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A SELF ‘ALI GNED CHANNEL' DOPI NG METHOD FOR HI GH SPEED MOS
TRANSI:STORS mmMRQNDG:ﬂﬁlwmmum (1) FIELD

OF THE | NVENTI ON Thi to t rnation of

relatively heavy dopi ng concent r9 ?m ? g\?lwt oped drain .
regions for metal oxide senicond effect "transis HEa-4
havi ng sub m cron channel |engths. More partlculalzyﬂkge jventi o re1a1es

to a method of fornming lightly doped drain and h for a h@w5&e
formed in a heavily doped sem conduct or-vekl . lopy

A SELF ALIGNED CHANNEL DOPING METHOD
FOR HIGH SPEED MOS TRANSISTORS

BACKGROUND OF THE INVENTION
(1) FIELD OF THE INVENTION -

This invention relates to the formation of
relatively heavy doping concentrations only in the lightly
doped drain regions for metal oxide semiconductor, MOS,
field effect transistors having sub micron channel lengths.
More particularly the invention relates to a method of
forming lightly doped drain and halo regions for a device

formed in a heavily doped semiconductor well.

(2) DESCRIPTION OF THE RELATED ART

U.S. Pat. No. 5,270,234 to Huang et al. describes
a method of channel doping for sub micron MOS devices using
channel doping before the formation of the gate electrode.

Planarization is accomplished using chemical mechanical



(2) DESCRIPTION OF THE RELATED ART U S Pat. No. 5,270,234 to
Huan§ et %l . describes a nethod of channel doping for sub mcron MOS

devi ces using channel doping before.the formation of the gate el ectrode.
Pl anari zation is acconplished using chem cal nechani cal - ,

-2- polishing. _ Non uni form y doped channel regions is

di scussed i n ddig gmaRg . "Source-to-Drain nuni formy Doped Channel ( NUDC)
MOSFET Structures for "High Current Drivability and " Threshol d Vol t age :
Controllability" by Y. Ckumara et al., |EEE Transactions on El ectron

Devi ces, Vol. 39, No. 11, Novenber 1992, pages 2541-2552.

This invention uses ionNenphakfarnlyn depddraohanniejhickgidopeilsddasauased hal o
regions after the gate electrode has been fornmed to produce relatively

hi gh dopi ng cdhddift PaPReaEnS SeRFyeTe1heain dlemupidogadydParadr ehrpral

{NUDC) MOSFET Structures for High Current Drivability and
Threshold Voltage Controllability" by Y. Okumara et al.,
IEEE Transactions on Electron Devices, Vol. 39, No. 11,

November 1992, pages 2541-2552.

This invention uses ion implantation to form
lightly doped drain and halo regions after the gate
electrode has been formed to produce relatively high doping

concentrations only in the lightly doped drain regions.



-3- . SUMVARY OF THE | NVENTI ON When MOS, netal
oxi dé ‘seni‘conductor, field effect transistors are scaled to di nensions
produci ng sub m cron channel |engths short channel effects beconme apparent
and nust be dealt with. Increased doping levels are required to suppress
| eakage current but higher doping concentr$t|ons | ead to | arger junction

capacitance with adverse aff W oF Th¥ FN9§ﬁ§96§ance I t

is a principle objective of thi's Invention rovide a self-aligned .
i ghtly doped drain, LDD, doping nethod which prOV|des hi gh dopi ng

concentrations only in the lightly doped drain region thereby avoiding an
increase in juncti onwhanaMo$ ANfetal oxide semicod@usteb) efiéMb éffearthi eved

by formng a wwindowin a dielectric |ayer wherein the window is forned

over a transistors are scaled to dimensions producing sub micron
channel lengths short channel effects become apparent and
must be dealt with. Increased doping levels are required to
sﬁppress leakage current but higher doping concentrations

lead to larger junction capacitance with adverse affects on

circuit performance.

It is a principle objective of this invention to
provide a self-aligned lightly doped drain, LDD, doping
method which provides high doping concentrations only in the
lightly doped drain region thereby avoiding an increase in

junction capacitance.

-

-
-

This objective is achiéved by forming a window in
a dielectric layer wherein the window is formed over a
lightly doped drain, LDD, region of a semiconductor
substrate where the LDD will be formed. Spacers are formed
on the sidewalls of the window. The gate electrode is then
formed and the spacers are removed leaving openings between
the dielectric layer and the gate electrode. Ton
implantation through these openings changes the doging level
of the region of the semiconductor directly below the

openings thereby forming a lightly dobed drain region. The



lightly doped drain, LDD, region of a sem conductor substrate where the
LDD.wi | [ #be forned. Spacers are forned on the sidewalls of the wi ndow. The
gate-electrode is then fornmed and the spacers are renoved | eavi ng openings
between the dielectric |layer and the gate electrode. lon inplantation

t hrough these openi ngs changes the doping level of the region of the

sem conductor directly bel ow the openings thereby formng a lightly doped
drain region. The -4 - -4- substrate is
t hen anneal ed and a hal o region of sem conductor type having an opposite
polarity to shbestragdtiy theredndeailedr sgdoa h3ld arepibrusifhg i on
inmplantation and agai n anneal ed. The dielectric layer is then
removed and S$PpAEEPRAuUGEQRr (ymfedaginghansPEeofite prlatictydie tdieect r ode.

Source and drajn.region re then forped_using conventional . methaods. This
| eaves LDD rgbggﬁéyo °Eﬁ§%é§ﬁiﬂb5?§ﬁ°ﬁa?§rfafmeg using ion implantation

and again annealed.

The dielectric layer is then removed and spacers
are formed on the sidewalls of the gate electrode. Source
and drain regions are then formed using conventional
methods. This leaves LDD regions of semiconductor material
having relatively high doping concentrations without having
high doping concentrations at the junctions of the device.
Increased junction capacitance is avoided and improved

device performance can be realized.



havi ng felatively hi gh dopi ng concentrations w thout having high doping

. coneentrations at the junctions of the device. Increased junction
- capacitance is avoided and i nproved device perfornance can be realized.
- b- BRI EF DESCRI PTI ON OF THE DRAW NGS “Fig. 1

shows a cross section of a sem conductor substrate showing a windowin a
first and second dielectric |ayers covered by a third dielectric |ayer.

Fig. 2 shows a cross sectiaon_of _the seniEqF-uctor s%ﬁ% rate of Fig. 1
show ng spacers of t hi r d BREEF e DEPFRIPRELY (95 THE, he sidewal | s of

t he wi ndow. Fig. 3 shows .a cross section of the sem conduct or
substrate of Fig. 1 with a gate oxide |layer forned in the w ndow and a

bl anket polysilicon gaig ef egtdidle |aves §ReR8dn 88 hhSemtsddwdtor

substrate showing a window in a first and second dielectric

layers covered by a third dielectric layer.

Fig. 2 shows a cross section of the semiconductor
substrate of Fig. 1 showing spacers of third dielectric

material formed on the sidewalls of the window.

'Fig. 3 shows a cross section of the semiconductor
substrate of Fig. 1 with a gate oxide layer formed in the
window and a blanket polysilicon gate electrode layer formed

on the substrate.

-

Fig. 4 shows a cross section of the semiconductor
substrate of Fig. 1 after etchback of the polysilicon gate

electrode layer has formed the polysilicon gate electrode.

Fig. 5 shows a cross section of the semiconductor
substrate of Fig. 1 after the gate electrode has been
formed, the spacers have been etched away, and the lightly

doped drain and halo regions have been formed.



Fig.» 4 shows a cross section of the sem conductor substrate of Fig. 1
rafter etchback of the polysilicon gate electrode |ayer has forned the

pol ysilicon gate el ectrode. Fig. 5 shows a cross section of

t he sem conductor substrate of Fig. 1 after the gate el ectrode has been
fornmed, the spacers have been etched awgy, and the lightly doped drain and

hal o regi ons have been forned.
Fig. 6 shows a cross sectﬁ"dh- & Sthﬁé’ssénFE‘éﬁﬁlu%?%?m%Lﬂ)%t?% éG&TltC@PdS‘ﬁ&@Ers

e P duBlet e ey SRR 50! & R e
substrate show QQ %Iogyf : i C :J;clzleer%hd ﬁ%&?ﬂdre on.la_.l’ibgv%b e%l %%TT.'EI 4. | ayers

covered by a fourt Cross
section of the sen1conductor

Fig. 7 shows a cross section of a semiconductor
substrate showing a window in a first, second, and third

dielectric layers covered by a fourth dielectric layer.

Fig. 8 shows a cross section of the semiconductor
substrate of Fig. 7 showing spacers of fourth dielectric

material formed on the sidewalls of the window.

Fig. 9 shows a cross section of the semiconductor
substrate of Fig. 7 with a gate oxide layer formed in the -
window and a blanket polysilicon gate electrode layer formed

on the substrate.

Fig. 10 shows a cross section of the semiconductor
substrate of Fig. 7 after the gate electrode has been
formed, the spacers have been etched away, and the lightly

doped drain and halo regions have been formed.



substrate of Fig. 7 showi ng spacers of fourth dielectric material. forned
~on the sidewal | s of the w ndow. Fig. 9 shows a cross section
~of the sem conductor substrate of Fig. 7 with a gate oxide layer fornmed in
the w ndow and a bl anket polysilicon gate electrode |ayer formed on the
substrate. Fig. 10 shows a cross section of the sem conductor
substrate of Fig. 7 after the gate el ectrode has been forned, the spacers
have been etched away, and the lightly -€dped drain and hal o regi ons have

been for ned. DESCRIPTION OF THE PREFERRED- EMBODIMENTS
DESCRI PTI ON OF THE PREFERRED ENMBCODI MENTS Refer now to Figs.

1-6, there is showmn an enbodi nent of the nethod of self aligned LDD/ hal o

doping of this invention. Fig. 1 shows a cross section of a sem conductor
substrate 10. This enbodRRERF Bewck9 Fugsen 1N6, there is shown an

embodiment of the method of self aligned LDD/halc doping of
this invention. Fig. 1 shows a cross section of a
semiconductor substrate 10. This embodiment describes an N
channel metal oxide semiconductor device formed in a P type
semiconductor substrate. Those skilled in the art will
recognize that the method will work equally well for a
device formed in a P type device well, or for a P channel
metal oxide semiconductor device formed in an N type

substrate or an N type device well.

In this embodiment the sémiconductqr substrate 10
is silicon having a P type‘impq;ity concentration of between
about 1 X 10!% and 1 X 10!® 7cmd. The impurity concentration
of the silicon substrate:is chosen to be large enough so
that leakage current will be suppressed in MOS devices
having channel lengths less than 1 micron. Next, as shown
in Fig. 1, a firs£ dielectric layer 12, such as silicon
dioxide having a thickness of between about 100 and 500
Angstroms, is formed on the silicon substrate 10. A second
dielectric layer 14, such as Si,N, having ‘a thickness of
between about 1000 and 3000 Angstroms, is then formed on the
layer of silicon dioxide 12. A first opening 15, having

sidewalls, is formed in the first dielectric layer 12 and



channel‘ﬁetal oxi de sem conductor device forned in a P type sem conductor

substrate®* Those skilled in the art will recognize that the nethod wll
work equally well for a device forned in a P type device well, or for a P
channel nmetal oxide sem conductor device forned in an N type substrate or
an N type device well. In this enbodi nent the sem conduct or

substrate 10 is silicon having a P type ;qpurity cohcentration of between

R A Sl A A gglﬁﬁshgﬁg st Eopsetid on
current W"an'aee%np; S%@éhﬁfkgls\éf&&we%gs pe»é ghappet +§@£&bsﬁe§§ than

1 mcron. Next, as s ectric layer 12, such as

silicon di %ed%eha.&baauatéhlﬁmw oet vveantﬁbeat di@ﬂe@f@léoxhyer _
Angstrons, is forned on the silicon substrate 10. A second dielectric

| ayer 14, sush ias tBehefoihbércinfmrmaid ya ovierckhesseobnd béteksatmiout 1000
and 3000 Angstrons, is then formed on the Ilayer of silicon dioxide 12. A
first openi IQYES, 1I4a\¢pngr189dbbﬁlSlsiewa&lfsomfedthenfu-hetf@P%mlm elfe@md c

| ayer 12 and
the first region 17 of the semiconductor substrate 10. In

this embodiment the third dielectric layer 16 is silicon

dioxide formed using chemical vapor deposition of tetra-

ethyl-ortho-silicate, TEOS, having a thickness of between
about 500 and 2000 Angstroms.

As shown in Fig. 2, the TEOS silicon dioxide layer
is then etched ba;k leaving first oxide spacers 19 on the
sidewalls of the first opening 15 and a gate region 21 of
the semiconductor substrate 10 between the first oxide
spacers 19. As shown in Fig. 3,_9 gate oxide layer 18, such
as thermally grown silicon qioxide having a thickness of
between about 40 and 100 Aﬁ;stroms, is formed on the gate
region 21. A blankeﬁ layer of gate electrode material 20,
such as polysilicon, is then formed on the semiconductor
substrate. The gate electrode material 20 is then etched
back leaving a gate electrode 23 formed on the gate oxide
layer 18, see Fig. 4. The gate electrode 23 is formed of a
material such aé polysilicon having a doping level bf

between about 1 X 10!? and 5 X 102° /cm3.



-8- second dielectric layer 14 using conventional |ithographic and etching
t echni ques t hereby exposing a first region 17 of the semn conductor
substrate 10. A third dielectric layer 16 is then formed conformally
over the second dielectric |layer 14 covering the sidewalls of the first
opening 15 and the first region 17 of the9sem conductor substrate 10. In
this enbodinent the third dielectric lay%£ 16 is silicon_ dioxide forned
usi ng chenical vapor dep5§iFsBHnofntE%$a- 'égﬁyﬁﬂﬁﬁﬁh83§PFi§8F€?r?EE§? ¥

havi ng a thick s of,. hetween ut_ 50 nd, 2000 .Angst,.0
ho shown i n Fi g YodRHEaRly, BRRiag Seflie KRR 25 BR tupeRe B ack

| eaving first o SPAGHS sL2AR §h0a;sidevRld 3 Lfedshanki k8L gReRi ng 15

and a gate region 21 of the sem conductor substrate 10 between the first

oxi de spacers dihctAodeh@aNanl Ekflosdng aré&pichddfaHeakeinit8ndedebr as
thermally grown silicon dioxide having a thickness of between about 40 and
100 Angstrons, substomated 16nadjecgatetorthe agaidl oxddel dalyeir La8yer Lofhghye
el ectrode material 20, such as polysilicon, is then forned on the

serm conduct or 4QReA Anadn Tegigase2¢| ate rehrn faxEedain thes sepégondunber

substrate using a ion implantation beam through the second
openings 25 between the first 12 and second 14 dielectric
layers and the gate electrode 23. The semiconductor
substrate is then annealed at a temperéture of between about
85Q¢° C and 950° C for between about 10 and 60 minutes. The
halo regions 24 are then formed directly below the lightly
doped drain regions 22 using an ion implantation beam
through the second openiﬁgs 25 between the first 12 and
second 14 dielectric layers and_tﬂe'gate electrode 23. The
semiconductoxrx substrate is‘again annealed. In this
embodiment the lightly doped drain regions 22 are formed
using an- ion implantation beam of Phosphorus ions and are
silicon having an N~ type concentration of between about

1 X 107 and 5 X 10'® /cm®. The halo regions are formed
using an ion implantation beam of Boron ions and have a P~
type concentration of between about 5 X 10%7 and

5 X 10%% /cmd. Thé halo will have a deeper junction depth

than the lightly doped drain regions.



back | eaving a gate el ectrode 23 fornmed on the gate oxide |[|ayer 18, see
Fig.-4. The gate electrode 23 is forned of a material such as polysilicon
having a doping | evel of between about 1 X 10[err] and 5 X 10[err]
lcnerr]. -9- - As shown in
Fig. 5 the first oxide spacers are they,etched away form ng second

openi ngs 25 betmeena%%eﬁy%%iﬁ%b ; ap%h %%oggﬁ%% gkgkgg%éig ié%ﬁ?%nﬁfd t he

gate electrode 23 i ons of € 'sem conduct or ~ substrate 10

adj acent t eli:gﬁflgag.glgéi:gfc | Py e Whh émod@BCEndr Séfor® Wkitte 22 are

then forne he”sem conductor substrate using a ion inplantation beam

through thgpaeeead260R88i fén 2foRRidVeRan thke sfideatlls endtiseopatk 14
dielectric "layers and the gate el ectrode 23. The sem conductor substrate

i s then anpqalctdtode a3tenprsaserendiodictevspacairsulté 856 Eerfed ewrk 950[ err |
C for between about 10 and 60 m nutes. The halo regions 24 are then forned
direct!y bethewltigbtlygoped dopirl rpaions &% énd masksthg highbly
i npl antati on beam through the_second Q eningg 25 het.ween the.firs% 12 and
doped drain regions 22 when the source and drain regions 8
are formed. The source and drain regions 28 are then formed

using conventional ion implantation methods.

This embodiment provides relatively heavily doped
halo regions to suppress leakage current for MOS devices
with channel lengths less than one micron. The halo regions
are located only under the second oxide spacers 26 and

increase in junétion capacitance is avoided.

Refer now to Figs. 7-10 and 6, there is shown
another embodiment of the method 6f self aligned channel
doping of this invention. Ih this embodiment the
semiconductor substrate 10 is silicon having a P type
impurity concentration of between about 1 X 105 and
1 X 10% /cm?®. The impurity concentration of the silicon
substrate is chosen to be large enough so that leakage
current will be suppressed'in MOS devices having channel
lengths less than 1 micron. Next, as shown in Fig. .7, a
first dielectric layer 12, such as silicon dioxide having a

thickness of between about 100 and 500 Angstroms, is formed



second 14 dielectric layers and the gate el ectrode 23. The seniconductor
substrate Ts again annealed. In this enbodinent the |ightly doped drain
regions 22 are fornmed wusing an ion inplantation beam of Phosphorus ions
and are silicon having an N err] type concentration of between about 1 X
10[err] and 5 X 10[err] /cnferr]. The halqlregions are formed wusing an ion

i npl ant ati on beam of Boron ions and have a P[err] type concentration of

bet ween abown Th¥e E3leebh aGHstbate Y .er A] skeochardieldderimllaysd I1dave a”
deeper junction depth than the lightly doped drain regions. _

- 10 - such ahs Sih®rhaving ¢. tBickmess roft beiteieent rboutal@@Oard second
dielectric layer are then renoved and second oxide spacers 26 are then
fornmed on t 90 dagsitiromst orheifher danes: oroyadoped TpelyebbitPofiaydnghacer s

doped drai n % CRigaes HfcReEREeR GRS 90 PRR, 3000 At A or mod,
The source Al Alidf U e afhe $FULIUMPH1oHTA00 £ONE AR | O
dielectric layer 30, such as silicon dioxide having a :
thickness of between about 500 and 2000 Angstroms, is then
formed on the second dielectric layer 14. A first opening
15, having sidewalls, is formed in the first dielectric
layer 12, second dielectric layer 14, and third dielectric
layer 30 using conventional lithographic and etching
techniques thereby exposing a first region 17 of the
semiconductor substrate 10. A fourth dielectr;c layer 16
is then formed conformally over the third dielectric layer
30 covering the sidewalls of the first opening 15 and the
first region 17 of the semiconductor substrate 10. In this

-

embodiment the fourth dielectric layer 16 is silicon dioxide
formed using chemical vapofadeposition of tetra-ethyl-ortho-
silicate, TEOS, having a thickness of between about 500 and

2000 Angstroms.

As shown in Fig. 8, the TEOS silicon dioxide layer
is then etched back leaving first oxide spacers 19 on the
sidewalls of the first opening 15 leaving a gate region 21
of the semiconductor substrate 10 between the first oxide

spacers 19. As shown in Fig. 9, a gate oxide layer 18, such



Thi s 'embodi ment provides relatively heavily doped halo regions to suppress
| eakage current for MOS devices wth channel |lengths | ess than one m cron.
The halo regions are located only under the second oxide spacers 26 and
increase in junction capacitance is avoidfg. Refer now to
Figs. 7-10 and 6, there is shown anotheér enbodi ment of the method of self
al i gned chagetne HRli1g gRownhiss 11 88RNAi6Ridd Mdviing eibdickneisst bE

sem conductor substrate 10 is silicon having a P type inpurity v
concent r at i hetweEerbathoadn 49bantd 10X Aggstrémsindis Koxmed] enr fthecgpder]. The

i nmpurity concentration of the silicon . substrate is chosen to be | arge
enough so tFegionaddage A dlanket haverpaf sgpke aakeatradavmatesirdesOhavi ng
channel lengths less than 1 m ¢ron, Next, as sho in Fig. .7, . a first

diel ectric $55Rr28 20 1gong; L5 bheni g‘?d"&% r&wi% zfe“\lﬁ%@ﬁi‘§§§rof bet ween
about - 100 a%\g%%:’gﬁo%@%n gSt'Ir Oegs grtle:SL 2&85@9« material ZY' J.tsh%hihl 'e%%ﬂeEUb strate

10. A secon Yic
back leaving a gate electrode 23 formed on the gate oxide

layer 18, see Fig. 10. The gate electrode 23 is formed of a
material such as polysilicon having a doping concentration

of between about 1 X 10! and 5 X 102° /cm3.

As shown in Fig. 10, the first oxide spacers are
then etched away forming second openings 25 between the
fifst 12 and second 14 dielectric layers and the gate
electrode 23 and exposing regions of the semiconductor
substrate 10 adjacent to the gate oxide layer 18. Lightly
doped drain regions 22 are‘then formed in the semiconductor
substrate using a ion implantation beam through the through
the second openings 25 betwggn the first 12 and second 14
dielectric layers and the gate electrode 23. The
semiconductor substrate is then annealed at a temperature of
between about 850° C and 950° C for between about 10 and 60
minutes. The halo regions 24 are then formed directly below
the lightly doped drain regions 22 using an ion implantation
beam through the second openings 25 between the firgt 12 and
second 14 dielectric layers and the gate electrode 23. The ~

semiconductor substrate is again annealed. In this



§Ci [err]N[err] having a thickness of between about 1000 and 3000
5° or either doped or undoped polysilicon having a thickness of

: about 1000 and 3000 Angstrons, is then forned on the | ayer of
gon dioxide 12. Athird dielectric layer 30, such as silicon dioxide
#ng a thickness of between about 503 and 2000 Angstrons, is then

formed on the second dielectric |ayer 14, A figst OE nin 15 gaving
si dewal | semhQdimgnte Fhe, Lightdy, SpPgfcAERLR| ERILADE, iz?rgeﬁ8ﬁﬂe ielectric

| , hi rd diel Gl 3Q.Us ' i hi
and ot chi WO Ao PR e o8, Eem e PhBIHBRE L aRqTung ! fRQ0T PN €
sem Conduﬂﬁic&vﬁ‘éﬁﬁf ard-N- tfpé OkGhber S €Ld | Of | Fundledf addut ek f or med

conformal I'y over ird dielectric ayer 30 covering the sidewalls of
the firstioPeanagsli apw /s, f iTHd HAY veghiony adee fortiedondicigoan
substrate 10. In this enbodinent the fourth dielectric layer 16 is silicon
di oxi de ienntsplantgtidremezal ofaporodepoast and bhaveear B: etype - ort ho-
silicate, TEGCS, having a thickness of between about 500 and 2000

Angst r onsconcentration of\dbefiwaem alpoptgs ¥ 10kt oS K 1LOd/ eWoxi de | ayer

Is then etched back | eaving fiyst oxide spacers 19 op th side | s "of the
first openPRgh3so|ehll ke gaata(:?qug'i dnns fon dePtg tg_an Ene®1 95081y

doped drain regions.

" As shown in Fig. 6 the first dielectric layeé)and
second dielectric layer are ﬁhen removed and second oxide
spacérs 25 are then formed on the sidewalls of the gate
electrode 28. The source and drain regions 28 are then
formed as described in the preceding embodiment,

While the invenfion'has been particularly shown
and described with reference to the preferred embodimenfs:
thereof, it will be understood by those skilled in the art
that various changes in form and details may be made without

departing from the spirit and scope of the invention.

What is claimed is:



of the semiconductor substrate 10 between the first oxide spacers 19

shown in Fig. 9, a gate oxide |layer 18, such

- 12 - as thermally grown silicon dioxide having a tmllmmllu“u"lll)uau"een
about 40 and 100 Angstroms, is forned on the gate redioh 241. "A Ol arfket

| ayer of gate el ectrode material 20, such as polysilicon, is then forned

on the sem conductor substrate. The gate_gjgectrode material 20 is then

et ched back IeaV|n gate el ecirode 23 forne t he at oxi de layer ”
18, see Fig.l m*ﬁg°&a95 sedtid %2311§hF6Vn8896¢ g;a t MR Tsuch as

pol ysilicon haV|n .a dopin onceptration of between about 1 X 10[err] and
5 X 10[err] é%? e gte St As shown in Fig. 10, the first oxide

spacers are the Fi ¥ehDESHdIEceiC QUBsRRERL NAsv 2Ry Delapan, the i st
12 and second 14$ I el ggg gyers and the ggte electgﬁ%e 23 and exposi ng

regi ons of tgmtggﬁgfxnmhmior substrate 10 adjacent to the gate oxide |ayer
18. Lightly doped drain regions 22 are then forned in the sem conduct or
substrate using &dringnal &hkrati dbebu=miichlayelr bhesabd ofiphst surface

of said semiconductor substrate;
| fofming a second dielectric layer on said first

dielectric layer;

forming a first‘opening having sidewalls in said first
dielectric layer and said second dielectric layer thereby
exposing a first region. of said first surface of said
semiconductor substrate, wherein said first region of said
first surface of said semiconductor substrate consists of-a
gate region of said first surface of said semiconductor
substrate and a second region of said first surface of said
semiconductor subsﬁrate; -

forming.a third dielec;ric layer 6n.said second
dielectric layer, said sidewalls of said first opening, said
gate region of said first surface of said semiconductor, and
said second region of said first surface of said
semiconductor substrate;

etching back said third dielectric layer thereby
forming first spacers on said sidewalls of said first
opening and exposing said gate region of said firsf surface

of said semiconductor substrate;



t he second openings 25 between the first 12 and second 14 dielectric

| ayers and the gate el ectrode 23. The sem conductor s mn

anneal ed at a tenperature of between about 850[err] CL1 Eﬁ[ﬂﬂ”mﬁmﬂ
bet ween about 10 and 60 minutes. The halo regions 24 ar®t therlt f8rndd *
directly below the lightly doped drain regions 22 using an ion

i npl antation beam-through the second opegghgs 25 bet ween the first 12 and

second 14 dielectric layers and the gate électrode 23. The sem conduct 6r
substrate is agaig

: i H ?heg te $£E%§“ : i ion o i
"U13 - enbodi mont CFRGUR; Srerye (Uhr GRS P8y34¢ 93t BRI TRidg an
ion inplant i@t ReFFaek BROSRI@Mskmi IS rakAbserhteon having an Nerr]
type concentrati on of between about 1 X 10[err] and 5 X 10[err] /cnjerr].
The hal o regi ons farmihgr aellayér NGf apolysiliicon ant ahiangatamoiddor on i ons
and have a P[err] type concentration of between about 5 X 10[err] and 5 X
10[err] /cn{lawer, said bakondi dielastrix deyes, podcsadd flepsh specerswe
lightly doped drain regions. As shown in Fig. 6 the first
diel ectric | ayer e&f@ing back said layer of polysilicon thereby forming
a polysilicon gate electrode having sidewalls on said gate
oxide layer:;
etching away said first spacers thereby forming second
openings and exposing said second region of said first
surface of said semiconductor substrate;
forming lightly doped drain regions in said
semiconductor substrate dnder said second region of said
first surface of said semiconductor substrate using ion
implantation through said second openings;
forming halo regions under_said lightly doped drain
regions using ion implanté%ion through said second openings;
removing said first didlectric layer and said second
. dielectric layer after forming said lightly doped drain
regions and said halo regiomns;
forming second spacers on said sidewalls of said
polysilicon gate electrode after removing said first
dielectric layer and said second dielectric layer; and
forming source and drain regions in said semiconductor:

substrate, after forming said second spacers, using ion

implantation.



second dielectric layer are then renpved and second 6 are
then fornmed on the sidewalls of the gate el ectrode iﬂmﬁﬁ m M E
drain regions 28 are then forned as described in th I ment,
Wil e the invention has been particularly shown and descrlbed W th

reference to the preferred enbodinents thereof, it will be understood by
those skilled in the art that various ch3figes in formand details may be

made wi thout . d2RE" 1k 8bd NS R Lhbr@lH SEAPSdiddiaicernt | on.

What is clained - 14 - 1. A
net hod of sebﬁb@hksasdlélngtt @anedod RaRiAY AN Gmpuagy | Si ng the steps
of : provi ding a sem conductor substrate having a first surface;

form ng a fieshcdhekeeidn ot detween abodtfirstleidrdadel Hf1EE| dem’.

sem conduct or substrate;
3. The method of claim 2 wherein said lightly doped drain
regions are N~ type silicon havihg an impurity conceqtration
of between about 1 X 107 and 5 X 10! /cm3, said halo
regions are P~ type silicon having an impurity concentration
of between about 5 X 10*7 and 5 X 10!® /cm?®, and said source
and drain regions are N* type silicon having an impurity

concentration of between about 1 X 10!% and 5 X 102 /cm?.

4. The method of claim 1 wherein said semiconductor
substrate is N type silicon having an impurity

concentration of between about 1 X 107 and 5 X 108 /cmd.

-

-

5. The method of claim 4 whgrein said lightly doped drain
regions are P~ type silicoﬁ.having an impurity concentration
of between about 1 X 1017 and 5 X 10!® /cm3, said halo
regions are N~ type silicon having an impurity concentration
of between about 5 X 107 and 5 X 10!® /cm?, and said source
and drain regions are P* type silicon having an impurity

concentration of between about 1 X 10!? and 5 X 102° /cm3.



form ng a second dielectric layer on said first dielectrgj ’
form.ng a.first opening having sidewalls in said first %“ﬂ' El["ﬂﬂ"ﬂt&uu
-and said second dielectric |ayer thereby exposing a fir $S Al

first surface of said sem conductor substrate, wherein said first region
of said first surface of said sem conductgy substrate consists of a gate
region of said first surface of said sem conductor substrate and a second

region of sagd fTheShethbd a6f @faindild wha@igo8digt eLrsthsidd@ric layer
forming athird dielectric |layer on said second dielectric |ayer, said

si dewal | s of isasdlicoatdbgeiderthavdiaigd a ghtieknegsoof obetswesh fabait OU ace of
sai d sem conductor, and said second region of said first surface of said
sem conduct oendub90r Angstroms. etching back said third dielectric |ayer
thereby formng first spacers on said sidewalls of said first opening and
exposing said gate region of said first surface of said sem conductor

substrate, 7. The method of claim 1 wherein said second dielectric

layer is silicon nitride having a thickness of between about

1000 and 3000 Angstroms.

8. The method of claim 1 wherein said third dielectric layer
is silicon dioxide formed using chemical vapor deposition of
tetra-ethyl-ortho-silicate and has a thickness of between

about 500 and 2000 Angstroms.

9. The method of claim 1 wherein said second spacers are
silicon dioxide.: -
10. A method of self aligned lightly doped drain doping,
cdmprising the steps of: i

providing a semiconductor substrate having a first
surface;

forming a first dielectric layer on said first surface
of said semiconductor substrate;

forming a second dielectric layer on said first
dielectric layer; .

forming a third dielectric layer on said second

dielectric layer;



- 15 - formng a gate oxide |ayer on said gate region of said first

surface of said sem conductor substrate;- for meG f
polysilicon on said gate oxide |ayer, said secondmllau“m“llimm -and
said first spacers; etching back said | ayer of+ pelysilwcon thereby
formng a polysilicon gate el ectrode having sidewalls on said gate oxide
| ayer; etching away said first spacers thereby form ng second .
openi ngs and exposi ng said second regi on18f-said first surface of said

sem conduct or substrate; forming lightly doped drain regions in said
sem conductor substrate under said second region of said first surface of
sai d sem conductor substrate using ion inplantation through said second
openi ngs; - form ng halo regions under said lightly doped drain

regi ons using i ciormipigaat first opemingd Isaiichgs sddedadpsningsaid first enovi ng
said first dielectric |layer and said second dielectric |ayer after formng
sai d | i ght |dielamttid diayer; egabdssesend dielestyicedpyas, and sai¢rnjng

second spacers on said sidewalls of said (ﬂgﬁﬂlic n gate electrgde after
renovi ng saiind Aielectric layer thereby po irst region o©

ing a
said first surface of said semiconductor substrate, wherein
said first region of said first surface of said
semiconductor substrate consists of a gate region of said
first surface of said semiconductor substrate and a second
region of said first surface of said semiconductor
substrate;

forming a fourth dielectric layer on said second
dielectric layer, said sidewalls of said first opening, said
géte region of said first surféce of said semiconducto;, and
said second region of said fi;st surface of said
semiconductor substrate; -

etching back said fourth dielectric layer thereby
forming first spacers 6n said sidewalls of said first
opening and exposing said gate region of said first surface
of said semiconductor substrate}

forming a gate oxide layer on said gate region of said
first surface of said semiconductor substrate;

forming a layer of polysilicon on said gate oxide
layer, said third dielectric 1ayer,.and said first spacers;

etching back .said layer of polysilicon thereby forming
a polysilicon gate electrode having sidewalls on said gate

oxide layer;



dielectric layer and said second dielectric |ayer; and form ng source
and-drain+regions in said sem conductor substrate, af r ' i

second spacers, using ion inplantation. H“I“ "m I“Iﬁll‘m“l

- 16 - 2. The nethod of claim 1l wherein said sem conduttdr tsubsttate is P
type silicon having an inpurity concentration of between about 1 X 10[err]
and 1 X 10[err] /cnferr]. 3. The nmethod of claim2 wherein said |ightly
doped drain regions are N err] type silicqg having an inpurity .
concentration of between about 1 X 10[err] and 5 X 10[err] /cnferr], said
halo regions are Pl[err] type silicon having an inpurity concentration of
bet ween about 5 X 10[err] and 5 X 10[err] /cnferr], and said source and

between about 1 S TDLRI TS & Bt PPerarperprrely orei BRARE of
clai m 1 whergeh:38bTasa L ARUEY Yaid WRRHER! EobToll SR 461 Navi ng an

surface of said semiconductor substrate;

forming lightly doped drain regions in said
semiconductor substrate under said second region of said
first surface of said semiconductor substrate using ion_
implantation through said second openings;

forming halo regions under said lightly doped drain
regions using ion implantation through said second openings;

removing said first dielectric layer, said second
dielectric layer, and said third dielectric layer after

forming said lightly doped drain regions and said halo

regions; -
- forming second spacers on said sidewalls of said
polysilicon gate electrode after removing said firsf
dielectric layer, said second dielectric layer, and said
third dielectric layer; and
forming source and drain regions in said semiconductor
substrate, after forming said second spacers, using ion

implantation.

11. The method of claim 10 wherein said semiconductor
substrate is P type silicon having an impurity

concentration of between about 1 X 10! and 1 X 10!% /cm3.



concentration of between about 1 X 10[err] and 5 X 1

The .nethod of claim4 wherein said lightly doped dra ﬂm&k’!ﬁ) ,gm[err]
type silicon having an inpurity concentration of betwee 017
and 5 X 10[err] /cnferr], said halo regions are Nerr] type silicon having
‘an inpurity concentration of between about 5 X 10[err] and 5 X 10[err]
/cnferr], and said source and drain regions are Plerr] type silicon havjng

an inmpurity concentration of between about 1 X 10[err] and 5 X 10[err]

lcnferr]. _ _ _ -20 - _17- 6. The nethod of
claim1l wherein said first dielectric layer is silicon dioxide having a
t hi ckness of between about 100 and 500 Angstrons. 7. The net hod of

hi ckness. of  batiiodReaisaioe; BE EERTh S Mifiete” st 220y RAy ASKdTUEDG, ©

claim 1 wherei n-gfichhs! I&'r"ede'@h?&tdfiilCido%V ®aving an impurity concentration
of between about 1 X 10!7 and 5 X 10!® /cm?, said halo
regions are P~ type silicon having an impurify. concentration
of between about 5 X 10%7 and 5 X 10!® /cm®, and said source

and drain regions are N* type silicon having an impurity

concentration of between about 1 X 109 and 5 X 10%° /cm3.

13. The method of claim 10 wherein said semiconductor
substrate is N type silicon having an impurity

concentration of between about 1 X 10 and 1 X 10% /cm3.

14. The method of claim 13 wherein said lightly doped drain
regions are P~ type silicon having an impurity concentration
of between about 1 X 1017; and 5 X 108 /cm?, said halo
regions are N~ type sili;:oﬁ having an impurity concentration
of between about 5 X 1017 and 5 X 10! /cm®, and said source
and drain region§ are P*_ type silicon having an impurity

concentration of between about 1 X 1019 and 5 X 10%° /cmd.

15. The method of claim 10 wherein said first dielectric
layer is silicon dioxide having a thickness of between about

100 and 500 Angstroms.



I's silicon dioxide forned using chem cal vapor dep05|t|on

_tetra-ethyl-ortho-silicate and has a thickness of betvve “luﬁ HEI“&M&EH
2000 Angstrons. 9. The nethod of claim 1l wherein sai are

silicon dioxide.- 10. A nmethod of self aligned lightly doped drain

dopi ng, conprising the steps of: pRdvt ding a sem conductor substrate

having a firel SULTACSa ar cabOhThR0uReL Ll sl RIS diBtBEegResai d .

first surfac 0 ormng a second

dielectric | fxg r s S?:i'.lglédr{ i &r‘iglﬁgfi%ﬂﬁ 4 Bfickness off Pletwegnaabbltd

dielectric |ayer on salrd secon ectric |layer;
- 18 - 1000 and 3000 Angstroms.

17. The method of claim 10 wherein said second dielectric
layer is polysilicon having a thickness of between about

1000 and 3000 Angstroms.

18. The method of claim 10 wherein said third dielectric
layer is silicon dioxide having a thickness of between about

100 and 500 Angstroms.

19. The method of claim 10 wherein said fourth dielectric
layer is silicon dioxide formed using chemical vapor
deposition of tetra-ethyl-ortho-silicate and has a - thickness
of between about 500 and 2000 Angstroms.

20. The method of claim 10.wherein said second spacers are

silicon dioxide.



forming a first opening having sidewalls in said first dielectric |ayer,
saird sécond dielectric layer, and said third dielectric |ayer thereby
exposing a first region of said first surface of said sem conductor
substrate, wherein said first region of said first surface of said

sem conductor substrate consists of a gatg region of said first surface of
sai d sem conductor substrate econ reglon of said first surface of
sai d sem conduct or substrat@%ggnﬂcg ?5r?ﬁ$uf GIRYBE di el ectric | ayer on

sai d second ,di@leegifdngn! GhARREL TOPENG MERNGY kér Mich Airded MoB! TRANSIETERS Sai d
gate region of—sard first surtrace of sald sem conductor, and sai d second

region of said first sUr{atRaObrsabls SEMFE 1S Y@ E®ain/halo
etching back said fourth dielectric |ayer thereby ormng first spacers on

sai d si dewal dspbhgsedfl sugprlessapgniagkadne xSt gutfidel BIiAinggi on of said
first surface of said sem conductor substrate; form ng a gate oxide
| ayer on sai ingeeasedgiwnctifons gsagacitasce sin fretalbfoxiael seaiiconddatonr

substrate; . formng a layer of polysilicon on said gate oxide |ayer,
said third dftetdtefEesiaansisiossi BAYRG (SWh diisxon channel lengths.

A gate window is formed in a dielectric layer and spacers
are formed on the sidewalls of the gate window. After
fofmation of the gate electrode the spacers are etched away
and lightly doped drain regions are formed using ion
implantation through the openings formed by etching away the
spacers. This provides relatively heavy doping
concentrations ohly in the lightly doped drain regions and

avoids the increase of junction capacitance.

(FIGURE 1 IS SUGGESTED FOR PUBLIGETIOR)



etching back said | ayer of polysilicon thereby forming a polysilicon gate
el ectrode, having sidewal Is on said gate oxide |ayer; -

- 19 - etching away said first spacers thereby formng second

openi ngs and exposing said second region of said first surface of said

sem conduct or substrate; forming lightly doped drain regions in said
sem conduct or substrate under said seco fareglon of said first surface .of
sai d sem conductor substrate using ion npl ant ati on through said second
openi ngs; form ng hal o regi ons under saig~lightly doped drain

regions using ion inplantation through said sgcond openlngs . renovi ng

said first dielectric Iayemwlw ayer—amdgsaidy ghird
dielectric |ayer after ' ' ety dqpge—e-et+-r—regtont and said
hal o regions; 4—1 — 14
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fbrning second spacers on said sidewalls of said polysiiicon gate
el ectrode .after renoving said first dielectric |layer, said second

dielectric layer, and said third dielectric layer; and form ng
source and drain regions in said semconductor substrate, after form ng
sai d second spacers, using ion inplantation. 11. The method of claim 10

wherei n sai d seniconductor substrate is P/4ype SI licon having an inpurity

concentration of between about 1 X 10[ertégand 1 X 10[err] /cnferr].
- 20 - 12. The nethod of claim 11 wheri®n 23i d119 ght|y doped drain -
regions are Nerr] type silicon having anl\inmpdritylconcentration of
bet ween about 1 X 10[err] and 5 X 10[err] |[/cnfjerr]] said halo regions are
Plerr] type silicon QEV|ng an rnpuritty c {igg;nrb N 14
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of between about 5 X 10[err] and 5 X 10[err] /cnferr], and said source and
drain,regi.ons are Nferr] type silicon having an inpurity concentration of
bet ween about 1 X 10[err] and 5 X 10[err] /cnferr]. 13. The met hod of
claim 10 wherein said sem conductor substrate is N type silicon having an
inmpurity concentration of between about 1 X 10[err] and 1 X 10[err]
lcnerr]. 14. The method of claim 13 whgjein said |ightly doped drain,
regions are Plerr] type silicon having an inpurity concentration of

bet ween about 1 X 10[err] and 5 X 10[err] /cnferr], said halo regions are
Nl err] type silicon having an inpurity concentration -of between about 5 X
10[err] and 5 X 10[err] /cnferr], and said source and drain regions are
Plerr] type silicon having-an inpurity concentﬁ i on of between about 1 X
10[err] and 5 X 10[err] /cnferr]. 15. The ne d of claim 10 wherein
said first dielectric layer is silicon dioxidefhaving a thickness of16

tz)it\_/veen about 100 a%dOSOO ngstrons. 39
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16. The nethod of claim 10 wherein said second dielectric layer is silicon
~nitrirde”h'avi ng a thickness of between about 1000 and 3000 Angstrons.

17. The method of claim 10 wherein said second dielectric layer is

pol ysilicon having a thickness of between about 1000 and 3000 Angstrons.

18. The nmethod of claim 10 wherein said third dielectric layer is silicon

di oxi de having a thickness of between about
The nmethod of claim 10 wherein said fougfsh dielectric
di oxi de formed using chem cal vapor deposition of

| ayer

100 and 500 Angstrorms.

19.
is silicon

tetra-ethyl-ortho-silicate and has a t.hi ckness

of between about 500 and

2000 Angstrons.

20. The nmethod of claim 10 wherein said second spacers

are silicon dioxide.
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