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-1- THRESHOLD VOLTAGE TAI LORI NG OF CORNER OF MOSFET DEVI CE BACKGROUNBHSEJ
THE | NVENTION 1. Fiheld of the Invention This invention relates to

sem conductor devices and nore .particularly to MOSFET devices 3&9

met hod of manufacture thereof. 2. -Description of Related Art Shaf? 4&?77 7’
Trench Isolation (STlI) region structures are often wused in advanced
integrated circuits. The STI technigye provides higher device densities
and better planarity than other isolation nethods. However, STl has a

di sadvantage in terns of device characteristics. Because of t he steep, sl ope

of the silicon (Si) sidewall adjacent to an STl structure, an appli gate

vol tage resUTHRESHOLD VOLFAGE: AAIIORINGC OFi CORNER bhcMOSFERIDENIddE AcCtive
area. The field is further"enhanced It the STl Ts recessed so that "the gate
wraps around the corner. The resulting "corner device" shown in FIG 1 has

a |l ower threshold vol tage .t han the naln deV|ce which can lead to a high

"of f" current and to varléd ah= N P ' NTIENt age of the transistor

as descri &Hg ni, et "Characterlstlcs of CMOS DeV|ce | sol ation
for the,

' This invention relates to semiconductor devices and

more particularly to MOSFET devices and a method of
manufacture thereof.

2. Description of Related Art

Shallow Trench Isolation (S'I'I_) region' structures are
often used in advanced integrated circuits. The STI
technique provides. higher device densities and better
planarity than other isolaﬁion methods. However, STI has a
disadvantage in terms of device characteristics. Because of
the steep slope of the silicon (Si) sidewall adjacent to an
STI étructﬁre, an applied gate voltage ~re§u1ts in an
enhanced electric field'a£ the corner of the qu}?e-area.

' The field is further enhanced if the STI is recessed so that
the gate wraps around the corner. The resulting "corner
device" shown in FIG. 1 has a lower threshold voltage than
the main device, which can lead to a high "off" current and
to variations in the threshold voltage of the transistor as
.described by Bryant et al, in "Characteristics of CMOS
Device Isolation for the ULSI Age", IEDM Tech. Dig.,
pp. 671-674 (1994). FIG. 1 -shows a sedtional view of a
prior art semiconductor device 10 formed on a P- doped

silicon substrate on which is formed a gate oxide layer GOX



?

pp. 671-674 (1994). FIG 1 shows a sectional view of a prior art

sem conductor device 10 forned on a P- doped silicon.substrate on which is
formed a gate oxide layer GOX . above a channel CH To the right of the
gate oxide layer is an isolation region STl separated fromthe lightly
doped P- substrate 12 by a sidewall SWwhich fornms a corner CRwith a
radius r and a corner angle CA.of [err] with the |ower surface of the gate
oxide layer GOX. To the right of the corfier CRis forned a w aparound WR
depression in the surface of the isolation region STI. Upon the gate oxide
| ayer GOX and the isolation region STI is fornmed a doped polysilicon |ayer

PS whi ch disode # Uhemndl THlat @ockhet £2ERL 0 £ athd(Fltl dxikied|laperdas :
Sem conductor Field Effect Transistor) device. As stated in Bryant et al
in the | egentisdbatiaiG reigiderSR | sdpamtalt fromgdtveeldigbtdyegdopeda®-l deal

| sol ati on edge results in the separate conduction characteristic of the
corner pfubgtrate A& by & £ddgywalld; §HuhichofoEns i farnesm FRyMidhBapar ound

PaCt SOMEELS Of cnd 2UTBE0A0" 03K HR"BA"B FyURC R, 00RE" sh2adlere (e

o of the gdte oxide layer GOX. To the right of the corner CR
is formed' a wraparound WR depression in the surface of the
isolation region STI. Upon the gate oxide layer GOX and the
isolation region STI :l.s_ .formed a doped polj(s:l.licon layer PS
which is to sexve as '_a.- gate electrode of an MOSFET (Metal
Oxide Semiconductor Field Effect Transistor) device. As
stated in Bryant et al in the legend for FIG. 1 thereof,
""Thé abrupt geometric step of an Ideal Isoiétion edge
resuits in the sepa:.r:a.te' conduction characteristic of the
corner parasitic. Corner radius, sidewall corner angle, and
gate wraparound impact conduction."

A number of solutions have been proposed to_solve this
problem. One method is to simply ensure that the surface of
the STI is always above that of the siliéon as described in
K. Shibahara et al., "Trench Isolation with ' DEL(NABLA)-
shaped Buried Oxide forx 256Mega—51t DRAMS" IEDM, (1992)
p. 275. However, thi.s can create topography that makes gate
patterning more difficult. (Rails can be left along the
sidewalls of the protruding STI.) )

Another method 1is to implant the appropriate dopants
(i.e., B (Boron) for an N-channel Fﬁ:’l‘ (NFET)) into the

sidewalls of the trench to increase the threshold voltage

- e



the STI is always above that of the silicon as described in K Shibahara et
al., "Trench Isolation with DEL(NABLA)- shaped Buried Oxide for 256Mega-bit
DRAMS" | EDM (1992) p. 275. However, this can create topography that makes
gate patterning nore difficult. “(Rails can be |left along the sidewalls of
t he protruding STlI.) Another nethod is to inplant the appropriate dopants
(i. B (Boron) for an N-channel FET_gNFET)) into the sidewalls of the
trench to increase the threshold vol tage along the sidewal | However

this requires an extra bl ockout mask. The prior art listed belowrelates to
met hods of minimzing the effect of the corner devi ce, either by corner

rounding Sfody €04 NP1LAR BT oW r hﬂr Bs0fart RtkaCHlieRody) Evans
et al. European Patent No. 0 685 84" t he sr Is of the trenches

are inplmagled to adjust the threshold vol tage of t he corner device,
simlar to G Fuse, et al. , "A Practical Trench Isolation Technol ogy wt h
a Novel Pl anarThet ipgdoRr oeads"ligbrighelgw ¥82a¥es taoaWthods of

minimizing the effect of the corner device, either by corner
rounding or by doing implants' into the sldewalls of the
trenches.

In Evans et al. European Patent No. 0 685 882 Al the
sidewalls of the' trénches &re implanted to adjust the
threshold voltage of the corner device, similar teo G. Fuse,
et al. , "A Practical 'I‘rench. Isolation Technology with a
Novel Planarization_?rocess" IEDM 87, pp. 732-735 (1987);
and P.C.Fazan and V.lK. Matthews, "A Highly Manufacturable
Trench Isolation Processg for Deep Submicron DRAMs", IEDM 93,
pp. 57-60 (1993). Theiapproach used by Svans depends on the
isolation trench having sloping sidewalls. See the Abstract
relative to threshold adjustmeng of isdlation trench using
doped sidewalls and bottom.

‘Horloka et al. U.S. Patent No. 5,258,332 "Method of
Manufacturing Semiconductor Devices Including Rounding of
Corner Portions by Etching" and D. §. Wen, "Optimized
Shallow Trench Isolation Structure and 1Its Process for
Eliminating Shallow Trench Isolation-Induced Parasitic
Effects" IBM Tech. Dis. Bull., pp. 276~277 (April, 1992)

propose using corner rounding to control the corner device.



*and P.C Fazan and V. K. Matthews, "A Hi ghly Manufacturable Trench Isol ation

Process for Deep Subnicron DRAMs", |EDM 93, pp. 57-60 (1993). The approach

used by Evans depends on the i.sol ation trench having sl oping sidewalls.
the Abstract relative to threshold adjustnment of isolation trench using

doped sidewal |s and bottom Horioka et al. U S. Patent-No. 5,258, 332
“Met hod of Manufacturing Sem conductor Devices Including Rounding of Corner

Portions by Etching" and D. S. Wen, "Optinized Shal |l ow Trench Isolation

Structure and Its Process for Elimnating Shall ow Trench Isol ation-Induced

See

Parasitic Effects"” IBM Tech. Dis. Bull., pp. 276-277 (April, 1992) propose

using corner rounding to control the corner device.. -4- In principle,
this is a goodinetgwishcipile,t this bdsdidf igood mnetlhadt buok. iHor caka e so

shows inplantation into the sidewal |, as well as the corner. Manning U.S.
Pat ent Nodiffigulbetopreptsed. usHagodke calee qehews sinplankation Jinks

regi on.
presence

dewall, as we as e corner.

Manning U.S. Patent No. 5,275,965 proposes using gated
sidewalls in the isolation region. This structure could
have a detrimental effect on yield due to the presence of a
conductor in the isolation region. Fgrthermore this
approach suffers from added wiring complexity and the need
to bias the NFET and P-channel FET (PFET) isolation trenches
at different voltage levels; In particular, see the
Abstract; Col. 3, lines 32-37 and lines 51-56. The device
includes a channel adjusted for threshold by implanting.
Sidewalls of the trench are "gaied" to prevent parasitic
turn-on. . _

Erb et al. U.S. Patent No. 5,212,106 and Erb et al.
U.S. Patent No. 5,215,937 use sidewalls to make an"threshold
voltaée implant that.is self-aligned to the gate conductor.

However, it is not self-aligned to the isolation region (as

they point out) and therefore cannot be used to adjust the

- corner device. The reference mentions doing implants into

the sidewalls of the trenches to control the_gorner device.
Erb does not anticipate the problem solved by ou? 1nvention.

Yasaitis U.S. Patent No. 4,722,910 describes a sidewall
formed 'along the isolatioh region to make a borderless
contact. This has notﬁing to do with controlling a corner

device.

Th gagiruct je coul aveiﬁldetrlnental effect on yield due to thg'




conductor in thée isolation region. Furthernore this approach suffers
fromadded wiring conplexity and the need to bias the NFET and P-channel
FET (PFET) isolation trenches at different voltage |evels. In
particul-ar, see the Abstract; Col-- 3, lines 32-37 and lines 51-56. The
devi ce includes a channel adjusted for threshold by inplanting. Sidewalls
of the trench are "gated" to prevent pargsitic turn-on. Erb et al. US.
Patent No. 5,212,106 and Erb et al. U S. Patent No. 5,215,937 use
sidewal | s to make an threshold voltage inplant that is self-aligned to the
gate conductor. However, it is not self-aligned to the isolation region (as

they point out h@pileslets! a1e $ABIOaBEAYSSE.| & AdiYss! ekifiids dgVi ce

The reference nentions ing inplants into the sidewalls of the trenches to
control thaskedeimsitant cus&db tdoqrradctanthéi page e gHobhgsnaeivad by
our invention. Yasaitis U S. Patent No. 4,722,910 describes a sidewal |
forned al cregicme f£rom|hidloneleckric tOlakds. a Thislcls edeneonfter. gabes has

nothing to do with controlling a corner device.
patterning and does not affect the corner device (but

Akamatsu et al. does not anticipate the problem-solved by
the present invention.) J

Burger et al. U.S. Patent No. 5,482,878 describes
threshold adjustmé;t of implants using blocking masks.

bhong et al. U.S. Patent No. 5,021,355; Anderson
U.S. patent No. 5,300,447; and Panaka gg'gl. U.S. Patent
No. 5,408,116 describe trench transistqr devices.

Threshold.adjustment using geometry of isolation trench
corners 1is described in the Wen TDB article, Tanaka et al.
U.S. Patent No. 5,408,116 and Horioka et al. U.S. Patent
No. 5,258,332 referred to above.

Different implant .1e§els on device using LOCOS
isolation regions  are discussed in U.S. Patent Nos.
5,396,096 (Akamatsu et al.) and 4,722,910 (Yasaitis).

Using the corner of the trench gate to provide dopant
is described in U.S. Patent Nos. 5,300,447 (Anderson) and
5,021,355 (Dhong et al.). |

SUMMARY OF THE INVENTION

None of the pribr art cited above discusses the use of
sidewalls along the isolation region to tailor the threshold

voltage of the corner device.



+Akamatsu et al. U. S. Patent.No. 5,396,096 describes a masked inplant used
to protect the edge of the isolation region fromhigh electric fields. This
is done after gate patterning and does not affect the corner device (but
Akamat su. et al. does not anticipate the problem sol ved by the present .
fnvention.) Burger et al. U S.-Patent No. 5,482,878 describes threshold
adj ust nent of inplants using bl ocking nmasks. Dhong et al. U S Patent No.

. 5,021, 355; Anderson U.S. Patent No. 5,800, 447; and Tanaka et al. U S. ~
Patent No. 5,408,116 describe trench transistor devices. Threshol d

adj ust ment -usi ng geonetry of isolation trench corners is described in the
Wen TDB article, Tanaka et al. U.S. Patent No. 5,408,116 and Hori oka et al.

U S. Patent Nghe5 pbéséif Iiiwsrtabid O te@ees Dhwvap' efifon Mshadsure! s on
devi ce using LOCOS isolation regions are discussed in U S. Patent Nos.

5, 396, 09&reakhnatigiewal 1a| doypimgl sifee, 910 isradeieteyiowsi tg tdewixe ner of
the trench gate to provide dopant is described in U S. Patent Nos. )
5, 300, 44¢h6Aﬁ&§P§6ﬂ£1‘aﬂd andyohs 3ngt pegwdred o )solymnkhe @roklem NVENTI ON

NQTG Of.%ﬂiv23i8§ %5% %E%ggn%bgﬁsegLfggsgﬁfcﬁr?%Lﬁ%%ﬁgr conduction,
. not sideWﬁll conduction. ._ 3 -

The present invention teaches away from thelapproach of
Evans et al. above in that' it avoids doping the trench
sidewalls. This invention is focussed only on corner doping
augmentation.

In accordance with this invéntion a-process is prdvided
for fabricating a semiconductor MOSFET device on a silicon
substrate. The steps include forming a mask with openings
therethrough on the substrate. Etch down into the substrate
through the openings in the mask to form trenches in the
substrate. Form STI (Shallow Trench Isolation) dieieétric
trench structures of silicon dioxide in the trenches
in the substrate and in the openings the mask. Strip the
mask from the device leaving protruding sidewalls of the STI
trench structures with channel regions in the substrate
between the trench structures having corner regions adjacent
to the STI trench structures. Dope the channel regions
between and adjacent to the STI trench structures with one
concentration of dopant in :the centers of the channel
regions, and a substantially higher concentration of dopant

in the channel regions adjacent to the corner regions. The

dopant concentration differential providing a substantially



. Sidewalls along the isolation region to tailor the threshold voltage of the
corner device. -6- The present invention teaches away fromisolation
trench sidewal|l doping since it is deleterious to device characteristics
and“is not required to solve the problem solved by the present invention
whi ch is corner conduction, ‘-not sidewall conduction. The present invention
teaches away fromthe approach of Evans et al. above in that it-avoids
dopi ng the trench sidewalls. This invefft-ion is focussed only on corner ~
dopi ng augnentation. In accordance with this invention a process is
provi ded for fabricating a sem conductor MOSFET device on a silicon
subst r at ceqilk ebapentratimie 6Hr elagtaonmsknwthé ecpetengsantdemat htloaigh on
the substrate. Etch down into the substrate through the openings in the
mask to féPﬁﬂFFeﬁ@E&QﬂSrPﬁFﬁ@%&%@@@@ﬂereBéPﬁPSTl (Shal | ow Trench |sol ation)

S:ngs'?‘r:;[ ;ca;(rjench st r%w%of ;ffé con d| ?Tlﬁdfﬁéﬂiéggd&éggfheﬁosiF%'} he_
| device on a silicon substrate, form sidewall spacers along
the protrhding sidewalls of the STI trench structures above
the corner regions of the chanhel regions leaving the
centers of the channel regions exposed. Ion implant ions of
a first type of dopant, as a compeneating implant, into the
centers of channel regions, the centers being located in the
substrate aside from and between the 'STI region trench
structures and the spacers. The compensating implant is
made in the centers of the channel regions between the
spacers to compensate for the threshold voltage implant
except at the corner regions adjacent to the sidewalls of
STI trench structures.so that there will be.higher-effective
doping in the corner regions after the step of .doping with
the spacers blocking the compensating implant at the cotner
regions of the device aside from the central channel
regions. Strip the spacers from the_deviceb and perform a
threshold voltage doping process of ion implanting
additional 'dopant into the channel regions including the
corner regions whereby the corner regions have a higher
dopant concentration than the centers of the channel
regions. |
Preferably, for fabricating a semiconductor MOSFET

device on a silicon substrate the compensating doping



<mask fromthe device |leaving protruding sidewalls of the STI trench
structures with channel regions in the substrate between the trench
structures having corner regions adjacent to the STl trench structures.
Dope the channel regions between and adjacent to the STI trench structures
wi th one concentration of A dopant in the centers of the channel regions,
and a substantially higher concentratiog of dopant in the channel regions
adj acent to the corner regions. The -dopant concentration differenti al
provi ding a substantially equal concentration of electrons in the
centers and at the corner regions of the channel regions. Preferably, for

fabricati sem r F ' o] SiL] S ate, rm

Si devel | SPEREYE LiBREtPRE" O ShedBeiha it “hrbBRie S ChE; 48

Struct ur eerIQNe £t CABEGE 1eREPNo0Tabcl} AlRNREY RAGHORS d&¥y i BFokhe
centers of thé channel regions exposed. lon inplant ions of a first type of
dopant, asaboutonpenE&tindamsom® , itd 0 tabovutc2t Br $3o0londsem?) reghans, the
centers being located in the substrate aside from and between the STI

regi on trdrmpicallyct6f keVarwitncasgager 9f abputcBnPehdalong/¢mpi abhe) s

peak of "the arsenic compensating implant in the central
channel regions is from about 100 A to about 1,500 A deep,
typically about 456 A deep below the surface of the
substrate. Preferably, fabricate a semiconductor MOSFET
device on a silicon substrate wherein_the threshold wvoltage
doping process involves iop iﬁplanting bbron,(B) ions-at an
energy from about 1 keV to about 50 keV with a dose from
about 1 E 12 ions/cm® to about 5 E 13 iens/cm®; the depth
of the ﬁeak boron (B) concentration =regions is £from
about 200 A to about 2,000 A; the energy is about 10 keV and
the dose is about 8 E 12 ions/cm® and the peak boron (B)
concentration regions is about 500 A deep below-the surface
of the substrate; the peak concentration of P type dopant,
comprises boron (B) atoms, produced in the channel regions
in the substraté is from about 1 E 17 atoms/cm® to
about 3 E 18 atoms/cm® with a preferred éoncentration of
about 4 E 17 atoms/cma; and the arsenic doping in the
channel regions has a concentratioﬁ— of about
1 E 17 atoms/cm®, producing net phosphorus type doping in
the center of the channels of about 3 E 17 atoms/cm®, which
is approximately 33% lower than the concentration at the

corner regions which is about 4 E 17 atoms/cm,



’\".

made in the centers of the channel regions between the spacers to
conpensate for the threshold voltage inplant except at the corner regions
adj acent to the sidewalls of STl trench structures so that there will be

hi gher effective doping in the corner regions after the step of .doping with
t he spacers bl ocking the conpensating inplant at t-he corner regions of

the device aside from the central_gchannel regions. Strip the spacers
fromthe device, and performa threshold voltage doping process of ion

i mpl anting additi onal dopant into the channel regions including the corner
regi ons whereby the corner regions have a hi gher dopant concentration than

Lhe conter o BeblATyF! S S0Bof” B undiB | G "ene

i nplant i PeahbeEnkONstapbankbpy EABrfESLINE HNBeticondaBebgy Mosprgbout 1

keV to about 100 KeV wth a dose fromabout. 1 E 12 ions/cnferr] to

about 2 Edb¥iicensic i eiillicomdubgtati.y ForicWidewald spascevs abong 5 E 12

i ons/cn®2; the peak of the arsenic conpensating inplant in the central
the protruding sidewalls of the STI trench structures above
the corner regions of the channel regions the spacers having
been doped with corner dopant. Diffuse the corner dopant
from the spacers into the corner regions of NFET channel
regions in the device, the centers being located in the
substrate aside from and between the STI region . trench
structures and the spacers..- Strip thé spacers fiom the
device. Then ion implant an opposite type of dopant into
the channel regions including the corner regions whereby the
corner regioné have a higher effective dopént concentration
of atoms of the opposite type of dopant. Preferably, the
pélysilicon spacers have been doped with P type boron (B)
dopant Qith a concentration of boron (B) dopant atoms from
about 1 E 19 atoms/cm® to about 5 E 20 atoms/cm®; an
annealing process 1is performed in a hydrogen (H.) gas
atmosphere with & source such as forming gas at a
temperature from about 800°C and about 900°C from about 60
séconds to about 30 minutes; the resultant peak
conqentration of boron (B) dopant in the pi&técted corner
regions in the substrate beneath the spacers ranges from
about 2 E 17 atoﬁs/cﬁ5 to about 2 E 18 atoms/cm® and a

concentration in the remainder of the substrate from

about 1 E 17 atoms/cm® to about 1 E 18 atoms/cm®. ocutside of



~channel regions is fromabout 100 A to about 1,500 A deep, typically about
450 A deep -bel ow the surface of the substrate. Preferably, fabricate a
sem conduct or MOSFET device on a silicon substrate wherein the threshold
vol t age doping process_involves ion inplanting boron (B) ions at an energy
fromabout 1 keV to about 50 keV with a dose fromabout 1 E 12 ions/cnferr]
to about 5 E 13 ions/cnferr]; the depth of the peak boron (B)
concentration regions is from about 20610x to about 2,000 A; the energy fs
about 10 keV and the dose is about 8. E 12 |ons/cn[err] and the peak boron
(B) concentration regions is about 500 A deep bel owthe surface of the
substrate; the peak concentration of P type dopant, conprises boron (B)

at ons, prthéuascd:'zierthegthanneltheegtbr@hﬁd'thelts%stdtqnwg i pro¢essn about
1 E 17 atons/cnferr] to_about 3 E 18 atons/c with a preferred

' conceﬂt r &E‘l"eﬂ"lsf’ 4pButmplanting hoxAn (Hde r"'t"f‘sng'ﬁﬁﬂ t‘f‘ﬁesuﬁ? E3Fe a%opi ng
t t t 1 E 17
;P ons/ gn%él? %% SVO 558ﬂn aﬁ%gt 6ho§v to abo&g 17 rﬂé’\ﬂ vSﬂﬂx Oéose fp 1@ )

Sphorus type doping Th P TENLETOBf the

Chimel b2’ et 2 s’y |s spmn ) g e
at ons/ cMigpth- of the peak boron (B) concentration in the substra.te -
is fz;om about 200 A to about 2,000 A; the threshold voltage
doping process involves ion implanting boron. (B} dlons into
the substrate at an energy of about 10 keV with a dose of
about 8 E 12 ions/cm®*, and the depth of the peak boron (B)
concentration in the substrate is about 500 A; after
source/orain high temperature annealing of the device the
concentration of P-type dopant, comprising boron (B) atoms,
produced in the channel regions in substrate is from about
5 E 16 atoms/cm® to about 1 E 18 a.toms/om"‘- the threshold
 voltage doping process involves ion implanting boron {B)
ions into the substrate at an energy of about 10 keV with a
dose of about 8 E 12 ions/cm®, and the depth of the peak
boron (B) conoentration in the substrate is about 500 A.
Preferably, for fabricating a semiconductor MOSFET
device on a silicon substrate, form sidewall spacers along
the protruding sidewalls of the openings in thi mask. Then
etching down into the substrate through the openiﬁgs in the
mask to form trenches in the substrate. Then form the STI
(Shallow Trench Isolation) diolectric trench structures of
silicon dioxide in the tienches in the substrate and in the

openings the mask. Ion implant ions of a first type of



» Preferably,

fabricating a sem conductor MOSFET device on a silicon substrate.

si dewal |

structures -above the corner regi ons of the channel
havi ng been doped wi th corner dopant.

- Spacers
centers

region trench structures and the spacers.

spacers along the protruding sidewalls of the STl trench

Form

regi ons the spacers
D ffuse the corner dopant fromthe

into the corner regions of NFET channel regions in the device,
STI -

being located in the substrateldside fromand between the

Strip the spacers.fromthe

device. Then ion inplant an opposite type of dopant into the channel
regi ons ddpenddl i@ 1 Be eonPORsdLHENIMMIANRDY 1REo COHE deitle®ds Bave a
hi gher effective dopant concentration of atons of the opposite type of

the method of this invention enploys the follow ng steps for

t he

dopant . dheafreylaldegidrs; ey Tdntears dbpdngy dokatedbaanthepedbwitivhtR t ype
boron (B) dopant with a concentration of boron (B) dopant atons from about
1 E 19 &sdde cifam rgnd hetweerhihe STI memiom dxenchi strjctures andeal i ng
iis perforned in a hydrogen é;gerr!) gas at nrosphere with a source
the nPRECEEE . atthe « EAPREREALENG ¢ 854t BR%r PRpEea i abbet

C f.rom abaqut S n to o] m nutes; t he
resul tan'fentepf@ak%%ongg%t rgﬁﬁ%gge f rc?(ﬂ)‘(?ﬁ‘%l()B?g‘dgﬁgﬁt Vﬁet ﬁ@aﬁﬁd"tsecitgd cor ner

process
such as
900[ err]

compensate for the threshold voltage implant except at the
corner reglons adjacent. to the sidewalls of STI trench
structures so that there will be higher effective doping in
the corner regions after the step of doping with the spacers

blocking the compensating implént at the corner regions of

the device aside from the central channel regions. Strip

the spacers from the device, and ion implant an opposite
type of dopant into the channel regions including the corner
regions whereby the corner regions have a higher effective
dopant concentration of atoms of the opposite type of
dopant. Preferably, for fabricating a semiconducter MOSFET
device on a silicon substrate the compensating doping
implant involves ion implanting the arsenic ions at an
energy from about 1 keV to about 100 keV with a dose from
about 1 E 12 ions/cm® to about 2 E 13 ions/cm?, and
typically 60 keV with a dose of about 5 E 12 ions/cm®; the
peak of the arsenic .com'pensa.ting implant in the central
channel regions is from about 100 A to about 1,500 A deep,
typically .about 450 A deep below the surface of the
substrate. Preferably, fabricate a semiconductor MbSFET

device on a silicon substrate wherein the threshold voltage



sregions in the substrate beneath the spacers ranges fromabout 2 E 17
atons/cnferr] to about 2 E 18 atons/cnferr] .and a concentration in

the remainder of the substrate fromabout 1 E 17 atons/cnierr] to
about 1 E 18 atons/cnferr] outside of -10- -t he corner regions; the

t hreshol d vol t age dopi ng process involves ion inplanting boron (B) ions
into the substrate at an energy from about 1 keV to about 50 keV with a
dose fromabout 1 E 12 ions/cn2 to abou#f25 E 13 |ons/cn{err] and the depth
of the peak boron (B) concentration in the substrate is from about 200 A to
about 2,000 A; the threshold voltage doping process involves ion inplanting

00r o0 ki RhEPbRAFRIVR So L AR FRELN R eyt @ dooe
concent r ah@Rgly fdin SABSHE 2 Gdw 850 in o0 56 kb QL0 U O Bloledl £ O

t enperature anneallng of the device the concentration of P-type dopant,
conpri si ngpbaton EBl2atens /cakodioc akbout tHeE cimials foadi;onthe) g rate i s

fromabout 5 E 16 atons/cnferr] to about 1 E 18 atons/cnferr]; the

thresholdofoltage @epkngbprgnesiBDnvspnggntuntiqplanegt@p&xntﬁl(igom
about 200 A to about 2,000 A; the energy is about-10 keV and -
the dose is about 8 E 12 ions/cm® and the peak boron (B)
concentratiop regiohs is about 500 A deep below the surface
of the substrate; the peak concentration of P type dopant,
comprises boron (B) étoms, produced in the channel regions
in the substrate is from.‘about 1 E 17 atoms/cm® to
about 3 E 18 aténﬁs/cm3 with a preferred concentration of
about 4 E 17 atoms/cm®;  and the arsenic doping in the
channel regions has a concentration of about
1 E 17 atoms/cm®, pﬁoducing net phosphorus type doping in
the center of the channels of about 3 E 17 étoms?cms, which
is approximately 33% lower than the concentration at the
corner regions which is about 4 E 17 atoms/cm®.

In accordance with another aspect of this invention, a
semiconductor MOSFET device formed on a silicon substrate
comprises a substrate including trenches. STI (Shallow
Trench Isolat;on) dielectric trench structures of silicon
dioxide £ill fhe trenches and extend above éie-surface of
the substrate. The trench structures having protruding
sidewalls of the STI trench structures with channel régions
in the substraté between the trench structures having corner

regions adjacent to the STI trench strucfures, The chénnel



.ions into the substrate at an energy of about 10 keV with a dose of about 8
E 12 ions/cnferr], and the depth of the peak boron (B) concentration in the
substrate is about 500 A Preferably, for fabricating a sem conductor
MOSFET device on a silicon substrate, form sidewall spacers along the
protrudi ng sidewalls of the openings in the mask.. Then etching down into
..the substrate through the openings in the mask to formtrenches in the
substrate. Then formthe STI (Shallow T¥Bach |solation) dielectric trench
structures of silicon dioxide in the trenches in the substrate and in the
openings the mask. lon inplant ions of a first type of —-dopant, as a
COUpensaié?ﬂon$”BE%ﬂhenldﬁd)adiEbe&@nésr%heo%rﬁﬁﬂﬁkﬂcﬂ€¥&£ﬁ§tu£$€ centers
being located in the substrate aside fromand between the STI region trench
st ruct ur eseaddpedewttiacene , condantomipens aifi dgpantplanthéecemterasicof n t he
centers of the channel regions between the spacers to conpensate f or the

t hr eshol 1ol t §hanpap| anregierpr at anfle cdr nefubsbapbirllyngd) tghexo the

S ol | Bondhmastbiot SEC BRI S bR P e cne
SPACEr'S’ the corner regions, the dopant concentration diiferential
providing a substantially equal concentration of electrons
in the centers and at the corner regions_ of the channel
‘regions. Preferably, the device includes the parameters
described above.

BRIEF DESCRIPTION OF THE DR.AWINGS

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

FIG. 1 shows &a sectional view..pf a prior art
semiconductor device formed on a semiconductor substrate on
covered by a gate oxide layer over a channel. To-the right
of the gate oxide layer is an isolation region separated
from the substrate by a sidewall which forms a corner with a
radius r and a corner angle of ® with thg-lower surface of
the gate oxi‘de layer. The corner has a lower threshold
voltage than the main device, which can lead to a high "off"
current and to variations in the threshold voltage of the
transistor.

FIGS. 2A-2I show sectional views of a device being
manufactured employing a first method in accordance with

this invention.



* bl ocki ng the conpensating inplant at the corner regions of the device aside
fromthe central channel regions. Strip the spacers fromthe device, and
ion inplant an opposite type of dopant into the channel regions including
the corner regions whereby the corner regions have a higher effective
dopant concentration of atons of the opposite type of dopant. Preferably,
for fabricating a sem conductor MOSFET device on a silicon substrate the
conpensating doping inplant involves -¥on inplanting the arsenic ions at
an energy fromabout 1 keV to about 100 keV with a dose from about 1 E 12
lons/cnferr] to about 2 E 13 ions/cn{err], and typically 60 keV with a
dose of about 5 E 12 ions/cni peak of the grsenic gonpensating

i npl ant in t f&ES%erty alist:haﬁnelsef’gaf’ i i1‘*?"’om°z;bod"t elOO&%vf eab8%t 1,500 A

gﬁggir;te & efﬁ'pqgﬁt %@H% a%?e%%ceo% tfglréﬁ;{;?&kg}&gg%ge on a

si | i con sbsidwice %%&%uast Eeli?hﬁif'oéi&bH@Ii-agﬂlicoioﬂbﬁﬂcbhaﬁ&%&rl nvol ves’

ion inplanting boron ions at an energy from about 1 keV to about 50 keV
wth a dassstrate aEh&uTan1NEEI'2devmeécﬁ$ eshdwn ovidihoat pdEok2deodafenf err];
t he depth

pover which is formed a pad silicon nitride layer patterned -

by the process of etching through openings in a photoresist
trench mask with silicon trench openings therethrough down
to the surface of the pad oxide layer.

FIG. 2B shows the product Pf FIG. 2A after the mask has
been employed to etch the pad oxide layer and the substrate
through the openings in the photoresist trench mask. The
process of etching down through the pad oxide layer has
formed trenches in the substrate. |

FIG. 2C shows thé product of FIG. 2B after a silicon
dioxide (S10.) layer has been deposited in érencﬁes in the
substrate and in openings in the pad silicon nitride layer.
The silicon.dioxide layer has been patterned by polishing to
form a éet of STI, dielectric, trench structures.

FIG. 2D shows the device of FIG. 2C after the silicon
trench mask was removed with the STI trench structures
protruding above the surface of the substrate and a set of
disposable sidewall spacers formed along tﬂ; protruding
sidewalls of the STI trench structures. Then follows an
NFET compensating ion implahtation of N-type ions into -
central channel regions located in the substrate aside from

and between the STI trench structures and spacers..



of the peak boron (B) concentration regions is fromabout 200 A to about
2,000 A; the energy is about-10 keV and the dose is about 8 E 12
ions/cnferr] and the peak boron (B) concentration regions is about 500 A
deep bel ow the surface of the substrate; the peak concentration of P type
dopant, conprises boron (B) atonms, produced in the channel regions in the
substrate is from about 1 E 17 atogg/cnierr] to about 3 E 18
atons/cnferr] with a preferred concentration of about 4 E 17

atons/cnjerr]; and the arsenic deping in the channel regi ons has
a concentration about 1 E 17 atons/cnferr], producing net
phosphorus t C of t f 0, 17

atons/ cni er r}@&m%hgﬁgwgpt&?%x |der%3’t € y omet}?yt e.‘étse hte}?éc)o%%aé %t i on at

the cor pger GabANS oMYA by dheHind, L ed7s 31,008 L6 ot type 6gagence wi th

anot her aspect of this invéention, a sem conductor MOSFET device forned on a
si | i conipnbs tarat eaemfgornmnﬁe&md at@glon | bsitween t amd cad$acenST!
(Shal low Trench Isolation) dielectric trench structures of silicon dioxide
fill théotr&hehe8§Taindtrenchd stowetures shid a@djystt hthesybhregheld The
.trench structures having protruding sidewalls of the STl trench

struct uv@dt@Belk channel regions in the substrate between the trench -

struct ures hayi ag copper, [ egi00Se ok 3! 4 #u'SnSbh hERBENLAL kU es. The

channel
oxide layer has been etched away and has been replaced by a

gate oxide layer above the expoéed surfaces of the
substrate. A gate electrode layer is deposited: and
patterned into gate eleCtro&é conductor. Source/drain
junctions are formed.

FIG. 2G shows a plan view of the device of FIG. 2F with
a sectioﬁ line 2F-2F' indicating the section line along
which FIGS. 2A-2F are taken. It can be seen that the éate
electrode overlies the channel regions betweén thé N+ doped
source/drain regions above and below the channel redions.

FIGS. 2H and 2I are sections of the device taken along
line 2I-2I' in FIG. 2G through a channel region with STI
trench structures above and below the channel region and the
source/drain N+ regions in FIiG. 2G. .

FIG. 2H shows the device of FIG. 2G after the gate
oxide layer has been formed over the substraéé and before
the control gate electrode has been formed over layer with
the P+ doped regions of FIG. 2F illustrated between the STI

trench structures.



* regi ons between and adjacent to the STl trench structures are doped with
one concentration of dopant in the centers of the channel regi ons,

and -a substantially hi gher. concentration of dopant in the channel
regions adjacent to.the corner regions, the dopant. concentration
differential providing a substantially equal concentration of electrons in
the centers and at the corner regions of the channel regions.

Preferably, the device includes the pal@neters described above. BRI EF
DESCRI PTI ON OF THE DRAW NGS The foregoing and ot her aspects and advant ages
of this invention are explained and descri bed below wth reference to the
acconpanyi ng dramﬁggs, in which: FIG 1 sho sectional view of a

prior art seff@onddctBHoveyitbe (HTHRS oﬁfa%\l%riggnd%%‘[ﬁﬁ $hsst9ake on
cover o BhsbeSal OL4H Bl Rl PIEL VBip HEIGR  Blabeo ©
o e SAREALLE B faafhe" lphor LA Wty o2ty ahsatf [0
thresﬁ?'@ormed in the substrate adjacent to the gate electrode and
sidewalls. The source and drain regions are self-aligned -
with the gate electrode and sidewalls. The corner regions
having higher effective .doping are seen in the edges of the
source and drain regions where they abut the STI trench
structures. .
FIGS. 3A-3E show sectional views of a device being
manufactured employing a second method in accordance with
this invention. .
FIGS. 3A-3C show a set of STI trenches fabricated first
‘using standard processes of which are the same as the
process steps of FIGS. 2A-2C and the same Struétures have
the same identification. s
FIG. 3D shows the device of FIG. 3C after spacers have
been formed by blanket deposition of a po;ysiliccn spacer
layer which has been etched to form the spacers on the
sidewalls of STI trench structures of device of FIG. 3C.
The polysilicon spacefs have been doped with P type boron
(B) dopant. o
 After the spacers are formed, PFET V. implants are
ﬁerformed. During this prodess, sldewalls are removed by
CDE (Chemical Dry Etching) to prevent the sidewalls £rom

doping the PFET.




vol tage than the main device, which can lead to a high "off" current and to
variations in the threshold voltage of the transistor. FIGS. 2A-21 show
"sectional views of a device being manufactured enploying a first method in
accordance with this i.nvention. - -14 - FIG 2A is a sectional view

of the device of FIGS 2A-2E in an early stage of the manufacturing
process. The device includes a lightly doped P- silicon sem conduct or
substrate for an NFET device is shown wil?Hh a pad oxide |ayer over which is
formed a pad silicon nitride |layer. patterned by the process of etching

t hrough openi ngs in a photoresist trench nask with silicon trench openings

proiet o °n SRS M PRESSRShaEL  n C n F, 0
llayer and e ﬁdﬁﬁtt'h%t QphBEQUEErHBEuQQQW‘Eﬂ&t'&é hfow Palededt! Shi

mask. The process of etching down through the pad oxide |ayer h s orned )
trenches ithd WFETHSisaddffused into regions on either gide of STI
trench structures and on the corner of the channels there-
between and/or aside therefrom using a hydrogen anneal which -
allows boron (B) to diffuse through the underlying
sacrificial silicon oxide. After boron (B) diffusion and
before the NFET threshold voltage implants, the polysilicon
spacers are removed by CDE (Chemichl Dry Etching).

FIG. 3E shows the devicé of FIG. 35 after the spacers
structures have been removed by a subtractive process such
‘as etching. For the NFET threshold voltage implants, P~-type
dopant lions, are implanted into regions between and adjacent
to the STI trench structures to adjust the threshold voltage
those regions. The threshold voltage -dopihg process
involves ion implanting boron (B) ions into the substrate.

FIGS. 4A-4G show sectional views of a device being
manufactured empioying' a third method in accordance with
this invention. '

FIG. 4A shows a lightly doped.P- silicon semiconductor
substrate fof an NFET device covered with a pad silicon
oxide layer and a pad silicon nitride layer f;rméd over the
pad silicon oxide layer. 1In this method, the polish Stops
formed from the Si.N, layer are patterned first as a mask
with openinés stopping'_on the underlying silicon oxide

layer.



. FIG 2C shows the product of FIG 2B after a silicon dioxide (Sigerr])

| ayer has been deposited in trenches in the substrate and in openings in
the pad silicon nitride layer..- The silicon dioxide |layer has been patterned
by polishing to forma set of STI, dielectric, trench structures. FIG 2D
shows the device of FIG 2C after the silicon trench mask was renoved wth
the STI trench structures protrudi ng above the surface of the substrate and
a set of disposable sidewall spacers -ifgarned al ong the protruding )
sidewal I s of the STI trench structures. Then follows an NFET conpensating
lon inplantation of N-type ions into central channel regions |located in
the substrate aside fromand between the STl trench structures and spacers.
FI G 2E shows tFEGdeiB cehowsFlthe 2product ofic FIfacdAs afder miwmippinyed by
et chi ng, follomﬁngamhich P-type dopant. ions are bejing | anted into

regi ons beth@eRhgkaregiatcleyes t né §ﬁ“qﬁ¥$¥M1Qﬁrqﬂﬂﬁﬂlgi¥¥?ﬁﬁﬂQﬁﬁd?he _
(el YBhEROE ol Fhlhed i S B iR o Cub iy sljer. the v
B FIG. 4C shows the product of FIG. 4B after the Si N,
1ﬁyer and the doped silicon oxide spacers have been used as =
a mask with openings to etch through the pad silicon oxide
layer down into silicon substrate to form the silicon
trenches. |
In FIG. 4D, the device of FIG. 4C is shown after a set
of STI, dielectric, trench structures of silicon dioxide
have been deposited in trenches in the substrate and in
openings in the pad silicon nitride layer. The spacers have
been reduced to shorter spacers on the low sidewalls of

trench structures by the polishing step. _
FIG. 4E shows the device of FIG. 4D -after the pad

nitride layer has been stripped from the device;

FIG. 4F shows the device of FIG. 4E during the NFET
threshold voltage implant of an N-type dopant_providing a
compensating implant for compensation of the threshold
voltage implant. The spacers block the compensating implant
at the corners of the device in FIG. 4F. _

Next, in FIG. 4G, the spacers are removed and a P-type
dopant such as 5oron (B) lions 51 are implanted to adjust the
threshold voltage in FIG. 4G; The resist is stripped, then

a similar process can be repeated on the PFETs i1f desired.



gate oxide |layer above the . exposed surfaces of the substrate. A
gate electrode layer is deposited and patterned into gate electrode
conduct or. Source/drain junctions are formed. FIG 2G shows a plan view
of the device of FIG 2F with a section line 2F-2F indicating the section
i ne along which FIGS. 2A-2F are taken. It can be seen'that the gate

el ectrode overlies the channel regions between the N+ doped source/drain
regi ons above and bel ow the channel regioed8 FIGS. 2H and 21 are sections
of the device taken along line 21-21" in FIG 2G thfough a channel region
with STI trench structures above and bel ow t he channel region and the
source/drain N+ regions in FIG 2G FIG 2H shows the device of FIG 2G
after ‘the gate BiGd& |is/ & draphbwbdchoshows calectzton siemstityt ecatdulrsf or e
the control gate el ectrode has been forned over layer with the P+ doped
regi ons of°fihe Heviqe,dn fheg offrRreBALEARRST| trench structures. - 16-

FIG 21 shows t%.deé/'ﬁov% é:in%laztlina fétleerctg:%% %Em%ours provided when
.. & device has been manufactured in accordance with Method I

descrilbed below. -

DESCRIPTION OF THE PREFERRED EMBODIMENT

In accordance with this invention the ghreshold voltage
is adjusted at the corner of the device in a way that
- requires no additional masks. Three ways to implement this
process are described herein. |
Method I:

Disposable Spacer Along STI Region for Counterdoping

Referring to FIGS. 23-2E, in accordance with this

method, STI trench structures 18a-18¢c are formed by standard
.- processing (FIGS. 2A-2C). -.

In FIG. 2A; a 1lightly doped P- silicon semiconductor
substrate 12 for an NFET device is shown with a pad
oxide layer 14 formed thereon. Over pad oxide layer 14, a
silicon trench mask 15 is formed comprising a ééd silicon
nitride (Si,-,N..) layer having .a - thickness of from
about 1,000 A to about 5,000 A (preferably 2,000 A thick)
has beén formed. The silicon trench mask 15 .ha.s been
patterned by the process of eﬁching through dpenings 13a,
13b, and 1l3¢ in a.photoresist _mask 13 into the _s:l.l_:_l.con
trench mask 15 with openings 15a, 15b, and 15¢ therethrough

down to the surface of the pad oxide layer 14. (As an



el ectrode conductor has been forned with silicon dioxide sidewalls

adj acent thereto and source and drain regions forned in the substrate

adj acent to the gate electrode and sidewalls. The source and drain regions
are self-aligned wth the gate el ectrode and sidewalls. The corner r.egi ons
havi ng hi gher effective doping are seen in the edges of the source and
drain regions where they abut the STI trench structures. FIGS. 3A-3E show
sectional views of a device being manuB@ctured enpl oying a second nethod in
accordance with this invention. FIGS. 3A-3C show a set of STI trenches

fabricated first using standard processes of which are the sane as the
process

| £ U LA HeCempiYFed NR1ERNE
identiff‘ggg‘?’(ﬁ)ﬁaﬁ@fﬁgésho é’a‘?%e&d(}:c\ﬁ%?eée&? EP‘% SCIg tefespacers have been
formed pyphl ga¥ebelcRASiWHIAN By WndEdstvidd N tHvmeerskidyierd vin ckhéas been
etched to formthe spacers on the sidewalls of STl trench structures of
device aktE)G 3C. The polysilicon spacers have been doped with P type

boron (B) dopant. After the spacers are formed, PFET V[err] inplants are’
performed. DEEEmg2Bhishowscche deydrgl | 304 r FfGredpyatter the -

photoresist mask 13 has been stripped from device 10 (by a
conventional method) and the silicon trench mask 15 has been
employed to etch pad oxide layer 14 and sﬁbstrate-lzzthrough
openings 15a, 15b, and 15¢. The process of etch:lng'down
through pad' oxide layer 14 has forméd trenches 17a, -17b,
and 17¢ in thé substrate 12 '(below _6penings 15a, 15b,
and 15¢ respectively) with a depth from about 1,000 A to
about 3,000 A, preferably about 2,000 A.

FIG. 2C shows the product of FIG. 2B after layér 18
(shown in phantom) of silicon dioxide (S10.) has been been
deposited on the substrate 12 and in ;he tredéhes~17a, 17b,
and 17¢ in the substrate 12 and in openings “15a, 15b,
and 15c in silicon trench mask 15 and over mask 15. Layer
18 grown by &a conventional Low Pressure Chemical Vapor

~ Deposition (LPCVD) process at a temperature from about 700°C
to about 800°C in an é.tmosphere of TEOS (TetraEthylOrtho-
Silicate) and oxygen (0O:) gases.
| Then, a conventional'chemicallmechanical péiiéhing step
is performed on the device 10 to form a set of STI,
dielectric, trench structures 18a, 18b and 18c. The
polishing step provides thé smooth surface seen in FIG. 2C.

The polishing step leaves a thickness of silicon trench mask



CDE (Chem cal Dry Etching) to prevent the sidewalls from doping the PFET.
-17- After the PFET threshold voltage inplants, the boron (B) fromthe
spacer structures (that are now present only in the NFETs is diffused into
regions on either side of .STI trench structures and on the corner of the
channel s there- between and/or aside theréfromusihg a hydrogen anneal
which allows boron (B) to diffuse through the wunderlying sacrificial
silicon oxide. After boron (B) diffusiofland before the NFET threshol d

vol tage inplants, the polysilicon spacers are renoved by CDE (Chemi cal Dry
Etching). FIG 3E shows the device of FIG 3D after the spacers structures

have been v gx bxbguéugbblﬁtlyg O%o SS %%hAgfe%%C in%?]é%Fp%?w NFET

re
thresholdl§olt§ge i mplrants pant 1’ons egi ons
bet ween and opdi ACBAk tHe! BPedh éﬁﬂmﬂxﬁé U182 keoﬁdaysﬁttfeowrsshol d

vol t age t hdse regi ons. The threshold voltage doping process Involves

i on inpl ardd rapdudr @n00B) A, opreifeirablitcabolitt 83000 &) Gexteid Hily Salboat
sectional views of a device being
1,000 A above the surface of the silicon substrate 12.

h Next, the silicon trench mask 15 (comprisiﬁg the pﬁd
silicon nitride layer, as described above) is stripped from
the device 10 by means of Eapplication. thereto of a
phosphoric -‘aclid (HaPO,) solution under a range of
temperatures from about 50°C to about 180°C.

Referring to FIG. 2D, which-shows shows the device 10
of FIG. 2C after the silicon trench mask 15 was removed,
the STI trench structures 18a-18c protrude about 1,000 A
above the surface of sllicon substrate ;g; and a set of
dispésable sidewall spacexrs 16 have been formed as shown in
FIG. 2D along the protruding sidewalls of STI trench
structures l1l8a-18c. Spacers 16 were formed (after--the pad
nitride layer 16 was stripped away) by depositing a blanket
sidewall spacer layer of Si.N, or of uhdoped polysilicon
from about 20 nm (200A) to about 100 nm (1,0004) thick over
the structure of FIG. 2C. Then, in the conventional mannef,
the blanket sidewall spacer layer is patterned by reactive
ion etching (RIE) into the configuration seen in FIG. 2D
with the spacers 16 formed adjacent to the exposed,
protruding sidewalls of STI trench structures 18a-18c.

During the NFET compensating ion implantation of N-type
ions 19 into central cﬁannel reglons 20, 20b, 20c and 20d,



. manufactured enploying a third nethod in accordance with this invention.
FIG 4A shows a lightly doped P- silicon sem conductor -substrate for an
NFET device covered with a pad silicon oxide |ayer and a pad silicon
nitride |layer formed over the pad silicon oxide layer. In this nethod, the
polish stops forned fromthe Si[err]Nerr] | ayer  are patterned first as a
mask with openings stopping on the ,underlying silicon oxide |ayer.
-18- FIG 4B shows the product of FIG2ZA after stripping the photoresist

| ayer. A plurality of doped silicon oxide spacers are formed al ong the
sidewalls of the Si[err]Nerr] layer. FIG 4C shows the product of FIG 4B
after the SiJerr]Nerr] layer and the doped silicon oxi de spacers have been
used as a¥hidsSk arehlepehedgintsukeatrate iR dgisidec fpan snlli betweendtheayer
down |ntos§#I|con ubstrate to f he silicon trenches. In FIG 4D t he

devi ce of SEEGYEARY %%%t‘b’f?%rggas Bc  pandr|spafiezseclG i cast (8afth in
structureg.zgf §b|'%db%“1‘d region (not seen in the drawings) is

masked with resist. N-type (arsenic) dopant ions 19 are ion
implanted as the compensating implant, which is to
compensate for £he threshold voltage implant except for the
corner regions 25 near the corners of substrate 12 at the
sidewalls of STI trench structures 18a~18¢c, so that there
will be higher effective doping in the corner regibns 25
after the step of boron (B) .doping in FIG. 2E with the
N- doping ions 19 reducing the effect of a subsequént step
of P- doping ions 21 in the channel regions. The spacers 16
blocked the compensating implant at the corners of the
device aside.from central channel regiong 205, 20b, 20c¢
and 20d.

The sidewall spacers 16 are used as §é£€ of the
self-aligned mask ﬁlong with the STI trench struct-
ures 18a-18c during a subsequent self-éligned process of ion
implanting to adjusf the compensating of the substraté 12 in
central channel regibns 20a, 20b, 20c and 20d as shown in
FIG. 2D. The compensating doping process _involves ion
implanting the arsenic ions 19 at an energy ffom aboutll kev
to about 100 keV with a dose from about 1 E 12 ions/cm® to
about 2 E 13 ions/cm®, and tfpically 60 kev with a dose of
about 2.5 E 12 ions/cmz; The depth of - the peak of the"

arsenic compensating implant in the central channel regions



.+ have been deposited in trenches in the substrate and in openings in the pad
silicon nitride layer. The spacers have been reduced to shorter spacers on
the low sidewalls of trench structures by the polishing step. FIG A4E
-shows the device of FIG 4D-after the pad nitride | ayer has been stripped
fromthe device. FIG 4F shows the device of FIG 4E during the NFET
threshol d vol tage inplant of an N-type dopant providing a conpensating_
inplant for conpensation of the t#&-eshold voltage inplant. The spacers
bl ock the conpensating inplant at the corners of the device in FIG A4F.-
Next, in FIG 4G the spacers are renoved and a P-type dopant such as boron

(B) ions Tbagl @opPlzae ethd @oddj1esteddre dudueshobdavebt a8sutN1f560 4G The
resist is stripped, then a simlar process can be repeated on the PEETs i f
desired. typit2llyl G about a 4G wkieelp shbebow! edheon demfaty cosgours of
the device in the off-condition. FIG 6 shows sinulated el ectron contours
provi ded vhstxragevilée has been manufactured in accordance with Method |

Aftér_ annealing of the device 10, the peak N type
dopant concentration, comprising arsenic atoms, in the "
central channel regions 20a, 20b, 20c and 20d of the
channels in substrﬁte 12 is from about 5 E 16 atoms/cm® to
about 2 E 18 atoms/cm®, with a preférred concentratién of
about 1 E 17 atoms/cm®.

FIG. 2E shows the devicé'of FIG. 2D after the spacers
16 have been removed, for example by Chemical Dry Etching

- (CDE) which is described in Kastenmeier et al "Chemical Dry
Etching of Silicon Nitride and Silicon Dioxide Using
CF./02/N> Gas Mixtures", J. Vac. Sci. Technol., A. 14(5),
(Sep/0ct.1996) pp. 2802-2813, with particular reference to
FIG. 1 which shows the apparatus and FIG. 3 which-shows the
high etch rate for silicon (Si) in CF., (Carbon Tetra
Fluoride.) '

Note that CDE is also often referred to as "downstream
etching", because the wafers are etched downstream from
where the plasma is génerated.

Referring again to FIG. 2E, P-type dop;ht' ions, are
being implanted into channel regilons 22a, 22b, 22c and 22d
between and adjacent to the STI trench structures 18a-18c to
adjust the threshold voliage in channel regions 22a, 22b,
22c and 22d. '



» described bel ow. DESCRI PTI ON OF THE PREFERRED EMBODI MENT | n accordance with
this invention the threshold voltage is adjusted at the corner of the
device in a way that requires no additional masks. Three ways to inplenent
t-his process are described herein. Method |I: Disposabl e Spacer Al ong STI
Regi on for Counterdoping Referring to FIGS. 2A-2E, in accordance with this
nmet hod, STl trench structures 18a-18c are forned by standard processing
(FIGS. 2A-2C). In FIG 2A a lightly d%ed P- silicon sem conductor
substrate 12 for an NFET device is shown with a pad oxide |ayer 14 forned

t hereon. Over pad oxide |ayer 14, a silicon trench mask 15 is forned

cOMpIi Sing a Pales! kheapnBLll 981tads | 5814 Cifddoeps Mielo1 0B Mord

t hi ckness of fromabout 1,000 A"to (pre erabl y

thi ck) hadnipdemting’ Bukon (BF iohbi @I ike€sCEhabslkbsi®abas 120egp Rgl t er ned
by the process of etching through openings 13a, 13b, and 13c in a.

phot or esi smengyk fiom neboule IskeVcdo takoh ShdteViSwikhh aopdoseg€rbma, 15b,

and 15c therethrough down to the surface of the %ad oxi de Iazer 14. (As
an about E 12 ions/cm® to about 5 13 ions/cm*, and

" typically 10 keV with a dose of about 8 E 12 ions/cm®. The .
depth of the peak boron (B) concentration channel regions
22a, 22b, 22c and 22d is from about 200 A to about 2,000 A,
typically about 500 A deep below the surfé.ee of substrate
12. The pea:k concentration of P type dopant, comprising
boron (B) atoms, produced :Ln. the channel regions 22a, 22b,
22c and 22d in substrate 12 is from about 1 E 17 atoms/cm®
to about 3 E 18 atoms/cm® with a preferred cohcentration of
about 4 E 17 atoms/cm3,.

If the arsenic doping in the channels has a concen-
tra.ti_on of about 1 E- 17 atoms/cm®, then this prc;duces a net
phosphorus type doping in the center of the channels of -
about 3 E 17 atoms/cm®, which is approximately. 33% lower
than the concentration at the corners which is about
4 E 17 atoms/cm>, This process equalizes the electron
concentration at the centers and at the corners of the
channels. Instead of having a 100 x (two oxrders of
magnitude) higher concentration of electrons ;t the centers
of the channels, with respect to the center of the éhannels ’
there are now equal concentrations qf electrons in those two

regions as seen below in the discussion of simulations of

devices in accordance with this inventioh.



,-20- alternative, an N- doped substrate 12 can be enployed with a PFET
device, as will be understood by those skilled in the art.) FIG 2B shows
the device 10 of FIG 2A after the photoresist nask 13 has been stripped
fromdevice 10 (by a conventional nmethod) and the silicon trench mask 15
has been enployed to etch pad oxide |ayer 14 and substrate 12 through

openi ngs 15a, 15b, and 15c. The process of etching down through pad oxide

| ayer 14 has fornmed trenches 17a, 17b, _gfid 17c in the substrate 12 (bel ow
openi ngs 15a, 15b, and 15c respectively) with-a depth from about 1,000 Ato
about 3,000 A, preferably about 2,000 A°. FIG 2C shows the product of FIG
2B after layer 18 (shown in phanton) of silicon dioxide (Si(Jerr]) has been
been deposite@hgn the FeHdstads srrippednfrpm then¥nebanngl reglommd 17c in

t he substrate 12 d in _openings 15a, 15b, d 15c in silicon,trench mask
15 and oV SipRisnenbady harkess bor & affGeaets Rrorsnr ppaut i |

CooTer ) O, SEROHS 28pphE Dnd SRSl SrbGIBRLY! UE BRRELPADY,
Otherwise, the sidewalls can be stripped from the PFET
‘ devicés dfter'the res;st is stripped. The PFET spacers were -
masked during the CDE etching in the NFET region.

In rzc.'zp the device of FIG. 2E is shown after the pad
oxide layer 14 has been etched away and has been replaced by
a gate oxide layer 14 above the exposed surfaces of the
substrate 12. 1In turn, a gate électrode, doped polysilicon
layer is deposited and patterned into gate electrode
conductor 35. Finally, source[drain junctions are formed by
implantation and annealing as will be well understood by
those skilled in the art. |

FIG. 2G shows a plan view of the device 10 ;f FIG. 2F
with a section line 2F-2F' indicating the section 1lifie along
which FIGS. 2A-2F are taken. It can be seen that the gate
electrode 35 ovérlies the channel regions 32a, 32b, 32¢
and 32d between the N+ doped source/drain regioné above and
below the channel regions.

FIGS. 2H and 2I are sections of the devige 10 taken
along line 2I-2I' in FIG. 2G through channel regioﬁ 32b
with STI trench structures 18d and 18e above and below the

channel region 32b and the source/drain N+ regions in

FIG. 2G.
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Silicate) and oxygen ((Jerr]) gases. Then, a conventional

chem cal / nmechani cal polishing step is perforned on the device 10 to forma
set of STI, dielectric, trench structures 18a, 18b and 18c. The
pol i shing step provides the snooth surface seen in FIG 2C. The polishing
step | eaves a thickness of silicon trench mask -21- 15 from about 500
A to about 4,000 A preferably abog% 1,000 A and the trench structures
18a- 18c from about 2,000 A to about 4 0 A preferably about 3,000 A,

ext endi ng about 1,000 A above the surface of the silicon substrate 12.

Next, the silicon trench mask 15 (conprising the pad silicon nitride |ayer,
as described aEs.e)2H Sshowsppetk f dedLEse seviee. 19 busrranstné ald cation
thereto of a phosphoric acid (H err]POJerr]) solution wunder a range
of tenperdtifeslayem 3hohass0bren fovoedlBjeer rfle Rebstratey 12 feind 2D,

whi ch shqws_shows t he device 10 of FIG 2C after the silicon trench mask 15
was ren\REEOTS cthe cpptrof gatgciqtactrosie 3k hasibaee £psmed] cyme A above

t he Surfafgygﬁ sificopeguUPSEE at§+1zﬂopeg A rog ok 22p of FIG. 2F

v+ 1llustrated between the STI trench structures 18d and 18e.

Al

FIG. 2I shows the device of FIG. 2H after. the gate
electrode conductor 35 has been formed with silicon dioxide
sidewalls 36 adjacent thereto and source and drain
regions 37 and 38 formed in the substrate 12 adjécent to
the gate electrode 35 and sidewalls 36. The sourcé- and
drain regions 37 and 38 are self-aligned with the gate
electrode 35 and sidewalls 36, as is conventional in the
art. The corner regions 25 having higher effective doping
(as explained above) are seen in the edges of the source and
drain regions 37/38 where they abut the STI trench struct-
ures 18d and l8e. It should be noted that regions-:25 have
served their purpose in the step illustrated by FIG. 2F and
sexrve no additional purpose in the steps shown in FIGS. 2H
and 2I.

Method II:

Disposable Spacer Along STI Trench Diffusion Source

Referring 'to the process of FIGS. 3A-_3_E,' as with
Method I, in the steps shown in FIGS. 3A-3C, a set of STI
trenches 17a-17c¢ were fabricated first wusing standard

processes of which are the same as the process steps of
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- di sposabl e sidewall spacers 16 have been forned as shown in FIG 2D al ong
the protruding sidewalls of STl trench structures 18a-18c. Spacers 16 were
formed (after the pad nitride |ayer 16 was stripped away) by depositing a
_bl anket sidewal | spacer layer of Si[err]Nerr] or of undoped polysilicon
from about 20 nm (200A) to about 100 nm (1, OO0A) thick over the structure
of FIG 2C. Then, in the conventional manner, the blanket sidewall spacer
| ayer is patterned by reactive ion etchin&g (RIE) into the configuration
seen in FIG 2D with the spacers 16 forn®d adj acent to the exposed,
protrudi ng sidewalls of STl trench structures 18a-18c. During the NFET

conpensat i | ORI RI a o] f e | [ nto tr ha

regi ons 20, o'b?Azg@ andﬁ%Odt%h% l\bz -eomkgﬁﬁgg‘zr+§oca%1gggi naésrhelp)strggﬁlg 12

asi de- fr ot iFicaeeent.he STl trench structures 18a-18c and spacers 16, as
seen in FIG .2D, the PFET region (not seen in the drawings) is masked with .
resist. N typdletr,seeferrdogatp Fd@s 3D, sspadexs i26p havecbeens forhed

conpensating inplant, which is to cor‘rl)ensate for the threshold voltage-
i npl ant eeflanket; deposition of a polysilicon spacer layer 26 which

has been etched to form the spacers 26 on the sidewalls of -
STI trench structures 18a, 18b and iac of device 10 of
FIG. 3C. The polysilicon spacers 26 have been doped with

P type boron (B) dopant with a concentration of boron (B)
dopant'; atoms in spacers 26 of from about 1 E 19 atoms/cm®

to about 5 E 20 atoms/cm®. Tﬁe. spacer 1'ayer was deposited
"with a thickness from about 10 nm to about 100 nm and
patterned into spacers 26 along the sidewalls of the STI
trench structures 1l8a-18c.

After the spacers 26 are formed, PFET V. implants are
performed. During this process, sidewalls in the PFET
regions are removed by CDE (Chemical Dry Etching): to: prevent
the sidewalls from doping the PFET.

After the PFET threshold voltage implants, boron (B)
from the spacer structures 26 (that are now present only in
the NFETs is diffused into corner regions 27 on elther side
of STI trench structures 18a, 18b, and 18c on the corner of
the channels therebetween and/or aside theref;om. using an
anneal, which allows ‘boron (B) to diffuse through the
underlying sacrificlal-oxide. After boron (B) diffusion and

before the NMOS FET threshold voltage implants, the
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» corner regions 25 near the corners of substrate 12 at the sidewalls of STI
trench structures 18a-18c, so that there will be higher effective doping in
the corner regions 25 after the step of boron (B) doping in FIG 2E with
the N- doping ions 19 reducing the effect of a subsequent step of P- doping
ions 21 in the channel regions. The spacers 16 bl ocked the conpensating

i npl ant at the corners of the device asgde fromcentral channel regions
20a, 20b, 20c and 20d. The sidewal |l -spacers 16 are used as part of the
self-aligned mask along with the STI trench struct- ures 18a-18c during a
subsequent self-aligned process of ion inplanting to adjust the -
conpensppbilygidficohe spaxsarntas 12ren xomved byarPRE r(@henisead0apPxy0b, 20c
and 20d as shown in FIG 2D. The conpénsating doping process involves
i on i npEAShing RReshPYBNiR FE¥As 3B-ht an energy fromabout 1 keV to about

B e PR dRERub O A ool iy BHSABERCIHY  BRrEBRHAe 12
o0 <Thbgen, T I S Yd'e B36edd ARG £9THSRBRH0
“"gas at a temperature from about 800°C and about 900°C from
about 60 seconds to about 30 minutes. Without a hydrogen
atmosphere, the annealing process is performed at a .
temperature from about 900°C and about 1,ood°c from about 60
Seconds to about 30 minutes.

The resultant peak concentration of boron (B) dopant in
the protected corner regions 27 in substrate 12 beneath the
spacers 26 ranées from about 2 E 17 atoms/cm® to
about 2 E 18 atoms/cm® in FIG. 3D and a concentration in the
remainder of substrate 12 from about 1 E 17 atoms/cm® to
about 1 E 18 atoms/cm® outside of the corner regions 27.

Referring again to FIG. 3E, for the NFET..threshold
voltage implants, P-type dopant ions 31, are being implanted
into regions 32a, 32b, 32¢ and 32d between and adjacent to
the STI trench structures 18a-18c to adjust the threshold
voltage in regions 32a, 32b, 32c¢ and 32d.

The threshold voltage doping process involves ion
implanting boron (B) ions 31 into the substrate 12 at an
energy from about 1 keV to about 50 keV with a dose from
about 1 E 12 ions/cm® to -about 5 E 13 ions/cm?, and

typically 10 keV with a dose of about 8 E 12 ions/cm®.
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» -23- 20a, 20b, 20c and 20d is from about 100 A to about 1,500 A, typ

about

450 A deep below the surface of substrate 12. Afte

anneal i ng of the device 10, the peak N type dopant concentration,
conprising arsenic atons, in the central channel regions 20a, 20b, 2
20d of the channels in substrate 12 is fromabout 5 E 16 atons/cnB8 to about

2 E 18 atons/cnferr], wth a preferred

oncentration of about 1 E 17

atons/cnjerr]. FIG 2E shows the devid@gbf FIG 2D after the spacers
have been renoved, for exanple by Chemi cal Dry Etching (CDE) which

described in Kastenneier et al "Chemcal Dry Etching of Silicon Nitr
Si | i con DFBRi deRd ngf cther Mealy peFon| ¢B)| cansentxrrgden” inj regionsci .

Technol .
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€t ched

downst r eagubgegavbelg.the plasm is generated. Referring again to FIG 2E,
P-type dopant ions, are

After conventional source/drain high temperature
annealing of the device 10, the concentration of P-type

dopant, comprising boron (B) atoms, produced in the regions

32a, 32b, 32¢, and 32d in substrate 12 is from about 5 E 16

atoms/cm® to about 1 E 18 atoms/cm>.

Method III:

Disposable Spacer Along Si,N, Polish Stop For Counterdoping

In FIG. 4A, the lightly doped P- silicon semiconductor
substrate 12 for an NFET device is shown with a pad silicon
oxide layer 14 formed thereon. A pad éilicon nitride
(Si,N.) layer 45 having a thickness of from about 1,000 A to
about 5,000 A (preferably 2,000 A .thick) has been formed
over pad silicon oxide layer 14. 1In this method, the polish
stops formed from SisN, layer 45 are patterned first as a

mask with openings 45a, 45b, and 45c¢c, stopping on the

" underlying pad silicon oxide layer 14;

Referring to FIG. 4B, after stripping the photoresist
layer 43, a plurality of doped-silicon oxide spacers 46
composed of PhosphoSilicate Glass (PSG) or BoroSilicate
Glass (BSG) are formed along the sidewalls of the Si.N,

layer 45.



* being inplanted into channel regions 22a, 22b, 22c and 22d between and
adj-acent to the STl trench structures 18a-18c to adjust the threshold
vol tage in channel regions 22a, 22b, 22c and 22d. - -24- The threshol d
vol t age dopi ng process involves ion inplanting boron (B) ions 21 into the
substrate 12 at an energy from about 1 keV to about 50 keV with a dose from
about. 1 E 12 ions/cnt to about 5 5 13 ions/cnferr], and typically
10 keV with a dose of about 8 E 12 i ons cnerr]. The depth of the peak -
boron (B) concentration channel regions 22a, 22b, 22c and 22d is from about
200 A to about 2,000 A, typically about- 500 A deep bel ow the surface of
substrate 12. The peak concentration of P type dopant, conprising boron
(B) atons, pr C [ n L£q4 O 24, b { n
Substrate 15 VR SolE TRENRPod R WP 258 fEPardlt R0 F
atons/ cnjgyét 96t Bna Aopla~s2dicoACoRiba! ispaceksallguhatel beemtuad cnierr] .
If the arsenic doping in the channels has a concen- tration of about 1 E 17
at ons/ crggra]maskesi thicpenioys cbita ,nd45b, and 145¢c to etch through

- the pad silicon oxide layer 14 down into silicon sub-
strate 12 to form the silicon trenches 47a, 47b and 47c. N

In FIG. .4'D', the device of FIG. 4C is shown after a
silicon dioxide (S10.) layer 48 (shown partiglly in phantomn)
has been deposited in t:;enches 47a, 47b, and 47c¢c in the
substrate 12 and in openings -i45a, 145b, and 145c ih pad
silicon nitride (SisN.) layer 45. The silicon dioxide
(8102) layer 48 includés trench structures 48a, 48b and 48c
which are grown by a conventional Low Pressure Chemical
Vapor Deposition (LPCVD) process at a temperature from
about 700°C to about 800°C in an atmosphere of TEOS
(TetraEthlerthoSilicaﬁe) and oxygen (0Oz) gases.

There is a conventional chemical/mecha.nicai —;olishing
step applied to the device to form STI, dielectric, trench
structures 48a, 48b and 48c. The polishing results in
trench structures 48a, 48b and 48c which have smooth
surfaces, as seen in FIG. 4D. The polishing step leaves a
thicknesé of.pad silicon .nitride layer 45 from about 500 A
to about 4,000 A, preferably about 1,000 A and the trench
structures 48a-48c from about 2,000 A to about 4,000 4,
preferably about 3,000 A, extending about 1,000 A above the

surface of the silicon substrate 12. The spacers 46 have



> phosphorus type doping in the center of the channels of about 3 E 17

atons/cnferr], which is approximately. 33% |ower than the concentration
at the corners which is about 4 E 17 atons/cnferr]. This .process
equalizes the electron concentration at the centers and at the corners

of the channels. Instead of .having a 100 x (two orders of

magni t ude) hi gher concentration of electrons at the centers of the
channels, with respect to the center of3jthe channels, there are now equal
concentrations of electrons in those-two regions as seen below in the

di scussion of sinulations of devices in accordance with this invention.
-25- Then the resist is stripped fromthe N channel regl on. In a

I b d
on’ Phe pReghY BiiREa° S’ sRB-Rek LRRNERE] RE°n i} (B ¥ AR G TP oee”
from t he+RERIndg¥-GEEuRES e4amaaé PP eHs® pbskARRY. b, PFET spacers wer e

masked during the CDE etching in the NFET region. " In G 2F the device of"
FIG 2E is shpuge.adkershidws patheoxdéeidayaf 1RIGassbeaFteicheleavwssd and has.

been repl aced by
- nitride layer 45 has been stripped from the device 10 by
means of phosphoric acid (H,PO,) under a range of
temperatures from about 50°C to about 180°C.

FIG. 4F shows the device of FIG. 4E, as in Method I,
during the NFET threshold voltage implant, .the PFET region
is masked with resist. Then an N-type dopant 49 is
implanted providing a compensat:i.ng :l.mplax'mt for compensation
of the threshold voltage implant. The spacexs 46' block the
compensating implant at the corners of the device 10 in
FIG. 4F. '

Method III is similar to Method I in many respects and
the compensating implant parameters and the threshold
voltage doping process implant parameters are the same in
terms of doses and concentrations of dopant and those values
are incorporated here by reference. The depths and other
parameters are also the same. |

Next, in FIG. 4G, the spacers 46' are removed
seiectively- to the Si0. by using dilute HF {which etches
doped oxides up to 10X faster than undoped oxides) and a
P-type dopant such as borbn_(B) ions 51 13 implanted to
adjust the threéhold voltage in FIG. 4G. The resist is
stripped, then a similar process can be repeated on the

PFETs 1f desired.




,a gate oxide | ayer 14 above the exposed surfaces of the substrate 12. In
turn, a gate el ectrode, doped polysilicon |layer is deposited and patterned
into gate el ectrode conductor 35. Finally, source/drain junctions are
formed by inplantation and annealing as will be well ‘understood by those
skilled in the art. FIG 2G shows a plan view of the device 10 of FIG 2F
with a section |ine 2F-2F indicating the section Iine along which FIGS
2A- 2F are taken. It can be seen that tB2-gate el ectrode 35 overlies the’
channel regi-ons 32a, 32b, 32c and 32d between_.the N+ doped source/drain
regi ons above and bel ow t he channel regions. FIGS. 2H and 21 are sections
of the device Nété akieat al png~doped 2510l ' i Nubeds £af tHe Gasicatmnagt , r egi .on
32b with STI trench structures 18d and 18e above and bel ow t he channel

regi on 3bhenathe tihreshaldevefitage fan begiasiinistied MG Bodiffusion- FI G
2H shows the device of FIG  2G after .the gate_oxide |ayer 34 has, been
formed ovERTPwgh the: Pad §3licen oxide, (rather than "implantation)

_sim:llar to Method II.‘ In this case, the PFET im}_:;lants nust
*" be performed first so that the PFET 1s not doped by the
spacers 46'. During the PFET threshold voltage implants,
the spacers 46' are removed by a dilute HF etch. Beforle the
NFET threshold voltage implants, the boron (B) from the
spacers is diffused into the corner of the NFET channels
using a hydrogen anneal, which .allows boron (B) to diffuse
through the underlying sacrificlal oxide. After boron (B)
diffusion, the spacers are removed from the NFET regions
with dilute HF, and NFET threshold voltage implants are
performed as in Method II. |
For all three methods i, II and III, the resulting
dopant profile in_ the channel of the NFET -_provides
relatively high P-type doping ‘at the corner (i.e., high
threshold voltage) and relatively low P-type doping in the
main channel (i.e., low threshold voltage). Ideally, this
results in equal electron concentration in the corners and
the centers of the channels, as will be shown in the next
section. Hence, the transistor characteristics will be
dominated by the main channel rather than the corner device,

providing reproducible characteristics.



before t
the P+

he control gate el ectrode 35 has been formed over |ayer 34
doped regions 22b of FIG 2F illustrated between the STI

with
trench

structures 18d and 18e. FIG 21 shows the device of FIG 2H after the gate

el ectrode conductor 35 has been forned with silicon dioxide sidewalls

adj acent
substrat

36

thereto and source and drain regions 37 and 38 fornmed in the

e 12 adjacent to the gate electrode 35 and sidewalls 36. Thée

source and drain regions 37 and 38 are s8Ff-aligned with the gate el ectrode
" 35-and sidewalls 36, as is conventional in the art. The corner regions 25
havi ng hi gher effective doping (as expl ai ned above) are seen in the edges
of the source and drain regions 3

' ' 7{38 gﬁﬁre they abut the STI trench
ures 18d and 18e. It sho d that regions 25 have served

th | t : |
eI GPUTPOSe AT diiE1akaBl 14410h08" Yaheill: sy cpenTpUEshamaltigdonal
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as with

b2abPOUEFE ReiMmulabloh® hAce Pbeefs applickiCRo 3A- 3E,

Method |, in tﬁe steps shown in FIGS. 3A-3C,- a set of STl trenches .
17a- 17c wehe fmmabaﬂnflpmcm ngost aonteparimgoctbe eefiffeathi offi aktlwet he
sane as*the process steps of

invention on the corner parasitic off-current in the NFET
support device. The conclusions derived from the modeling
are general in nature-and also apply to other devices in
other technologies.

Under certain process and design conditions (i.e.
sharp corner, large gate wrap-around of corner, médium
device width) corner conductién may contribute significantly
to the off-current of the MOSFE'I', while not appreciably
enhancing the on-current. Thus the channel doping.must be
adjusted to assure that the off-currenﬁ objective is met
despite the presence of corner conduction. This results in
a loss of on-current relative to & device  having rie corner

conduction.

Three methods for suppressing cgrner'conduction have

been described herein. The simulation results shown herein

and described below demonstrate the operability of these-

methods.
Simulation Results:
.Base case:
Simulated doping cqntours in the width cross-section of
a lum wide standard support NFET (base case.) There is a

sharp corner, 300A gate wrap—around and boron (B) depletion.
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» -27- FIGS. 2A-2C and the same structures have the sane
identification. Next, referring to FIG 3D, spacers 26 have been forned by
bl anket deposition of a polysilicon spacer |ayer 26 which has been etched
to formthe spacers.26 on the sidewalls of STI trench structures 18a, 18b
and 18c of device 10 of FIG 3C. The polysilicon spacers 26 have been doped
with P type boron (B) dopant with a c ﬂéentratlon of boron (B) dopant atons

. in spacers 26 of fromabout 1 E 19 atons/cn{err] to about 5 E 20 '
atons/cnferr]. The. spacer |ayer was deposited with a thickness from about
10 nmto about 100 nm and patterned into spacers 26 along the sidewalls of
the STI trench structures 18a-18c. After the gpacers 26, are for d PPET

Vierr] iThasmeonditions: sesudt 1“DﬁFVﬁ§e £AFRer Fopduction xedphive |n t he

Ci cowel 155 1 PRRHRREAR ' FR. MhecpLentc P, Sl [SeRie (o BHETSRT, i

boron (Reoddiddie spacer structures 26 (that are now present only in

FIG. 5 shows a graph electron charge density contours.
of a dewiice in the off-condition with a plot of chaxrge -
density curves for the vertical axis (um) vs. depth (um).
Note that = the surface electron concentration is
approximately two (2) orders of magn:ltudé greater at the
corner than near mid-width. 'If the current density within
500A of the corner is integrated and compéred to the current
in the rest of the device, it 1is found that I..- due to
corner conduction is approximately 16X the current in the
planar portion. -

In ‘Method I there are disposable spacers formed along
STI trench for counterdoping. A disposable spacer along the
STI trench edge is used to block an arsenic implant into the
surface of the channel. After removal of the spacer, a
boron (B) implant is performed. The corners thus have
higher P-type doping than the mid-width zegion. |

In the case of simulated doping contours resulting from
Method I, at the end of the process a spacer width of 5003,
arsenic';mplant of 2.5E12 at 60KeV, and boron (;) implant of
8.0E12 at 10KeV have been selected. This combination serves
to 1llustrate one possibiliﬁy for increasing the corner
doping while maintaining a lower V. in the planar portion of

the device.



‘the NFETs is diffused into corner regions 27 on either side of STl trench
structures 18a, 18b, and 18c on the corner of the channels therebetween
and/ or aside therefromusing an anneal, which allows boron (B) to
diffuse through the underlying sacrificial-oxide. After boron (B)
diffusion and before the NMOS FET threshold voltage inpltants, the
-28- polysilicon spacers 26 are reaneqf$y CDE (Chem cal Dry Etching as
shown in FIG 3E.) Preferably, the annealing process is perfornmed in a
hydrogen (H err]) gas atnosphere with a source such as formng gas at a
tenperature from about 800[err]C and about 900[err]C from about 60 seconds

to about 30 m nutes. Wthout a hédro gen at nosphere, the annealuﬂg rocess
i s performed E4Ga & %W%IEF@“?? 8¢ aB68FtEOD| EPRERUER E850Meth Gﬁerr]c

f b d Th [ i
of oo 5 oBEeE 3ft?r+39§rot SBsTy0 bikyed | Eok o RHe) PondiERs GG 57 O
beneat h @8%%&5 h2‘§pm)ranﬁs&e tha%mtneaa%&ereacg YA %ﬂ@éﬁﬁﬁ to -

about 2 atons/cnjerr] "in FIG 3D and a concentration in
concentration at the corner relative to the planar region

has been reduced by two orders of magnitude relative to the
base case. Tﬁe retio of the corner to planar currents is
now 0.305 {(compared to 16 for the base case), thus the
corner is no longer the major 'contributor. to Ioesxs. The
desired ratio of corner to planer current is easily obtained
by appropriately adjusting the arsenic and boron (B) sufface
implant conditione.

In Methed II, there is disposable spacer doping source
along STI trench. In this option a disposable boron (B)
doped polysilicon spacer is defined on the §TI trench
sidewall. The boron (B) 1s outdiffused from the polysilicon
spacer by a hydrocgen anneal and then xemoved. - Normal
processing follows.

Simulated doping contours resulting from Method II, at
the end of the process, have bheen medeled, with boron (B)
from a 500A wide polysilicon spacer (dobed at 1E20) diffused
through a 75A sacrificlal oxide layer during a 910°C/fifteen
(15) minute H: anneal. It ‘has been demonstrated that the
diffusivity of boron (B) in Si0. may be increased by 100X by
a hydrogen ambient. The poiysilicon_ spacers are removed

after the anneal and normal processing contihues.




> remai nder of substrate 12 fromabout 1 E 17 atons/cnferr] to about 1 E 18
atons/cnferr] outside of the corner regions 27, Referring again to FIG 3E,
for the NFET threshold voltage inplants, P-type dopant ions 31, are being

. inmplanted into regions 32a, 32b, 32c and 32d. between and adj acent to the
STI trench structures |8a-18c to adjust the threshold voltage in regions
32a, 32b, 32c and 32d. The threshol d voltage dopi ng process involves ion

i npl anting boron (B) ions 31 into the-3bbstrate 12 at an energy from about
1 keV to about 50 keV with a dose fromabout 1 E 12 ions/cnferr] to :
about 5 E 13 ions/cnferr], and typically 10 keV with a dose of about 8 E
12 ions/cn[er%%@l -29- The depth of the peak boron (B) concentration in
regi ons 32a, ulptedynglectron £pphrubsuthaye beamn débexminedo far

typi cal |y, b 5 A ee bel ow the surface of substrate 12.
After ggﬂ%%ﬁ?ﬁgﬁal qg?%ur@@?ﬁ?%ﬁ%' fPRRentY&HIRAN atdt e ERBeacPRPedt the
device 1 n trgtd o ;1 ant.._ C | Si Lan at ons,
producedqlrenit G}Fér)egf\d;nsa&é pLindy { YRG1W 2 Has CHTRN s'l%n?&i Ankl _
reduced. In this example the corner carries approximately

the same Emount of off-current as does the planar region of -
the device. Thus the corner is no longer the major
contributor to I,-.. The desired ratic of corner to planar
current 1s easily obtained by appropriately adjusting either

the boron (B) concentration in the polysilicon or the anneal
conditions (temperature, time, Ha concentiation).

While this invention has been described in terms of the
above specific embodimehﬁ(s), those skilled in the art will
recognize that the invention can be practiced with modifica-
tions within the spirit and scope of ﬁhe appended claims,
i.e. that changes can be made ih form and detall, without
departing from the spirit and scope of the ihvention.
Accordingly all such changes come within the purview of the

present invention and the invention encompasses the subject

matter of the claims which follow.



» 32a, 32b, 32c, and 32d in substrate 12 is fromabout 5 E 16 atons/cnferr]
to about 1 E 18 atons/cnierr]. Methdd Il11: D sposabl e Spacer Al ong
Si[err]NJerr] Polish Stop For Counterdoping In FIG 4A, the lightly doped
R- silicon sem conductor substrate 12 for an NFET device is shown with a
pad silicon oxide |ayer 14 fornmed thereon. A pad silicon nitride
(Si[err]N[err]) layer 45 having a thickness of fromabout 1,000 A to about
5,000 A (preferably 2,000 A thick) Had-been formed over pad silicon oxide -
| ayer 14. In this method, the polish stops fornmed from Si3Nd | ayer 45 are
patterned first as a mask with openings 45a, 45b, and 45c, stopping on
the underlying pad silicon oxi r 14. Referring to FIG 4B, after
stripping the photoresist Iaye&g¥gé%g plurality of doped-silicon oxide
spacers 46 conposed of PhosphoSilicate dass (PSG or BoroSilicate d ass
(BSG are forned along the sidewalls of the Si[err]N err] |ayer 45. - 30-
FI G 4C shows Haeipgothes déséribed Ehdd timventdos| [ vhaiNlerclaimed as '

new and desirable to be secured by Létters Patent is as

follows:

1. A process for fabricating a semiconductor MOSFET

device on a silicon substrate comprising:

forming a mask with openings therethrough on said
substrate, . |

etching down into said substrate through said
openings in said mask to form trenches in said
substra%e,

forming STI (Shallow Trench Isolation) dielectric
trench structures of silicon dioxide in said trenches
in said substrate and in said openings said mask,

stripping said mask from saild device leaving
protruding sidewalls of said STI trench structures
with channel regions in said substrate between said
trench structures having corner regions adjacent to
sald STI trench structures, |

doping said channel regions betweenménd adjacent
to said STI trench structures with oqe‘concentration
of dopant in the centers of said channel regions, and
'a substantially higher concentration of dopant in said

channel regions adjacent to said corner regibns,

A
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, l.ayer 45 and doped-silicon oxide spacers 46 have been used as a mask with
openi ngs 145a, 145b, and 145c to etch through the pad silicon oxide |ayer
14 down into silicon sub- strate 12 to formthe silicon trenches 47a, 47b
and 47c. In FIG 4D, the device of FIG 4Cis shown after a silicon dioxide
(Sigerr]) layer 48 (shown partially in phantom) has been deposited in
trenches 47a, 47b, and 47c in the substrate 12 and in openings 145a, 145b,
and 145c in pad silicon nitride (Sif¥r]Nerr]) layer 45. The
silicon dioxide (SiJerr]) layer 48 includes trench structures 48a, 48b
and 48c which are grown by a conventional Low Pressure Chem cal Vapor
Deposition (LPCVD) process at a tenperature from about 700[err]C to about
800[err]C in an at g eicpit toatentehtabhhyt £3diaiiildic Prdjvidiithexygen
(dJerr]) gases. There is a conventional chem cal/nechanical polishing step
appl i ed to theadbsmntldldyneq§iial d¢opcentrationrahcilettnosntsudes 48a, 48b

and 48c. The polishing results in trench structures 48a, 48b and 48c
whi ch have sno®tifd seentaxs and adeggid,cpraer sregions R isadid,shamsel eaves a
t hi ckness of pad silicon nitride |ayer 45 from about 500 A to about 4, 000

A, preferably B8%t?®™8: 000 A and the trench structures 48a-48c from about

2,000 A to about 4,000 A preferably about 3,000 A, extending about 1,000 A
above the

2. A process in accordance with claim 1 for fabricating
a semiconductor MOSFET device on a slilicon substrate,
forming sidewall spacers along sald protruding
sidewalls of said STI trench structures above said
corner regions of said chahnel regioﬁs leaving said
.centers of said chﬁnnel regions exposed,
ion implanting ilons of a first type of dopant,
as a compensating impiant, into said centers of channel
regions, said centers being located in said substrate

aside from and between said STI region trench

-gtructures and Said'spacers,
said compensating ;mplant being made in said
centers of said channel regions between said spacers to
compensate for said threshold voltage implant except at
said corner regions adjacent to said sidewalls of STI

trench structures so that there will be higher
effective doping in said corner regions after the step
of doping with said spacers blocking said compensating
implant at said corner fegions of said device as;de
from said central channel regions,

stripping said spacers from said device, and

* c L M S *



» surface of the silicon substrate 12. The spacers 46 have -31- been
reduced to shorter spacers 46' on the |ow sidewalls of trench structures
48a-48c, by the polishing step. FIG 4E shows the device of FIG 4D after
the pad nitride |ayer 45 has been stripped fromthe device 10 by neans of
phosphoric acid (Herr]PJerr]) under a range of tenperatures from about
50[err]C to about 180[err]C. FIG 4F shows the device of FIG 4E, as in._

Met hod |, during the NFET threshol d vol3age inplant, the PFET region is
masked wth resist. Then an N-type dopant 49 is inplanted providing
a conpensating inplant for conpensation of the threshold voltage inplant.
The spacers 46' bl ock the conpensating inplant at the corners of the device
10 in FIG 4F. Metpeeforning aithyeghold vedkade| dopimmigroeege® and the

ti | npl ant t d the th hol d I dopj
o) ant - par andPar ORI SIS S Py FoPBRtoleEe SRR COMBIRY ali ns of | |
dopant and t hoggs ¥k Uete Aldidd SR 'R0 16661 8Ys " IAEE QN Sasd'® dePLS and

ot her
corner regions have a higher dopant concentration than

said centers of said chénnel regions. ' -

3. A proceés in accordance with claim 2' for fabricating
a semiconductor MOSFET device on a silicon substrate
wherein said compensating doping implant involves ion.
implanting the arsenic ions at an eﬁérgy from about
1 keV to about 100 keV with a dose from about
1 E 12 ions/cm® to about 2 E 13 ions/cm®, and typically
60 keV with a dose of about 2.5 E 12 ions/cm®.

4. A process in accordance with claim 3 wherein the depth
of the peak of the arsenic compensating implﬁﬁfuin sald
central channel regions is from about 100 A to about
1,500 A, typically about 450 A deep below said surface

of said substrate. .

5. A process in accordance.with claim 3 for f@prigating
a semiconductor MOSFET device on a silicon substrate
wherein said threshold voltage doping process involves
ion implanting boron (B) ions at an energy from

.about 1 keV to about.50 keV with a doge from about

1 E 12 ions/cm® to about 5 E 13 ions/cm?.

AR
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» paraneters are also the same. Next, in FIG 4G the spacers 46

renoved selectively to the SiJerr] by using dilute HF (which etches doped
oxi des up to 10X faster than undoped oxi des) and a P-type dopant such as
. boron (B)

The resi

i f desired.

doped by the spacers 46'.
Spacers 46’

st

I's stripped,

are

ions 51 is inplanted to adjust the threshold voltage in FIG 4G
then'a simlar process can be repeated on the PFETs

-32- Note that if B-doped SiJerr] is used for the spacers
46', then the threshold voltage can be adjusted by B-diffusion through.the
pad silicon oxide, (rather than inplafOation) simlar to Method 11
case, the PFET inplants nust be performed first so that the PFET is not

In this

During the PFET threshold voltage inplants, the
aheprecesedibyaecaordanece WA cdlaibeSowherbdénNERE depékhol d

voltage inplants, the boron (B) fromthe spacers is diffused into the
corner of theoKFElrechenkeberoni () coneanfiratiomesgionsi 8 AFPBus boron (B)
to diffuse thg ggg 588 Knderl |n€ fﬂ&&dfﬂ?'al oxi de. After boron (B).

§"~"I

to abou

A process in accordance with claim 5 wherein said
energy is about 10 keV and'said dose is about

8 E 12 ions/cm® and the peak boron (B) concentration
reéions is about 500 A deep below said surface of said

substrate.

A process in accordance with claim 2 wherein the peak
concentration of~P type dopant, comprising boron (B)
atoms, produced in the channel regions in said
substrate is from about 1 E 17 atoms/cm® to about

3 E 18 atoms/cm® with a preferred concentration of

about 4 E 17 atoms/cm3.

A process in accordance with claim 2 wﬁerein arsenlc
doping in said channel regions has a concentration of
about 1 E 17 atoms/cm®, producing net phosphorus type
doping in said center of said channeis of_gbqut

3 E 17 atoms/cm®, which is approximately 33% lower than
the concentration at said corner regions which is about

4 E 17 atoms/cm3.

% € L M s x
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di ffusion, the spacers are renoved fromthe NFET regions with dilute HF,
and NFET threshold voltage inplants are perforned as in Method Il. For al
three nethods I, Il and Il1l, the resulting dopant profile in the channel . of
t he NFET provides relatively high P-type doping at the corner (i.e., high
threshold voltage) and relatively 'l ow P-type doping in the main channel
(i.e., lowthreshold voltage). ldeally-4this results in equal electron
concentration in the corners and the centers of the channels, as will be
shown in the next section. Hence, the transistor characteristics wll
be-dom nated by the main channel rather than the corner device, providing
repr oduci bl e characteristics. -33- Sinmulation A sinulation of the

i nventi on H@s baeprpeessr indatocoddames twhitte alzdmaBi Wwheyeii thé ogpeaks have
been applied to the 256Mb DRAM process for conparing the effect of the

i nvention on t h€ongenéragarasPfi R byre cderani, qomprdsirgTPEeNOfR) devi ce.

.The CO”C'“S'O”Sa%%&LYe%riﬁﬁgéhhfn“Bﬂg'éﬂﬁhnel regions in said

substrate is from about 1 E 17 atoms/cm® to about
3 E 18 atoms/cm® with a preferred concentration of -

about 4 E 17 atoms/cm®.

11. A process in accordance with ¢laim 3 wherein arsenic
doping in said channel regions has a concentration of
about 1 E 17 atoms/cm®, pfbducing net phosphorus type
doping in said center of said channels of about
3 E 17 atoms/cm®, which is approximateiy 33% lower than
the concentration at said corner regions which is about

4 E 17 atoms/cm>.

12. A process in adcordance with claim 1 for faSkiéating a

semiconductor MOSFET device on a silicon substrate,

forming sidewall spacers along said prptruding
sidewalls of said STI trench structures above said
corner regions of said channel regions said spacers
having been doped.with corner dopant,

diffusing said corner dopant from said spacers
into said corner regions of NFET channel regions in
said device, said centers being located in said
substrate aside froﬁ and between sald STI region trench

structures and said spacers,

AN
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are general in nature and al so apply to other devices in other
technol ogi es. Under certain process and design conditions (i.e. sharp
corner, large gate wap-around of corner, nediumdevice w dth) corner
conduction may contribute significantly to the off-current of the MOSFET,
whi | e not appreciably enhancing the on-current. Thus the channel doping
must be adjusted to assure that the off-current objective is net despite
t he presence of corner conduction. This-4Z2sults in a |loss of on-current =~
relative to.a device having no corner conduction.. Three nethods for
suppressi ng corner conduction have been described herein. The sinulation
results shown herein and described bel ow denonstrate the operability of

t hese nethods. Sinulation Results; Base case: Sinmulated doping contours in
the width cross-secti 8hrépPring| #8219 FRARE S EnomaF@iduppyirenrEnd( base

case. ) There 1s a shagp,CRLRELae AP 3 AR08 HOPRRe( Bheo
said chahnel regions including said corner regions
. whereby saild corner regions have a higher effective
dopant concentration of atoms of sald opposite type of

dopant.-

13. A process in accordance with claim 12 wherein said
polysilicon spacers have been doped with P type boron
(B) dopant with a concentration of boron (B) dopant
atoms from about 1 E 19 atoms/cm® to about

5 E 20 atoms/cm>.

14. A process in accordance with claim 12 wherein an.
anneéling process is performed in a hydrogen (H.) gas
atmosphere with a souxrce such“as forming gas at a
temperature from about 800°C and about 900°C from about

60 seconds to about 30 minutes.

15. A process in accordance with claim 12 wherein an
anneaiing process 1s performed without hydrogen (H.)
gas is performed at a temperature from about 900°C and
about 1,000°C from about 60 seconds to about 30

minutes.

T



¢ -34- These conditions result in severe corner conduction relative to
conduction in the planar part of the device in the off condition. FIG 5
shows a graph el ectron charge density contours of a device in the
off-condition with a plot of charge density curves for the vertical axis
(pm) vs. depth (pm). Note t hat t he surface el ectron concentration
is approximately two (2) orders of nagnijyde greater at the corner than
near md-width. |If the current density W thin 500A of the corner is

i ntegrated and conpared to the current. in the rest of the device, it is .
found that I[err] due to corner conduction is approximately 16X the current
in the planar portion. In Method I there are di sposable spacers forned
al ong STI trench for counterdoping. A disposable spacer al ong the ST

trench ed |s used to ock an .arseni surface of the
channel - q&fafﬁgrgﬂﬁﬁﬁrwgﬁﬁggiﬁi% % qﬁ} i s perforned.
The corners thus {Eiﬁ region. In °
t he case of 'sinul at e?#ﬁ%}r}% con%’%ﬁrﬁsgg’gg%é I ng !{romefm @e%ﬁ\(g{d TPH at the end
of the processqcpaiAQel selid b:ei-.eﬁeea cOFRERI ¥ed 18NN @aid SE12 at 60KeV,
and boron (B) inplant of

substrate beneath sald spacers ranges from about ' -

2 E 17 atoms/cm® to about 2 E 18 atoms/cm® and a

concentration in the remainder of said substrate from

about 1 E 17 atoms/cm® to about 1 E 18 atoms/cm>

outside of sald corner reqions.

17. A process in accordance with claim 12 wherein a
threshold voltage doping process involves ion
implaﬁting boron (B) ions into said substrate at an
energy from about 1 keV to about 50 keV with a dose

from about 1 E 12 ions/cm® to about 5 E 13 ions/cmz

and
the depth of the peak boron (B) concentration in
sald substrate is from about 200 A to about 2,000 A.

18. A process in accordance with claim 12 whérein said
threshold voltage doping process involves ion
“implanting boron (B) ions into sald substrate at an
énergy of about 10 keV with a dose of about
8 E 12 ions/cm®, and |
the depth of the peak boron (B) concentration in

sald substrate is about 500 A.

* 4 L M S *
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- 8.0E12 at 10KeV have been sel ected. This conbination serves to illustrate
one possibility for increasing the corner doping while maintaining a | ower
Vl[err] in the planar portion of the device. -35- FIG 6 shows simulated
el ectron.contours for Method I with a plot of charge density curves for the
vertical axis (pm vs. depth ([err]m. Note that the difference in electron
concentration at the corner relative tgthe planar region has been reduced
by two orders of magnitude relative to the base case. The ratio of the~
corner to planar currents is now 0.305 (conmpared to 16 for the base case),
thus the corner is no [onger the major contributor to I[err]. The desired
ratio of corner to planar current is eaS|Iy obt ai ned by appropriately

adj usting the arsenic and boron (B) surface inplant conditions. In Method

1, therelds i gposalee 150 3e0ordARLBIwIRH! £2atholf Wdrdfif Moy N thi S
optlon a di sposabl e boron (B) doped polysilicon spacer Is i%ed on the
STl trench si conwaide/ddadrbtrigh EBnperaeuirdi AhnNeE£TLAd W D Ueisidd Con
the concentration of P-type dopant, comprising boron

(B) atoms, produced in said channel regions in

substrate is from about 5 E 16 atoms/cm® to about

l1E 18 atoms/cm’.

20. A process in accordance with claim 16 wherein said
threshold voltage doping brocess involves ion
implanting boron (B) ions into said substrate at an
energy of about 10 keV with a dose of about
'8 E 12 ions/cm®, and )

the depth of the peak boron (B) concentration in
said substrate is about 500 A.

21. A process in accordance with claim 16 wherein after
source/drain high temperature'annealing of the de#icé
the concentration of P-type dopant, compriéing boron
(B) atoms, produced in sald channel regions in
substrate is from about 5 E 16 atoms/cm® to about

1 E 18 atoms/cm>®.

* [ L M H *
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.spacer by a hydrogen anneal and then renoved. Normal processing follows.

Si mul at ed dopi ng contours resulting from Method I, at the end of the
process, have been nodel ed, with boron (B) froma 500A wi de polysilicon
spacer (doped at 1E20) diffused through a 75A sacrificial oxide |ayer
during a 910[err]C/fifteen (15 mnute H2 anneal. 1t has been denonstrated
that the diffusivity of boron (B) in SiJerr] may be increased by 100X by a
hydr ogen ambi ent. . The polysilicon spaeéss are renoved after the anneal and
normal processing continues. - -36- Sinul ated el ectron contours have been
determned for Method I1. The electron concentration at the corner
relative to the planar region has been significantly reduced. In this
exanpl e tB@.coAnprocess i b appoxddmad eilitH kdadiant7awhemnt¢iwisadd - current as
does the planar region of the device. Thus the corner is no |onger
the major conthresheldiveltage |dopdng mrsicess Aaveives temner to pl anar

current is easily_obtained by appropriately adjusti ei ther. the boron (B)
concentration F‘ﬂgf‘ﬁ%}:&?yg??%/‘%oa&brip% e&laJ:"H substrate at an '
energy of about 10 keV with a dose of about
8 E 12 ions/cm®, and

the depth of the peak boron (B) concentration in

sald substrate is about 500 A.

23. A process in accordance with claim 17 wherein after
source/drain high temperatuie anneaiing of sald device
the concentration of P-type dopant, comprising boron
(B) atoms, produced in the channel regions in substrate
is from about 5 E 16 atoms/cm® to about 1 E 18

atoms/cm3.

24. A process in accordance with claim 1 forx fabfid;ting a

semiconductor MOSFET device on a silicon substrate,

forming sidewall spacers along said protruding
sidewalls of said openings in said mask,

then etching down into said substrate through said
openings in said mask to form trenches in said
substrate,

then forming said STI {Shallow Trench Isolation)
dielectric trench structures of silicon dioxide in said
trenches in said suhétrate and in sald openings said

mask,

* c L M s *



conditions (tenperature, tinme, H2 concentration). While this invention has
been described in ternms of the above specific enbodi nent(s), those skilled

in the art will recognize that the invention can be practiced with
nmodi fieca- tions within the spirit and scope of the appended clains, i.e.
t hat changes can be made in formand detail, w thout departing fromthe

spirit and scope of the invention. Accordingly all such changes conme wthin
the purview of the present invention #&d the invention enconpasses the’
subject matter of the clains which follow. -37- CLAI M5 Having thus
descri bed the invention, what is clainmed as new and desirable to be secured

by Letters Patent ich amgiddtawy ibns of B 8£656 dife (W dopint)d ek
sem conduct or MOSFET device on a silicon substrate conprising: formng a

mask wi t h opemicampedrisatdiriy dogllamt,sdntiosabtd rednters of rhadmel i nto said
substrate through said
regions, sald centers being located in said substrate
aside from and between said STI region trench
structures and said spacers,

sald compensating implant being made in said
centers of said :channel regions between said spacers to
compensate for the threshold voltage implant except at
said corner regions adjacent.to said sidewalls of STI
trench structures so that there wili be higher
effective doping in said corner regions_aftef the step
of doping with said spacers blocking said compensating
implant at said corner regions of said device #side
from sald central channel regions,

stripping said spacers firom said device, and

ion implanting of an opposité type of dopant into
said channel reglons including said corner reglons
whereby said corner regions have a higher effective

dopant concentration of atoms of said opposite type of

dopant.

A



. openings in said mask to formtrenches in said substrate, form ng STI
(Shal l ow Trench Isolation) dielectric trench structures of silicon dioxide
in said trenches i.n said substrate and in said openings sdid mask,
stripping said mask from said device |leaving protruding sidewalls of said
STl trench structure$ with channel regions in said substrate between said
trench structures having corner regions adjacent to said STI trench
structures, doping said channel regi ons#hetween and adj acent to said STI
trench structures-with one concentrati on of dopant-in the centers of said
channel regions, and a substantially higher concentration of dopant. in said
channel regions adjacent to said corner regions, sai d dopant

concentrat iZn diAf Peceessalinpacediance witls talding|2dy whenelinc eheedepdhi on of
el ectrons in said centers_and at said corner regions of said channel
regions. 2. A% fbespepk 9fcBridREseRi® qompensating Amplianst ing

said central channel regions is from about 100 A to
about 1,500 A, typically about 450 A deep below said

surface of sald substrate. =

26. A process in accordance with claim 24 for fabricating
a semiconductor MOSFET device on a silicon substrate
wherein sald threshold véltage doping process involves
ion implanting boron (B) ions at an energy from
about 1 keV to about 50 keV with a dose from about

1E 12 ions/cm® to about 5 E 13 lons/cm=3.

27. A process in accordance with claim 25 wherein the depth
of the peak boron (B) concentration regions is from

about 200 A to about 2,000 A.

28. A process in accordance with claim 25 whereiﬁ said
energy is about 10 keV and said dose is about
8 E 12 ions/cm® and the peak boron (B) concentration
regions is about 500 A deep below the surface of said

substrate.

AR



. a sem conduct or MOSFET device on a silicon substrate, form ng sidewal |
spacers along said protruding sidewalls of said STI trench structures above
said corner regions of said channel regions |eaving said centers of said
channel regions exposed, ion inplanting ions of a fi.rst type of dopant, as
a conpensating inplant, into said centers of channel regions, said centers
being located in said substrate aside from and between said STl region
trench structures and sai d spacers., s#é4Bd conpensating inplant being nmade
in said centers of said-channel reglons bet ween sai d spacers to conpensate
for said threshold voltage i nplant except at said corner regions adjacent
to said si mahgs of STl trench siructures sqQ that there will be higher

ef fective HOpi % br3gse Gh &1Ly SF'aP‘HeZZt@be’Eﬁ ’Hoﬁﬂ%d’%’i h said
a1 01 SO Mt PAAN S LI e, SSRGS 0, O Y,
sai d device, andtoms, produced in said channel regions in said

substrate is from about 1 E 17 atoms/cm® to about

3 E 18 atoms/cm® with a preferred concentration of -

about 4 E 17 atoms/cm3.

30.. A process in accordance with claim 24 wherein arsenic
doping in said channel ;egions has a concentration of
about 1 E 17 atoms/cm3, pioducing-nét phosphorus type
doping in said center of said channels of about
3 E 17 atoms/cm®, which is approximately 33% lower
than the concentration ét'said corner regions which

is about 4 E 17 atoms/cm3.

31. A process in accordance with claim 25 wherein- the peak
concentration of P type dopant, comprising boron (B)
atoms, produced in said channel regions in said
substrate is from about 1 E 17 atoms/cm® to about
3 E 18 atoms/cm® with a preferred concentration of

about 4 E 17 atoms/cm3,

AR
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» -39- performng a threshold vol tage dopi ng process of

60 keV with a dose of about 2.5 -E 12 ions/cnferr]. 4.

accor dancegyi t hy cl Al dae Vﬂ?i’#&m RERRNOE14 R PPahe¥ei @

central channel regions is from

conpensating i nplant 1 n sal

ion inplanting

addi tional dopant into said channel regions including said corner regions
wher eby said corner regions have a hi gher dopant concentration than said
centers of said channel regions. "3. A process in accordance viith claim?2
for fabricating a sem conductor MOSFET device on a silicon substrate
wherei n said conpensating doping inplant involves ion inplanting the
arsenic ions at an energy fromabout 1-4BY to about 100 keV with a dose
fromabout 1 E 12 ions/cnferr] to about 2 E 13 ions/cnferr],
A process in

and typically

r¥etdl C

about 100 A to

about 1,500 A §opikd!iy siidiichbniheld deglohs! has sdicbrertaationh oF d
Substrate. 5. A process in accordance with claim3 for fabricating a
sem conduct or MBkH He¥il% atoms/sm>,cprodubing et \whospheorus dyper eshol d
vol t age dopi ng process involves ion inplanting boron (B) .ions

from about 1 kedopinguisals centsn RE;saddcchangpsly, Af about
3 E 17 atoms/cm®, which is approximately 33% lower than

at an energy

the concentration at sald corner regions which is about

4 E 17 atoms/cm>.

33. A process for fabricating a semiconductor MOSFET

device,

forming a pad silicon oxide layer on a silicon

substrate,

forming a pad silicon semiconductor nitride layer

over said pad silicon oxide layer,

patterning s&id pad_siiiéon.semiconductor nitride

into a silicon trench mask with openings therethrough

down to sald surface of said pad silicon oxide layer,

etching trenches in said substrate by etching

through said openings in said mask down through said

pad silicon oxide layer and into said substrate to form

trenches in said substrate,

forming STI (Shallow Trench Isolation) dielectric,

trench structures of silicon dioxide in said trenches

in said substrate and in said openings said pad silicon

nitride layer,

performing chemical/mechanical polishing step
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., 1 E12 ions/cnferr] to about 5 E 13 ions/cnferr]. -40- 6. A process in
accordance with claim5 wherein the depth of the peak boron (B)
concentration regions is fromabout 200 A to about 2,000 A 7. A process
in accordance with claim5 wherein said energy is about 10 keV and -said
dose is about 8 E 12 ions/cn2 and the peak boron (B) concentration reglons
I s about 500 A deep bel ow said surface of said substrate. 8. A process in
accordance with claim 2 wherein the peak concentration of P type dopant,
conprising boron (B) atoms, produced in-%ke channel regions in said
substrate is fromabout 1 E 17 atons/cnferr] to about 3 E 18 atons/cnferr]
with a preferred concentration of about 4 E 17 atons/cn{err%. 9. A
process in accoﬁlwﬁfﬁg win Baddidevicghafier gridnfermablon ok SEgrrRhannel

regi ons has a co tratiqn of _abo t 1 E1 [cn{err], producing net
phosphor us type® r#ﬂf % hi% BEEY: gF 8F°§§Pd88 ﬁﬁ%fs of about

stripping saild pad silicon nitride layer from said
device leaving protruding sidewalls of said STI trench
sttuctures with channel reQions in sald substrate -
between said trench structures,

forming sidewall spacers along said protruding
sidewalls of saild STI trench structures above said
corner regions of said channel regions,

ion 1mp1anting ions of a iirst-type of dopant, as
a compensating implant, into said centers of channel
regions, saild centers being located in said substrate
aside from and between said STI region trench
structures and said spacers,

said compensating implant being made to compensate
for the threshold voltage implant except at sald corner
regions near said corner regions of said channel
regions at sald sidewalls of STI trench structures so
that there will be higher effective doping in sald
corner regions after the step of doping with said
spacers blocking said compensating implant at said
corner regions of saild device aside from said central
channel regions, _

stripping said spacers from said device,

ion implanting of an opposite type of dopant into

said channel regions including said corner regions

* ¢ . L m s *
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.3 E 17 atons/cnferr], which is approximately 33% | ower than the
concentration at said corner regions which is about 4 E 17 atons/cnferr].
-41- 10. A process in accordance with ctaimb5 wherein the peak
concentration of P type dopant, conprising boron (B) atons, produced in the
channel regions in said substrate is fromabout 1 E 17 atons/cnferr] to
about 3 E 18 atons/cnferr] with a preferyed concentration of about 4 E 17
atons/cnferr]. 11. A process in accorag'be with claim3 wherein arsenic
‘dopi ng in said channel. regions has a concentration of about 1 E 17
atons/cnferr], producing net phosphorus type doping in said center .of said
channel s of about 3 E 17 atons/cnierr], which is approximately 33% | ower

t han the concen&he:télmyl sdid adakney regioag havewhi hgher abffidciiive 17
atons/cnferr]. 12. A process in accordance with claiml for fabricating a
sem conduct or MISIFRTt deancentgatdon Ofcatomghofr aadtd *RPOR kP styrsvRS
spacers al ong sald grotrudlng

34. A semiconductor MOSFET device formed on a silicon -
substrate comprising:

said substrate inc;uding trenches,

STI (Shailow Trench Isolation) dielectric trench
structures of silicon dioxide filling said trenches and
extending above said surface of said substrate,

said trench structures having protruding sidewalls
of saild STI trench structures with channel regions in
said substrate between said trench structures having
corner regions adjacent to said STI trench structures,

said channel regibns between and adjacent to said
STI trench structures doped with one conceﬁtrétién of'
dopant in said centers of said channel regions, and a
substantially higher concentration of dopant in said
channel regiéné adjacent to said corner reglons, said
dopant concentration differehtiél providing a ‘
substantially equal concentration of electrons in sald
centers and at said corner regions of said channel '

regions.

-
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, sidewalls of said STl trench structures above said corner regions of said
channel regions said spacers having been doped with corner dopant,
di ffusing said corner dopant from said spacers into said corner regions of
NFET channel regions in said device, said centers being |located in said
substrate asi de from and between said STl region trench structures and said
spacers, -42- stripping said spacers fromsaid device, and ion
i npl anting of an opposite type of dopam2-into said channel regions
i ncludi ng said corner regions whereby said corner regions have a higher
effective dopant concentration of atons of said opposite type of dopant.
13. A process3in decdgdigr dmniaaeasdanael wikhecdabms3g dwhetgin |then spacers

have been doped with P type boro B) dopant with a concentration of boron
(B) dopant atons RS aﬁ%‘?ﬁer&tr@ (”at"(f-m?;) &aper APPRRE o AP EL Sing)

atoms/cnferr]. boron (B) atoms, p;oduced in the channel regions
in said substrate i1s from about 1 E 17 atoms/cm
.- - -to. about 3 E 18 atoms/cm® with a preferred

concentration of about 4 E 17 atoms/cm3.

36. A device in accordance with claim 34 wherein
arsenic doping in said channel regions has a
concentration of about.i E 17 atoms/cm®, producing
net phosphorus type dopiné in éaid center of said
channels of abbutla E 17 atoms/cm®, which is
approximately 33% lower than the concentration at

sald corner regions of about 4 E 17 atoms/cm>.

37. A device in accordance with claim 36 wherein the
peak concentration of P type dopant, comprising
boron (B) atoms, produced in said channel regions
in said substrate is from about 1 E 17 atoms/cm®
to about 3 E 18 atoms/cm® with a preferred

condent#ation of about 4 E 17 atoms/cm>.
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14. A process in accordance with claim 12 wherein an annealing process is
performed in a hydrogen (Herr]) gas atnosphere with a source such as
forming gas at a tenperature from about 800[err] C and about 900[err]C from
about 60 seconds to about 30 mnutes. 15. A process in accordance with
clatm 12 wherein an annealing process is perforned w thout hydrogen
(Herr]) gas is perforned at a tenperature from about 900[err] C and about
1,000[err] C from about 60 seconds to abgut 30 m nutes. -43- 16. A
process in accordance with clai'm 12 whetr€in the resultant peak
concentration of boron (B) dopant in said protected corner regions in said

bstrat b th d f 2 7 atons/cnB to about
3B 16 at onetng ob 1§ BHR AL R RGP oT WHRTSDH sai d substrate
fromabout 1 E 17,3 QBd CidSirid fd)éﬂﬁﬁpkhingeiB g%f&ﬁéoﬁigrg] out si de of

sai d corner reglons 1/7/. A'process I n accordance I'm 12 wherein a
concentration of about 1 E 17 atoms/cm®, producing

net phosphorus type doping in said center of said
channels of about 3 E 17 atoms/cm®, which is -
approximately 33% lower than the concentration at

sald corner regions of about 4 E 17 atoms/cm>.

39. A device in accordance with claim 38 wherein said
polysilicon spacers habe been doped with P type
boron (B) dopant with a concentration of boron (B)
dopant atoms from.about 1E19 atoms/cm3 to about

5 E 20 atoms/cm>.

40. A device in accordance with claim 39 wherein
the resultant peak concentration of boron (B)
dopant in said protected corner regions in said
substrate beneath said spacers ranges from about
2 E 17 atoms/cm® to about 2 E 18 a.toms/c:h3 and a
concentration in the remainder of said substrate
from about 1 E 17 atoms/cm® to about

1 E 18 atoms/cm® outside of said corner regioms.
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~threshol d vol tage dopi ng process involves ion inplanting boron (B) ions
into said substrate at an energy from about 1 keV to about 50 keV with a
dose fromabout 1 E 12 ions/cnferr] to about 5 E 13 ions/cnferr], and the
depth of the peak boron (B) concentration in said substrate is from about
200 A to about 2,000 A 18. A process in accordance wth claim 12 wherein
said threshol d vol tage dopi ng process involves ion inplanting boron (B)
ions into said substrate at an energy{%f about 10 keV with a dose of about
8 E 12 ions/cnferr], and the depth of the peak boron (B) concentration in
said substrate is about 500 A -44- 19. A process in accordance with
claim 12 wherein after source/drain high tenperature annealing of said

pr oduced | n i R RRVHEP RBoPeRERTRRSE Dty e PeondReih BFkeTc ™
atoms/cnferr] tog3Re/drain high temperature annealing of said

device the concentration of P-type dopant,

comprising boron (B) atoms in sald channel regions

in substrate is from about 5 E 16 atoms/cm® to

about 1 E 18 atoms/cm>.

42. A device in accoidance with claim 40 wherein aftex
source/drain high temperature annealing of the
device the concentration of P-type dopant,
comprising boron (B) atoms in said channel regions
in substrate is from about 5 E 16 atoms/cm® to

about 1 E 18 atoms/cm3.

R



i1"E 18 atons/cnferr]. 20. A process in accordance with claim 16 wherein

? said threshol d vol tage dopi ng proeess involves ion inplanting boron (B)
ions into said substrate at an energy of about 10 keV with a dose of about
8 E 12 ions/cnferr], and the depth of the peak boron (B) concentration in
said substrate is about 500 A. 21. A process in accordance with claim 16
wherein after source/drain high terrper'ﬁ?'ure anneal i ng of the device the

concentrati e@ﬁ? : rﬁmltr £ k?ﬂi}‘ - lglt(ﬁ{ﬁi Lﬁﬁ@d in
sai d channe?ﬁrl%sllg%%biogog‘u S Fé{éﬂfs ro;\ﬁa‘ggu @:1 a orrrrspcy: err] to
about 1 Kpé®ralers/cnierr]. -45- 22. A process in accordance with claim
17 wherein said threshold voltage doping process involves iominplanting

boron (B) i0nA sefficondacdr MOSFET R vitk i forflee bl sificonmbitrad (KpWwiichh a dose
of about 8 E 12 ions/cn®2, and

includes trenches filled with Shallow Trench Isolation dielectric trench structures and

extending above the surface of the substrate. The trench structures have protruding

sidewalls (36) with channel regions in the substrate having corner regions (25) adjacent

to thel trench structureé (18d, 18e). The channel regions are between and adjacent to the

STI trench structures (18d, 18¢) doped with one concentration of dopant in the centers of

the channel regions (32b) with a higher concentration of dopant in the corner regions.

The dopant concentration differential provides a substantially equal concentration of

electrons in the centers"and at the corner regions of the channel regions.

Fig. 21
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h%ﬂéﬁdepth of the peak boron (B) concentration in.said substrate is about
-#*500 A 23. A process in accordance with claim 17 wherein after source/drain
hi gh tenperature annealing of said device the concentration of P-type
dopant, -conprising boron (B) atons, produced in the channel regions in
substrate-is fromabout 5 E 16 atons/cnferr] to about ‘1 E 18 atons/cnierr].
24. A process in accordance with claim1 for fabricating a sem conductor-
MOSFET device on a silicon substrate, form ng sidewall spacers along said
protrudi ng sidewal | s of said openings in sagﬂ mask, then etching down into
sai d-substrate through said openings in sai fask to formtrenches in said
substrate, then formng said STI (Shallow Trench Isolation) dielectric
trench structures of silicon dioxide in said trenches in said substrate and
in said openings said nask, - 46- '

10
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longinplanting ions of a first type of dopant, as a conpensating inplant,

.+ into said centers of channel regions, said centers.being located in said
substrate aside fromand between said STl region trench structures. and sai d
spacers, said conpensating inplant- being nmade in said centers of said
channel regi ons between said spacers to conpensate for the threshold

vol tage i nplant except at said corner regi2otes adj acent to said sidewalls of
STl trench structures so that there will be higher effective doping in said
.corner regions after the step of doping with said spacers bl ocking said
conpensating inplant at said corner regions of said device aside fromsaid
central channel regions, stripping said spacers fromsaid device, and ion

i npl anting of an opposit ype of dopalBb nto said chaﬂﬁﬁC-regioi

i ncl udi ng said cordn®r r ns W& eby sgid cod®r regions have a Z}gher
effective dopant cpncentrption d¢f a&2¥s$of saifd 9ﬁ§05it% t ype of fdopant.

10 . FIG.2A
15 345 15b g5 15¢ 15 |
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-47- 25. A process in accordance wth claim24 wherein the depth of the
peak of said arsenic conpensating inplant in said central channel regions
is fromabout 100 A to about 1,500 A, typically about 450 A deep bel ow said
surface of said substrate. 26. A process in accordance with claim 24 for
fabricating a sem conductor MOSFET device ‘on a silicon substrate wherein
said threshol d vol tage dopi ng process involves ion inplanting boron (B)
ions at an energy fromabout 1 keV to abgyb 50 keV with a dose from about 1
E 12 ions/cnferr] to about 5 E 13 ions/cniferr]. 27. A process in accordance
with claim25 wherein the depth of the peak boron (B) concentration regions
Is fromabout 200 A to about 2,000 A 28. A process in accordance with
claim 25 wherein said energy is about 10 keV and said dose is about 8 E 12
ions/cnferr] and the peak boron (B) concentration regions is about 500 A
deep bel ow the surface of said substrate.

¢r,__19—-\¢ _'_t’——f_*lg—_“;\\i
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-48-+ 29. A process in accordance with claim27 wherein the peak

*concentration of P type dopant, conprising boron (B) atons, produced in

said channel regions in said substrate is fromabout 1 E 17 atons/cnierr]
to about 3 E 18 atons/cnB with a preferred concentration of about 4 E 17
atons/cnB. 30. A process in accordance with claim24 wherein arseni c dopi ng
I n said channel regions has a concentration of about 1 E 17 atons/cnferr],
produci ng net phosphorus type doping in said center of said channels of
about 3 E 17 atons/cnferr], which is approxi4#& ely 33% | ower than the
concentration at said corner regions which is about 4 E 17 atons/cnferr].
31. A process in accordance with claim25 wherein the peak concentration of
P type dopant, conprising boron (B) atons, produced in said channel regions
in said substrate is fromabout 1 E 17 atons/cnierr] to about 3 E 18
atons/crmerr] with a preferred concentration of about 4 E 17 atons/cnierr].

25 \ : z T 25
+ Ni+ N+ N+

2F | N+ N|+ O INE N+ 2F

10//
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-49-. 32. A process in accordance with claim24 wherein arsenic doping in

s said channel regions has a concentration of about 1 E 17 atons/cnferr],
produci ng net phosphorus type doping in said center of said channels of
about 3 E 17 atons/cnB, which is approximately 33% [ ower than the
concentration at said corner regions which is about 4 E 17 atons/cnB8. 33.
A process for fabricating a sem conductor MOSFET device, form ng a pad
silicon oxide |ayer on a silicon substrate, formng a pad silicon

sem conductor nitride |layer over said pad-silicon-oxide |ayer, patterning
said pad silicon sem conductor nitride into a silicon trench mask with
openi ngs therethrough down to said surface @fiesai d pad silicon oxide |ayer,
etching trenches in said substrate by etching through said openings in said
mask down through said pad silicon oxide l|ayer and into said substrate to
formtrenches in said substrate, formng STI (Shallow Trench Isol ation)
dielectric, trench structures of silicon dioxide in said trenches

10 22



in said substrate and in said openings said pad silicon nitride |ayer,

» perform ng chem cal / mechani cal polishing step "-50- applied on said
device after said formation of trench structures to a. provide snooth
surface, stripping said pad silicon nitride |layer fromsaid device |eaving
protrudi ng sidewalls of said STI trench structures with channel regions in
said substrate between said trench structures, form ng sidewall spacers

al ong said protruding sidewalls of said STI trench structures above said
corner regions of said channel regions, ioré/i2mplanting ions of a first type
of dopant, as a conpensating inplant, into said centers of channel regions,
said centers being located in said substrate aside from and between said

~ STl region trench structures and said spacers, said conpensating inplant
bei ng made to conpensate for the thresho%ﬂ)voltage inpléﬂécexcept at said

cor ner o 13 13a 13 13 13

18a 15 18b 15 18¢c

r—‘—— —




regi.ons near said corner regions of said channel regions at said sidewalls
»of STI trench structures so that there will be higher effective doping in
said corner regions after the step of doping with said spacers bl ocking
sai d conpensating inplant at said corner regions of said device aside from
sai d central channel regions, stripping saifdZ%pacers from sai d device, ion
I npl anting of an opposite type of dopant into said channel regions

i ncluding said corner regions - whereby said corner regions have a higher
ef fective dopant concentration of atons of said opposite type of dopant.
34. A sem conduct or MOSFET device fornmed on a silicon substrate
conprising: said substrate including trenches, STI (Shallow Trench

| solation) dielectric trench structures of silicon dioxide filling said
trenches and extendi ng above said surface of said substrate, said trench
structures having protruding sidewalls

32a | . 32d
FIG.3E



of said STl trench structures with channel regions in said substrate

bet ween said trench structures having corner regions adjacent to said STI
‘trench structures, said channel regions between and adjacent to said STI
trench structures doped with one concentration of dopant .in said centers of
sai d- channel regions, and a substantially higher concentration of dopant in
sai d channel regions adjacent to said corner regions, said dopant
concentration differential providing a subgi@ntially equal concentration of
el ectrons in said centers and at said corner regions of said channel

regi ons. 35. A device in accordance with claim 34 wherein the peak
concentration of P type dopant, conprising boron (B) atons, produced in the
channel regions in said substrate is fromabout 1 E 17 atons/cnierr] to
about 3 E 18 atons/cnB with a preferred concentration of about 4 E 17
atonms/cnB. 36. A device in acgprdance with aim 34 wherein arsgeqi c doping
I n said channel r@&d ons has Qﬁf 43 §E§




congentration of about 1 E 17 atons/cnferr], producing net phosphorus type
«doping in said center of said channels of about 3 E 17 atons/cnjerr], which
is approximately 33% | ower than the concentration at said corner regions of
about 4 E 17 atons/cnierr]. :37. A device in accordance with claim 36
wherein the peak concentration of P type dopant, conprising boron (B)

at ons, produced in said channel regions 918 .sai d substrate is from about 1 E_
17 atoms/cr’r{err] to about 3 E 18 .atons/cnferr] with.a preferred -
concentration of about 4 E 17 atons/cnferr]. -53-.38. A device in
accordance with claim 36 wherein arsenic doping in sai’d channel regi ons has
a concentration of about 1 E 17 atons/cnferr], producing net phosphorus
type doping in said center of said channels of about 3 E 17 atoms/cnferr],
which is approximately 33% | ower than the concentration_at said corner

regi ons of about 4 E - 14631\t ons/ cni errjm 39. A device 4@-accordance with

cl ai m 38 vxherei n said 48a 45 48b\ 45 48c

”@;
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pol'ysilicon spacers have been doped with P type boron (B) dopant with a

. concentration of boron (B) dopant atons fromabout 1 E 19 atons/cnferr] to
about 5 E 20 atons/cnjerr]. 40. A device in accordance with claim 39 :
wherei n_the resultant peak concentration of bor.on (B) dopant in said
protected corner regions in said substrate beneath said spacers ranges from
“about 2 E 17 atons/cnferr] to about 2 E #81atons/cnferr] and a
concentration in the remai nder of said substrate from about 1 E 17
atoms/cniferr] to about 1 E 18 atoms/cnB outside of sai-d corner regions.
41. A device in accordance with claim 34 wherein aft'er source/drain high
tenperature annealing of said device the concentration of P-type dopant,
conprising boron (B) atons in said channel regions in substrate is from
about 5 E 16 atonms/cn{err] to about 1 E 18 atons/cnferr]. 42. A device in
accordance with claim 404@1erei n after source/drain high tenperature

anneal i ng of the _ 9.
b i e
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devi.ce the concentration of P-type dopant,

conprising boron (B) atons in

«said channel regions in substrate is fromabout 5 E 16 atons/cnferr] to

about 1 E 18 atons/cnferr].

1112

0.9
g
% 0.8
o] 12
;ﬁ) 10 . 1014
07— == = 5 / ——————‘————\—%\_
- ' l

—
é § L
10
0.6
0.5 '
0.2 | 0.3 0.4 05 0.6
DEPTH (um)

FIG. 5



12112

0.6

0.4 05

0.3

0.2

Q
o

0.9
0
0
0.5

(wr) SIXV TVDILLIHA

DEPTH (um)

FIG. 6



