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ESD PROTECTION NETWORK USED FOR SOI TECHNOLOGY
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
cirouts QIRESCRIPTIONAE THEPRIOR AR, Eisgiostayo 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. MOSFEBdeices@be Jparticalarlyveninerable 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
E%ic%@o&-l?é@lﬂ?ﬁ@#“(80|) technology. In general, the advantages of

SOl teChnOI%%ianrllé%%r%'{mprll%é%tgil%%iorne%ates 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

advantages of SOI technology include simple fabrication



sequence, reduced capacitive coupling between circuit elements, and
increased packing density. The SOI technology is discussed in Silicon
Processing for the VLSI Era, Vol. 2, 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

sequelg 2chnology hresents, challenges to FSD rotection because the presence of
the insulator layer (OXIde) sandowmhedgbetween the two S|I|con layers

e lemeRFEVENts, the discharge nf ghargese T his- hay lead toomare severe £SD. A
number of patents present a variety of methods to form ESD devices.

is digoxpeading:5$1 PatentApplication SeriakNeimvberr08/434,922 (CS5-99-156)
to the same inventors, filed on 11/5/99, teaches forming an ESD device

by S.\ithid a tréREh U3ifg Shatow iréReh BsalationClecttholédy ‘corpending 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 havinghwells anghdiodese M. SoPHEREs an electrostatic
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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

5,674,761 to Chang et al discloses a P/N diode ESD device.



5,674,761 to Chang et al discloses a P/N diode ESD device. 2 U.S. Patent
5,629,544 to Voldman et al shows an ESD SOI device with trench isolations.
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

0.s. iMentionisdo, provide a progess, far, forming an.electrostatic discharge
device using silicon-on-insulator technology. Another object of the invention

deviciS 1@ provide naprocess forforming 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. AP NAEisTOriRgd iHFNA Siton 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

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



3 semiconductor substrate not occupied by the N-well. An oxide layer is
formed overlying the semiconductor substrate. The oxide layer is patterned
to form openings to the semiconductor substrate. An epitaxial silicon layer is
grown within the openings and overlying the oxide layer. Shallow trench
isolation regions are formed within the epitaxial silicon layer extending to the

semi cYRGELYVING Qéigsec'%‘é’t%- Gate glegirodes,and asspcjated sourge and,drain

regions are formed in and on the epitaxial silicon layer between the shallow

layer trenchdsglation tegions AnHoterlevel diglestris-layes ds -deposited overlying
the gate electrodes. First contacts are opened through the interlevel

oxide dielgetricilayes to ¢hecdnderlyingrsoureeiand draintitegions. The interlevel
dielectric layer is covered with a mask that covers the first contact openings.

senicGedarieleortaet bpehings afe opehedithfosdh lteinteHevel diete@rie layer,
shallow trench isolations, and the oxide layer to the N+ region and P+

T Podigh. THETASK T8 rerRGvEdY THe first afid SEcorit Sbntact Bperifigs are
crenchlfd With.a copdyeting layer to.complete formation of.ap. glegfrostatic

discharge device in the fabrication of integrated circuits.
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 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

PREFERREQIEN%QQ%I}II&F@.EE 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 withouthexeeeding=theiscope of they invientiom KReferring now more
particularly to Fig. 1, there is shown a semiconductor substrate 10,

mater ppdfgpably ebniposed ®f AcmGErystallifée Siicoh hd'ddped to be P-type
silicon. An N-well 12 is formed in a portion of the

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

composed of monocrystalline silicon and doped to be P-type



substrate using conventional masking and implanting techniques. The N-well
12 has a depth of between 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

si11cggIcenyafiongnbetvech aBoyL 4ELE and SIS gloms(Gs. The P+ region
as a depth preferably between about 100 and 2000 Angstroms and a

subst #9Pant songentationafbetween abayt 1Ed4; and.aEdsatoms/cm3. A silicon
oxide layer 18 is formed by low pressure chemical vapor deposition

techn(kREYD), plasmarenhanced ashemicgitvapdr deposition{P&EVD) ©r furnace
process, for example, on the surface of the silicon substrate to a thickness

and 2 gf hehweehratisutiTo00 ahel 2006 Witjstroms. 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 sizeg depending upon theJayout design of i strysturgs and
transistors. The openings 6
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

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 technology. 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

shou1 % RoLtom-mast silicon layer, Shallow trench izolation (ST1) regigns 24 are.
ormed in the epi-silicon layer 20, using a conventional process, as shown in

size Fig 4nlhe SHregions 24 piist 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/ Bfirfiifflirmdayeristdeposited over algatedxiderayerands
atterned to form gate electrodes. LDD and source/drain implantations,

.
ePitafisig atd SiewAIl gﬁgge E_qgs PREERE Hre* Perfofied ‘SGurceidrain regions
oxide S2YESHWD assqgigted with gate glectrodes 30, The patg £legiygdes and
source/drain regions form transistors.
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

regions form transistors.



7 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
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 %cggresiggmask, tngt;how%,or self- aligned contact etching. A

_ rry, now 19 . N )
photoresist layer 40 is coated over t%e ILD fayer and filling the contacts to

dielelhe isourceldrainregions, as showndr RigobsThephateresist layer is
patterned to form openings where contacts to the diodes (that is, the N+

subst regiontb4 andithekR+gegion 16} @sentcabeunade0Thecdiodeswill form the
electrostatic discharge device. As shown in Fig. 8, contact openings are

Angstegdifed tHoLYhLeCH Dy €t 36, 'S TRréiBRSIREIRF éRide layer 18 to the
N+ diode 14 and the P+ diode 16. The photoresist mask 40 is removed and a

bor Opﬂ?&%ﬁﬁﬁ]&f ﬁﬁﬁg o%]paoss?t’e_df_&\?é)lrﬁlseiliﬁ Hyer? fiftitiy the” contacts to the
undopggug¥¥gg§pgagfg¥%?nggyhgggg%fénuag§ntacts 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

comprise tungsten, copper, or aluminum/copper, for example.



to the diodes, as shown in Fig. 9. The metal layer may comprise tungsten,
copper, or aluminum/copper, for example. 8 This completes formation of the
electrostatic discharge device. The process of the present invention 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. Ip, fne presentinvention. (e dioges.are located jn fhe Jawer
silicon layer not used to fabricate transistors. Thus, the size of the diodes

dischdPgs Rekimpose alimitation o8 restrigtion possilicon feakestate. Large area
diodes provide robust ESD protection. Higher voltages can be withstood by

resulsuchra desigiodieselargé areacdiodesanay this-2dparby:2pniapioe
hundreds of pm in area. Fig. 10 is a schematic of the ESD protection

havingehwbaeof i preseinsnveAion L TheTiurmbeted afeas rélaté LtHeeschematic
to the cross-section in Fig. 9. 50 is a polysilicon line, While the invention has

O“‘inﬁ%%ﬁtﬁ_értf%ﬁYa?r‘ﬁ? s%?/\_/ﬁ%%‘a&é&r‘fﬁecf Wﬁ]cFesfe?éﬁlcél_f@ the prefetred
the pEORQYIMENS thersof, ftwill pe ynderstood by thase skilled ) ooy

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 various changes in form and details may be
made without departing from the spirit and scope of the
invention.

What is claimed is:



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: 9 1.
An electrostatic discharge device in a silicon-on- insulator integrated circuit
comprising: a P+ region within a portion of an N-well in a silicon
semiconductor substrate and a N+ region within a portion of said

semiconducior subsirate not occupied by, said N-wellyherein said P+ region

and said N+ region form diodes o salg electrostatic discharge device;
forming-an oxide layeroverlying said sepyicandyctor substrate; an oxide
layer overlying said semiconductor substrate wherein openings in said oxide
layer in actives @ateas areHiledawithani epitaxiaksilicendayet wherein said
epitaxial silicon layer also overlies said oxide layer; shallow trench isolation
rédioprwithi saidd ephakiat SHicorrlayer betwedh Ed attiveiafeds wherein

said shallow trench isolation regions extend to ,
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;

forming an oxide layer overlying said semiconductor
substrate;

an oxide layer overlying said semiconductor
substrate wherein openings in said oxide layer in active
areas are filled with an epitaxial silicon layer wherein
said epitaxial silicon layer also overlies said oxide
layer;

shallow trench isolation regions within said
epitaxial silicon layer between said active areas
wherein said shallow trench isolation regions extend to
underlying said oxide layer;

gate electrodes and associated source and drain
regions in and on said epitaxial silicon layer between said
shallow trench isolation regions;

an interlevel dielectric layer overlying said gate
electrodes and said associated source and drain regions;
and

a conducting layer filling first contacts through

10



underlying said oxide layer; gate electrodes and associated source and drain
regions in and on said epitaxial silicon layer between said shallow trench
isolation regions; an interlevel dielectric layer overlying said gate electrodes
and said associated source and drain regions; and a conducting layer filling
first contacts through 10 said interlevel dielectric layer to underlying said

sourcs and drain fegions and filling. second contact, gpenings through said
interlevel dielectric layer, said s%allow trench isolations, and said oxide layer

tosaid diades tq complete said glectrastatiq dischargedevigetin a
silicon-on-insulator integrated circuit. 2. The device according to Claim 1
whereiy saichoxideh layerchas adhicknessdafietwreen: about 1008=ard 2000
Angstroms. 3. The device according to Claim 1 wherein said epitaxial silicon
rerieas Athitkhessdfetween apduf BOD and3000 XhHystrorisgig. The

device according to Claim 1 wherein said , ,
diodes to complete said electrostatic discharge device

in a silicon-on-insulator integrated circuit.

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

Angstroms.

3. The device according to Claim 1 wherein said
epitaxial silicon layer has a thickness of between about

500 and 3000 Angstroms.

4. The device according to Claim 1 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.
5. The device according to Claim 1 wherein said

conducting layer comprises one of the group containing

aluminum/copper, copper, and tungsten.

11



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. 5. The device according to Claim 1 wherein said
conducting layer comprises one of the group containing aluminum/copper,
gopper, and tundsten, 11,6,,Tbe devigs, according to Glajm 4 whergin said
diodes have an area of 4 microns or greater. 12

have an area of 4 microns or greater.
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