13 January 2005 METHOD FOR FORMING AN ESD PROTECTION NETWORK FOR SOI
TECHNOLOGY WITH THE ESD DEVICE FORMED IN AN UNDERLYING SILICON SUBST
BACKGROUND OF THE INVENTION (1) FIELD OF THE INVENTION The present Hﬁé’ﬂﬂ%ﬁ%ﬁis to
the fabrication of integrated circuit devices, and more particularly, to a method of forming an electrostatic
discharge device using silicon-on-insulator (SOI) technology in the fabrication of integrated circuits. (2)

DESCRIPTION OF ﬁE‘ﬁ{B}B'P& @%E@ﬁgtrgﬁtaﬁt%d@g%%%£I5§qggﬁ§%ﬁ<to a high voltage accidentally

applied to an integrated circuit. ESD can result from either automated or human handling. If the voltage
applied to the gate F5tiAter Betofdds ekbessive, He [yate"oxiielan'bféa B MBSFET devices are
particularly vulnerable to ESD damage. Begauseaf this slanget, ESD protection transistors are fabricated
to direct ESD current away from the circuit it is protecting. An isolation technology that depends on
completely surrounding devices by an insulator is referred to as silicon-on-insulator (SOI) technology. In

general, the 1
BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION

The present invention relates to the
fabrication of integrated circuit devices, and more
particularly, to a method of forming an electrostatic
discharge device using silicon-on-insulator (SOI) technology

in the fabrication of integrated circuits.

(2) DESCRIPTION OF THE PRIOR ART

Electrostatic discharge (ESD) refers to a high
voltage accidentally applied to an integrated circuit. ESD
can result from either automated or human handling. If the
voltage applied to the gate insulator becomes excessive, the
gate oxide can break down. MOSFET devices are particularly
vulnerable to ESD damage. Because of this danger, ESD
protection transistors are fabricated to direct ESD current

away from the circuit it is protecting.

An isolation technology that depends on
completely surrounding devices by an insulator is referred to

as silicon-on-insulator (SOI) technology. In general, the

1



13 January 2005 advantages of SOI technology include simple fabrication sequence, reduced capacitive
coupling between circuit elements, and increased packing density. The SOI technoloSgé/ IS disggg;ed in
Silicon Processing for the VLSI Era, Vol. 2, by S. Wolf, Lattice Press, Sunset Beach;CA"#*" 19907 pp.
66-67. The present invention makes an electrostatic discharge (ESD) device using silicon-on-insulator
(SOI) technology. SOI technology presents challenges to ESD protection because the presence of the

insulatog Jyer, (gxide) sapdyiched between.the two silicon,iayers prevents  the discharge of charges.
This may lead to'more severe ESD. A number of patents present a variety of methods to form ESD

devicessCo:pending WS cBatent, Applicatiop sgriakumberd9/434,922 {CS-99-156) to the same
inventors, filed on 11/5/99, teaches forming an ESD device within a trench using shallow trench isolation
technolegyrCoipending U:S:Rateni ApplicationdSedakNumbere 093531 786:(C8<89-275) to the same
inventors, filed on 3/21/2000, discloses an ESD device using SOI technology. U.S. Patent 5,923,067 to
Voldman diséleses three- gimensibridl THIOSoh-501 E8D Hevieet 11 8. Patent 5,856,214 to  Yu shows

an ESD device having wells and diodes. U.S. Patent
by S. Wolf,” Lattice Press, Sunset Beach, CA, c. 1990, pp.

66-67.

The present invention makes an electrostatic
discharge (ESD) device using silicon-on-insulator (SOI)
technology. SOI technology presents challenges to ESD
protection because the presence of the insulator layer
(oxide) sandwiched between the two silicon layers prevents

the discharge of charges. This may lead to more severe ESD.

A number of patents present a variety of
methods to form ESD devices. Co-pending U.S. Patent
Application Serial Number 09/434,922 (CS-99-156) to the
same inventors, filed on 11/5/99, teaches forming an ESD
device within a trench using shallow trench isolation
technology. Co-pending U.S. Patent Application Serial Number
09/531,786 (CS-99-275) to the same inventors, filed on
3/21/2000, discloses an ESD device using SOI technology.

U.S. Patent 5,923,067 to Voldman discloses a three-
dimensional CMOS-on-SOI ESD device. U.S. Patent 5,856,214 to

Yu shows an ESD device having wells and diodes. U.S. Patent



2 13 January 2005 5,674,761 to Chang et al discloses a P/N diode ESD device. U.S. Patent 5,629,544 to
Voldman et al shows an ESD SOI device with trench isolations. SUMMARY OF THE | VENTé@
Accordingly, the primary object of the invention is to provide a process for forming Sfetardstatit
discharge device in the fabrication of integrated circuits. A further object of the invention is to provide a
process for forming an electrostatic discharge device using silicon-on-insulator technology. Another

Object of the ueniian s o provide 3 piagess [ forming anlectiasatic gisharge device using

silicon-on-insulator technology and having large area diodes under the oxide. In accordance with the

objects gf the dpvention, a method for fepming anelegtrostaticdischagge sdgvice using silicon-on-insulator
technology is achieved. An N-well is formed within a silicon semiconductor substrate. A P+ region is
implanted within @i partioreoft-thel Blswetl iands 3 13 January 2005

SUMMARY OF THE INVENTION

Accordingly, the primary object of the
invention is to provide a process for forming an
electrostatic discharge device in the fabrication of

integrated circuits.

A further object of the invention is to
provide a process for forming an electrostatic discharge

device using silicon-on-insulator technology.

Another object of the invention is to provide
a process for forming an electrostatic discharge device using
silicon-on-insulator technology and having large area diodes

under the oxide.

In accordance with the objects of the
invention, a method for forming an electrostatic discharge
device using silicon-on-insulator technology is achieved.

An N-well is formed within a silicon semiconductor substrate.

A P+ region is implanted within a portion of the N-well and



an N+ region is implanted within a portion of the semiconductor substrate not occupied by the N-well. An
oxide layer is formed overlying the semiconductor substrate. The oxide layer is patiﬁéped tof

openings to the semiconductor substrate. An epitaxial silicon layer is grown within Wn%@ nd
overlying the oxide layer. Shallow trench isolation regions are formed within the epitaxial silicon layer
extending to the underlying oxide layer. Gate electrodes and associated source and drain regions are
fc_)rmed_ailpl and on &hlgnquaxi%lpsiili%%ré layer between ghre&gg!lg\@/ trench isolation regions. An interlevel
dielectric layer Is deposited oveﬂaylng the gate electrodes. First contacts are opened through the
interlevel dielectric layar tofbe: toderlying seurgs anddraim kegiofs: The interdevele dielectric layer is
covered with a mask that covers the first contact openings. Second contact openings are opened through
the interleveldie¢tectric tayer, shallpwniventhk isalationsdarnthes okigerkayer to the N+ region and P+
region. The mask is removed. The first and second contact openings are filled with a conducting layer to
completefofmatiorest an eleehrostatic discharfe YraAcE #F the fathscation of integrated circuits. 4 13

January 2005 , , . ,
semiconductor substrate. An epitaxial silicon layer 1s grown
within the openings and overlying the oxide layer. Shallow

trench isolation regions are formed within the epitaxial
silicon layer extending to the underlying oxide layer. Gate
electrodes and associated source and drain regions are formed
in and on the epitaxial silicon layer between the shallow
trench isolation regions. An interlevel dielectric layer is
deposited overlying the gate electrodes. First contacts are
opened through the interlevel dielectric layer to the
underlying source and drain regions. The interlevel
dielectric layer is covered with a mask that covers the first
contact openings. Second contact openings are opened through
the interlevel dielectric layer, shallow trench isolations,
and the oxide layer to the N+ region and P+ region. The mask
is removed. The first and second contact openings are filled
with a conducting layer to complete formation of an
electrostatic discharge device in the fabrication of

integrated circuits.



BRIEF DESCRIPTION OF THE DRAWINGS In the accompanying drawings forming a material part of this
description, there is shown: Figs. 1 through 9 are cross-sectional representations of referr (%](_i)
embodiment of the present invention. Fig. 10 is a schematic representation of an el ?BE?%? Scharge
protection network of the present invention. DESCRIPTION OF THE PREFERRED EMBODIMENTS
Figs. 1-6 illustrate a process for making a thick oxide ESD device using silicon-on-insulator technology.

It should be understood by those skilled in the art that the present invention should not be limited to the
embodiment illustrated herein, but can be applied and extended without exceeding the scope of the

invention. Referring now morempatticularhtookig A, thereisshews a semiconductor substrate 10,
preferably 5 13 January 2005 composed of monocrystalline silicon and doped to be P-type silicon. An
N-well 12 is formed in a portion of the substrate using conventional masking and implanting techniques.
The N-well 12 has a depth of between about 100

In the accompanying drawings forming a

material part of this description, there is shown:

Figs. 1 through 9 are cross-sectional
representations of a preferred embodiment of the present

invention.

Fig. 10 is a schematic representation of an
electrostatic discharge protection network of the present

invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figs. 1-6 illustrate a process for making a
thick oxide ESD device using silicon-on-insulator technology.
It should be understood by those skilled in the art that the
present invention should not be limited to the embodiment
illustrated herein, but can be applied and extended without

exceeding the scope of the invention.

Referring now more particularly to Fig. 1,

there is shown a semiconductor substrate 10, preferably



and 2500 Angstroms into the substrate. N+ region 14 and P+ region 16 within the N well are formed as is
conventional in the art, for example, by implantation. The N+ region has a depth pri{%{fblé bet&vOeSen
about 100 and 2000 Angstroms and a dopant concentration of between about 1E1 o gi@
atoms/cm3. The P+ region has a depth preferably between about 100 and 2000 Angstroms and a
dopant concentration of between about 1E14 and 5E15 atoms/cm3. A silicon oxide layer 18 is formed by

low pressyrs,chemicalyapor depasition (L PGYD), asinasnnpnced, chemiggl vapor deposition
t

(PECVD) or furnace process, for example, on the surface of the silicon substrate to a thickness of

between, about 1 000:ane 20001 Angstroms, Refering N i@ fig. 2cthe.exide layer is patterned to form
openings through the oxide layer to the underlying substrate for the purpose of epitaxial growth. The

openingswaretobvarying sizesodependimngaupon $he dayeuts6 LdJamuarc2005 design of the structures and

transistors. The openings should have a minimum width of about 2 to 4 times the contact size for any
given teEhRBIVGY Referding nbwtd Fig23 asilcoteliyer 20 Retween about 100

and 2500 Angstroms into the substrate.

N+ region 14 and P+ region 16 within the N-
well are formed as is conventional in the art, for example,
by implantation. The N+ region has a depth preferably
between about 100 and 2000 Angstroms and a dopant
concentration of between about 1E14 and 5E15 atoms/cm3. The
P+ region has a depth preferably between about 100 and 2000
Angstroms and a dopant concentration of between about 1E14

and 5E15 atoms/cm3.

A silicon oxide layer 18 is formed by low
pressure chemical vapor deposition (LPCVD), plasma-enhanced
chemical vapor deposition (PECVD) or furnace process, for
example, on the surface of the silicon substrate to a

thickness of between about 1000 and 2000 Angstroms.

Referring now to Fig. 2, the oxide layer is
patterned to form openings through the oxide layer to the
underlying substrate for the purpose of epitaxial growth.

The openings are of varying sizes depending upon the layout



epitaxially grown through the openings and overlying the oxide layer 18 to a thickness of between about

500 and 3000 Angstroms. This completes formation of the silicon-on- insulator stru
and N+ and P+ regions within the bottom-most silicon layer. Shallow trench isolatio

&
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N-well
24 are

formed in the epi-silicon layer 20, using a conventional process, as shown in Fig. 4. The STl regions 24

must extend all the way through the silicon layer 20 to the oxide layer 18 so as to provide isolation

between the g,gicgp_ islands. r%gtﬁe&lggtrgrggst%% are Sf%rggg, a§hseho(y¥oré riﬂ nI(:Jig. 5, by conventional means.

A po

Iysiﬁ

con, polysilicon/ tungsten silicide, silicon germanium, or polysilicon/ aluminum layer is

deposited over agate exidelayenandspatterned Lo formgate elegradesL B andisource/drain
implantations, using gate sidewall spacers as masks, are performed. Source/drain regions 32 are shown

associateizwitho gate electredes 30hTheogate electrodes and source/drain 7 13 January 2005 regions
form transistors. Referring now to Fig. 6, an interlevel dielectric layer (ILD) 36 is blanket deposited over
the substrate to a thickness of between about 6000 to 20,000

Referring now to Fig. 3, a silicon layer 20 is
epitaxially grown through the openings and overlying the
oxide layer 18 to a thickness of between about 500 and 3000
Angstroms. This completes formation of the silicon-on-
insulator structure having an N-well and N+ and P+ regions

within the bottom-most silicon layer.

Shallow trench isolation (STI) regions 24 are
formed in the epi-silicon layer 20, using a conventional
process, as shown in Fig. 4. The STI regions 24 must extend
all the way through the silicon layer 20 to the oxide layer

18 so as to provide isolation between the silicon islands.

Gate electrodes 30 are formed, as shown in
Fig. 5, by conventional means. A polysilicon, polysilicon/
tungsten silicide, silicon germanium, or polysilicon/
aluminum layer is deposited over a gate oxide layer and
patterned to form gate electrodes. LDD and source/drain
implantations, using gate sidewall spacers as masks, are
performed. Source/drain regions 32 are shown associated with

gate electrodes 30. The gate electrodes and source/drain



Angstroms. This layer may comprise subatmospheric borophosphosilicate glass, fluorosilicate glass, or
undoped silicate glass, for example. Contacts are etched through the ILD layer 36 t i)t e und %gg
source/drain regions 32, using a photoresist mask, not shown, or self- aligned cont ét g2r
photoresist layer 40 is coated over the ILD layer and filling the contacts to the source/drain regions, as
shown in Fig. 7. The photoresist layer is patterned to form openings where contacts to the diodes (that

is, the N+ region 14 and.th nFs"Ier’Q'o“ 16) are to be made. The diodes will form the electrostatic

dlscharge device. As shown In Fig. 8, contact openings are etched through the ILD layer 36, STI regions

24, and oxide layer 18 to theeN#.digde l4,apd theP+4liode 16,khe phetoresist mask 40 is removed and
a metal layer 44 is deposited over the ILD layer, filling the contacts to the source/drain regions and filling

the contacts dottheddiddesy as Shiowrs én Fig.0.ahike imetab dayeraay @ 4 3tJanuary 2005 comprise
tungsten, copper, or aluminum/copper, for example. This completes formation of the electrostatic
discharge8evice: THe prodéss b préseritineentighout 6000 to 20,000

Angstroms. This layer may comprise subatmospheric
borophosphosilicate glass, fluorosilicate glass, or

undoped silicate glass, for example. Contacts are etched
through the ILD layer 36 to the underlying source/drain
regions 32, using a photoresist mask, not shown, or self-
aligned contact etching. A photoresist layer 40 is coated
over the ILD layer and filling the contacts to the
source/drain regions, as shown in Fig. 7. The photoresist
layer is patterned to form openings where contacts to the
diodes (that is, the N+ region 14 and the P+ region 16) are
to be made. The diodes will form the electrostatic discharge

device.

As shown in Fig. 8, contact openings are
etched through the ILD layer 36, STI regions 24, and oxide

layer 18 to the N+ diode 14 and the P+ diode 16.

The photoresist mask 40 is removed and a metal
layer 44 is deposited over the ILD layer, filling the
contacts to the source/drain regions and filling the contacts

to the diodes, as shown in Fig. 9. The metal layer may



results in the formation of an electrostatic discharge device having large area diodes under the oxide
layer of a silicon- on-insulator device and contacts to sources and drains. In the present invenéi the
diodes are located in the lower silicon layer not used to fabricate transistors. Thus, fﬁe?ag&agyo diodes
does not impose a limitation or restriction on silicon real estate. Large area diodes provide robust ESD

protection. Higher voltages can be withstood by such a design. These large area diodes may be 2 pm by
_2 pm gpct(g)mht%nigree su% g@einn, arc%a.pFeig. 1Qrisaal§%q%m9}ico%fptg§,Egg)rprec;}g%ti% _ netwc_)rk of the_present

invention. The numbered areas relate fhe schematic to the éross-section in Elg. 9. 50 is a polysilicon line.

While the invention has been;partisuiariyt showyi andideseribed, with teference ta the preferred
embodiments thereof, it will be understood by those skilled in the art that various changes in form and

details maydeanpadeawitheut departing-fronsther spirit and:seope ofthe tinvention. 9 13 January 2005
What is claimed is: 1. A method of forming an electrostatic discharge

results in the formation of an electrostatic discharge device

having large area diodes under the oxide layer of a silicon-

on-insulator device and contacts to sources and drains. 1In

the present invention, the diodes are located in the lower

silicon layer not used to fabricate transistors. Thus, the

size of the diodes does not impose a limitation or

restriction on silicon real estate. Large area diodes

provide robust ESD protection. Higher voltages can be

withstood by such a design. These large area diodes may be 2

um by 2 pm up to hundreds of pm in area.

Fig. 10 is a schematic of the ESD protection
network of the present invention. The numbered areas relate
the schematic to the cross-section in Fig. 9. 50 is a

polysilicon line.

While the invention has been particularly
shown and described with reference to the preferred
embodiments thereof, it will be understood by those skilled
in the art that wvarious changes in form and details may be
made without departing from the spirit and scope of the

invention.



device in the fabrication of integrated circuits comprising: forming an N-well within a silicon
semiconductor substrate; implanting a P+ region within a portion of said N- well an%?%antir;g@i\ﬁ
region within a portion of said semiconductor substrate not occupied by said N-well; llsic% ide
layer overlying said semiconductor substrate; patterning said oxide layer to form openings to said
semiconductor substrate; growing an epitaxial silicon layer within said openings and overlying said oxide
layer; forming shallow trengh isolation,regions within said epitaxial silicon layer extending to underlying
said oxide layer; forming gate electrodes on saié epitaxial silicon layer and associated source and drain
regions in said epitaxial siligon dayejwbereiphathsaid gate-elecirodes-apd said agsociated source and

drain regions are formed between said shallow trench isolation regions; depositing an interlevel dielectric
layer overlyingi#¢@ice in the fabrication of integrated circuits

comprising:

forming an N-well within a silicon semiconductor
substrate;

implanting a P+ region within a portion of said N-
well and implanting a N+ region within a portion of said
semiconductor substrate not occupied by said N-well;

forming an oxide layer overlying said semiconductor
substrate;

patterning said oxide layer to form openings to
said semiconductor substrate;

growing an epitaxial silicon layer within said
openings and overlying said oxide layer;

forming shallow trench isolation regions within
said epitaxial silicon layer extending to underlying
said oxide layer;

forming gate electrodes on said epitaxial silicon
layer and associated source and drain regions in
said epitaxial silicon layer wherein both said gate
electrodes and said associated source and drain regions
are formed between said shallow trench isolation
regions;

depositing an interlevel dielectric layer overlying

10



13 January 2005 said gate electrodes; opening first contacts through said interlevel dielectric layer to
underlying said source and drain regions; covering said interlevel dielectric layer wi mask rein
said mask covers said first contact openings; opening second contact openings thri%jﬁnélélfé %\ﬁlﬁe‘ilevel
dielectric layer, said shallow trench isolations, and said oxide layer to said N+ region and said P+ region;
thereafter removing said mask; and filling said first and second contact openings with a conducting layer
to complete forsgglqtoilo% of said electrostatic discharge device in said fabrication of integrated circuits. 2.
The method according to CTaim 1 wherein said oxide layer has a thickness of between about 1000 and

2000 Angstroms. 3..the methed-accargding te Claim d.wheteinsaid: epitaxial silicon layer has a thickness
of between about 500 and 3000 Angstroms. 11

dielectric layer to underlying said source and drain
regions;

covering said interlevel dielectric layer with a
mask wherein said mask covers said first contact
openings;

opening second contact openings through said
interlevel dielectric layer, said shallow trench
isolations, and said oxide layer to said N+ region and
said P+ region;

thereafter removing said mask; and

filling said first and second contact openings with
a conducting layer to complete formation of said
electrostatic discharge device in said fabrication of

integrated circuits.

2. The method according to Claim 1 wherein said oxide
layer has a thickness of between about 1000 and 2000

Angstroms.
3. The method according to Claim 1 wherein said

epitaxial silicon layer has a thickness of between about

500 and 3000 Angstroms.

11



13 January 2005 4. The method according to Claim 1 wherein said interlevel dielectric layer comprises
one of the group containing sub-atmospheric borophosphosilicate glass, fluorosilicate glass, %ﬁff
undoped silicate glass and has a thickness of between about 6000 and 20,000 Angi%rbagrﬂga}rg. R
method according to Claim 1 wherein said conducting layer comprises one of the group containing
aluminum/copper, copper, and tungsten. 6. The method according to Claim 1 wherein said N+ and P+
regions form djodes of I%u'cqlgldectrocsotggg rgl(i}scchoargﬁ,i device, 7. The method according to Claim 6 wherein

; . ac erelh sal : .
said diodes have an area of 4 square microns or greater. 8. A method of forming an electrostatic

discharge devigedn thedabrication of integrated cirgiits Lomprsing: ferming-anN-well within a silicon
semiconductor substrate; implanting a P+ region within a portion of said N- well and implanting a N+
region within apottiom ofhsaidhisemiconductarcsibstraiecnphoccupiedtsy saisN;well 12 13 January 2005

fluorosilicate glass, and undoped silicate glass and has

a thickness of between about 6000 and 20,000 Angstroms.

5. The method according to Claim 1 wherein said
conducting layer comprises one of the group containing

aluminum/copper, copper, and tungsten.

6. The method according to Claim 1 wherein said N+ and
P+ regions form diodes of said electrostatic discharge

device.

7. The method according to Claim 6 wherein said

diodes have an area of 4 square microns or greater.

8. A method of forming an electrostatic discharge
device in the fabrication of integrated circuits
comprising:

forming an N-well within a silicon semiconductor
substrate;

implanting a P+ region within a portion of said N-
well and implanting a N+ region within a portion of said

semiconductor substrate not occupied by said N-well

12



wherein said P+ region and said N+ region form diodes of said electrostatic discharge device; forming an
oxide layer overlying said semiconductor substrate; patterning said oxide layer to form openin said
semiconductor substrate in planned active areas; growing an epitaxial silicon layer %\ﬁﬁﬁ)‘?ﬁnggngnings
and overlying said oxide layer; forming shallow trench isolation regions within said epitaxial silicon layer
between said planned active areas wherein said shallow trench isolation regions extend to underlying

salql oxu;le layer: efgreninnngsg%a g_[rec];_reogdiosnog said aePéF%LaIrSél%(:lponn layer and associated source ar_ld drain
regions in [and on] said epitaxial silicon layer wherein both said gate electrodees and said associated

source and draipskegions +aresformed betwegp said shallew trench isolation regions; depositing an
interlevel dielectric layer overlying said gate electrodes; opening first contacts through said interlevel
dielectric layer to undedyihgosaid sourge drg draivwsegiphsy covering<said intdrtevet dielectric layer with a
substrate;
patterning said oxide layer to form openings to
said semiconductor substrate in planned active areas;
growing an epitaxial silicon layer within said
openings and overlying said oxide layer;
forming shallow trench isolation regions within
said epitaxial silicon layer between said planned active
areas wherein said shallow trench isolation regions

extend to underlying said oxide layer;

forming gate electrodes on said epitaxial silicon

layer and associated source and drain regions in [and

on] said epitaxial silicon layer wherein both said gate

electrodes and said associated source and drain regions

are formed between said shallow trench isolation

regions;

depositing an interlevel dielectric layer overlying
said gate electrodes;

opening first contacts through said interlevel
dielectric layer to underlying said source and drain
regions;

covering said interlevel dielectric layer with a

mask wherein said mask covers said first contact

13



mask wherein said mask covers said first contact 13 13 January 2005 openings; opening second contact
openings through said interlevel dielectric layer, said shallow trench isolations, and said oxide |layer to
diodes; thereafter removing said mask; and filling said first and second contact opemnbﬁg'\]ﬁﬁ%zgé/
conducting layer to complete formation of said electrostatic discharge device in said fabrication of
integrated circuits. 9. The method according to Claim 8 wherein said oxide layer has a thickness of
between abouf %QQQna%d 2000 Angstroms. 10. The method according to Claim 8 wherein said epitaxial
silicon layer has a thi(%m'ess of between about 500 and 3000 Angstroms. 11. The method according to

Claim 8 wherein said Joterigyel diglegtric layercorpprises one,ebthg.geeupy containing sub-atmospheric
borophosphosilicate glass, fluorosilicate glass, and undoped silicate glass and has a thickness of
between about 60801and 20j060AnNngsiromsy 22, Theimethaed aegordingdo Claim 8 wherein said
isolations, and said oxide layer to diodes;
thereafter removing said mask; and
filling said first and second contact openings with
a conducting layer to complete formation of said

electrostatic discharge device in said fabrication of

integrated circuits.

9. The method according to Claim 8 wherein said oxide
layer has a thickness of between about 1000 and 2000

Angstroms.

10. The method according to Claim 8 wherein said
epitaxial silicon layer has a thickness of between about

500 and 3000 Angstroms.

11. The method according to Claim 8 wherein said
interlevel dielectric layer comprises one of the group
containing sub-atmospheric borophosphosilicate glass,
fluorosilicate glass, and undoped silicate glass and has

a thickness of between about 6000 and 20,000 Angstroms.

12. The method according to Claim 8 wherein said

14



14 13 January 2005 conducting layer comprises one of the group containing aluminum/copper, copper,
and tungsten. 13. The method according to Claim 8 wherein said diodes have an aﬁ?g‘%}ﬁ S?Lé‘%re
microns or greater. 14. A method of forming an electrostatic discharge device in th Uit 815
integrated circuits comprising: forming an N-well within a silicon semiconductor substrate; implanting a
P+ region within a portion of said N- well and implanting a N+ region within a portion of said
semiconductor, substrate 803 g}g%pice(gm y lsgéds No-ylveello\@h_gﬁeein%sra})igth region and said N+ region form

. . u .
diodes of said electrostatic discharge device and wherein said diodes have an area of at least 4 square

microns and as1 much.agdupplreds of squaresnicronsyfarming an oxide layer overlying said
semiconductor substrate; patterning said oxide layer to form openings to said semiconductor substrate
in planned active areas; growing an epitaxial silicon layer within said openings and overlying said oxide
layer;

13. The method according to Claim 8 wherein said

diodes have an area of 4 square microns or greater.

14. A method of forming an electrostatic discharge
device in the fabrication of integrated circuits
comprising:

forming an N-well within a silicon semiconductor
substrate;

implanting a P+ region within a portion of said N-
well and implanting a N+ region within a portion of said
semiconductor substrate not occupied by said N-well
wherein said P+ region and said N+ region form diodes of
said electrostatic discharge device and wherein said
diodes have an area of at least 4 square microns and as
much as hundreds of square microns;

forming an oxide layer overlying said semiconductor
substrate;

patterning said oxide layer to form openings to
said semiconductor substrate in planned active areas;

growing an epitaxial silicon layer within said

openings and overlying said oxide layer;

15



15 13 January 2005 forming shallow trench isolation regions within said epitaxial silicon layer between
said planned active areas wherein said shallow trench isolation regions extend to d&arl in %oxide
layer; forming gate electrodes on said epitaxial silicon layer and associated source g?@ nsin
said epitaxial silicon layer wherein both said gate electrodes and said associated source and drain
regions are formed between said shallow trench isolation regions; depositing an interlevel dielectric layer
overlying said gate §Iec%rodes$}9mlgvgglr% cQntacts %htroglgh sajd interlevel .dielectric layer to underlying

Tons wit
said source and drain reglons covering sald mterlev dielectric’ layer with a mask wherein said mask

covers said firsbeantact apenings; openind secondsontasgt gpenings-thkeugh saidcinterlevel dielectric
layer, said shallow trench isolations, and said oxide layer to diodes; thereafter removing said mask; and
areas wherein said shallow trench isolation regions

extend to underlying said oxide layer;

forming gate electrodes on said epitaxial silicon
layer and associated source and drain regions in said
epitaxial silicon layer wherein both said gate
electrodes and said associated source and drain regions
are formed between said shallow trench isolation
regions;

depositing an interlevel dielectric layer overlying
said gate electrodes;

opening first contacts through said interlevel
dielectric layer to underlying said source and drain
regions;

covering said interlevel dielectric layer with a
mask wherein said mask covers said first contact
openings;

opening second contact openings through said
interlevel dielectric layer, said shallow trench
isolations, and said oxide layer to diodes;

thereafter removing said mask; and

filling said first and second contact openings with

a conducting layer to complete formation of said

electrostatic discharge device in said fabrication of

16



filling said first and second contact openings with a conducting layer to complete formation of said

electrostatic discharge device in said fabrication of 16 13 January 2005 integrated cgglits. 15(.)%;@%
method according to Claim 14 wherein said oxide layer has a thickness of between'abdHt'd'el d 2000
Angstroms. 16. The method according to Claim 14 wherein said epitaxial silicon layer has a thickness of
between about 500 and 3000 Angstroms. 17. The method according to Claim 14 wherein said interlevel

dielectric Iayeri%%rengrrisegdoréelggltﬂ%Sq_roup containing sub-atmospheric borophosphosilicate glass,

fluorosilicate glass, ar?(} undoped silicate glass and has a thickness of between about 6000 and 20,000
Angstroms. 18. The method according to Claim 14 wherein said conducting layer comprises one of the
group containing aluminum/copper, copper, and tungsten. 17

15. The method according to Claim 14 wherein said oxide

layer has a thickness of between about 1000 and 2000

Angstroms.

16. The method according to Claim 14 wherein said
epitaxial silicon layer has a thickness of between about

500 and 3000 Angstroms.

17. The method according to Claim 14 wherein said
interlevel dielectric layer comprises one of the group
containing sub—-atmospheric borophosphosilicate glass,
fluorosilicate glass, and undoped silicate glass and has

a thickness of between about 6000 and 20,000 Angstroms.
18. The method according to Claim 14 wherein said

conducting layer comprises one of the group containing

aluminum/copper, copper, and tungsten.
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