2,4 AUG 2004 METHOD TO FORM A SMOOTH GATE PCLYSI LI CON SI DEWALL I N THE
“FABRI CATI ON OF | NTEGRATED CI RCUI TS BACKGROUND OF THE | NVENTI ON (1) 2Rl EU® %%
THE I'NVENTI ON The present invention relates to the fabrication of
integrated circuit devices, and nore particularly, to a nmethod of formng
a snooth gate polysilicon sidewall in the fabrication of integrated :
circuits. (2) DESCRIPTION OF THE PRIOR ART In the fabrication of integrated
circuits, photMETHODJF@PORMAAGMRQTHH G R ROLSSHITON SIOEWASILITNCIHE es such as
pol ysilicon gates, |ocal oxidation of silicon (LOCOS), shallow trench

i solation (STl), and theFABRICATIONSOPINIEFRSTED Cieteriisal is coated over the
| ayer or - layers to be etched. The photoresist is exposed to actinic |ight
t hrough a nask, then developed to formthe photoresist nask for etching

t he underlying |ayer or layers. Polysilicon is used as the gate el ectrode

of MOS transistors. The gagg@@@mﬁg@gf%m@? /i¢d by reactive ion
etching of the polysilicon wth the pattern de ]ilq(rl:ecf@by the photoresi st

mask. Using the current art, the sidewall of the polysilicon after etching
is rough. The roughness IS det erm ned by the grain size of the polysilicon
crystals at(ltﬁIBLDtd . For ultrasmal| geonetry devices the grain
si ze becorres conpar abl e to t e deV| ce line widths. This may lead to poor

polysilicon cri {I‘hec ese, 'cﬁ@&*ﬁfog elz(tgpt)o th df’a 54 Itlﬁlbj églﬁ%gla. ed cn‘cultc gewces an in turn

affects the control of paranmeters suc
more particularly, to a method of forming a smooth gate polysilicon sidewall in the

fabrication of integrated circuits.

| (2) DESCRIPTION OF THE PRIOR ART
In thg fabrication of integrated circuits, photolithography and etching are used to

form structures such as polysilicon gates, local oxidation of silicbn (LOCOS), shallow

. trench isolation (STI), and the like. The photoresist material is coated over the layer or
layers to be etched. The photoresist is exposed to actinic light through a mask, then
developed to form the photoresist mask for etching the underlying layer or layers.

| Polysilicon is used as the gate electrode of MOS transistors. The gate electrode is

- fabricated by reactive ion etchmg of the polysilicon with the pattern defined by the
photoresist mask. Using the current art, the sidewall of the polysilicon after etching is
rough. The roughness is determined by the grain size of the polysilicon crystals at the
time of etching. For ultrasmall geometry devices the grain size becomes comparable to
the device line widths. This may lead to poor polysilicon critical dimension (CD)

distribution after etch which in turn affects the control of parameters such as threshold



| 2 4 AUG 2004 voltage (Vi) and drain saturation current (ldsat). Use of

anor phous silicon for the gate material instead of polysilicon results in
snoot her sidewalls due to the absence of grains. This solution, homEieﬁUszM
results in an increase in undesirable polysilicon depletion effects

causi ng hi gher gate oxi de capacitance and hi gher threshold voltage. U S
Patent 5,393,682 to Liu teaches a nethod of damaging a polysilicon |ayer,

then using agiaRI(YDheBlafh BhedtichQuiBtfL.0Y1 U of ahBARRYE: J@ndaRISRE | ayer .
The result is a tapered, trapezoidal s%aped gate structure rather than a

rectangul ar ngadr8 idskeaPof ﬂao?ﬁsflﬂbn rednlfsih s%ggtp&r%ldé%ﬂs &le té‘h'\etaﬁééﬁgéag‘f rﬁ?‘aiﬂg t hod

using a pre-anorphizing inplantation resulting 1n snmaller graimnsizes. U

S. P 5, . : . es.
o o ki B B 0 SR IS0 A = 7

mul tipl o 1 ay el ot B ERRR AT e RO Pk Linmry o

| NVENTI ON Accor di ngl it @e prjmary obj.ect .of the inyentiop to provide
an effective andbngé%§mﬁgﬁgig 1ﬁ}§bkg§ﬁ¥68@g@ b m?%ﬁqﬁ%ﬁfnﬁﬂFBHEWthtures
with mniml, gate depl.etion effects. It is a furfher object of the
i nvention t Bheﬂ(?ﬁlﬁg a‘&g S%’E"Pl‘r‘cﬁt‘%‘rtgénw ek rmaye the amaesd 1'%}.’“1 %hef Ut dr ¢ her
object of the inventi on t.o fé)rm structures having feature sizes on the

tapered, trapezoidal shaped gate structure rather than a rectangular gate. U. S. Patent

5,731,239 to Wong et al teaches a method using a pre-amorphizing implantation resulting

in smaller grain sizes. U. S. Patent 5,548,132 tQ Batra et al teaches a method using an

amorphizing silicon implant affecting grain sizes in polysilicon. U. S. Patent 5,652,156 to

Laio et al teaches a method of forming the gate using multiple layers of polysilicon and

amorphized silicon.

SUMMARY OF INVENTION
Accordingiy, it is the primary object of the invéntion to provide an effective and
very manufacturable process for forming gate structures with minimal gate depletion
effects.
It is a further object of the invention to form gate structures with émooth
sidewalls.
- Itis a further object of the invention to form structures having feature sizes on the

order of between 0.5 to 0.006 microns.



order .of between 0.5 to 0.006 mcrons. 2 4 AUG 2004 Anot her object of the
invention is to inprove critical dinmension control in the gates of smaller
devi ces. Yet another object is to provide a method of anorphizing th&4galé 2004
structure sidewalls. In accordance with the objects of the invention, a

new nethod for formng a gate electrode with a snooth sidewall is

achieved. A gate silicon oxide layer is provided on the surface of the

sem conductor s Uhﬁétﬁé}to%%ectfofgﬁé Bv&itde id %8110%’ @ﬁticggdélﬁlgns"i‘och ks ldecon or

pol ysilicon gernmani um o hi ckness from 800 to 5 ngstrons 1s deposited

overlying %gggstgéhgngfidemggj oxi de | ayer. A masking oxide layer is deposited
overlying the gate el ectrode |ayer. The masking layer is covered with a

| ayer of photoreg] : i i.s patterned in
phot ol i t hogr aph;e/ii %rsdggtggﬁ% egpg(r?%g{og@e%tl%ér%%qdoogggﬁo@hlz U‘Ee g?q%%r'{cﬁ”éef or nat i on
Gitr ode. The photoresi st mask and the maski ng oxide |ayer

of the gat esigév%
are etched vertically formng a nmask for the gate .electrode. An ion

i npl antation of . silicon or. gernanjumanorphizes the are f the -
pol ysi i con not ‘B8Y8) agc%vt?ﬁ’éoﬁb%l?ioﬁ]a‘e’ Yﬁ?’H%"’ﬁé@W mgthed fgb’g’gﬂg‘é agtel at er al
scattering of the inoplant, al so.anmorphizes a portion of the polysilicon
area under ?qﬁcérog%la’étﬂpgfsmtoﬁg’ Sfdﬁg’ﬁll ngacég’l"?ié @5?%&%"%%?3(%?3, p"?‘FIée‘iy‘?ﬂmr phi zed
siliconis tFlem) e ani sotropic dry etch | eaving a narrow

d I ti |
area of ano ?)FH&ZI/’@'EI OE%F’ ?%ﬁ*ﬁgﬁg?hgl%g%% pisaterciestededpips surh & nobgdicos pe edges

of the maski N9 oxi de mask jn the pmanufacture of an integrated circuit.
‘ polysilicon germanium of thickness from 800 to 5000 Angstroms is deposited overlying

the gate silicon oxide layer. A masking oxide layer is deposited overlying the gate
clectrode layer. The masking layer is covered with a layer of photoresist. The
| photoresist is patterned using a photolithography process to provide a photoresist mask
for the fonngtion of the gate electrode. The photoresist mask and the masking oxide
layer are etched vertically forming a mask for the gate electrode. An jon implantation of
. silicon or germanium amorphizes the area of the polysilicon not covered by the masking

oxide mask and, because of lateral scattering of the implant, also amorphizes a portion of
the polysilicon area under the edge of the masking oxide layer. Thereafter, the
gmorphized silicon is removed by a conventional anisotropic dry etch leaving a narrow
area of amorphized silicon on the gate electrode sidewalls under the edges of the masking

oxide mask in the manufacture of an integrated circuit.



3.24 AUG 204 BRI EF DESCRI PTI ON OF DRAW NGS I n the acconpanyi ng draw ngs
formng a material part of this description, there is shown: Figs. |

through 5 are cross sectional representations of a preferred enbodi magtz' AYG 2004
the present invention. Fig. 6 is a cross-sectional representation of a
conpleted integrated circuit device fabricated by the process of the

i nvention. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The process of the

present invention can be uBiEhH REAORITAPEN QIADRAWINGSr e mi ni mal depl eti on
effects, snooth gate sidewalls and snall feature sizes are desired. The
process can be used to formbit lines, word lines, polysilicon gate

el ectrodes, and the like. The drawings Figs | through 5 illustrate the

process of the inuRRbipahfingBiivitgs Fortditn BhRALIRARS Wid dbs@iphioRohdte  dewal | .
It will be appreciated by those skilled in the art that the process can be

used in anyhgRe! i cation where |ithography and etching are used to form the
structure and where snmall feature sizes are needed. Referring now nore

particularly to_ﬁ;ésgl thtough BeFEcrbst sSHRWR r@pres%ﬁmi&%m}&éneﬁ%%a@&&t P A
gate silicon oxide layer 12 is grown on the surface” of the substrate and

may be conppsgdsaf inddtiohON Oxide with a thickness of between about 10 to
150 Angstrons. The gate silicon oxide layer 12 may be

Fig. 6 is a cross-sectional representation of a completed integrated circuit device

fabricated by the process of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The process of the present invention can be used in any application where
minimal depletion effects, smooth gate sidewalls and small feature sizes are desired. The
process can be used to form bit lines, word lines, polysilicon gate electrodes, and the like.
The drawings Figs 1 through 5 illustrate the process of the inventién in making a gate
electrode with a smooth sidewall. It will be appreciated by those skilled in the art that the
process can be used in any ﬁpplication where_ lithography and etching are used to form
the structure and where small feature sizes are needed.

Referring now more particularly to Fig. 1, there is shown a
semiconductor substrate 10. A gate silicon oxide layer 12 is grown on the surface
of the substrate and may be composed of silicon oxide with a thickness of

between about 10 to 150 Angstroms. The gate silicon oxide layer 12 may be



2.4 AU G 20i 9k grown by dry or partial wet oxidation with a N1-14/N20O
anneal at a tenperature of between about 700 to 900 C or deposited grUG o00h
grown' by RTO at a tenperature of between about 400 to 1000 C. The % t%

el ectrode | ayer 14 deposited at a thickness of between about 200 to 5000
Angstrons, may be conposed of polysilicon or polysilicon germanium A
masking | ayer of silicon oxide 16 is deposited overlying the polysilicon or
pol ysi | i cong@emnrbgriruen gastjad et exidativh Witk ReGS,/100 hataveeitchPoraaneoS000
Angstrons. A |ayer of photoresist 18 is coated over the oxide |ayer 16. The
phot omask, bétveersdb@w700its YT éri dep@ite@¥BErok By RROGK a Rithetdh@e POt OF €si st
material is exposed using actinic light using I-1ine photolithography, for
exanpl e. TheetRbat Hossi0blto umod@vqiheggé elcRiréRaNRr M dpbQleakesi st mask 20, as
shown in Fig. 2. Referring nowto Fig. 3, portions of the masking |ayer

unpr ot ect edthi¥néd @r bEHOELILBSI D 188600 ARir fg%gb@w%@@@oﬁ he phot or esi st

mask is renoved by conventional neans.” Referrfng nowto Fig. 4, ions 24

are i npl ant §gydiftoq of PRyRRloY SEinhofdn | @yer 14 where it is not covered by the

maski ng | ayer” 16. The ifons to be I nplanted may include silicon, germanium

arseni c, phospho, : : I S Ul N a&an of anor phi zed
.‘%g{éﬁgg}%ﬁgﬁgf sngfr':]orﬁﬁgdﬁ 1}5*1& ?eﬂo?ﬁeld Oté@ﬂ 1ng1%e gﬁfygiﬁlc or

pol ysilicon 26. a polysiliconl r Tkess 2000

et 1o serallel e PRy T b R B0 AR aRD £dib oued by o

: il il an rom. . .
second silicon IAnByc?r otf pLotgrem?tol Stiso cc?a?ed over the oxide layer 16. The photomask, not

shown, is positioned over the wafer and the photoresist material is exposed using actinic
light using I-line photolithography, for example. The photoresist is developed to leave a
photoreéist mask 20, as shown in Fig. 2. |

‘Referring now to Fig. 3, portions of the masking layer unprotected by the
photoresist mask are etched away and the photoresist mask is removed by conventional

_ mearns.

Referring now to Fig. 4, ions 24 are implant¢d into the polysilicon layer 14 where
it is not covered by the masking layer 16. The ions to be implanted may include silicon,
germanium, arsenic, phosphorous, boron, or BF,. This results in an area of amorphized
polysilicon 26. For example, on a polysilicon layer 14 of thickness 2000 Angstroms, a
first silicon implant of energy 30 to 50 keV with dosage of 8E14 to 5E15 atoms/cm’

~ would be performed. This would be followed by a second silicon implant from 60 tb 80
“keV with a dosage of 8E14 to 5E15 atoms/cm’. A third silicon implant would then be
performed at 90 to 120 ke'V with a dosage of 8E14 to 5E15 atoms/cm?.  If germanium

jons were implanted, the implant dosage for all implantations would be from 5E14 to



keV wi.th a dosage of 8E14 to 5E15 atons/cn2. A third silicon inplant would
then be perfornmed at 90 to 120 keV with a dosage of 8E1l4 to 5E15
‘atons/cnR. |f germanium ions were inplanted, the inplant dosage f or 241 pUG 2004
i npl antations would be from5E14 to 5 2 4 AU G 200% 5E15 atons/cn? and
woul d have energy |evel ranges of between about 50 to 80 keV, 100 to 170
keV, and 100 to 270 keV for the first, second and third inplants

respect i velSE1S ttvens/cati ané wenldiplemerpydevel tansdsiofibétweernatlovt, 500 80 k¢, oder of
i npl ant energies is not critical. The energy levels for the series of

i npl ant at i an$7(GkeV, atj LG ©Q76 ReV f@tthd fist, Bécoh@aidatird BRIAGS reSR¢avely. MEneent i r e
t hi ckness of the polysilicon |ayer. Preferably, at |east two energy

profiles sibow dtalpless@Gustiivi dily0 aRbhe 3FHRF B ThpaSt sReri@NS hdtRriféderad | of
the gate through lateral scattering for a short distance into the :

pol ysili porenaa@{ RS FortteseABOG S mBfantai6n RS KdjfiGed sBYIRH theHRojectid epttis! | form .
snooth sidewalls on the conpleted gate while avoiding the unge5| rabl e

depl eti on %B&ee%semi}%&fl@kﬁésmftﬁepblyﬁud:dngayeﬁ, PreREbRTRY 1A &ﬁﬁezﬁfégﬁéfh&con ar ea

26 not covered by the masking layer 16°7is renoved by an ani sotropic dry

tch | i i i | I |1 d f
etch | eavi Reyid 6ORL. Bh ?ﬁro?éssa gﬂ:&p{éﬁﬁg%ﬂ?@ r%ﬁ’w!ﬂ'l 81‘9@% ?eg tﬁ#ro fh{i)tpﬁefﬂ edges o

the gate. This etch is perforne pol nt owed by an

overetch og?at&gnﬁ,\ﬁ@pa gﬁb?f’&ist&r%ethﬁo i %ﬁyeiﬁgESn g?ﬁ%flepﬂle eh% S»E‘ Ehé%gsl%iné gar}gr\sl eids by

conventi ona ef erring now t'o rocess inu

convent Lok LB bRl B b g oL oV o5, 0ate

undesirable depletion effects.

Referring now to Fig. 5, the amorphized polysilicon area 26 not covered by. the
masking layer 16 is removed by an anisotropic dry etch leaving a small area of
amorphized polysilicon 30 along the edges of the gate. This etch is performed with an
endpoint detection followed by an overetch of between about 10 to 150%. | The masking
layer 16 is removed by conventional means.

Referring now to Fig. 6, processing continues as is conventional in the art. If as
illustrated in the diawing figures, gate electrodes have been fabricated by the process of
the invention, source and drain regions 32 may be formed, interlevel dielectric 34
deposited and electrical contacts (not shown) completed, as is conventional.

The present invention provides a process for lithography, implanf and etching
which supporfs the creation of gate electrodes having smooth sidewalls. The gate layer is

amorphized where it is not covered by the gate electrode mask. Because of lateral

diffusion, the amorphized area extends partly under the gate mask. Thus, the amorphized



t he invention, source and drain regions 32 may be formed, interlevel
dielectric 34 deposited and el ectrical contacts (not shown) conpleteg, B 204
‘is conventional. The present” invention provides a process for |ithography,

i npl ant and etching which supports the creation of gate el ectrodes having
snooth sidewalls. The gate layer is anorphized where it is not covered by
the gate el ectrode mask. Because of lateral diffusion, the anorphized area
ext ends parelyyiliperdie etchéxbregting messioothBidesvalls. Héoveaven, piobstzad theteaRiconip@s@004
polysilicon is etched resulting in snmooth sidewalls. However, nost of the

gat e conpr ineaamorphived polyghconeshipioloes inbf suffer dspletibn effeess. not suffer depl etion
effects. While the invention has been particularly shown and described with

reference to t kiR @idreidn @IReh pREibEalRbRAbnd ddscibedlwibierefendhee &t ood by
those skilled in the art that various changes in formand details nay be

nmade W t hoyke eLaEd EMBodihem ihe@oﬁ,pcimtbe%ﬂslers@&dﬁgﬁh&% ski@d inyeRtan. 7 2 4

AUG 2004 Caims 1. A nethod of formng a smooth edged polysilicon gate in
an i nt egr at,gghus Chdrztd i ERY hifcPaeRRI Ry Bl Rhde @E}H&dt%ﬁ&ir?g 196th e%%rlgﬁn& ayer over

the surface of a sem conductor substrate,; epositing a po icon | ayer

over | ying. sajod o8@k Sniiiisle | aver:



depositing a nmasking | ayer over said polysilicon |ayer; patterning said
masking | ayer to | eave a mask overlying a region where said gate 1is
formed; ion inplanting said polysilicon |layer in portions not coveéedlgf 004
said mask thereby anorphizing said polysilicon |ayer not covered % 3
mask and anor phizing a portion of said polysilicon |ayer covered by said
mask by lateral diffusion of said ions; and etching away said polysilicon
| ayer not covered by said nmask to formsaid polysilicon gate having a
snoot h region of said anorphized polyysids con | ayer along edges of said
polysilicon gate to conplete formati on of said snooth edged polysilicon
gate conpleting fabrication of said integrated circuit device. 2. The

met hod according to claim 1l wherein said polysilicon |ayer is deposited to

a thickness of between, about 800 to 5000, Angstr.ons. 3.. The method according
fo ol al m 2 vhdr of nAdropS GErmReshopd et Byt fuein T BB ger nani um
8 2 4 AU G 2004.4. The nethod according to claim1l wherein said ions
i npl ant e§TFHE 6V G™PREISsi | i con | ayer are silicon with a dosage of between
about 8E14 to 5E15 atoms/cnR and energy varied between about 30 to 120 keV
wherein sai d SHEIHYS p sitePxids laygy e &y syFfaeanite sepironppciyreebs@icdept h covers
the entire thickness of said polysilicon layer. 5. The nmethod according to
cl ai m 1 wher edepcsting aipolwsilicop lant exctrlymgoaiiagatt oxide layer;
depositing a masking layer over said polysilicon layer;
patterning said masking layer to leave a mask overlying a region where said gate
is formed,;
ion implanting said polysilicon layer in portions not covered by said mask thereby
amorphizing said polysilicon layer not covered by said mask and amorphizing a portion
of said polysilicon layer covered by said mask by lateral diffusion of said ions; and
etching away said polysilicon layer not covered by said mask to form said
polysilicon gate having a smooth region of said amorphized polysilicon layer along edges

of said polysilicon gate to complete formation of said smooth edged polysilicon gate

completing fabrication of said integrated circuit device.

2. The method according to claim 1 wherein said polysilicon layer is

deposited to a thickness of between about 800 to 5000 Angstroms.

3. The method according to claim 2 wherein said polysilicon layer comprises

polysilicon germanium.



polysilicon |ayer are germaniumw th a dosage of between about 5E14 to 5E15
atons/ cn2 and energy varied between about 50 to 270 keV wherein said energy
| evel is adjusted so that the projected depth covers the entire try',tchggs%m
of said polysilicon layer. 6. The nethod according to claim1l whereln sai
ions inplanted into said polysilicon |ayer conprise one of the group
containing silicon, germanium phosphorous, boron and BF2 with a dosage of
bet ween about 5E 14 to 5E 15 atons/cnR and energy varied between about 30

to 270 keV whar ei nTHakRiRAKEDHding Y& blain | JBEHF S5 s frﬁ]?ﬁntéd"iﬁto RlQ] ect ed
depth covers the entire thickness of said polysilicon’layer. 7. The nethod

accor di ngol Rifeb Rl la MRS @itggidssaga SPo@lveSt HILOE O gﬁgg atgRRlc¥S lahd con

| ayer is'p or e an endpol n ection an overetch of

bet 1 1500 8. The pet ding to claiml wherein said
oat o oni abokBRed @udibell 30 P SRR T Sl Bl R W oS T o o

wet oxidation, w a NH4 /N20 9 24 AUG 2004 anneal at a tenperature of
bet ween atolfIey %Iaf’]?}h%ﬁ‘@ thg e tl?ﬁb‘@%?é%%fo%igd RLYsHisoR [abut 10 to 150
Angstrons. 9. The nmethod according to claim1 wherein said gate oxide |ayer
is conposed of silicon oxide deposited or growmn by RTO at a tenperature of
bet ween about 400 to 1000C to a thickness of between about 10 to 150
Angstrons. 105. A ndbhowthefl abendingép daisnduhhresdgetioppinydidtédiot gt e i n an
i nt egrated

polysilicon layer are germanium with a dosage of between about 5E14 to 5E15

atoms/cm’ and energy varied between about 50 to 270 keV wherein said energy level is

adjusted so that the projected depth covers the entire thickness of said polysilicon layer.

6. The method according to claim 1 wherein said ions implanted into said
polysilicon layer comprise one of the group containing silicon, germanium, phosphorous,
boron and BF, with a dosage of between about 5814 to 5E15 atoms/cm’ and energy
varied between about 30 to 270 keV wherein said energy level is adjusted so that the

projected depth covers the entire thickness of said polysilicon layer.

7. The method according to claim 1 wherein said step of etching of said
polysilicon layer is performed with an endpoint detection followed by an overetch of

between about 10 to 150%.

8. The method according to claim 1 wherein said gate oxide layer is

composed of silicon oxide deposited by dry or partial wet oxidation with a NHg /N,O



circuit device conprising: providing a gate oxide |ayer over the surface of
a sem conductor substrate; depositing a polysilicon |ayer overlying said

gate oxide |layer; depositing a masking |ayer over said polysilicon éfy%r;
patterning said nmasking | ayer to | eave a mask overlying a region @ gaﬂ@&
gate is forned; ion inplanting said polysilicon layer in at |east two
steps with increasing energy levels in portions not covered by said mask

t her eby anorphi zing said polysilicon |ayer not covered by said mask and

by : ( ! n| : Ch
anor phi Z'aﬂﬂea@ameﬁlg?ﬂttﬂé oﬁﬁe&e&%‘gﬁgﬂ %doqgI@%%o%gt%y»[ﬁ@%%?gfﬁwﬁ%&tm y

| ateral diffusion sal d 1ons; etc icon | ayer not

cover ed q%té?ﬁﬁAH%&% t0 formsaid polysilicon gate having a snooth region
of said anor phi zed pol'ysilicon |ayer along the edges of said polysilicon

gate to conplete formati on of said snooth edged polysilicon gate in the
fabrication of said integrated circuit device. 10 .24 AUG 21 4 11. The
met hod according to claim10 wherein said polysilicon |ayer is deposited to
a thi ckness of- bet kbemeavgsecading toclaion b whgtsst saisheate axide fyer ifret hod
according to claim 11 wherein said polysilicon |ayer conprises polysilicon
ger mani ursPmpgsed phsiligen prode derositadi grawn oy RITM 210 tevhperatine of etoveemalpoui npl ant ed
into said

400 to 1000°C to a thickness of between about 10 to 150 Angstroms.

10. A method of forming a smooth edged polysilicon gate in an integrated
circuit device comprising:

pfoviding a gate oxide layer over the surface of a semiconductor substrate;

depositing a polysilicon layer overlying said gate oxide layer;

depositing a masking layer over said polysilicon layer;

patterning said masking layer to leave a mask overlying a region where said gate
is formed;

ion implanting said polysilicon layer in at least two steps with increasing energy
levels in portions not covered by said mask thereby amorphizing said polysilicon layer
not covered by said mask and amorphizing a portion of said polysilicon layer covered by
said mask by lateral diffusion of said ions; and

etching away said polysilicon layer not covered by said mask to form said
polysilicon gate having a smooth region of said amorphized polysilicon layer along the
edges of said polysilicon gate to complete formation of said smooth edged polysilicon

gate in the fabrication of said integrated circuit device.

10



polysilicon layer are silicon with a dosage of between about 8E1l4 to 5E15
atons/cn2 and energy varied between about 30 to 120 keV wherein said
energy level is adjusted so that the projected depth covers t@ﬁbﬁgghﬂ@

t hi ckness of the polysilicon layer. 14. The nethod according t alm 10
wherein said ions inplanted into said polysilicon |ayer are germaniumw th
a dosage of between about 5E14 to 5E15 atons/cn2 and energy varied between
about 50 to 270 keV wherein said energy level is adjusted so that the

' dd b [ ihicon | . 15.
brof ect ed ISP, COXRE el £k DUSK 6 3Rl ANGRRN bieep | aver
p0|yS|lIQE%b$£%§¥a&£ﬂHé%%ﬁaaﬁﬁ?ﬁ%m£$§mﬁ%gﬂg?%%g%alnlng silicon, germani um

phosphor ous, oron an a dosa h about 5E14 to 5E15
atons/cn2 and energy varied between about 30 to 270 keV wherein said
energy level is adjusted so that the projected depth covers the entire
t hi ckness of the polysilicon layer. 11 2 4 AUG 2004 16. The net hod
according to dPai mIhomsHedersrdiag o deigpl bvhaemsnidpobsilisan dayepol ysi | i con
| ayer is performed with an endpoint detection followed by an overetch of
bet ween &bwptises@olysilitgogermbZivmA met hod of forming a smooth edged
polysilicon gate in an integrated circuit device conprising: providing a
gate oxide |l ayer over the surface of a sem conductor substrate; depositing
a polysilicon |ayer overlying said gate oxide |ayer;
13.  The method according to claim 10 wherein said ions implanted into said
polysilicon layer are silicon with a dosage of between about 8E14 to 5E15 atoms/cm® and
energy varied between about 30 to 120 keV wherein said energy level is adjusted so that

the projected depth covers the entire thickness of the polysilicon layer.

14, The method according to claim 10 wherein said ions implanted into said
polysilicon layer are germanium with a dosage of between about 5SE14 to 5E15
atoms/cm’ and energy varied between about 50 to 270 keV wherein said energy level is

adjusted so that the projected depth covers the entire thickness of the polysilicon layer.

15.  The method according to claim 10 wherein said ions implanted into said
polysilicon layer comprise one of the group containing silicon, germanium, phosphorous,
boron and BF, with a dosage of between about 5E14 to 5E15 atoms/cm? and energy
varied between about 30 to 270 keV wherein said energy level is adjusted so that the

projected depth covers the entire thickness of the polysilicon layer.
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depositing a masking | ayer over said polysilicon |ayer; patterning said
masking | ayer to | eave a mask overlying a region where said gate 1is

formed; ion inplanting said polysilicon |layer in portions not coverged b&
said mask wherein said ions are inplanted at a first energy |evel 2 AUG 2004
bet ween about 30 to 50 keV, a second energy |evel of between about 60 to
80 keV, and a third energy |level of between about 90 to 120 keV, thereby
anor phi zing said polysilicon | ayer not covered by said nask and

PP 2! 00, 2ot TR oAl bR 12 ki A whBYE e LN S e flg RO KB

| ateral diffusion of said 1ons; siicon | ayer
not cover g, v sald mask to.formsaid . L ysili.con te havin snoot h
regi on of o Al %0%%3?rp1 F.P%TEW“SSW‘G ink 8?101}“2(%5%’%8? t‘fiﬁwﬁﬁ gy a%a&‘:éfgtcgf’?s ai d
polysilico ate to_complete formati on of said snmooth edged polysilicon
gate in t gwgﬁﬁﬁﬂﬁiPPb (8§ said integrated circuit device. 12 2 4 AUG 2004
18. The nmethod according to claim 17 wherein said polysilicon |ayer is
deposited to a thickness of between about 800 to 5000 Angstronms. 19. The
met hod according to claim 18 wherein said polysilicon |ayer conprises
pol ysi | i con gérmaniAunethodof foheingetshwdthasized dolnglican gakainmm imegmtedei n sai d
ions inplanted into said polysilicon |ayer are silicon at a dosage of
bet ween afrouit d8&k4Aotrprising5 at ons/ cnf.
providing a gate oxide layer over the surface of a semiconducfor substrate;
depositing a polysilicon layer overlying said gate oxide layer;
depositing a masking layer over said polysilicon layer;
patterning said masking layer to leave a mask overlying a region where said gate
is formed;
ion implanting said polysilicon layer in portions not covered by said mask
wherein said ions are implanted at a first energy level of between about 30 to 50 keV, a
second energy level of between about 60 to 80 keV, and a third energy level of between
about 90 to 120 keV, thereby amorphizing said polysilicon layer not covered by said
mask and amorphizing a portion of said polysilicon layer covered by said mask by lateral
diffusion of said ions; and
etching away said polysilicon layer not covered by said mask to form said
polysilicon gate having a smooth region of said amorphized polysilicon layer along the

edges of said polysilicon gate to complete formation of said smooth edged polysilicon

gate in the fabrication of said integrated circuit device.
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21. The nmethod according to claim17 wherein said ions inplanted into said
polysilicon | ayer are germani um at a dosage of between about 5E14 to 5E15
atons/cnR. 22. The nethod according to claim 17 wherein said ions inﬁhgnted
into said polysilicon | ayer conprise one of the group containi ng &t PPN
germani um phosphorous, boron and BF2. 23. The nethod according to claim
17 wherein said step of etching of said polysilicon |ayer is perforned

wi th an endpoi nt detection foll owed by an overetch of between about 10 to

150% 13 18.  The method according to claim 17 wherein said polysilicon layer is

deposited to a thickness of between about 800 to 5000 Angstroms.

19.  The method according to claim 18 wherein said polysilicon layer

comprises polysilicon germanium.

20.  The method according to claim 17 wherein said ions implanted into said

polysilicon layer are silicon at a dosage of between about 8E14 to 5E15 atoms/cm’.

21.  The method according to claim 17 wherein said ions implanted into said

polysilicon layer are germanium at a dosage of between about 5SE14 to 5E15 atoms/cm®.,

22.  The method according to claim 17 wherein said ions implanted into said
polysilicon layer comprise one of the group containing silicon, germanium, phosphorous,

boron and BJ;.

23.  The method according to claim 17 wherein said step of etching of said
polysilicon layer is performed with an endpoint detection followed by an overetch of

between about 10 10 150%.
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