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SELF:ALIGNED HALO PROCESS FOR REDUCI NG JUNCTI ON CAPACI TANCE BAGKGROUND Og/
THE_INVENTICN (1) Field of the Invention The invention rel ates 4¢{he
fabrication of integrated circuit devices, and nore particularly, to a

met hod of both reducing short channel effects and reducing junction
capaci t ance SELR+RLIGNED HALOORROCESSt EQR REDUGING JAUNCTION) CBRACLTRNCBN of
the Prior Art In the fabrication of integrated circuit devices, typically
heavi |l y doped source and drain regions are forned in the sem conductor
substrate after formation of the ate el ectrode. Lightly doped regions are
normal |y formed in the subSPFESROVNRERF aFHH | Qiiéﬁ to the region under
the gate electrode. Halos are normally used to suppress n- channel and

p- channel short channel effects. Wien the channel length is sufficiently

3?2{;1iﬁ83£gg}%arr ég qéﬁggéh% ?ﬁ#gﬁ§anApﬁafgu?§dab%ocket Il nplant to

suppress the Bl BL. " The invention relates to the fabrication of"
integrated circuit devices’ and more particularly, to a
method of both reducing §hort chahnel effects and reducing
junction capacitance in the fabrication of integrated

circuits.

(2) Description of the Prior Art
In the fabrication of integrated circuit

devices, typically heavily doped source and drain regions are
formed in the semiconductor substrate after formation of the
gate electrbde. Lightly doped regions are normally formed

in the §gbstrate immediately adjacent to the region under the
gate electrode. Halos are normally used to suppress n-
channel and p-channel short channel effects. When the
channel length is sufficiently short, source to drain
punchthrough can be caused by drain-induced-barrier-lowering
(DIBL). A halo is a pocket implant to suppress the DIBL.
. The halo is implanted with opposite dosage to the lightly
doped source and drain implant (LDD). The halo implant is

deeper both vertically and laterally than the LDD. This
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THe halo is inplanted with opposite dosage to the lightly doped source and
drain inplant (LDD). The halo inplant is deeper both vertically and

| aterally than the LDD. This -2- effectively suppresses the high
electrical field regions causing punchthrough A prior art halo |nplant IS
illustrated in Fig. 1. A polycide gate %53 has been formed over

sem conduct o®f §%&E&YQ&K&SHPPrH§§95Ighﬂobé@hs%lﬁQkikﬁﬁi(ﬁ#ﬁh@ M@§18ﬁ§ 54 and
lightly doped source and drain regions 56 have been inplanted. The p- halo
i npl ant 58 | S2¥§ingtpunchthgugbs hAVRLHPE ARaRAfR Hi;?né'-ff’-éct i vely

h | | h d hal
nor eases t hbL %‘%ﬁ%"#‘e&ﬁ%&%ﬁ;ﬁé‘ea%%?iv#b«iaéé{’{‘e%Zra & besaiErgRes ch
sloms_domn t@€é§'£‘éﬂﬁlcénduc%ogeéhBQPLSté016W‘”ﬁék%fiypﬁﬂ$%%$sBQrEQVHh& hal o

only in the
drain regions 54 and lightly doped source and drain regions

56 have been implanted. The p- halo implant S8 is

~ illustrated.

Halos have disadvantages. By effectively
increasing the well concentration at the junction boundary,
the halo increases the junction capacitance. This leads to
heavier loading which slows down the circuit. It is
desirable to provide a process to form a halo only in the
small critical region so that junction capacitance and

circuit speed are not effected.

U.S. Patents 4,757,026 to Woo et al and
'5,032,535 to Kamijo et al use disposable spacers in

implanting lightly doped regions.
SUMMARY OF THE INVENTION
A principal object of the present invention is

to provide an effective and very manufacturable method of

forming an LDD structure.
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smal|l critical region so that junction capacitance and circuit speed are
not effected. U S. Patents 4,757,026 to Who et al and 5,032,535 to Kam jo
et al use disposable spacers in inplanting |lightly doped regi ons. SUWARY
OF THE | NVENTI ON A princi pal object of the3 present invention is to provide
an effective and very manufiacurthere otieletdodf thar thwgneibon Dk sta uct ur e.
-3- A further object of the:invention is to provide a method of form ng an
LDD struct ur pravkde s reetioatl chdarmilnsgneal LODf etructinré chaoing noedasadg
junction capacitance. Yet another object is to provide a nmethod of formng
an LDD strucBhPEtushanek effants whilednosdisssrasing junction

capacitance.

Yet another object is to provide a method of
forming an LDD structure using halos having reduced short

channel effects while not increasing junction capacitance.

In accordance with the objects of this
invention a method for forming an LDD structure using a
self-aligned halo process is achieved. A gate silicon oxide
layer is provided over the surface of a semiconductor
substrate. A gate electrode is formed overlying the gate
silicon oxide layer. A silicon oxide layer is grown on the
sidewalls of the gate electrode and silicon nitride spacers
are formed on the sidewalls of the silicon oxide layer. '
First'ions';re implanted into the semiconductor substrate and
_the substrate is anhealed whereby heavily doped soﬁrce and
drain.regions are fsrmed'within the semiconductor substrate
not cqvered by the'gate electrode and the silicon oxide and
silicon nitride spacers. An oxide layer is grown over the
heavily doped source and drain regions. Thereafter, the
silicon nitride spacers are removed. 'Second ions are

- implanted to form lightly doped regions in the semiconductor
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channel effects while not increasing junction capacitance. In accordance
with the objects of this invention a nethod for formng an LDD structure
using a self-aligned halo process is achieved. A gate silicon oxide |ayer
is provided over the surface of a sem conductor substrate. A gate el ectrode
is fornmed overlying the gate silicon oxide layer. A silicon oxide |ayer is

th i dewal | f th t | ectr od d sili
S or et oS URELEtachat | CONRLA BYCEPECORLES MY Sty o THLEY, dphiCaglarers
[ | ant ed i nt, h ] duct bstr at t bst ' d
Whver oy homy RPIABSSS b Fen hayPaprving; SRtosfte MR RRa 3 Sppget©
' duct t t . by t : idd
ot o and o1 BERSELRRS kiah "t chii®dv, HopUd Beyfods ST LIRAIACHAE puyecon

heavi |y dopeq uupee; 304 VAl Luedace TS ERE | finsddites! | nGOBpEALAG de

spacers are renov econd 1ons are inplanted to formlightly dope

regions in thg $26w$ABAUEAASugh the insulating layer to one of the source
and draih fegions.. A conducting layer is deposited overlying
the insulating layer and within the opening and patterned

completing the fabrication of the integrated circuit device.

Also in accordance with the objects of the
iﬁvention, an integrated circuit device having an LDD
structure including a self-aligned halo implant is described.
A gate electrode overlies a.gate silicon oxide layer on the
surface of a semiconductor substrate. A silicon oxide layer
lies on the top surface and sidewalls of the gate electrode.
Lightly doped source and drain regions lie within the
semiconductor substrate not covered by the gate electrode and
the silicon oxide s@dewall layer. Heavily doped source and
drain regions lie within the semiconductor substrate not
covered by the gate electrode and adjacent to the lightly
doped source and drain regions. A protective oxide layer
overlies the heavily doped scurce and-drain regions. A halo
implant underlies the lightly doped source and drain regious
in the semiconductor substrate not covered by the protective

oxide layer. An insulating layer overlies the silicon oxide
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-3- substrate not covered by the oxide layer. Third ions are inplanted to
forma hal o having opposite dosage and a deeper junction than the lightly
doped regions. An insulating |ayer is deposited over the surface of the
substrate. An opening is provided through the insulating |ayer to one of-

t he source and drain regions. A conducting |layer is deposited overlying
the insulating |ayer and within the oper® ng and patterned conpleting the
fabrication Dayébpe tHY gifcdeddiver 6xidedbayer. amtl thd surtawedafcehei th t he
objects of the invention, an integrated circuit device having an LDD .
structure instubsitrate =i fa patgeededatondupting layaeoverides Ahgat e

el ectrode overlies a gate silicon oxide |ayer on the surface of a

seni conduct okinswbsting dayersiahdcerterdsethngwgh |drevpeninge imogheur f ace and
sidewal | s of the gate electrode. Lightly doped source and drain regions lie
Wi thin the séﬁ$%%#ﬁﬁ&§(ﬂﬁxﬁwbgnﬂatéenBFOE%ﬁ%#%ﬁiQﬁAQ%uiixsFet@I@éﬁr@getbﬁd

the silicon oxide sidewall |ayer. Fbavi[x doped source and _
heavily doped source and draifl regions.

BRIEF DESCRIPTION OF THE DRAWINGS

.In the accompanying drawings forming a

material part of this description, there is shown:

Fig. 1 schematically illustrates in

cross-sectional representation a halo of the prior art.

Figs. 2 through 12 schematically illustrate in
cross-sectional representation a preferred embodiment of the

present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now more particularly to Fig. 2,
there is shown an illustration of the N channel portion of a
partially completed, CMOS metal oxide field effect transistor
(MOSFET). The semiconductor substrate 10 is preferably

composed of silicon having a (1ob) crystallographic
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drain regions lie within the sem conductor substrate not covered by the
gate electrode and adjacent to the lightly doped source and drain regions.
A protective oxide |ayer overlies the heavily doped source and drain
regions. A halo inplant underlies the |iglgky doped source and drain

regions in the sem conductor substrate not covered by the protective oxide
| ayer. An i fELeRt2biPnaydin @Reprffost fe SiPPELHY hhejdescription and t he

protective oxide |ayer and t:he_surface of the sybstrate and a patterned
conduct i ng Fﬁ%&%@%ﬂqq dhe A elRshrafci Agotalien ;t?ﬁl‘:“é?&’é it an

opening.in jhe i | at i l,gyer,an h tofective oxide .l r. to one of
t he heavi l yﬂgg%edég%tﬁ%rergﬁ?}dfg?'ﬁgréﬁ?oﬁ%?i B'Fé%r—beDE%adﬁﬁ}H B THE
DRAW NGS | ngkpg; i Ged aPeN8SnbOhPi o8 R MBS, idladid, ¥l s
description, there 1s shown:
OXide regions 12 are formed to isolate active areas. Then
sem;conductor devicgs can be provided in the silicon mesas

~ -
according to the following processes.

The surface of the silicon substrate 10 is
thermally oxidized to form the desired gate oxide 14

thickness. The preferred thickness is between about 30 to

200 Angstroms.

The polysilicon or polycide layer 16 is
deposited by low pressure chemical vapor deposition (LPCVD)
to a thickness of between about 1000. to 4000 Angstroms. A
capping oxide layer 18 is formed over the polysilicon or
polycide layer to a thickness of between about 300 to 600
Angstroms. A layer of photoresist is coated over the cap
oxide layer and patterned as is conventional in the art to
form a photoresist mask where gate electrodes and/or
interconnecting lines are to be formed. The polysilicon or
polycide layer 16 énd the -cap oxide layer 18 Ere etched away
where they are not covered by the mask to form a gate

electrode.
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Fig. 1 schematically illustrates in cross-sectional representation a halo
of the prior art. Figs. 2 through 12 schematically illustrate in '
cross-sectional representation a preferred embodi ment of the present

i nventi on. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Referring now nore
particularly to Fig. 2, there is showm angillustration of the N channel

' f iall : d . CMOS net al,.oxi jeld ef t t ISt
(VOSFET) " The' sem contiuct of REERSHHAE ) 1S i dvabNy ORISR 1Tbon
havi 10 | hi - 6- lLentation. .l f t ot
s ?\r/r;)In?f 3 E heoa)cfeeg @QI%%%'I 8%gr&§§°|§fc1ﬁe% r B fﬁg%r I‘ieqrée%&:dg Eégfgﬁgff g?)f‘ g{l?% rﬂo%t& ween
devi h ' 1 ' in detail,
devices Das RaSRaRdL B B Sl NSLOILENL M4 Bfbulea850E5  Beg1 1 det

Angstroms. A layer of silicqn nitride is deposited and

etched away to leave silicon nitride spacers 22 on the
sidewalls of the gate electrode, as shown in Fig. 3. |

The source/drain structure of the MOS FET may
now be formed. Figs. 2 through 12 show only the N channel
MOSFET portion of a CMOS integrated circuit device. It is
well understood by those skilled in the art that the P
channel portion can be formed by simply substituting opposite

polarities to those given for the N channel embodiment.

Referring now to Fig. 4, the LDD source/drain
regions are formed by the ion implantation of N+ iohs 23,
such as phosphorus or arsenic. Typically, N+ ions are
implanted at a dosage of between about 1 E 14 to 8 E 15 at
an energy of between about 5 to 80 KeV. For P+ regions,
boron or BF= ions are used. The substrate is annealed, for
example at a temperature of between about 850 to 1100 °C fér
between about 0.2 to 3p minutes, to drive in the impurities.

Heavily doped regions 24 are shown in Fig. S.
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OXi de regions 12 are fornmed to isolate active areas. Then sem conduct or

devi ces can be provided in the silicon nesas according to the foll ow ng
processes. The surface of the silicon substrate 10 is thermally oxidized to
formthe desired gate oxide 14 thickness. The preferred thickness is

bet ween about 30 to 200 Angstrons. The polysilicon or polycide layer 16 is
deposited by | ow pressure chenical vapor deposition (LPCVD) to a thickness
of between about 1000.to 4000 Angstrons” %Cbapping oxi de layer 18 is forned
over the polysilicon or polycide layer to a thickness of between about 300
to 600 Angstroms. A |ayer ReEesxdngr Bevsto| Eigof edthp die¥ HeagiFo®itde | ayer
and patterned as is conventional in_the art to forma photoresi st sk

where gate E‘P%c‘??‘iﬁfé_kt diegtion wiibnRecteserires 4 Po R RdaTed® The
POLYS! Loy 8Bl Sl el Tl e o88,504 d Hh ot S0 2o
The oxide layer 26 is grown to a thickness of between about
600 to 1200 Angstroms over the source and drain regions 24.
This layer will serve to block the LDD and the halo implants

after the removal of the silicon nitride spacers.

The silicon nitride sidewalls 22 are stripped,

resulting in Fig. 7.

| Next, referring to Fig. 8, the lightly doped
.drain (LDD) N- regions are formed by implanting ions 28.
Typically, arsenic or phosphorus ion; re implanted with a
dosage of between about 1 E 13 to 1 E 14 atoms/cm® at an

energy of between about 5 to 80 KeV at a vertical angle.

The ion implantation 28 forms lightly doped N-

regions 30, as illustrated in Fig. 9.

The halo is now to be implanted. Referring to
Fig. 10, -boron or BF2 ions are implanted 32 with a dosage of
between about 1 E 13 to 1 E 14 atoms/cm® at a higher energy
than that used for the LDD implantation, at between about 60

to 120 KeV, and at a tilt angle of between about O to 40 °.
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-7- Referring nowto Fig. 3, thin oxide spacers 20 are grown or deposited
on the top and sidewalls of the gate electrode to a thickness of between
about 100 to 200 Angstronms. A layer of silicon nitride is deposited and
etched away to leave silicon nitride spacers 22 on the sidewalls of the
gate el ectrode, as shown in Fig. 3. The source/drain structure of the MOS
FET may now be forned. Figs: 2 through 12 show only the N channel MOSFET
portion of a CMOS |ntegrat@ﬁecpfcualodmagxnns|34|aremﬂ1uu8mdemsdomd Bigt hose
skilled in the art that the P channel portion can be formed by sinply
subst i t uti ngt bppd¥ia @recessi ofethe oinventian \xovides: ke selénadigned

enbodi ment . F@ferrl now to Fig. 4, the LDD source/drain_regions are
formed by tH& Jn% &@P&Fﬁmd@t’eﬂm‘ibhst@ smaldh cxd tisaddpREB&STOr

arsenic. T |caI ions are
yQa:ounélthe LDD. The halo effectively suppresses the high

electrical field regions that cause punchthrough, yet the
' juﬁction capacitance is not significantly increased by the

presence of the halo.

This completes the formation of the LDD
structure. The integrated circuit device is completed'as is
conventional in the art. For example, as illustrated in Fig.
12, insulating layer 36 is deposited over the surface of the
substrate. Contact openings are made through the insulating
layer to the underlying semiconductor devices, such as to a .
source/drain region 24. A metal layer 38 is deposited and
patterned to form electrical connections between the elements
of the integrated circuit. A passivation layer 40 compfetes

the fabrication of the integrated circuit.

The process of the invention provides a method
of forming an LDD structure using a halo that suppresses the
short channel effect while not increasing junction
capacitance and, consequently, improving the speed

performance of the integrated circuit device.
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inplanted at a dosage of between about 1 E 14 to 8 E 15 at an energy of

bet ween about 5 to 80 KeV. For P+ regions, boron or BFz ions are-used. The
substrate is anneal ed, for exanple at a tenperature of between about 850 to
1100 [err]C for between about 0.2 to 30 mnutes, to drive in the

I mpurities. Heavily doped regions 24 are shown in Fig. 5. Referring now
to Fig. 6, the key feature of the presenfgifivention will be described. An
oxi de layer 26 is grown on the surfaces of the source and drain regions 24.

The oxide |ayer 26 i s gr owRrdferr i alewess plighetpeephabontedfdedd 1200
Angstrons over the source and drain regions 24. This layer wll serve to
bl ock the LDPizrdith@evfit® oM pTeakher ihkent@B8RAVRAvOAgt&e SDD i CcoN

nitride spacers. The silicon nitride sidewalls 22 are stripped, resulting

in Fig. 7. Nextuctefterimoludind-ig).self-tiéghedhhbioddppliant is described.
A gate electrode 16 overlies a gate silicon oxide layer 14 on
the surface of a semiconductor substrate 10. A silicon oxide
layer 20 lies on ﬁhe top surface and sidewalls of the gate
electrode. fightly doped Source and drain regions 30 lie
within the semiconductor substrate not covered by the gate
electrode and the silicon oxide sidewall layer. Heavily
doped source and drain regions 24 lie within the
semiconductor substrate not covered by the gate electrode and
adjacent to the lightiy doped source and drain regions. A
protective oxide layer 26 overlies the heavily doped source
and drain regions 24. A halo implant 34 underlies the
lightly doped source and drain regions 30 in the
semiconductor substrate not covered by the protective oxide
layer 26. An insulating layer 36 overlies the silicon oxide
layer 20, the protective oxide layer 26 and the surface of
the substrate and a patterned conducting layer 38 overlies
the insulating layer and extends through an opening in the
insulating layer and the protective oxide layer to one of the
heavily doped sdurce_and drain regions 24. A passivation

layer 40 completes the integrated circuit device.
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drain (LDD) N regions are fornmed by inplanting ions 28. Typically, arsenic

or phosphorus ions . 1Pt ith a dosage of between about 1 E 13 to 1
E 14 atoms/cni err]””’lmm
angle. The ion inpla h

Ny bet ween about 5 to 80 KeV at a vertical
lightly doped N- regions 30, as
illustrated in Fig. 9. The fal® is now to be inplanted. Referring to Fig.
10, boron or BF2 ions are inplanted 32 with a dosage of between about 1 E
13 to 1 E 14 atonms/cnferr] at a higher dhet gy than that used for the LDD
i npl antation, at between aimille Ghet dn¥dAtkew, hastbedn particwdadly of

bet ween about 0 to 40 . -9-.The p- halo regions 34 are illustrated in
Fig. 11. Th&hpvacend descridddwith gefprentelcto sthe|prefegpad] hal o which

counter-dopes, only the small critical region_around the LDD. The halo
ef f ect i vel yeBRPP+BRRES thpreqfgh 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:
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electrical field regions that cause puhchthrough, yet the junction

capacitance is nof _Si ncreased by the presence of the halo.
Thi s conpl etes ti m mr!"ﬂ!m”“"re LDD structure. The integrated circuit
device is conple fl il onal in the art. For exanple, as

illustrated in Fig. 12, iH%uPatan | ayer 36 is deposited over the surface

of the substrate. Contact openings are gpde through the insulating |ayer to
the underlying sem conduct or devices, such as to a source/drain region 24.

A metal |ayer 381isadgpefabd edle afsh Pddtandednt @nkeEPheLECEL FE@] £ CUVIREL i ONS
between the el enments of the integrated circuit. A’passivation |ayer 40

conpl etes the fakbmpais@Agef the integrated circuit. The process of the
i nvention provides a nmethod of formng an LDD structure using a hal o that
suppresses the short sheadéingfd erdyeridfe gate sQiticoai sgidenstdémrthe
capaci tance and, consequently, inproving the speed performance of the
i ntegrated circusurfececef a semiconductor substrate;
forming a gate electrode overlying said gate
silicon oxide layer;
forming a silicon oxide layer on the top surface
and sidewalls of said gate electrode;
forming silicon nitride spacers on the sidewalls of
said silicon oxide sidewall layer;
implanting first ions into said semiconductor
substrate and annealing said substrate whereby heavily
doped source and drain regions are formed within said
semiconductor substrate not covered by said gate
‘electrode and said silicon oxide sidewall layer and said
silicon nitride spacers;
growing a protective oxide layer over said heavily
doped source and drain regions;
thereafter removing said silicon nitride spacers;
implanting second ions with a first dosage at a
first energy to form lightly doped regions in said
semiconductor sﬁbstrate not covered by said protective
oxide layer; i

thereafter implanting thifd ions with a second

dosage at a second energy wherein said second



-+ 10 - Referringmnmowto FiQg. 17 he integrated circuit device of the
present inventi onumwmmm “‘ruct ure including a self-aligned halo
i nplant is descri DEMER NEIGEE rode 16 overlies a gate silicon oxide
| ayer 14 on the surface of a sem conductor substrate 10. A silicon oxide

| ayer 20 lies on the top surface and sidewalls of the gate el ectrode.
Li ghtly doped source and drain regions-38 4ie within the sem conduct or

bstr at t d by th t | ect r.od d the.silLi i de si dewal |
Paver “teantly” odfiadabts, 8 A H TS RaRFURRR Gpeste chdEe
' duct t rat. t b he . el diacent to
She LTty Choped ez, Bha S Eond ehaidle AR SREC IR R0E RILEECT
| i t he heavjd. ' i 4 h i 34
Oraerl s the 1 gekoRRAL-800 L NATY £ HdbaleduQepe?] cndn "Bpfa! Ry
sem conduct or sukfdged @eB9bn§ OVEl £k D Ys ditdNIRUcRGk ¥8HO¥ELLe not

covered by said protective oxide layer;

depositing an insulating layer over the surface of
said substrate; -

providing an opening through said insulating layer
to one of said source and drain regions;

depositing a conducting layer overlying said
insulating layer and within said opening and patterning

said conducting layer cdmpleting the fabrication of said

integrated circuit device.

2. The method according to Claim 1 wherein said gate
electrode is formed by'the steps of:

depositing a layer of polysilicon over said gate
silicon oxide layer;

depositing a silicon oxide capping layer over said
polysilicon iayer; and

etching away said polysilicon and said silicbn
oxide capping layers not covered by a mask to form sai&

gate electrode.



lI’ayer 26. An ins rlies the silicon oxide |ayer 20, the

protective oxide, lgmmzm'"mnj ﬁﬂﬂmurface of the substrate and a patterned
conducting |ayer' 3 sul ating | ayer and extends through an
opening in the i nsufatfn d | dyer afid the protective oxide |ayer to one of
the heavily doped source and drain regions 24. A passivation |ayer 40

conpl etes the integrated circuit device. 34 -- 11 - Wile the invention has
been particularly d described with refer cg to.the eferred
embodi ment s t her Of ﬁﬁ? g QREé 5ﬁhcﬁﬁlﬁhg EF??eﬁaf e art that

vari ous changes | n thout departing fromthe
X Fc%g’i@ fefriied giinlc STRES M Parting

spirit and scope 0 I nven
depositing a layer of polycide over said gate

silicon oxide layer;

depositing a silicon oxide capping layer over said
polyci§e layer; and

etéhing away said polycide and said silicon oxide
capping layers not covered by a mask to form said gate

electrode.

4. The method according to Claim 1 wherein said silicon
oxide layer has a thickness of between about 100 to 200

Angstroms.

5. The method according to Claim 1 wherein said silicon

nitride spacers have a width of between about 1000 to

2500 Angstroms.

6. The method according to Claim 1 wherein said first
ions are arsenic ions implanted at a dosage of between
about 1 E 14 to 8 E 15 atoms/cm® and an energy of

| between about 5 to 80 KeV.

7. The method according to Claim 1 wherein said first

ions are phosphorus ions implanted at a dosage of
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=12- 1. A nethod of fabricating-anintegrated circuit device conprising:

providing a | ayer il i xi de over the surface of a sem conduct or
substrate; form ngﬂ“‘@“ﬂ‘ﬂl&“ﬂrmnﬁoverl ying said gate silicon oxide
| ayer; formng a silslCon oxime 9 ayer on the top surface and sidewal|s of
said gate electrode; formng silicon nitride spacers on the sidewalls of
said silicon oxide sidewall layer; inplanting first ions into said

sem conduct or substrate and anneal i ng sdi5d-substrate whereby heavily doped

source and dr abetwedhoaBoatelfl pr mdeyi BhEn1sabdomeycasndudt an enlyighat e not
covered by said gate el ectrode and said silicon oxide sidewall |ayer and

said silicon npfrpbéewsgacapdut 5 to 80 KeV.

8. The method according to Claim 1 wherein said.
protective oxide layer is_grown to a thickness of
between about 600 to 1200 Angstroms.

9. The method accérding to Claim 1 wherein said second
ions are phosphorus ions implanfed at a dosage of
between about 1 E 13 to 1 E 14 atoms/cm® and an energy

of between about 5 to 80 KeV.

10. The method according to Claim 1 wherein said second
ions are arsenic ions implanted at a dosage of between
about 1 E 13 to 1 E 14 atoms/cm® and an ehergy of |

between about S5 to 80 KeV.

11. The method according to Claim 1 wherein said second

ions are implanted at a vertical angle.

12. The method according to Claim 1 wherein said third
ions are boron ions implanted at a dosage of between
about 1 E 13 to 1 E 14 atoms/cm® and an energy of

between about 60 to 120 KeV. .
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growi ng a protect+veoxide tayer over said heavily doped source and drain
r egi ons; thereaft.ermmﬁ“um Bﬂ‘ﬂ“l licon nitride spacers; inplanting
second ions with a K it il vatf® first energy to formlightly doped
regions in said sem conduct or substrate not covered by said protective
oxide layer; thereafter inplanting thifrd®déns with a second dosage at a
second energy wherein said second - 13 - dosage is of opposite polarity
to said first dod3dgeThadmetkodiarceidingetonGlasmr yywherainghezid hirsai d
first energy whereby a halo is fornmed deeper than said |ightly doped
regions in sai d $eRScarguBFfarionmdmpdeatedt akodefiegass ofibkripientAbows

oxi de | ayer; depgQsiting an insulating |ayer Qver the surface of
y pg E 13gto 1 E 14 atom“%/cm¥ an8 an energy of between

about 60 to 120 KeV.

14. The method according to Claim 1 wherein said third

ions are implanted at a tilt angle of between about 0 to

40 =,

15. A method of forming a LDD structure having a self-
aligned halo implant in the fabrication of an integrated
circuit device comprising: |

providing a layer of gate silicon oxide over the
surface of a semiconductor substrate;

forming a gate electrode overlying said gate
silicon oxide layer;

forming a silicon oxide layer on the top surface
and sidewalls of said gate electrode;

forming silicon nitride spacers on the sidewalls of
said silicon oxide sidewall layer:

implanting'first ions into said sémiconducfbr
substrate and annealing said substrate whereby heavily
doped source and drain regions afe formed within said
semiconductor substrate not covered by said gate

electrode and said silicon oxide sidewall layer and said
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Said substrate; providi ning through said insulating |ayer to one
of said source an ' ‘mml\‘ Mdeposi ting a conducting |ayer overlying
said insulating q “ﬂ“ﬂl 1 2L aid opening and patterning said

conducting | ayer 'conpl eti n§ the fabrication of said integrated circuit

device. 2. The nethod according to Claiml wherein said gate electrode is

formed by the steps of: depositing a thkr'of polysilicon over said gate

silicon oxide |ayer; depositing a silicon oxide capping |ayer over said

pol ysi li con | ayersildednenikcndeaspgcersd pol ysilicon and said silicon oxide

capping | ayers not covered by a mask to formsaid gate el ectrode. |
growing a protective oxide layer over said heavily

doped source and drain regions;

thereafter removing said silicon nitride spacers;

implanting second ions with a first dosage at a
first energy to form lightly doped regions in said

. semiconductor substrate not covered by said protective

oxide layer; and

thereafter implanting third ions with a second
dosage at a second energy wherein said second dosage is
of opposite polarity to said first dosage and wherein
said second energy is higher than said first energy
whereby said halo implant is formed deeper than said
lightly doped regions in said semiconductor substrate
not covered by said protective oxide layer completing
the formation of said LDD structure having a self-
aligned halo implant in the fabrication of said

integrated circuit device.

16. The method.according to Claim 1S wherein said gate
electrode is formed by thé steps of:
depositing a layer of polysilicon over said gate
silicon oxide layer;
| depositing a silicon oxide capping layer over said

polysilicon layer; and
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-©14 - 3. The méthg ' aim1l wherein said gate electrode is
formed by the stepH mﬂ Emﬂﬁl a |l ayer of polycide over said gate
silicon oxide | ayel'y +Silicon oxide capping | ayer over said

pol yci de layer; and etching away sai d polycide and said silicon oxide
cappi ng | ayers not covered by a nmask té& t%rm said gate el ectrode. 4. The
nmet hod according to L VRS I 132 lsh @ oxl ge i PESo

t hi ckness of betmeenqg<ﬂﬁé%00 ?gsgﬁgakﬁégFégggan5§h#h%£ﬂ%t %d aégording to
Clai m1 wherein sride Stdpriiy Nidydrde noRaceer8avByda sl € feinaridbout
1000 to 2500 Angstrons. 6.° The net hod according to Caim1 wherein said
first ions are agaeseiglectroddpl anted at a dosage of between about 1 E 14
to 8 E 15 atons/cnierr] and an energy of

17. The method according to Claim 1S wherein said gate
electrode is formed by the steps of:

depositing a layér of polycide over said gate
silicon oxide layer;

depositing a si;icon oxide capping layer over said
polycide layer: and d .

etching away said polycide and said silicon oxide
capping layers not covered by a mask to form said gate

electrode.

18. The method according to Claim 15 wherein said
silicon oxide layer has a thickness of between about 100

to 200 Angstroms.

19. The method according to Claim 15 wherein said
silicon nitride spacers have a width of between about

1000 to 2500 Angstroms.

20. The method accoréing to Claim 15 wherein said first
ions are arsenic ions implanted at a dosage of between

about 1 E 14 to 8 E 15 atoms/cm® and an energy of
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between about 5 to 80 KeV. 7. The et hod according to Caim1 wherein said

about 1 E 14 to 8 E 15 atons/cnferr] and an energy of bet

first ions are phosphorus ions inplanted at a dosage of - 15 - bet
| | iﬂ“ﬁ“ﬂg@“ yer

KeV. 8. The nmethod according to Claim1l mgﬁ%eln sai d{pr
Is grown to a thickness of between about
met hod accor di ng betwken rablouth&r aion89akKeVsecond i ons ar

to 1200 :An

g

sphorus I ons

i npl anted at a dosage of between about 1 E 13 to 1 E 14 atons/cnR and an
energy of between about 5 to 80 KeV. 10. The method atcording to Claim1l
wherein said second I ons are arsenic ions WE anted at a dosage of between

about 1 E 13 to 12k 1Themamdod pecrrdang &9

g\l Hfwherein said first

ions are phosphorus ions implanted at a dosage of

between about 1 E 14 to 8 E 15 atoms/cm® and an energy

of between about S to 80 KeV.

22. The method according to.Claim 1S wherein said

protective oxide layer is grown to a thickness of

between about 600 to 1200 Angstroms.

23. The method according to Claim 15 wherein said second

ions are phosphorus ions implanted at a dosage of

between about 1 E 13 to 1 E 14 atoms/cm® and an energy

of between about 5 to BO KeV.

24. The method according to Claim 15 wherein said second

ions are arsenic ions implanted at a dosage of between

about 1 E ;3_to 1 E 14 atoms/cm®* and an energy of

between -about S to BO KeV.

25. The method according to Claim 15 wherein said second

ions are implanted at a vertical angle.
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bet ween about 5 to 80 KeV. 11. The nethod accordiing ! ' i n said
second ions are inplanted at a vertical angle. 12. Hllmmﬂmmﬂl ng to
Claim 1l wherein said third ions are boron ions inplanted at a dosage of
between.about 1 E 13 to 1 E 14 atons/cr{® ] and ian energy of between about
60 to 120 KeV. - 16 - 13. The nethod according to Claim1 wherein said
third i ons are BRfr The seshpdpraserding o dddge 157 wherrdansabduthirg¢ 13
to 1 E 14 atons/cnferr] and an energy of between about 60 to 120 KeV. 14.
The nethod accor di9R§ BFecherrpr1ioRe r Rlanted A% d d°s3gearE PRSFEARed at a

1% angle of betyech 3980 50ch01 40 1 a A/ s 8 Whlggp LD Structure

between'about 60 to 120 KeV.

27. The method according to Claim 15 wherein said third
ions are BFz ions implanted at a dosage of between about
1 E 13 to 1l E 14 atoms/cm® and an energy of between

about 60 to 120 KeV.

28. The method according to Claim 15 wherein said third
ions are implanted at a tilt angle of between about 0 to

40 °.

29. An integrated circuit device comprising:

a gaﬁe electrode overlying a gate silicon oxide
layer on the surface of a semiconductor substrate;

a silicon oxide layer on the top surface and
sidewalls of said gate electrode;

lightly doped source and drain regibns within said
semiconductor substrate not covered by said gate
‘electrode and said silicon oxide sidewall layer;

heavily doped source and drain regions within said
semiconductor substrate not covered by said gate

elecprode and adjacent to said lightly doped source and



aligned halo inplant in the fabrication of an integr: \
conprising: providing a layer of gate silicon oxide ov m a
sem conductor substrate; formng a gate el ectrode overﬁmlﬂuénm*“"mg I
silicon oxide |ayer; formng a silicon exdlde | ayer on the toptsuffate ‘and
si dewal I s of seuék aie el.ectrode; forming silicon nitride spacers on the

sidewal | s of sai T&I+BE de si dewal | layer; inplanting first ions into

| 32;2&2&?82"2%"&aﬁﬁ%&%ﬁ’*‘% BUPSR LATeT ver ity Bl Y
substrate not caqy, %?hf%@ %9gah§aghe§éépg@sand said 5|I|con oxi de
sidewal | |ayer a sa

a halo implant underlying said lightly doped source
and drain regions in said semiconductor substrate not
covered by said protective oxide layer; _

an insulating layer overlying said silicon oxide
layer, said protect;ve oxide layer aéd the surface of
said substrate; and

a patterned conducting layer overlying said
insulating layer and extending through an opening in
said insulating lajér and said protective oxide layer

to one of said heavily doped source and drain regions.

30. The device according to Claim 29 wherein said gate
electrode comprises a silicon oxide capping layer

overlying a polysilicon layer.

31. The device according to Claim 29 wherein said gate
electrode comprises a silicon oxide capping layer

overlying a polycide layer.

32. The device according to Claim 29 wherein said
silicon oxide layer has a thickness of between about 100

to 200 Angstroms.
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silicon nitride spacers; growing a protective oxide |layer over said heavily
doped source and drain regions; thereafter renoving said silicon nitride
spacers; inplanting second ions with a first dosage at a first energy to
formlightly doped regions in said sem cogduct or substrate not covered by

Second dosage at 3" o AFERE 87 RAGHBRrEE o A BR A Rl ST Shposite
polarity to sai i Qe an r el 0. i i r than
ai d f1vst oner o SHETE BRI 1a0RE Br8 F°H AREA ¥ Hebloeh, B080F,
l'ightly doped regh@ng i1horRiadgstrbmgnduct or substrate not covered by said
protective oxide |layer conpleting the formation of said LDD structure

having a self- aligned halo inplant in the fabrication of said integrated
circuit device. 16. The nethod.according to Caim 15 wherein said gate

S
A 0 I
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electrode is fornmed by the steps of: depositing a |ayer of polysilicon over
said gate silicon oxide |layer; depositing a silicon oxide capping |ayer
over said polysilicon |layer; and -18-  etching away said polysilicon and
said silicon oxide capping |ayers not covered by a mask to formsaid gate
el ectrode. 17. The nethod according to Caim15 wherein said gate el ectrode
is formed by the steps of: depositinBBSTRAG®r of polycide over said gate

pol yoi de. | PP RnEn RRp posh Pok it SRR AR E o O G ¢
A method for forming an LDD structure using a self-

aligned halo process is described. A gate silicon oxide
layer is provided over the surface.of a semiconductor
substrate. A gate eleétrode is formed overlying the gate
silicon oxide layer. A silicon oxide layer is grown on the
sidewallé of the gate electrode and silicon nitride spacers
are formed on the sidgwalls of the silicon oxide layer.
First ions are implanted into the semiconductor substrate and
the substrate is'annealed whereby heavily dopéd source and
drain regions are formed within the semiconductor substrate
not covered by the gate electrode and the silicon oxide and
silicon nitride spacers. An oxide layer is grown over the

~ heavily doped source and drain regions. Thereéfter, the
silicon nitride spacers are reméved. Second ions are
implanted to form lightly doped regions in the semiconductor
substrate not covered by the oxide layer; Third ions are
implanted to form a halo having opposite dosage and a deeper
junction than the lightly doped regions. An insulating layer
is deposited over the surface of the substrate.“ An opening
;s provided through the insulating layer to one of the source
and drain regions. A conducting layer is deposited overiying
the insulating layer and within the opening and patternéd

completing the fabrication of the integrated circuit device.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)
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cdpping layers not covered by a mask to formsaid gate el ectrode. 18. The
nmet hod according to Caim15 wherein said silicon oxide |ayer has a

t hi ckness of between about 100 to 200 Angstrons. 19. The net hod accordi ng
to Claim15 wherein said silicon nitride spacers have a width of between
about 1000 to 2500 Angstrons. 20. The nethod according to C aim15 wherein
said first ions are arsenic ions inplanted at a dosage of between about 1 E
14 to 8 E 15 atons/cnferr] and an eneﬁd? of - 19 - between about S to 80
KeV. 21. The frethod according to Caim215 whereip,said first ions are
phosphorus ions inplanted at a dosage of betwee #bout 1 E 14 to 8 E 15
atons/cnferr] and an energy
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of between about S to 80 KeV. 22. The nmethod according to O aim 15 wherein

said protective oxide |ayer
1200 Angstrons.
l.ons are phosphorus ions inp

is grown to a thickness of between about 600 to
23. The nmethod according to Claim 15 wherein said .second

| anted at a dosage of between about 1 E 13 to 1

E 14 atons/cnferr] and an energy of between about 5 to 80 KeV. 24. The

nmet hod according to daim 15

i npl anted at a dosage of between about 1

an energy of between about 5
15 wherein said second
The met hod accordi ng

wherein said_second ions are arsenic ions
/93 to 1 E 14 atons/cnjerr] and
to 80 KeV. 25z The nethod accordlng to Caim

) -20- 26.
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idons are boron ions inplanted at a dosage of between about 1 E 13 to 1 E 14
atons/cnferr] and an energy of between about 60 to 120 KeV. 27. The net hod
according to Cltaim 15 wherein said third ions are BF[err] ions inplanted at
a dosage of between about 1 E 13 to 1 E 14 atons/cnferr] and an energy of
bet ween about 60 to 120 KeV. 28. The nethod according to C aim 15 wherein
said third ions are inplanted at a tilt angle of between about 0 to 40
[err]. 29. An integrated circuit device conprising: a gate el ectrode
overlying a gate silicon oxide |layer on the surface of a sem conductor
substrate; a silicon oxide |ayer on thé”Fop surface and sidewalls of said

gate electrode; lightly doped source and drain regions within said

sem conduct or substrate not covered by said gate el ectrode and said silicon

oxi de sidewal |l layer; heavily doped source and drain regions within said
16 18 20 |
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sem conduct or substrate not covered by said gate el ectrode and adjacent to
said lightly doped source and drain regions; a protective oxide |ayer
overlying said heavily doped source and drain regions; a halo inplant
underlying said lightly doped source and drain regions in said
sem conductor substrate not covered by said protective oxide |ayer; an
insul ating |ayer overlying said silicon oxide |ayer, said protective oxide
| ayer and the surface of said substrate; and a patterned conducting | ayer
overlying said insulating |ayer and exbgnding t hrough an opening in said
insulating layer and said protective oxide |layer to one of said heavily
doped source and drain regions. 30. The device according to Caim?29
wherein said gate
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el ectrode conprises a silicon oxide capping |layer overlying a polysilicon

| ayer. 31. The device according to Caim?29 wherein said gate el ectrode
conprises a silicon oxide capping | ayer overlying a polycide |layer. 32. The
device according to Caim?29 wherein said silicon oxide |ayer has a

t hi ckness of between about 100 to 200 Angstrons. - 22 - 33. The nethod
according to Claim?29 wherein said protective oxide |ayer has a thickness

of between about 600 to 1200 Angstroms.s/5
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