SHALLOW LOW ENERGY | ON | MPLANTATI ON | NTO PAD OXI DE FOR
| MPROVI NG THRESHOLD VOLTAGE STABILITY (1) FIELD OF THE
I NVENTI ON The present invention relates generally to a
met hod of form ng a sem conductor device, and nore
particularly to forman MOS transistor with inproved
threshold voltage stability wwth the use of a
sacrificial ion inplantation |layer. (2) DESCRI PTION OF
THE PRI OR ART During the fabrication of shallow trench
i sol ation regions in MOSFET devices, the current
pract i GRAISLOW [SOWeENPRG Y I RINoIIMIRIOS T A TN aNTO?SD €XIDE
gate sacrificial silicon dioxide |ayer to decrease
the divot (mgruPahVIRE THRESHENOODRTRGE) S TepIimand
i nprove surface planarity of shallow trench isolation
regions during the inherently isotropic wet etch
steps. Large divot depths cause |eakage probl ens,
parti r de device generation. lon
inpﬁ%ﬁ???#%ﬁ”{@€§égg?ﬂﬁgﬂﬁ- or p- well in these cases
i s done through the pad oxi de. Because of the
t hi ckness vari ati ons of pad oxide, which nay be in the
ran of 30-50 A, the | ong channel _threshol.d voltage .
var i 5t RiEseRf inventoageles &61%{”@?3[ %?rfg@.ethﬂg §§%‘P’§’t”é%1i‘ S?\‘I'B‘.and“"tor device,
4,154, 626 descri bes a process of making an FET device . .
angj mereipapicslagy te feresapMPS ransisterwitihimnreyed; thisphald ypltagg stability with
One nethod described to formthe device consists of
the use of a sacrificial ion implantation layer.

(2) DESCRIPTION OF THE PRIOR ART

During the fabrication of shallow trench isolation regions in MOSFET devices, the
current practice is to sometimes skip depositing a transfer gate sacrificial silicon dioxide layer to
decrease the divot (occur at shallow trench corners) depth and improve surface planarity of
shallow trench isolation regions during the inherently isotropic wet etch steps. Large divot
depths cause leakage problems, particularly for 100 nm node device generation. fon
implantation to form the n- or p- well in these cases is done through the pad oxide. Because of
the thickness variations of pad oxide, which may be in the range of 30-50 °A, the long channel

threshold voltage variation will also be quite large.

U.S. Patent No. 4,154,626 describes a process of making an FET device with improved

threshold stability by fon implantation.  One method described to form the device consists of



| formng at |east the drain region by introducing ion
inplantation of an inpurity opposite in conductivity
to the background inpurity such that the peak inpurity
concentration is located well beneath the surface,
and subsequently inplanting or diffusing a second
inmpurity within the first region such that the peak
impurity concentration is at or adjacent to the
surface. U S. Patent No. 6,177,333 Bl describes a
forreingod [éast theathiaimgregioanigh intedb@ng doms inmplantstem efoad iropuity opposite in
devices. Isolation trenches are forned, partially
contlbidtietly wh tthe BaditigRluad timberityesueli itigk thes pedk fpatinatornce@sition is located
the sidewalls of the trenches are coated with the

wéll BéREMIthE sifrfdcB) ani Q0Bseghidhtly iNPlaA L6k diffbéind B8econd impurity within the
substrate in regions directly below the isolation

ﬁﬁ]geglgﬁ suc-mﬁat(%f]ee}l.ue%ﬁth‘hlgﬁritgrs igbﬁEeRt?atioﬁn:??%t?dr tq@\a&lnk & R strhe.

serve as a nma that a e |1 ons
i mpl anted bel ow the trench are displaced fromthe
active regions. The trenches are then fully filled

Wi t h a or e iel.ectric rial.. U.S. . . .
pat S BT og12) DL 70507 BA G | et ibe, o dekngtnch iolatons in
fabricating. an FET device usin a. si mul t anequs
sqrrmﬂnlgmtgl!t ﬁiquli]ceéf Is(o#éio%\&qnclggé%q &9, p{a&é]l@?ﬂjl@ggﬁﬂt  dielectric material
device and at the bottomof the shallow trench )
suck dhaitat deast &g vaewallymfsthe tisadarase apatede withipe idfgjqotrde film. lons are
~the process also avoids the problems of corner _ _
impanésshiotocthe ethistrgfe ol eagraad direaly befdv theascddgjmndends sThedielectric film on
trench bottom U.S. Patent Application Publication No.
th2 QRIEWAIRAfFHS tréhchdeseras hasash soehidial of dre ions implanted below the trench are
displaced from the active regions. The trenches are then fully filled with the same or another

dielectric material.

U.S. Patent No. 2002/0179997 A1 describes a process of fabricating an FET device using
a simultaneous implantation of the well species at the edge of the device and at the bottom of the
shallow trench isolation regions. This procedure while simplifying the process also avoids the

problems of corner threshold voltage degradation and leakage across the trench bottom.

U.S. Patent Application Publication No. 2001/0021545 Al describes a method for
eliminating the transfer gate sacrificial oxide. In the proposed method of this application, the
pad nitride layer is removed after forming the isolation. Dopant ions are then implanted through

the originally deposited pad oxide to form n- and p- wells.



elimnating the transfer gate sacrificial oxide. In

t he proposed nethod of this application, the pad

nitride layer is renoved after formng the isolation.

Dopant ions are then inplanted through the originally

deposited pad oxide to formn- and p- wells. 2 The

first three prior arts do not address the probl em of

well ion inplantation through the pad oxide; the

fourth one does not offer a solution for mnimzing

t he Tharfesthibiled priot srégd maradédiessohe probéeah df well fonoimplantation through the

t hr ough- pad- oxi de i npl antati on. SUMMARY OF THE
pald WWERTheIb i CaietioBghdt offeN € séTaiith R heGinighg thaitBreshold voltage variation

invention is to describe a nethod of formng a
reﬁﬂt‘fﬂgci?@ﬂ%%&%h-ﬁﬂyd% WipldhtdiigRr oved threshol d vol tage

stability. It is yet another object to forma

sem conductor device with inproved threshold voltage

stability using shallow inplantation through pad

oxi de. Anot her obj [ § | | is to forma

sem conduct or devig%hﬁ#ﬁﬂg¥ﬁ%?§$%gﬁgﬁbgg %Id vol t age

stability using a sacrificial ion inplantation |ayer.

In accordance with these objectives, a process is

described to forma MOSFET device, with increased .

t hr SHBTAEPEY| thageriz ofiset pf (his Apeation & ia Aggedbgp mgthod of forming a

trench isolation regions using pad nitride/pad oxide
sefraesideatercevign avithampiavag thresboldaneltage stabilétyby a sel ecti ve

etch, required

It is yet another object to form a semiconductor device with improved threshold voltage

stability using shallow implantation through pad oxide.

Another objective of the invention is to form a semiconductor device with improved

threshold voltage stability using a sacrificial ion implantation layer.

In accordance with these objectives, a process is described to form a MOSFET device
~ with increased threshold voltage stability. After forming shallow trench isolation regions using
pad nitride/pad oxide mask stack and removing the pad nitride by a selective etch, required
dopants are implanted into the pad oxide using low energy implantation. Deep well implantation
is then followed. Using this procedure of sacrificial shallow implantation into the pad oxide prior
to well implantation, threshold voltage stability variation due to pad oxide thickness variation is

significantly decreased.



dopants are inplanted into the pad oxide using | ow
energy inplantation. Deep well inplantation is then
followed. Using this procedure of sacrificial shallow
i nplantation into the pad oxide prior to well

i npl antation, threshold voltage stability variation
due to pad oxide thickness variation is significantly
decreased. 3 BRI EF DESCRI PTI ON OF THE DRAW NGS. The
obj ects, advantages, and details of fabricating a

sem conduct or dBRIEEDBSCRIRIIOYN OB THENDRAWIWER. i on wi | |
be nore clearly understood fromthe foll ow ng detail ed
description taken in conjunction with the
acconpanyi ng drawings. Figure 1 is a schematic

Cr OSEeS&dck AdPintBeP 3hd iddlally of alFibades M anctdeiv& according to
structure after formng shallow trench isol ation

th{ng{/%il%fl wﬁ;lq}érrﬁorg cedrl %%$H§d b SnCheSSIRARL ithQirJ%He crié%cription taken in

part y tabricate device structure a

I Y r Vi ng d nitride |ayer. Figure 3
mﬁﬁﬂgﬁé% gﬁ%?f§&%W%¥gW§§§Pﬁ§#-of a partially fabricated
MOSFET devi ce structure showi ng the sacrificial ion
i npl anted oxide layer. Figure 4 is a graph show ng

simul.ated jnplantation profile thrqugh two oxide .
t hi diBEEedels a schematic cross-section of a partially fabricated MOSFET device structure

after forming shallow trench isolation regions.

Figure 2 is a schematic cross-section of a partially fabricated MOSFET device structure

after selectively removing the pad nitride layer.

Figure 3 is a schematic cross-section of a partially fabricated MOSFET device structure

showing the sacrificial ion implanted oxide layer.

Figure 4 is a graph showing simulated implantation profile through two oxide

thicknesses.

Figure 5 is a graph showing the shallow implantation profile in the pad oxide and

underlying silicon substrate.

Figure 6 is a schematic cross-section of a MOSFET device structure after well ion

implantation.



Figure 5 is a graph showi ng the shall ow inplantation
profile in the pad oxide and underlying silicon
substrate. Figure 6 is a schematic cross-section of a
MOSFET device structure after well ion inplantation. 4
Figure 7 is a schematic cross-section of a MOSFET
device structure after stripping the shallow inplanted
pad oxi de layer and growi ng the gate oxide |ayer.
Figure 8 is a schematic cross-section of a MOSFET
deviKgurs t7r s Gt sthematfct @osstsaetiqgadfea MO SR TheéekiceDifrhafukd=Efter stripping the
DESCRI PTI ON OF THE | NVENTI ON The obj ects, advant ages,
shRNélv dapianted p@f ofiédiiGahl BwansSeBizae pldeIger. devi ce
according to this invention will be nore clearly
understood fromthe follow ng detailed description
taken in conjunction with the acconpanyi ng draw ngs.
For ﬁi?ﬁ'e Qﬁfspef §&1691fati£ %ﬁfsk-ﬁ oA %re MSAERT Q&Yéecﬁ ucture gfter the gate is
firstfy shallTow trench 1solation regions are Forved
as Jolloms: over a sem conductor substrate 10 such as
‘con, using chem cal vapor deposition (CVD) or
pl asma- enhanced CVD net hods, deposit pad oxide 12 in
the range of approximtely about 25 - 120 A thick and

pad nitride 14 in the range of §ngoxinatel about
DETAILED DESCRIPTION OF THE INVENTION

The objects, advantages, and details of fabricating a semiconductor device according to
this invention will be more clearly understood from the following detailed description taken in

conjunction with the accompanying drawings.

For the purpose of fabricating a MOSFET device, firstly shallow trench isolation regions
are formed as follows: over a semiconductor substrate 10 such as silicon, using chemical vapor
deposition (CVD) or plasma-enhanced CVD methods, deposit pad oxide 12 in the range of
apprbximately about 25 — 120 °A thick and pad nitride 14 in the range of approximately about
500 — 2000 °A thick; using a plasma process, pattern the pad nitride using a resist mask; using
nitride as a mask etch into pad oxide and into the silicon substrate to the desired depth of the
shallow trench, in the range of approximately about 2000-5000 °A using suitable plasma
processes known in prior art; fill the shallow trenches with a suitable dielectric material 16 such
as silicon dioxide; planarize the structure using etch-back or preferably chemical mechanical

polishing (CMP) method. The resulting structure is shown in Figure 1.



500 - 2000 A thick; using a plasma process, pattern
the pad nitride using a resist mask; using nitride as
a mask etch into pad oxide and into the silicon
substrate to the desired depth of the shallow trench
in the range of approximtely about 2000-5000 A using
sui tabl e plasma processes known in prior art; fill
the shallow trenches with a suitable dielectric
material 16 such as silicon dioxide; planarize the
st r uTheipel nigided 46t dien elektively pmelal algyeitlaeateledtive plasma process or
nmechani cal polishing (CW) nethod. The resulting

a Stlathiabll Riclh Ss 1501 @WEsphBrid-did) 126 sHowrbin Figurad nitride 14
is then selectively renoved using either a selective
pl asma process or a wet etchant such as hot phosphoric
acid, as shown in Figure 2. After nmasking the

ap pr éri rﬁgs’%i% ﬁ@%ﬁglfogﬂgtg %@Q&s q{e BQ&Q@H r&g&ﬂ r%eég{ 9§vigee ﬁés (CMOS or

tructure i's now expose

&tﬂg s{ru ﬁenp g”tethg eg]tgf +enélgzgsion ]?nq%rx%ybe%m of A? jons: energy of

O%i prOX|nate
and a ti
apgbcgﬁna%eﬁaqugpg,z élkbﬁ\ng SEigF a%?gg@te f1b0fg§_§£gL 7%1% ions/cm’, and a tilt
used t he i npl ant energg dose, _and tilt angle are
anglspfapPrRTBRtGly A58 5 210 eES@@ReV 3 3ponp ace uspd, the garlagtgpergy, dose, and
and 5 - 10 degrees respectively. The sacrificigl

tilt wpglarare @pprekiiatdlaypbput18  $2 kel 3Ed] bedhliséonsfegn” and 5 — 10 degrees
i mpl anted pad oxide 1is renoved prior to gate
refmecedly.cff)e sasrifsdidvimplanteBiogideday®r 18\(doamatied bocehsy ti+inmpdanged pad oxide
are used for formng p- wells. The problem of WVt
isvambedd priordd egateofop@aticnyiigghdviri okRigase Y anil@tratnely B dugs are used for
to a
forming p- wells. The problem of V, variation due to pad oxide thickness variation is due to a
shift in implantation concentration profile. A TCAD simulation profile using arsenic (As) well
implantation is shown in Figure 4 for two pad oxide thicknesses of 50 and 100 °A. It is clear
from the figure that the shift in implantation profile is due to pad oxide thickness difference. This
shift leads to surface As concentration differences, which in turn leads to Vshift in the device.
In order to balance this V, shift originating from surface concentration shift, a sacrificial shallow
implantation is introduced in this invention. Using low energy implantation, dopants are
introduced mainly in the pad oxide, while the tail of the profile is inside the silicon substrate as
shown in Figure 5. Since the long channel V; is dependent upon the channel surface
concentration, which is decided by the tail of shallow implantation profile at oxide:silicon

interface in this case, V, variation is therefore minimized. The shallow profile concentration in

the pad oxide is shown in Figure 5.



shift in inplantation concentration profile. A TCAD
sinmulation profile using arsenic (As) well
i mplantation is shown in Figure 4 for two pad oxide
t hi cknesses of 50 and 100 A. It is clear fromthe
figure that the shift in inplantation profile is due
to pad oxide thickness difference. This shift |eads
to surface As concentration differences, which in turn
|l eads to Vt shift in the device. |In order to bal ance
t hi SThetwegidri if theorekposedita thg rbroeh veallr igpdant dshaekitipabeaom 80 — 140 keV,
shift, a sacrificial shallow inplantation is
1B 13t DEElBCiets/bi’, Ohi 55 depyeB tof 6 .anklgitd Gormow vaBI(@Yp- wells) 20 as shown in
i npl antation, dopants are introduced mainly in the
Fip@€ 6046 &, inYildt Brdfik€istsBbwn @f Fibire sprofile is inside the
Silicon substrate as shown in Figure 5. Since the
I ong channel Vt is dependent upon the channel surface
concentration, which is decided by the tail of shallow
! nplﬁl@\ﬁ”a&@% Wltﬂfahh Suifhbut¥st ciﬁlsiﬁi?o% imﬁlgﬁtgﬁgnzp’ﬁ'g #](an in Table I. 'V,
va thererore mnim zed. e

this case, . riration’is [ . .
v R RRER s Bia0RE SRR e Pae o el s A i 047 ik 0.0327 vols

+ + -
wilirs sl secrUea cipisriions it deds 0201 T GG S with shallow
formn- wells (or p- wells) 20 as shown in Figure 6.
sapcigkimplagtagian ppeigpived implagtiggh in Figure 5. The W\t
values with and w thout sacrificial shallow
inplantation are shown in Table |I. VMt variation for
pad oxi de thickness variation in the range of 35 - 110

A1s 0.489 +/- 0.0327 volts
TABLE 1. Threshold Voltage, Vi, for PMOS Device with/without Sacrificial Shallow

As' lon Implantation at Various Pad Oxide Thicknesses.

Pad Oxide Thickness, A 110 100 90 80 70 60 35 0

- V¢ Without Implantation, volts 0.531 0.517 0.503 0490 0477 0465 0436 0.400

V: With Implantation, volts 0.520 0.515 0515 0.520 0.528 0.535 0.522 0474

The sacrificial implanted pad silicon dioxide layer 18 is then stripped off in a wet etchant
such as dilute hydrofluoric acid which is selective to underlying silicon. Since only one silicon
dioxide wet etching step is used, attack of the oxide fill in shallow trenches to form divots,
seams, and loss of surface planarity is minimized. The gate dielectric 22 is then grown, as shown

in Figure 7. The gate dielectric layer comprises thermally grown or deposited silicon dioxides or



wi t hout shallow sacrificial inplantation, whereas it

is 0.522 +/- 0.007 volts with shallow sacrificial

i mpl antation prior to well inplantation. TABLE I

Threshol d Voltage, Vt, for PMOS Device w th/wthout

Sacrificial Shallow As+ lon Inplantation at Various

Pad Oxi de Thi cknesses. Pad Oxi de Thi ckness,

A11010090807060350 Vt Wt hout Inplantation,

vol t s0. 5310. 5170. 5030. 4900. 4770. 4650. 4360. 400 Vt Wth
otherpleandimt inaatgrials comprising Zr0O2, HfO2, and silicates. The gate dielectric layer can be

vol t s0. 5200. 5150. 5150. 5200. 5280. 5350. 5220. 474 The
a siagle ilfyecoed muMipled et stafla dG st Hictoiticthiokndde isl app@ikinddelly about 20 — 100

then stripped off in a wet etchant such as dilute
AyedRialear dikcaddiskiddinidinéss. sel ective to underlying

silicon. Since only one silicon dioxide wet etching

step is used, attack of the oxide fill in shallow

trenches to formdivots, seans, and |oss of surface

pl a i [ 1.0 B Z T te. dielectric 22 |s thep

ar O\Anﬂfe gésltes I‘(l.)l%l% ?2#1 %g?%elﬁxr Eo%?g@.ﬁ%lé}bgtg é)%lea €3 é}"ﬂ”é h ;?rlor art. The

| ayer conprises ther.mallyy grown or deposited silicon
“ﬁﬁé&%ﬂﬁggg?me8W%8}légﬁésited mat erial s conpri sing

ZrQ2, H 2, and silicates. The gate dielectric |ayer

can be a single layer or a nultiple |ayer stack. Gate

dielectric thickness is approxi mately about 20 - 100

A of Thepdivenipges of 8y invtiod opstingier atipekness. The gate

structure 24 is then forned using the processes known

in prior art. The

a) Sacrificial low energy shallow implantation through mainly pad oxide stabilizes the

pad oxide:silicon substrate interface dopant concentration.

b) Stable interface dopant concentration provides a device with improved long channel

threshold voltage stability.

¢) The method provides a device with increased V; stability, without increasing the divot

depth or decreasing surface planarity in the shallow trench isolation structures.

d) The method eliminates the use of a sacrificial oxide layer thereby simplifying the

number of process steps and minimizing divot depth.

While the invention has been particularly shown and described with reference to the

general embodiment and a specific application thereof, it will be understood by those skilled in



resulting structure is shown in Figure 8. The
advantages of this invention over prior art are: a)
Sacrificial |ow energy shallow inplantation through
mai nly pad oxi de stabilizes the pad oxide:silicon
substrate interface dopant concentration. b) Stable
i nterface dopant concentration provides a device with
i mproved | ong channel threshold voltage stability. c)
The met hod provides a device with increased MW

the etlthéti tayiousvchanges ini focm emmd i detpils le tld method epd lapplications may be made
decreasi ng surface planarity in the shallow trench

witliok dépaetthgStan tHewbBpt, dpiril ad trisbest Fhhathnaities. t he use
of a sacrificial oxide layer thereby sinplifying the
nunber of process steps and m nim zing divot depth.
Wil e the invention has been particularly shown and
described with reference to the general enbodi nent and
a specific application thereof, it will be understood
by those skilled in 8 the art that various changes in
formand details to the nethod and applicati ons may be
made wi t hout departing fromthe concept, spirit, and
the scope of the invention. 9 Wiat is clained is:



1. A nethod of form ng a sem conductor device, the
steps conprising: formng a silicon dioxide |ayer on
a sem conductor substrate; formng a silicon nitride
| ayer on said silicon dioxide |ayer; formng
isolation trench regions in said sem conductor
substrate; renoving said silicon nitride |layer; first
i mpl antati on of dopant through said silicon dioxide;
second i nplantati on of dopant through said oxide to

f or nwimeli$ Saingedds:r enovi ng sai d i npl anted oxi de | ayer
and formng a gate dielectric |ayer over said

sem conduct or substrate. 2. The nethod of formng a
sem conduct or device according to claim1, wherein

sai o sA hiegRa dﬂE&Mn@Lﬁa ée%M&{ndh&bﬁM%%Sthb StepPRInpristiat el v

about 25 A - 120 A The nmethod of forming a

Sem %“a“sﬁfeo 8%&&1@ 1 PG}{ PG cdRiuChopiBsttateWer €i n
sal rst I mpl ant ed pant conprises n- or p- type

i on ctor device
acczf})gnmélgﬁ:cgffhi!‘?r%jeé yem gnd@ﬁrcgng ld%?¥y%$m| anted n-

+ P+ i .. f f
LY DiraBR Rty ffa%ﬂhof%%'ogsc@&?l&.swa i e IR
sald As+ dopang. i npl antation energy, dose, and tilt
ang|rsmavlégafﬁ5§ Peitreea¥ebout 2 - 7 keV, 3EL |

first implantation of dopant through said silicon dioxide;
second implantation of dopant through said oxide to form wells; and
removing said implanted oxide layer and forming a gate dielectric layer over said

semiconductor substrate.

2. The method of forming a semiconductor device according to claim 1, wherein said

silicon dioxide layer thickness is approximately about 25 °A — 120 °A.

3. The method of forming a semiconductor device according to claim 1, wherein said

first implanted dopant comprises n- or p- type ions.

4. The method of forming a semiconductor device according to claim 3, wherein said

first implanted n- type dopant is As" or P*ion.

5. The method of forming a semiconductor device according to claim 4, wherein said As"

dopant implantation energy, dose, and tilt angle are approximately about 2 — 7 keV, 3E11 -

10



10 7E11 ions/cn2, and 5 - 10 degrees of tilt angle

respectively; and for P+ ion, inplant energy, dose and

tilt angle are approxi mtely about 2 - 15 keV, 3El1l -

7E11 ions/cnR2, and 5 - 10 degrees respectively. 6. The

met hod of formng a sem conductor device according to

claim1l, wherein said second inplanted dopant

conprises n- or p- type ions. 7. The method of formng

a sem conductor device according to claim®6, wherein
7Bldiidngeupred § rilatepeds of tilt ypée weopratitely;sndgordt” i6h,iimplant energy, dose

8. The nethod of form ng a sem conduct or device
arfC10 b gret appRdxBhae 1Y abvdter €i18 &3] dE]1 BecrB1d ib&sterdT altts — 10 degrees

i on dopant inplantation energy, dose, and tilt angle
reffcBtivdPpr oxi mately about 80 - 140 keV, 1E13 - 2E13

ions/cn2, and O - 15 degrees of tilt angle

respectively. 9. A method of form ng a sem conductor

device, the steps conprising: formng a silicon

di o%.d%hé g%{a?}{ogo&l fgglrﬁiinlgiacs%pni(?oglglgr%trr@&&ﬁce&%ﬁ&%ﬁ% t?ac)llegrrn_ 1, wherein said

silicon nitride er=on sai i con di oxXli

BB s B70ef SBed 51 2 eon

i mpl antati on of As+dopant through said silicon dioxide
| ayer;

7. The method of forming a semiconductor device according to claim 6, wherein said

second implanted n- type dopant is As” or P* ion.

8. The method of forming a semiconductor device according to claim 7, wherein said
second As" or P"ion dopant implantation energy, dose, and tilt angle are approximately about

80— 140 keV, 1E13 —2E13 ions/cm?, and 0 - 15 degrees of tilt angle respectively.

9. A method of forming a semiconductor device, the steps comprising:

forming a silicon dioxide layer on a silicon substrate;

forming a silicon nitride layer on said silicon dioxide layer;

forming isolation trench regions in said silicon substrate and removing said silicon
nitride;

first implantation of As” dopant through said silicon dioxide layer;

second implantation of As" dopant through said implanted silicon dioxide layer to form
wells; and

removing said implanted silicon dioxide layer and forming a gate dielectric layer over

I



second i nplantation of As+ dopant through said
inplanted silicon dioxide |layer to form wells; and
renmoving said inplanted silicon dioxide |ayer and
formng a gate dielectric |ayer over 11 said silicon
substrate.- 10. The nmethod of form ng a sem conduct or
devi ce according to claim9, wherein said silicon
di oxi de | ayer thickness is approxi mtely about 25 A -
120 A. 11. The method of form ng a sem conductor
sagibarlieoe sabgmtedi ng to claim9, wherein said first
i npl ant ed As+ dopant inplantation energy, dose, and
tilt angle are approxi mtely about 2-7 keV, 3E] 1-
7E11 ions/cn2, and 5 - 10 degrees of tilt angle

r espRCt Theeh¥thod &f foriend B tdRidotfucto BViBYackording to claim 9, wherein said
sem conduct or devi ce accordlng to claim9, wherein

sxﬁ&:‘n%o;é&‘&@?& tllllﬂime@sr‘l%% BorbRitnaA9P At 2ETPA anbgehon ener gy,

dose, and I't angl e are approxi mately about 80 - 140
keV, 1E13 - 2E13 ions/cn2, and O - 15 degrees of tilt
angle respectively. 13. A nethod of formng a
sem uct o i.ce.Wth ved t hresho vol tage . .
Stabiir; T4 et S SR ST ERHE ST drire - Pibre GRS, wherein said
tren hes |nF silicon substrate with steps conprising
G %@ﬁm

’iSbF’i‘ﬁ e ipplantatian guerey.<ops. @Bt tididagie fee %Rpa@ﬁmsﬁly about 2-7

said silicon sub;trate and sel ective renoval of said
ke, BELEn7E1T ions/cm®, and 5 — 10 degrees of tilt angle respectively.

12. The method of forming a semiconductor device according to claim 9, wherein said
second implanted As” dopant implantation energy, dose, and tilt angle are approximately about

80 - 140 keV, 1E13 — 2E13 jons/cm?, and 0 - 15 degrees of tilt angle respectively.

13. A method of forming a semiconductor device with improved threshold voltage
stability, the steps comprising:

forming tsolation trenches in a silicon substrate with steps comprising: forming silicon
nitride over silicon dioxide stack on said silicon substrate; and selective removal of said silicon
nitride;

forming a sacrificial implanted silicon dioxide layer by implanting first As" ions into said
silicon dioxide layer;

forming n- well in silicon substrate by second implantation of As" ions; and

removing said implanted silicon dioxide layer and forming a gate dielectric layer over

said silicon substrate.

12



nitride; formng a sacrificial inplanted silicon
di oxi de layer by inplanting first As+ions into said
silicon dioxide layer; formng n- well in silicon
substrate by second inplantation of As+ ions; and
renoving said inplanted silicon dioxide |ayer and
formng a gate dielectric |ayer over said silicon
substrate. 12 14. The method of formng a
sem conduct or device according to claim 13, wherein
sai d4si Theroethdd offoceing aysemicohd cknessice sccapiigsicisirhdBy wherein said
about 25 A - 120 A 15. The nethod of formng a
si el disxidiiat @ hiclgkCie apsicRibtiiddgationt 25 84 m128°Awher ei n
said first inplanted As+dopant i nplantation energy,
ion dose, and tilt angle are approxi mtely about 2 -
7 keV, 3E1l1 - 7El11 ions/cn2, and 5 - 10 degrees of
til .tIS@n%e%étﬁécpgf:foﬁ“Mﬁlloya sei'r%con%‘&o ngqic&f diﬁl%&ﬁgﬂ 43, wherein said
semi conductor device daccording to c a|n11§, erein
ﬁlgg fsn%)lanzteedgg??qoll])%hgxr%‘a%gatiég ene%g'ge}% gt s%plil/r?cf; t%l?%rllcgg gr%nafalr:)%&fnately about

, an angle are appfoxr nat et olt®

2 gﬁgf:%,]ﬁgi{ S’—e Z]f, ﬁ%ykﬁg%ﬁg ng_, IOaA%(gjregs of tillt5 andg?egrre%%cs:ti\?efiy.t it

16. The method of forming a semiconductor device according to claim 13, wherein said
second implanted As” dopant implantation energy, dose, and tilt angle are approximately about

80 - 140 keV, 1E13 — 2E13 ions/em?, and 0 - 15 degrees of tilt angle respectively.
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