hsw@bm@i loyet tHid RFET tsbureneraB) regiers 3NGhe PFET
substrate at |east the NFET 16 region 12, the PF

coBgOdh PIoTembly HEPIRAN i PUFiPod SRETGhaTHe! 16 Ghins HERT region
me,dﬂkgl Sk ?été‘_ayer preferably has about uniform

ness. he conformal dielectric |ayer 52 can be
conpri sed ofinthe perigrerallregiin, wearrovidg mieripheiwal gateaucture 49

SRSl SR AT R B o o

ptehﬁneﬁaogmemm@@nfm@faps;ﬁ@ierdu4edrﬁjc¢érim1emmb@4 over t he
23 conformal _dielectric |ayer 52. The non-conf orm

dielectric | argﬁe?ub@gﬁteo@a%aﬂﬁa@rmra' @Olﬂ‘t'oﬂlf?G'F’B@“o(PVef at least
a%oq;uofg‘oﬂfshlte:] Bgrzpkﬂaggr %%gvg{&aéndqhél & 6rj'h'eﬁ all BYE Etr&é‘lﬂré’@g can be

f'or me process e "non- conf or nal
ogteelhedsolaton mgé@n 54 is thicker over about 27

hori zont aI t han _qver e I
surfaces. % i‘ﬁﬁ? &aﬂ,gqe mfée%e’tﬁ]geq %%i Ccr'acl{ec r%gﬁgsf. 54
can be betvveen 150% and 400 %t hi cker over about

hori Bant al conformal dielectric layer

Referring to figure 2, we form a conformal dielectric tayer 52
{about or substantigily uniform thickness) over the substrate at least the NFET
region 12, the PFET region 14 and the peripheral region 16. The conformal
dielectric iayer 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 vettical surfaces. The non-conformal

10
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2 surfaces than over sloped or vertical surfaces. The
tops of the gates and the 3 substrate are about

hori zontal. The spacer sidewalls are sloped. 4 5 The
non-conformal |ayer 54 is thicker over the PFET cap 40
and 6 NFET cap 32 and the substrate than over the
PFET and NFET spacer 36 28 7 sidewalls. 8 For exanple,
the non-conformal |ayer 54 can have a thickness 9

bet ween 300 and 400 angstrons over the PFET cap 40 and
NFET cap 32 and the 10 substrate; and a thickness

bet ween 100 and 200 angstrons over the PFET and 11

didifEdiris faee 543an2R: isetdewsl 159% 42d BO0 e nthickenovarrattout horizontal
t hi ckness of t EJ’%E on- conf

| itrjde | i 13
SUHECKIERI QUG SIPPEA ORYSBIRGHAUTRFSR gliRe pS qdne Bisseng the
sﬁb§t$étetd?é GBEERoNAREd ] PR sRhcdri®ewisnRa skPabor nal

nitride layer 54 in the N T region 12 to expose at
| east a portion 16 of the conformal dielectric |ayer

52 over the SR F,ﬁaﬁ%ﬁéfk W&Je?%@%%ﬁ%eé%\?'féﬁggc and

can be fornmed over e non I ons

NRIFN oap 32 amddhpeubgthateathanagico thel B E T EdTWEE Bsphcerd3t 28
be an isotropic etch can be a such as a wet etch or
s$Wal8ni cal Down Stream Etch (CDE). 21 The first

thickness i sshehwhRfe, Qﬁé%bn%%n?d}ﬁwa@(ia eraf4 éd?ﬁhaxl?eza thickness

maxi mum t hi ckness of the non-conformal nitrid aye
betweor30R end dOPHmgsomss pegy theHralgeanf0 end NFET cap 32 and the

JRSETDAY TN dANS) o9l 15 20 RER P gver e PreT e

NFHTF spadeprdted8 stiewailger over the hori zontal surfaces
(e.g., cap, silicide regions 26, isolation regions 26

24, %t'c. ) 2rZemove a first thickness of the non-confermal nitride layer in
the NFET region

As shown in figure 3, we remove g first thickness (portion) of the
non-conformal nitride layer 54 in the NFET region 12 to expose at least a portion
of the conformail 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 can be a 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



28 Next, we renmpve the NMOS spacers 28. 11 1 An
exanple option is shown in figures 4 and 5. 2 E
renove the conformal dielectric |ayer over the NMOS 3
spacers 4 Figure 4 shows the PFET nask 56 over the
NFET region 14 and 5 the peripheral region 16, W
renove the exposed conformal dielectric |ayer 52 6
over the NMOS spacers 28 to expose the NMOS spacers
28. The conformal 7 dielectric |ayer 52 can be
renmoved using an isotopic etch. 8 F. renove the NMOS
spacers 9 As shown in figure 5 we etch the NMOS
spacers 28. Amexathple optidndéashden infigwes dogiccs.et ch t hat
is selective to the spacer material. The etch 11

R afont 1o RIS Crmontal il BiFL U e NS

56. 13 l4ggncémnove the non-conformal nitride |ayer 15
16 As shown in figure 5, we renove the non-confornmal
| ayer 54. ThEiguid 4rebiowsdhé &FiEl mask Sbdwet theelFET region 14 and

B pPaTIREL g io SR e Beseteedioyoliia defiBaver 52
O}Ig; ﬁeg{l ltﬂgin% :s?aeéei*y oB 6 2xpbdd e NIMICS Bpaddre e8eTrd codoriral

~ g s WM

10
11
12
13

14

15
16
17
18
19

20

21
22
23
24
25
26

. _ dielectric layer 21 As shown in figure
disletdcfayemba camberemaved geingian ipalpeic goh(e. g., 22
tensile stress nitride) which serves to put a

conpiessi ve iSRSt NM@sRkiat e 23 close to the
gate (where the spacers 28 useg to be) in the NMOS

region 12, waisGhowd4dn figutes,nvé astele tife NRIBS kpasdrs @8N The etch

t he NMOS channel region (Si below Poly 30),
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 a 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



Qo ~N O g b W N =

[
N = O ©

13

14
15
16
17
18
19
20
21
22
23

24

25
26
27

25 thereby enhance the NMOS transistor performance.
The tensile dielectric |ayer 26 can serve as a
contact etch stop liner (ESL). 12 1 The PMOS

transi stor device is affected | ess than the NMOS 2
devi ce because the PMOS spacers 36 separate and space
the tensile nitride layer 3 60 fromthe substrate
under the PMOS spacers 36 and the PMOS channel region.
4 The tensile dielectric (e.g., nitride) |ayer causes
atensile stress 5 in a channel region of the NMOS
transistor. 6 The stress is preferably in an Uni-axi al
di recti on oflhe PMQOS ghesisteddevice mmffebteddsssathhh@he NMOS

EytR s i MR seqteon 35 SABE a1 2 aPBCa L BF T ayer
60 RN sutfratd angsRdiMROL dpackhRate BRE ASBPMO® channel region.

spacers are 10 renoved, the stressor is nearer to the
channel t husThentensde siplestec &.gainiridef layer causegrdensile stress

fgg\@”%g“‘%or%qgﬁg"ffaﬁ% ﬁwsu%&gs {genvent i onal process such

ayer, contacts, and subsequent
| evel s of | NDesstcksisris erefemb@chsan WBi-aisletirestion only. A preferred
nbodi nent 14 Fi hows, an alternate e
Brd Ve Liikeant BliomeBof he UBkeRELSr AN dA BAna ST is in X
a%efﬁi‘?é@\éﬁg ndthg tis 2cmestidr this enbodi ment can 16
be simlar to the first enmbodi ment by masking the

non- PMOS r ed taadurerd the erbegimery is Mt bRealspHReaPaces. are
SRR Bl L BBl i g
i's a conpresFievdevicd oan bé Gnihed skingssorivaptiondd process such as
Rigans erbiRksS GeflacSurt RuFTPerhualea st Sbhplatafuets.
strain on the 21 PMOS channel (Si bel ow Poly 38).
AhbmAekaissasinidig PMOS transistor. 22 23

Figure 7 shows an alternate embodiment where the spacers 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-PMOS 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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24 A, non-limting exanple enbodi ments 25 In the above
description nunerous specific details are set forth
26 such as flow rates, pressure settings, thicknesses,

etc., in order to provide a nore 27 thorough
under st andi ng of the present invention. Those skilled
inthe art will 13 1 realize that power settings,

residence tinmes, gas flow rates are equi pment specific

2 and will vary fromone brand of equipnment to

another. It will be obvious, 3 however, to one skilled

in the art that the present invention may be practiced

rdallsetthatuiondrestindst edidencertinadd) gas ifiost rateeare ew&jin)ment specific
e nof been 5 bed '

know h
a0 gl vy e cpmceed SR fibmeRL AT S dallfp Bbbiols,
hbWéeBt it®Bne sRilldY I @Heds tHHt $hd fﬂ)Y@eﬂatnlt Hvehasn beBbe practiced
descri bed relative to specifi i nsul atin
withoet thebe detadd Ui PilRgs lmﬁé@@qﬁSawgll éfﬁ@WQFPé‘a‘?%ﬁsﬂ?@@ fas peen
dgg%ﬂféé%lh?%t@ﬁﬂ o?‘d&I t%*]&d%%h@@é&aﬂ@f%écgtéme' ﬁrebéntr? entson

fic mat arat use
9 only to th?éihlougpékusﬁm\terttibal’nasﬂoeehsieiscsbedsmiatlvasto specn‘ic
conf or mal r O capabiljtiges uch
T RIGErEr A, SR SRR ea A g Rerr e o EPasfS tnd
e@ﬂﬂﬁmeléé matdrigianit REnGupsitdd tattRdl spscifis magérialsibAepsdrat@es but

ose skilled in the mcroelectronics 12 arts
oa ytt@r’ihalpﬁp%fl%t?h@fgctﬂﬁ*ét‘%? @yéhta&cm@ﬁmabﬁnqgooﬁw%na' and
I
b R e
cah tiermjmbmbcab@mweii undérstamgrimxihoee ekijleg irettedsidradiectronics

val ye of the value or e...16 Gven the variety of
RSO RBRIES P0G PP TSNt i on | ust 17

descri bed, tiweadexgiciEshateltdtioswady dabh ushieichonsue and
show not be taken as limting the 18 scope of the

r@rﬁ@% @mui@! hedmersategeds heiag wpt%ﬂ@ueaa% thengorshabgUk Re
R, RS RBNnBABHI. ue%f't A LU shpyanqad descri bed

erence to t erred enbodi ment s
t her eof | t ®iveh t?hrevam&ienéeumddmyemhoﬁ&e [reseid ihvardiongust
c{gggr & tlg\g? f %\Yﬁacriés?cl#isﬁ)tlgn %rr]]gei?usltrgtsgr?sr Hé&W %og Se ‘?aken anal‘\i/mltlng 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. 1t 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.
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22 departing fromthe spirit and scope of the

invention. It is intended to cover various 23

nodi fications and simlar arrangenents and procedures,
and the scope of the 24 appended cl ains therefore

shoul d be accorded the broadest interpretation so as

to 25 enconpass all such nodifications and simlar
arrangenents and procedures. 26 27 28 14 Wiat is
clainmed is: 1. A nethod of fabrication sem conductor
devi ce; conprising the steps of: a) providing a
substrate having a first region and a second region;

b) providing a first gate, first source/drain regions

in said. first region;, a first channel region in said
Whatds clalgPd s under said first gate; providing a

second gate, second spacers on the second gate
sidewal I s; second source/drain regions in said second
region adjacent to said second spacers; c) formng a

15 Nrﬁ?ﬁw@cﬁ lf?&r’c%\'tii?n @ flartielor c{qebfcef bérﬁéri&ﬁt@ e E%gs of:
firs source/drain regions, the second gate, t

second spapevilirmnd subbieatedwoi s ficat cegidn and & egoansregion;
wher eby id stress. dielectric |layer.serves to _puts _—
stress oﬁ?f)ﬁ’ ’JT;'?Q éﬁ'r%r%ﬁ%eﬁfr?tesﬁ%‘ﬂ%@"ﬁ”{ 'F?@’O%Su’ﬂssta?cg{jrét region,
cl ose to thegfirdtchaablaegdn inkaidfabheshioh ubtial said first gate;
wherein said stress dielectric layer is on the

si dewal | s of Proyiding piseseng aete. a7RFOBR SPRECT§ Iseatesond gate
adj acent to sapdfid.r %‘écﬁﬁ(ﬁ %bnél%%hﬁxiﬁ'rééi?mﬁ?ﬁ ?aiddc%%én@?égion
ewalls of the

have first spacers 'on the si Irst gate,
3. A net hod afijatehirtocatd secaelspacadiict or devi ce;

conpri sing,the steps of:. roviding a substrate ,

havi ng. 8ot Ior G agraroarla e BN e e T 658! Pthe s
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.

2. The method of claim 1 wherein said stress dielectric layer is on the sidewalls of
said first gate and on the substrate adjacent to said first gate; said first gate

does not have first spacers on the sidewalls of the first gate.

3. A method of fabrication semiconductor device; comprising the steps of:
a) providing a substrate having a first region and a second region;
b) providing a first gate dielectric layer, first gate, first spacers on the
first gate sidewalls, first source/drain regions in said first region

adjacent to said first spacers;

15




b) providing a first gate dielectric layer, first
gate, first spacers on the first gate sidewalls,
first source/drain regions in said first region

adj acent to said first spacers; 15 c) providing a
second gate dielectric |ayer, second gate, second
spacers on the second gate sidewalls; second
source/drain regions in said second regi on adjacent
to said second spacers; d) formng a conforna
dielectric | ayer over the substrate at |east the
first region and the second region; e) formng a
non- conf oy prelvidiligeh setondgbisydielcolvielayai decond gatealsecond

dielectric layer; (1), the nop-conformal. dielectri .
fayer 15 ¢hi RGeS 0EING ReEcBRogR Y Rty raeRfiskUfpycrain
the second gaigioranigl dabssadisitregion ddj@denyesaitikecond spacers;
second and first spacer sidewa X eno [

) [1s; T) r Vi a first
t hi cknes9) Brmingea repforyat delestricdrgsreBY$ tB@ﬁgggﬁraﬁerﬁt least the
the first reﬂ,lsgﬂég; LRY tﬁggggﬁﬁd rdflor@xpose at | east a
portion of the conform ielectric | ayer over the
first spatfarsingd noemovnfarma Helddtictayepaver saidsiontprangl
etch; h) reHDI/i nrg%lt he non-conformal dielectric |ayer;
i) formng a“S5U% %Pl ectric Iayer which serves to
puts stress on the stress on the substrate close to
the first géat)ehaheneohfenfa rditlecsipdaer $s thicker oeenthedop of the

por{ or mance.  41VSARIEEOR SEOR APTR e LR al dhar over the

first region i ge@lyFEhdFipdispAcandidedlafls; second region
is a PFET region; and said stress dielectric |ayer

pr oducesfiarenevisg beirsttthiekaesnof the risRECEnédrarahaleleatria layer in
uni -axial - di 1{heec |ris{)rne;gioanr;]%sfngeancgt%n,nt%l expose at least a portion of the
conformal dielectric layer over the first spacers;
g) removing the first spacers using an etch;
h) removing the non-conformal dielectric layer;
i) 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.

4. The method of claim 3 wherein said first region is a NFET region and said
second region is a PFET region; and said stress dielectric layer produces a
Tensile stress on the NFET channel in a uni-axial direction; and the channel
has a 110 crystal orientation.

5. The method of claim 3 wherein said first region is a PFET region and said
second region is a NFET region; and said stress dielectric layer produces a
compressive stress on the PFET channel in a uni-axial direction; and the

PFET channel has a 110 crystal orientation.
16




has a 110 crystal orientation. 5. The nethod of claim
3 wherein said first region is a PFET region and said
second region is a NFET region; and said stress

di el ectric | ayer produces a conpressive stress on the
PFET channel in a uni-axial direction; and the PFET
channel has a 110 crystal orientation. 16 6. The

nmet hod of claim 3 wherein fornmng the tensile
dielectric layer conprises causing a tensile stress
in a channel region of a NMOS transistor. 7. The

met hod of claim 3 wherein said conformal dielectric
6l Tﬁy@métboatoﬁﬂelm edvitdreindrirdimgdhe stiehsitodieteciriv layedepmprises

and has ness between 50. an str ms 8.
TReuTs adenale STRin 3 CrERe ROkl BRI

7diTBL @6dthbE of ath 3 \ﬁhér@irﬂé&'ﬁd coﬁmemaa@@wctrtmay@xqetoampnsed of
surfaces than over sloped or vertical surfaces. 9. The

n@KIH@@F@f“C@ﬂ@iXW@%é‘f‘@lh@ss?a‘ih&kﬂﬁés Retessn P8 amd 100
dLﬁ'ﬁéﬁ%r‘%C | ayer is between about 150% and 400 %

t er over about horizontal surfaces than over

8s Topeniethod wé clairo & wisenefragaid nohezontdrenaredidledtrioflaydras thicker

wherei n the ckness is bhet and
SBpABL L EoRa Rl T R oV SR B e o Y

odiTRE @6dthbE oF alh-3 lerohn S8 Iies noh-chafimepdicRRtric aner is
sem conduct or devi ce; conpri sing the steps of:

pbaTeRMEPautIa6% Pad OA Lk thisker Rrphos ookl Sfeees than

r [ FET gate dielectric, NFET
ggt9 %ﬁgkﬁ@ropcé}@ggg@fﬁ% NFET gate si devval I's; NFET

180Uhe efalhad of clagn 6rvsheraarsmedﬂrNFE|Tckn|eeglsobetwdpaca@nut 8% and
sai.g acers: .providi NFET SID licide

* B G RO YRR Ss Bl r o s o LSS aver.
providing a PFET gate dielectric, PFET gate, PFET
spacers on the PFET gate sidewalls; PFET source/drain
regions in said PFET

11. A method of fabrication semiconductor device; comprising the steps of:

a) providing a substrate having a NFET region and a PFET region;

b) providing a NFET gate dielectric, NFET gate, NFET spacers on the
NFET gate sidewalls; NFET source/drain regions in said NFET
region adjacent to said NFET spacers; providing NFET S/D
silicide regions over said NFET source/drain regions,

¢) providing a PFET gate dielectric, PFET gate, PFET spacers on the
PFET gate sidewalls; PFET source/drain regions in said PFET
region adjacent to said PFET spacers; providing PFET S/D
silicide regions over said PFET source/drain regions;

d) forming a conformal dielectric layer over the substrate at least the
NFET region and the PFET region;

17




regi on adj acent to said PFET spacers; providing PFET
SID silicide regions over said PFET source/drain
regions; d) formng a conformal dielectric |ayer over
the substrate at |east the NFET region and the PFET
region; 17 e) formng a non-conformal dielectric |ayer
over said conformal dielectric layer; f) renoving a
first thickness of the non-conformal dielectric |ayer
in the NFET region, using an etch, to expose the
conformal dielectric |layer over the NFET spacers; (1)
the first thickness is between about 33 and 66% of the
maxi mum ehfakmiesa noh-ceafa e diedestfiotayel aieekaidtaontormal
| ayer; Q) renp in he NFET spacers using an etch; h)
removi ng the WX?F“%% GFmal dielectric layer; i)

form ng @ t@nslihg ssrsedrkaesd 6ChEironlaE6rmM) ididleBE M8Fer in
to puts conpressive stress on the substrate close to

the NFET gat ée WA eegke, WHRT agielers axepes nerrdermal
t he NFET regh%gect%gy%ggﬁ%gﬁgw%@?ﬁ?éﬁgT devi ce

per f or mance. wher ei n

formng the tensile stress dielectric layer conprises
causi ng a t éhghedirgdithiskresdsrs detwesmaboute ol 6f%tdiéhe
NMOS transistor, 13 The h i ' .
the tensile st péaggrﬁaﬁnetﬂggﬁﬁscgfﬁsaaﬁ%p 8%?%8%01@5@%{8%%% layer;
tensile r YT il i -axi al

directi o?f? %r?@v?ﬁeﬁﬁg cﬁg%'ﬁée?f%%g{g%a@%%g’ crystal

ori ent at ihpremaving The norchotbriodl diekkictnicllayeher ei n t he

non- conf %r mal . dielectric |layer

is. t.hicker.
BT cap AR GRS e st HEC ki Phr i FEbs 0 Bis
PFET and NFEdmppessfe strabevwal he.substrate close to the NFET gate
where the NFET spacers were removed in the NFET region

thereby enhance the NFET device performance.

12. The method of claim 11 wherein forming the tensile stress dielectric layer
comptises causing a tensile stress in a channel region of the NMOS  transistor.

13. The method of claim 11 wherein the tensile stress dielectric layer produces a
tensile stress on the NFET channel in a uni-axial direction; and the NFET

channel has a 110 crystal orientation.

14. The method of claim 11 wherein the non-conformal dielectric layer is thicker
over the PFET cap and NFET cap and the substrate than over the PFET and
NFET spacer sidewalls.

15. The method of claim 11 wherein the non-conformal dielectric layer is thicker
over about horizontal surfaces than over sloped or vertical surfaces.

16. The method of claim 11 wherein the non-conformal dielectric layer is between
about 150% and 400 % thicker over about horizontal surfaces than over sioped

or vertical surfaces.
18




15. The nmethod of claim 11 wherein the non-confornal
dielectric layer is thicker over about horizontal
surfaces than over sloped or vertical surfaces. 16.
The nethod of claim 11 wherein the non-conforna
dielectric layer is between about 150% and 400 %

t hi cker over about horizontal surfaces than over
sloped or vertical surfaces. 18 17. The nethod of
claim 1l wherein said conformal dielectric |ayer is
conprised of oxide or silicon oxynitride; and has a
t hi ckness between 50 and 100 angstrons. 18. A
13efihe omelbed of cldiew i1d evivaraiorsaid r:@r’tfoen)wa!adiSI@I@t%"tOriaj!ﬁ‘eir ihaompgsed of

fi . d d
2o SRR AT EEREY RRSLBE: Bl SR
adnhasesmhsto said first spacers; c) a second gate over

sai d second region, second spacers on the second gate
sidewal I s; second source/drain regions in said second

e%%nﬁ@érﬁﬁﬂﬁr deRicALdnsRGgd spacers; d) a conformal

|electr| ayer over sald second gate and said second
spacer s, apaistbsteaterivvingua Gt degivm and gh saeondiegicni d

first str es t

| yer ovBl et afteiFi Ui aBin et s aat sk ddfagiacent to
t he substr at gaigdire¢cspakcetsd said first gate; said stress
dlelectrlc | ayer which serves to puts stress on the

stress of) PKECORG HErQMeE 5@|do%9é"°f’6 regians SeeendsRacalh Pe e
does not havgeédrfdséat?%%%gl% tseséﬁ&éﬁoﬁeemaglﬁ ré@@né i Sid

devi ce perfornance sal stress dielectric ayer
over the si deemanre@forBadjaC@'éct@ﬁaid sgeavd spacgd: sai d

second 9%5 a'conformal dielectric layer over said second gate and said second

spacers, said second source/drain regions, and said first
source/drain regions,

e) a stress dielectric layer over the sidewalls of said first gate and
over the substrate adjacent to said first gate; said 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;

f) said stress dielectric layer over the sidewalls of said second

spacers and said second gate.

19. The semiconductor device of claim 18 wherein said first region is a NFET
region and said second region is a PFET region; the stress dielectric layer is a
tensile stress layer; and said stress dielectric layer produces a tensile stress
on the NFET channel in a uni-axial direction; and the NFET channel has a 110

crystal orientation.
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19. The sem conductor device of claim18 wherein said
first region is a NFET region and said second region
is a PFET region; the stress dielectric layer is a
tensile stress layer; and said stress dielectric |ayer
produces a tensile stress on the NFET channel in a
uni -axi al direction; and the NFET channel has a 110
crystal orientation. 19 20. The sem conduct or device
of claim 18 wherein said first region is a PFET
region and said second region is a NFET region; and
said stress dielectric |ayer produces a conpressive
26t Tles seticariecoFEvich 2f pklimi 18 whersin seid dirst regioads pARTET

and the PEET ch n n a r

S0 SR RANEePA%e A 8PS PG abag LB EHE Mot

Stdyes %réﬂ&b@@tddn%rbayieé stmmﬁ hePrEUshageal it angmnitaxial

stress in a ch e of MOS transi stor. 22.

THESS i AR due O biebs e desa MOPTSEMBRREIOSS o

ZQO‘T‘EQ Eﬁ’llcd?id%b%?ﬁbbﬁel(ﬁbﬁarm'@ WwRERI 88l Hes@hidIectRE Iayer

I'1con oxynitride;, and has a thickness between 50 and

1©0rrangs$ causing 20ensile stress in a channel region of a NMOS 1trans;stor.

22. The semiconductor device of claim 18 wherein said conformal dielectric layer
is comprised of oxide or silicon oxynitride; and has a thickness between 50 and

100 angstroms.
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