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| NVENTI ONWOM3/0634¢4 d of the Invention 10 The invention rel UFEPVEO@IPr OCESS
of producing narrow wi dth PMOSFET (p-netal oxide sem conductor field

effect transistor) in a MEDERMIOCESES.Om SRS Y] jrgn of negative bias
tenperature instability NNBEINBESNARNW evpard I§idRkicrnGt he present
invention relates to a process to suppressanegati ve bias 15 tenperature
instability in narrow channel w dth PMOS devices by inplantation of F.
after STl (shallow trench isolation) liner oxidation and prior to the STI
HDP fill. 2. Description of Prior Art 20 As integrated circuits becone nore

conplicated and their funct%ﬁﬂﬂggﬁgﬁp%anﬁﬁ P &fu t he necessary
density of transistors in the integratéd circul THe eases accordingly.

The hi gh,densit f l.ex integrated circuits are not easily
achi eved by dec%é%gi%ghgﬁgéé%ggﬁﬁé%%rding to device proportions 25 of the

integrated cirguits. lnstead, .t evice size nust be decreased by a
i £

he d
design rul e and W %W%%‘h%%e’?%‘tﬁ%ﬁ f6r 2pBFeREFaI of @radicing CRETpNysidah

char act er PHOSEET Of p trher flewi:citie |sntibeneaseosf £ progugi g PYOSEET LY
m croel ectroni ¢ devices, negative bias tenperature instability Fﬁﬁ I} is a

limting faBfORET 38 i M ot ArRHSIhaeABrEasn| | of wégathierPMIBEET emperances ned.
foduce BT SEeevery T ran o 1 Ao aoRalt e e (1 eeorbhuce NETI
however, ¥pvemriien relates to a process to suppress negative bias
15 temperature instability in narrow channel width PMOS devices by
implantation of F, after STI (shallow trench isolation) liner
oxidation and prior to the STI HDP fill.

2. Description of Prior Art

20 As integrated circuits become more complicated and their
function becomes more powerful, the necessary density of
transistors in the integrated circuit increases accordingly. The
high density of these complex integrated circuits are not easily'
achieved by decreasing a layout according to device proportions

25 of the integrated circuits. Instead, the device size must be
decrea;gd by a design rule and with consideration for potential
change in the physical characteristics of the device.

In the case of producing PMOSFET microelectronic devices,
negative bias temperature instability (NBTI) is a limiting factor

30 insofar as the reliability of the PMOSFET is concerned. The
basic cause of NBTI remains unknown, and knobs sometimes used to
reduce NBTI are very limited.

It is known that fluorine can reduce NBTI; however, fluorine
is introduced through a BF, source/drain self aligned implant or

35 a fluorine implant into the poly Si gate. Further, NBTI improves



is introduced through a BF2 source/drain self aligned inplant or 35 a
fluorine inplant into the poly Si gate. Further, NBTI inproves 1 WD

03/ 065444WB@3/H0&ER®8/ 00297 with fluorine dose, and the hi girea/mPagod2buiori ne
dose, the better the inprovenent in reduction of NBTI up to a certain

limt of &k2chDedpbiens odor gl RGe deyhes Opd | MGl AUt ,PEACESS,
conpatibi|jity in fact determ ne the fluorine dose that can be 5 Used T or
NBTI irrprbb%n%ﬁ?.ro"rﬂi‘%n%éi’h(fe%h‘été§§e?ft%T%I‘fﬂ)vﬁblae TGS O EE vt ime
dose is very |paited. U ardrenatiahy. abbise dpilidi Spveieland esbilests the
ability to reduceIBNBTI . Wile tﬁebbr eval Itiengp belli_ef is that %‘ijlbugri ne at the
Si/Si02 ¢emeatiedlipriovdadiBeteshningi the yElymviare s $Lath&ap Beri ne

10 is diff deeit far ly Si; ; tﬁ%ﬂr raigy izA 1hepexi sting.
techniﬁuelslg%(? fp?]ép rlIngl%%%'FBg.' A?%%gaﬁg%ﬁ eés\aggéj'tradi tai onal .

t echni queshati®s nof FRrYriefd idosent si etpt Toicedyg Udimriuretielyo ShiSi 2
interface, , U S. Patent 5,909,622 djsclose.a t hod. f or ing a p- 15
channel t%%%%?s??ﬁ?r%;%nﬁ%%ﬁﬁﬁiFspF 9iaPhg}EYs'?i?ﬁﬁ?gﬁﬂﬁgﬁﬁg;e havi ng a
source region & ¥l Yrevia@aiiag ppaced by thgatflenndictar thexpagshg, t he
drain region, the source re%%B]on and the gate conductor to ni tlrogen and
oxygen anbieerface fHmneyan fBldedel280oki e, THREMSITFS HesEipotipe

?gﬁanﬁqbi nt 9 &I@B&&éﬁ C%t{heegi @0 ANdhet BSlg@i HA&YIAN RuAe RNGHe Wht Bha the
ge between and rellative to upper surfaces of the source and drain
regi ons; eeposiidg ngecnrsiameseofi geepading dPMOSERT de odaoniiaylvhethese
nitrided oxide:; LIPS LN 80ULEeaSL IS AP A g PidBagxengt Tor
fluorine into $1i/Si0, interface.
U.S. Patent 5,909,622 disclose a method for forming a p-
15 channel transistor, comprising:
providing a silicon substrate having a source region and a
"drain region spaced by a gate conductor;
exposing the drain region, the source region and the gate
conductor to a nitrogen and oxygen ambient to form a nitrided
20 oxide;
implanting a first-p-type dopant into the source region and
the drain region at an angle within the range between 20° and 70°
relative to upper surfaces of the source and drain regions;
depositing a source-side and a drain-side oxide upon the
25 nitrided oxide;

. removing the source-side and drain-side oxide except for
spacer portions of the source-side and the drain-side oxide
adjacent lateral portions of the nitrided oxide, the lateral
portions being arranged adjacent opposed sidewall surfaces of the

30 conductor; and

implanting a second p-type dopant into areas of the source

‘region and the drain region laterally spaced from the gate



spacer portions of the source-side and the drain-side oxide adjacent

| ateral portions of the nitrided oxide, the lateral portions being

ar ranged wajoaoesat4 opposed sidewal | surfaces of the 30 comdwatPos/po2and

i npl anting a second p-type dopant into areas of the source region and the
drain regc@mdmet@wat}ymgpamede&rpmrthengabe 2nINR DI R65444 ng/ng%{OOZQY
conduct or the Qr i f_the.source-side and drain- ‘oxi de .
and the I%& a?xjp%e?tl e%;lst%o aﬁ_gﬁ?ra]?t Poagl o%feéiheaﬁn%rr-&fa Opéfpendizul ar to
upper surdgbs pirddelieninee tandpgedi Burf LG HNSH éiékéyﬂﬁa@bggdpaiggg
inplant specjes is BF2. A nmethod of forming a portion of an M3S transistor
that usesS&Hf§ted inplant to build MOS tranS|stors in contact holes is
disclgsed in W Suikateat p5943, §rﬁ§laﬂ-@es;§@é*é%g i | s: depositing a

pol ysilicon | ayer over a sem conductor 710 su §traté of a first
conductivity @yﬁ@th@ép@§lﬁpﬁgléﬁoaep@rﬁﬂqnﬂqﬁuﬁlwmﬁ ltapesiatdreteet rises

| ayer a f y J19.8 Gontac hr ough t he
refracto?ﬁmﬁg¥g g%@% tgehﬁké g%t?%%ﬁ%%yer aﬁ&'ﬁﬁeEsgﬁyﬁoﬁlcoﬁglayer to
expose a difq@osteidonnot’. ShePaeantoﬂdsmsz,cmeaubszweahe,thbmpbﬁahmg a dopant at

a first angle her t.han an le, normal to a substrate surface to forma
first source/&gE t?@glBnPPﬂYgﬁil%%ﬁnkﬁﬁﬁﬁuﬂﬁﬁr SuFSTESPRIBAREF t he

p0|y$D|I@®%§UﬁﬁQb o@naasfi-Est csh@ieofvithe tsat,act hole, the first
source/drain 20 region having a conduct|V|ty type opposite the first

conductivity YEPPELCLiREl aReVRgtEnerdaminticen dageronddangbetoitiekadran an
angl e and a refractory metal layer;

forming a contact hole through the refractory metal layer,
the dielectric layer and the polysilicon layer to'expose a
15 portion of the semiconductor substrate;
implanting a dopant at a first angle other than an angle
normal to a substrate surface, to form a first source/drain
region in the semiconductor substrate under the polysilicon layer
on a first side of the contact hole, the first source/drain
20 region having a conductivity type opposite the first conductivity
type;
implanting the dopant at a second angle other than an angle
normal to the substrate surface, to form a second source/drain
region in the semiconductor substrate under the polysilicon layer
25 on an opposite side of the first side of the contact hole, the
second source/drain region having a conductivity type opposite
the first conductivity type;
removing the refractory metal layer; and
forming a gate electrode in the contact hole.
30 The p-type dopant can be BF,.
U.S. Patent 6,080,629, disclose ion implantation into a gate

electrode layer using an implant profile displacement layer. The



normal to the substrate surface, to forma second source/drain region in
the sem conduct or substrate under the polysilicon |ayer 25 on an opposite
si de of twe oBiossiti4 si de of the contact hole, the second s®aT@EPOHOE@IT regi on
having a conductivity type opposite the first conductivity type; renoving

t he refractigehodersl foaymg tdrd gaf-er gi BY: fodat lect.r i he_cont act
be BEZ. U S, P%I:nl?l%%l,l%g%%%%ed?%@%se i on

hole. 30 =t opant
inplantati%?ﬁ?ﬁ ogég%éh%}oﬁﬂ FgﬁecPﬁyé%S%%ﬁng an inplant profile

di spl t | idiey a3 034 : 00297 _.met hod of formng
tthggfgngrect?%ggu%or ins&%f?edlgggéé ?£E§QE§$ gbﬁntPﬁﬁgfi¥b?9(|GFET)

0
conpri ses: SPHIAMIT X % di el ectric | ayer on an underlying
sem corsduct or brdii nr 0L-RO electrode |ayer on the gate dielectric
layer; forming a qf%bFé?gkgnfg?ggééa%ni%ﬁﬁg SEtEESI6@??0@%51%Sﬁﬁlq(iayhmhnla
conbi ned di spl FERD gadésplectnate 1ayer oni ﬁaéa§g£ggef?égféaelﬂi &j%%
an

into the Gy ne splagenent/ gate el ectrode layer to form an
profile of 10%t%g F%%g %ﬁ?@??%. %ﬁqiaﬁ¥eaﬁlﬁé§§9dehbagare el ectrode | ayer:

and renovi ng régpdastéﬁgtbefﬁﬁ%%ﬁﬁ&%&ﬁﬁd&pkﬁﬁengﬂé/&&&ﬁgﬁ% ctrode layer to

forma ga electrodg/in remai ni ng_regi ons. A boron’i t step may

utilize B SpAacemen BREF abt e Teddny Leaeagrat fdrmi ac Uinp ) drefrhiest 045
{anonet ochoors e es o) fuphe LAl R0 91 o LG Lhe gate,
entails: form R§NEVHEY stedvmsie [melt thdwen comblnedl ngi $p T8ierRRR)A%S Q0eBrrode
layer to form a gate electrode in remaining regions.
A boron implant step may utilize BF,.
A method of fabricating integrated circuit field effect
15  transistors by performing multiple implants prior to forming the
gate insulating layer is disclosed in U.S. Patent 6,117,715. The
method entails:
forming a first mask pattern including first openings on a
face of an integrated circuit substrate;
20 implanting ions into the face through the first openings to
form buried implants that are remote from the face;
forming a second mask pattern in the first openings;
removing the first mask pattern from the first openings to
define second openings on the face of the integrated circuit
25 substrate;
forming surface implants in the integrated circuit
substrate, adjacent the face therecf, by implanting ions into the
face through the second openings; and
forming a gate insulating layer and a gate electrode in the

30 second openings.

The p-type ions may be BF,.



face of an integrated circuit substrate; 20 inplanting ions into the face

through the first openings to formburied inplants that are renote from

t he face;wboBnssagt a second mask pattern in the first openiPeggP03/6@ADVI NQ

the first mask pattern fromthe first openings to define second openings

on the face ofUthe Rateagr & 8d0cLoTuiii s@bosiibs tedt g Bﬁrﬂhﬁgnﬁ%%ﬁfe
ac

i mpl ant's dd-£ I nt.e ed circuit substrate, adjacent the T her eof ,
by i npl anx'%i ng&ﬁntér?s%t 5 %{O%%F ﬁl‘ew”l[’gcémf?ﬁ e dseprduspéarngsiomnd f or m ng

a gate irwirmts/mgaliayendagdta g@é@o@,eqjdn%ﬁqsiiﬁ t.he 30 second openings.
The p-type io%s may be BF2. 4 WD 03/065444 PCT/ EPOS/ 00297 U.S. Patent

6, 140, 191 di s¢i%68é " fret hbd® of tareki My g upeiretrmane MOSEEER wittthk op

i nt egsat ethesisiwst 2B€0USH | 5 8BL 4 O, Of - drai n,and, gat e regions,
conprising: formng a fi,rgltIS stagi[kb on trh%ggég(éét %gt ghﬁnglggtse%‘iﬁ?g"s k on 5
the substr&eé phashabevingar tfiwdtatliayert anthéifktsinst acdond heyaddrkst st ack

havi ng aazfihestnkaysr | LSt second spacers adjacent to the first
| ayer, tﬁebsecgnd gtgc %%/gli?lgla?ég"éc %& SFS§8§ Shack e einghd Se¢PRH spacer s

adj acent legerheand ecbind | aykriodmhispg cargahe] §ehects i Gyd aysio@n 1ther,
Substrate betggg&nﬁ%ea 10:[fi%.15t and,seiond stacks; formng a first d
conduct or | ayer on 1 he Ghte Gideeitiicc 1ayayepn Flog nsuiestratier Setweanceher ai n
regi &h béneat handesddaral dtaydds; and a second source/drain region beneath

t he second Iaj;_/ern'ﬁ. and 15 renoving the first and second |ayers and form ng
orming a first conductor layer on the gate dielectric

a first
layer;
forming a first source/drain region beneath the first layer
and a second source/drain region beneath the second layer; and
15 removing the first and second layers and forming a first

contact on the first source/drain region and a second contact on
the second source/drain region.
A p+ implant may be performed using a pP-type dopant of BF,.
A simplified semiconductor device manufacturing process
0 using low energy high tilt angle and high energy post-gate ion
implantation (POGI) is disclosed in U.S. Patent 6,187,643 Bi.
The implant parameters suitable for implementing the process
includes BF, as the implant species.
| It is known that narrow channel width devices exhibit higher
5 NBTI/NBTS than wider channel devices for the same channel length;
however, there is no known solution to this problem. For example,
fluorine is known and used to Suppress NBTI/NBTS by introducing
it through source/drain implantation, by using a BF, implant.
| While this technique is good enough for wider channel length
J  devices, it is not good enough for narrow channel width devices.
This is in part due to the fact that, as gate oxide thicknesses

get thinner, the amount of fluorine introduced through the



contact on the first source/drain region and a second contact on the
second source/drain region. A p+ inplant may be performed using a p-type
dopant ofwBMR3/065444 si npl i fied sem conductor devi ce manuf actramieprg3/pretess ?0

using low energy high tilt angle and high energy post-gate ion
i npl ant at iIGHEPOGFR LS 1P EP6sEd Pat Lemughatfont wades7¢Bannel  lerkhe, i npl ant

par anet er giesMickabl-e 1ker ahaﬁéeﬁg%wgcﬁat}&eg{]%%% %égghé'g?sﬁfgoz% the

i mpl ant species. It is known that narrow channe devi ces eiﬁﬁBWﬁ\
hi gher 5tRBTE/ NETS BR8A WndeRechahrel ri@Pagdsdf narrhe shamnehaniy | engt h;

however , gL eLS+Ro sol ut t I robl em For_exanmpl e fluorine
is knomn'ggdaggedttopggggggsg ﬁ%#%%hé%gyE$%P%F}8BUEFn@eg?YlYaﬂﬁﬁﬁh
sour cebdr enpemptantainsnabbyiugi ng a BF2 inplant. While this technique is

good enough for w der channel length 3 devices, it is not good enough for
narrow channel width devices. This is in part due to the fact that, as

gate oxide thicknesses get thi mavaARMSFAFRENEN N{f&ﬁrine i nt roduced
t hrough the 5 WD 03/ 065444 PCT/ EP03/ 00297 source/drain inplant is not

enough for w der channel length devices - |et alone narrow channel w dth

devi ces. Accorgj ; | i3 .art. of prepatr. narrow
channel wi dth .%g%?%%gépgfg¥g€i éﬁggﬁéﬁ ggggégﬁr%%uE$i:§§%¥ﬂ%§b§%F§8sﬁias
5 t enp@r atar suppseadi hegat 1 SUNMARY tERpEHEt11NYENTS € Onie: wbi st T /s Tehe in

pr esent igggpé&qgﬁ%??téyégég%?ﬁ a ¥;qcess 10 to suppress negative bias

tenperature 1nsta S'n  narrow wi dth PMOSFET devi ces
Anot her obj ectambtitdre qipsEntod MRNDreBehs LAVEROVIHS A tPICRIYL Q

SUPPTess ggggéégetgis%spgree sernaé[glért%.‘;en%&gts)i Lier%ge::ta?ture instability in
narrow width PMOSFET devices by the use of sidewall fluorine
15  implantation.

A further object of the present invention is to provide a
process to suppress negative bias temperature instability in
narrow width PMOSFET devices by introducing sidewall fluorine
implantation after shallow trench isolation (STI) liner oxidation

20 and before STI HDP £ill, by implanting fluorine through the STI
liner.

In general, the invention is accomplished by introducing

fluorine after STI liner oxidation and before STI HDP fill to

suppress NBTI/NBTS and enhance gate oxidation at the STT corner.
25

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is now described with respect to a specific

30 embodiment thereof and reference will be made to the drawing, in

which:



narrow w dt h PMOSFET devi ces by the use of sidewall fluorine 15

i nplantation. A further object of the present invention is to provide a
process twolQppi4ess negati ve bias tenperature instabilityPCA/EPA30020Ww Wi dt h
PMOSFET devi ces by introducing sidewall fluorine inplantation after

shal | ow trench Aol at idepi€8sl x hipes, QX dtat iFd0s2@Tagdybebosey3Tl. HOP fill,
by i npl antj.n flqp jne through the STI liner. In general, the'i effion is
acconplisﬁ%%#%%?% n%LoHﬁ% W 2HioritherafTer 1 5187 |oeta @ aficoprang hef or e
STI HDP fiddr wopr guppr.ess NBTI/ NBTS and enhance gate oxidation at the ST
corner. 25 BRI EF DESCRI PTI ON OF THE DRAW NGS The invention i s now
described with respect to a specific 30 enbodi nent thereof and reference

wll be made to the draw i | ch: / / EPO3/ 00297 FIG
1 depicts a narrow wi dth ﬁ%ﬁ%%%ﬁ%g%% %pg§§£;§§§§§§§§§? wal | F2
i npl antation after STI |iner 5n %En gr' O%TI HDP fill. 5

DETAI LED DESCRI PTI ON OF PREFERRED EMBCDI MENT OF THE | NVENTI ON The
fabrication of TNOSFESrUextL®s & QoMiElr KBOYWHes FRFa RXBIDLL:wMOSIFEES are
manuf actured by placing an undoped 10 pol ycrystalline (polysilicon)
mat eri al overract h%"‘ﬂ%&% @@d@nuﬂmé%aﬁohyméawgswimﬁ;m erial and

gate axi dgodyerpatser ned &eisqurnc%ngahst&% Pccﬁ]@érvg.téhﬁ?g%act%/ dealn

. . (
regi ons adjacent to and é% pposite sides of the gate conductor.
b

Ther eaf t eVe¥ fépoRy st le umiducitidrccandaseut e/ andi gareghoite ane ipapkanhed Wit h
an Lo form a gate conductor with source/drain regions adjacent to

and on opposite sides of the gate conductor. Thereafter, the
gate conductor and source/drain regions are implanted with an

15 impurity dopant material. In the case where the impurity dopant
material used for forming the source/drain regions is n-type ,
the resulting MOSFET is an NMOSFET (n-channel) transistor device.
On the other hand, if the source/drain impurity dopant material
is p-type, the resulting MOSFET is a PMOSFET (p-channel)

20 transistor device.

The gate conductor and adjacent source/drain regions are
produced using well-known photolithography techniques. The gate
conductors and source/drain regions generally arise in openings
formed through a thick layer known as a field oxide. These

25 openings and the transistors formed therein are referred to as
active regions. In other words, the active regions are regions
between field oxide regions. A metal interconnect is routed over
the field oxide to couple with the polysilicon gate conductor as
well as with the source/drain regions to complete formation of an

30 overall circuit structure.

In this art, integrated circuits utilize either n-channel

devices or p-channel devices exclusively, or a combination of



15 inpurity dopant material. In the case where the inpurity dopant

material used for formng the source/drain regions is n-type the resulting
MOSFET i swarn3MbidsFET (n-channel ) transistor device. On treT®Pago02band, if
the source/drain inpurity dopant material is p-type, the resulting MOSFET

is a PMOSREJtH port hanmeld1i20 ibr istor dey e e_conduct or and
adj acent source/drain re Loﬁs ggéé&ﬁ%)%ugé&%ﬁg}%g ﬁgﬁ‘%ﬁ%% Of devices
phot ol i t hd§Fapty Gues qéés. dFnicgat ere erirtiogoishanDe Sk aedrl @i F €gi ons

general | y s4d &€ ddbORGR formed throu a,thick layer known as a field
oxi de. These 25 g&eni ngsggﬁﬁc?ﬁ%rﬁlr%rfé‘ipé?ggg fOPTRY therein are referred to

as active regidguifiicaothe; w0 dSroddi® 8Ot WNECH egh ONSt éadoﬁg%gp&n het ween
int(e%r%:onnect is routed ove}fﬂ thé |e?a 9%Fde

field gxidg regions. A netal ] _

to couple W th thé pdl §EEP?%@%® FRdBctYre adoPaRt |imgiand vt Herm a
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structure__In this art, integrated circ s utilize elther n-

devi ces oF YBECASKAEE - deli ceactestoipes dewlige, oxs dlayomti misdn 10k iRc¥éhse,

03/ 065444 uREH:EPEBL8Q259Y a_mngl ifhi.c suhstrate., Al though both
types of desia{:le_sg may %1601—% %ﬁ}ﬁg&%ﬁfghgggegﬂl%%%tﬁrzls it %ﬁéj‘&?@h&‘spﬁet&% are
nent i oned™@EB38#ed poPhe et mwyr devdrai faibps iday deRaRt unIegBi Elcant har 4 he

procesg by, uhi, -t ype dopant is_use 5 to forman n-channel device
and p-t yperdopgﬁ? a?% r%uhsé/eé’rtoéleisﬁf"ﬁgapaﬁ@% ErfeBrOs SERHBEVEEEDRI qUE-

probl ens @Bawcehimtbadddimepehepkypee d@VE Bfrerth £0aGN JLLRS ALY ?P cas.d r{aﬁlout
densi ti esséi_ggée se, gg_ll que ,productjon problens and character S?I ¢ Uetd ce
probl ems ar i §9 &die PRAAEE PECLHRING &F fgichutapeantodevican| ess

ﬁflj ustments 10Foaf @xERiA el 0 1hhenlr PRESSERY RRLRTRLELS 3N L OcesSI N st eps.
instability (NBTI) is a limiting factor in terms of reliability
15 of the structure. The fundamental cause of NBTI remains unknown.
Further, knobs that are used to reduce NBTI are very
limited. At present, it is known that fluorine introduced as BF

2
through a BF, source/drain self-aligned implant or into the poly

Si gate can reduce NBTI.

20 During formation of the PMOSFET at the poly-5i/S8io,
interface it has been found that there is a threshold voltage
shift AV,, and degradation of the device after a negative bias
temperature stress, whereas under a plus bias temperature stress,
the threshold voltage shift (AVy)is negligibly small. The AV, is

25 given by a power law, AV, ~ t®, with a=1/3. While not desirous of
being bound by a theory, it is believed that the threshold
voltage shift during negative bias temperature stress is caused
in the Si/Si0, interfaces rather than in gate insulators.

The AV, during negative bias stress may be written as
30 follows:



channel processing steps are different from p-channel processing steps due
to the uni que problens of each type of device. For exanple, in the PMOSFET,
negat i ve Woas/otamperature instability (NBTI) is a |imti ®gTiER03/@29T n terns
of reliability 15 of the structure. The fundanental cause of NBTI remains
unknown. Furt héaV kiabs, t-Hay 1at)e usefl Lo xredaceaNBiR) pr.e very limted. At .
present, it isW nown_that fluorine introduced as BF2 through a BF2 >
source/ drai n sel Tral P ghied® i3fficarft 38 rAED IHETDARF R Gate anEraduge

NBTl . 20 &mergy §olmbid Gkife tfheBMRSFET at the poly-Si/Si02 interface it -
has been found_that there is a threshold voltage shift 1Vth and :

degr adati on of I} hes delg&e e raglnegakPQWl 3798 thadmaraow ehanredsyidry

wher eas upes . Al e r BSEs : I I shift
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with a=1/FEviges & awttiesiameushafinebel emgtBourtheexmdthdegyadetios bel i eved

that the ol d . val t.age_shift durin ative hias tenperature stress
is causedﬁé]éllﬁasrplﬁén Si% §it&§‘q‘i RPEr FAERE r I?%e fan s ﬁlogi(PQWnEBﬁﬁgb?%.tcThe
1Vt hdur i rithiregatdblerhi #oweteessignys benowr tiieit auc3QakohbeWseed Y24 to

03/ 065444 PCITEP03/ 00297 ~QVEh 1-' “VLC._ (1] 104) @ exp(-g/KT (<D0-2E/2)
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implant is good enough for wider channel length devices, but not
good enough for narrow channel width devices. This is so because,
15 as gate oxide thicknesses get thinner, the amount of fluorine
introduced through the source/drain implant is not enough even
for wider channel length devices - let alone narrow channel width
devices.
The present invention advances a new procedure to suppress
20 negative bias temperature instability (NBTI/NBTS) in narrow width
PMOSFET devices. This new process uses a sidewall fluorine
implantation, wherein fluorine is introduced after the STI liner
oxidation and prior to the STI HDP fill. The fluorine
implantation through the STI liner serves two purposes:
25 to introduce additional fluorine to suppress the NBTI/NBTS;
and
to enhance gate oxidation at the STI corner.
Fluorine introduced in this manner helps to reduce NBTI/NBTS

in the narrow width device and the thicker gate oxide

'K.0. Jeppson, et al., J.Appl.Phys., 48, 2004 (1977).
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layer; and

filling the STI F, implanted structure from with a high

15 density plasma (HDP) fill to affect reduction of negative bias
temperature instability.

Reference is now made to FIG. 1, which shows a graphic
depiction of the F, sidewall implantation after shallow trench
isolation (STI) liner oxidation and before STI HDP fill to reduce

20 NBTI in the narrow width PMOS device. After the liner oxidation

' layer 10 is formed, ¥, sidewall implantation as shown by arrows
AA is affected to impinge upon the narrow width PMOS structure,
further characterized by a Si substrate 11, a pad oxide 12, and a
nitride layer 13. This process does not require extra masks and

25 has no side effects. As can be seen, the fluorine is blanket
implanted across the wafer.

It has been found that F, implanted in this manner also
benefits NMOSFET devices by reducing the narrow width effect
(narrow width effect is the effect when the threshold voltage

30 gets lower as the channel width gets smaller).
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modifications and changes are possible within the scope of the

invention without departing from the spirit of the invention as
15 set for in the appended claims.
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Unl i ke prior processes which have used BF2 inplantation in 5 the
source/drain region to suppress NBTlI, and where reduction of the NBTI is
not suffiwDeawef4es narrow wi dth devices, would require t@®@aTHPgSo@ITOSage

of BF2, ampgwhet el ihe tiga high BF2 dose causes gate oxide reliability
probl ens, the present 1nvention reduction of NBTI in narrow w dth PMOS

devi ces by 10 bl anket sidewall F2 inplantation requires |ower doses of F2.

While the inventio S esGr} . W1, spect to I &
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spirit_of_ the invention as 15 set for, i.n .the pended _clai ns, 11
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fabri cat i figh1mrrayiew ,Cchampeltswhgth PMOSFET device, the inprovenent of
affecting reduction of 5 negative bias tenperature instability by use of F2
side wall i npfant FOEHRICENERASFAY: L2500 imoAg tAcBhAPT biv TPSHIR 138t ati on
(STI) regd @d 2 . substrate; b) formng a gate on a gate oxide in said
substrate; 10 c) formng a liner layer in said shallow trench isol ation
regi on and sullject ifogmdagdal gaee dmyRrgate oxiidat ionsebdf ovpsEraET®: |iner
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pl asma fil':dnecw).j Osxaiidgtﬁ‘gln li%yieg?l anted liner oxidation |ayer; and
d) implanting F, into side walls of said STI liner
oxidation layer at a large tilted angle in sufficient amounts to
15 affect reduction of negative bias temperature instability after a
high density plasma £ill of said STI F, implanted liner oxidation
layer; and
e) filling the STI F, implanted structure from step d)
with a high density plasma (HDP) fill to affect reduction of
20 negative bias temperature instability.
2. The process of claim 1 wherein said substrate is Si.
3. The process of claim 2 wherein said liner oxidation
layer is Sio0,.
4, The process of claim 2 wherein said liner oxidation
25 layer is SiON.
5. The process of claim 3 wherein said large tilted angle
is from about 10 to about 30 degrees with reference to the y
axis. ‘
6. The process of claim 4 wherein said large tilted angle

30 is from about 10 to about 30 degrees with reference to the Y

axis.



e) filling the STI F2 inplanted structure fromstep d) wth a high density
plasma (HDP) fill to affect reduction of 20 negative bias tenperature

i nst abi | iwQ.038654Fhe process of claim 1l wherein said subst PETEPOFOEBP7T 3.
The process of claim2 wherein said |iner oxidation layer is SiQ2. 4. The
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(HDOP) fill is a HDP oxide fill. 10. The process of éar'b:.m 8§¥\/ner.q_ié/n ai d
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(HDP) f£fill is a HDP oxide £ill. )
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