S| DEWALL POLYMER ON POLYCI DE GATE FOR LDD STRUCTURE BACKGROUND OF THE

| NVENTION (1) Field of the.lnvention The invention relates to, ﬁﬂﬁ 393
fabrication of integrated circuit devices, and nore particul arl'y, ?o a

nmet hod of inproved LDD structure in the fabrication of integratfetf G&clits.
(2) Description of the Prior Art A typical LDD (lightly doped source and
drain) structure is forned by an LDD nmask i nplant foll owed by spacer oxide
deposition and etching and then a souwde~drain nask inplant. As devices
shrink to the quarter mcron regime, the spacer oxi de becones thinner.
There is a |int RIDEWALS POEYMBRCON RPRLYEIDRRE IR FOR AR9 STRHCAYREr ocess at
such smal |l feature sizes, leading to controllability and repeatability
problens. U S. Patent 4,994,404 to Sheng et al show the use of a deposited

pol yneric spacer. U S. Patent 5. 032 .5 110 et al teach a nethod of
formng first the N+ regioﬁAﬁﬁﬁhpﬂgn %ﬁe*#éliﬁﬁﬁéiEon

(1) Field of the.Invention

The invention relates to the fabrication of
integrated circuit devices, and more particularly, to a
method of improved LDD structure in the fabrication of

integrated circuits.

(2) Description of the Prior Art

A typical LDD (i;ghtly doped source and drain)
structure is formed by an LDD mask implant followed by spacer
oxide deposition and etching and then a source/drain mask
-implant. As devices shrink to&thq quarter micron regime, the
spacer oxide becomes thinner. There is a limitation to the
spacer oxide deposition and etching process at such small
feature éizes, leading to controllability and repeatability

problems. .

U.S. Patent 4,994,404 to Sheng et al show the
use of a deposited polymeric spacer. U.S. Patent 5,032,535
to Kamijo et al teach a method of forming first the N+ region

and then the N- region.



-2- "SUVMMARY OF THE | NVENTI ON A princi pal object of the present invention is
to provide an effective and very manufacturable nethod of- form ng an LDD
structure. A further object of the invention is to provide a controllable
and reliable nethod of formng an LDD structure with a feature size in the
guarter mcron range. Yet another object is to provide a nethod of formng
an LDD structure using a polyneric spac?r on a polysilicon gate._ Yet

anot her object is to provide a nmethod of Tornming an LDD structure using
a-polynmeric spacer on a polycide gate. |In accordance with the objects of

this invention a method for FEMMPARY QR THH BYYERYTIP® using a pol ymeric

spacer on a polysilicon or a polycide gate is

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

forming an LDD structure.

A further object of the invention is to
provide a controllable and reliable method of forming an LDD

structure with a feature size in the quarter micron range.

Yet another object is to provide a method of
forming an LDD structure using a polymeric spacer on a
polysilicon gate.

-

Yet another object is to provide a method of

forming an LDD structure using a.polymeric spacer on a

polycide gate.

In accordance with the objects of this
invention a method for forming an LDD structure using a
polymeric spacer on a polysilicon or a polycide gate is
achieved. A layer of gate silicon oxide is provided over the
surface of a semiconductor substrate. A polysilicon or
polycide layer is provided overlying the gate silicon oxide

layer. The polysilicon or polycide layer is covered with a



achieved. A layer of gate silicon oxide is provided over the surface of a
sem conduct or substrate. A polysilicon or polycide |layer is provided
overlying the gate silicon oxide |layer. The polysilicon or polycide |ayer
Is covered with a -3- photoresist layer which is patterned to forma
mask. The polysilicon or polycide layer is etched away where it is not
covered by the mask to formgate el ect gades whereby a polymer is forned on

the sidewal pho@brddiestrond,andirila qat 9ae£e£ﬁé@d€§ £654h S h4¥8. ard npl ant ed
into the sem conductor substrate not covered by the mask and the polyner to

f or m sour cepahyis il Hiedn rexgipylsrcidec 1pgey nes avcheBsxway evier® vietl . i Serand
lons are inplanted into the sem conductor substrate whereby |ightly doped
source and devéred doy ctise anaskK donfdrmi ghte éhecteodesnheteby s ltlvatesr
whi ch was covered by the polynmer conpleting the formation of a lightly
doped sour ckS afermedion sthe @idewaldst p€ therpaski and othergats egr at ed

electrodes. First ions are implanted into the semiconductor
substrate not covered by the mask and the polymer to form
scurce and drain regions. The polymer and ﬁask are removed.
Second ions are implanted into the semiconductor substrate
whereby lightly doped source and drain regions are formed
within the semiconductor substrate which was covered by the
polymer completing the formation of a lightly doped source
and drain structure in the fabrication of an integrated

circuit device.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a

material part of this description, there is shown:

Figs. 1 through 6 schematically illustrate in
cross-sectional representation a preferred embodiment of the

present invention.

Figs. 3A and 3B schematically illustrate in

cross-sectional representation alternate polymer formation



circuit device. BRI EF DESCRI PTI ON OF THE DRAW NGS I n the acconpanyi ng
drawings formng a material part of this description, there is shown: Figs.
1 through 6 schematically illustrate in cross-sectional representation a
preferred enbodi nrent of the present invention. Figs. 3A and 3B
schenaticalhé Lllustrate I n cross-sectignal representation alternate

pol yner for tP8AS- - 4- nethods. DESCRI PTION OF THE PREFERRED EMBODI MENTS
Referring now nore particularly to Fig. 1, there is shown an illustration
of the N channel portion of a partially conpleted, CMOS netal oxide field

ety ansistor VBESdRAPfof 0P G0 prekaReEB EBBH AR SUDS rat e 10 Ts

preferably conposed I'con havi ng

Referring now more particularly to Fig. 1,
there is shown an illustraﬁion of the N channel portion of a
partially completed, CMOS metal oxide field effect transistor
(MOSFET) and capacitor. The semiconductor suﬁstrate 10 is
preferably composed of silicon having a (100)
crystallographic orientation. 1In an effort to simplify the
description and the drawings the dielectric isolation between
devices has been only partially shown and will not be
described in detail, because they are conventional. For
example, Field OXide regions 12 are formed in and on the
semiconductor substrate. Then semiconductor devices can be
provided in the silicon mesas aecording to the following

processes.

The surface of the silicon substrate 10 is
thermally oxidized to form the desired gate oxide 14
thickness. The preferred thickness is between about 50 to

125 Angstroms.

A polysilicon layer 16 is deposited by low

pressure chemical wvapor deposition (LPCVD) to a thickness



crystall ographic orientation. In an effort to sinplify the description and
the draw ngs the dielectric isolation between devices has been only
partially showmn and will not be described in detail, because they are
conventional. For exanple, Field OXide regions 12 are fornmed in and on the
sem conduct or substrate. Then sem conductor devices can be provided in the
silicon nesas according to the foll ow ng processes. The surface of the
silicon substrate 10 is thermally oxidiZed to formthe desired gate oxide
14 thickness. The preferred thickness is between about 50 to 125 Angstrons.
A pol ysi | i @8nbetyesn 1@pqut EHHEsiticed58) PBIFpFamSUr ALMRTAE Ve o2
deposi tion g#PCMS% #o a thickness -5- _of _bet ween_about 25Q$ tflf%% 0
Angst r ons. PAFYETfGt 13835, 1% toamed B ASHRPLFLNY of b EY W B HI WG T ayer
of p0|ys'|b§oﬂPCVD to a thickness of between about 1400 to 2000

Angstroms, followed by a layer of tungsten silicide deposited

by chemical vapor deposition (CVD) to a thickness of between

about 1200 to 1700 Angstroms, topped with a layer of

polysilicon deposited by LPCVD to a thickness of between

about 450 to 650 Angstroms for a total layer 16 thickness of

between about 3050 to 4350 Angstroms.

A layer df photoresist is coated over the
polysilicon or polycide layer 16 and patterned as is
conventional in the art to form a photoresist mask 18 where
gate electrodes and/or interconnecting lines are to be

formed.

. -
-

The key prgcess of the invention is the
formation of an in-situ gate polymer on the gate sidewalls to
eliminate the need for a spacer oxide deposition and etching.
Referring now to Fig. 2, polysilicon or polycide layer 16 is
etched away where it is not cévered by the mask 18 to form a
gate electrode. The in-situ polymer deposit can be achieved

by a variety of methods.



by LPCVD to a thickness of between about 1400 to 2000 Angstroms, foll owed
by a | ayer of tungsten silicide deposited by chem cal vapor deposition
(CVD) to a thickness of between about 1200 to 1700 Angstrons, topped with a
| ayer of polysilicon deposited by LPCVD to a thickness of between about 450
to 650 Angstronms for a total l|layer 16 thickness of between about 3050 to
4350 Angstrons. - A | ayer of photoresiSt®is coated over the polysilicon or

pho or esi st mask 16, wABReMGRREFEctd JHE kI BineleaR, &EE A3sk s

phot oresi st mask 18 es and erconnecting l'ines are

to be f&fé?&ch&*ﬁ%ﬁ'éft%g%&‘c%ﬁé gété NerdiMEN! | Ghd §illl& HAEFRLIEORRR! an

in-situ gate p n the gale sidewalls to elimnate the need for a

spacer exdrihg GO %gﬁﬂﬂregﬁhé NGt cifbd it W usAnk For2, polysilicon
or polycide |layer 16 is etched away where it is not covered by the nmask 18
to for rexangzliee, @Gt cad@BrTheri thei likeol Ywerime s tovexetohiaghi eved by a

vari ety of nethods. :
step, HBr is flowed at the rate of between about 50 to 200
scem, O= is flowed at between about 1 to 8 sccm under a low
pressure of between about 5 to 10 mTorr and a low bottom
power of less than about 150 watts. The HBr can be used at
the overetching step to serve both the overetching and the
polymer buildup function. Alternately, after the overetch is
finished, the HBr and 0= flow can be tuned so that the
polymer buildup is the only function performed. When the O=

flow is greater than 5 sccm, the etchiné process will be

stopped and the polymer will build up.

Another method of achieving the in-situ -
polymer deposit is to use hyd;ocarbon compounds to form the
polymer. After the etching and overetching is complete,
hydrocarbon compounds are added. Unsaturated hydrocarbons
such as éropene, styrene, methyl methacrylate, and the like
can be used. Preferably, methyl methacrylate or propene are
used. A trace amount of Cle is generated by Clz plasma or an
organic radical R+ is generated under plasma conditions to

form the followiﬁg polymers:



-6- One nethod is to use HBr-02 plasma at the |ast overetching step of the
gate etching. The first part of the etching is the regular gate etching
process, using for exanple, CCl4 or HBr, or the like. During the
overetching step, HBr is flowed at the rate of between about 50 to 200
sccm 02 is flowed at between about T {5 8 sccm under a | ow pressure of

bet ween about 5 to 10 niTd@Plnd a | ow bottom power of |ess than about 150
watts. The HBrdgqﬂ%be sed at the overe%c&ing step to serve both the
over et chi ng and™¥ °iﬁ#§ﬂ%r bui | dup funcPi8RETAl ternately, after the
overetch is finished, the HBrlgngnpz fl.gw can be tuned so that the pol yner
buil dup is the only function pgy.fornmed. en the 02 flowis greater than 5
sccm the etchigg,®focass, W ll_he stqqughangngh?_golyner will build up.
Anot her net hod of achieving the in-situ polynmer deposit is to use

hydr ocar bon conpounds to formthg .p@ynmer. AtbecuLhe etching and

overetching is conplete, R- l
H2C = C - CO2CHz ----> =[-H2C-C-~]-n
l l

CHs CHa

The in-situ polymer formation is illustrated
in Figs. 3A and 3B. Note that both Figs. 2 and 33 illustrate

the polycide etching step during which the polymer is formed.

In Fig. 3A, the polymer is formed during the
overetching step according to the first method described
hereinabove. Layers 20 and 22 rgﬁresent the cumulative
formation of polymer on the sidewalls of the gafe electrode

-~

and the photoresist 18.

In Fig. 3B, the polymer is formed by the
addition of hydrocarbons. Layers 20 and 22 are different
types of polymer formed on the sidewalls of the gate
electrode and the photoresist 18 and on the surface of the

semiconductor substrate.



hydr ocar bon conpounds are added. Unsaturated hydrocarbons such as propene,
styrene, nethyl nethacrylate, and the |i ke can be used. Preferably, nethyl
nmet hacryl ate or propene are used. A trace anmount of Cl[err] is generated by
Cz plasma or an organic radical Rl err] is generated under plasm
conditions to formthe foll ow ng pol yners: The in-situ polynmer formation
is illustrated in Figs. 3A and 3B. Note jhat both Figs. 2 and 3Aillustrate
t he pol ycide etching step during which the polymer is fornmed. In Fig. 3A
the polymer is forned Heitrraaste WrdzonERLlnghickpess cof drng BOLYPRE i r st

met hod sgLi bed herej nabove. Layers 20 angd 22 represent the cunul ative

for ati G- 0F B1 GREr SHACHRLLS (bR o3¢ Lhe L5aPECREREL FBIR ST he

hot hat 218..1n Fig. 3B, th I is_f d.by th diti f
hydr ocaPBonB SSEEGRE s SRS, MRS SRITPEPEnH=PIReS BPoBofYfer formed on

the Sid%ﬂ@&&éa@&oﬁpebgéi§hould be no more than about 2000 Angstroms.

The source/drain structure of the MOSFET may
now be formed. Figs. 1 through 6 show only the N channel
MOSFET portion of a CMOS integrated circuit device. It is
well understood by those skilled in the art that the P
channel portion can be formed by simply substituting opposite

polarities to those given for the N channel embodiment.

Referring now to Fig. 4, the LDD source/drain
regions are formed by the ion implantation of N+ ions 23,
such as phospporus or arsenic to §prm the heavily doped
regions 24, as shown in Fig. 4. -The polymer sidewalls 20,22
and the photoresist mask 18 act as a mask for the ion
implantation. For example, arsenic ioﬁs are implanfed at a
dosage of between about 1 E 15 to 1 E 18 atoms/cm® at an
energy of between about 50 to 90 KeV. Or, phosphorus ions
could be implanted at fhe same dosage, but at an energy of
between about 30 to 80 KeV. The preferred dopant
concentration for these regions 24 is between about 1 E 19 to

1 E 22 atoms/cm3.



el ectrode and the photoresist 18 and on the surface of the sem conductor
substrate. -8- The target horizontal thickness of the polyner 20,22 on
the sidewalls of the gate 16 is greater than about 500 Angstrons. The

maxi mum t hi ckness depends upon the application, but should be no nore than
about 2000 Angstroms. The source/drain gtructure of the MOSFET may now be

formed. Figs. 1 through 6 w QRrly C T,portian of
integrated circuit device. "%ﬂe Fﬁgmgg Q?%%§$%£st$§;§élﬁﬁﬁl(ﬁTQW?
art that thehdy cheannsd Moweqnaq%gbmmreﬁd Pilo 6@&&@. Ui?st id W .%9

nne eferring

opposite polarities to those given for the N cha ment .
now to Fi g.photatemsidiD sanippfindr pirdcesgesDS BRI Lefod &Ly bytﬁ&ﬁpdl%er

i npl antation of N+ ions 23, such as phosphorus or arsenic to formthe
heavi | y dopttRevwal s scav bensegiored,i foFi gxariple THey pat Yomfarsi ol @dvient20, 22
such as EKC 265 at an elevated temperature of between about
60 to 100 °C or by a NH<OH/H202 dip at an elevated
temperature of between about 40 to 80 °C. This may be a

megasonic dip.

If the photoresist has not already been
removed, it is removed now such as by oxygen ashing in plasma
or by a hot sulfuric peroxide, for example at between about

80 to 100 =C for between about 5 to 10 minutes.

Referring now to F{g. 5, the lightly doped
drain (LDD) N- regions are ion i;planted 25. For example,
arsenic ions are implanted at a dosage of between about 1 E
12 to 1 E 14 atoms/cm® at-‘an energy of between about 50 to 90
KeV. Or, phosphorus lons could be implanted at the same
dosage, but at an energy of between about 30 to 80 KeV. The
typical dopant concentration for the regions 26 is P31 at

between about 1 E 17 to 1 E 19 atoms/cm>,

This completes the formation of the LDD

structure. The integrated circuit device is completed as is



and -t he photoresist mask 18 act as a mask for the ion inplantation. For
-exanple, arsenic ions are inplanted at a dosage of between about 1 E 15 to
1 E 18 atons/cnez at an energy of between about 50 to 90 KeV. O, phosphorus
ions could be inplanted at the sane dosage, but at an energy of between
about 30 to 80 KeV. The preferred dopant concentration for these regions 24
Is between about 1 E 19 to 1 E 22 atoqﬁgcnﬁ. -9- Next, the polyner
sidewal | s 20,22 are renoved. They can “renpved alonﬁymﬁth t he, phot or esi st

18 in someCPRYPBFESRAY &R ¥l dF pr JOFs SESTPARY ePRat LI YSTERESHOTY riErd -

265 ai an EFodavENST BNpelRYer i badneRt Ao O OB ths "Suberte (e W by &

NHOH Hier etk Podhe 80 AL (T Radl! ER-BLoRotNE TnabRML 4D Lo B0
layer to the underlying semiconductor devices, such as to a
source/draih region 24. A metal layer 30 is deposited and
patterned to form electrical connections between the elements

of the integrated circuit. A passivation layer 32 completes

the fabrication of the integrated circuit device.

The process of the invention provides an. in-
situ polymer sidewall which acts as an implantation mask in
the formation of an LDD structure. This in-situ polymer
sidewall eliminates the need for a spacer oxide deposition
and etching, thus providing a reliable, controllable and
repeatable process especially suited for quarter micron

feature sizes.

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
made without departing from the spirit and scope of the

invention.

Wwhat is claimed is:



| f the photoresist has not already been renoved, it is renmoved now such as
by oxygen ashing in plasma or by a hot sul furic peroxide, for exanple at

‘bet ween about

nowto Fig. 5,

80 to 100 [err]C for between about 5 to 10 m nutes. Referring
the lightly doped drain (LDD) N- regions are ion inplanted

25. For exanple, ‘arsenic ions are inplanted at a dosage of between about 1
E 12 to 1 E 14 atons/cnferr] at an ené*gy of between about 50 to 90 KeV.

O, phosphor usa imdtshaD Wi fadridpkangedn aintdgrsoat ciasage duviod an energy
of between about 30 to 80 KeV. The typical dopant concentration for the
regi ons 26 cempBisiigdbet ween about 1 E 17 to 1 E 19 atons/cnB. This

conpl etes the

formati on of the LDD structure. The integrated circuit device

is conpleted as Providinm.a dayeaneiofarei fllieonrexidpowsamigie, as

|IIustrated |n Fi

t he

|nsulat|n Iay

is de osited over the surface of
rfac otﬁa semlcond 'gr P

2
subs

providing a gate conducting layer overlying said

gate silicon oxide layer;

covering said gate conducting layer with a

photoresist layef and patterning said photoresist layer

to

form a mask;

etching away said gate conducting layer where it is

not covered by said mask to form gate electrodes whereby

a polymer is formed on the sidewalls of said mask and

said gate electrodes;

implanting first ions into said semiconductor

substrate not covered by said mask and said polymer to

form source and drain regions;

-~

removing said polymer and said mask;

implanting second ions into said semiconductor

substrate whereby lightly doped source and drain regions

are formed within said semiconductor substrate which was

covered by said polymer;

depositing an insulating layer over the surface of

said substrate;

etching an opening through said insulating layer to

one of said source and drain regions;

R A



substrate. Contact openings are made through the insulating
-under | yi ng sem conduct or devi ces, such as to a source/drain
netal layer 30 is deposited and patterned to formelectrical

| ayer to the
region 24. A
connecti ons

between the elenents of the integrated circuit. A passivation |ayer 32

conpletes the fabrication of the integrated circuit device.

The process of

the invention provides an-in- situ pelsgrer sidewall which acts as an
i npl antati on nasg in the formati.on o trUfture. This in-situ

pol ymer si dewal |

f LDD
POT RS (ROIREEAnFoP2RE SYEF

53U ¥ePosi ti on and

etching, th | di el @y :C0 I n rocess
especially gﬁlsgﬁégﬂlgé ng?ger{ :Ard%wéﬁgrziﬁf g%ﬁ-gréﬁ‘%lg{ég %?ﬁ%%ﬁent I on has
been particyghag! ; #RsCidohgdevihy £REE i bl Pr red
enbodi nment s thgrggﬁ@%n\?\n&ﬁ be undgr éet ood by tﬁgggfg%(ieﬁegofi)nﬁt:ﬁ{e art that

vari ous chanfgeggraté@r & paditiedediilce.may be made wi thout departing fromthe

spirit and scope of the invention. Wiat is clained is:

2. The method according to Claim 1 wherein said gate

silicon oxide layer has a thickness of between about

50 to 150 Angstroms.

3. The method according to Claim 1 wherein said gate

conducting layer is formed by depositing polysilicon by

low pressure chemical vapor deposition to a thickness of

between about 2500 to 4500 Angstroms.

4. The method according to C;gim 1 wherein said gate

conducting layer is formed by the following steps:

depositing a first layer of polysilicon by low

pressure chemical vapor deposition .overlying said gate

silicon oxide layer to a thickness of between about 1400

to 2000 Angstroms;

depositing tungsten silicide by chemical vapor

deposition overlying said first polysilicon layer to a

thickness of between about 1200 to 1700 Angstroms;

and

depositing a second layer of polysilicon by low

pressure chemical vapor deposition overlying said

L



1. A nethod of fabricating an integrated circuit device conprising:
providing a | ayer of gate silicon oxide over the surface of a sem conduct or
substrate; providing a gate conducting |ayer overlying said gate silicon
oxi de layer; covering said gate conducting |layer with a photoresist |ayer
and patterning said photoresist |ayer t-forma mask; etching away said-

gat e conduckligel gXeLs NIET € 1 1ok MY LUNIRINL SO fiRsknl gubot M 0at e

;
el ectrodes y a pol yner n the sidewa salrd nmask and

sai d gate elspt £8d65) AN AU WHd Sl @RS ththd talidkaggkcgaduct or
substrate not covered by said mask and said polyner to form source and
drain regi osaidr gae¥i 86nd&@tELimP| VaiRir ayd beaw@efPalbbout 3050 to

4350 Angstroms.

5. The method according to Claim 1 wherein said etching
away of said gate conducting lgyer comprises flowing HBr
plasma at the rate of between about 50 to 200 sccm and
flowing 02 plasma at a rate of between about 1 to 8 sccm
at a pressure of between about 5 to 10 mTorr wherein
said etcﬁing away of said gate conducting layer is

completed and whereby said polymer is formed.

6. The method according to Claim 1 wherein said etching
away of said gate conducting }ayer comprises:

flowing HBr plasma at Ehe rate of between about 50
to 200 scem and flowing 02 plaéma.at a rate of between
about 1 to 8 sccm at a pressure of between about 5 to 10
mTorr wherein said etching away of said gate conducting
layer is completed; and

flowing HBr plasma at the rate of between about 50
to 200 scem and flowing said 02 plasma at a rate of more

than about 5 sccm whereby said polymer is formed.

* c L M S *



I npl anting second ions into said sem conductor substrate whereby lightly
doped source and drain regions are fornmed within said sem conductor
substrate which was covered by said polyner; depositing an insulating |ayer
over the surface of said substrate; etching an opening through said
insulating | ayer to one of said source and drain regions; 12- depositing
a conducting layer overlying said imd#lating | ayer and within said opening

and patterngn [ ' | efi f hcafl f said
integrated Zf?gﬁ?fﬂﬁ%8?g§£&§ggyﬁ§yﬁét%ggggc%ogg?%gf?o %i%#éﬁﬁ%%rein sai d
gate silicoawayidée é@ﬂ&égi@ oridiictings3apbrbebmgeisedbout 50 to 150 -

Angstrons. 3. The nethod according to Claim1l wherein said gate
etching of said gate conducting layer using a
plasma; and
adding unsaturated hydrocarbons to said plasma

whereby said polymer is formed.

8. The method according to Ciaim 1l wherein said
unsaturated hydrocarbons comprise one of the group

consisting of propene and methyl methacrylate.

9. The method according to Claim 1 wherein said
unsaturated hydrocarbons comprise one of the group

cohsisting of propene, styrene, and methyl methacrylate.

10. The method according to Claim 1 wherein said first
ions are arsenic ions implanted at a dosage of between
about 1 E 15 to 8 E 15 atoms/cm® and an energy of

between about 50 to 90 KeV.

11. The method according to Claim ‘1l wherein said first
ions are phosphorus ions implanted at a dosage of
between about 1 E 15 to 8 E 15 atoms/cm?® and an energy

of between about 30 to 80 KeV.

L]



conducting layer is fornmed by depositing polysilicon by |ow pressure

chem cal vapor deposition to a thickness of between about 2500 to 4500
Angstronms. 4. The method according to Claim1 wherein said gate conducti ng
| ayer is formed by the follow ng steps: depositing a first |ayer of
polysilicon by | ow pressure chem cal wap6r-deposition-overlying said gate

i1 i de. | hi ck f. b
deposi ting  BRookBR EPFRad AETT OIS iAol ABREIE) SRRV NIy TR sai d
first polysi Egﬁoﬁrki‘}{e ?or?stm&é(rfzi? %fntb‘?:BWEQHt?QQEBn1390bé€wégx90

Angst r ons; deposi tTRG- A second r of polysilicon | ow pressure
chemi cal vapgboquQsttigntQVfrﬁygzmhgsﬁgycms CL MS * - 13 -

tungsten silicide layer to a thickness of between about
13. The method according to Claim 1 wherein said polymer
is removed by stripping with a solution of EKC 265 at a

temperature of between about 60 to 100 <C.

14. The method according'to Claim 1 wherein said poiymer
is removed by stripping with a solution of NH4OH/H=20= at

a temperature of between about 40 to 80 <C.

15. The method according to Claim 1 wherein said mask is

removed by oxygen ashing in plasma.

16. The method according to Claim 1 wherein said mask is

removed by hot sulfuric peroxide.

17. The method according to Claim 1 wherein said second
ions are arsenic ions implanted with a dosage of between
about 5 E 12 to 1 E 14 atoms/cmz and an energy of

between about 50 to 90 KeV.

18. The method according to Claim 1 wherein said second

ions are phosphorus ions implanted with a dosage of

HII\II\ |||Il| II||\ |||\I \I ||Il



450 to 650 Angstroms wherein the total thickness of said gate conducting

| ayer i s between about 3050 to 4350 Angstrons. 5. The nethod according to
Claim 1 wherein said etching away of said gate conducting | ayer conprises
flowng HBr plasma at the rate of between about 50 to 200 sccm and fl ow ng
02 plasma at a rate of between about 1 to 8 sccm'at a pressure of between
about 5 to 10 nTorr wherein said eréﬁlng away of said gate conducting | ayer

i s conpl et eBetRdehEbSbY St APUYMEE 12 hebABIcm®. adlcanebheggpccording to
Claim 1 wherein said etching away of said gate conducting | ayer conprises:

fl om ng HBr ofil betweah &beut B3k taf Soetaven about 50 to 200 sccm and fl ow ng
02 plasma at a rate of between about 1 to 8 sccmat a pressure of between
about 5 to 10 niforr wherein said etching away of said gate conducting |ayer
is conpleted;, and flowing HBr plasma at _the rate of between about 50 to 200
sccm and fl &% ngheamethod AeeoRdifg £o &laigr Inwherehansabdulishslym wher eby

said pol yner, is_forned.
poly doped source and drain regions have a dopant

concentration of between about 1 E 17 to 1 E 19

atoms/cm=3.

20. A method of forming a lightly doped source and drain
structure in the fabrication of an integrated circuit
device comprising: |
providing a layer of gate silicon oxide over the
surface of a semiconductor substrate;
providing a polycide layer overlying said gate

silicon oxide layer;

covefing said polycide layer with a photoresist
layer and patterning sai@ photoresist layer to form a
mask;

etching away said polycide layer where it is not
covered by said mask to form gate electrodes whereby a
polymer is formed on the sidewalls of said mask and said
gate electrodes;

implanting first ions into said semiconductor
substrate not covered by said mask and said polymer to

form source and drain regions;
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- 14 - 7. The nethod according to Claim1l wherein said etching away of said
gate conducting | ayer conprises: etching of said gate conducting | ayer
using a plasm; and addi ng unsaturated hydrocarbons to said plasna whereby
said polymer is forned. 8. The method according to Claim1 wherein said
unsat ur at ed hydrocarbons conprise one of _the group consisting of propene
and nethyl nethacrylate. 9. The nethod'&gcbrding to daim1l wherein said
unsat urat ed hydr eemobhing saidrpskymne afd isddgmagk;candi sting of propene,
styrene, and nethyl methacrylate. 10. The method according to Claim1
wherein said firdémpilansingeseacsrdi onprntionsaddt semacoaddetayge of bet ween
about 1 E 15 to 8 E 15 atons/cn2 and an energy of between about 50 to 90
KeV. substrate whereby lightly doped source and drain regions

are formed within said semiconductor substrate which was

covered by said polymer completing the formation of a

lightly doped source and drain structure in the

fabrication of an integrated circuit device.

21. The method according to Claim 20 wherein said gate
silicon oxide layer has a thickness of between about 50

to 125 Angstroms.

22. The method according to Claim 20 wherein said
polycide layer is formed by the following steps:

depositing a first layer of polysilicon by low
pressure chemical vapor deposition overlying said gate
silicon oxide layer to a thickness of between about 1400
to 2000 Angstroms;

depositing tungsten silicide by chemical vapor
deposition overlying said first polysilicon layer to a
thickness of between about 1200 to 1700 Angstroms; and

depositing a second layer of polysilicon by low
pressure chemical vapor deposition overlying said
tungsten silicide layer to a thickness of between about

450 to 650 Angstroms wherein the total thickness of said
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11. The method according to Claim1 wherein said first ions are phosphorus
ions inplanted at a dosage of between about 1 E 15 to 8 E 15 atons/cnferr]
and an energy of between about 30 to 80 KeV. 12. The method according to
Claim 1 wherein said source and drain regions have a dopant concentration
of between about 1 E 19 to 1 E 22 atons/ign8. 13. The nethod according to
Claim1l wherein said polyner is renoved by stripping with a solution of EKC
265 at a t ePpéraideclayeneisdgtwannabemt 30500tpeABsFC. Angstapms net hod
according to Caim1 wherein said polynmer is renoved by stripping with a
sol ution of NH[err]O—l/H[err]O[err] at a tenperature of between about 40 to

80 [err]C {f{ {__g %ﬂaccor (#l mrr?%) erei.n saL mask i s renoved
by oxygen as iy FnRpEae YR ™ A0 P BRAG RSB m 1 wherein
y Y9
sai d mask '%tEﬁqg¥eng¥ QPtsgfﬁfﬂglféﬁﬁg(ygfgi'comprlses flowing
HBr plasma at the rate of between about 50 to 200 sccm
and flowing 02 plasma at a rate of between about 1 to 8
sccm at a pressure of between about 5 to 10 mTorr
wherein said etching away of said polycide layer is

completed and whereby said polymer is formed.

24. The method according to Claim 20 wherein said
etching away of said polycide layer comprises:

flowing HBr plasma at the rate of between about 50
to 200 sccm and flowing 02 plasma at a rate of between
about 1 to 8 scem at a pres§ﬁ;e of between about 5 to 10
mTorr wherein said etching away of said polycide layer
is completed; and ~

thereafter flowing HBr plasma at the rate of
between abdut 50 to 200 sccm and flowing said 02 plasma
at a rate of more than about 5 sccm whereby said polymer

is formed.

25. The method according to Claim 20 wherein said
etching away of said polycide layer comprises:

etching of said polycide layer usiﬁg a plasma; and

L]



17. The method according to Caim1 wherein said second ions are arsenic
lons inplanted with a dosage of between about 5 E 12 to 1 E 14 atons/cn®
and an energy of between about 50 to 90 KeV. 18. The nmethod according to
Claim 1 wherein said second ions are phosphorus ions inplanted with a
dosage of -16 - between about 5 E 12 to 1 E 14 atons/cn2 and an energy
of between about 30 to 80 KeV. 19. Thegnethod according to Claim1l wherein

said lightly doped source and_drain regions ve, a dopant c¢oncentration of
bet ween about 1 @thePStErEaﬁglﬁgoﬂ%??ﬁhfégﬁéuaiaﬁﬁﬂiﬁ§989 %SrﬁFﬁ alightly

doped source_.and drain structure in e, | cation of an integrated
circuit devipcleas@@rrﬁ'?ﬁe feﬁb’: SB%%W%*%‘&% *%%ﬂmﬁ'gat e silicon oxide over the
26. The method according to Claim 20 wherein said

unsaturated hydrocarbons comprise one of the group

consisting of propene and methyl methacrylate.

27. The method according to Claim 20 wherein said
unsaturated hydrocarbons comprise one of the group

consisting of propene, styrene, and methyl methacrylate.

28. The method according to Claim 20 wherein said first
ions are arsenic ions implanted at a dosage of between
about 1 E 15 to 8 E 15 atoms/cm® and an energy of

between about 50 to 90 KeV.-

-

-~

29. The method according.to Claim 20 wherein said source
and drain regions have a dopant concentration of between

about 1 E 19 to 1 E 22 atoms/cm3.
30. The method according to Claim 20 wherein said

polymer is removed by stripping with a solution of EKC

256 at a temperature of between about 60 to 100 <C.
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surface of a sem conductor substrate; providing a polycide |ayer overlying
Said gate silicon oxide |layer; covering said polycide |layer with a

phot oresi st | ayer and patterning said photoresist |layer to forma nask;
etching away said polycide |ayer where it is not covered by said mask to
formgate el ectrodes whereby a pol yrerois forned on the sidewalls of said

mask and sagdl, K 09h€ RLAd UGS rdifRy 2Bt cndihi ROt whepPeih i gal d

sem conduct or substrate not covered by said mask and said polyner to form
source and goaymetefs onémoved by strippingngishi d polyvbsn amfl sai d mask; and
i npl anting second ions into said. sem conductor substrate whereby lightly
doped sour cNHaQH/Hs@: nat em)i oamperature of between about 40 to 80

oc‘

32. The method according to Claim 20 wherein said second
ions are phosphorus ions implanted with a dosage of
between about 5 E 12 to 1 E 14 atoms/cm® and an energy

of between about 30 to 80 KeV.

33. The method according to Claim 20 wherein said
lightly doped source and drain regions have a dopant
concentration of between about 1 E 17 to 1 E 19

atoms/cm=.
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are formed within said sem conductor substrate which was covered by said
pol ynmer conpleting the formation of a lightly doped source and drain
structure in the fabrication of an integrated circuit device. 21. The

met hod according to Caim20 wherein said gate silicon oxide |ayer has a

t hi ckness of between about 50 to 125.AugeronE. 22. The nethod according to
Claim 20 wherein said polycide |a ' C.gormed by the foll ow ng steps:
depositing a first layer of ponS| con-by | ow pressure chem cal vapor

deposi tion overlyi ng, sai -‘-'kaRﬂ Eﬁhpéxh?¥ﬂﬁlhﬂ : !I' kness of
bet ween about 1400 +6—2000 il 1L L

chem cal vapog Qg@ﬁaatg % ﬂquh %@Ddstrﬁ&tuﬁelM§ihg0@np¢¥§mﬂri63 a

t hi ckness of between about 1200 to 1700 Angstrons; and depositing a second
layer of spalessi bhc@npBy L oY @b Ssetiree pollgriidel gaapolsdépssribed. over | yi ng
sai d tungsten SI|ICIde ?ayer to a thickness of between about 450 to 650
Angst r oni agtear @ifn gakke k9latohhoxidresis @royided over the surface of a

semiconductor substrate. A'polys%llcon or polycide layer is
provided overlying the gate silicon oxide layer. The
polysilicon or polycide layer is covered with a photoresisF
layer which is patterned to form a mask; The polysilicon or
polycide layer is etched away where it is not covered by the
mask to form gate electrodes whereby a polymer is formed on
the sidewalls of the mask and the gate electrades. First
ions are implanted into the semiconductor substrate not
covered by the mask and the polymer to form source and drain
regions. The polymer and mask are removed. Second ions are
implanted into the semiconductor substrate whereby lightly
doped source and drain regions are formed within the
semiconductor substrate which was covered by the palymer
completing the formation of a lightly doped souzce and drain

structure in the fabrication of an integrated circuit device.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)



- 18 - polycide layer is between about 3050 to 4350 Angstrons. 23. The

nmet hod according to Caim20 wherein said etching away of said pol ycide

| ayer conprises flowing HBr plasma at the rate of between about 50 to 200
sccmand flowng 02 plasma at a rate of between about 1 to 8 sccmat a
pressure of between about 5 to 10 nmforr wherein said etching away of said
polycide layer is conpleted and whereby said polyner is fornmed. 24. The
met hod according to Caim20 wherein said etching away of said polycide

| ayer conmprises: flowng HBr plasma at the rate of between about 50 to 200
sccmand flowing 02 plasma at a rate qf,between about 1 to 8 sccmat a
pressure of between about 5 to 10 niforr wherein said etching away of said
pol ycide | ayer is conpleted; and thereafter flowi ng HBr plasna at -the rate
of
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bet ween about 50 to 200 sccmand flowing said 02 plasna at a rate of nore
than about 5 sccm whereby said polyner is fornmed. 25. The nmethod accordi ng
to Claim 20 wherein said etching away of said polycide |ayer conprises:
etching of said polycide | ayer using a plasm; and - 19 - thereafter
addi ng unsat urated hydrocarbons to said plasma whereby said polyner is
formed. 26. The nethod according to Caim 20 wherein said unsaturated

hydr ocar bons conpri se one of the group consisting of propene and net hyl

met hacryl ate. 27. The net hod accordig 4to Claim 20 wherein said unsaturated
hydr ocar bons conpri se one of the gro g consi sting of propene, styrene, and
nmet hyl nmet hacrylate. 28. The nethod according to Caim 20 wherein said
first ions are arsenic ions inplanted at a dosage of between
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about 1 E 15 to 8 E 15 atons/cnferr] and an energy of between about 50 to
90 KeV. 29. The nethod accordingto Caim 20 wherein said source and drain
regi ons have a dopant concentration of between about 1 E 19 to 1 E 22
atons/cnB8. 30. The nethod according to Caim20 wherein said polymer is
removed by stripping with a solution of EKC 256 at a tenperature of between
about 60 to 100 [err]C - 20 - 31. The nethod according to Caim 20
wherein said polyner is renoved by stripping with a solution of

NH err]OH/ H err]O[err] at a tenperature of between about 40 to 80 [err]C.
32. The nethod according to Caim20 3fkerein said second ions are
phosphorus ions inplanted with a dosage of between about 5 E 12 to 1 E 14
atons/cn2 and an energy of between about 30 to 80 KeV.

25 16 25
e 20T
12JFoxy ) N —(Fox}—12

\
10
[/ /
24(N+) 26 (N—) 24 (N+)
FIG. 4 .
25 18 23
I e
o 20 4 —20 (
B T v e w e G
7 / 10
> | l .
2% 16 -24

FIG. 56



33. ‘The method according to Caim20 wherein said |ightly doped source and
drain regi ons have a dopant concentration of between about 1 E 17 to 1 E 19
at ons/ cnB.
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