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SUB- QUARTER- M CRON MOSFET AND METHOD OF | TS MANUFACTURI NG BACK ) OF THE
I N\VENTION (1) Field of the Invention The invention relates. to th
fabrication of integrated circuit devices, and nore particularly, to a
met hod of form ng a sub-quarter-mcron MOSFET structure in the fabrication -
of integrated circuits. (2) Descriptiomr &f~the Prior Art In
sub- quar t eFUR+QUARTERSHETRANC NOSEETUAND METHODNOFe 48 MANUFACTURING
ul tra-shal |l ow source/drain regions. Low energy i i npl antation is
typically used for the formati on of such regi ons. However, problens occur
Wi th these devices. So-called "Gerhard Hobler effects,” caused by | ateral
dopi ng vari ations are aBACEGROUNDr OFh&HE JNVENEIONFor exanple, Fig. 1
illustrates a sem conductor substrate 10, preferably conposed of
nmonocrystalline silicon. A layer of silicon oxide 12 is formed on the
surface of the substrate. A polysilicon layer is deposited and patterned to
form gat &1¢| 8éel8gefi1gheplnvention -

The invention relates to the fabrication of
integrated circuit devices, and more particularly, to a
method of forming a sub-quarter-micron MOSFET structure in

the fabrication of integrated circuits.

(2) Descripﬁgon of the Prior Art

In sub-quarter-micron MOSFET architecture, it
is necessary to use ultra-shallow source/drain regions. Low
energy ion implantation is typically used for the formation
of such regions. However, problems occur with these devices.
So-called "Gerhard Hobler effects," caused by lateral doping

variations are an issue for these devices.

For example, Fig. 1 illustrates a
semiconductor substrate 10, preferably composed of
monocrystalline silicon. A layer of silicon oxide 12 is
formed on the surface of the substrate. A polysilicon layer
is deposited and patterned to form gate-electrdde 16. A
typical LDD (lightly doped source and drain) structure is

formed by an LDD mask implaht followed by spacer oxide



typical LDD (lightly doped source and drain) structure is forned by an LDD
mask i nplant foll owed by spacer oxide -2- deposition and etching and
t'hen 'a source/drain mask inplant. Lightly doped source and drain regions 20
are shown in Fig. 1. Fig. 1 illustrates "hot spots” 23 in the lightly doped
source/ drain regi ons which cause current2 teakage. These "hot spots" are
formed AACRPSisiAn rd(@EChing: aB€ SReBf ar BPRFFOAYALBWIASEr FPPLAAS -wi t h
the sidewal | of the gate. Source/drain |ateral pisalignpent with the gate,
seen at R¥er Lo es?grﬁegéﬁdbéFﬁéEnr?ﬁé°§6u2bePH?a?H°WégPBnFZE-and t he
gate edgﬁ, Is the origin for the device subthreshold characteristics
variations. The conditions for the conducting channel onset for the gap 25

Fig. 1 illustrates "hot spots" 23 in the
lightly doped source/drain regions which cause current
ieakage.. These “hot spots" are forﬁéd as a result of the
interaction of relatively low eﬁergy ions with the sidewall

of the gate.

Source/drain lateral misalignment with the
gate, seen at 25 where there is a gap between the
source/drain region 20 and the gate edge, is the origin for
the device subthreshold characteristics variations. The
conditions for the conducting channel onset for the gap 25
region are different from those for the under-the-~gate
regions. Therefore, not only subthreshold, but also
threshold characteristics would depend on the gap width.
These variations also cause enhanced hoflcarrier injection
and gate degradation resulting in a decrease in the

reliability level of the device.

Micro-trenches, such as 27, may occur during
gate etching. These micro-trenches cause nucleation of

- crystal defects and thus, excessive leakage currents. They



region are different fromthose for the under-the-gate regions. Therefore,
not only subthreshold, but also threshold characteristics would depend on
the gap width. These variations al so cause enhanced hot carrier injection
and gate degradation resulting in a decrease in the reliability |evel of

t he device. Mcro-trenches, such as 27, may occur during gate etching.

These m_gro-trenches cause nucleation of 3crystal defects and thus,

excessi 9@8&5@5@ c%r‘foéﬁt%g. pﬁ%ilale ROR-UR ISP T fSe a&“ﬁh’fﬁ‘ﬁ? fofil e
non-uni f,orm ty and hence..an increase i t andby currents pof .the.tr.ansistor
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Gate crigi | i i odyci.bilj t. c rn of all of

t he sub-ctriﬁag%gr? ecﬁno%]oﬁ{%gaﬁed%{’w%aﬁtgeé Il)ehngﬁt%ga?ér}'eoglp&n@s inoq;t he m ni num
feature size

Gate critical dimension (CD) reprodutibility
has been a concern of all of the sub-micron technologies. |
Minimum gate 1ength.corresponds to the minimum feature size
of any technology generation; that is, the edge of a
lithography tool capability. Theréfore, considerable
relative variations of a gate CD are inevitable. At the same
time, device-characteristics strongly depend on the gate

length.

U.s. Patént 5,538,913 to Hong teaches forming
a gate electrode in a trench wherein conducting spacers form
part of the gate. U.S. Patent 5,270,257 to Shin teaches
forming a gate electrode in a trench and growing an epitaxial
N+ layer over an implanted N- layer. U.S. Patent 5,464,780
to Yamazaki discloses the fabrication of gate electrodes at
the side surfaces of a trench in the fabrication of a memory
cell. U.S. Patent 5,108,937 to Tsai et al teaches removing a
field oxide region and forming a gate electrode in the
depression left by the field oxide region. U.S. Patent
5,623,153 to Liang et al shows the formation of a gate

electrode and formation of N- and N+ regions by outdiffusion



of any technol ogy generation; that is, the edge of a |ithography tool
capability. Therefore, considerable relative variations of .a gate CD are

i nevitable. At the sanme tine, device characteristics strongly depend on the
gate length. U S. Patent 5,538,913 to Hong teaches form ng a gate el ectrode.
in a trench wherein conducting spacers foympart of the gate. U S. Patent
5,270,257 to Shin teaches formng_a gate electrode in a trench and grow ng
an epit Z¥CA PG R4 Rekde RRGARRE PN Y Ll4son layers ent 5, 464, 780 to
Yamazaki_ di scl. oses the fabrication of gate el ectrodes at the side surfaces
of a tr&RFEREGHMSH-abrication of a nemory cell. U.S. Patent 5,108,937 to
Tsai et al teaches renoving a field oxide region and formng a gate

el ectrode in the depression left by the field oxide region. U S. Patent

s 5 0 Yol S @ o oo o

A principal object of the present invention is
to provide an effective and very manufacturable method of

forming a MOSFET having an LDD structure.

A further object of the invention is to
provide a method of forming a sub~quarter micron MOSFET

having an LDD structure wherein hot spots are avoided.

Yet another object is to provide a method of

forming a sub-guarter micron MOSFET having an LDD structure
wherein source/drain lateral misalignment with the gate is

avoided.

Yet another object is to provide a method of
forming a sub-quarter micron MOSFET having an LDD structure
wherein micro-trenches are not formed during gate layer

patterning.

In accordance with the objects of this

| invention a method for forming a sub-quarter micron MOSFET



-4- from doped pad oxi de and doped polysilicon |ayers, respectively.

SUMVARY OF THE I NVENTION A principal object of the present.invention is to
provi de an effective and very manufacturable nmethod of form ng a MOSFET :
havi ng an LDD structure. A further object of the invention is to provide a . :
met hod of form ng. a sub-quarter m cron MOSFET having an LDD structure

formng Sei180hs P66 SLOLEENcs VEL A0RLRFLADD %%Eagﬁm%%%%v'mﬂ% Gin oot
source/cbﬁﬁgla@ae§§ anﬁéﬁ&g9§3§€£?¥”é@bé@?agétgq% dggOng ot her

object i's to provide a net ormng a sub ron ET havi ng
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the semiconductor substrate in the active area wherein a
heavily doped region is formed adjacent to the surface of the
semiconductor substrate and wherein a lightly doped region_is
formed underlying the heavily doped region. A first
dielectric layer is deposited overlying the semiconductor
substrate in the active area. The first dielectric layer is
etched away Ep form an opening to the semiconductor
substrate. -The semiconductor substrate within the opening is
etched through to form a partial trench in the semiconductor
substrate. Spacers are formed on the sidewalls of the first
dielectric layer within the opening. A layer of conducting
material is deposited over the first dielectric layer and the
spacers and within the opening. ' The conducting material is
etched to form a gate electrode to complete the fabrication

of the integrated circuit device.

Also in accordance with the cobjects of the
present invention, a MOSFET integrated circuit device is
achieved. An active area in a semiconductor substrate is
separated f:om other active areas by isolation regions. A

~ gate electrode in the active area lies on the surface of the

semiconductor substrate and partially penetrating the surface



I'n accordance with the objects of this invention a nethod for formng a
sub-quarter mcron MOSFET -5- having an LDD structure i.s achieved. An
active area is provided in a sem conductor substrate separated from ot her
active areas by isolation regions. lons are inplanted into the

sem conductor substrate in the active area wherein a heavily doped region
is forned adjacent to the surface of thé& sem conductor substrate and

wher ei n°& thgheppigopdactey Gvbistmasiered Ausdaleatric Ha¥rad igs ded

region. . A fir%t dielectric |ayer is deposited overlylnglthe sem conduct or

substraFEeiﬁ?F 8C&c Oy &N SEMIRBGET AR | BAFLISTRThed avay to
W thi 1 PRECEEANLAG PO Senad AHNANIGh T TR MAFIRRIRI POk eI
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doped source and drain regions underlie the dielecﬁric layer
adjacent to the surface of the semiconductor substrate and
separated from the gate electrode by the spacers. Lightlyi
doped regions underlie the heavily doped regions, the
spacers, and the gate electrode to complete the MOSFET

integrated circuit device.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a

material part of this description, there is shown:

Fig. 1 schematically illustrates in cross-
sectional representation a MOSFET having an LDD structure of

the prior art.

Figs. 2 through 10 schematically illustrate in
cross-~-sectional representation a preferred embodiment of the

present invention.



dielectric layer within the opening. A layer of conducting material is
deposited over the first dielectric layer and the spacers and within the
openi ng. The conducting material is etched to forma gate electrode to -
conplete the fabrication of the integrated circuit device. Also in
accordance with the objects of the present_invention, a MOSFET integrated

' it devi ' hi eyed. t] I n | C t pstrate i
Ceparated 1rom of her  adidh- e, 9 SFiRRehi oo b o 1S S ofet rode | n
th ti R’ h f . of th ' duct bstrat d
par 1l 15 et TR LG o SRS MRl B Tate.
di el ectrj | j ' t bstrate.

el ect i drala ldofin Ahdde SHIiEES Al e sercongpct or substrate

Di el ectric spacers e Si S grectric layer wherein the
di el ectric spacers surround the gate el ectrode. Heavily

DESCRIPTION OF THE PREFERRED EMBODIMENTS -

Referring now more particularly to Fig. 2,'
there is shown an illﬁstration of a portion of a partially
completed metal oxide field effect transistor (MOSFET). The
semiconductog,substrate 10 is preferably composed of silicon
having a" (100) crystallographic orientation and has been
doped to be a p-type substrate. It will be understood by
those skilled in the art that while Figs. 2 through 10
illustrate an N channel MOSFET integrated circu;t device, a P
channel FET integrated circuit device could be formed simply
by substituting opposite polarities to those given for the N
channel embodiment. Also, in a.similar way, a CMOSFET could
be formed by making both N channel and P channel devices upon

the same substrate.

In an effort to simplify the description and
the drawings the ﬁieiectric isolation betwéen devices has
been only partially shown and will not be described in

. detail, because they are conventional. For example, Field

OXide regions FOX 11 can be formed in and on the



doped source and drain regions underlie the dielectric |ayer adjacent to
the surface of the sem conductor substrate and separated fromthe gate

el ectrode by the spacers. Lightly doped regions underlie the heavily doped |,
regi ons, the spacers, and the gate el ectrode to conplete the MOSFET -
integrated circuit device. BRI EF DESCRL.P§I.ON OF THE DRAW NGS In the

acconpagyy.k .NQgsS rIp a material part of this description, there is
shown: E%ggg?qégﬁgﬁgtFgéégfgﬁﬁlwtrates in cross- sectional representation
a MOSFET having an LDD structure of the prior art. Figs. 2 through 10

schematically illustrate in cross-sectional representation a preferred
embodi ment of the preseifyd B%eRicORmplantéd into the surface of the

substrate to form lightly doped region 24 and heavily doped
region 26. The heavily doped region is adjacent to the
surface of the substrate and the lightly doped region is
underlying the heavily doped region. These regions may be
formed, for example, by the double diffused method. For
example, the lightly doped région 24 may be formed by
implanting ions into the substrate at an energy of 1 to 5 KeV
and dosage of 1 E 14 to 5 E 14 atoms/cm®. For NMOS,

Arsenic ions are implanted while for PMOS, BF=z ions are
implanted. To form the heavily doped region 26, arsenic ions
are implanted to form an NMOS region at an energy of 0.2 to 2
KeV and dosage of 2 E 15 to 6 E 15 atoms/cmZ®. For a PMOS
region, BFz: ions are implanted at an energy of 0.5 to 1 KeV
and dosage of 1 E 15 to 4 E 15 atoms/cm®. The ions are
driven in, for example, by a rapid thermal annealing (RTA)
from 900 =C for 10 seconds for the shallowest source/drain to

1000 =<C for 20 seconds for a deeper source/drain.

The blank implantation to form the
source/drain regions used in the present invention eliminates
~the problems of the "Hobler effect" including the hot spots

23 and gaps 25, illustrated in Fig. 1.



Figs. 9A and 9B schematically illustrate in cross-sectional representation
two alternative nethods in a preferred enbodi nent of the present invention.
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring now nore particularly to
Fig. 2, there is shown an illustration of a portion of a partially .
conpleted netal oxide field effect transistor (MOSFET). The sem conduct or
substrate 10 is preferabhg co sed, of siH Pcon havin% a
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bet ween *devi ces
high density plasma CVD.

An opening 32 is etched in the dielectric
layer 30 to the substrate, as shown'in Fig. 4. This will
provide a gate opening.- The opening 32 is further etched
into the -semiconductor substrate ﬁo a depth of between about
500 Angstroms for the shallowest source/drain to 2000
Angstroms for a deeper source/drain. -This is illustrated in

Fig. 5.

Referring now to Fig. 6, a second dielectric
layer is deposited and anisotropically etched back to leave
spacers 36 on the sidewalls of the first dielectric layer 30
within the gate opening 32. The spacers may comprise silicon

dioxide or silicon nitride.

A P- threshold adjustment ion implantation is
rerformed to form the P- region 40 in the substrate

~underlying the gate opening 32, as illustrated in Fig. 7.



been only partially shown and will not be described in detail, because they
are conventional. For exanple, Field OXide regions FOX 11 .can be forned in
and-on the -8- sem conductor substrate. lons 22 are inplanted into the
surface of the substrate to formlightly doped region 24 and heavily doped -

region 26. The heavily doped region is adjacent to the surface of the

substrate and the |ightl %#Hga P i PR : i1 oped
regi on. These regions napyy be %énﬁl%lor%&éan%%?&%%%}lﬁl e% | ffused
met hod.  EREmPIAMBNE1dWPrdsHide) FRRREAICY2H i.ttl'.'é)id;rp
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I nplanting ions into the substrate at an enérgy of 1 éev and ‘dosage of

1 E 14 t @odaFthd ckn@sy O¥ bdtWeddVidBowd IVVC HP MDA ArgBYMsLd ashil e for
PMOS, BF2 ions are inplanted. To formthe heavily doped regi on 26, arsenic

i ons shown in Fig. 8. The gate material may be polysilicon, doped

silicon, or silicon germanium.

The gate may be formed by etching back the
gate material layer 44 with an etch_stbp at the dielectric
layer 30, as illustrated in Fig. 9A. Alternatively, the gate
material layer 44 is etched away where it is not covered by a

mask to formr the gate electrode 44, as shown in Fig. 9B.

Because a recessed gate is formed, the micro-
trenches 27 of Fig. 1 caused by gate etching are avoided in
the process of the present invention. In the present
invention, the gate length corresponds to the minimum
lithographf resolution R minus the spacer width (2S). The

additional advantage of further device scaling is achieved.

A further advantage of the present invention
is improvéd device performance. The capacitance formed by
the gate electrode-gate dielectric~highly doped source/drain
regions degrades_device performance. In the process of the
present invention, there is no gate to source/drain

interaction through a thin gate oxide.



are inplanted to forman NMOS region at an energy of 0.2 to 2 KeV and
dosage of 2 E 15 to 6 E 15 atons/cnferr]. For a PMOS region, BFz ions are
inmpl anted at an energy of 0.5 to 1 KeV and dosage of 1 E 15 to 4 E 15
atons/cnR. The ions are driven in, for exanple, by a rapid thernal
annealing (RTA) from900 [err]C for 10 seconds for the shall owest
source/drain to 1000 [err]C for 20 secondst¥or a deeper source/drain. The
bl ank inplantation to forfhiheccompietssirthe faganion sefl the tRD present
invention elimnates the problenms of the "Hobler effect” including the hot
spots 23 &tFugdpsrens, The untegrated gigguit device pexeomplerediag) i9 Fig.
3, dielectric layer 30 is deposited over the surface of the substrate to a

t hi ckness SORVRREAGRR o futtRERd X0 SRR Yons2s Thisusrertrd rir Figer
ey conpr il%e, Si.lnlslu %%ﬁig@ X]i.ad},reeré'1 ngo rr:‘?g c?eepotshiegerglé‘Yer the surface of the
substrate. Contact openings are made through thé insulating
layer to the underlying semiconductor devices, such as to
source region 26. A metalnlayer 52 is deposited and
patterned to form electrical connections between the elements
- of the integrated circuit. A passivation layer 54 completes

the fabrication of the integrated circuit.

The process of the invention provides a
sub-quarter-micron MOSFET device with an LDD structure with
enhanced reliability and freedom from current leakage and

other lateral doping effects. The process of the invention

utilizes a partially trenched gate electrode and fully
overlapping LDD structure to provide the improved MOSFET of

the invention.

Low energy implantation, which is preferred
for sub-quarter-micron devices, produces extended deep
"tails" presenting problems for device characteristics.
However, a recessed gate such as in the present invention,
may be as deep as the "tails" thereby providing the means for

the desired device parameters to be achieved.



grown or deposited by chem cal vapor deposition (CVvD) or by high density

pl asma CVD. An opening 32 is etched in the dielectric layer 30 to the
Substrate, as shown in Fig. 4. This will provide a gate opening. The
opening 32 is further etched into the-sem conductor substrate to a depth of
bet ween about 500 Angstrons for the shall oyest source/drain to 2000
Angstrons for a deeper source/drain. Thi§ TJllustrated in Fig. 5

Referring now to Fig. GeELCEIRPW FRFiTc 10w cthe SURPFRTERT AN

ani sotropi cal l y. etched. back to_| eave spacers, 36 on the sjdewal | s of the
first di %%@#F%ﬂ‘erd%"%t# ntkﬂ?lepﬁgﬁ%'%p’e‘h‘f%t@? Whil sP8cers may

conprise, sili.gon, dioxide or silicon nitride, A P- threshold adjustnent ion

i npl ant &6 ﬁjse‘ﬁp'erf AT (R 1R P-STRYFUHIUGTH ?‘%@Fgﬁﬁg rafe

under | yié&éﬁ%&?tﬁﬁpe&ﬁ& Bgctf&eié{'é‘éé r@}efiséfa'ﬂ(gn gegions 11. A
gate electrode 44 in the active area lies on the surface of
the semiconductor substrate 10 and partially penetrating the
surface of the semiconductor substrate. A dielectric layer
30 lies on the surface of the semiconductor substrate. |
Dielectric spacers 36 lie on the sidewalls of the dielectric
layer whereigﬂthe dielectric spacers surround the gate
electrode. -Heavily doped source and drain regions 26
underlie the dielectric layer adjacent to the surface of the
semiconductor substrate and separated from the gate electrode

by the spacers 36. Lightly doped regions 24 underlie the

heavily doped regions 26, the spacers 36, and the gate

electrode 44. A threshold adjustment_implant 40 uhdérlies
the gate electrode. A conducting line 52 extends through an
insulating layer 50 and the dielectric layer 30 to contact
the heavily doped region 26. A passivation layer 54

completes the integrated circuit device.

While the invention has 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



- 10 - Agate material |ayer 44 is deposited, for exanple by | ow pressure
chem cal vapor deposition (LPCVD), to a thickness of between about 1000 to
2000 Angstrons, as shown in Fig. 8. The gate material may be polysilicon,
doped silicon,  or silicon germanium The gate nay be formed by etching back
the gate material layer 44 with an etch stop at the dielectric |ayer 30, as
illustrated in Fig. 9A. Alternatively, the gate material |ayer 44 is etched
away where it is not covered by a mask‘té3f‘ormthe gate el ectrode 44, as
shown in Fig. 9B. Because a recessed gate is fornmed, the mcro- trenches 27
of Fig. 1 caused by gate etching are avoided in the process of the present
i nvention, (#n t he present invention, the gate |length corresponds to the

mi ni mum | ¢ %thEh?uFe@@Perttbnngm'mUﬁhéh§?§p§5e£n&/i %EQ éZS .. The

addi ti ona{ advant age of further device scaling is achi D8dCT AtR®ir t her
advant age- O ¥ HOBr esent i nventi on -



i's inproved device performance. The capacitance forned bE he géfé

el ectrode-gate dielectric-highly doped source/drain reg !mﬂmnﬁﬂﬂtlﬂml ce

performance. In the process of the present invention,
source/drain interaction through a thin gate oxide. - 1T - “Thi*s
conpl etes phgngor mation of the LDD structure. The integrated circuit device

is conpletg ASmé&h@ﬁnb@tﬂawiﬁlcalﬁln@"%xﬁrlhtéay'at@@mﬁun.&s dddisd rated in
Fig. 10, insulating layer 50 is deposited over the surface of the .

substr at e. c@nprastingpeni ngs are nmade through the insulating |ayer to the
under | yi ng sem conduct or devices, such as to source region 26. A netal
| ayer 52 is deppyevadingd apatacdrived aresf dmmaelsemtirdasdluaimmect i ons bet ween
the elenments of the integrated circuit. A passivation |ayer 54 conpletes
t he fabri caubstratet lsepuamaet@datfer@nmwtéxm active areas by isolation

regions;

implanting ions into said semiconductor substrate

in said active area wherein a heavily doped region is

formed adjacent to the surface of said semiconductor

substrate and wherein a lighﬁly doped region is formed

underlying said heavily doped region;

-

. depositing a first dielectric layer overlying said

semiconductor substrate in said active area;

etching away said first dielectric layer to form an
opening to said semiconductor substrate;

etching into said semiconductor substrate within
said opening to form a partial trench in said
semiconductor substrate;

forming spacers on the sidewalls of said first
dielectric layer within said operning;

depositing a layer of conducting material over said
first dielectric layer and said spacers and within said
opening; and ' “

etching said conducting material to form a gate
electrode to complete the fabrication of said integrated

circuit device.



The process of the invention provides a sub-quarter=ntcron-MXSFET- devi ce
with an LDD structure with enhanced reliability a from current
[ eakage and other lateral doping effects. The pro %H!ﬂw ﬂﬂ |on
utilizes a partially trenched gate el ectrode and f

structure to provide the inproved MOSFET of the invention. Lom1energy
I npl antation, which is preferred for sub--gufarter-m cron devi ces, produces

ext ended derp THaidSthdd ESCEd +dth e | CIEid Of Wi & SR dct BFdsti Cs.
However, a recessed gate such as I1n the present invention, nay be as deep

as the "taidixlddiariabylayayichmerises nednicdmrdidici diesanddchakeva ce
paraneters to be achi eved. - 12 - Referring nowto Fig. 10, the
sub- quar t erthidlaress MBHdtwisan cabait t300 EmESU00 Mmeydtoomsd | | be

3. The method according to Claim 1 wherein said step of
etching into said semiconductor substrate comprises

etching completely through said heavily doped region and -

etching partially through said lightly doped region.

4. The method according to Claim 1 wherein said spacers
comprise silicon dioxide and have a width of between

about 200 and 2000 Angstroms.

5. The method according to Claim 1 wherein said spacers
comprise silicon nitride and have a width of between

about 200 and 2000 Angstroms.

6. The method according to Claim 1 further comprising
implanting a threshold adjustment region into said
semiconductor substrate using said spacers as a mask

before said step of depositing said conducting material.

7. The method according to Claim 1 wherein said

conducting material comprises polysilicon.



described. An active area in a sem conductor substrate i
other active areas by isolation regions 11. A gate el ect
active area lies on the surface of the sem conductor sub
partially penetrating the surface of the sem conductor s
dielectric layer 30 lies on the surface_of, the sem condu

s..separated from
rode 44 in the

(LR BRI

ctor®substr ate. *

Delectric pa%§%§ 36 lie on the sidewa]ls of the dielectric |ayer wher ei n

t he diel ectfi*c
and drain regians 26 underlie the dielectrjc | ayer. adjac
of the sem CORBRGEING FRESTIAL SRFREARES (ARPed i 1Pt
spacers 36. Lightly doped regions 24 underlie the heavil

t he spacers 36, and the gate el ectrode 44. A threshold a

(‘,'@rtsh%‘ﬁr?‘ e iRk rreinfAa1d doped source

ent to the surface
te electrode by the
y doped regions 26,
dj ust nent i npl ant

10 under |13 ¢ UYL ALaBesdly BIUELLNO G 08, s I ouon an
Gopet o5 0 2 A0S HELL I | Qb 4o YA £50 & ol 01 0o ol 1ol

10. The method according to Claim 1 wherein said step of

etching said conducting material comprises etching back

said conducting material with an etch stop at said first

dielectric layer.

11. The method according to Claim 1 wherein said step of

etching said conducting material comprises:

forming a photoresist mask over the surface of said

conducting material layer; and

etching away said conducting material where it is

not covered by said photoresist .mask to form

electrode.

said gate

12. A method of fabricating an integrated circuit device

comprising:

providing an active area in a semiconductor

substrate separated from other active areas by isolation

regions;

implanting ions into said semiconductor

substrate
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shown and described with reference to the preferred enbodi nents-thereof, it
w Il be understood by those skilled in the art that variogi chaﬂFes in form

and details nmay be - 13 - made without departing from mmmnum

scope of the invention. CLAIMS _ o - TERE T
of fabricating an integrated circuit device,£onprising: providing &n Acttve
area in a sem conductor substrate separated from other active areas by
i sol ation rektoPdidi agtivei ageaonkerain ahaavihycdopedt vegiohsisat e
formed adjacent to the surface of said semiconductor
substrafe and wherein a lightly doped region is formed
underlying said heavily doped region;
depositing a first dielectric layer overlfing said
semiconductor substrate in said active area;
etching away said first dielectric layer to form an
opening to said semiconductor substrate;
etching into said semiconductor substrate within
said opening to form a partial trench in said
semicomrductor substrate wherein said etching proceeds
completely through said heavily doped region and
partially through said lightly doped region and leaving
a heavily doped region on either side of said opening;
forming spacers on the sidewalls of said first
dielectric layer within said opening;
depositing a layer of conducting material over said
first dielectric layer and said spacers and within said
opening; and
etching said conducting material to form a gaté
electrode wheiein said heavily doped regions on either
side of said trench form source and drain regions
associated with said gate electrode to complete the

fabrication of said integrated circuit device.



in said active area wherein a heavily doped regioﬁ“r§”T6TﬁEd“adr§céﬁt to
the surface of said sem conductor substrate and mh oped
region is formed underlying said heavily doped reg rmﬂmwmﬁ I!g first
dielectric layer overlying said sem conduct or substna e n

area; etching away said first dielectric |laygr—-to forman opening to sald

semi conduct on 3sultsle’ fethndd Wb §51ChAH LPNAIEL ST b 1AL Lhi n

said opening to forma partial tren I'n sald sem con ctor substrat e;

form ng spacaiglertidiec Spawl ddomedised bilicdn HiRderdd ignd ¥ i thin said
openi ng; depositing a |layer of conducting material over said first

diel ectric | aheckaesdss I HBedrs @btV 500 kR Fhaw gk raiyl, et ching said
conducting material to forma gate electrode to conplete the fabrication of

said integrated circuit device.
14. The method according to Claim 12 wherein said
spacers comprise silicon dioxide and have a width

of between about 200 and 2000 Angstroms.

15. The method according to Claim 12 wherein said
spacers comprise silicon nitride and have a width

-

of between about ZOO.and 2000 Angstroms.

16. The method according to Claim 12 further comprising
implanting a threshold adjustment region into said

semiconductor substrate using said spacers as a mask

before said step of depositing said conducting material.

17. The method according to Claim 12 wherein said
conducting material comprises one of the group
containing polysilicon, doped silicon, and silicon

germanium.

18. The method according to Claim 12 wherein said step
of etching said conducting material comprises etching

.back said conducting material with an etch stop at said



-15 - 2. The nethod according to Caim1l wherein said first dielectric

| ayer conprises silicon dioxide and has a thickness of between about 500
and 3000 Angstrons. 3. The nmethod according to Claim1l wherein said step of
etching into said sem conductor substrate conprises- etchrng cdhpletely

t hrough said heavily doped regi on and etching part| ‘ﬂﬂthrou sai d

lightly doped region. 4. The method accerting to C j’ f iﬁug
spacers conpgrizsst slidlmntmioXiagermnd have a width of 0 and

2000 Angstroms. 5. The method according to Claim1l mhereln sald spacers
conprise silicon nitri'de and have a width of between about 200 and 2000
Angstrons. 6. The nmethod according to Claiml further conprising inplanting
a threshol d 180 Fewetheyiagcdrdingdial Claim 12 wherein said step
of etching said conducting material comprises:
forming a-photoresist mask over the surfaée-of said
conducting material lafer; and
etching away said conducting material where it is
not covered by said photoresist mask to form said gate
electrode.
20. A.MOSFET integrated circuit device comprising:
an active area in a semiconductor substrate
separated from other active areas by isolation regions;
a gate electrode in said active area on the surface
of said semiconductor substrate and partially
penetrating the surface of said semiconductor substrate;
a dielectric layer on the surface of said
semiconductor substrate;
dielectric spacers on the sidewalls of said
dielectric layer wherein said dielectric spacers
surround said gate electrode;
heavily doped source and drain regions underlying
said dielectric layer adjacent to the surface of said

semiconductor substrate and separated from said gate

electrode by said spacers; and



sem conductor substrate -using said spacers as a nmask before said step of

depositing said c ting material. 7. The nmethod accordi.ng to aim1l

‘wherein said condgm gmﬁ"fnmﬂl onpri ses polysilicon. - 16 - 8. The

met hod accordi ng "ﬂn sai d conducting material conprises

doped silicon. 9. The met hdd dccording to daim1l wherein said conducting

material conprises silicon germanium 10. ,dhe nethod according to daiml
I N

wherein said step, of tcain sai d, conduc mat eri al. conprises etching
back sai d conduc +%ﬁtﬁ%t ??gﬁ DPELCER BRERTSYHRI a82id Repvily dPeedctric
| ayer. 11. The. net hod_ according to Clain1% mhgrei said_step of etching
sai d conductTHtPHat eF R ﬁBﬁﬁF?Ees?n?o?ﬁf g% %h%?SFEE?QF sk over the

surface of é@ﬁﬁ&ete said MOSFET integrated circuit device.

21. The method according to Claim 20 wherein said gate

electrode comprises polysilicon;

22. The method according to Claim 20 wherein said gate

electrode comprises doped silicon.

-

23." The' method according to Claim 20 wherein said gate

electrode comprises silicon germanium.

24. The device according to Claim 20 wherein the top
surface of said gate electrode is lewvel with the

top surface of said dielectric layer.

25. The device according to Claim 20 wherein the top
surface of said gate electrode protrudes above the

top surface of said dielectric layer.

26. The device according'to Claim 20 wherein said
dielectric layer comprises silicon dioxide and has a

thickness of between about 500 and 3000 Angstroms.



conducting material layer; and etching away said conducting material where
it is not covered by said photoresist mask to formsaid gate el ectrode. 12.
A nethod of fabricating an integrated circuit device conprising: providing
an active area in a sem conductor substrate separated from other active
areas by isolation regions; inplanting iLops _into said sem conductor
substrate -%7- in-said active grea wherein a_heavily doped region is '
formed adj acef? - t SREhEC¥RCRABECOFALRA] tO FLBERI30: WheLgd: 8834 and wherein
a lightly doped_region _is formed.underl.ying.said_heavily da regi on
eposi 1 g o FYRERZE EPBPTise Fajoron aiegiag eadihave 4 \AEh ¥

between about 200 and 2000 Angstroms.

28. The device according to Claim 20 wherein said
spacers comprise silicon nitride and have a width of

between about 200 and 2000 Angstroms.
29. The device according to Claim 20 further comprising

a threshold adjustment region in said semiconductor

substrate underlying said gate electrode.

[ llllle!lf



sem conductor substrate in said active area; etching away said first
dielectric layer to forman opening to said sem conductor substrate,
etching into said sem conductor substrate within said opening to forma
parti-al trench in said sem conductor substrate wherein said etching
proceeds conpletely through said heavily doped region and partially through
said lightly doped region and | eavin a‘h@%Vily doped regi on on either side
of said opening: formng spacers orPB$ERAGHewal | s of said first dielectric

| ayer within said opening; depositin I | mat eri al over

said first diSQP-e‘y{ﬁR&ER-ng PN éﬁa%ﬁﬂgs%ﬂ@g&aﬁ{f Wﬁ‘&‘i@?’& openi ng; and

etching said conduycgti material to forma gate electro in said

heavi | y doped_%f é‘ﬁwgg?%if%}‘l%‘?d% %‘f‘b'sﬁ%a??’éﬁ‘&c??ﬁ ﬂ?@%ﬁﬁéé‘%ﬁh”arai n

reolons PINAISL I SY ] GalEBLES! "o LQcROIPLeLS 0% aPIca Lan ©f
a semiconductor substrate separated from other active areas

by isolation regions. 1Ions are implanted into the
semiconductor substrate in the active area wherein a heavily
doped region is formed adjacent to the surface of the
semiconductor substrate and wherein a lightly doped region is
formed undexlying the heavily doped region. A first
dielectric layer is deposited overlying the semiconductor
substrate in the active area. The first dielectric layer is
etched away to form an opening to the semiconductor
substrate. The semiconductor substrate within the opening is
etched through to form a partial tremch in Ehe semiconductor
substrate. Spacers are formed on the sidewalls of the first
dielectric layer within the opening. A layer of conducting
material is deposited over the first dielectric layer and the
spacers and ﬁithin the opening. The conducting material is
etched to form a gate electrode to complete the fabrication
of the integrated circuit device.

(FIGURE 2 IS SUGGESTED FOR PUBLICATION)



-18- 13. The nethod according to Claim 12 wherein said first dielectric

| ayer conprises silicon dioxide and has a thickness of between about 500
.and- 3000 Angstronms. 14. The nethod according to Caim 12 wherein said
spacers conprise silicon dioxide and have a wi dth of between about 200 and
2000 Angstrons. 15. The method according to Claim 12 wherein said spacers
conprise silicon nitride and have a wdth of between about 200 and 2000
Angstronms. 16. The net hod according to &% m 12 further conpri si ng

i nplanting a threshold adjustnent region into said sem conductor substrate
usi ng said spacers as a nmask before said step of depositing said conducting
material. 17. The nethod according to Caim 12 wherein said conducting

mat eri al conprises one of the group 16
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cont ai ni ng polysilicon, doped silicon, and silicon germanium 18. The

nmet hod according to Caim 12 wherein said step of etching-said conducting
.material conprises etching back said conducting material with an etch stop
at said first dielectric |ayer. 9 19. The nethod according to
Claim 12 wherein said step of etching said conducting material conprises:
formng a photoresist mask over the surface of sai.d conducting materi al

| ayer; and etching away sai d conducting &t erial where it is not covered by
sai d photoresist mask to formsaid gate el ectrode. 20. A-MOSFET i ntegrated
circuit device conprising: an active area in a sem conductor substrate
separated from other active areas by isolation regions;
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—

a gate electrode in said active area on the surface of said sem conductor
substrate and partially penetrating the surface of said sem conductor

. Substrate; a dielectric layer on the surface of said sem conduct or
substrate; dielectric spacers on the sidewalls of said dielectric |ayer
wherein said dielectric spacers surround said gate el ectrode; heavily doped
source and drain regions underlying saig gielectric | ayer adjacent to the
surface of said seniconductor substrate-Ahd separated fromsaid gate
el ectrode by said spacers; and - 20 - lightly doped regions underlying
said heavily doped regions, said spacers, and said gate elgctrode to
conplete said MOSFET integrated circuit device.
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21. The nethod according to C aim 20 wherein said gate el ectrode conprises
polysilicon. 22. The nmethod according to Caim20 wherein-said gate

.el ectrode conprises doped silicon. 23. The method according to C aim 20
wherein said gate el ectrode conprises silicon germanium 24. The device
according to Claim20 wherein the top surface of said gate electrode is

| evel with the top surface of said dielq@%ric | ayer. 25. The device
according to Claim20 wherein the top sufface of said gate el ectrode
protrudes above the top surface of said dielectric |ayer. 26. The device
according to Caim20 wherein said dielectric |ayer conprises silicon

di oxi de and has a thickness of between about 500 and 3000 Angstrons. -
21 - '
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27. The device according to Caim 20 wherein said spacers conprise silicon
di oxi de and have a wi dth of between about 200 and 2000 Angstrons. 28. The
.devi-ce according to Claim 20 wherein said spacers conprise silicon nitride
and have a w dth of between about 200 and 2000 Angstrons. 29. The device
according to Claim20 further conprising a threshold adjustnent region in
sai d sem conductor substrate underlying said gate el ectrode.
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