28 March 2005 PROCESS FLOW FOR A PERFORMANCE ENHANCED MOSFET WITH
SELF-ALIGNED, RECESSED CHANNEL BACKGROUND OF THE INVENTION (1) Field of the Invention
The invention generally relates to a method of fabricating a semiconductor devic d, mqre particularly,
to a method of fabricating a field-effect transistor (FET) having a recessed gate g@ﬂgﬂ%} %Oﬁge

manufacture of integrateolaisyite. Y PesciptipR PORNOA K F KleMaapepaleosFHTIgh-speed integrated
circuits is the so-called metal-oxide- semiconductor field effect transistor (MOSFET). A MOSFET

comprises three electrodes: aygpUHCSERIIRIN@NED gate: HYsrineayily Rpgd source and drain (S/D)
regions are separated by a lightly doped channel. If the S/D are n-type material, then the channel is

p-type and the device is an NMOS transistor. Conversely, if the S/D are p- type material, then the channel
is n-type and a PMOS transistor results. The gate electrode is positioned over, but electrically insulated

from the channel. By applying a v@iegg GROeNBOE qeede bR capductivity of the channel is affected,
thus a voltage on the gate can control the current between the source and drain. By implanting dopant
ions 1 28 March 2005 into the channel, the threshold or "turn-on" gate voltage can be tailored to the
required

(D Field of the Invention

The invention generally relates to a method of fabricating a semiconductor device
and, more particularly, to a method of fabricating a field-effect transistor (FET) having a

recessed gate structure in the manufacture of integrated circuits.
2) Description of Prior Art

A device prevalent in high-speed integrated circuits is the so-called metal-oxide-
semiconductor field effect transistor (MOSFET). A MOSFET comprises three
electrodes: a source, a drain and a gate. The heavily doped source and drain (S/D)
regions are separated by a lightly doped channel. If the S/D are n-type material, then the
channel is p-type and the device is an NMOS transistor. Conversely, if the S/D are p-
type material, then the channel is n-type and a PMOS transistor results. The gate
electrode is positioned over, but electrically insulated from the channel. By applying a
voltage to the gate electrode, the conductivity of the channel is affected, thus a voltage on

the gate can control the current between the source and drain. By implanting dopant ions



level. As integrated circuit device dimensions are reduced, parasitic effects become a challenge. In
MOSFET devices, as the distance between the source and drain (channel length) is reduced,
punch-through, hot-carrier effect, and interelectrode capacitance become factors that d %@%e
performance. As the channel length is decreased, a voltage applied to the drain %%@?B‘fb result in

conduction hetwarnmeaRouiceRRdHdaio withald2 valtaaaapplied te e aate hbiequreh-through effect
reduces the control the gate electrode has over the drain current. Typically, a punch-through implantation

is performedadpng with the threshold adjust implantation) prior to formation of any of the gate structure
to counter the effects of the short channel. To reduce the hot carrier effect, the S/D regions are formed
with two dopant levels. Typically, lightly doped S/D regions are formed by ion implantation using the gate
as a mask. This is followed by the formation of gate sidewall spacers to, in effect, widen the gate mask.

This is followed by a sprendBIFR KN @opatHibnimplariatien; phhgiptesgass wicadightly doped S/D

concentration near the gate electrode minimizes the hot carrier effect. Alternately, a lightly doped

envelope forctiglfigayilth dapsiBIRiduoetianRsvayshadotpeeby thdastetdiffidsing depanhépn implantation
with a lower dose, followed by a heavy ion implantation at a higher dose. 2 28 March 2005
length) is reduced, punch-through, hot-carrier effect, and interelectrode capacitance

become factors that degrade performance.

As the channel length is decreased, a voltage applied to the drain electrode can
result in conduction between the source and drain without a voltage applied to the gate.
This punch-through effect reduces the control the gate electrode has over the drain
current. Typically, a punch-through implantation is performed (along with the threshold
adjust implantation) prior to formation of any of the gate structure to counter the effects

of the short channel.

To reduce the hot carrier effect, the S/D regions are formed with two dopant
levels. Typically, lightly doped S/D regions are formed by ion implantation using the
gate as a mask. This is followed by the formation of gate sidewall spacers to, in effect,
widen the gate mask. This is followed by a second more heavily doped S/D implantation.
The presence of a lightly doped S/D concentration near the gate electrode minimizes the
hot carrier effect. Alternately, a lightly doped envelope for the heavily doped S/D
junctions may be formed by a faster diffusing dopant ion implantation with a lower dose,

followed by a heavy ion implantation at a higher dose.



Capacitance between the drain and substrate is inversely proportional to the width of the depletion region
between them. For a specific S/D dopant concentration, the depletion region width decreases as the

substrate dopant concentration increases. Thus, as the punch-through implantaéié) 'ncE}e§§§§ the
substrate dopant concentration, the depletion region width shrinks, and the drai C&Fﬂﬁ increases.

This increase in dreifsapaeitanes dinitadamapardsabyhichshevdRge asybiisintegratadgircuit will
switch. One method of reducing the aforementioned parasitic effects Is to use a device with a recessed

channel. TheracegssirdirnpedreducesniHbe-thipudeaitd KyBQIBFaftasscHiR ibH¢hethrough
implantation step is eliminated and capacitance is reduced. Several methods of forming recessed

channels haygphasn deseribediVdseBatants |h8ldd4utaibhiangdeashesisnmeathastof forming a recessed

channel where a silicon nitride layer with a gate opening is patterned. Mask oxide is then grown in the

exposed gate GRENINEChOARSUININEpIAME;6h thersilieo theldid ekl ajantatareitpgsiormed using the mask
oxide in the gate opening as a mask. The oxide is then removed leaving a recessed channel area. U.S.

Patent 5,59 d@8tienHbeatplviéaciemrs mathed afforoing Ratecaisessgata iy facreiRg ia trench in a
silicon nitride spacer. A wet oxidation is performed creating the recessed gate. U.S. Patent 5,610,090 to

Jo teaches aifgtbeshdnserparatineheeqeidaiormealt gl fRik) dadfaieiadenayonnatical recessed gate.
U.S. Patent 5,270,228 to Ishikawa teaches a method of forming a two-level recessed gate using a single

lithographic argdetch step.

One method of reducing the aforementioned parasitic effects is to use a device
with a recessed channel. The recessed channel reduces punch-through, and in some
cases, the punch-through implantation step is eliminated and capacitance is reduced.
Several methods of forming recessed channels have been described. U.S. Patent
5,814,544 to Huang teaches a method of forming a recessed channel where a silicon
nitride layer with a gate opening is patterned. Mask oxide is then grown in the exposed
gate opening consuming some of the silicon. The S/D implantation is performed using
the mask oxide in the gate opening as a mask. The oxide is then removed leaving a
recessed channel area. U.S. Patent 5,599,728 to Hu et al. teaches a method of forming a
recessed gate by forming a trench in a silicon nitride spacer. A wet oxidation is
performed creating the recessed gate. U.S. Patent 5,610,090 to Jo teaches a method
incorporating reactive ion etching (RIE) to form a non-symmetrical recessed gate. U.S.
Patent 5,270,228 to Ishikawa teaches a method of forming a two-level recessed gate

using a single lithographic and etch step.



3 28 March 2005 SUMMARY OF THE INVENTION A principal object of the present invention is to provide
a method for forming a self-aligned, recessed channel, MOSFET device. A second object of the present
invention is to provide a method for forming a self aligned, recessed channel, M?ﬁgﬁggg?@eglectrode.
Another object of the present invention is to provide a method for forming a self-“ali : (9 ssed

channel, MOSFET device that alleviajgsthparetgmgueny sRatoshannel effects, including punch
through, hot carrier effect and increased inter-electrode capacitance. Another object of the present

invention is to provide a method for forming a self- aligned, recessed channel, MOSFET gate electrode
that alleviates the problems due to short channel effects, including punch through, hot carrier effect and

increased inter- elegligde pAPaB|ERN6E thtRssabiactn@sa RADIBKAddssing-hBIPRRIONIREE: the gate
structure of a MOSFET, comprising a gate dielectric covered by a gate electrode, is formed in a recess

in the substraig- N sikBtrades il h At Ve GSER ElaeOBPassed by a shallow trench isolation (STI) region
is provided. A mask oxide layer is then patterned and etched using photolithographic techniques to

expose the substrate and a portion of the STI region. 4

A second object of the present invention is to provide a method for forming a self-

aligned, recessed channel, MOSFET gate electrode.

Another object of the present invention is to provide a method for forming a self-
aligned, recessed channel, MOSFET device that alleviates the problems due to short
channel effects, including punch through, hot carrier effect and increased inter-electrode

capacitance.

Another object of the present invention is to provide a method for forming a self-
aligned, recessed channel, MOSFET gate electrode that alleviates the problems due to
short channel effects, including punch through, hot carrier effect and increased inter-

electrode capacitance.

These objects are achieved using a process where the gate structure of a
MOSFET, comprising a gate dielectric covered by a gate electrode, is formed in a recess
in the substrate. A substrate with an active area encompassed by a shallow trench
isolation (STI) region is provided. A mask oxide layer is then patterned and etched using

photolithographic techniques to expose the substrate and a portion of the STI region.



28 March 2005 The surface is etched in the active area and the mask oxide layer is eroded away while
forming a gate recess in the unmasked area. The exposed portion of the STI region will also be etched. A

thin pad oxide layer is grown overlying the surface followed by deposition of a %%@“CO itride layer
covering the surface and filling the gate recess. The top surface is then planari ﬁ%%?r@ he pad

oxide layer. AgdiignakaxicieHsaiowe sangingthaaed masledryrriigdhiskendA Redipnafdhe silicon
nitride layer is etched away and additional oxide is grown causing the pad oxide layer to further thicken.

This forms afdapried exidriyemalananingstidervalls Phha G iRGese: IR ST@IBsehSiligon nitride
layer is then removed, re-opening the gate recess. A threshold adjust and punch-through implantation is
performed ingrdhe subpstrate below the gate recess. The tapered oxide layer on the gate recess sidewalls
protects the implantation from reaching areas laterally outside the forthcoming gate structure. Next, the
pad oxide layer is isotropically etched to remove the oxide at the bottom of the gate recess. A gate
dielectric is then grown in the bottom of the gate recess. This is followed by a deposition of gate

polysilicon covering tixentppdssifacegaddifliog theveatenearssurtie fopswiaes dspgaivpEnarized to
expose the top of the substrate. This completes the formation of the recessed gate structure. To

complete theHRKmatien aldheransisineand Make e rGRNBLIONS @eaaels OXidedpyarrisdeposited

followed by light and heavy dose implantations for double
is then planarized exposing the pad oxide layer. Additional oxide is grown causing the
pad oxide layer to thicken. A portion of the silicon nitride layer is etched away and
additional oxide is grown causing the pad oxide layer to further thicken. This forms a
tapered oxide layer along the sidewalls of the gate recess. The remaining silicon nitride
layer is then removed, re-opening the gate recess. A threshold adjust and punch-through
implantation is performed into the substrate below the gate recess. The tapered oxide
layer on the gate recess sidewalls protects the implantation from reaching areas laterally
outside the forthcoming gate structure. Next, the pad oxide layer is isotropically etched
to remove the oxide at the bottom of the gate recess. A gate dielectric is then grown in
the bottom of the gate recess. This is followed by a deposition of gate polysilicon
covering the top surface and filling the gate recess. The top surface is again planarized to

expose the top of the substrate. This completes the formation of the recessed gate

structure.

To complete the formation of the transistor and make interconnections, a screen
oxide layer is deposited followed by light and heavy dose implantations for double

implanted drain (DID), and annealing. An inter-electrode dielectric layer is deposited



implanted drain (DID), and annealing. An inter-electrode dielectric layer is deposited 5 28 March 2005
covering the top surface. Contact holes are then patterned in the dielectric layer. A metalization layer is
deposited overlying the surface and filling the contact holes. The metalization Iaégh/'f tw tterned and
a passivation layer is deposited completing the fabrication and interconnection 6f't N nsistor

device. BRIEGRERGRIFHANRE. THRRRANNGSHE:hessampany ineldrawings forming a material

part of this description, there is shown: Fig. 1 through Fig 12 showing schematically in cross section one

embodimentétdheaiitinad ok e psRse BV ERKRREGR: figfald UHO Wik itheltm @ePia Sitigeview while Fig.
Ib through Fig. 12b show a lateral view. DESCRIPTION OF THE PREFERRED EMBODIMENTS This

embodimentglasarhesmforationef phiOPRmrrrepaed adais elsetr adeppar dcchpmipiMMOS) or

p-channel (PMOS) transistor. It will be understood by those skilled in the art that the invention can be

extended to therfanioation afterishaletsads Sl .8 dibterentsizes on a semiconductor wafer. 6 28
March 2005 Referring now to Fig. 1 through Fig. 12, depicting schematically one embodiment

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part of this description, there is

shown:

Fig. 1 through Fig 12 showing schematically in cross section one embodiment of
the method of the present invention. Fig. 1a through Fig.12a depict a side view while

Fig. 1b through Fig. 12b show a lateral view.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

This embodiment describes formation of a 100nm recessed gate electrode in an n-
channel (NMOS) or p-channel (PMOS) transistor. It will be understood by those skilled
in the art that the invention can be extended to the formation of gate electrode structures

of different sizes on a semiconductor wafer.



of the present invention. Cut line "a" corresponds to each respective side view in Fig. la through Fig 12a.
Cut line "b" on each of the figures corresponds to each respective lateral side view shown in Fig. Ib

through Fig. 12b. Refer now more particularly to Fig. 1 where a partially formed %O&%atr n bst ris
represented. A substrate 10 with a <100> crystal orientation, for example, is provi r%oi r?NMOS

device, the substrate-k:in campeserkol rivRersiicon: kgt MOR evicRal e RuUbHEaENGIS composed

of n-type silicon. Shallow trench isolation (STI) regions 12 comprised of silicon oxide are provided as is

standard in theitieRfeRRAIPEICEER AbIUL RO FRAISAONIM A spasivexide layrid4gomposed of

silicon oxide is grown on the surface using conventional techniques. The mask oxide layer 14 is then

patterned angr&ichegd.using eholplitheymphictet niguasdo dialkhtoaratieur s RapEstlais exposes the

substrate 10 and a portion of the STI region 12. The mask oxide layer 14 thickness is determined by the

etch selectivityepfithigsilieanssoRstiateid 01 tortheugtableoxide 14. The thickness (tax) of mask oxide layer
14 is given by the equation: 100nm +1- 5%. ' (Etch - Selectivity) Thus if, for example, the etch selectivity

of the silicon substrate to the mask oxide is two (2) (indicating that the etch process will etch the
substrate twice as fast as mask oxide), then the mask oxide layer 14 thickness (tax) would be between

47.5 and 52.5 nm (R@rnH@MiBA Jparticularly to Fig. 1 where a partially formed MOS transistor is
represented. A substrate 10 with a <100> crystal orientation, for example, is provided.
For an NMOS device, the substrate 10 is composed of p-type silicon; for a PMOS device,
the substrate 10 is composed of n-type silicon. Shallow trench isolation (STI) regions 12
comprised of silicon oxide are provided as is standard in the art to a depth of between
about 300 and 500nm. A mask oxide layer 14 composed of silicon oxide is grown on the
surface using conventional techniques. The mask oxide layer 14 is then patterned and
etched using photolithographic techniques to yield the pattern shown. This exposes the
substrate 10 and a portion of the STI region 12. The mask oxide layer 14 thickness is
determined by the etch selectivity of the silicon substrate 10 to the mask oxide 14. The
thickness (tox) of mask oxide layer 14 is given by the equation:

100nm

= +/- 5%.
(Etch _ Selectivity)

ox

Thus if, for example, the etch selectivity of the silicon substrate to the mask oxide is two
(2) (indicating that the etch process will etch the substrate twice as fast as mask oxide),
then the mask oxide layer 14 thickness (t,x) would be between 47.5 and 52.5 nm (50nm

nominal).



7 28 March 2005 Referring now to Fig. 2, the surface is anisotropically etched using a SF6 based
chemistry of SF6/02, SF6/C2C13F3, SF6/CHF3, or SF6/HBr, for example. Using the etch selectivity
scheme described previously, the mask oxide layer 14 will be eroded away Wh”ég?f&%aété&gﬁ@%\?te recess
16 in the area of substrate 10 not protected by the mask oxide layer 14. The ga ill have a

final depth of betweesrahaut:9%/1 105 PNMndLAARR ROMiRabe AT tendirsknXidSHayeil4 is completely

removed, the substrate 10 will be evenly etched and a uniform gate recess 16 will be created even if an

over-etch oggEfsistho £3PgERdNIRytionIh ther ST Heg i Mill alspelaRithed faigingedgpressions 17.

The depressions 17 in the STI region 12 will provide for future interconnection to the gate electrode.

Referring now|tedigy 3cReRrRAJexiG®dayREiSpmiisadsefsilieonwride isignandtoav@rying the surface by
conventional techniques with a thickness of between about 7.5 to 12.5 nm (10nm nominal). This is

followed by avHpPesitianOf sasdlicepshitiida tayereibmitbsaihiaknessyeblbeiagnabaias i 8Qite 220 nm
(200nm nominal) by conventional techniques. This will fill the gate recess 16 with the silicon nitride layer

20. Referringagem o Fige dathgeden 96 iaehsvelamtizaepusinibetclRdnatio(pefesalyyniwith a chemistry of
CHF3/CF4, for example, using the pad oxide layer 18 as an etch stop. Alternately, chemical mechanical

polishing (CKMB)maydeinged da@anarizeitiheigeiace 1and expprichedacyedideclaysds Referring now
to Fig. 5, additional oxide is grown

will be evenly etched and a uniform gate recess 16 will be created even if an over-etch

occurs. The exposed portion of the STI region 12 will also be etched forming

depressions 17. The depressions 17 in the STI region 12 will provide for future

interconnection to the gate electrode.

Referring now to Fig. 3, a pad oxide layer 18 comprised of silicon oxide is grown
overlying the surface by conventional techniques with a thickness of between about 7.5 to
12.5 nm (10nm nominal). This is followed by a deposition of a silicon nitride layer 20
with a thickness of between about 180 to 220 nm (200nm nominal) by conventional

techniques. This will fill the gate recess 16 with the silicon nitride layer 20.

Referring now to Fig. 4, the top surface is planarized using etch-back (preferably)
with a chemistry of CHF;/CF,, for example, using the pad oxide layer 18 as an etch stop.
Alternately, chemical mechanical polishing (CMP) may be used to planarize the surface
and expose the pad oxide layer 18. Referring now to Fig. 5, additional oxide is grown
causing the exposed pad oxide layer 18 to thicken by between about 15 to 25 nm (20nm

nominal). Referring now to Fig. 6, the silicon nitride layer 20 is partially etched using a



causing the exposed pad oxide layer 18 to thicken by between about 15 to 25 nm (20nm nominal).
Referring now to Fig. 6, the silicon nitride layer 20 is partially etched using a 8 28 March 2005 wet
chemistry of H3PO4, for example. The remaining thickness of the silicon nitride éﬁ e 2%\/9[/'I6ge between
about 5 to 20 nm (10nm nominal). This partially opens the gate recess 16. Refe ﬁ\é{ﬂfﬁ (:)J ig. 7,

additional oxige énafawy 6awEIPO.IBMad axide ayakiRitmimnantickembyinesyaamabout 15 to 25 nm

(20nm nominal). This results in a tapering (progressively thicker toward the top) of the pad oxide layer 18
along the siggwatiool thagateweseasol® s tbereater dhm inaning Jheopaniditdedsumear e iwet etched

using a chemistry of H3PO4, for example. Threshold adjust and punch-through implantation 22 is
performed. kean IMOS transistor, the implantation 22 uses boron ions with an energy of between
about 5 to 20 keV with a dose of between about 1012 to 1013 atoms/cm2. Alternately, for a PMOS
transistor, phosphorous ions with an energy of between about 30 to 60 keV with a dose of between about
1012 to 1013 atoms/cm?2 are used for the implantation 22. A O tilt angle is used to ensure that there is

minimal spreading Réfthainplantedions iareasaUogide e fokie Dl eaiopsd Shridwsrsten oxide

growth yielding the tapered pad oxide layer 18 along the sidewall of the gate recess 16 will decrease the
gate to S/D ¢apacHansecHenasidiionecdhpenides & thickeroside maskaproretinggtbisegions during

threshold adjust and punch-through implantations 22.
tapering (progressively thicker toward the top) of the pad oxide layer 18 along the
sidewall of the gate recess 16. Thereafter, the remaining silicon nitride layer 20 is wet
etched using a chemistry of H3POy, for example. Threshold adjust and punch-through
implantation 22 is performed. For an NMOS transistor, the implantation 22 uses boron
ions with an energy of between about 5 to 20 keV with a dose of between about 10'* to
10" atoms/cm®. Alternately, for a PMOS transistor, phosphorous ions with an energy of
between about 30 to 60 keV with a dose of between about 10'? to 10"* atoms/cm? are used
for the implantation 22. A 0° tilt angle is used to ensure that there is minimal spreading
of the implanted ions to areas under the future S/D regions. The two-step oxide growth
yielding the tapered pad oxide layer 18 along the sidewall of the gate recess 16 will

decrease the gate to S/D capacitance. In addition, it provides a thicker oxide mask

protecting S/D regions during threshold adjust and punch-through implantations 22.

Referring now to Fig. 8, the pad oxide layer 18 is isotropically etched by a wet
clean using RCA solution to remove the pad oxide layer 18 on the bottom of the gate
recess 16. Gate dielectric 26 is grown by dry oxidation in an HCI/N,O/N,0O,/NHj3

ambient, for example, to a thickness of between about 2 to 5 nm (4nm nominal). Gate



Referring now to Fig. 8, the pad oxide layer 18 is isotropically etched by a wet clean using RCA solution
to remove the pad oxide layer 18 on the bottom of the gate recess 16. Gate dielectric 26 is grown by dry
oxidation in an HCI/N20O/N202/NH3 ambient, for example, to a thickness of betﬁlﬁeﬁ ac?éoght to 5 nm
(4nm nominal). Gate 9 28 March 2005 polysilicon 28 is then deposited by conve & R'ques toa

thickness of Ratwere DY 3R dR2A(20ANANMIRRINSAVESIR:thE SWdacss daeiling the gate

recess 16. Referring now to Fig. 9, the top surface is again planarized using CMP (preferable) and/or

etch-back wiiBoachgmistryoaihl Brdod:4/ htahla e sxaimplae ugxpoasd igitentef dhe sukstrase 10 and

complete the gate structure. Screen oxide 30 is then deposited by conventional techniques to a thickness
of between about 5 to 10 nm (5nm nominal). Referring now to Fig. 10, in an NMOS device lightly doped
S/D implantations (not shown) of phosphorous ions with energy of between about 5 to 20 keV and a dose

of between about 1Q¥simd Qdd asams/omieatp perfareeddaimnpnagihediohiidonge S/D regions 34. This
is followed by the heavily doped S/D implantations (not shown) of arsenic with energy of between about 5

to 20 keV angefdpst-phhelyesshalortwitl 4 dRehdts JOHS/AMZHeORIfe hiehpayity eopad S/D regions
36. Both the lighter and heavier implantations use a tilt angle of +/- 15 for NMOS devices. Alternately for
a PMOS tramgistprob@rosuivasiwitn eneteympidetnesnabioutido Sdedh andia spseiaibetween

deposited by conventional techniques to a thickness of between about 5 to 10 nm (5nm

nominal).

Referring now to Fig. 10, in an NMOS device lightly doped S/D implantations
(not shown) of phosphorous ions with energy of between about 5 to 20 keV and a dose of
between about 10" to 10'* atoms/cm? are performed forming the lightly doped S/D
regions 34. This is followed by the heavily doped S/D implantations (not shown) of
arsenic with energy of between about 5 to 20 keV and a dose of between about 10" to
10"° atoms/cm? forming the heavily doped S/D regions 36. Both the lighter and heavier
implantations use a tilt angle of +/- 15° for NMOS devices. Alternately for a PMOS
transistor, boron ions with energy of between about 1 to 5 keV and a dose of between
about 10" to 10" atoms/cm” would be used to form the lightly doped S/D regions 34.
The heavily doped S/D implantation would use boron ions with energy of between about
1 to 5 keV and a dose of between about 5x10"* to 5x10'° atoms/cm? forming the heavily
doped S/D regions 36. Both the lighter and heavier implantations use a tilt angle of +/-7°
tilts for the PMOS device. The tilt angle for the implantations ensure that the S/D series

resistances are sufficiently low. Thereafter, rapid thermal annealing (RTA) is performed

10



about 1013 to 1014 atoms/cm2 would be used to form the lightly doped S/D regions 34. The heavily
doped S/D implantation would use boron ions with energy of between about 1 to 5 keV and a dose of
between about 5x1014 to 5x1015 atoms/cm2 forming the heavily doped S/D re%grﬁf% %EB the lighter
and heavier implantations use a tilt angle of +/-7 tilts for the PMOS device. The @T e

implantationgt@asweethBbe k> 3OO I stARCes R ruftisigntbale e ihpiaaitaridapid Hermal
annealing (RTA) is performed 10 28 March 2005 at between about 900 to 1050C for 10 to 40 seconds to

activate the iBRIANERHJIAIID ei gl IPRed B/ ddRa WIS feansh B auii dapasuBIPifgaiened6 form the

double implanted drain (DID) structure. This is contrasted with conventional DID structures formed using

lateral diffusigainRefED)RGRAWLOTHE: it Loattdtter-wlactade sislegtigiayaictd cofopasedsaf boro-
phospho silicate glass (BPSG), for example, is deposited by conventional techniques covering the top

surface. It isjthenlremftoyugs for planarization where it merges with the screen oxide 30. Contact holes 40
are then patterned in the screen oxide/dielectric layer 30/38 by conventional techniques. Referring now to
Fig. 12, a metalization layer 42, composed of aluminum, for example, is deposited overlying the top
surface and filling the contact holes 40 and then patterned by conventional techniques. A passivation

layer 44 is then deragiacthhseiyEntionalieahiviqlesrc@apasingdng fabecatinpoeddhg BIOS transistor
device.

phospho silicate glass (BPSG), for example, is deposited by conventional techniques

covering the top surface. It is then re-flowed for planarization where it merges with the

screen oxide 30. Contact holes 40 are then patterned in the screen oxide/dielectric layer

30/38 by conventional techniques.

Referring now to Fig. 12, a metalization layer 42, composed of aluminum, for
example, is deposited overlying the top surface and filling the contact holes 40 and then
patterned by conventional techniques. A passivation layer 44 is then deposited by

conventional techniques, completing the fabrication of the NMOS transistor device.

The present invention describes a method where a recessed gate structure is
formed on a MOS transistor. This device is self-aligning, and has no degradation of
operating performance. In addition to alleviating short-channel and hot-carrier effects
associated with conventional planar MOSFETs, this structure provides excellent
electrical characteristics due to the alignment of the threshold/punch-through

implantation and the S/D implantations. By reducing gate to source and drain

11



The present invention describes a method where a recessed gate structure is formed on a MOS
transistor. This device is self-aligning, and has no degradation of operating performance. In addition to
alleviating short-channel and hot-carrier effects associated with conventional plzirfﬂ\rgM%ISé: s, this
structure provides excellent electrical characteristics due to the alignment of the S nch-through

implantation apatie SAD nan/aniatiens R edHH 98t 38c-RaHEes, apshttRIDdHoa8Mareh 2005

capacitances, and substrate to source and drain capacitances, dynamic performance is equivalent to

conventionabgianaeslavicesyitidgahadnventioeebas been particularly shown and described with
reference to the preferred embodiments thereof, it will be understood by those skilled in the art that

various changes in form and details may be made without departing from the spirit and scope of the
invention. 12 28 March 2005 What is claimed is: 1. A method of fabricating a MOSFET gate structure

comprising: prOVidMi@e&ﬁﬂiﬁ%ﬂuﬁi%ﬁ§BB§ﬁ@$@ﬁi@fﬁYiﬁiﬂﬂ)ﬁ’lﬂ aglivR Jadien wisaigkaeRigenductor
substrate contained by an isolation region;
the preferred embodiments thereof, it will be understood by those skilled in the art that

various changes in form and details may be made without departing from the spirit and

scope of the invention.

12



growing a mask oxide layer overlying said substrate and said isolation region; patterning said mask oxide
layer forming an opening exposing said substrate within said active region; anisotropically etching a gate
recess into said semiconductor substrate below said opening in said mask oxid a%er 0 ggpth
between 95 and 105 nm, whereby said mask oxide layer is eroded away during Bt of said gate
recess and anggiitior@fgaididsolation region is removed; growing a pad oxide layer over said gate recess,
said isolation region, and said semiconductor substrate; depositing a nitride layer overlying said pad

oxide layer and AlingsRibople1QERSS: MROBFIZINg.sald-idiicedaypritangxpose said pad oxide layer and
top of said nitride layer filling said gate recess; growing a first overlap oxide layer on said pad oxide layer;

partially etching awgy, srith Hiridmlayerumithisussich@ate recess thereby exposing said pad oxide lining
sidewalls of said gate recess; 13 28 March 2005 growing a second overlap oxide layer on said exposed

pad oxide layer anggaifiifisstoy@rian xsisiedayeidbaiebynthickening saidl Rachmede{ining sidewalls of
said gate recess;
isolation region;
growing a mask oxide layer overlying said substrate and said isolation region;
patterning said mask oxide layer forming an opening exposing said substrate
within said active region;
anisotropically etching a gate recess into said semiconductor substrate below said
opening in said mask oxide layer to a depth between 95 and 105 nm, whereby said mask
oxide layer is eroded away during
said etching of said gate recess and a portion of said isolation region is removed;
growing a pad oxide layer over said gate recess, said isolation region, and said
semiconductor substrate;
depositing a nitride layer overlying said pad oxide layer and filling said gate
recess;
planarizing said nitride layer to expose said pad oxide layer and top of said nitride
layer filling said gate recess;
growing a first overlap oxide layer on said pad oxide layer;

partially etching away said nitride layer within said gate recess thereby exposing

said pad oxide lining sidewalls of said gate recess;
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thereafter etching away said nitride layer remaining within said gate recess; implanting threshold
adjusting ions through said pad oxide layer at bottom of said gate recess and into said substrate below
said gate recess, whereby said pad oxide lining sidewalls and said first and secggg/‘glv%{lgg xide layers
function as a mask for said threshold adjusting ions; isotropically etching away $&id P& ide layer on

said bottom of said Ga{eifeGERS RURRSINEHISURRF e Al Faid HRUPMQS sad JateafRCRSS; growing a
gate dielectric layer overlying said substrate at said bottom of said gate recess and said second overlap

oxide; deposilifithacpaly siticRN Satatawdyauaisng Sicigate Sirle tiia Javeswinds Wina dsaid gate recess;

and planarizing said polysilicon gate layer to expose said top of said gate recess, said substrate and said
isolation regigpetRereby completing fabrication of said MOSFET gate structure. 2. The method according
to Claim 1 wherein said semiconductor substrate is p-type silicon with crystal orientation of <100>. 3. The

method according g &éatmerleivhiekelivaqichREMiBaR MGoresasIRat ithiirtye siicarcyith crystal
orientation of <100>. 14 28 March 2005 4. The method according to Claim 1 wherein said isolation region
comprises silicon implanting threshold adjusting ions through said pad oxide layer at bottom of said
gate recess and into said substrate below said gate recess, whereby said pad oxide lining
sidewalls and said first and second overlap oxide layers function as a mask for said
threshold adjusting ions;
isotropically etching away said pad oxide layer on said bottom of said gate recess
exposing said substrate at said bottom of said gate recess;
growing a gate dielectric layer overlying said substrate at said bottom of said gate
recess and said second overlap oxide;
depositing a polysilicon gate layer overlying said gate dielectric layer and filling
said gate recess; and
planarizing said polysilicon gate layer to expose said top of said gate recess, said

substrate and said isolation region thereby completing fabrication of said MOSFET gate

structure.

2. The method according to Claim 1 wherein said semiconductor substrate is p-type

silicon with crystal orientation of <100>.

3. The method according to Claim 1 wherein said semiconductor substrate is n-type

silicon with crystal orientation of <100>.
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oxide having a depth of between about 300 to 500 nm. 5. The method according to Claim 1 wherein said
mask oxide layer is comprised of silicon oxide having a thickness such that during said etching of said
gate recess, said gate mask is completely removed when the desired depth of s '(ifat I sis
achieved. 6. The method according to Claim 1 wherein said etching of said gatefg %?sziiﬁiseved using
SF6 chemistry. 7. The method according to Claim 1 wherein said pad oxide layer comprises silicon oxide
having a thickness of between about 7.5 to 12.5 nm. 8. The method according to Claim 1 wherein said

nitride layer gompidsastedicacpitiide ihaving a hicknassiafibaimesncahatddprie220ievn. 9. The method
according to Claim 1 wherein said planarization of said nitride layer is achieved using chemical

mechanical pelighiginda dhgimgthad ascopdinsto t/ao Anvherein said planarization of said nitride layer
is achieved using etch back with a chemistry of CHF3/CF4 using said pad oxide layer as an etch stop.

15 28 March 2005 11. The method according to Claim 1 wherein said first overlap oxide layer comprises
silicon oxide having a thickness of between about 15 to 25 nm. 12. The method according to Claim 1

wherein saicspartial tchiunet said pitidelayerseaghienaenusingkalwrlyetah eligprisétyaf H3PO4 and
has a target thickness of said nitride
silicon oxide having a thickness such that during said etching of said gate recess, said

gate mask is completely removed when the desired depth of said gate recess is achieved.

6. The method according to Claim 1 wherein said etching of said gate recess is achieved

using SFe chemistry.

7. The method according to Claim 1 wherein said pad oxide layer comprises silicon

oxide having a thickness of between about 7.5 to 12.5 nm.

8. The method according to Claim 1 wherein said nitride layer comprises silicon nitride,

having a thickness of between about 180 to 220 nm.

9. The method according to Claim 1 wherein said planarization of said nitride layer is

achieved using chemical mechanical polishing.
10. The method according to Claim 1 wherein said planarization of said nitride layer is

achieved using etch back with a chemistry of CHF3/CF, using said pad oxide layer as an

etch stop.
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layer after said partial etching of between about 5 to 20 nm. 13. The method according to Claim 1 wherein
said second overlap oxide layer is comprised of silicon oxide having a thickness of between about 15 to
25 nm 14. The method according to Claim 1 wherein said thickening of said padggég]e lipi idewalls of
said gate recess results in said pad oxide lining sidewalls to be tapered such th ﬂ?&%ggfide lining
said sidewalls is thicker near the top of said gate recess. 15. The method according to Claim 1 wherein
said etching away of said nitride layer is achieved using a wet etch chemistry of H3PO4. 16. The method

according to1Glaitie Zeheeeibconishizelanationwhsaid threshold asliusbReionss ashisued using boron
ions with an energy of between about 5 to 20 keV with a dose of between about 1012 to 1013 atoms/cm?2

at a tilt angle;ip-Bn 18id8 Marneh 2005 Adss Diddnetbrdmratarsito@ onglaim 3 wherein said implantation of
said threshold adjusting ions is achieved using phosphorous ions with an energy of between about 30 to

60 keV with a dose of between about 1012 to 1013 atoms/cm2 at a tilt angle of 0. 18. The method
according to Claim 1 wherein said etching away of said pad oxide layer on said bottom of said gate

recess is achipvegk uséigha webalaanwithhREAWRiIaRakPparhiel Rieked Fceardingde 1eyain 1 wherein
said gate dielectric layer is comprised of one of a list containing silicon oxide and nitrided silicon nitride

grown by dryenidatianring amktGich MO M= Q HMS, ambiephabbeiwgernehout 860 1ariQ00C to a
thickness of

layer after said partial etching of between about 5 to 20 nm.

13. The method according to Claim 1 wherein said second overlap oxide layer is

comprised of silicon oxide having a thickness of between about 15 to 25 nm

14. The method according to Claim 1 wherein said thickening of said pad oxide lining
sidewalls of said gate recess results in said pad oxide lining sidewalls to be tapered such

that said pad oxide lining said sidewalls is thicker near the top of said gate recess.

15. The method according to Claim 1 wherein said etching away of said nitride layer is

achieved using a wet etch chemistry of H3PO..
16. The method according to Claim 2 wherein said implantation of said threshold

adjusting ions is achieved using boron ions with an energy of between about 5 to 20 keV

with a dose of between about 10 to 10" atoms/cm? at a tilt angle of 0°.
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between about 2 to 5 nm. 20. The method according to Claim 1 wherein said polysilicon layer is deposited
to a thickness of between about 180 to 220 nm. 21. The method according to Claim 1 wherein said
planarization of said polysilicon layer is achieved using chemical mechanical po%?ﬁ%?szz The method
according to Claim 1 wherein said planarization of said polysilicon layer is achie Q back with

a chemistry of Hipt/ G2l Q2oiding to Claim 3 wherein said implantation of said threshold

adjusting ions is achieved using phosphorous ions with an energy of between about 30 to

60 keV with a dose of between about 10'? to 10" atoms/cm? at a tilt angle of 0°.

18. The method according to Claim 1 wherein said etching away of said pad oxide layer

on said bottom of said gate recess is achieved using a wet clean with RCA solution.

19. The method according to Claim 1 wherein said gate dielectric layer is comprised of
one of a list containing silicon oxide and nitrided silicon nitride grown by dry oxidation
in an HCI / N,O / N,O,/ NH3 ambient at between about 800 to 1000°C to a thickness of

between about 2 to 5 nm.

20. The method according to Claim 1 wherein said polysilicon layer is deposited to a

thickness of between about 180 to 220 nm.

21. The method according to Claim 1 wherein said planarization of said polysilicon layer

is achieved using chemical mechanical polishing.

22. The method according to Claim 1 wherein said planarization of said polysilicon layer

is achieved using etch back with a chemistry of HBr/Cl,/HeOs,.
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