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In the past transistors with fluorine in the gate oxide |ayer have been
enpl oyed to enhance hot carrier reliability. However, gate oxide
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BACKGROUND OF THE INVENTION

l. Field of the Invention

This invention relates to MOS FET transistor devices
and more particularly to a method and a design to provide
improved hot carrier immunity.

2. Description of Related Art

In the past transistors with fluorine in the gate oxide
layer have been employed to enhance hot carrier reliability.
However, gate oxide thickening is undesirable.

SUMMARY OF THE INVENTION

Problems encountered in prc&iding hot carrier immunity
are shown by the embodiments of FIGS. 3 and 4. The problem
is that it has been found that while fluorine in the gate
oxide layer of an FET device will improve hot carrier
reliability, gate oxide thickening is undesirable.

FIG. 4 shows an FET.transistor device 110 manufactured
with LDD regions 120, 120' as well as source/drain regions
122/122'., The P- doped silicon semiconductor substrate 112
has an upber surface upon which 'is formed a fluorinated gate
oxide layer 118 composed of silicon oxide. The gate oxide

layer 118, which has a thickness from about 50A to about



reliability, gate oxide thickening is undesirable. FIG 4 shows an
FET transistor device 110 manufactured wth LDD regions 120, 120' as wel |
as source/drain regions 122/122'. The P- doped silicon sem conductor
substrate 112 has an upper surface.upon which is formed a fluorinated gate
oxi de | ayer 118 conposed of silicon oxide. The gate oxide |ayer 118, which
has a thickness from about 50A to about- i

- 2- 150A, is formed by the process of thermal processing or CVD

(chem cal vapaqr deposition) processing. A polysilicon gate el ectrode
116 has bedB0Aor rhsd fowmed the thep RFaFassH Osfurm”&@‘qg Rracesine Pryev¥yD118.
Layer 116 has been highly doped w th phosphorus (P) or arsenic (As)
dopant wi t § Che@d:S@dn Va@orofenash il PRASSSing ons/ cnierr] to about

5x10[err] atons/cnferr] formed by iaqn inplanting . at an ener evel from
a)l;OUE 20]ke_\/ to é\bg&l@]@!@'«?on gatye k%tﬁﬁﬁ%% gqgirt‘?%}?%i €%$‘¥?§ T\’I‘A?Er_ i s
t hen de'posg__%eed etgéiaoasedc\é.[?:pD rsq&e asr.:eb BF dgaqcne aOXSlld_g efa{}lezanfjlé/\.’: [ eﬂé}re.{-e? %' on.

Fl uorine i

has been highly doped with phosphorus (P) or arsenic
(As) dopant with a concentrationifrom about 10'® atoms/cm?
to about 5x10%* atoms/cm>® formed by ion implanting at an
enerqgy level from about 20keV to about 50keV.

A tungsten silicide (WSi,) layer is then deposited by a
CVD process based on a SiH, and WFs; reaction. Fluorine is
introduced into the polysilicon and consequently to the gate
oxide by the annealing cycle. Fluorine (F) concentration is
from about 1 x 162° atoms/cm® to about 1 x 10%2 atoms/cm>.

Lightly doped (LDD) regions 120 and 120' have been
formed in the substrate 112 aside from the gate electrode
116. Source/drain regions 122/122' have been formed in the
substrate 112 aside from silicon spacers 140 which are
formed adjacent to the gate electrode 116.

FIG. 5 shows an FET transistor device 130 manufactured
witﬁ source/drain régions 144/144', but without any LDD
regions. The P- doped silicon semiconductor substrate 132
has an upper surface upon which is formed a gate oxide layer
138 composed of silicon oxide. The gate o#ide layer 138 has

a thickness from about 50A to about 150A is formed by the



intréduced into the polysilicon and consequently to the gate oxide by the
anneal ing cycle. Fluorine (F) concentration is fromabout 1 x 10[err]
atons/cnferr] to about 1 x 10[err] atoms/crerr]. Li ghtly doped (LDD)
regions 120 and 120' have been formed in the substrate 112 aside fromthe
gate electrode 116. Source/drain regions 122/122' have been formed in the
substrate 112 aside fromsilicon spacers 140 which are formed adjacent..to
the gate el ectrode 116. FIG 5 Shows an FET transistor device 130
manuf actured w th source/drain regions 144/144', but w thout any LDD

regi ons. Tpaoresdomdl tdidnmzdn mradessidigtaar CGlibstehemidsl vapar adeppper
surface upon which is formed a gate oxide |layer 138 conposed of silicon
oxi de. Thetd®me duakessing. 138 has a thickness from about 50A to about
150A is formed by the -3- process of

t her mal pr ocessiPhPIYsAIE qh GRt@nle\RGidiedfepoif -has iRepn pfeead| ayer

A polysilic?p gate el ectrode 136 has been forned, over .
the exposed top surface of fluorinated gate oxide layer 138.

Layer 136 has been highly doped with As or P dopant with a
concentration from about 1 x 10*° atoms/cm® to about 5x10%*
atoms/cm® formed by ion implanting at an energy level from
about 20keV to about 50keV.

A tungsten silicide (WSi,) layer is then deposited by a
CVD process based on a SiH, and WFs reaction. Fluorine is
introduced into the polysilicon and consequently to the gate
oxide by the annealing cycle. The resulting fluorine (F)
concentration is from about 1 x 10%° atoms/cm® to about
1 x 1022 atoms/cm3. =

Source/drain regions 144/144' have been formed in the
substrate 132.

Disadvantages of fluorinated gate dielectrics are as
follows: |
1. More traps - P channel/hot electron much worse;
2. Gate oxide charge to breakdown is reduced;
3. Fluorine (F) in gate oxide changes dielectric constant

reduces current driver; |
4, If too much fluorihe (F) the gate oxide thickness is

increased aﬁd that also reduces the current driver.



t he exposed top surface of fluorinated gate oxide |ayer 138. Layer 136 has
been highly doped with As or P dopant with a concentration fromabout 1 x
10[err] atoms/cnierr] to about 5x10[err] atons/cnB fornmed by ion
inplanting at an energy level from about 20keV to about 50keVv. . A
tungsten silicide (Wsi[err]) layer is then deposited by a CVD process
based on a SiH err] and W[ err] reaction. Fluorine is introduced into {he
pol ysilicon and consequently to the g4t®e oxide by the annealing cycle. The
resulting fluorine (F) ‘concentration is fromabout 1 x 10[err] atons/cnB
to about 1 x 1QremET aramyisger rin accorda®me oeitth aihnis epnwerst dldd/ 144
have been forned in the substrate 132. D sadvant ages of fl uorinated
gat e di el ecompassese aastdak lafivea gat.e oxistee kawers and aheometrdhogakeéect ron
much worse; 2. Gate oxide charge to breakdown is reduced; 3. Fl uori ne
(F) in gat @legtdwdshamnes slirfans A aslepethisemiconqugieessehsteatedri ver;
4. If too nuch fluorine (F) the gate oxide thickness is I ncr eased
and that akdéhr stwodendepeslirsayncafidrain regions therein. The control
' gate electrode may be formed of a polysilicon and tungsten
silicide (WSi,). A WSi, layer may be deposited by chemical
vapor deposition (CVD) by the reaction of dichlorosilane
(DCS) SiH,Cl. and tungsten hexafluoride (WFg) which does not
introduce significant fluorine (F) into the gate oxide
layer. A silicon oxide layer is formed over the stack of
the gate oxide layer and the control-gate electrode and
exposed portions of the semiconductor substrate where the
source/drain regions of the transistor are formed. The
silicon oxide layer and the corners of the gate oxide layer
have been fluorinated by rapid thermal- processing providing
a fluorinated silicon oxide layer.
In accordance with this invention, a method of forming
an FET transistor comprises the following steps. Form
a stack of a gate oxide layer and a control gate electrode
on a surface of a doped semiconductor substrate with
counterdoped source/drain regions therein. Form a silicon
oxide layer over the stack of the gate oxide layef and the
control gate electrode and exposed portions of the seﬁicon-

ductor substrate including the source/drain regions. Form a

transistor with the source/drain regions. Then, fluorinate



-4- An FET transistor in accordance with this invention conprises a
stack of a gate oxide layer and a control gate electrode on a surface of a
doped semni conductor substrate w th counterdoped source/drain regions
therein. The control gate electrode nmay be forned of a polysilicon.and
tungsten silicide (Wsi[err]). A Wsi[err] |layer may be deposited by

chem cal vapor deposition (CVD) by the reaction of dichlorosilane (DGCS)
SiHerr]COJ[err] and tungsten hexafluoride (W err]) which does not '

i ntroduce significant fluorine (F) into the gate oxide |layer. A silicon
oxi de | ayerthss $ikieh oveide hayrmdndithe goxpars oxf dehé¢ agateandidhe
control gate electrode and exposed portions of the sem conductor substrate
where the AT PYIrEAPLE ghermabiPEeSFidHEiRETLIAIRT far fbyorinatedi | i con
oxi de |l ayer and the corners of the gate oxide |ayer have been fluorinated
by rapid tHErhFoRrdetdi Fy9Foviding a fluorinated silicon oxide |ayer

In accordance with this invention, a nq%hod of formng an FET transistor
conpri ses the fdﬁ?%ﬁﬁF@P%YepgheFﬁﬁEﬁd thermal processing is performed

in an atmosphere of NF; gas and O, gas, at a temperature
from about 900°C to about 1050°C; for a time duration from
about 10 seconds to about 50 seconds, and the fluorinated
silicon oxide layer has a thickness from about 200A to about
4004.

In accordance with another aspect of this invention the
process includes the following steps. Form a stack of a
gate oxide layer and a control gate electrode on a surface
of a doped semiconductor substrate with counterdoped
source/drain regions therein.™ Form a silicon oxide layer
over the stack of the gate oxide- layer and the control gate
electrode and exposed portions of the semiconductor sub-
strate including the source/drain regions. The silicon
oxide layer has a thickness from about 200A to about 400A.
Then, fluorinate the silicon oxide layer and the corners of
the gate oxide layer by rapid thermal processing providing a
fluorinated silicon oxide layer.

‘Preferably, the rapid thermal processing is performed
in an atmosphere of NF, gas and O, gas at a temperature from

about 900°C to about 1050°C for a time duration from about



a stack of a gate oxide layer and a control gate electrode on a surface of
a_doped sem conductor substrate with counterdoped source/drain regions
therein. Forma silicon oxide |layer over the stack of the gate oxide |ayer
and the control gate el ectrode and exposed portions of the sem con-

ductor substrate including the source/drain regions, Forma transistor
with the source/drain regions. Then,_ gluorinate ' .
-5- the silicon oxide layer and the corners of the gate oxide |ayer by
rapid thernal processing providing a fluorinated silicon oxide |ayer.

Pref er abl y 10t @condsd thabant RbERCIF i S1brihe neuorinakedt sbibpraRe of

NF[err] gas and Qerr] gas, at a tenperature_ from abput 900 errLC:éo about
1050[ er r | CO¥i&® davere MaF £ idHI5saS AP £ 2ot %808cconds,

and the fluorinated siljcon oxjde |ayer has a thickness from about 200A to
Shout " a00a " "¥ Gopondatim AP s AAtett Sk ST M EVRRELHRT SARt he

FET transistor includes the following features. A stack of
a gate oxide layer and a control gate electrode is formed on
a surface of a doped semiconductor substrate with
counterdoped source/drain regions therein. A silicon oxide
layer is formed over the stack of the gate oxide layer and
the control gate electrode and exposed portions of the
semiconductpr substrate including the source/drain regions.
The silicon oxide layer and the corners of the gate oxide
layer having been fluorinated by rapid thermal processing
providing a fluorinated silicon oxide layer.

The rapid thermal processing was performed at a temper-
ature from about 900°C to about ‘1050°C for a time duration
from about 10 seconds to about 50 seconds and the
fluorinated silicon oxide layer has a thickness from about
200A to about 400A. |

Further in accordance with this invention, an FET
transistor has the following features. A stack of a gate
oxide layer and a control gate electrode is formed on a
surface of a doped semiconductor substrate with counterdoped
source/drain regions therein. A silicon oxide layer over-
lies the stack of the gate oxide layer and the control gate

electrode and exposed portions of the semiconductor



process includes the follow ng steps. Forma stack of a gate oxide |ayer
and a control gate electrode on a surface of a doped sem conductor
substrate with counterdoped source/drain regions therein. Forma silicon
oxi de layer over the stack of the gate oxide-layer and the control gate

el ectrode and exposed portions of the sem conductor sub- strate including
the source/drain regions. The silicoi -oxide |ayer has a thickness from
about 200A to about 400A. Then, fluorinate the silicon oxide |ayer and the
corners of the gate oxide |ayer by rapid thermal processing providing a

f 1 uori nat edbsitiraten imcilae ilngy éthe sourcedefadmaldegidrse. 2 s i hiszoml
processing is performed in an atnosphere of NF[err] gas and (Jerr] gas at
a t enper apuidef dayerabast aaMickneSs: & ropo@bolos @0 [t© fakout t4@@A dur ati on

from about . ) -6- 10 seconds to about 50
seconds, Xhg sliditlomooxigiced aven and the geungrs dfasthe tgatekrestderom
about 200A to about 400A. I n accordance, wi .t h anot her aspect of this

i nvent i onla¥®r have been fluorinated by rapid thermal processing
provide a fluorinated silicon oxide lavyer.

Preferably, the rapid thermal processing was performed
in an atmosphere of NF; gas and 0. gas at a temperature from
about 900°C to about 1050°C for a time duration from about
10 seconds to about 50 seconds, and the fluorinated silicon
oxide layer has a thickness from about 200A to about 400A.
The control gate electrode comprises a polycide structure
comprising a layer of polysilicon and a tungsten silicide
layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other aspects and advantages of this
invention are explained and ‘described below with reference
to the accompanying drawings, in which:

FIGS. 1A~1J show the process of manufacture of a MOS
FET transistor device 10 on a P~ substréte or well 12 in
accordance with this invention. Alternatively an N- sub-
strate or well can be used.

FIG. 2 shows a modification of FIG. 1 in which an
alternative process in accordance with this invention is
employedlwith a Wéix layer deposited on the polysilicon to

form a polycide type of gate electrode.



FET transistor includes the followi ng features. A stack of a gate oxide

l ayer and a control gate electrode is formed on a surface of a doped

sem conduct or substrate with counterdoped source/drain regions therein. A
silicon oxide layer is forned over the stack of the gate oxide |ayer and
the control gate el ectrode and exposed portions of the sem conductor
substrate including the source/drain gegions. The silicon oxide |ayer.and
the corners of the gate oxide |ayer having been fluorinated by rapid
thermal processing providing a fluorinated silicon oxide |ayer. The

rapi d thermal FIEesSisthwianFEPrigxhsistor al@eice bh UiCcdtdanadout
900[err]C to about 1050[err]C for a tinme duration from about 10 seconds to
about 50 setrndshiandinvent fidnaiametastatdd aoitloowtieahpybdD hasghohsi ckness
from about 200A to about 400A Further in accordance with this

i nvention, an FHG. t4 sstsowd aan EET ttrarnisl sttow rdevbee umasufdcttned with gate
oxi de layer and a control gate electrode is forned on a surface of a doped
senm condudiDl)y rmdisinsit easviweil kast svalupesy depin ce¢gions. r eghenB-t diepedn. A
silicon oxide |ayer over- |lies the stack of the gate oxide |ayer and the
control g&tid iqan@emirondie top o3HeE A Ee dRS AN t RPSE NS BAdAGEt bpon

which is formed a fluorinated gate oxide layer composed of
silicon oxide with a polysilicon gate electrode formed over
the exposed top surface of gate oxide layer. A tungsteﬁ
silicide (WSi,.) layer has been deposited by a CVD process
based on a SiH, and WF¢ reaction with fluorine introduced
into the polysilicon and consequently to the gate oxide by
the annealing cycle.

FIG. 5 shows an FET transistor device 130 manufactured
with source/drain regions, without any LDD regions. A P-
doped silicon semiconductor substrate has an upper surface
with a gate oxide layer with a polysilicon gate electrode
formed over the exposed top surface of fluorinated gate
oxide layer, and a tungsten silicide (WSi,) layer based on a
SiH, and WF¢ reaction with fluorine being introduced into
the polysilicon and consequently to the gate oxide by the
annealing cycle. |

DESCRIPTION OF THE PREFERRED EMBODIMENT

In accordance with this invention, an FET transistor
comprises a stack of a gate oxide layer and a control gate

electrode on a surface of a doped semiconductor substrate



-7-. substrate including the source/drain regions. The silicon oxide
layer has a thickness from about 200A to about 400A. The silicon oxide

t ayer and the corners of the gate oxide |ayer have been fluorinated by
rapid thermal processing provide a fluorinated silicon oxide |ayer.
Preferably, the rapid thermal processing was perforned in an atnosphere of
NF[err] gas and Jerr] gas at a tenpgrature from about 900[err]C to about
1050[err]C for a time duration from about 10 seconds to about 50 seconds,
and the fluorinated silicon oxide |layer has a thickness fromabout 200A to

b 400A,: w1 T | I d A
chout, 400 GROLHShp £ o) B0 SAUBLLAE > pPRL O Siatei

conprising a [ayer o0 I con ‘an

BRI EF DES fdd Qb & THE FRANAer the T@@aéxer@ﬂo'tﬂa_g&éeow%eaitag%&s and

advantages of this invention are explained and described bel ow wi
reference afdd tHe GSRPFPRNYAEY EldvEre8e and\WikSdsed portkbEs. olfAthé show

the process of manufacture of a MOS
semiconductor substrate including the source/drain regions
of a transistor. The silicon oxide layer has a thickness
from about 200A to about 400A. The silicon oxide layer and
the corners of the gate oxide layer have been fluorinated by
rapid thermal processing providing a fluorinated silicon
oxide layer. The rapid thermal processing was performed in
an atmosphere of NF, gas and O, gas at a temperature from
about 900°C ﬁo about 1050°C for a time duration from about
10 seconds to about 50 seconds, and the fluorinated silicon
oxide layer has a thickness from about 200A to about 400A.
This invention suggests %eoxidation of polysilicon in
Oz and NF; by RTP (Rapid Thermal-brocessing also known as
RTA or Rapid Thermal Annealing) as a simple approach to
incorporate fluorine (F) only at the gate edge of an MOS FET
device to reduce overlap capacitance and improve HCI (Hot
Carrier Injection) without oxide thickening.
The process includes the sﬁeps as follows:
A. Define a polysilicon gate electrode over a gate oxide
layer.
B. Regrow or deposit a thin oxide layer over the gate

electrode.



FET transistor device 10 on a P- substrate or well 12 in accordance with
this invention. Alternatively an N sub- strate or well can be used.

FIG 2 shows a nodification of FIG 1 in which an alternative process in
accordance with this invention is enployed with a Wai[err] |ayer deposited
on the polysilicon to forma polycide type of gate el ectrode.

- 8- FIG 3 shows an FET transistor device in accordance wth thjs

i nventi on manufactured w thout any LDDor-egi ons. FIG 4 shows an FET
transi stor device manufactured with LDD regions, as well|l as, source/drain
regions. e P-pfopeflent! bECeReSEL £000HG! RERSURSERALENBABNARIBRCH S  ace
upon which i ornmed a fluorinated gate” oxide | ayer conposed of silicon
oxide with a pokysi kbe0BogRt P &l RCERAHRe OBERIcEYELs pBesewpesed .leap
surface of gate oxide layer. A tungsten silicide (Wai[err]) layer has been

deposited by a €W&r&r 9§86 problem. The process involves RTP in O, &
NF,; (900°C to 1050°C for 10 seconds to 50 seconds)
fluorine (F) incorporation into gate oxide only in the
corner of the gate electrode.

Advantages of the process of this invention are as follows:

1. Improve N- channel HCI;

2 Reduce N- channel & P- channel overlap capécitanée;
3. The process is simple;

4. A single drain could be used.

FIGS. 1A-1J show the process of manufacture of a MOS
FET transistor device 10 on a P~ substrate or weli 12 in
accordance with this invention. Alternatively an N- sub-
strate or well can be used.

FIG. 1A shows the device 10 in an early stage of
manufacture with a P- doped silicon semiconductor sub-
strate 10 (or a well 10) having an upper surface upon which
a blanket gate oxide layer 14 composed of silicon oxide has
been formed. The gate oxide layer 14 has a thickness from
about 50A to about 1504 is formed by thermal processing or
chemical vapor deposition. i

FIG. 1B shows the device 10 FIG. 1A after a blanket
layer of.polysiliﬁon 16 (for a gate electrode) has been

formed over the exposed top surface of gate oxide layer 14.



based on a SiHerr] and WF[err] reaction with fluorine introduced into the
pol ysilicon and consequently to the gate oxide by the annealing cycle.
FIG 5 shows an FET transistor device 130 manufactured w th source/drain
regions, without any LDD regions. A P- doped silicon sem conductor-
substrate has an upper surface wth a gate oxide |layer with a polysilicon
gate electrode forned over the exposed top surface of fluorinated gate,
oxi de layer, and a tungsten silicide Y\WSi[err]) |ayer based on a SiHerr]
and WF[err] reaction with fluorine being introduced into the polysilicon
and conseduesrert yl6 chasebgahchbghily dypétiewithnaasenyccyArse. or phospho-
DESCRI PTI ON OF THE PREFERRED EMBODI MENT In accordance with this
i nventi on,ras (EN dopastsiBrwitbnprcercentsati@noframgabeutxilde [18y& and a
control gate electrode on a surface of a doped sem conductor substrate
-9-  wit ol emYopedaboutcB/ ¥r 40R* ragpmaécmiefermedAbyi Lpoodmplant -
ing at an energy level from about 20keV to about 50keV.
Alternatively, layer 16 could be a stack consisting of
polysilicon and tungsten silicide (WSi.) which is deposited
by CVD involving the reaction of dichlorosilane (DCS)
SiH»Cl. and tungsten hexafluoride (WFgs), which does not
introduce significant fluorine (F) into the gate oxide
layer 14.

FIG. 1C shows the device 10 of FIG. 1B after a gate
electrode mask 17 has been formed over the layer 16 and used
during patterning of the gate electrode 16 and the gate
oxide layer 14 by etching awa§ the portions of those layers
unprotected by the mask 17. Portions of the top surface of
the substrate 12 from which®layers 14 and 16 have been
removed are exposed.

FIG. 1D shows the device 10 of FIG. 1C after a blanket
thin silicon oxide dielectric layer 18 has a thickness from
about 200A to about 400A is formed by the process of LPCVD
(Low Pressure Chemical Vapor Deposition) or thermal
processing.

The parameters of the process for forming the

dielectric layer 18 are within the range from about 600°C to



oxi de layer is forned over the stack of the gate oxide layer and the
control gate electrode and exposed portions of the sem conductor substrate
i ncluding the source/drain regions of a transistor. The silicon oxide
| ayer has a thickness from about 200A to about 400A. The silicon oxide
| ayer and the corners of the gate oxide |ayer have been fluorinated by
rapid thermal processing providing a £qprinated silicon oxide |ayer. .The
rapid thermal processing was perforned”in an atnosphere of NF[err] gas and
Jerr] gas at a tenperature from about 900[err]C to about 1050[err]C for a
time duratalboutr 50 20ofibr 40 ERCUDdsrocesdootr HHome8bNtiC, tandbohe
fluorinated silicon oxide |layer has a thickness from about 200A to about
400A. 9207¢ sfonvehernal spygeessingoxi dati on of polysilicon in Qerr]
and NF[err] by RTP (Rapid Thermal Processing al so known as RTA or Rapid
Ther mal Anneal i F§§- aiE asBewpl Bhappevhed 10 OFnE&EpotBtafEeHoitnBagF) only
at the gate edge of an MOS FET ‘3ev'ce tﬂ reduce overlag_ﬁaﬁacitance and
i nprove HAPeEROPUPEarEed, tPnFRRIA oh e TR hoRTOERFELNE hi CELARRLON and  The
process ing#udes the steps as foOl] ows; fipe lysilicon gate
el ectrode %?rénﬁﬁiﬁnokgdﬁ' treat?%?ﬁer&E.fEEﬁ@bPS&/g? ¥€§8§i 8agPP’rPn
oxide |ayef PYSgriggtggt?i.e. having fluorine in combination) lay-

er 18'. The process of fluorination and oxidation is

performed in a chamber which is first evacuated and then

filled with a gaseous atmosphere of oxygen gas (O:) and

nitrogen trifluoride gas (NF,) at a temperature from about

800°C to about 1050°C for a duration from about 10 seconds

to about 50 seconds converting the silicon oxide layer 18

into a layer 18' composed of a silicon oxide and fluorine.

The resulting fluorine (F) concentration is from about

5 x 102° atoms/cm® to about 1 x 10%*2 atoms/cm®. Layer 18'

has a thickness from about 200A to about 400A, which was the

thickness of layer 18 prior to fluorination.

Note that the treatment by fluorination and'oxidation
in a gaseous atmosphere of .oxygen gas (02) and nitrogen
trifluoride gas (NF;) will not change the thickness of oxide
layer 18 when it it is converted to layer 18'. The reduc-
tion in the overlap capacitance is mainly attributable to
the change in the dielectric constant.

The resultiné layer 18' with silicon oxide layer and

fluorine includes portions 1l4' and 14’'’' of the gate oxide



el ect.r ode. - 10 - C. Tr eat nent of

tthe device by RTP in an atnosphere of Jerr] & -NF3 for both P & N
channel devices is possible, i.e. there is no problem The process
involves RTP in Jerr] & NF[err] (900[err]Cto 1050[err]C for- 10 -
seconds to 50 seconds) fluorine (F) incorporation into gate oxide
only in the corner of the gate §£qptrode. Advant ages of the process
of this invention are as follows: 1. | mprove N- channel HC; 2.

Reduce N channel & P- channel overlap capacitance; 3. The process is

sinple;, AJdaye’A 54 ngt ethle apéar phéry bef uske. gate eléttBodéA18J jalkaw t he
process of manufacture of a MOS FET transistor device 10 on a P- substrate
or well 1l12boveatherstabstratehl?hi sThavEheooine Aineopporated an Nayesub-
strate or well can be used. FI G , 1A shows the device 10 in an early
stage of 14 extends between about lOOA to about 500A from the side-
wall of the gate electrode ls_and extending beneath the
lower surface of the gate electrode 16 in portions 14°
and 14'’'.
FIG. 1F shows the device 10 of FIG. 1lE after the
lightly doped drain N- doped regions 20, 20' are formed on
either side of the gate electrode 16 by ion implantation
with ions 25. LDD regions 20, 20' are lightly doped in a
process of self-aligned doping of those regions with phos-
phorus (P) or arsenic (As) dopant 25 with a concentration
from about about 1 x 10*7 atoms/cm® to about 5 x 10*®
atoms/cm® formed by ion implaﬁting at an energy level from
about 25 keV to about 80 keV. h
FIG. 1G shows the device 10 of FIG. 1F after a forma-
tion of a blanket silicon dioxide spacer layer 40' covering
the device 10 having a thickness from about 500A to about
1500A has been formed over the device 10.
Next, referring to FIG. lH, the spacer layer 40' on
device 10 of FIG. 1G has been subjected to a spacer etch
back to yield the spacers 40 seen in FIGS. 1H-1J. In

addition to forming the spacers 40, the spacer etching

Process etches away those portions of layer 18' aside from



manutacture with a P- doped silicon sem conductor sub- strate 10 (or a

wel | "10) havi ng an upper surface upon which a blanket gate oxide |ayer 14
conposed of silicon oxide has been forned. The gate oxide |layer 14 has a
t hi ckness from about 50A to about 150A is forned by thermal processing or

chem cal vapor deposition. - FIG 1B shows the device 10 FIG 1A after
a bl anket [|ayer of polysilicon 16 (for a gate el ectrode) has been forjed
over the exposed top surface of gate ¥kide | ayer 14. Layer 16

has been highly doped with arsenic (As) or phospho- rus (P) dopant 15 with
a concent rtaied pdaears O owin Xt d Gfhey rdur e sd € nalisot oIt 15, xahofrer r |
atons/cnferr] fornmed by ion inplant- 1ing at an energy |evel from about
20keV to @PemttidGkedf ligjhteknatdpesd \drdiayefLDm) dbulxedioms s2@ck2@Onsi sting
of polysilicon and tungsten silicide (VBi[errg% whi ch is deposited by CVD
i nvol vi ng t he Bt iloh showl cierdevieme Q DEB)F1G HRrafeefethe and

tungsten hexafluoride (WF[err]), which does not .
source/drain regions 22, 22' have been heavily doped in a

process of self-aligned doping of those regions with arsenic
(As) dopant 27 with a concentration from about about

5 x 10'*® atoms/cm> to about 1 x 102** atoms/cm>® formed by ion
implanting at an energy level from about 25 keV to about

80 keV.

FIG. 1J shows the product of FIG. 1lI after completion
of processing in accordance with this invention.

FIG. 2 shows a modification of FIG. 1 in which an
alternative process in accordance with this invention is
employed. The séme process is employed except that after
ﬁhe step of FIG. 1B, a WSi, layer‘ss was deposited on the
polysilicon layer 16 to form a polycide type of gate elec-
trode formed of layers 16 and 66. The WSi, layer 66 was
formed by chemical vapor deposition (CVD) by the reaction of
dichlorosilane (DCS) SiHaCl. and tungsten hexafluoride (WF,)
which does not introduce significant fluorine (F) into the
gate oxide layer.

FIG. 3 shows an FET transistor device 30 in aécordance
with this invention manufactured without any LDD fegions. A
P- doped silicon éemiconductor substrate 32 has an upper

surface upon which is formed gate oxide layer 34 composed of



I ntreduce significant fluorine (F) into the gate oxide |ayer 14.

FIG 1C shows the device 10 of FIG 1B after a gate electrode mask 17 has
been fornmed over the layer 16 and used during patterning of the gate

el ectrode 16 and the gate oxide |layer 14 by etching away the portions of
those | ayers wunprotected by the mask 17. Portions of the top surface of
the substrate 12 from which |ayers 14,.and 16 have been renoved are .
exposed. FIG 1D shows the device 10 of FIG 1C after a blanket thin
silicon oxide dielectric |ayer 18 has a thickness from about 200A to about
400A i s f edddddy adielepr ocies gafttd RAMRle (layePrdkswitiChenttitkvapsr

Deposition) or thermal processing. The paraneters of the process for
forni ng t aomiiakicat 150A |ty @abae ar%0M tig rfarred bycthenmahbpuecessferr] C
to - 12 - about 750[err]C for an LPCVD

process oG &F gBEMIT]IC vapabsigposition.

A polysilicon gate electrode 36 has been formed over
the exposed top surface of gate oxide layer 34. Layer 36
has been highly doped with arsenic (As) or phosphorus
(P) dopant 15 with a concentration from about 1 x 10*®
atoms/cm> to about 5 x 10** atoms/cm® formed by ion implant-
ing at an energy level from about 20keV to about 50keV.

A thin fluorinated silicon oxide dielectric layer 38°
has a thickness from about 2004 to about 400A formed as
described above in connection with FIGS. 1A-1D.

The fluorinated silicon oxide layer 38' is composed of
silicon oxide and fluorine. THe resulting fluorine (F)
concentration is about 5 x 103° atoms/cm>.

There are portions 34' ‘and 34'' of the gate oxide layer
34 at the periphery of the gate electrode 36 above the
substrate 32 which have fluorine incorporated therein
extending from about 100A to about 500A from the sidewall of
the gate electrode 36 and extending beneath the lower
surface of the gate electrode 36.

While this invention has been described in terms of the
above specific embodiment(s), those skilled in the art will
recognize that the invention can be practiced with modifica-

tions within the spirit and scope of the appended claims,



920[eérr] C for thermal processing. FIG 1E shows the device 10 of FIG
1D after it has been subjected to rapid thernmal processing, oxidation and
fl-uorination (i.e. treatment with fluorine) of layer 18 into a fluorinated
(i.e. having fluorine in conbination) lay- er 18 . The process of
fluorination and oxidation is perfornmed in a chanmber which is first
evacuated and then filled with a gasgous atnosphere of oxygen gas ((Je[(r])
and nitrogen trifluoride gas (NF[err]) at a tenperature from about
900[err] C to about 1050[err]C for a duration from about 10 seconds to
about 50 secndthabrshanges) care ke Imadsm oxiflermagrd dgtaihi owathaysr 18
conposed of a silicon oxide and fluorine. The resulting fluorine (F)
concentratqwff'%lﬂgofﬁ%o*me spicip[and |seARRs? Enterjnyentbent 1 x 10[err]
atoms/cnferr]. Layer has a thickness from about 200A to about 400A,

whi ch mas'ﬁqﬁ9r4¥ﬁ§*he%% ofuehyEhangeHreApe 1ot $ridr Fhat PeRview of Kbee that
the treatment by fluorination and oxjdation 1in a gaseous atnnsphere of
oxygen gasp?ﬁ%g?]}“‘é?l‘éltw*ﬁr%@%nt ¢ rinyentioR %%%0'?RF§§% Fhengubdgrstge t he
t hi ckness of_.oxide 18 wh s converted to layer 18'. The
reduc- tiH-FeF (9 EE%r?% l%%dg%+?%nt%l*% heinly attributable to the

change in the dielectric constant.



The ftesulting layer 18 wth silicon oxide |ayer and fluorine includes
portions 14' and 14'' of the gate oxide

-13- layer 14 at the periphery of the gate el ectrode 16 just above the
substrate 12. The fluorine incorporated in |ayer 14 extends between about
100A to about 500A fromthe side- wall -of the gate el ectrode 16 and
extendi ng beneath the |ower surface of the gate electrode 16 in portiops
14*  and 14''. FIG 1F shows G:IMEvice 10 of FIG 1E after the
lightly doped drain N doped regions 20, 20" are forned on either side of
the gate el ectrode 16 by ion inplantation with ions 25. LDD regions 20,

20" are lightly doped in a r 0OCe; sel all ned do g.of thqQse regions
with phos- phor"ijjss"p {}?'“Sar %i%g)”b% J'%‘t h¥ a oﬁﬁeﬁﬁFéF‘?Gna from

about about X 1 iﬁ? ns/c err%'c out 10[ gg atons/cnB
f or med by|QﬁV a € arP ¥r% 35%u 580tk bS 8Sabout 80
keV. follows:

1. A method of forming an FET transistor comprising the

steps as follows:

forming a stack of a gate oxide layer and a
control gate electrode on a surface of a doped
semiconductor substrate with counterdoped source/drain
regions therein,

forming a silicon oxide layer over said stack of
said gate oxide layer and said control gate electrode .
and exposed portions of "said semicohdudtor substrate
including said source/drain regions,

fluorinating said silicon oxide layer and the
corners of said gateroxide layer by rapid thermal

processing providing a fluorinated silicon oxide layer.

2, A method in accordance with claim 1 wherein said rapid
‘thermal processing is performed in an atmosphere of NF,

gas and O, gas.

3. A method in accordance with claim 1 wherein said rapid
thermal processing is performed at a temperature from

about 900°C to about 1050°C.

AN O A



FI G 31G shows the device 10 of FIG 1F after a forma- tion of a bl anket
silicon dioxide spacer |ayer 40' covering the device 10 having a thickness
from about 500A to about 1500A has been formed over the device 10. _
Next, referring to FIG 1H, the spacer |ayer 40" on device 10 of FIG 1G
has been subjected to a spacer etch_ Qﬁqk to yield the spacers 40 seen in
FIGS. 1H1J. In addition to form ng the spacers 40, the spacer etching,
process etcheshameyhodoi® pecordance! witperclbim asivieddirnsaid rapid

-14- the spacers 40 down to the surface of substrate 12, above portions
of lightly doptHedmailnpiobessling g pexf2@meD'at a tempdrfature sfwoom t he
device 10 of FIG 1H after the source/drain regions 22, 22' have been
heavi | y doped iahoat 906C€stoofaboaltf 1QI5I0JGefodp@ ryime dumssteiomgfoos Wit h
arsenic (As) dopant 27 with a concentration from about about 5 x 10[err]
atoms/cnferr] e®catod0 Secondsetio] akowts Séns@adndsr ned by ion inplanting
at an energy |level from about 25 keV to about
5. A method in accordance with claim 1 wherein said rapid
thermal processing is performed in an atmosphere of NF,
gas and O, gas at a temperature from about 900°C to

about 1050°C.

6. A method in accordance with claim 1 wherein said rapid
thermal processing is performed in an atmosphere of NF,
gas and O, gas at a temperature from about 900°C to

about 1050°C for a time duration from about 10 seconds

to about 50 seconds.

7. A method in accordance ‘with claim 1 wherein said rapid
thermal processing is performed in an atmosphere of NF,
gas and O, gas and said fluorinated silicon oxide layer

has a thickness from about 200A to about 400A.

8. A method in accordance with claim 1 wherein said rapid
- thermal processing is performed at a temperatﬁre from
about 900°C to about 1050°C and said fluorinated
silicon oxidé layer has a thickness from about 200A to

about 400A.

]



80 keVv. FIG 1J shows the product of FIG 1l after conpletion of

processing in accordance with this invention. FIG 2 shows a
nmodi fication of FIG 1 in which an alternative process in accordance with
this invention is enployed. The sane process is enpl oyed except that

after the step of FIG 1B, a MBi[errg | ayer 66 was_ deposited on the
polysilicon layer 16 to form a pol yci 2 type of gate elec- trode forneq of
| ayers 169and B6methbe Wi pecojrdanyer wikhwad a iforimethdne ithesd ich| ragpidr
deposition (CVD) by the reaction of dichlorosilane (DCS) SiHerr]d[err]
and tungst en h&hefrmadr ptocedEiagr i periformddeatn@ tenpenthiineresifyrod i cant
fluorine (F) into the gate oxide |ayer. FIG 3 shows an FET

transi st or devirbous0 906 °Sctor ddovs 1RSORC ifior iantdme clnnatidractizomed

wi t hout any LDD regions. A P- doped silicon sem conductor substrate 32 has
an upper surfadeulpdf wecomdss tooapeutySile seaatsls Angd sidonposed of

fluorinated silicon oxide layer has a thickness from

about 2004 to about 400A.

10. A method in accordance with claim 1 wherein said rapid
thermal processing is performed in an atmosphere of NF,
gas and O gas at a temperature from about 900°C to
about 1050°C and said fluorinated silicon oxide layer

has a thickness from about 200A to about 400A.

11. A method in accordance with claim 1 wherein said rapid
thermal processing is performed in_an atmosphere of NF,
gas and O, gas at a temperatire from about 900°C to
about 1050°C for a time duration from about 10 seconds
to about 50 seconds, and said fluorinated silicon oxide

layer has a thickness from about 200A to about 400A.

* C Lt M S *



silkcon oxide. The gate oxide |layer 34, with a thickness from about 50A to
about 150A, is forned by thermal process- ing or chem cal vapor-

. gdeposi tion. A polysilicon gate el ectrode 36 has been fornmed over the
exposed top surface of gate oxide |ayer 34. Layer 36 has been highly doped
w th arsenic (As) or phosphorus (P) 2(3opant 15 with a concentration from
about 1 x 10[err] atons/cnB to about™5 x 10[err] atons/cnferr] formed-by

on inplaps:  ANgehoANo@NebghihGVEh FEIMRRAYY sYkeVdnpraaitg SakeV.

A tMr1quoFinate3E§P?|con oxi de“dielectric layer 38 has at%ﬂckness from

about 200A to 0 ngq as described above in connection with
FI GS. 1A-1D. QEQBETﬁg ?Pégrinated silicon oxide |layer 38 is conposed of

silicon oxide and flyepiiRe. alBRackSWtt angatluowidr (Rlyercaeeniration is
about 5 x 10[err] atons/cniferr]. There are portions 34" and 34'' of

the gate oxi decbha¥ebl datel elleetpedepbar u surifacegaife #ldugedde 36 above
‘the substrate 32 which have fluorine incorporated therein extending from

about 100A to skalitondRAtbromubse raitdewdith countierdpres o mntcaltidr8in and
extendi ng beneath the | ower surface of the gate el ectrode 36. Wi | e
this i nventi onregionsetheéeedmn,bed in terns of the above specific
enbodi nent (s), those skilled in the art wll
forming a silicon oxide layer over said stack of
said gate oxide layer and said control gate electrode
and over exposed portions of said semiconductor
substrate including said source/drain regions, said
silicon oxide layer having a thickness from about 200A
to about 4004,
fluorinating said silicon oxide layer and the
corners of said gate oxide.layer by rapid thermal
processing providing a ff;orinated silicon oxide layer.
13. A method in accordance'%ith claim 12 wherein said rapid
thermal processing is performed in an atmosphere of NF,
gas and O, gas at a temperature from about $00°C to
about 1050°C for a time duration.from about 10 seconds

to about 50 seconds, and said fluorinated silicon oxide

layer has a thickness from about 200A to about 4004.

[ —————
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recogni ze that the invention can be practiced with nodifica- tions within
the spirit and scope of the appended cl ai ns,

-16 - i.e. that changes can be made in f or m and detail, without departing
fromthe spirit and scope of the invention. Accordingly all such changes
come within the purview of the presenf, Lnvention and the invention
enconpasses the subject natter of the clalns whi ch foll ow.

- 17 - 14. An FET transistor cdéapg¥iing: Havi ng thus described the
i nventi on, Wwhat is clained as new and deS|rabIe to be secured by Letters
Patent is as foll aysstack of a gate oxide layer and a control gate
electrode on a surface of a doped semiconductor sub-
strate with counterdoped source/drain regions therein,

a silicon oxide layer over said stack of said gate
oxide layer and said control gate electrode and over
exposed portiohs of said semiconductor substrate
including said source/drain regions,

said silicon oxide layer and the corners of said
gate oxide layer having been fluorinated by rapid

thermal processing providing a fluorinated silicon

oxide layer.

15. A transistor in accordance with claim 14 wherein said
rapid thermal processing was performed iﬁ an atmosphere
of NF, gas and O, gas and said fluorinated silicon
oxide layer has a thickness from about 200A to about

4004.

16. A transistor in accordance with claim 14 wherein said
rapid thermal processing was performed at a temperature
from about 900°C to about 1050°C and said fluorinated
silicon oxide layer has a thickness from about'zooé to

about 400A.

) DT



1. A method of form ng an FET transistor conprising the steps as
fol | ows: formng a stack of a gate oxide |ayer and a

control gate electrode on a surface of a doped sem conduct or
substrate with counterdoped source/drain regi ons therein, .
formng a silicon oxide |ayer over saixd stack of . sai d gate oxide

| ayer and said control gate el ectrode and exposed portions of said

sen conduct.or Fubdngiftor in AdEdrHENEe SAlth sOL4 LR/ U4 aliRet@@hnoBaid
fluorinating said silicon oxide |ayer and the corners of said gate

oxi de | ayer byrapid dthdweiabl processinmpoessipegrpoomedi ay a tempeiraauee
silicon oxide |ayer. 2. A nethod in accordance with claim1l wherein
said rapid from habvoet P00V@ stse npdst ped I @T Gefior naahimendsphéedenof

NF[ err] gas and (Jerr] gas. 3. A nmethod in accordance with claim
1 wherein sai dfrempiabout 10t$econds proceethgs? sspeendsmdadasaddt enperat ure

from ~about 900[err&(:to about 1050 err]C. .
fluorinated silicon oxide layer has a thickness from

about 200A to about 400A.

18. A transistor in accordance with claim 14 wherein said
rapid thermal proceSsing was performed in an atmosphere
of NF, gas and 0, gas at a temperature from about 900°C
to about 1050°C and said fluorinated silicon oxide

layer has a thickness from about 200A to about 400A.

19. A transistor in accordance with claim 14 wherein said
rapid thermal processing was performed in an atmosphere
of NF, gas and O, gas at a temperature from about 900°C
to about 1050°C for a time duration from about
10 seconds to about 50 seconds, and said fluorinated
silicon oxide layer has a thickness from about 200A to

about 400A.

* c L M S *



- 18 - 4. A nmethod in accordance with claim 1l wherein said rapid

thermal processing is perforned at a tenperature from about 900[err]C
to about 1050[err]C for a time duration from about 10 seconds to
about 50 seconds. 5. A nmethod in accordance with claim 1l wherein said
rapid thermal processing is perfgromed in an atnosphere of NF[err]

gas and Jerr] gas at a tenperature from about 900C to about

1050[err] @o. a% FETAtUFRANAGHIT doaprdane’y:with claim 1 wherein said raﬁid
thermal processing is perfornmed in an at nosphere of NF[err] gas and

Jerr] gas at a tenpesaladke dff @ngatelioXiY dlayex tand a corsthed gadd[err] C
for a tine duration from about 10 seconds to about 50 seconds. 7.

A nethod i n acedetzroeenidnh alsainfiabenued @ miogsEd] seapigbnductor hewbal
processing is performed in an atnosphere of NF[err] gas and (err]
gas and said flskeEiteamwddhsiddundrensiopgst |sppsice/drain regions therein,

a silicon oxide layer over said stack of said éate
oxide layer and said control gate electrode and exposed
portions of said semiconductor substrate including said
source/drain regions, said gate oxide layer having a
thickness from about 200A to about 4004,

said silicon oxide layer and the corners of said
gate oxide layer having been fluorinated by rapid

thermal processing providing a fluorinated silicon

oxide layer.

21. A transistor in accordancde with claim 20 wherein said
rapid thermal processing was performed in an atmosphere
of NF, gas and 0. gas at a temperature from about 900°C
to about 1050°C for a time duration from about
10 seconds to about 50 seconds, and said fluorinated
silicon oxide layer has a thickness from about 200A to

about 400A.

22. A method in accordance with claim 1 wherein tﬁe control
gaté electrode comprises a polycide structure compris-
ing a layer of polysilicon and a tungsten silicide

layer.

e
e —
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has & thi ckness from about 200A to about 400A 8. A nethod in
accordance with claim1l wherein said rapid thermal processing is
performed at a tenperature from about 900[err]C to about 1050[err]C
and said fluorinated silicon oxide |ayer has a thickness from.about
200A to about 400A. - 24 - ) 19 9. A
met hod in accordance with claim1 wherein said rapid t her mal .
processi n@3 s Rrieothed th acterpsanesd uwethirebaim 12 wheweifOf@herr]C to
about 1050[err]C for a tine duration from about 10 seconds to about
50 seconds and camtirol gatél ebectnvde somprisesxadpolggédehssracthirekness
from about 200A to about 400A 10. A nethod in accordance with
claim 1 wherei rcomprisapgda layertdfrpelypibicesi agdi 8 pungetend i n an

at nosphere of NF[err gas and (Jerr] gas at a tenperature from about
900[err]Cto Silighdetlapedierr]C and said fluorinated silicon oxide

| ayer

24. A method in accordance with claim 13 wherein the
control gate electrode comprises a polycide structure
comprising a layer of polysilicon and a tungsten

silicide layer.

25. A transistor in accordance with claim 14 wherein the
control gate electrode comprises a polycide structure
comprising a layer of polysilicon and a tungsten

silicide laver.

26. A transistor in accordance with claim 20 wherein the
control gate electrode. ‘comprises a polycide structure
comprising a layer of polysilicon and a tungsten

silicide layer.

27. A transistor in accordance with claim 21 wherein the
control gate electrode comprises a polycide structure
comprising a layer of polysilicon and a tungsten

silicide layer.

R



has a t hi ckness from about 200A to about 400A. 11. A nethod in
accordance with claim1l wherein said rapid thermal processing is
performed in an atnosphere of NF[err] gas and (Jerr] gas at a
tenperature from about 900[err]C to about 1050[err]C for a tine
duration from about 10 seconds to about 50 seconds, and said
fluorinated silicon oxide | ayer ¥as a thickness from about 200A to
about 400A. - 20 - 12. A method of
form ng an FET tran3|stor conprising the steps as foll ows:

forming a sP§ L 1§80 CATEY REQXNIDMIIONNINa A GAS MIKTURE QR QX¥GEN {ANDe on
a surface of a doped sem conduct or substrate with counterdoped
sour ce/ dr ai n NITROGEXNTRIFLURINE) GAS BY RAPID {THERMAL PROGESHING TQe

| ayer over sald stack of - sai d gate OXIde Ia er and said control gate
el ectrode MPROVE HOX CARRIER] LM s AN VI CE RRODUCED THER

ABSTRACT OF THE DISCLOSURE

A method of forming an FET transistor comprises forming

a stack of a gate oxide layer and a control gate electrode
on a surface of a doped semiconductor substrate with
counterdoped source/drain regions therein. A silicon oxide
layer is formed over the stack of the Qate oxide layer and
the control gate electrode and exposed portions of the
semiconductor substrate -including the source/drain regions.
Then the silicon oxide.layer and the corners of the gate
oxide layer are fluorinated by rapid thermal processing
providing a fluorinated silicon oxide layer. The rapid
thermal processing is performed in an atmosphere of NF, gas
and.O, gas at a temperature from about 900°C to about 1050°C
for a time duration from about 10 seconds to about 50 sec-
onds, and the fluorinéted silicon oxide layer has a thick-

ness from about 2004 to about 400A.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)

Sheet Has Been Re; laced
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substrate including said source/drain regions, said silicon oxide
layer having a thickness from about 200A to about 400A,

fluorinating said silicon oxide |ayer and the corners of said gate
oxi de layer by rapid thernal processing providing a fluorinated
silicon oxide |ayer. 13. A method in accordance with claim 12 wherein
said rapid thermal processing is performed in an atnosphere of ..
NF[ err] gas and (Jerr] gas at a tenperature from about 900[err]C to
about 1050[err]C for a tine dur at i 6r/Prom about 10 seconds t o about
50 seconds, and said fluorinated silicon oxide | ayer has a thickness
from about 200A to about 400A - 21 -
14. An FET transistor conpri sing: _ a stack of a gate oxide |ayer
and a control gate el ectrode on a surface of a doped sem conduct or
sub- st haj &_pi--h—eethterdoped—sotrcerdrarnregrons—therei,
a silicon oxide | gyer over sard stack of sald gate

12 | | i | 5
FIG. 14
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oxide | ayer and said control gate electrode and over

.0f said sem conductor substrate

said silicon oxide |layer and the corners of said

havi ng been fluorinated by rapid
fluorinated silicon

with claim14 wherein said
an at nosphere

oxi de | ayer.

of NF[err] gas and (Jerr]

exposed portions
I ncl udi ng said source/drain regions,
gate oxi de | ayer
t hermal processing providing a

15. A transistor in accordance
rapid -t hermal processing was perforned in
gas and said fluorinated
OA to about

silicon oxi de layer has a t W CRNESS 110 bout

400A. 16. Atransistor in accordgﬁb ljgi m 14 erein said
rapid thermal processing was peyfarjed t efer hiur f rom about
900[err]C to about 1050[err]C an shi | Aoy pratled silicon oxide

| ayer has a thi@ FAto a

|
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- 22;- 17. Atransistor in accordance with claim 14 wherein said
rapid thermal processing was perfornmed at a tenperature from about
g00[err]C to about 1050[err]C for a tine duration from about 10
seconds to about 50 seconds and said fluorinated silicon oxide |ayer
has a thickness from about 200A to about 400A. 18. Atransistor in
accordance with claim 14 wherein said 3/5 - rapid thermal processing was
performed in an atnosphere of NF[err] gas and (JQerr] gas at a -
tenperature from about 900[err]C to about 1050[err]C and said
fluorinated silicon oxide | ay& has altéhickness from about 200A to
about 400A. 19. Atransistor in hccordancg with claim 14 wherein said
rapid thermal proc | R—antat-nosphere of NF[err]
gas and (Jerr] gas/at a tenperature\from abolut 900[err]C t 9 about
1050[err]C for a tjme duration from\about 10 seconds to abput £f
seconds, and said tluorinated ilicon gxide | ayer has a t hf ckness
14"

from about 200A to\ about 400 ./4\\f“\\
e v
18' \ . v / 18’
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- 23« 20. An FET transistor conprising: a stack of a gate
oxi de | ayer and a control gate el ectrode on a surface of a doped
seni conduct or sub- strate with count erdoped source/drain regions
t herein, a silicon oxide |layer over said stack of said gate
oxi de | ayer and said control gate el ectrode and exposed portions
sai d sem conductor substrate including said source/ drai n regions,

of

said gate oxide |ayer having a - WPckness from.apout 200A to about

400A, said silicon DS llayer and t} t8rners of said

21 A transi stor

—

providing a fluorinated si con
accordance with claim 20 wh sqlfd a
performed in an atnosphere o] E¥ eyt Jerr] gas at a

t enperature from about 9008etr] V. 0 090l er L]¥Bf'or a tinme

gate oxide |l ayer having be quor' 4Qermal processing
m
L\nd

in

| processing was

duration from_apo S- =3 ; 990

fluorinated 2 ' N+ 5 N+ l
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i { / {
20 14’ 14 14" 20" ~N—10
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siligcon OX|de | ayer has a thickness from about 200A to ' abouf 400A.

22. A method in accordance with claim1 wherein the control gate

€l ectrode conprises a polycide structure conpri s- ing a |layer of
polysilicon and a tungsten silicide | ayer. .

- .24 - 23. A nethod in accordance with claim 12 wherein the control
gate el ectrode conprises a polycide structure conprising a |layer .of
pol ysilicon and a tungsten silicide |ayer. 24. A nethod in
accordance with claim 13 wherein the 3/~ control gate el ectrode conprises
a polycide structure conprising a layer of polysilicon and a tungsten

silicide |ayer.
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25. A transistor in accordance with claim 14 wherein the éggtrol gate

. el ectrode conprises a pol ycide structure - conprising a |ayer W &

" polysilicon and a tungsten silicide layer. 26. A transistor in
accordance with claim 20 wherein the control gate el ectrode .
conprises a polycide structure conprising a | ayer of polysilicon and.
a tungsten silicide |ayer. - 23.-A transistor in accordance wth
claim 21 wherein the control gate el ectrode conprises a polycide"’
structure conprising a layer of polysilicon and a tungsten

silicide POIMSILICON GATE REOXIDATION IN A GAS MIXTURE OF OXYGEN AND

NITROGEN TRIFLUORIDE GAS BY RAPID THERMAL PROCESSING TO

IMPROVE HOT CARRIER IMMUNITY AND DEVICE PRODUCED THEREBY

ABSTRACT OF THE DISCLOSURE

A method of forming an FET transistor comprises forming

a stack of a gate oxide layer and a control gate electrode
on a surface of a doped semiconductor substrate with
counterdoped source/drain regions thérein. A silicon oxide
layer is formed over the stack of the gate oxide layer and
the control gate’eiectrode énd exposed portions_of the
semiconductor substrate-includiné the source/drain regions.
Then the silicon oxide-layer and the corners of the géte
oxide layer are fluorinated by rapid thermal processing
providing -a fluorinated silicon_oxide layer. The rapid
‘thermal processing is performed in an atmosphere of NF, gas
and O gas at a temperature from about 900°C to about 1050°C
for a time duration from about 10 seconds to about 50 sec-
onds, and the fluorinated silicon oxide layer has a thick-_

ness from about 200A to about 400A.
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