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A NEW PROC%DURE FOR FORM NG A LI GHTLY- DOPED- DRAI N 9800719__._{

- STRUCTURE _ BACKGROUND OF THE I NVENTION ~ (1) Em
of the invention - The invention relates to processes f
manuf acture of sem conductor devices and nore particularly to processes
for formng self- aligned-polysilicon-gate field effect transistors with

~lightly doped drains. (2) Description of prior art It has been
determ ned that hot carrier effects wil{ _cause unaccept abl e perfornance
degradation in n-channel MOS fi'eld effect transistors(MOSFETs) built with
singly diffused drain structures if their channel -1 ength is bel ow about 2
m crons. This degradation is due primarily to high electric fields
occurring in the drain region which cause the formation of hol e-el ectron
pairs by inpact ionization. To overcone this problemthe
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carriers and the formatlon of

BACKGROUND OF THE INVENTION
(1) Field of the Invention

The invention relates to processes for the manufacture of
semiconductor devices and more particularly to processes for forming self-

aligned-polysilicon-gate field effect transistors with lightly doped drains.
' (2) Description of prior art

It has been determined that hot carrier effects will cause unacceptable
performance degradation in n-channel MOS field effect transistors(MOSFETs)
built.with sinély diffused drain structures if their channel length is below about 2
microns. This degradation is due primarily to high électric fields occurring in the
drain region which cause the formation 6f hole-electron pairs by impact
ionization. To overcome this problem the lightly-doped-drain (LDD) structure is

widely used. A discussion of hot carriers and the formatiqn of the LDD structure



.may sbe found in WIfS.,"Silicon Processing for the VLSl Era", Vol. 2,
Lattice Press, Sunset Beach, CA, (1 990), p348ff. Fig. 1 shows a cross
section of the LDD structure. The MOSFET18 is forned on wafer 20 by first
formng a field oxide 22 which surrounds the device. The silicon oxide
gate insulator 24 is then grown by thermal oxidation of the silicon
surface and a gate el ectrode 26, usually of doped polysilicon is defined
by photolithographic techniques. Using 2he gate el ectrode as a mask, an
ion-inplantation forns the |ightly-doped region 28 aligned to the gate

el ectrode. A layer of insulative materi-al, typically silicon oxide, is next
deposited by | ow pressure-chem cal -vapor-deposition(LPCVD). This |layer is
then etched by a unidirectional technique, typically reactive-ion-etching
(RIE) whereby silicon oxide sidewalls 30 are fornmed al ong the edges of the
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of hot thermal oxidation of the silicon surface and a gate electrode 26, usually of do.ped
polysilicon is defined by photolithographic techniques. Using the gate electfode
as a mask, an idn-implantation forms the lightly-doped region 28 aiigned to the
gate electrode. A layer of insulative material, typically silicon oxide, is next
deposited by low-pressure-chemical-vapor-deposition(LPCVD). This layer is
then etched by a unidirecétional technique, typically reactive-ion-etching (RIE)
whereby silicon oxide sidewalls 30 are formed along the edges of the polysilicon
gate electrode. The width of the sidewalls 30 corresponds roughly to the original
thickness of _the insu[ative léyer. A second ion-implant is then performed at a
higher dose to form the main portions 32 of the source/drain regions of the
device. Both implantation are perfectly self-aﬁgned to the gate electrode an
require no photolithographic steps. By having reduced doping in the region 28
immediately at the edge of the channel region, the ddping gradient is less

abrupt. This resuits in a lower electric field and consequently a reduction of hot

carrier generation.



~carrd er generation.
A function of the oxi de sidewal |

: - 3-
30 is to provide spacing around the gate

el ectrode to |l ocate the source/drain inplant away fromthe edge of the
gate. After the inplant is conpleted, an inter level dielectric(lILD) |ayer
over.the structure and contact openings are nmade to access

I s deposited

the elenments of the MOSFET. The oxi de sidewall 30 becones part of t
Al t hough the just described nethod for form ng the LDD
structure using a silicon oxide side | is the nost comonly used and
easi est understood, other variations have been purported wherein the
sidewal | is fashioned of different nmaterials. Hodate et.al. US5,518, 940
forms the sidewall spacer of photoresist. The photoresist is select

| ayer.

el ectro-deposited on the top and sides of t he
by application of a voltage to the el ectrode while the

subnersed in an el.ectrolyte. The application is the - manufacture of
crystal displays. S’th tel ecf'é{ﬁf)-d OSiti'i)ngr ocedures are _not tgé)gggt

with current

yngtion o pxide, sidewa 9 PR P2g0g around

electrode to locate the source/drain implant away from the edge of the gate.

i nt egr

After the implant is completed, an inter level dielectric(ILD) layer is deposited
over the structure and contact openings are made to access the elements of the

MOSFET. The oxide sidewall 30 becomes part of that ILD layer.

Although the just described method for forming the LDD struéture using a
silicon oxide sidewall is the most commonly used and easiest understood,-other
va}iations have been purported wherein the sidewall is fashioned of different
materials. Hodate et.al. US5,518,940 forms the sideWall spacer of photoresist.
The photoresist is selectively eléctro-deposited'on the top and sides of the

polysilicon gate electrode by application of a voitage t6 the electrode while the
substrate wafer is submersed in an electrqute. The application js the
manufacture of liquid crystal displays. Sﬁch electro-deposition procedﬁres are
not compatibie with current integrated circuit manufacturing processes.

Hodate points out several disadvantages of the oxid_e sidewall formation

process. One is the non-uniformity of RIE plasma over Iafge substrate areas.
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. Hodate points out several disadvantages of the oxide sidewall formation

" process. One is the non-uniformty of RIE pl-asma over |arge substrate

ar eas. Anot her is a dependence of the sidewall thickness
on the thickness of the polysilicon gate el ectrode. Bei ngl ass
US4, 975, 385 describes a nethod of. form ng an LDD structure by using
spacers of polysilicon which are selectively deposited on the edges of the
polysilicon gate electrode after the LDD inplantation. Only the edges
(sidewal I s) of the polysilicon gates are.exposed during this deposition and
.a specified LPCVD process is used to deposit only on t-hese exposed
sidewalls. After the deposition the second hi gh dosage source/drain

i nplantation is made. The polysilicon sidewalls are not subsequently
renoved and becone part of the structure. They therefore are prone to
participate as_part of the gate electrode . affecting.the resuyltant channel.
Reactive ion herds ade 88$:9f the sidgeall thigkpessy %{y@géhls‘mﬁﬁs agghgi | i con oxide
wi t h hal ocarbon gases is typically acconpanied by the formation of polyner
deposits al ongpqlgﬁ"%sﬁ@ RCIORR openings. It is also widely believed that
the ability ) ;

Beinglass US4,975,385 describes a method of forming an LDD structure
by using spacers of polysilicon which are selectively deposited on the edges of
the polysilicon gate electrode after the LDD implantation. Only the edges
(sidewalls) of the polysilicon gates are exposed during this deposition and a
specified LPCVD process is used to deposit only on these exposed sidewalls.
lAfter the deposition the second high dosage source/drain impléntation is made.
The polysilicon sidewalls are not subsequently removed and become part of the
structure. They therefore are prone to participate as part of the gate eiectréde

affecting the resultant channel.

Reactive ion etching of patterns in insulative layers such as silicon oxide
with halocarbon gase§ is typically accompanied by the formation of polymer
deposits along the walls of the openings. It is also widely believed that the ability
to achieve anisotropic etching of these materials in chloro-fluorocarbon gas
mixtures is the direct result of the formation of the_se polymers. The polymer
layer protects the sidewalls from chemical reaction while the etch front is kept

clear of the polymer by ion bombardment. Unidirectional etching is thereby



“t'0 achi eve ani sotropic etching of these materials in chloro-fluorocarbon
gas mixtures is-the direct result of the formation of these polynmers. The
pol ymer |ayer protects the sidewalls fromchem cal reaction while the etch
front is kept <clear of the polyner by ion bonbardnent. Unidirectional
etching is thereby ' -5 -
acconpl i shed. When pattern etching is conpleted steps are taken
to remove the polyneric deposits befoerg-proceedi ng, usually by wet

chem cal dissolution. The task of renoving both polyner and residual
photoresist is acconplished by a conbination of oxygen plasma ashi ng and
the use of stripper solutions. Park et.al. US5,451, 291 discusses the
formati on of via openings over alum numusing such conbinations.

The growt h of polyner along the sidewalls of the opening being etched can
be well controlled both by the selection of etchant gases as well as

adj ust nent of cﬁ%ﬁ% araneters. Thus the final thickness of the polyner
deposit on the St dewalTl. can al so be pre-determ ned.

When pattern etching is completed steps are taken to remove the
.polymeric deposits before proceeding, usually by wet chemical dissolugion.
The task of removing both polymer and residual photoresist is accomplished by
a combination of oxygen plasma ashing and the use of stripper solutions. Park
et.al. US5,451,291 discusses the formation of via openings over aluminum using

such combinations.

The growth of polymer along the sidewalls of the opening being etched ’
can be well controlied both by the selection of etchant gases as well as
adjustment of the RIE parameters. Thus the final thickness of the polymer

deposit on the sidewall can also be pre-determined.
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-6 - SUWVMARY OF THE | NVENTI ON It is
an object of this invention to describe a nethod for form ng an LDD
structure using a polynmer sidewall on the polysilicon gate el ectrode.

It is another object of this invention to provide a nethod for formng a
self-  aligned polysilicon gate MOSFET having an LDD structure formed using
polymer sidewalls along the polysilicon gate el ectrode. It is yet
anot her object of this to provide a netbhed whereby both the LDD regions
and the nore heavily doped source/drain regions nay be acconplished wth a-
single ion inplantation step. It is yet another objectf of this

i nvention to provide a nethod of form ng. conplinentary MOSFET devices on a
silicon wafer having LDD structures formed by using polyner sidewalls

al ohg the polysilicon gate el ectrode.

SUMMARY OF THE INVENTION

It is an object of this invention to describe a method for forming an LDD

structure using a polymer sidewall on the polysilicon-gate electrode.

It is another object of this invention to provide a method for forming a seif-
aligned polysilicon gate MOSFET having an LDD structure formed using polymer

sidewalls along the polysilicon gate electrode.

It is yet another object of this to provide a method whereby both the LDD
regions and the more heavily doped source/drain regions may be accomplished

withla single ion implantation step.

It is yet another object of this invention to provide a method of forming
complimentary MOSFET devices on a silicon wafer having LDD structures

formed by using polymer sidewalls along the polysilicon gate electrode.

It is yet another object of this invention to provide a method of forming

MOSFET de\;ices having a reduced gate to source/drain capacitance.



It is yet another object of this invention to provide a nethod of form ng
MOSFET devi ces having a reduced gate to source/drain capacitance.
These objects are acconplished by form ng a cap oxide | ayer over the a
deposited polysilicon l-ayer, patterning said cap oxide w th photoresist,
and then etching said cap oxide layer using RRE with a chem stry and
parameters to not only provide selectivity of oxide over photoresist and
pol ysilicon but also grow a pre-selectéd thickness of polynmer along the
vertically etched walls of the cap oxide. When t he etching
process has reached the cap oxide-polysilicon interface, an over-etch
period is engaged wherein polyner is allowed to reach its final thickness
at the base of the cap oxide opening. Next the chemi stry and etching
paraneters are changed and the subjacent polysilicon layer is etched. The
pattern fornmed in THiebjeySidré actompligiedd bysforming artapioxideilayerohertthed t he cap
oxi de pattern with the polysilicon extending laterally in all directions
beyond the cappssited polpsilicar laydrypatteenihd) saitl e oxidé with phpioresistrargl tﬁmval | .
Pol ymer and residual photoresist are then stripped and a source/drain ion
etching said cap oxide layer using RIE with a chemistry and parameters to nt

only provide selectivity of oxide over photoresist and polysilicon but also grow a
‘pre-selected thickness of polymer along the vertically etched walls of the cap

oxide,

When the etching pfoéess has reached the cap oxide-polysilicon.
interface, an over-etch period is engaged wherein polymer is allowed to reach its
final thickness at the base of the cap oxide opening. Next the chemistry and
etching parameters are changed and the _subjaéent polysilicon layer is etched.
The pattern formed in the polysilicon layer is concentric with that of the cap
oxide pattern with the polysilicon extending laterally in all directions- beyond the

cap oxide pattern by the thickness of the polymer sidewall.

Polymer and residual photoresist are then stripped and a source/drain ion
~ implant is pérformed. In one embodiment of this invention the source/drain
implant is performed using the extended polysilicon lip to totally block ion
penetration in the LDD région. Next the polysilicc;'; lip is removed by RIE using

the cap oxide as a hardrﬁask. The LDD ion implant is made. Conventional



.implant is performed. In one enbodi ment of this invention the source/drain
I mplant is performed using the extended polysilicon lip to totally block
ion penetration in the LDD region. Next the polysilicon lip is renoved by
R E using. the cap oxide as a hardmask. The LDD ion inplant is nade.

Convent i onal . ' -8 -
processi ng proceeding with the deposition of an inter-level-dielectric
(ILD) layer, is then used to conplete &he device. I n anot her

enbodi nent of this invention both the LDD regions and the nore heavily
doped source/drain regions nmay be acconplished with a single ion

i npl antation step. This is acconplished by appropriate selection of inplant
energy and dose according to the polysilicon gate thickness. The
inplantation is perfornmed after the polymer sidewall has been stripped.
The ext ensi ons ppicebdify pleeéadind Wit the @RbEsitkeY 6 ibfeflevdiodislectic (D) pr,oxi de
provide limted masking capability, thereby allow ng a reduced ion

penetration i nigthbhesédocompidtd AR devicgi ons. The cap oxi de provi des
sufficient masking capability to prevent ion penetration into the channel

regi on. Al t hough the nunber and types of processing steps for the
polymer sidewall LDD formation are conparable to those of the silicon
oxi de met hod, a In another embodiment of this invention both the LDD regions and the

more heavily doped source/drain regions may be accomplished with a single ion
implantation step. This is accompﬁshed by appropriate selectfon of implant
energy and dose according to the polysilicon gate thickness. The implantation is
performed after the polymer sidewall has been stripped. The extensions of the
polysilicon gate beyond the edges of the cap oxide provide limited masking
capability, thereby allowing a reduced ion penetration into the intended LDD
regions. The cap oxide provides sufficient masking capability to prevent jon

penetration into the channel region.

Although the nul.'nber and types of processing steps for the polymer
sidewall LDD formation are 'oomparable to those of the silicon oxide method, a
notable advantage of the polymer sidewall method is that the sidewall oxide
deposition onto the silicon active area is eliminated, thereby reducing the risk of
channel contaminatioﬁ. A processing step is eliminated in the embodiment

where a single implant is used for both source/drain and LDD.



-not abl e advantage of the polyner sidewall nethod is that the sidewall oxide.
deposition onto the silicon active area is elimnated, thereby reducing.the
risk of channel contami nation. A processing step is elimnated in the
enbodi ment where a single inplant is used for both source/drain and LDD.

- 9- BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1 is a cross section of a self-aligned polysilicon gate MOSFET havi ng
an LDD structure forned by a prior art grocess using a silicon oxide

si dewal | . e Fig. 2 through Fig. 6 are cross sections of a
self-aligned polysilicon gate MOSFET at various stages during the
formation of an LDD structure according to a first enbodinment of this

i nvention. Fig. 7 is a cross section illustrating a portion of the
process of a second enbodinent of this invention. ~ Fig. 8is a

fl ow chart showing the sequence of processing steps for the

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross section of a self-aligned polysilicoh gate MOSFET having

.an LDD structure formed by a prior art process using a silicon oxide sidewall.

Fig. 2 through Fig. 6 are cross sections of a self-aligned polysilicon gate
MOSFET at various stages during the formation of an LDD structure according

to a first embodiment of this invention.

Fig. 7 is a cross section illustrating a portion of the process of a second

embodiment of this invention.

Fig. 8 is a flow chart showing the sequence of processing steps for the -
formation of an integrated circuit containing MOSFETSs with an LDD structure.
The chart shows a comparison of the process steps of a prior art method and

those of the present invention.



.formation of an integrated circuit containing MOSFETs with an LDD
structure. The chart shows ‘a conparison of the process steps of a prior
art nmethod and those of the present invention. , '

- 10 - DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

In a first enbodi ment of this invention a p-type nonocrystalline silicon
waf er substrate is provided. Referring to Fig. 2, the wafer 20 is processed
using well known procedures, to the point where active regions for the
formati on of self-aligned polysilicoﬁ'aéfe MOSFET transi stors have been

I solated by a field Oxide 22, a gate oxide 24 has been grown, and a | ayer
of polysilicon 26 has been deposited to formthe polysilicon gate

el ectrodes. The next step in the conventional process would be the
patterning of the polysilicon layer 24 to form the gate el ectrode :
structure. However, in ' | , YN oxide 40 is
deposited over the pol 9?&@%&%§ﬁ?$ﬁﬁéggﬁ¢hm%r 40 is
deposited to a thickness of between about 1,000 and 3,000 Angstroms using
wel I know LPCVD procedures. Photoresist 42 is deposited over the silicon

oxide layer and patterned tq define the polysilicon gate electrodes. The
wafer is then pl a@éﬁﬁfs‘gg@bﬁm@@f%smvegWa—éygf ’E?rt‘i%fy@ alingFcoRer ei n
both the sili Cv%%eé’ é(t.llb%terate is provided. Referring to Fig. 2, the wafer 20 is processed using

well known procedures, to the point where active regions for the formation of
self-aligned polysilicon gate MOSFET transistofs have been isolated by a field
oxide 22, a gate oxide 24 has been grown, and a layer of polysilicon 26 has
been deposited to form the polysilicon gate electrodes. The next step in the
conventional process would be the patterning of the polysilicon layer 24 to form
the gate electrode structure. However, in this embodiment, & layer of silicon
oxide 40 is deposited over the polysilicon layer. The silicon oxide layer 40 is
deposited to a thickness of between abbut 1,000 and 3,000 Angstroms using
well know LPCVD procedures. Photoresiét 42 is deposited over the silicon oxide
layer and pattefned to define the polysilicon gate electrodes. The wafer is then
placed into an RIE tool, such as a cluster tool, wherein both the silicon oxide
layer (cap oxide) 40 and the polysilicon layer 26 are etched sequentially during a
single pumpdown operation. Etchant gases and parameters are changed during
the operation to accommodate both layers. Alternately, the cap oxide 40 and the

polysilicon layer 26 may be etched is separate tools wherein one tocl is



.l ayer (cap oxide) 40 and the polysilicon |ayer 26 are etched séquentfally

during a

si ngl e punpdown operation. Etchant gases and paraneters are

changed during the operation to acconmodate both |layers. Alternately
cap oxide 40 and the - polysilicon |ayer 26 may be etched is separate tools
wherein one tool is dedi cated to oxide etching and th
other to silicon etching. Referring next to Fig. 3, the sil
“oxide layer 40 is first etched using a-1§as ni xture conprising about 8 to
12 SCCM CHF3, 25 to 35 SCCM CF4, and about 750 to 850 SCCM Argon, et
During the oxide etching process, a polymer 42 is deposited over the
exposed sidewalls of the oxide pattern 40. The gases chosen in these
proportions permt a sidewall polyner build up of between about 800
1,000 Angstrons at the conpletion of the eap oxide etching process.
initial thicknRefaRd té BAdE elRhPyianE thePotRer 18 3flicbh etchinghant gas conposi
are chosen to provide a polynmer growh rate such that the desired

t hi'ckness of polyner is achieved at the term nation of the cap oxide

over - et ch.
si dewal | s.

‘During the cap oxide RIE, polynmer builds up al ong

The et Raieﬁmgme%%?g.i@ tHYNHRIOM @dlide Fayes 40 1 firsPétcifel Singa

spectroscopy. A fall of int

gas mixture comprising about 8 to 12 SCCM CHF,, 25 to 35 SCCM CF,, and
about 750 to 850 SC'CM Argon, etc.). During the oxide etching process, a
polymer 42 is deposited over the exposed sidewalls of the oxide pattern 40.
The gases chosen in these proportions permit a sidewall polymer build up of
between about 800 and 1,000 Angstroms at the completion of the cap oxide
etching process. The initial thickness of the cap oxide layer and the etchant gas
composition are chosen to provide a polymer growth rate such that the desired

thickness of polymer is achieved at the termination of the cap oxide over-etch.

During the cap oxide RIE , polymer builds up along the sidewalls. The
etching process is observed u;ing optical emission spectroscopy. A fall of in the '
magnitude of the CO signal indicates that endpoint has been reached. An
additional period of over-etch is allowed to build up sufficient polymer at the
base of the sidewall. The etch rate ratio of silicon oxide to polysilicon is about
20 to 1 so that a negligible amount of the polysilicon is rerﬁoved during this over-

etch.
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magni tude of the CO signal indicates that endpoint has been reached. An
addi tional period of over-etch is allowed to build up sufficient polyner at
the base of the sidewall. The etch rate ratio of silicon oxide to
polysilicon is about 20 to 1 so that a negligible amount of the
polysilicon is renoved during this over- etch.

-12 - After the polymer deposition is conpleted the polysilicon
is etched, either in the same tool or 1Br a separate R E tool. The etchant
gas used in this enbodi nent contains C[err]2, HBr, Herr], and Oferr],

al t hough ot her etchant conpositions may al so be used. The etch mask for
the polysilicon RIE conprises the cap oxi de extended by the sidewall
polymer as is shown in Fig. 4. Polymer buil dup does not occur during this
step. The wafer is then renoved fromthe R E tool and t he residual

el | “kmown et ot r AL PV dRoSsidke I oBpeledind PRSIt elond ATBE ¢ e
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may also be used. Tﬁe etch mask for the polysilicon RIE comprises the cap
oxide extended by the sidewall polymér as is shown in Fig. 4. Polymer buildup
does not occur during this step. The wafer is then removed from the RIE tool and
the residual photoresist is removed by oxygen ashing and- the polymer is

stripped by well kriown wet strippers.

Fig. § shows the structure after the stripping operation. The waferis
implanted with arsenic o—r phosphorous at a dosage and energies established
and well known for MOSFETS to form the main body of the source/drain active -

areas. The spacing is_determined by the polysilicon mask 26.

Next , using the cap oxide as a hardmask, the lip around the polysilicon is
removed by RIE thereby removing the lip and reducing the polysilicon gate
| glectrode to its design _size as shown in Fig. 6. The implantéd source/drain
regions are now spaced away from under the edge of the gate electrode. Next

an ion impiant of an n-type dopant forms the LDD transition frem the



. Next, using the cap oxide as a hardmask, the lip around the polysilicon is
renoved by RIE thereby renoving the |ip and reducing the polysilicon gate
el ectrode to its design size as shown in Fig. 6.. The inplanted
regi ans are now spaced away from under the edge of the gate
el ectrode. Next an ion inplant of an n-type dopant forns the LDD

source/drain

transition fromthe

. . 13 -
- source/drain to the channel region Io?:é% ed under the gate el ectrode 26.
In a second enbodi nent of this invention both the LDD regions and the nore
heavily doped source/drain regions are forned with a single ion
i npl antation step. This is acconplished by appropriate sel ection of inplant
he

energy and dose according to the polysilicon gate thickness. As int

first enbodi nent the wafer

is processed to the point wherein the cap oxide

Fig. 4.

is etched and overy-etched o formthe pol r sidewall . a own in

The phot or esi §P”r°§[HEF"bE9 fpﬁﬁéa%}egﬂ?@rﬂw ted éﬁ%ﬁ"&%gﬁﬁ eleﬁgoéq igt enbodi ment .
.An.ion inplant is then perforned using the cap oxide and the polysil
lip as the inplantation mask. For the n-channel device either phosphorous

or arsenic is inplanted. The dosage and the i

t hat

In a second embodiment of this invention l;roeh the LDD regions and the
more heavily doped source/drain regions are formed with a single ion
implantation step. This is accompli'shed by appropriate selection of implant
energy and aose according to the polysilicon gate thickness. As in the first
embodiment the wafer is processed to the point wherein the cap oxide is etched
and over-etched to form the polymer sidewall as shown in Fig. 4. The photoresist

and polymer are then stripped as in the first embodiment.

An ion implant is then performed using the cap oxide and the polysilicon
lip as the implantation mask. For the n-channel device either phosphorous or
arsenic is implanted. The dosage and the implant energy are chosen such that
the polysilicon lip curtails ion penetration into the substrate silicon sufficiently to
provide tﬁe proper LDD ion concentration beneath it. At the same time the

heavier and deeper dosage is applied in the source/drain regions. The thickness

of the polysilicon is a determining factor in the choice of implant energies and

_dosages. The penetration range of various dopants into silicon and silicon oxide

are well known and have been extensively published.

i con

| ant energy are chosen such

N



the polysilicon lip curtails ion penetration into the substrate silicon
sufficiently to provide the proper LDD ion concentration beneath it. At
the sane tinme the heavier and deeper dosage is applied in the source/drain
regi-ons. The thickness of the polysilicon is a determning factor in the
choi ce of inplant energies and dosages. The penetration range of various
dopants into silicon and silicon oxide -are well known and have been

ext ensi vel y publi shed. 14 - 14
- " An additional option to further control the profile of the
LDD i npl ant under the polysilicon |ip nmay be realized by using |arge angle
tilt (LAT) ion inplantation. The extensions of the polysilicon gate beyond
t he .edges of the cap oxide provide |imted masking capability. Their shape
and thickness as well as the angle of the inplant determ ne the

concent rat on pr of bh oA b RuAE coRuiufior TAT S5 P8l o1 des

sufficient masking capa ~toprevent ion‘penetrati o . e channel
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cap oxide provide limited masking capability. Their shape and thickness as well
as the angle of the implant determine thé concentration profile of dopant in the

LDD region. The cap oxide provides sufficient masking capability to prevent ion

- penetration into the channel region.

While the first embodiment of this invention utilized a p-type silicon
substrate, thereby forming an n-channel MOSFET, an n-type silicon substrate
could also be used to form a p-channel MOSFET without departing from the

concepts therein provided.

It should be further understood that the substrate conductivity type as

referred to herein does not necessarily refer to the conductivity of the starting
wafer but could 'also be_ the conductivity of a diffused region or well within a

wafer wherein the semiconductor devices are incorporated.

Inthe manufaéture of complimentary MOSFETs (CMOS) both n-channel

and p-channel devices are formed on the same wafer. Additional masking steps



.1t should be further understood t-hat the substrate conductivity .type as
referred to herein does not necessarily refer to the conductivity of the
starting wafer but could also be the conductivity of a diffused region or
well within a wafer wherein the sem conductor devices are incorporated.

In the manufacture of conplinmentary MOSFETs (CMOS) both n-channel and

p- channel devices are forned on the sanme wafer. Additional masking steps
- 15 - are required during the iontiaplantations to protect one type
of device while the other is inplanted. For exanple, during the
source/drain inplantation of the p- channel devices, the n-channel devices
are covered by a photoresist block-out mask. Afterwards the photoresist is
stripped and the p-channel devices are covered with a- photoresist

bl ock- out mask and the n-channel devices are exposed to inplantation. The

same procedure airé retﬁnﬁzﬁﬁ&ﬁgb% @J{\E@éla‘igﬂo% prj:t'm '35d Hbevice while the The

flow chart shown i . a corparison ot conventional — process
“brocess of t hi STRUCHPIHEI, ot Sate igs ML P BHBeRH SERE. |\
dual. channel devices, the n-channel devices are covered by a photoresist block-out
mask. Afterwards the photoresist is stripped and the p-channel devices are
covered with a photoresist block-out mask and the n-channel devices are

exposed to implantation. The same procedure is then repeated for the LDD

implantation.

The flow chart shown in Fig. 7 provides a comparison of a conventional
process for forming an LDD structure using silicon oxide sidewalls with the
process of this 'invention using polymer sidewalls. In a CMOS process the dual
implantation steps for the n- and p-channel MOSFETs are implied in each

implantation operation.

The steps included in 50 comprise the initial steps which are common to
both processes. These include the formation of the field oxide regions, the
growth of the gate oxide, the deposition of the polysilicon layer from Which the
gate electrodes are to be formed, the deposition of the cap oxide and the
photolithography step which defines cap oxide and subsequently the polysilicon

gate electrode. The polysilicon layer may be of a composite form, having both



inpl antati on steps for the n- and p-channel MOSFETs are inplied in each

| npl antati on operation. The steps included i-n 50 conprise the
initial steps which are conmon to both processes. These include the
formation of the field oxide regions, the growth of the gate oxide, the
deposition of the polysilicon layer fromwhich the gate electrodes are to
be forned, the deposition of the cap oxide and the photolithography step
whi ch defines cap oxi de and subsequent+yét-he polysilicon gate el ectrode.
The polysilicon .layer may be of a conposite form having both

- 16 - doped and undoped porti ons. Si x anal ogous operations
are shown for each process. Each process has two ion inplantations, three
Rl E operations, and one polyner and resist strip. However, their sequence
In each process are different. The oxi de spacer process has an additional
deposi ti on oper gil , of. t he oxide spacer.. _ In the
poFyner sidemal?5%$g%g§gy$pﬁip?ﬁ?%ﬁ two RIE operation 61 and 62 nmay be
perfiormed sequentially within the sanme tool although it is not necessary.

Six analogous operations are shown for each process. Each process has
two ion implantations, three RIE operations, and one polymer and resist strip.
However, their sequence in each process are different. The oxide spacer

process has an additional deposition operation 55, that of the oxide spacer..

In the polymer sid_ewall process, the first two RIE operation 61 and 62
may be performed sequentially within the same too! although it is not necessary.
For the CMOS process, thé source/drain and LDD implant processes each
involve the alternate masking of PMOS devices while NMOS devices are
implanted and masking of NMOS devices while the PMOS devices are
implanted. In the oxide spacer procéss the LDD implantation 54 occurs before
the source/drain implantation 57, while in the polymer sidewall process the
source/drain implant 64 occurs before the LDD implant 66. After the final
implantation in each process the wafer is returned to the conventional

processing sequence 70.



For the CMOS process, the source/drain and LDD i npl ant processes each

I nvol ve the alternate masking of PMOS devices while NMOS devices are

i npl ant ed and maski ng of NMOS devi ces while the PMOS devices are

inplanted. In the oxide spacer process the LDD inplantation 54 occurs
before the source/drain inplantation 57, while in the polyner sidewall
process the source/drain inplant 64 occurs before the LDD inplant 66.
After the final inplantation in each ptoeess the wafer is returned to the
conventional processing sequence 70.°

-17- - Besides the elimnation of a process o L+eﬁ~'a'd“the optlon_

of performng two operations in a single tool, the m‘“
process has the added benefit of providing a r educt Eﬁ m
capaci t ance. Wil e this invention has been ccukarty Shown and

described wth refiaresice to the preferred enbodi nents thereof, it will be
understood by those skilled in the art that various changes in form and

?ﬁf,girllt IS O;]n-ay be rrad metﬁgé for ?o%gﬁlrgtal sn afhrgggt]:l EEISsllsnc%nrglgte l%l%%FsE Ovel?h g f the

LDD structure comprising: _

(a) providing a silicon wafer having an active région, a field isolation
region surrounding said active region, and a gate insulator ovér
said active region;

(b) depositing a polysilicon layer;

(c) depositing an insulative 'Iayer over said polysilicon layer;

~ {d) depositing a photoresist layer over said silicon wafer;

(e} patteming said photoresist layer to cefine a gate electrode;

() etching said 'insulative layer with a unidirectional etching technique
whereby vertical sidewalls are formed and a polymer layer is
deposited over said sidewalls;

(g) etching a first portion of said polysilicon layer;

(h) stripping said polymer layer and said photoresist layer:

0] implanting a first dose of dopant atoms;

() etching a second portion of said polysilicon layer, thereby
removing a portion of polysilicon previously shielded by said
polymer layer; and .

(k) implahting a second dose of dopant atoms.



- 19 - 2. The nethod of claim1l wherein said polysilicon layer is

bet ween 1,000 and 3,700 Angstrons thick. 3. The nethod of claim1l
wherein said insulative layer is silicon oxide and is between about 1,000
and 3, 500-Angstrons thick. 4. The nmethod of claim 1l wherein said

uni di rectional etching technique for etching said insulative layer is
reactive-ion-etching using CF[err], CHF[§§ and Ar. 5. The net hod of
claim4 wherein the CF4 is flowed at aTaté betmeen "about 8 and 12 SCCM

the CHE3 at a rate between about 25 and 35 SCCM and the Ar at a m}
aid

bet ween about 750 and 850 SCCM 6. The nethod of Jﬂlﬂlﬂml eﬂl
first portion of said polysilicon layer is etched chi ng

using Cl[err], HBr, O[err] and Ar. 7. The nethod of ¢l ai'm erein said
insulative |ayer and said first portion of said polysilicon |ayer are

etched sequentially iﬁe%&ﬁé@éfeclairﬂl‘i'm%?% sQRH N H1RBn Hyefl d%'tﬁeérpﬂboo
' and 3,700 Angstroms thick.

3. The method of claim 1 wherein said insulative layer is silicon oxide

and is between about 1,000 and 3,500 Angstroms thick.

4. The method of claim 1 wherein said unidirectional etching technique
for etching said insulative layer is reactive-ion-etching using CF,, CHF,,

and Ar.

5. The method of claim 4 wherein the CF, is flowed at a rate between
about 8 and 12 SCCM, the CHF,; at a rate between about 25 and 35

SCCM, and the Ar at a rate between about 750 and 850 SCCM.

6. The method of claim 1 wherein said first portion of said polysilicon

layer is etched by reactive-ion-etching using Cl,, HBr, O, and Ar.

7. The méthod of claim 1 wherein said insulative layer and said first
. portion of said polysilicon layer are etched sequentially in a single

pumpdown operation of an RIE tool.



- 20 - 8. The method of claim 1 wherein an over-etch period is
provided after etching said insulative |ayer whereby additional polyner is

formed over said sidewalls. 9. The nmethod of claim8 wherein said over
etch period is selected to provide a polyner buildup of between about 800
and 1,000 Angstrons over said sidewalls. 10. The nmethod of claiml
wherein said active region is p-type. 11. The method of claiml1l O

wherein the first dose of dopant atoms s between about 2 x 10[err] and 6
x 10[err] atons/cnferr] of phosphorous inplanted at an energy of between

about 40 and 60 keV. ~ 12. The nethod of claim 10 V\he;!ﬂmmmnmﬂ mngse
of dopant atons is between about 1 x 10[err] and 5 X " rr
of Arsenic inplanted at an energy of between about 20 and ‘40'ke¥. 5 43. A
met hod of formng a CMOS integrated circuit having self-aligned

polysilicon gate g i E-I;r?etl%é é} c?a?ml’l%esréilr'r ua%tol{«raget(c::ﬁ ’BBFK':E {snp%vided after
etching said insulative layer whereby additional polymer is formed over

said sidewalls.

9. The method of claim 8 wherein said over etch period is selected to
provide a polymer buiidup of between about 800 and 1,000 Angstroms

over said sidewalls.
10. The methiod of claim 1 wherein said active region is p-type.

11. The method of claim 10 wherein the first dose of dopant atoms is
between about 2 x 10" and 6 x 10" atoms/cm? of phosphorous implanted

at an energy of between about 40 and 60 keV.

12. The method of claim 10 wherein the second dose of dopant atoms is

between about 1 x 10' and 5 x10 atoms/cm? of Arsenic implanted at an

energy of between about 20 and 40 keV.

13. A method of forming a CMOS integrated circuit having self-aligned

polysilicon gate MOSFETS with an LDD structure comprising:



- 21 - (a) providing a silicon wafer having a plurality of n- and p-
type active : regions, a field isolation region surroundi ng each
active region, and a gate insulator over each active region; (hb)
depositing a polysilicon |ayer; (c) depositing an first insulative |ayer
over said polysilicon layer; (d) depositing a first photoresist |ayer
over said silicon wafer; (e) patterning said first photoresist layer to

define gate el ectrodes; etching2said first insulative layer with a
uni di rectional etching t echni que whereby vertical sidewalls are

];iC)(rjgevx/gl ?gd a( 8?l ym;'[chl ng a f: ?gfr pi)?t ?ggoz; t ggl 3V§g||ﬂ|\|“lmm|lﬂﬂ ‘“Lereby

exposi ng a portion of said gate insulator not *cover bd hy Sai *d
pol ymer | ayer and said polysilicon layer and.formng a polysilicon

B e T
CLr P Sald DOLYTET R g éei«a:sgwgq%a@{ﬁzﬂoﬁanksés& 5858y anc
First Type whi oo prot ot TASHE IneyBHF ypEsiipptip region; °C1' Ve reotons of @
(b) depositing a polysilicon layer;
(c) depositing an first insulative layer over said polysilicon layer;
(d) depositing a first photoresist layer over said silicon wafer;
(e) patterning said first photoresist layer to define gate electrodes; .
N etching said ﬂ'rst insulative layer with a unidirectional etchfng
technique whereby vertical sidewalls are formed and a polymer
layer is deposited over said vertical' sidewalls;
(g) etching a first portion of ;e,aid polysilicon layer thereby exposing a
portion of said gate insulator not covered by said polymer layer
and said polysilicon layer and forming a polysilicon lip extending
beyond the peﬁphety of said insulative layer by a distance
corresponding to the tﬁickness of said polymer layer; |
(h)  stripping said polymer layer and said photoresist layer thereby
exposing.said polysilicon lip and said sidewalls.
(i) depositing and patterning a second photoresist layer to expose
active regions of a first type while pr'otecting active regions of a

second type ;




second type; - 22 - (1)
inplanting a first dose of dopant atons; (k) stripping said second
phot-oresi st layer; (I) depositing and patterning a third photoresi st

| ayer to expose active regions of said second type while protecting
active regions of a said first type; (m inplanting a second dose
of dopant atons; (n) stripping said third photoresist |ayer; (0)

‘etching a second portion of said polysiliggen |ayer, thereby ~ renoving
a said polysilicon lip; (p) depositing and patterning a fourth .

phot oresi st | ayer to expose active regions of a first type while
protecting active regions of a second type; (q) inplanting a third

dose of dopant atons; (r) stripping said fourth photore3| st ngeL__Qs)
depositing and patterning a fifth photoresist |ayer t 0 expose activ

card Trrst Type: " 0 implrnya it Bose fsoperl e reg\\ll\ll\ﬂ\l\\m\\\\|\|\\\||\

(k) stripping said second photoresist layer;

(.l) depositing and pattéming a third ;Shotoresist layer to expose
active regions of said second type while protecting active regions
of a said first type ;

(m) irﬁplanting a second- dose of dopant atoms;

(n) stripping said third photoresist layer;

(0) etching a second pertion of said polysilicon layer, thereby
removing a said polysilicon lip;

(p) depositing and patterning a fourth photoresist layer to expose
active regions of a first type while protecting active regions of a
second type ;

() implanting a third dose of dopant atoms;

(r) stripping said fourth photoresist layer;

(s) depositing and patterning a fifth photoresist layer to expose active
regions of said second type whi!e protecting active regions of a
said first type ;

t) implanting a fourth dose of dopant atoms thereby completing the
formation of said'MOSFETs of said 6MOS integrated circuit;

(u) stripping said fifth photoresist layer;



‘(t) "inplanting a fourth dose of dopant atoms thereby conpleting the
formation of said MOSFETs of said CMOS integrated circuit; " (u) stripping

said fifth photoresist |ayer; -23 -

(v) depositing a second insulative layer; (w patterning and etching

said second insulative |ayer to form access openings to active

el ements of said MOSFETs; and (x) formng an wiring network over said

second insul ative which i ntercoppects sai d MOSFETs ther eby

conpl eting said CMOS integrated circuit. 14. The method of claim

13 wherein said polysilicon layer is between 1,000 and 3,700 Angstrons

thick.  15. The method of claim 13 wherein said first_insulative | ayer i

silicon oxide and is between about 1,000 and 3, 500 AnHm!ﬂ)MLm ﬂﬂa,”"

The met hod of claim 13 wherein said unidirectional etc

etching said first znsulatlve Iag/ IS reactive-ion- etchlng usi [érr]
v)  depositing a econd insulative layer;

(w) patterning and etching said second insulative layer to form access
openings to active elements of said MOSF E'fs; and

(x) forming an wiring network over said second insulative which
interconnects said MOSFETS thereby compieting said CMOS

integrated circuit.

14. The method of claim 13 wherein said polysilicon layer is between

1,000 and 3,700 Angstroms thick.

15. The method of claim 13 wherein said first insulative layer is silicon -

oxide and is between about 1,000 and 3,500 Angstroms thick.

16. The method of claim 13 wherein said unidirectional etching technique
“for etching said first insulative layer is reactiQe—ion-etching using CF,,

CHF,, and Ar.

17. The method, of claim 16 wherein the CF, is flowed at a rate between
about 8 and 12 SCCM, the CHF, at a rate between about 25 and 35

SCCM, and the Ar at a rate between about 750 and 850 SCCM.



-CHF['err], and Ar. 17. The method, of claim 16 wherein the CF4 is fl owed
at a rate between -about 8 and 12 SCCM the CHF[err] at a rate between
about 25 and 35 SCCM and the Ar at a rate between about 750 and 850 SCCM

-24 - - 18. The nethod of claim 13 wherein said first portion of said
polysilicon |layer and said polysilicon |ip are etched by
reactive-ion-etching using Cf[err], HBr, Ar, and O[err]. 19. The net hod

of claim 13 wherein said first insulati %?"l ayer and satd—F+st—portion of
i

said polysilicon |ayer are etched sequefitially in a sin

operation of an RIE tool. 20. The nethod of cl ai mlBﬂﬁ“HWﬂ“‘ II“
over-etch period is provided after etching of said fir asul atm ve | ayer
wher eby additional polyner is forned. 21. The nmethod of claim 20 wherein

said over etch period is selected to provide a polyner buil dup of between
about 800 and 1, 00QgARgS oMb of claim 13 wherein said first portion of said polysilicon

layer and said polysilicon lip are etched by reactive-ion-etching using Cl,,

HBr, Ar, and O,.

19. The method of claim 13 wherein said first insulative layer and said
first portion of said polysilicon layer are etched sequentially in a single

pumpdown operétion of an RIE tool.

20. The method of claim 13 wherein an over-etch period is provided after

etching of said first insulative layer whereby additional polymer is formed.

21. The method of claim 20 wherein said over etch period is selected to
provide a polymer buildup of between about 800 and 1,000 Ahgstroms

over said sidewalls.

22. A method for forming a self-aligned polysilicon gate MOSFET with an

LDD structure comprising:

(a) providing a silicon wafer having an active region, a field isolation
region surrounding said active regic;n, and a gate insulator over

said active region,



‘over " sai d sidewal | s. 22. A nethod for forming a self-aligned polysilicon
gate MOSFET with an LDD structure conprising: (a) -providing a silicon

waf et having an active region, a field isolation regi on surroundi ng
said active region, and a gate insul ator over said active region
- 25 - (b) depositing a polysilicon |ayer; (c) depositing an

I nsul ative | ayer over said polysilicon |ayer; (d). depositing a
phot oresi st | ayer over said insulative dsayer; (e) patterning said
photoresi st |layer to define a gate el ectrode; (f) etching said

insul ative layer with a unidirectional etching technique ——— —%e%eby

vertical sidewalls are forned and a polyner layer is over
said sidewalls; (9) etching a first portion of sallg!mi“uﬂ m%!j‘ ‘/
t her eby exposing a portion of said gate insul

said polyner |aye 5| l'icon layer and-formng a
polysilicon lip eﬂ)endﬁ?@s'tmgapo@sﬁ%%glﬁ t he peri phery of said insulative

| ayer by a dist an((c% depositing an insulative layer over said polysilicon layer;

(d). depositing a photoresist layer over said insulative layer;

(e) patterning said photoresist layer to define a gate electrode;

4] etching said insulative layer with a unidirectional etching technique
whereby vertical sidewalls are formed and a polymer layer is
deposited over said sidewalls;

(9) etching a first portion of said polysilicon layer thereby exposing a
portion of said gate insulator not covered by said polymer layer
and said polysilicon layer and formiﬁg a polysilicon lip extending
beyond the periphery of said insulative layer by a distance
corresponding to the thickness of said polymer layer;

(hj stripping said polymer layer and said photoresist layer thereby
exposing said polysilicon lip and said sidewalls.

(i) implanting a dose of dopant atoms whereby a source/drain region
is forme& in said active region beneath said portion of said gate
insulator and an LDD region is formed beneath said polysilicon lip
by penetration of dopant atoms through said polysilicon lip; and

()  etching said 'polysilicon lip.



-corfespondi ng to the ‘thickness of said polynmer layer, (h) stripping said

polymer |ayer and said photoresist |ayer thereby exposing said
polysilicon lip and said'sidewalls. (i) inplanting a dose of dopant atons'
wher eby . a source/drain region is formed in said active region

beneéath said portion of said gate I nsul ator and an LDD region is
formed beneath said polysilicon lip by penetration of dopant atons

t hrough said polysilicon lip; and (j)-26etching said polysilicon Ilip.

- 26 - 23:. The nethod of claim 22 wherein said polysilicon |layer is
bet ween 24. The nmethod of claim22 wherein said insulative layer is
silicon oxide and is between about 1,000 and 3,500 Angstrons thick. 25.

The method of claim22 wherein said unidirectional etching technique for
etching said insulative layer is reactive-ion-etching using CF4, CHF3, and

Ar .
23. The method of claim 22 wherein said polysilicon layer is between :
- __f__—————d'—-_‘—_._—’__—‘_—

omsamoaBss |

24. The method of claim 22 wherein said insulative layer is silicon oxide

and is between about 1,000 and 3,500 Angstroms thick.

25. The method of claim 22 wherein said unidirectional etching technique
for etching said insulative layer is reactive-ion-etching using CF,, CHF;,

and Ar.

26. The method of claim 25 wherein the CF, is flowed at a rate between
about 8 and 12 SCCM, the CHF, at a rate betweén about 25 and 35
SCCM, and the Ar at a rate between about 750 and 850 SCCM.

27. The method of claim 22 wherein said first portion of said polysilicon
layei' and said polysilicon lip are etched by reactive-ion-etching using Cl,,

HBr, O, and Ar.

~ 28. The method of claim 22 wherein an over-etch period is provided after

etching of said first insulative layer whereby additional polymer is formed.



26. The nethod of claim25 wherein the CF4 is flowed at a rate between
about 8 and 12 SCCM the CHF3 at a rate between about 25 and 35 SCCM and
the Ar at a rate between about 750 and 850 SCCM 27. The nmethod of claim
22 wherein said first portion of said polysilicon Iayer and said
polysilicon |lip are etched by reactive-ion-etching using Cl[err], HBr,
O[err] and Ar. 28. The nmethod of claim?22 wherein an over- etch period is
provided after etching of said first +m23u ati ve | ayer—whereby—addi-tiomal

‘I?'ﬁlayrrm\;{ hiozl L?r(r:r:sgl m 22 wherein said over etch period lmmum‘”'lll" Illl o

provide a polyner buil dup of between about 800 and 1, 0ONBs Gver
sai d sidewal | s.

29. The method of claim 22 wherein said over etch period is selected to

provide a polymer buildup of between about 800 and 1,000 Angstromé

over said sidewalls.



