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BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION

The present invention relates to a process in which
metal oxide semiconductor field effect transistors, (MOSFET), are
fabricated, with specific process steps included to decrease the

risk of junction punchthrough.

(2) DESCRIPTION OF PRIOR ART

Very large scale integration, (VLSI), has allowed the
semiconductor chip industry to increase circuit density while still
maintaining, or reducing cost. This has been accomplished by
ability of the semiconductor industry to fabricate silicon devices
with sub-micron features, or micro-miniaturazation. The attainment
of sub-micron features has been achieved mainly by advances in
specific semiconductor fabrication disciplines, such as
photolithography and reactive ion etching, (RIE). The use of more
sophisticated exposure cameraé, as well as the development of more
sensitive photoresist materials, have allowed sub-micron images in
photoresist to be routinely'obtained. Similar advances in dry

etching tools and processes have resulted in the successful




et ching tools and processes have resulted in the successful - 2-

TSMCO5- 168 transfer of these sub-mcron inmages in photoresist, to
underlying materials, used for the fabrication of advanced MOSFET devi ces.
However with the trend to smaller devices, specific yield detractors, and
reliability risks, becone nore pr.evalent. For exanple as the gate insul ator
of a MOSFET devi ce becones thinner, in an attenpt to inprove device

per f ormance, the possibility of yield-l@ss, due to insulator breakdown
beconmes greater. In addition as the channel Iength of the MOSFET becones
shorter, agasmces-ve®rove performance, the reliability risk of hot el ectron
I njection increase. Narrower channel |engths also present yield problens in

ternms of junction punchthrough. As the channel |ength of a MOSEET_device"
shortens, tI&38§5 Eg eithesn ﬂ@pf“é??‘b‘h 1mages ft PRPEGFRSESS 0P (URdeEYing

r egi on and aReBUOPLY Adta 00 OB DECA AL oF SRR WSS R Eees.

decrease. Thi ose

However with the trend to smaller devices, specific
vield detractors, and reliability risks, become more prevalent.
For example as the gate insulator of a MOSFET device becomes
thinner, in an attempt to improve device performance, tﬁe
possibility of yield loss, due to insulator breakdown becomes
greater. In addition as the channel length of the MOQFET becomes
shorter, again to improve performance, the reliability xisk of hot

electron injection increase.

Narrower channel lengths also present yield problems
in terms of junction éunchthrough. As the channel length of a
MOSFET device shortens, the space between depletion regioms,
Created from the source region and the substrate, and from the
drain region- and substrate, decrease. fhis close proximity, or
touching'?f depletion regions, can result in punchthrough leakages,
Oor yield detractors. Several solutions for the punchthrough
leakage phenomena have previously been described. For example
Tsai, et al, in U.S. Pat. No. 5,108,937, describe a structure in
which the polysilicon gate and gate insulator are recessed to a
level equal to the bottom of the source and drain regioms, to block
the depletion regions from touching. This solution, although
supplying protectioﬁ from the punchthrough mechanism, results in

additional complexity and costs. Other solutions offer increasing



touchi ng of depletion regions, can result in punchthrough | eakages, or
yiegld degtractors. Several solutions for the punchthrough | eakage phenonena
have previously been described. For exanple Tsai, et al, in US. Pat. No.
5,108,937, describe a structure in which the polysilicon gate and gate

I nsul ator are recessed to a |l evel equal to the bottom of the source and
drain.regions, to block the depletion rggions fromtouching. This solution,
al t hough suppl yi ng protection fromthe puncht hrough nmechanism results in
addi ti onal conplexity and costs. O her solutions offer increasing - 3-
TSMC95- 168 T$MCI$opi6Rg | evel of the substrate, in the channel region and
also in the source and drain regions. The increased doping | evels of the

substrat e, .t he, sever it ofg%he qﬁ | etign reqgion, The increase of the
ubstrat o oo Bt BIHERIChE e pubPPAE e Al EAeRRs FrsopcaiER1Se]
acconpl i shegh ire @eudsé i add!achi N AEbasl ONTidRneRbasdP MPLAGEIVA s Bevever
the reduction in the yield degradi ng puncht hrough | eakages, is achi eved at
t he expensetk# substrate, reduce the severity of the depletion region. The
increase of the substrate doping levels, specifically in the MOSFET
channel region, is accomplished via an anti-punchthrough, ion
implantation procedure. However the reduction in the yield
degrading punchthrough leakages, is achieved at the expense of
performance degrading increases in capacitances, due to the higher

concentration of substrate doping in the source and drain channel

region.

This invention will also describe an anti-
'punchthrough, ion implant solution, for narrow, sub-half micron,
channel lengths. However this invention will describe a process
that restricts the amount of substrate, experiencing the punch-
through implant, however still allowing reductions in'depletion
region formation, but not resulting in the level of capacitance
increase observed with prior art, anti-punchthrough, ion

implantation procedures.

SUMMARY OF THE INVENTION

It is an object of this invention to provide a process
for manufacturing a sub-half micron channel length, MOSFET device,
that will improve circuit performance, via reductions of junction

capacitances.



per formance degradi ng i ncreases in capacitances, due to the higher
concentration of substrate doping in the source and drain channel region.

This invention will also describe an anti - puncht hr ough, ion inplant
solution, for narrow, sub-half mcron, channel |engths. However this

I nvention wll describe a process that. restricts the anount of substrate,
experiencing the punch- through inplant, however still allow ng reductions

in depletion region formation, but ndT‘*ééuIting in the | evel of

capaci tance increase observed with prior art, anti-punchthrough, ion

i npl ant at i onTPIGRSedGPes. SUMVARY OF THE INVENTION It is an object of this
invention to provide a process for manufacturing a sub-half mcron channel

| ength, MOSFET devi ce, thag WiddnbBRideReCof Gl REBRNGE opdid @ hole
reductions of junction égﬁééﬁ%g%cegnﬁﬁ -4- T§RE§§$§%% P ore
in an insulator, overlying the substrate, to be used for the gate

region of the MOSFET device.

It'is still another object of this invention to
deposit a first polysilicon layer creating, a polysilicon sidewall

on the sides of the opened hole.

It is yet another object of this invention to perform
an ion implantation procedure, in regions of the opened hole not
covered by polysilicon sidewall, used to reduce the risk of

depletion region leakages.

In accordance with the present invention a method is
described for fabricating a MOSFET device in which depletion
region, junction leakages, are reduced. Using conventional
photolithographic and RIE procedures a shallow trench is formed in
the substrate. The shallow trench is filled with a chemically
vapor deposited insulator, followed by removal of the insulator
from all areas except from the trench, via chemical mechanical
polishing processing. Another insulator deposition is performed,
followed by conventional photolithographic and RIE procedures, used
to create an opening in the insulator, to the underlying substrate,
to be used for a subsequent gate region.' An ion implantation is

then performed into the exposed substrate, for purposes of



It is another object of this invention to open a hole in an insulator,
overlying the substrate, to be used for the gate region of the MOSFET
device. It is still another object of this invention to deposit a first
polysilicon | ayer creating, a polysilicon sidewall on the sides of the
opened hole. It is yet another object of this invention to performan ion
I npl antati on procedure, in regions of the opened hol e not covered by

pol ysilicon sidewall, used to reduce The Tisk of depl etion regi on | eakages.
In accordance with the present invention a nmethod is described for
fabricating a MOSFET device in which depletion region, junction |eakages,
are reduced. T¥59%g188nventi onal photol i t hographi ¢ and R E procedures a
shallow trench is formed in the substrate. The shallow trench is filled

with a cheni s&jds\elixgp&se depashi R vole b ey trkobhoWatl MoskRPe)ical the

I nsul ator from al reas except fromthe trench, viachem cal nechani cal
pol i shi ng praftessithyg. géswdhhet a ndiinagate depydiatoon a Lipecf bayed o£ff ol | owed
by conventional photolithographic and R E procedures, used to create an
opening i n tRRIYSAdEFER Gis dEBOFHREdunERYIGHeAGLY st AEPEANYA5 188 REXSEIREE! a

subsequent gﬁézeforx%g!iogt :ﬁxn ehgpg& _'H%'eﬁgéaéé qﬁtiei' the doping level of the
underlying substrate, in the gate region. The gate regionm,
receiving the ion implantation procedure, has been narrowed by the
creation of a first polysilicon sidewall. This high energy implant
procedure is used for purposes of reducing subsequenq-depletion
region, junction leakages. A second layer of polysilicon is then
deposited using either insitu doping techniques, or deposited
intrinsically and doped'Via ion implantation procedures. Chemical
mechanical polishing is employed to remove the second and first
polysilicon layers from all areas except from the gate region.
After removal of the insulator, used to define the gate region, via
RIE processes, a ligﬁtly doped source and drain region is created
via ion implantation processing. An insulator sidewall spacer is
next formed via chemical vapor deposition of an insulator, followed
by a seleétive. anisotropic, RIE-procedure. A heavily doped source
and drain region is created via another ion implantation procedure,
followed by deposition of an insulator, contact hole opening to a
MOSFET active device region, deposition and patterning of a contact

metallization.



then perfornmed into the exposed substrate, for purposes of - 5-

- TSMC95- 168 adj usting the threshold voltage of the ensui ng MOSFET devi ce.
After the growth of a thin gate insulator, a first |layer of polysiliconis
deposited, followed by ion inplantation procedure, perfornmed at an energy
needed to alter the doping |level of the underlying substrate, in the gate
region. The gate region, receiving the6ion I npl ant ati on procedure, has been
narrowed by the creation of a first polySilicon sidewall. This high energy
i npl ant procedure is used for purposes of reducing subsequent depletion
region, jundMERStiafkages. A second |ayer of polysilicon is then deposited
using either insitu doping techniques, or deposited intrinsically and doped

via ion inplantation proced ' | ishing i s enpl oyed
e PRERAA TN 6P B Bralt o

to renove the second and firs I'con | ayers areas except
fromthe gate region. After renoval of the insulator, used to define the
gate region, via R E prtheshdectaardd ghhéy adopatiagas ot ectdsdinventionegten i S
created :
best described in the preferred embodiment with reference to the

attached drawings that include;

Figs. 1 - 9, which schematically show the stages of
fabrication used to create a MOSFET device with an effective,
narrow region, used to reduce junction leakages, attributed to

punchthrough phenomena.

Figs. 10 - 13, which schematically show a second
iteration of a process used to create the MOSFET device, with an

effective, narrow region, used to reduce junction leakages.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The method of creating a MOSFET device, with a sub-
half micron channel length, using a ion implantation procedure to
create a deep, narrow region, needed to reduce the risk of punch-
through leakages, will now be covered in detail. Referring to
Fig. 1, a substrate, 1, composed of P type,.single crystalline
silicon, with a <100> orientation, is used. A silicon dioxide
layer, 2, is grown using thermal oxida;ion processing, to a
thickness between about 500 to 2000 Angstroms. Standard

photolithographic processing is employed to create photoresist



via ion inplantation processing. An insulator sidewall spacer is next
forimed via chem cal vapor deposition of an insulator, followed by a

sel ective, anisotropic, R E procedure. A-heavily doped source and drain
region is created via another ion inplantation procedure, followed by
deposition of an insulator, contact hole opening to a MOSFET active device
regi on, deposition and patternlng of ontact netallization. - 6-
TSMC95- 168 BRI EF DESCRI PTI ON OF THE DR&QVNGS The object and ot her

advant ages of this invention are best described in the preferred enbodi nent
with refereh€MCID-%8% attached drawi ngs that include; Figs. 1 - 9, which
schematically show the stages of fabrication used to create a MOSFET devi ce
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show a secogHallow trench, 4, shown schematically in Fig. 1. The RIE
procedure is performed using CHF, as an etchant for silicon dioxide
layer, 2, while either Cl,, SF, or HBr, is used to etch
substrate, 1. Shallow trench, 4, is etched to a depth between
about 0.3 to 1.0 uM, and has a width between about 0.1 to 200 uM.
After photoresist removal, using plasma oxygen ashing, followed by
careful wet cleans, a layer of silicon oxide, 5, is deposited,
using either low pressure chemical vapor deposition, j(i-PCVD) , OF
plasma enhanced chemical vapor deposition, (PECVD), prolcessing, at
a temperature bhetween about 400 to 800°C, to a thickness between
about 5000 to 20000 Angstroms, ﬁsing tetraethylorthosilicate,
(TEOS), as a source. Chemical mechanical polishing procedures,
are used to remove silicon oxide layer, 5, from all regions except

from shallow trench, 4. This is shown in Fig. 2.

Another layer of silicon oxide, 6, is deposited, again
via use c_>f either LPCVD or PECVD processing, at a temperature
between about 400 to 800°C, to a thickness between about 3000 to
S000 Angstroms, using TEOS as a source. Conventional
photolithographic and RIE procedures, using CHF, as an etchant, are
used to open region, 7, shown in Fig. 3, and to be used for the
subsequent gate region. The width of ‘the opened region, 7, is
between about 0.1 to 0.4 uM. After photoresist removal, via plasma

oxygen ashing, followed by careful wet cleans, an ion implantation



iteration of a process used to create the MOSFET device, with an effective,
narg ow riegi on, used to reduce junction | eakages. DESCRI PTION. OF THE
PREFERRED EMBCODI MENTS The nethod of creating a MOSFET device, with a sub-
hal f m cron channel |length, using a ion inplantation procedure to create a
deep, narrow region, needed to reduce the risk of punch- through | eakages,
wi Il now be covered in detail. Referrinpg to Fig. 1, a substrate, 1,
conposed of P type, single crystalllne silicon, with a <100> orientation,
is used. A silicon dioxide |layer, 2, is grown using t hermal oxi dation
processi ng, TsMCastigaekness bet ween about 500 to 2000 Angstrons. Standard
phot ol i t hogr aphi ¢ processing is enployed to create photoresist -7-

TSMC95- 168 shage 3. Anisotro reactijyve i on etchin is used to create
oo o RRBSautk , Bt HCRET A, 15 B #Fg“‘ $neTRE DRFESER FBSHE 10 (to
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either [err] or used to
create a threshold'voltage adjust region, 8, shown schematically in

Fig. 3. After careful wet cleans, a silicon dioxide, gate
insulatc.ar, 9,- is thermally grown, in an oxygen - steam ambient, at
a temperature betweén about 700 to 1000°C, to a thickness between
about 30 to 300 Angstroms. Next the deposition of polysilicon
layer, 10, is performed using LPCVD processing, at a temperature
between about 500 to 650°C, to a thickness between abé;n: 300 to
1000 Angstroms. This is shown in Fig. 4. The width <;f opened
region, 7, has now been decreased by the deposition of polysilicon
layer, 10, depositing on the sidewall of opened region, 7. This
reduced opening now accepts an ion implantation of boron, at an
energy between about 60 to 150 Kev., at a dose between about 1E12
to 3E13 atoms/cm?, to form an anti-punchthrough region, 11, shown
in Fig. 4. Region, 11, has a higher P type concentration, then
that of slubstrate, 1, and therefore depletion regions formed from
a junction of a subsequent source or drain, and region, 7, will be
smaller then depletion regions that would have been formed from a
junction of the same subsequent source or drain regions, but with
the higher resistivity substrate, 1. In addition the ability to
limit the anéi-punchthrough region, 11, to an area smaller then the
opened region, 7, will result in less capacitance, then if anti-
punchthrough region, 11, was as wide as opened region, 7. Again

this was made possible by reducing the width of opened region, 7,



substrate, 1. Shallow trench, 4, is etched to a depth between about 0.3 to.
1.0s[err], and has a width between about 0.1 to 200 uM After photoresist
renoval , using plasma oxygen ashing, followed by careful wet cleans, a

| ayer of silicon oxide, 5, is deposited, using either |ow pressure chem cal
vapor deposition, (LPCVD), or plasma enhanced chem cal vapor deposition,
(PECVD), processing, at a tenperature betgyeen about 400 to [err], to a

t hi ckness bet ween about 5000 to 20000 Angstrons, using
tetraethylorthosilicate, (TECS), as a source. Chem cal nechani cal
pol i shing procedures, are used to renove silicon oxide |layer, 5, from al
regi ons exc@&sMces<masshal l ow trench, 4. This is shown in Fig. 2. Another

| ayer of silicon oxide, 6, is deposited, again via use of either LPCVD or

PECVD proceg;ingkyal,a t enper at ure between about 400, to Eg;r%f to a
t hi ckness b&YWBEH SFI6PR FFETr 01 SO RPPRIGEIID AR thHE| FiferRLES & frepadce.
Cbnventiona&egggﬁpL;jhographic and RI E procedures, using [err] as an
etchant, are used to open region, 7, shown in Fig. 3, and to be used for
t he subsequent gate region. The width of the opened region, 7, is between
about 0.1 to 0.4 uM Ahtsacopfictayessos tpalysblidon,via, FhawneinFigers,ashi ng,
foll owed by careful wet cleans, an_ion inplantation
deposited, again using LPCVD processing, at a temperature between
about 500 to 650°C, to a thickness between about 3000 to 5000
Angstroms. The polysilicon can be grown using insitu doping
procedures, via incorporation of arsine or phosphine, to the silane
ambient. Polysilicon layer, 12, can also be deposited"
intrinsically, and doped via ion implantation of arsenic or
phosphorous, at an energy between about 30 to 75 Kev., at a dose
between about 5E14 to 1E16 atoms/cm’. Subsequent heat cycle's will
distribute the dopant from polysilicon layer, 12, into underlying
polysilicon layer, 10. Fig. 6, shows the result of a chemical
mechanical polishing procedure, or a RIE procedure, using Cl, as an
etchant, selectively removing polysilicon from the top surface of
insulat:or' layer, 6. Insulator layer, 6, is next removed, via RIE
processing, using CHF, as an etchant. The RIE procedure is
performed to a point where substrate, 1, is exposed, minimizing any
over etching, and any thinning of silicon oxide layer, 5, in
shallow trench, 4. A second iteration of this invention will later
show the removal of insulator layer, 6, but end pointing on an
underlying polysilicon buffer layer. Next an N type,'lightly doped

source and drain region, 13, is created via ion implantation of

phosphorous or arsenic, at an energy between about 10 to 30 Kev.,



-8- TSMC95- 168 procedure, using either [err] or [err], at an energy between
about 10 to 30 Kev., at a dose between about 1E12 to S5E12 [err], is used to
create a threshold vol tage adjust region, 8, shown schematically in Fig. 3.
After careful wet cleans, a silicon dioxide, gate insulator, 9, is
thermally grown, in an oxygen - steam anbient, at a tenperature between
about 700 to [err], to a thickness between about 30 to 300 Angstrons.

Next the deposition of polysilicon | aydP, =10, is perfornmed using LPCVD
processing, at a tenperature between about 500 to [err], to a thickness

bet ween aboqkmégg_%éhlﬂoo Angstrons. This is shown in Fig. 4. The width of
opened region, 7, has now been decreased by the deposition of polysilicon

| ayer, 10, depositing on the sidewall of opened region, 7. This reduced
openi ng nowaicaeddse batween iapheniEll ao DElH@tORs/ 6l .anTeie gy shewnvdan -
about 60 to 150 Kev., at a dose between about 1E12 to 3E13 [err], to form
an anti - pund®€hrdugh region, 11, shown in Fig. 4. Region, 11, has a higher
P type concentration, then that of substrate, 1, and therefore depletion

regions formed from Fig. 8, shows the creation of insulator sidewall

spacer, 14, created via deposition of a silicon oxide layer; using
either LPCVD or PECVD processing, at a temperature between about
400 to 800°C, to a thickness between about 1000 to 4000 Angstroms,
followed by a selective, anisotropic, RIE procedﬁre, using CHF, as
an etchant. Again for this iteratiom, the RIE endpoiﬁt is the
appearance of lightly doped source and drain region, 13; attempting
to minimize the etching of silicon oxide layer, 5, in shallow
trench, 4. A heavily doped, N type, source and drain region, 15,
is then formed via ion implantation of arsenic, at an energy
between about 20 to 100 Kev., at a dose between about 1E1l5 to
5E15 atoms/cm’. Fig. 8, schematically indicates the strategic
Placement of anti-punchthrough region, 11, between the heavily
doped source and drain regions, however effectively spaced away
from the heavily doped, source and drain region, 15, in an effort

to minimize capacitance.

An interlevel dieléctric layer of silicon oxide, 16,
is next deposited using LPCVD or PECVD processing, at a temperature
between about 400 to 800°C, to a thickneés between about 5000 to
15000 Angstroms. Dielectric layér 16, is planarized using chemical
wmechanical polishing procedures. Conventional photolithographic

and RIE procedures, using CHF, as an etchant, are used to create



a junction of a subsequent source or drain, and region, 7, will be smaller
then depl etion regions that woul d have been forned froma junction of the
sanme subsequent source or drain regions, but with the higher resistivity
substrate, 1. In addition the ability to limt the anti-punchthrough
region, 11, to an area smaller then the opened region, 7, will result in

| ess capacitance, then if anti- punchthypugh region, 11, was as w de as
opened region, 7. Again this was made possi bl e by reducing the wi dth of
opened region, 7, -9- TSMC95- 168 by polysilicon |ayer. 10, depositing on
t he si dewal | BSM§i95op6fed region, 7. A second |ayer of polysilicon, 12, shown
in Fig. 5 1is deposited, again using LPCVD processing, at a tenperature

bet ween abo$% t 650g to a thi.ckness ﬁﬁ;me abgut goo 0, 5000,
Angst roms. %&%%Fytg?]ﬁ’c fe cszlﬁ"Bes_cﬁ‘re S glf_‘%gt'u doﬁ? g° 585?1?’&?’, vi a
i ncor por at i Ofenftfvadl, SVANE pRh s @&PHEN @shlifg! FR1ILVED Bya8Pi &1 w&Plciahhs cON
| ayer, 12, can al so be deposited
‘a layer of titanium, and a layer of titanium nitride, between about
500 to 1500 Angstroms, are deposited via r.f.sputttering
procedures, and followed by a layer of aluminum, containing between
about 1 to 3 % copper, and between about 0 to 2 ¥ silicon, again
deposited using r.£. sputtering, to a thickness between about 3000
to 8000 Angstroms. Conventional photolithographic and RIE
procedures, using a Cl, etchant, are used to create metallization

structure, 18, shown in Fig. 9. Plasma oxygen ashing, followed by

careful wet cleans, are again used to remove photoresist.

A second iteration, allowing for a more selective
removal of silicon oxide layer, 6, without exposing silicon oxide
layer, 5, in shallow trench, 4, is now described and shown
schematically in Figs. 10 - 13. Referring to back to the structure
previously shown in Fig. 3, and now dscribed in Fig. 10, a gate
insulato;, silicon dioxide, 20, is again thermally grown, in an
oxygen - steam ambient, at a temperature between about 700 to
1000°C, to a thickness between about 30 to 300 Angstroms. A thin
layer of polysilicon, 21, is deposited, using LPCVD processing, at
a temperature between about 500 to 650°C, to a thickness between
about 300 to €00 Angstroms. Silicon oxide layer, 22, is deposited
at conditions, and to a thickness, identical to conditions and

thickness previously described for silicon oxide layer, 6. Opened



intrinsically, and doped via ion inplantation of arsenic or phosphorous, at
an energy between about 30 to 75 Kev., at a dose between about SE14 to 1E16
[err], Subsequent heat cycles will distribute the dopant from polysilicon

| ayer, 12, into underlying polysilicon |ayer, 10. Fig. 6, shows the result
of a chem cal nechani cal polishing procedure, or a RIE procedure, using
[err] as an etchant, selectively renoving polysilicon fromthe top surface
of insulator layer, 6. Insulator Iayeﬂ, B, is next renmoved, via RIE
processing, using [err] as an etchant. The RIE procedure is perforned to a
poi nt where_substrate, 1, is exposed, mnimzing any over etching, and any
t hi nni ng of TMG98:35880xi de | ayer, 5, in shallowtrench, 4. A second
iteration of this invention will later show the renoval of insulator |ayer,

ot o FFIHLOSO DB A 0, B Mk 0 BLa ey Bt |
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opened region, 7, previously described and shown in Fig. 3. The
threshold adjust ion implantation process, previously described and
shown as region 8, in Fig. 3, is again used to create threshold
adjust region, 24, shown in Fig. 11. A polysilicon layer, 25, is
again deposited, via LﬁCVD processing, and used to narrow opened
region, 23, followed by an ant:i-punchthrough region, 26, to be
created via ion implantation of boron at an energy be‘tween about
60 to 150 Kev., at a dose between about 1E12 to 3E13 al.toms/cm,.
The deposition and doping of polysilicon layer, 27, and the
chemical mechanical polishing procedures employed to remove
unwanted polysilicon, are identical to conditions used in the first
iceration, for these layers and processes. This is schematically
shown in Fig. 12. The removal of silicon oxide layer, 22, can now
be accomplished via RIE procedures, without exposing silicon oxide
layer, 5,,in shallow trench, 4. Therefore the removal and overetch
RIE procedurg is performed using CHF,. The removal of thin
polysilicon layer, 21, is accomplished via a timed RIE procedure,
using Cl, as an etchant. This iteration is designed mainly to

remove exposure of the shallow trench insulator, 5, from subsequent

processing steps.

This process, used to create anti-punchthrough

regions, reduéing-depletion region leakages, and although shown for



at a dose between about 1E13 to 1E14 [err]. This is shown in Fig. 7. Fig.

8, shows the creation of insulator sidewall spacer, 14, created via
deposition of a silicon oxide |ayer, using either LPCVD or PECVD
processing, at a tenperature between about 400 to [err], to a thickness

bet ween about 1000 to 4000 Angstrons, followed by a selective, anisotropic,
RIE procedure, using [err] as an etchant. Again for this iteration, the RIE
endpoi ht is the appearance of |ightly doped source and drain region, 13,
attenpting to mnimze the etching of silicon oxide |layer, 5, in shallow
trench, 4. A heavily doped, N type, source and drain region, 15, is then
formed via | argMeepligat ati on of arsenic, at an energy between about 20 to
100 Kev., at a dose between about 1E15 to 5E15 [err]. Fig. 8, schematically

indicates the strategic placenent of anti-gugpgthroyg$#r Egn 11, between
the heavily @ p¥EEE@ppkicaghen.dcapn2ysqyibndrP ver SEXTIEPY spaced away

fromthe heavcié):‘%édo Egﬁlﬁs?ﬁé@v:g%g{ﬁa%nagegéﬂn,aslgicml; daveEbort Tho

mnimze capa | ectric layer of silicon oxide, 16,

i's next deposidegfhndiabP% BFEYRAPLiPREEA, PaACESadllg regiom taadparitaype bet ween
about 400 to [err], to a thickness between about 5000 to )
' anti-punchthrough region, formed at a higher N type doping level

then the N well region, would be created.

While this invention has been particularly shown and
described with reference to the preferred embodiments thereof, it
will be understood by those skilled in the art thac varilous changes

in form and details may be made without departing from the spiric

and scope of this invenction.

wWhat is claimed is:



15000 Angstrons. Dielectric layer 16, is planarized using chem

mechani ¢al polishing procedures. Conventional photolit hograpnmmuﬂgml "II“
procedures, using [err] as an etchant, are used to create - s *
contact hole, 17, shown schematically in Fig. 9. After photoresist renoval,
via plasma oxygen ashing, followed by careful wet cleans, a |ayer of
titanium and a layer of titaniumnitride, between about 500 to 1500
Angstrons, are deposited via r.f.sputtt éfling procedures, and foll owed by a
| ayer of al um num containing between about 1 to 3 % copper, and between
about 0 to FS¥E85ti&fon, again deposited using r.f. sputtering, to a

t hi ckness between about 3000 to 8000 Angstrons. Conventi onal

phot ol i t hographi ¢ an E procedu using a_| tchant, are used to
create netallizati onq'St- Jb&é?égﬁ%%%?ﬁﬁﬁt%? Bi @&’gﬁﬂ%’éﬁﬁ' By den ashi ng,
fol |l oned by careful ‘&%&;iéérﬁ?@éor asr@,seggt?, % rggi%\r%\éeggggg ygsist. A

second iteration, allowng for a nore selective re I I con oxide

| ayer, 6, W thout exposing ferimpra shallbow ayrenchSin i snighabhivvriduensh, 4, i s
now descri bed and shown
substrate;

5 depositing a first insulator layer on said
semiconductor substrate, completely £filling said shallow
trench; |

removal of said first insulator layer from all
areas of said semiconductor substrate, excepé from said
10 shallow trench;
depositing a second insulator layer on said
semiconductor substrate, including on said first
insulator layer, in said shallow trench;
opening a region in said second insulator layer,
15 | to an area of said semiconductor substrate, to be used
for gate r_egion;'
ion implanting a first conductivity imparting
dopant into said opened region, in said second insulator
layer; .
20 : growing a gate oxide on region of said
semiconductor substrate, exposed in said cpened region of

said second insulator layer;



schematically in Figs. 10 - 13. Referring to back to the str
previously shown in Fig. 3, and now dscribed in Fig. 10, a gxﬂil"mllulluuullllum
silicon dioxide, 20, is again thermally grown, in an oxygen - sSteam ® s *
anbi.ent, at a tenperature between about 700 to [err], to a thickness

bet ween about 30 to 300 Angstrons. A thin layer of polysilicon, 21, is

deposi ted, using LPCVD processing, at_ g4 enperature between about 500 to
[err], to a thickness between about 300 to 600 Angstrons. Silicon oxide

| ayer, 22, is deposited at conditions, and to a thickness, identical to

condi tions @BMCI9H1GIBNEeSs previously described for silicon oxide |ayer, 6.
Opened - 12 - TSMC95-168 region, 23, shown in Fig. 11, is opened to a

wi dth, and using RIE conditions identical, to a width_and RIE conditions

used to create opened regi GRPOTCINGRiTIESE PAULSLLIERR LAKET SoTHFTATerPy. 3.
e "t AUt kil JOTaLabliAter 55, o BARY Sk ds iyl o
regi on, 24, shown inr&gion,lin faidlsesbhd cixisulayes, ldker,i 8reating a
polysilicon sidewall, and on surface of said gate oxide,
5 exposed in said opened region of said second insulator
layer;
ion implanting a second conductivity imparting
dopant, through said first polysilicon silicon layer,
through said gate oxide, and into said semicgnduccor
10 substrate, in said opened region of said secoxlxd insulator
layer, not covered by said polysilicon sidewall;
depositing a second polysilicon layer on said
first polysilicon layer; '
ion implanting a third conductivity imparting
15 dopant into said second polysilicon layer;
removal of said second polysilicon layer, and of
first polysilicon layer, from top surface of. said second
insulator layer, to form polysilicon gate structure, of
said second polysilicon layer, and said first polysilicon
20 layer, in said opened region of said second iasulator
layer;
removal of said second insulator layer;
ioﬁ implanting a fourth conductivity imparting
dopant into said semiconductor substrate, not covered by

25 said polysilicon gate structure;



agai n deposited, via LPCVD processing, and used to narrow op '
23, fol]owed by an anti-punchthrough region, 26, to be creat Eﬂﬁﬁl&ﬁfﬂiﬂ@ljﬂ“l
|nplantat|on of boron at an energy between about 60 to 150 K L *
bet ween about 1E12 to 3E13 [err]. The deposition and doping of polysilicon

| ayer, 27, and the chem cal mechani cal polishing procedures enployed to
renove unwant ed polysilicon, are identjcal to conditions used in the first
iteration, for these |layers and proc%ég%§7 This is schematically shown in
Fig. 12 Tq% gngg% of silicon oxide |ayer, 22, can now be acconplished

via RIE proceda w t hout exposing silicon oxide layer, 5, in shallow
trench, 4. Therefore the renoval and overetch RIE procedure is perforned
using [err]. The renoval Ofiepd¥iting| y AHiraomAweor Pdyer onasaidpl i shed .via

a timed RIE procedure, using [err] as an etchant. This iteration is

designed nmainly to resvdeeondwgrnssubstratiee and|dowaidcpRiysiddaentgate 5, from
subsequent processi.ng ste This process, used to create anti-punchthrough
regi ons, reducing cké%?%? gﬁereg|on | eakages, and al t hough shown for

anisotropic etching of said third insulator layer,
S to form insulatoxr spacex on sides of said polysilicon
gate structure;
ion implanting a fifth conductivity imparting
dopant into said semiconductor substrate, not covered by
said polysilicon gate structure, or by insulafor spacer;

10 depositing a fourth insulator layer An said
semiconductor substrate, including depositing om said
polysilicon gate structure; |

opening a contact hole in said fourth insulator
layer, to a region on said semiconductor substrate;

15 depositing a metal layer on top surface of said
fourth insulatoxr layer, and on surface of said region, on
said semiconductor substrate, exposed in said contact
hole; and

patterning of said metal layer to form a metal
20 contact structure.to said region, on said semiconductor

substrate.



- 13 - TSMC95-168 an NFET application, can also be applied to PFET d Vi
conplinentary, (CMOS), devices, as well as Bi CMOS devi ces. %ﬁ@ %“l
PFET application, an N well region, and a N type anti - puncht
formed at a higher N type doping |level then the N well reglon mould be
created. Wiile this invention has been particularly showm and descri bed
with reference to the preferred enbodi ggnts thereof, it wll be understood
by those skilled in the art that various changes in formand details may be
made wi thout departing fromthe spirit and scope of this invention. Wat is
clainmed is: TsMcesldgg TSMC95-168 1. A nethod for fabricating a MOSFET
devi ce, on a sem conductor substrate, conprising the steps of: formng a
shal l ow trench in said sem conduct or

2. The method of claim 1, wherein said shallow trench is

formed to a depth in said semiconductor substrate,

between about 0.30 to 1.0 uM, and having a width between

about 0.10 to 200 uM.

5 3. The method of claim 1, wherein said first insulator
layer, used to f£fill said shallow trench, is silicon
oxide, deposited using LPCVD or PECVD processing, at
a temperature between about 400 to 800°C, to a thickness
betwgen ahout 5000 to.20000 Angstroms, using

10 tetraethylorthosilicate as a source.

4. The method of claim 1, wherein said second insulator
layer is silicon oxide, deposited using LPCVD or PECVD
processing, at a temperature between about 400 to 800°C,
to a thickness between about 3000 to 5000 Angstroms,

15 using tecraethylorthosilicate as a source.

5. The method of claim 1, wherein said opened region, in
said second insulator layer, is between about 0.10 to

0.40 uM, in width.

6. The method of claim 1, wherein said first conductivity
20 imparting dopant, is BF,, ion implanted at an energy
between about 10 to 30 Kev., at a dose between about

1E12 to S5E12 atoms/cm’.



substrate; depositing a first insulator |ayer on said sem con Il
substrate, conpletely filling said shallow trench; renoval ﬂmm““lluml “ll
insul ator layer fromall areas of said sem conduct or subst rat er except

said 10 shal |l ow trench; depositing a second insulator |ayer on sal d
sem conduct or substrate, incl udi ng on said first insulator layer, in said

shal l ow trench; opening a region in saléh second insul ator |ayer, 15

to an area of said sem conductor substr to be used for gate region; ion

I npl anti ng Q‘sg&%%t conductivity inparting dopant i nto sai d opened region,

In said secon stfiéat or | ayer; 20 growi ng a gate oxide on

regi on of said sem conductor substrate, exposed in said opened region of

sai d second insul ator | 8Y€method of claim 1, wherein said gate oxide is
grown in an oxygen - steam ambient, at a temperature
between about 700 to 1000°C, to a thickness between about

30 to 300 Angstrowms.

5 8. The method of claim 1, wherein said first polysilicon
layer is deposited using LPCVD processing, at a |
temperature between about 500 to 650°C, to a thickness

between about 300 to 1000 Angstroms.

9. The method of claim 1, wherein said second
10~ conductivity imparting dopant is boron, ion implanted at
an energy between about 60 to 150 Kev., at a dose

between about 1E12 to 3El13 atoms/cmi.

10. The method of claim 1, wherein said second
polysilicon layer is deposited using LPCVD processing, at
1s a temperature between about 500 to 650°C, to a thickness

between about 3000 to 5000 Angstroms.

11. The method of claim 1, wherein removal of said second
polysilicon layer, and of said first polysilicon layer,
from top surface of said second insulator layer', is

20 accomplished via chemical meché.nical poliéhing

procedures, or a RIE procedure using Cl; as an etchant.



- 15 - TSMC95-168 depositing a first polysilicon layer on su l

segond isnsul ator | ayer, on sides of said opened region, in su mmmmmnml
insul ator layer, creating a polysilicon sidewall, and on surf&ce®of" sdid?®

gate oxide, 5 exposed in said opened region of said second insul ator

| ayer; ion inplanting a second conductivity inparting dopant, through said
first polysilicon silicon layer, through said gate oxide, and into said

sem conduct or substrate, in said opened region of said second

i nsul at or not covered by said polysilicon sidewall; depositing a
second poI?§¥¢?iﬂi$3layer on said first polysilicon layer; ion inplanting a
third conductivity inparting 15 dopant into said second polysilicon

|ayer removal of s3bd 5ecQRARPLYSUIdOD, |AYELin B aoleddriiolnditbkSE | COT

| ayer, fromtop surface 5t "SEI T second | nsUl at of l"ayer form polysilicon
gate structure, of jayer is removed via RIE processing, using CHF, as an

etchant.

13. The method of claim 1, wherein said fourth
S conductivity imparting dopant is phosphorous, or arsenic,
ion implanted at an energy between about 10 to 50, at a

dose between about 1E13 to 1E14 atoms/cmt.

14. The method of claim 1, wherein said fifcd
conductivity imparting dopant is arsenic, ion implanted
10 at an energy between about 20 to 100 Kev., at a dose

between about 1E1S5 to SE15 atoms/cm’.



said second polysilicon layer, and said first polysilicon 20 I “
I n ,sai d,opened region of said second insulator |ayer; rermvaIH“mHN“cImn“mm
second insulator layer; ion inplanting a fourth conductivity ifpatitng® $ *
dopant into said sem conductor substrate, not covered by 25 sai d

pol ysilicon gate structure; - 16 - TSMC95- 168 depositing a third

i nsul ator |ayer on said sem conductor aﬂbgtrate, and on said polysilicon

gate structure; anisotropic etching of “said third insulator |ayer, 5

to forminsul ator spacer on sides of said polysilicon gate structure; ion

i npl anti ng TSM4I5+-A68onducti vity inparting dopant into said sem conduct or
substrate, not covered by said polysilicon gate structure, or by insulator

spacer, 15. A method for fabricating a MOSFET device, on a
semiconductor substrate, incorporating an ion implanted
region in the channel area, to reduce source and drain,
to substrate leakage, comprising the steps of:

S forming a shallow trench in said semiconductor
substrate;
depositing a first insulator layer on said
semiconductor substrate, completely £illing said shallow
trench; '

10 removal of said first insulator layer rrom all
areas of said semiconductor substrate, except from said
shallow trench;

depositing a second insulator layer, on said
semiconductor substrate, including on said first

15 insulator layer, in said shallow trench;

dpening a region in said second insulator layer,
to an area of said semiconductor substrate, to be used
fér gate region;

ion implanting a first conductivity imparting

20 dopant, into said opened region in said second insulator
layer, for purposes of threshold voltage adjustments;

growing a gate oxide on area of said semiconductor

substrate, exposed in said opened region in said second

insulator layer;



10 depositing a fourth insulator |ayer on said '
substrate, including depositing on said polysilicon gate st ruﬁﬂﬂlﬁﬂﬂ ﬁHﬂﬂgﬂ IIII
L M S *

a contact hole in said fourth insulator |ayer, to a region on

sem conductor substrate; 15 depositing a netal |ayer on top
surface of said fourth insulator |layer, and on surface of said region, on
sai d sem conductor substrate, exposed in said contact hole; and patterning
of said metal layer to forma netal 26 21 - contact structure to said
region, on sgvhggeqgonductor substrate. - 17 - TSMX9S-168 2. The net hod
of claim1, wherein said shallow trench is fornmed to a depth in said

sem conduct or substrate, between about 0.30 to 1.0 uM and having a width
bet ween about 0.10 to 200 udépositing a first polysilicon layer on surface of

said second insulator layer, on sides of said opened
region in said second insulator layer, creating a
polysiliconlsidewall, and on surface of said gate oxide,
5 exposed in said opened region of said second insulator
layer; |
ion implanting a secogd conductivity imparting
dopant, through said first polysilicon layer, through
said gate oxide, and into said semiconduc:oriSubstrate,
10 in said opened region in said second insulator layer, not
. covered by said polysilicon sidewall, to create a region
that reduces junction punchthrough leakage;
depositing a second polysilicon layer on said
first polysilicon layer;
1s ion implanting a third conductivity imparting
dopant into said second polysilicon layer;
removal of said second polysilicon layer, and of
said first polysilicon layer, from top surface of said
second insulator layer, to form polysilicon gate
20 structure, composed of said second polysilicon layer, and
said first polysilicon layer, in said opened region of
said second insulator layer; '

removal of said second insulator layer;



5 3. The nmethod of claim1, wherein said first insulat

to fill said shallow trench, is silicon oxide, deposited usi ngmmﬂ""mﬂﬁﬂ“"l
PECVD processing, at a tenperature between about 400 to [err],

t hi ckness between about 5000 to 20000 Angstrons, using 10
tetraethylorthosilicate as a source. 4. The nethod of claim1, wherein sald
second insulator layer is silicon oxidey,deposited using LPCVD or PECVD
processing, at a tenperature between about 400 to [err], to a thickness

bet ween about ‘3000 to 5000 Angstrons, 15 usi ng

tetraet hyl orgMossi-hsgate as a source. 5. The nethod of claim1l, wherein said
opened region, in said second insulator layer, is between about 0.10 to

0.40 uM in width. 6. The nmethod of claim1, wherein said first
conductivity 20 |ﬂp&P¥4¥ﬂ?L&BBbﬁﬁ a ifurgh qonduek iviky AMPEgtiRg an

ener gy between about ;10 Shnt 0; 3% K&Ya sk cOndliRS PEINRSL 200N, g:g;gretcpbéElz

[err]. _
said polysilicon gate structure, to form lightly doped

source and drain regions;

5 depositing a third insulator layer on said
semiconductor substrate, and on said polysilicon gate
structure;

anisotropic etching of said third insulgtor‘layer,
to form insulator spacer on sides of said poiysilicon
10 gate structure;
ion implanting a fifth conductivity imparting
dopant into said semiconductor substrate, not covered by
said polysilicon gate structure, and not covered by said
insulator spacer, to form heavily doped source and drain
1s regions;
depositing a fourth insulator layer on said
Semiconductor substrate, including deposition on said
polysilicon gate structure;
opening a contact hole in said fourth insulator
20 layer, to said heavily doped source and drain region;
depositing a metal layer on top surface of said
fourth insulator layer, and on surface of said heavily
doped scurce and drain region, exposed in said contact

hole; and



18 TSMC95-168 7. The nethod of claim 1, wherein said gate oxi ' |
an oxygen - steam anbient, at a tenperature between about 7001;&%@'@"&““““"
a thickness between about 30 to 300 Angstrons. 5 8. The OTw s =
claim1l, wherein said first polysilicon layer is deposited using LPCVD
processing, at a tenperature between about 500 to [err], to a thickness

bet ween about 300 to 1000 Angstroms. 9. _The nethod of claim1l, wherein said
second 10 conductivity inparting“dopant is boron, ion inplanted at

an energy between about 60 to 150 Kev., at a dose between about 1E12 to

3E13 [err]. %%“l The nmethod of claim1, wherein said second polysilicon

| ayer i s deptsi %ﬁi*ﬁging LPCVD processing, at 15 a tenperature

bet ween about 500 to [err], to a thickness between about 3000 to 5000

Angstroms. 11. The method of,agtéidink o¥h84fd Mmet8A0Y A e froS 8ben SEGiabE]
polysilicon |layer, and of said first polysilicon |ayer, fromtop surface of
sai d second i nsul at or cbmatyart, stsucture to said heavily doped source and drain

region.

16. The method of claim 16, wherein said shallow trench
5 is formed to a depth in said semiconductor substrate,
between about 0.30 to 1.0 uM, having a width between

about 0.10 to 200 uM.

17. The method of claim 15, wherein said first insulator
layer, used to fill said shallow trench, is.silicon

10 oxide, deposited using LPCVD or PECVD processing, at a
temperature between about 400 to 800°C, to a thickness
between about 5000 to 20000 Angstroﬁs, usiné

. tetraethylorthosilicate as a source.

18. The method of claim 15, wherein said second insulator

15 layer is silicon oxide, deposited using LPCVD or PECVD
ﬁrocessing, at a temperature between about 400 to 800°C,
to a thickness between about 3000 to S000 Angstroms,

using tetraethylorthosilicate as a source.

19. The method of claim 15, wherein opened region, in
20 said second insulator layer, to be used for said gate

region, is between about 0.10 to 0.40, in width.



20 acconpl i shed via chem cal nechani cal polishing pr ' , ,
Rl E+procedure using [err] as an etchant. - 19 - TSMC95- 16%1@31“&“6“@{‘!““‘“‘
met hod of claim 1, wherein said second insulator layer is re via s x
processing, using [err] as an etchant. 13. The nethod of claim1, wherein

said fourth 5 conductivity inparting dopant is phosphorous, or

arsenic, ion inplanted at an energy between about 10 to 50, at a dose

bet ween about 1E13 to 1E14 [err]. 14. Thé4ethod of claim 1, wherein said

fifth conductivity inparting dopant is arsenic, ion inplanted 10 at

an energy between about 20 to 100 Kev., at a dose between about 1E15 to

SE15 [err]. TsMcos-16s

20. The method of claim 15, wherein said first
conductivity imparting dopant, used to for threshold
voltage adjustment, is BF, or boron, ion implanted at an
energy between about 10 to 30 Kev., at a dose between

5 about 1E12 to 5E12 atoms/cm.

21. The method of claim 15, wherein said gate oxide is
grown in an oxygen - steam ambient, at a temperature
between about 700 to 1000°C, to a thickness between about

30 to 300 Angstroms.

10 22. The method of claim 15, wherein said first
polysilicon layer is deposited using LPCVD processing, at
a temperature between about S00 to 650°C, to a thickness

between about 300 to 1000 Angstroms.

23. The method of claim 15, wherein said second

15 conductivity imparting dopant, used to create a region
t;.hat reduces junction punchthrough leakage, is boron, ion
implanted at an energy between about 60 to 150 Kev., at

a2 dose between about 1E12 to 3E13 atoms/cm®.

24. The method of claim 15, wherein second polysilicon
20 layer is deposited using LPCVD processing, at a
temperature between about 500 to 650°C, to a thickness

between about 3000 to 5000 Angstroms.



- 20 - TSMC95-168 15. A nethod for fabricating a MOSFET devi
sem conductor substrate, incorporating an ion inplanted regllgmllﬂmﬁl”"lll“ I“I
channel area, to reduce source and drain, to substrate | eakage, conprimsi hg *
the steps of: 5 form’ngashallowtrenchln sai d
sem conductor substrate; depositing a first insulator |ayer on said
sem conductor substrate, conpletely filbing said shallow trench; 10
renoval of said first insulator layer fromall areas of said sem conductor
substrate, except fromsaid shallow trench; depositing a second insul ator
| ayer, on said sem conductor substrate, including on said first 15
i nsul at or h@mess-igp sai d shall ow trench; opening a region in said second
i nsul ator layer, to an area of said sem conductor substrate, to be used for
gate region; ion inplanting a first conductivity inparting

25. The method of claim 15, wherein removal of said

second polysilicon layer, and of said first polysilicon
layer, from top surface of said second insulator layer,
is accomplished via chemical mechanical polishing

5 procedures, or RIE procedures using Cl, as an etchant.

26. The method of claim 15, wherein removal of said
second insulator layer is accomplished via RIE

procedures, using CHF, as an etchant.

27. The method of claim 15, wherein said foﬁrch

10 conductivity imparting dopant, used to create said
lightly doped source and drain region, is phosphorous,
or arsenic, ion implanted at an energy between about 10
to SO0 Kev., at a dose between about 1E13 to

1El4 atoms/cm’.

s ,28. The method of claim 15, wherein said fifth
-conductivicy imparting dopant is arsenic, ion implanted
at an energy between about 20 to 100 Kev., at a dose

between about 1E15 to SE1S atoms/cw’.



20 dopant, into said opened region in said second in I ?
for- purposes of threshold voltage adjustnents; growing a g 1 ﬁﬂ“ﬁlmamlruml f
of said sem conductor substrate, exposed in said opened regiondntisamd s =

second insul ator |ayer; - 21 - TSMC9S-168 depositing a first polysilicon
| ayer on surface of said second insulator |ayer, on sides of said opened
region in said second insul ator IayeL,zgrgating a polysilicon sidewall, and
on surface of said gate oxide, 5 exposed in said opened region of

sai d secondpdMpidl.akor |ayer; ion inplanting a second conductivity inparting
dopant, through sard first polysilicon |ayer, through said gate oxide, and

I nto said sem conductor substrate, 10 In said opened region in said
second insul ator layer, not covered by said polysilicon sidewall, to create
a region

29. A MOSFET device structure, comp:ising:
insulator filled shallow trenches in a
semiconductor subétrace;
a device region between said insulator filled
5 shallow trenches;
a polysilicon gate structure on said semiconductor
substrate, in the center of said device region;
source and drain regions in the surfaéé of said
semiconductor substrate, between said polysilicon gate
10 structure, and said insulator filled shallow;trenches;
an insulator layer on said semiconductor
substrate, including on said.polysilicon.gace structure,
on said insulator filled shallow trenches, and on said
source and drain regions;
15 a contact hole, in said insulator layer, to said
source and drain region, filled with a metal; and

an metal intercomnect structure, overlying said

metal in said contact hole.

30. The MOSFET device structure of claim 29, wherein said
20 polysilicon gate structure is composed of first

polysilicon frame, and a second polysilicon fill.



that reduces junction punchthrough | eakage; depositing a second polysilicon
| ayer ons=said first polysilicon |ayer; 15 ion inmplanting a
third conductivity inparting dopant into said second polysilicon |ayer;
removal of said second polysilicon |ayer, and of said first polysilicon
| ayer, fromtop surface of said second insulator layer, to formpolysilicon

gate 20 structure, conposed of sajd second polysilicon |ayer, and
said first polysilicon layer, in said o ehed region of said second
i nsul ator |ayer; renoval of said second insulator |ayer; - 22 -

TSMC95- 168 ion inplanting a fourth conductivity inparting dopant into said
sem conduct or substrate, not covered by said polysilicon gate structure, to
formlightly doped source and drain regions;

1V//' W4%l




5 depositing a third insulator [ayer on said sem conduct or
substrate, and on said polysilicon gate structure; anisotropic etching of
said third insulator |ayer, to forminsul ator spacer on sides of said

pol ysilicon 10 gate structure; ion inmplanting a fifth conductivity
i nparting dopant into said sem conductor substrate, not covered by said
polysilicon gate structure, and not cg%p{ed by said insulator spacer, to
form heavily doped source and drain 1 regi ons; depositing a fourth
i nsul ator layer on said sem conductor substrate, including deposition on
said polysilicon gate structure; opening a contact hole in said fourth

i nsul at or 20 | ayer, to said heavily doped source and drain region;
depositing a nmetal |layer on top surface of said fourth insulator |ayer, and
on surface of said heavily doped source and drain region, exposed in said
contact hole; and

:
i
8
FIG. 3
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- 23 - TSMC95-168 patterning of said netal |layer to forma netal contact
struCture*to said heavily doped source and drain region. 16. The nethod of
claim 16, wherein said shallowtrench 5 is formed to a depth in said
sem conductor substrate, between about 0.30 to 1.0 uM having a width

bet ween about 0.10 to 200 uM 17. The nmethod of claim 15, wherein said
first insulator layer, used to fill saiséihaIIOM/trench, is silicon 10

oxi de, deposited using LPCVD or PECVD p essing, at a tenperature between
about 400 to [err], to a thickness between about 5000 to 20000 Angstrons,
using tetraethylorthosilicate as a source. 18. The nethod of claim15,
wherein said second insul ator 15 | ayer is silicon oxide, deposited
usi ng LPCVD or PECVD processing, at a tenperature between about 400 to
[err], to a thickness between about 3000 to 5000 Angstrons,

10 12
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using tetraethylorthosilicate as a source. 19. The nethod of. claim15,
wher®ei n opened region, in 20 sai d second insulator |ayer, to be used
for said gate region, is between about 0.10 to 0.40, in wdth. -24 -
TSMC95- 168 20. The net hod of claim 15, wherein said first conductivity

i nparting dopant, used to for threshold voltage adjustment, is [err] or
boron, ion inplanted at an energy betwegp, about 10 to 30 Kev., at a dose
bet ween 5 about 1E12 to 5E12 [er¥]. 21. The nethod of claim 15,
wherein said gate oxide is grown in an oxygen - steam anbient, at a
tenperature between about 700 to [err], to a thickness between about 30 to
300 Angstrons. 10 22. The nethod of claim 15, wherein said first
polysilicon |layer is deposited using LPCVD processing, at a tenperature
bet ween about 500 to [err], to a thickness

13(N) 5 13(N) 8 11 & 15(N) 5 13(N)
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bet ween about 300 to 1000 Angstronms. 23. The nethod of claim 15, wherein
sai d “secohd 15 conductivity inparting dopant, used to create a
region that reduces junction punchthrough | eakage, is boron, ion inplanted
at an energy between about 60 to 150 Kev., at a dose between about 1E12 to
3E13 [err]. 24. The nethod of claim 15, wherein second polysilicon 20 .

| ayer is deposited using LPCVD processiggq at a tenperature between about
500 to [err], to a thickness between abddt 3000 to 5000 Angstrons. - 25
- TSMC95- 168 25. The nmethod of claiml1S, wherein renoval of said second
polysilicon |layer, and of said first polysilicon |ayer, fromtop surface of
sai d second insulator |ayer, is acconplished via chem cal nechanical -
polishing 5 procedures, or RIE procedures using [err] as an etchant.
26. The nethod of claim15, wherein renoval of said
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second insulator layer is acconplished via R E procedures, using [err] as
an efchant. 27. The nmethod of claim 15, wherein said fourth 10

conductivity inparting dopant, used to create said lightly doped source and
drain region, is phosphorous, or arsenic, ion inplanted at an energy

bet ween about 10 to So Kev., at a dose between about 1E13 to 1E14 [err]. 15
28. The nethod of claimlS, wherein said %fth conductivity inparting
dopant is arsenic, ion inplanted at an effef gy between about 20 to 100 Kev.,.
at a dose between about 1E15 to 5E15 [err]. - 26 - TSMC95-168 29. A
MOSFET devi ce structure, conprising: insulator filled shallow trenches in a
sem conduct or substrate; a device region between said insulator filled
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5 shal |l ow trenches; a polysilicon gate structure on said
sem>condéct or substrate, in the center of said device region; source and
drain regions in the surface of said sem conductor substrate, between said
pol ysilicon gate 10 structure, and said insulator filled shall ow
trenches; an insulator |ayer on said sem conductor substrate, including on
said polysilicon gate structure, on said insulator filled shallow trenches,
and on said source and drain regions; aZé@ntact hole, in said insulator

| ayer, to said source and drain region, filled with a netal; and an netal

i nterconnect structure, overlying said netal in said contact hole. 30. The
MOSFET device structure of ¢laim?29, wherein said 20 pol ysilicon
gate structure is conposed of first polysilicon franme, and a second
polysilicon fill.
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TSMC95-168

AN AﬁTI-PUNCHTHOUGH ION IMPLANTATION FOR SUB~HALF
MICRON CHANNEL LENGTH MOSFET DEVICES

ABSTRACT

A method for forming a MOSFET device, -with reduced
exposure to source and drain leakage currents, that can arise due
to a junction depletion punchthrough phenomena, has been developed.
An anti-punchthrough, ion implantation, is performed in a confined
area below the channel region. The ability to confin% the area
used for the anti-punchthrough region, results in protection
against leakage, however with only a minimum of parasitic
capacitance increase. The confined, anti-punchthrough region is
obtained via ion implantation procedures into a channel regionm,
using polysilicon sidewalls for purposes of placing the implanted

region only into desired regions below the channel region.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)



