‘A NEt hod for a Lightly Doped Drain Structure Background of Iﬁ\ggrﬂ'tq 35
Field of the Invention This invention relates generally the fa csa:#é?%ﬁ
doped regions in a sem conductor device and nore particularly t

of formng a lightly-doped drain (LDD) structure for a sem conductor
device. 2) Description of the Prior Art -Extensive research and devel opnent

i's being conducted to m CAQWkdRHIfS E@Wgtwﬁ! ﬁ%‘é In particular,
ect transi

the micro-mniaturization of an insulated gate ef stor called a
nmet al oxi de sem conductor FET (MOSFET) is remarkable. The mniaturization
of a MOSFET is achieved by shortening a wwdth of a gate electrode in .

channel length direction. The shgij.g de naturally shortens the
| engt h of a channel region thereu ’{S gr&@E%f‘? ‘(F;e?{d ghannel i nproves

transi stor performance. The length of tinme required for carriers to pass

t hrough the channel portion is reduced, thus resulting in a higher speed
al ong wi t Ry ofigRt &Y, .ation. Wien the gate electrode is shortened,
however, h%t e ecgyéﬁégg Bproduced by a short channel effect, thus
brlnglng about threshold voltage variation or |owering of channel
conductance. Namely, in a conventional structure a channel region conposed

of a first conductive e i ur|t diff a | ow concentration is
put between a source rt‘é?@ﬁe %ﬁ“ﬁmﬁ}é& &ihb'{faﬂ%%@ps f regions ina
semiconductor device and more particularly to a method of forming a lightly doped drain (LDD)

structure for a semiconductor device.
2) Description of the Prior Art

Extensive research and development is being conducted to micronization
semiconductor elements. In particular, the micro-miniaturization of an insulated gate effect
transistor called a metal oxide semiconductor FET (MOSFET) is remarkable. The miniaturization
of a MOSFET is achieved by shortening a width of a gate electrode in channel Ieﬁgth direction.
The shorter gate electrode naturally shortens the length of a channel region thereunder. The short
channel improves transistor performance. The length of time required for carriers to pass through
the channel portion is reduced, thus resulting in a higher speed along with greater integration.
When the gate electrode is shortened, however, hot electrons are produced by a short channel
effect, thus bringing about threshold voltage variation or lowering of channel conductance,

~ Namely, in a conventional structure a channel region composed of a first conductive type impurity

diffused layer of low concentration is put between a source region and a drain region composed of



. -2- a second conductive type inpurity diffused | ayer of high concentration,
an electric field applied to the vicinity of a boundary anong a source
region, a drain region and a channel region is increased in a state that
voltage is applied between the source rggion and the drain region as the
channel region is narrowed. As a result; The operation of the MOSFET

becones vasegouhedraltitve tppsigpusity difftised tayaf ofhigBInEStfabsn, aetectvRidaMed &
t he purpose of controlling such a short channel effect. The LDD has a | ayer

struct ur ethekictidyigh %M%M?%E&%J 24ibRn AR rg%édﬁ‘gdd Db r%ﬁ?%ﬁirs iixgollne(:jas?%e

concentration région source region drain re

| ow conceqt.r.al.l regi on of .t e Lons. stretch out. a Little towards
the gate Brans BHs SeSi Prtd B E-ho8k Rife bE S aT Be Hia et es Fe e
produced in. the vicinity of the boundar he source regiqn, the drain
region, afEOPARNETYdeAS AdEH nt,?‘etoﬁ%ﬁ"‘ fttge%'ﬁ becomgevIpandttlen of the
el emrent by the LDD. An exanple of a nethod of manufacturing a conventi onal
LDD insul ated gate field effect transistor will be shown in figures 6A to
6C. First, as shown in figure 6A, a gate electrode 104 is formed over a
gate oxide film 103 o aevsstrychure obs MOYFEE bas bsemdevsloped fasthespispeseafe 101
surrounded by a field insulating film 102. The gate oxide film 103 and the

gat e el ectontrdtlingBdcled shortoehiart] effeonuThe BDDI Hasna layenitngtuze of € high angurity
phot ol i t hogr aphy process. Then, n-type inpurity diffused regions 105 and

106 havi nebnéetaioaahd £ sallo@ob/ TRPHh )éoﬁc@ﬂl@ﬁfﬁnrr@%i'bﬁ’?orﬁ‘{eg irf L5JBE fefoR and a
self-aligned matter by 1on inplantation using the gate el ectrode 104 and

the fiel ddx‘.aﬂsr%i%,i ad tﬂé llow éo%erﬁxsatign P&%ﬁ'of these regions stretches out a little towards the

gate electrode. It has become possible to reduce the electric field produced in the vicinity of the
boundary among the source region, the drain region, and the channel region, thereby to stabilize

the operation of the element by the LDD.

An example of a method of manufacturing a conventional LDD insulated gate
field effect transistor will be shown in figures 6A to 6C. First, as shown in figure §A, a gate
electrode 104 is fgrmed over a gate oxide film 103 on a surface of a p-type semiconductor
substrate 101 surrounded by a field insulating film 102. The gate oxide film 103 and the gate

electrode 104 are formed through a film forming process and a photolithography process.

Then, n-type impurity diffused regions 105 and 106 having comparatively low
impurity concentration are formed in a self-aligned matter by ion implantation using the gate

. electrode 104 and the field insulating film 102 as a mask.



-3- Then, after an insulating filmsuch as PSG and silicon oxide are forned
by chem cal vapor deposition (CVD) on the whole body so as to cover the
gate el ectrode 104 and the n-type inpurity diffused regions 105 and 106,
the insulating filmis etched anisotropically in a perpendicular direction
and made to remain locally on the side of the gate el ectrode 104 as shown
in figure 6B. The remaining insulating fi3mis called a spacer or

a
sidewal | in general N+ e-imurity di.f f used i 0ns...108 and 1Q9 havi ng
hi gh inpurity concentrgwrgﬁ&g R ia)(‘{‘gﬁﬁ%s‘?ﬁéﬁggﬁnaisﬁﬁ%‘”@ %rlﬁgoﬁf%rhéfd in
a self-aligning, manner by ion inplantation for a second tine using the gate
el ectrode %ﬁ‘ cghﬁapgr g?mltwam@\’?@?n whale brdyiso aykppven theigate lepjroge 104 and
insulating film110 is fornmed on the whol e body, and contact holes are
formed thefepHYRRIGUritdiffetey regionsdAhend 106, theunstlatiop ditrh isoalehed hitisatnobicallghima n
el ectrode 112 to the N+ type inpurity diffused regions 108 and 109. Wth
this, an ipespendicebir dintctiohiagd dadefd rembinticaiposthersidedf tittoate 4183008k 108 BHERWS
formed in an element form ng region. A process of manufacturing an n-type
MOS has begifigdfsgg.i bed above but a p-type MXS is also fornmed through an
al nost simlar process. According to the process described above, however,
the side wall 107 on the side of the gate electrode 104 vary in wdth. This
varying width is caused by the anisotropic etching. The irradiation angle

of ions used for etchi e %&Qﬂﬁéin@ﬁ?ﬁ@'ﬁlrﬁﬁdcﬂlé@a %agérhop z];.- siﬁ@»sall in general. N+

type impurity diffused regions 108 and 109 having high impurity concentration such as those
shown in figure 6C are formed in a self-aligning manner by ion implantation for a second time

using the gate slectrode 104 and a side wall 107 as the mask.

Then an interlayer insulating film 110 is formed on the whole body, and contact
holes are formed therethrough, thereby to connect a source electrode 111 and a drain electrode
112 to the N+ type impurity diffused regions 108 and 109. With thié, an insulated gate fields
effect transistor having a LDD structure is formed in an element forming region. A process of
manufacturing an n-type MOS has been described above but a p-type MOS is also formed

through an almost similar process.

According to the process described above, however, the side wall 107 on the
side of the gate electrode 104 vary in width. This varying width is caused by the anisotropic
etching. The irradiation angle of ions used for etching becomes uneven and the width of the

sidewall 107 varies when the substrate becomes large in size.



‘sidewal | 107 varies when the substrate beconmes |arge in size. -4- In a
conventional LDD, it has been inpossible to increase the aspect ratio

wi t hout restriction because of the inherit Iimtation in the sidewall
spacer process. The width of the sidewal |- 404 formed by the ani sotropic

et ching depends on the height of the gate el ectrode 104. Normally, the

wi dt h of the sidewal | In(aaogventioma £OTs jt haTeendmpbusibled0tnameasertireaspdet tdtie hei ght
of the gate electrode 104. When the width of the sidewall 107 becones

Wi der, t RgirHout ¥RRichioPbEchiss of izt hhibaMon GNERBIdeHhIl Whker f16ER8STH WA, bned
smal l er regions -see figure 6¢) 105 and 106 becone wi der and the resistance
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characteristics. acti ers 1n e ar ve at rove e LDD
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spacer. The photoresist |ayer is, cor?oosed of an electrolyte contajnin
resist. THes#Rslegisedegrte Whensbmwiskh ohihe sidevalldO7 beeqmes veidér themrtee Wgh to
formthe photoresist spacer on the gate. However, this process is

conplic at&gﬁuseélopembmaéunb ragions (reslefinndtsmalleriregiommntstatgure 6e)gl05And 306 US
5,320,974 (Hori et al.) teaches a nethod of inplanting inpurities around a

gate aft eb]:ecatﬂe Wided and 8 e&fstdnSe b&wesesoukds ahd 2ARiPBIndréREd, Waliidetesibaviag a
process o

transistor characteristics.

Practitioners in the art have attempted to imp‘rove the LDD structure. For example, US
5,518,940 (Hodaﬁe et al.) teaches a method of forming LDD regions adjacent to a gate using a
photoresist layer as a spacer. The photoresist layer is composed of an efectrolyte containing
resist. The charged gate is soaked in .the electrolyte containing resist to form the photoresist
spacer on the gate. However, this process is complicated, expensive and hard to control in

manufacturing.

Also, US 5,320,974 (Horl et al.) teaches a method of implanting impurities
around a gate after an oxide spacer is removed. US 5,286,664 (Horiuchi) shows a process of
fabricating an asymmetrical LDD-MOSFET of the type in which a diffused low-doped layer is
provided only on the drain side. In a MOSFET-formed region, after forming a gate electrode,
using a photoresist film covering one sidewall of the gate electrode and the vicinity thereof, ion

. implantation is performed to form a diffused lightly-doped layer.



‘fabricating an asymmetrical LDD- MOSFET of the type in which a diffused

| ow- doped | ayer is provided only on the drain side. In a MOSFET-fornmed
region, after formng a gate el ectrode, using a photoresist filmcovering
one sidewal|l of the gate electrode and the vicinity thereof, ion
inplantation is performed to forma d+f5fused |ightly-doped | ayer. - 5-
However, there is still a need for an inproved LDD process that elimnates

t he probl ens associ at edowkidr, thee icaillvared for aaimppactLDBNtosROCAL clitifdtes the
processes. Summary of the Invention It is an object of the present

i nventi on prébléhO¥ss6@atdd WithiRedn¥entional §paedriahd siphackd S04 #%cé@&ed drain (LDD)
structure that has | ess steps to manufacture, is sinpler and nore

controllable in manufacturing. It is an object of the present invention to
provide a nmethod for fabricating a lightly doped drain (LDD) structure that

uses a hard mask and produces a %E" ) G ‘gg{‘@ : I's an object of the
present invention to provide a net o‘g}lﬁodr?@?a ri gg{’{lng a lightly doped drain
(LDD) structure using a hard nask and using a controlled polynmer deposition
process on photo resist block. To acconplish the above objectives, the

present invention provides a.nethgd tyrin | i I ain
(LDD) structure in a shlﬂ%ﬂ g@%’% 0?%5 p%fﬁ%@%ﬂ {?i’ ngidga rﬂegn)td & ﬂﬁ’r?c‘iﬁnﬂi
lightly doped drain (LDD) structure that has less steps to manufacture, is simpler and more

controllable in manufacturing.

It is an object of the present invention to provide a method for fabricating a

lightly doped drain (LDD) structure that uses a hard mask and produces a sub-micron gate.

It is an object of the present invention to provide a method for fabricating a
lightly doped drain (LDD) structure using a hard mask and using a coatrolled polymer deposition

process on photo resist block.

To accomplish the above objectives, the present invention provides a method
of manufacturing a lightly doped drain .(LDD) structure in a substrate. The method begins by
forming spaced field oxide regions 12 in a substrate 10. The spaced field oxide regions 12 define
active areas on the substrate, Next, a gate oxide layer 14, a gate material layer 18, and a hard
mask layer 22 are sequentially formed over the active area and the field oxide regions 12. A photo
resist block 24 is formed over the hard mask layer 22 over the active area. The hard mask layer 22

is etched using the photo resist block 24 as a mask forming a hard mask block 23. The etch



‘form ng spaced field oxide regions 12 in a substrate 10. The spaced field
oxi de regions 12 define active areas on the substrate. Next, a gate oxide

| ayer 14, a gate material layer 18, and a hard mask | ayer 22 are
sequentially fornmed over the active area @and-the field oxide regions 12. A
photo resist block 24 is fornmed over the hard mask | ayer 22 over the active

ek fornt ﬁ?‘%ﬂ%@% R ot bt TRt B8 o SgBlaeiSonbtn e Vot o -

polymer | a 26, oV, gr the top and S|dewalls of the photo resist block 24
and over t"*ﬁ oysrhcsifvalls of thedarkmesk black 231 dmpurry. lonsmmnlgntm:m the gubstrate
I nplanted,into the substrate in the active area using the polyner |ayer 26
as a mask @P#PW(? arpayheing the pelymer layer 26ees omaskIOrming highlysicped daireregdns MNeit |
the photo resist block 24 and the polyner |ayer 26 are renoved. The hard

mask is ushecsubstraie 1€t Sext) te'phéto desistlouh 24had ﬂ?é;ﬁal;gﬁér%}eats b rERAbTRE @Rt e
el ectrode 19 between the lightly doped dralns sequent |y, |npur|t|es

i ons are gl xﬁﬁk%iué,eﬂtag ax} Béh 5&%{ {08%8'1 th gk gas ﬁ!ﬁ{aﬁ ¥ foth &% %E:él%:groﬁg?? Eg ween

mask bl ock 23 as orm ng rarn reg|

bstrat th t t
rsnl;nzf !agt 5#4‘31‘%{2@9%%‘5}?‘8? %‘6‘?3 fyegt r[&‘%ﬁ‘f’&i"g\@eﬂgé@&ﬁ&ﬂ@ *ﬁ‘égg%élbﬁféatainsﬁhﬁpl er

met hod of formng the lightly doped drain structure that elimnates the
process sPEHE ¥¢e usrdbe hadinsk blogls 23 o3 o magnormipgdightiederted drie regias B4 i thehe
pol ynmer layer and the lightly doped drain is highly controllable and can be
formed t hisghsémte 10

The method of the current invention is a highly manufacturable method for
forming submicron gates. The method is a simpler method of forming the lightly doped drain
structure that eliminates the process steps of spacer oxide deposition and spacer etch. The width

of the polymer layer and the lightly doped drain is highly controllable and can be formed thinner

than traditional dielectric and photoresist spacers.
Brief Description of the Drawings

The features and advantages of a semiconductor device according to the
present invention and further details of a process of fabricating such a semiconductor device in
accordance with the present invention will be more clearly understood from the following
description taken in conjunction with the accompanying drawings in which like reference numerals

~ designate similar or corresponding elements, regions and portions and in which:



‘than traditional dielectric and photoresist spacers. Brief Description of
the Drawi ngs The features and advant ages of a sem conductor device
according to the present invention and further details of a process of
fabricating such a sem conductor device in accordance with the present
invention will be nore clearly understood-ffremthe follow ng description
taken in conjunction Mith e aeGo | D& LA dRTS: § i i ference
nuneral s desi gnate si%rgsrfg‘fo‘@?rag%g#é?%’gogél ene%‘tég#lﬁsrt}ggyggéeg‘ﬁg f?)rgrti ons
and in which; . -7- Figures 1 through S,g,re Ccr.oss sectional views for

i | | ust r afFangfagturing A Sahthiiopsd ARMBRENTG ARG AN 4 the Pressdeyedtioh n structure
according to the present invention. Figures 6A - 6C are a cross sectional
views for illustrating a nmethod for manufacturing a lightly doped drain
structure according to the prior art. Detail ed Degcrjption of the Preferred
Enbodi nents The pr esdfiguehgdnblore#icrass & “%‘@&?PW% justrating £ methgd
reference to the acconpanyi ng drawi ngs. The present invention provides a
met hod ofm3nufastunigg a lightly daped dtain ssrughireaccordingderthiel prigr agtnsi on and is sinple
to manufacture. It should be well understood by one skilled in the art
that, by including additional process steps not described in this

enbodi nent, other types of devices can also be included on the chip. For
exanpl e, P wells in thddadedBescription of the Preferred Embodiments

~ The present invention will be described in detail with reference to the
accompanying drawings. The present invention provides a method of forming a LDD structure
which has smalt dimension and is simple to manufacture. It should be well understood by one
skilled in the art that, by including additional process steps not described in this embodiment,
other types of devices can also be included on the chip. For example, P wells in the P substrate
and CMOS circuit can be formed therefrom. It should also be understood that the figures depict

only one LDD structure and FET out of a multitude of cells that are fabricated simultaneously on

the substrate.

As shown in figure 1, spaced field oxide regions 12 are formed in a substrate
10. The spaced field oxidc regions 12 define active areas on the substrate. The substrate 10 is

preferably a silicon semiconductor substrate having a p- background doping and a (100) crystal



-and CMOS circuit can be forned therefrom It should also be understood that
the figures depict only one LDD structure and FET out of a nultitude of
cells that are fabricated sinmultaneously on the substrate. As shown in
figure 1, spaced field oxide regions 12 are fornmed in a substrate 10. The
spaced fieI d oxide regions 12 define active @reas on the substrate. The

substrate ref.er bI L licon mcon uct,or substr a a p-
backgr ound CASRIEY o Eehstyo veéefsa@% Shogid Yo*f‘?‘a%% SRR bk drdelad o
I s understood,to, possi ny i ncl ude cong r wafer, active and passive
devi ces forpﬁﬁﬂ’e\ﬂle@ﬁ?srfo‘fmféi%%ﬂ‘e r|a yegs Qf‘@ﬁ“faff’é r surface. One
nmet hod of formng these field oxide regions 12 is described by E. Kooi in
U S. patent No. 3,970, 486, wherein sel ected surface portions of a silicon

substrate are masked agai nst,k oxi dati.on an nmaske e | i dj zed
to grow a thermal oxi dg)‘erP%tth?f W%We?%ﬁ@’ﬁ‘%rﬁg‘f’%%s‘? H?SE'B dshﬁ?fg{o@

the unmasked areas. The mask is renpved and seniconductor devices can be
formed in tUhE. patem iNog3,97@ 186 ovhetdireselectell aurfase perighoefs stivon substateiavamaskeds .
The field oxide regions 12 preferably have a thickness in a range of

bet ween abagtin@@adndar@AOuhnasktd dutfaced$ exidizertotgrow iaghrrmalloxide wiathen effeaie
| ayer 14, a gate material |ayer 18 and a hard mask | ayer 22 are

sequent i al Isjnkh HtoER sRi¢6H surfite AQhé Mitnakeitaréi8 d ThdMadk i€ kenavsd 8fl defriiontisordr2.
The gate oxide | ayer 14 can be formed by a conventional thermal oxidation
devices can be formed in the openings between the isolation regions called active areas. The field

oxide regions 12 preferably have a thickness in a range of between about 2000 and 8000 A.

Still referring to figure 1, a gate oxide layer 14, a gate material layer 18 and a

hard mask layer 22 are sequentially formed over the active area and the field oxide regions 12.

The gate oxide layer 14 can be formed by a conventional thermal oxidation
process. The gate oxide layer 14 preferably has thickness in a range of between about 20 and 150

A

Next, the gate material layer 18 is formed over the gate oxide layer. Later the
gate material layer will be patterned to form the gate electrode of the transistor. Tﬁe gate material
layer 18 can be composed of a polycide or polysilicon and is preferably formed of polysilicon. The
polysilicon layer can be doped with n-type pr p-type impuriﬁes as desired. The polysilicon layer
is preferably doped with n-type impurities, such as phosphorus or with p-type impurities such as

boron. The impurity concentration is preferably in a range of between about 1E15 and 1E22



‘process. The gate oxide |layer 14 preferably has thickness in a range of

bet ween about 20 and 150 A. Next, the gate material |layer 18 is forned over
the gate oxide layer. Later the gate material layer will be patterned to
formthe gate el ectrode of the transistor. The gate material |ayer 18 can
be conposed of a polycide or polysilicangand is preferably formed of

polysilico 3p silicon. er n, .be doped with n-type pr p-type

i npuriti esgrglsn-gg%%i &é% 3“‘?%??58* %ﬁ H“Ec?%ﬁblpf gﬁ-‘f 8?@‘“5?5& aFapge pf bespeen atoun 1500
n-type inmpurjties, such as phosphorus or with p-type inpurities such as
bor on. Thea’?‘Jr%moi“%y concentration is preferably in a range of between about
1E15 and 1E22 -9- atons/cnferr]. The gate material |ayer preferably has
a thickness in a range of between about 1500 and 3000 A. Next, a hard mask
| ayer 22 is formed over the gate material |ayer 18. The hard mask |ayer 22
will function as an i ofNexkyslhard magkdiyer 32 ssrfonmed oMeetteayatk matskalllaygeri 8c The be
conposed of silicon oxide, silicon nitride or silicon oxynitride and is

nor e pr ef ehadinyask tayprozedilifingionias amicaiinplant M 14tar sh. MRskhak Evask HR RBsLO
silicon oxide is preferably formed using a Tetraethylorthosilicate (TEOS)

process. Aso;ﬁﬂs&\éﬁ'bp il i 3 ] 0 ver
hard mask |ayer 22 gylg‘?rpé)ﬁgé;gglté? I\E/)g&?ra éﬁ%ﬁ‘é"’%ﬁ%‘%ﬁ %@s‘ IL' &oi%érg%%b%f%&p tOQE%
formed usi gosRaRile! 9928 haeQlek ayeP formied of silicon oxide is preferably formed using a

Tetraethylorthosilficate (TEOS) process.

As show in figure 1, a photo resist block 24 is formed over the hard mask layer
22 over the active area. The photo resist black 24 is formed using conventional coat, expose,
develop and etch lithography techniques. The photo resist block 24 has a top and sidewalls. The
photo resist block 24 preferably has a width in a range of between about 0.18 and 1.25 pm. The

photoresist (PR) is preferably composed of a organic photoresist.

As shown in figure 2, in an important step, the hard mask layer 22 is etched
using the photo resist block 24 as a'mask forming a hard mask block 23. At the same time during
the etch, a polymer layer 26 is formed over the top and sidewalls of the photo resist block 24 and

over the sidewalls of the hard mask block 23.



- devel op and etch Iithography techniques. The photo resist block 24 has a
top and sidewal | s. The photo resist block 24 preferably has a width in a
range of between about 0.18 and 1.25 [err]m The photoresist (PR) is
preferably conmposed of a organic photoresi@t._ As shown in figure 2, in an
i nportant step, the hard mask | ayer 22 i's €t ched using the photo resist

bl ock 24 as a mask form,ng ha mask hl.ock .23. At the sa ti durin
the etch, a polyner |ay e%‘%‘l?‘ﬁ%&?’ﬁ‘@d“gj&@‘rp@ﬂae&lwf dirgpg’g%g}qgglsggat
photo resist block 24 and over the sidewalls of the hard nmask bl ock 23.

- 10 - The®shél carsillysontrolliog thsf etehparpmstotsde prepedy fomn theaofymredrof heeetchisg ng a
RIE etch by carefully controlling the etch paraneters to properly formthe
pol yner . Tpmfmbihicoggﬂsesftm Podfyrrebparinaes shbw bploef @rthlsid ipar amet ers show

below in table 1: Table 1: Preferred Etch paraneters Variabl e units
low limt t ar get hi Iimt Pressure mllitorr 20
250 400 preferred etch sccm gasses- CHF[err] /CF[err] Ratio
of etch  Table 1: Preferred Etth parameters 11 51

Variable units low limit target hi limit

Pressure millitorr 20 250 400

preferred etch | scem

gasses- CHF;

/CF,

Ratio of etch 0.5:1 [:1 5:1

asses

Carrier Gasses

~ Argon

Etch Time - by | seconds

end point

detection

over etch % 50% 100% 150%

RF Power watt 600 W 1300 W 1500 W

Both the etch of the hard mask and the polymer deposition (from the photoresist) occur

simultaneousty during the etch process.

The polymer layer 24 is composed of carbon, silicon, oxygen and hydrogen
and preferably has a thickness in a range of between about 300 and 1500 A and more preferably

between about 500 and 1200 A.



‘gasses Carrier Gasses - Argon Etch Tinme - by seconds end point detection
over etch % 50% 100% 150%
RF Power wat t 600 W 1300 W 1500 W Bot h
the etch of the hard nask and the pol ynmer deposition (fromthe photoresist)
occur sinmultaneously during the etch process. The polyner |ayer 24 is
conposed of carbon, silicon, oxygen and ﬁﬁzrbgen and preferably has a

t hi ckness in a range of., bet ween about . 150Q A and ,nore ferably
bet ween about 500 and h@@cf)ﬁg&sratl%ﬁgqgﬁg-%g}‘{ﬁﬁﬁs qgugpd to Eff—‘il‘—'{z’iﬁ":"']et“%mg

:CF[err] ) variables are used to control the etching of the hard nmask and
the deposi ©f g herd mask gaethe depositiome gokisies P therphotpsesish The pelymenshickness sanc an

be adjusted by changing the etch gas ratio. As shown in figure 3,
i mpuriti esbqﬁgg;lsstatbjdhminmheetchgasmddne substrate in the active areas using
the polyner layer 26 as a mask form ng highly doped drain regions 30 in the

As shown in figure 3, impurities ions are implanted into the substrate in the
active areas using the polymer layer 26 as a mask forming highly doped drain regions 30 in the

substrate 10,

The implant is preferably a n-type implant using arsenic ions at an energy ina
range of between about 100 and 250 Kev and a dose in a range of between about 1E15 and
SE16 atoms/cm’. The highly doped drain regions 30 preferably have an impurity concentration in
a range of between about 1E21 and 1E22 atoms/cm’ and a depth below the substrate surface in
a range of between about 0.1 and 0.5 um. The ion implant (I/1) is performed through the gate

material 18 which yields the following advantages: 1) reduces damage to the silicon, 2) eliminates

channeling effect and 3) can eliminate poly-oxidation steps,

As shown in figure 4, the photo resist block 24 and the polymer layer 26 are

now removed. The photoresist can be removed by conventional techniques. The polymer layer

26 can be removed by a wet etch such as a 100:1 HF:H,0 (mixture) dip etch, a NH4:H;0, 0r 2
RCA clean,



Substrate 10. The inplant is preferably a n-type inplant using arsenic ions
at an energy in a range of between about 100 and 250 Kev and a dose in a
range of between about 1E15 and 5E16 atons/cnierr]. The highly doped drain
regions 30 preferably have an inpurity congentrati.on in a range of between
about 1E21 and 1E22 atons/cnierr] and a d'eé?h’“ bel ow t he substrate surface

in arange of between Sfibteferfing toMilrdX, 3hd Igitd a3k 2346 ubdlas!atRlcRHhask kdekn ' S
performed through the gate material 18 which yields the follow ng

advant agesbarrier) foedleiCMie g3 MRS Al Ryé S 18 idkﬁrﬁﬁﬁ'et %ag% ei@{:&gﬁeQ@F %he 9@??&%&'@@%&@ he

effect and 3) can elimnate poly-oxidation s . shown T f7

h I : d. Th
Phot or eai o1 et At perBl y A RRRYOR FatkTon 8 ReRESHTBBE ymer | ayer 26

can be renmoved by a wet etch such as a 100:1 HF:H err] O (m xture) dip etch,
a NHd:Herr]Qerr] or a RCA cl ean. - 12 - Still referring to figure 4,
the hard mask 23 is usgd as an.etch mask. (.etch barrie tQ etch the gate
material |ayer 18 to d‘§1s R P e’n@u&‘{lpgﬁj@ei@?ia Fl@“@%\ﬁ‘@ suhsgterip e et ch
S preferabbf\{|§ifl erformed with C {Hec&rzg/ HBr/Jerr] reactive ion etch or high
density pl&EHBATChESL GG Hard masky as arp Kl inasgk formping lightly donpd drstneragiprg 3 inhe
substrate |n the active area using the hard mask block 23 as an I/1 nmask
forming Iit ﬁﬁtfbytrggﬂgd The hard masly23 isandmplant barrier preventing the ions from penetrating into

the gate 19,

The light doped drain ion implant is preferably performed with Phosphorous
(or Boron) impuﬁties at an energy in a range of between about 25 and 100 keV and a dose in a
range of between about 1E12 and SE13. The light doped drains preferably have an impurity
concentration in a range of between about 1E15 and 1E20 atoms/cm® and a depth below the
substrate surface in a range of between about 0.1 and 0.5 um and preferably have a widthin a
range of between about 500 and 1500 A. The width of the invention's lightly doped drain (LDD)
is smaller than the possible widths of a conventional dielectric or Photoresist spac;er. This is
because the inventions process can control the thickness of the polymer layer 26 better than the
conventional process .can control the thicknesses of their spacers. Therefore the polymer
deposition process of the instant invention provides better control of the LDD width and smaller

LDD than conventional processes.



‘the substrate 10. The hard mask 23 is an inplant barrier preventing the
ions frompenetrating into the gate 19. The |ight doped drain ion inplant
is preferably perforned with Phosphorous (or Boron) inpurities at an energy
-in a range of between about 25 and 100 keV.and a dose in a range of between
about 1E12 and 5E13. The |ight doped draths preferably have an inpurity

concentration in a rarlg?cg;{#&m&g iﬁzg%rm%ﬁdé?ﬂgg Pag%ﬁ.e&tt%ggé%%b%ng a

i
dept h bel ow t he substrate s ace In range o ween abou

[err]man r Lab hay widih in a range of. between out 500 and 1500
A The i S SR el 124 Be B 0o wand i EB3R0 LR ety FGF badmee blosr
the possible w ﬂt hs, of conventional dielectric or Photoresist spacer.
This is bésctgf@é’ Yﬁ'éblieﬁ?@ﬁ‘!‘]réﬁémﬂﬁlé@ss can control the thickness of the

pol yner |ayer 26 better than the conventional process can control the

t hi cknesses of their spacers. Therefore the pol yner deposition process of
the instant invention provides better control of the LDD width and snaller
LDD t han conventi onal Nextcasshewn in figure 51 the trapsigioeis somgletesrityi foumisg aminsiliating
formation of the field effect transistor (FET). The hard mask bl ock 23 can
be left oleyeh?0 gedrehexestiltingsurfaceptThe iralifaymghiayer e300l @eeferdble ah axide, astas ock i s

thermal |y stable and can remain in place. Next, as shown in figure 5 the
transi st odop&l GOdaNIRIBEE (Y ThOSIdMlg Bed grefotaBl/iNAYa thickness in a range of between
about 3000 and 10,000 A. Contacts openings 32 are formed in the insulating layer 30,

Conductive contacts 34 are made to said source and drain regions 30 34 and said gate electrode

19 (not shown) .

The method of the current invention is a highly manufacturable process for
forming submicron gates. The invention is a simpler method of forming the lightly doped drain
structure that eliminates the steps of spacer oxide deposition and spacer etch. The invention is
easily adaptable to existing processes, especially processes where the hard mask gateetchisa
regular step forming the submicroa gate electrode. The invention will have greater value in the

future when width requirements of spacer and LDD become smaller.



‘l'ayer 30 over the resulting surface. The insulating |layer 30 is preferably
an oxi de, such as a doped oxide |ike BPSG The insulating |ayer preferably
has a thickness in a range of between about 3000 and 10,000 A. Contacts
openings 32 are formed in the insulating |ayer 30. Conductive contacts 34
are made to said source and drain regions 130-34 and said gate el ectrode 19
(not shown). The net . 0f, the current iny i I i turabl e
process for formng Q%Plr? @\;d?..veag?r}e}&s%ﬁeﬂ%‘t ﬁc\%a'}’]l? Pt(‘)(l’nws'rll %’dgd eg?{r%fi ggrm Lr%fe 08° of
formng the lightly doped drain structure that elimnates .the steps of
spacer oXPde Qfg 853 £ ‘?fi"&ﬁ%fs g‘}‘/‘é‘?? it \gﬁl(h?_unﬁétoPﬁS%H}OF%%lleé'%g?ﬂfvﬁgtdﬁlﬁp%| e
to existing processes, especially processes where the hard mask gate etch
i s a reguhangesireforhendriletgils thay Mw@eu@@eﬂ@g&@mmé@nm scaReetfithon wil |
have greater value in the future when width requirenments of spacer and LDD
beconme sriavdnéion. - 14 - Wi le the invention has been particularly shown
and described with reference to the preferred enbodi nents thereof, it wll
be understood by those skilled in the art that various changes in form and
details my be made w thout departing fromthe spirit and scope of the

i nvention.



.- 15 - CLAIMS 1 A nethod of fabrication of a lightly doped drain (LDD)
structH@lﬂ‘M‘z‘lﬂHﬂﬂﬂ‘Me conprising the steps of: a) formng spaced field
oxi de trate, said spaced field oxide regions defining

active %reas 'on"safd Substrate; b) sequentially formng a gate oxide

| ayer, and a gate material |layer and a hard nmask | ayer over said active
area and said field oxide regions; c¢) Tdrm ng a photo resist block over
sai d hard naskCUAZM®r over said active area; said photo resist block having
a top and sidewal ls; d) etching said hard mask | ayer, using said photo

resi st bl.qck f ) . : rm ol ymer

| ayer ove?l'sa?%n%u{sgp%?aﬁr%ﬁéﬁg Q&Méﬁggﬁ%&dség% ‘%L@?ig) gg%tlé?og}aggiﬁgned over the
sidewal I s of sai.d ngrd mask bl ock; e) i mplanting inpurities ions into

sai d subst RFRIFIREE qﬁep(g@?.i ve area using said polyner |ayer as a mask
formng highly doped drain regions in said substrate; f) removi ng the
photo resist block and said polynmer |ayer; Q) etching said gate materi al

| ayer using said hard nask bl ock an’ etch mask form ng a gate, el ectrode
over said active arida; fayming FH?ﬁF‘bﬁ?ﬁﬁi RYIe FRSIANS {1 2 ubsERE, itk paceditisldomds rat e
in said active area using said

regions defining active areas on said substrate;

b)  sequentially forming a gate oxide layer, and a gate material layer and a hard
mask layer over said active area and said field oxide regions;

¢) forming a photo resist block over said hard mask layer over said active area;
said photo resist block having a top and sidewalls;

d) etching said hard mask layer, using said photo resist block as a mask,
forming; a hard mask block and forming a polymer layer over said a top and
sidewalls of said pheto resist block and over the sidewalls of said hard mask
block;

e)  implanting impurities ions into said substrate in said active area using said
polymer layer as a mask forming highly doped drain regions in said substrate;

f)  removing the photo resist block and said polymer layer;

g) etching said gate material layer using said hard mask block as an etch mask
forming a gate electrode over said active area;

h)  implanting impurities ions into said substrate in said active area using said
hard mask block as a mask forming lightly doped drain regions in said

substrate;



—_——

hard nﬂ,m sk formng lightly doped drain regions in said
substr ﬁ’”ﬂﬂ"@gﬁ’iﬁ formng an insulating |ayer over the resulting
surface*ard frorm tacts to said source and drain regions and said gate
el ectrode thereby conpleting said LDD struggure. 2. The net hod of claim
1 which further includes formng an insulating |ayer over the resulting

surface and forning gont Gdi-inﬁxgt&_in%ﬁliaﬁn Itﬁﬁx;‘b%ﬁﬂg rédG@hg sdcBk ARG fﬁﬂ%g%hﬁc@ﬁée

el ectrode thereby conpleting said lig doped draih structure.

net hod of claim 1 wherej | i ] | | avi a t.hickness in, a
range of between about 52863&15%0"1 n&@hag" %’oﬂ?aﬁfﬁ%?ﬁ]%,&gg6t?er%qyaﬁomp g &di n
sai d gate oxide |ayer hﬁ){ﬁ hi ckness in a range of between about 20 and 150
A 5. The net hod of U Wher ei n said gate material |ayer conposed of
a material ,selegted fromthe rou%l consi sting of a polycide and

pol ysi li cof: an hﬁaseﬂwdtqfictamgs@m durther islydesoformisgae énsulating leyarsoer thad 3000
A. 6. The nmethod of claim1 wherein said photo resist block having a
width in a rafybingfsutfeewee formimgiontacts & saittisolirddmanl @edig fgions and said gate electrode

thereby completing said lightly doped drain structure.

LI

The method of claim 1 wherein said field oxide regions having a thickness in a range of

between about 2000 and 8000 A.

4, The method of claim 1 wherein said gate oxide layer has thickness in a range of between

about 20 and 150 A.

5. The method of claim 1 wherein said gate material layer composed of a material selected

from the group consisting of a polycide and polysilicon; and has a thickness in a range of

between about 1500 and 3000 A.

6. The method of claim 1 wherein said photo resist block having a width in a range of

between about 0.18 and 1.25 pum.

7. The method of claim 1 wherein the etching of said hard mask layer comprises an etch

using CHF; /CF, etch gasses, at a pressure between about 20 and 400 mtorr, Ratio of etch



LT |l aim 1 wherein the etching of said hard mask | ayer
conﬂ%ﬂﬂi'ﬁ%“ﬂfng CHF[err] /CF[err] etch gasses, at a pressure

bet nzUsand 400 ntorr, Ratio of etch -17- gasses between about
0.5:1 and 5:1; using an Ar carrier gas, Wlis-g an overetch between about 50%

and 150% and at a RF Power between abouf 0 Wand 1500 W 8. The

met hod of cl gassesbewirrh @bsutes: U amds: ¥y ®inglaa Ve cairier gasypeisiesh eferaell thadWween about
silicon, oxygen and hydrogen and has a thickness in a range of between

about 500 anshed 208 1469 and at a RE BB 86bwakn JRBE 5GP &Y gbo@v.'ightly doped

drain (LDD) structure in a substrate using a polynmer layer to define the
lightly doped drain conprising the steps of: a) formng spaced field oxide
regions in a substrate, said spaced field oxide regions defining active
areas on said substrate; b) sequentially formng a gate oxide |ayer, and

a gate matgri al - aye nd a. har sk .l . ' ' | d
i o d oxi b r egr e of pBm el i er RYF 5 PEpo 8 bk 4ndt el Sy

| ayer over poriions of said active, area;, said hoéo resi st, bl Oi:.( havi n a
top and si dedRdl hysirogeniand bass thickpess ina wngs E’ﬁ%eﬂ@ wtyp B 348di 1408 A ange of

bet ween about 0.18 and 1.25 [err]m d) etching said hard mask | ayer using
said photo resist block as a nmask form ng a hard mask bl ock and

si mul t aneously deposition a polyner |ayer over said a . .
9 A method of fabrication of a lightly doped drain (LDD) structure in a substrate using a

polymer layer to define the lightly doped drain comprising the steps of:

a) forming spaced field oxide regions in a substrate, said spaced field oxide
regions defining active areas on said substrate;

b)  sequentially forming a gate oxide layer, and a gate material layer and a hard
mask layer over said active area and said field oxide regions;

¢) forming a photo resist block over said hard mask layer over portions of said
active area; said photo resist block having a top and sidewalls; said photo
resist block having a widthina ra:nge of between about 0.18 and 1.25 pm;

d)  etching said hard mask layer using said photo resist block as a mask forming
a hard mask block and simultaneously deposition a polymer layer over said a
top and sidewalls of said photo resist block and over the sidewalls of said

| hard mask block; said polymer layer comprises carbon, silicon, oxygen and

hydrogen and said polymer layer has a thickness in a range of between about

500 and 1200 A;



e

-top and gj photo resist block and over the sidewalls of said
har d masq “g“mmfm ymer | ayer conprises carbon, silicon, oxygen and
hydr ogen csard Molyn€r layer has a thickness in a range of between about

500 and 1200 A - 18 - e) inplanting inpurities ions into said

substrate in said active area using said Polynmer | ayer as a nmask formng

hi ghly doped drain rpgi anglaitingSmpurites et lietd 63id Sybstratenn said gctiveargheaing sasi st

bl ock and said polyner |ayer; g) etching said gate material |ayer using

sai d hard mask bl ock a%o@ﬂue?fa?& A0 Sask Grifiniohighlg AbFededBinlrE QS IRVAE soRtEte;
active area; h) inplanti'ng iimpurity ions into said substrate in said

active area using sgd . : : ) | ghtly doped

drain regions in sai sgg‘é&’r‘@% pﬂ)t%q-gﬁ‘%r%ir%%%gﬁg%ml& ﬁélg{‘ngx[glla égr’ | ayer over the
resulting surface and form ng contacts, sai d source,an rgin regions, and
said gate el ectrode gghere@&y\géaﬂ;ﬁa&mﬁgﬂégﬁyafﬁﬂw#%@ma .g].‘ig(.asa & Hetkhod

of claim9 wherein said field oxide regions _having a thickness in a range
of between about 2000 fomhiBg9gata elestrode ovensaihagtivedresf claim 9 wherein said
gate oxide layer has thickness in a range of between

h)  implanting impurity ions into said substrate in said active area using said hard

mask block as a mask forming lightly doped drain regions in said substrate;
1) forming an insulating layer over the resulting surface and forming contacts
to said source and drain regions and said gate electrode there.by completing
said LDD struc.:ture.
10.  The method of claim $ wherein said field oxide regions having a thickness in a range of

between about 2000 and 8000 A.

11.  The method of claim 9 wherein said gate oxide layer has thickness in a range of between

about 20 and 150 A.

12.  The method of claim 9 wherein said gate material layer composed of a material selected

from the group consisting of a polycide and polysilicon and has a thickness in a range of

between about 1500 and 3000 A.

13.  The method of claim 9 wherein the etching of said hard mask layer comprises an etch
using CHF; /CF; etch gasses, at a pressure between about 20 and 400 mtorr, with a ratio

between said etch gasses between about 0.5:1 and 5:1; using an Ar carrier gas, with an



‘about 2 The nethod of claim9 wherein said gate materi al
| ayer c IEH l Hri al selected fromthe group consisting of a
pol yci de« $ and has a thickness in a range of between about

1500 and 3000 A. 13. The met hod of claim9 wherein the etching of said
hard mask | ayer conprises an etch using—CHE[err]/CF[err] etch gasses, at a
pressur e _betereteinbetbient aiut 30% 4R050%2%id at R p teh
gasses between about 0.5:1 and 5: 1; usclin Pfeggét&egfﬁ%ﬁggo%ﬁﬁmghwo
19 - overefch between about 50% and 150% and at a RF Power between about

600 Wand 1500 W



