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- DI SCHARGE PROTECTI ON BACKGROUND OF THE I NVENTION (1) Field of the

I nvention The invention generally relates to the fabrication of

senmi conductor devices and, nore particularly, to a method of f Bfwi Hgs an
NMOS device for electrostatic discharge (ESD) protection in the
fabrication of integrated circuits. (2) Description of Prior Art Integrated
circuits (ICs) are susceptible to danage from a phenonenon call ed

el ectrostatic discharge (ESD). ESD occurs during transportation and
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power dissipated during the discharge yields |arge tenperature gradients
within the device structure. One solution to the problemof ESDis to

connect a silicon control [ ( | C near to the
external pin bonding pad.h%%gﬁﬁgﬁgﬁggpfgjggﬁﬁgﬁﬁg%ggd reaches a | evel
beyond that of normal operation due to static charge, the SCR turns on,

t hereby providing a | ow resistance path for discharge. This protects the

device by shunting this current away fromthe circuitry used in normal Il O
IN, ! (v 2dbHd of the Invention

The invention generally relates to the fabrication of semiconductor devices and, more
particularly, to a method of forming an NMOS device for electrostatic discharge (ESD) protection in

the fabrication of integrated circuits.
(2) Description of Prior Art

Integrated circuits (ICs) are susceptible to damage from a phenomenon called electrostatic
discharge (ESD). ESD occurs during transportation and handling of the device when large static
charges collect on their external pins. If not properly controlled, ESD will irreparably damage the IC
as power dissipated during the discharge yields large temperature gradients within the device

structure.

One solution to the problem of ESD is to connect a silicon controlled rectifier (SCR) on the
IC near to the external pin bonding pad. When the voltage on the pad reaches a level beyond that of
normal operation due to static charge, the SCR turns on, thereby providing a low resistance path for

discharge. This protects the device by shunting this current away from the circuitry used in normal




operation. Several approaches using SCRs exist. U S. Patent 5,369,041 to
"Duvvury teaches a nethod of building an SCRwthin a MOS process for the
purpose of ESD protection. U S. Patent 5,728,612 to Wi et 7d] K{featles a
met hod of inproving the performance of an SCR used for ESD protection. The
resi stance when the device is turn on is |owered by increasing the vol une
of contacts in the SCR by nmaking the contact deeper in the IC This

i nproves the SCR performance w thout the need for increasing the size of
the SCR U S. Patent 5,843,813 to Wi et al. teaches another nmethod of
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substrate 10 is provided. A gate oxide 28 overlies the p-type well or
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N+ drain and source regions (14 and 22) are provided. A drain electrode 18
makes anethectethodbf tgrneog ilepetforminge df tieESDiprowhiidreofansiiR ¢et ebeotinode 26
makes el ectrical connection to the

device switching noise. This device also uses deeper contacts to lower the resistance of the SCR

when it is conducting.

A second method of ESD protection uses a grounded gate NMOS (GGNMOS) device to
provide the low resistance discharge path. This is the protection method of the present invention.
Refer now to Fig. 1 showing in cross section a typical GGNMOS device. It is to be understood that
no portion of Fig. 1 is admitted to be prior art as to the present invention. Rather, this highly
simplified diagram is provided i an effort to provide an improved understanding of the problems
which are overcome by the present invention.” A p-type well or substrate 10 is provided. A gate
oxide 28 overlies the p-type well or substrate 10. A polysilicon gate electrode 30 overlies the gate
oxide 28. N+ drain and source regions (14 and 22) are provided. A drain electrode 18 makes
electrical connection to the drain 14, while a source electrode 26 makes electrical connection to the
source 22. The source electrode 26 is connected to the gate electrode 30, both of which are
connected to ground (as shown in Fig. 1) or to the most negative voltage potential used by the IC.

For this description of the device operation, we will ground the source electrode 26 and gate



source 22. The source electrode 26 is connected to the gate el ectrode 30,
both of which are connected to ground (as shown in Fig. 1) or to the npst
negative voltage potential used by the IC. For this descriptijon{iof/ihe
devi ce operation, we will ground the source el ectrode 26 and gate 2

el ectrode 30. Wiile not shown, the p-type well or substrate 10 is al so
grounded. In order to provide a better electrical contact in active NMOS
devices used on the IC, salicidation is performed on the upper surface of
the n+ drain 14 and source 22 as shown in Fig. 1. Unfortunately, the
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mask that prevents salicidation of the drail egi on. Breakdown nechani sns
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salicidation of the drain region.

Breakdown mechanisms provide the ESD protection in a GGNMOS device. Still referring to
Fig. 1, those mechanisms will now be described. If the voltage on the drain electrode 18 is raised
slightly above ground potential, the diode formed by p-type well 10 and drain region 14 will be
reverse-biased and a depletion region will be formed between the two. A second depletion region
exists between the source region 22 and the region of the p-type substrate or well 10 under the gate
30. This barrier holds the electrons in the source region 22. Any current that flows is due to leakage

current in the reverse-biased drain/p-well junction.

If the drain electrode 18 voltage is increased, the depletion region between the p-type
substrate or well 10 and drain region 14 will widen, moving it closer to the source region 22, When
the voltage on the drain electrode 18 causes the drain depletion region to touch the source depletion
region, the connection between the two depletion regions will have a low resistance. The result will

be a very high current. This phenomenon is called “punch through™ and the resulting current is




current in the reverse-biased drain/p-well junction. If the drain el ectrode
18 voltage is increased, the depletion region between the pttlypge’ Hibstrate
or well 10 and drain region 14 will widen, noving it closer to the source
region 22. Wien the voltage on the drain electrode 18 causes the drain
depletion region to touch the source depletion region, the connection
between the two depletion regions will have a | ow resi stance. The result
will be a very high current. This phenonenon is called "punch through" and
the resulting current is 3 called "punch through current”. The

char achk¢d ‘glunch thwughsumeith. Thechmredtistibeguehwithtr goretohrdugh pendnydios &r ANMOS
FET are shown in Fig 2. A second phenomenon known as drain diode breakdown
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different source to drain well spacings. As the spacing is decreased, the
| eakageNdusEon FshiknleR exqessize sencitionioé slepiswn- M@pm&a Iﬁ@ﬁw&cp@rﬁ%gﬁ@h@ a
described above are noved closer to each other, resulting in significant
fi el d cpéipdtlevat Wherethasihredkdodnaicenrs,@ snwd increase in drain voltage will cause a very large

increase in current.

Fig. 3 shows a plot of Ing vs. Vps for different source to drain well spacings. As the spacing
is decreased, the leakage Ipg increases. This occurs because the two depletion regions described
above are moved closer to each other, resulting in significant field penetration from the drain to the
source. The potential barrier at the source is lowered, resulting in increased injection of electrons by
the source, giving rise to mcreased Ing. This is called drain induced barrier lowering (DIBL).

Further increase of Vpg will cause the depletion regions to touch resulting in punch through.

In some cases, a different phenomenon called “snapback™ occurs prior to reaching punch
voltage. The present invention uses snapback to provide ESD protection. This phenomenon will be

discussed in the description of the present invention.




source. The potential barrier at the source is lowered, resulting in
increased injection of electrons by the source, giving rise tofificy ¢48ked
IDS. This is called drain induced barrier lowering (DIBL). Further
increase of VDS will cause the depletion regions to touch resulting in
punch through. In sone cases, a different phenonenon called "snapback"
occurs prior to reaching punch voltage. The present invention uses
snapback to provide ESD protection. This phenonenon will be discussed in
the description of the present invention. 4 NOV 20 UUO SUMVARY OF THE

I NVENTI ON A princi pal obj ecSUMMARE (f EHEMNVENHEHON on is to provide a

sem conduct or device that provides electrostatic discharge (ESD)
protection. Another object of the present invention is to provide a

sem conductor device that provides electrostatic discharge (ESD)

protection ALAGH obRaW b Ste@ddink LARAlis R R6G3S L MemRb /RS or ABALOEE: QBIREd Of
the present invention is to provide a sem conductor device that provides

el ectr €. & r :protection that does not require the
salicf%%%?%%ﬁﬂﬂg%%ﬂﬁégg?éE%Q%Rﬁ%ther object of the present invention is to

provi de a sem conductor device that provides electrostatic discharge (ESD)
protection that does not require an additional inplantation to inprove ESD

characteristics. . : . . : . :
Another object of the present invention is to provide a semiconductor device that provides

electrostatic discharge (ESD) protection without requiring additional processing steps.

Another object of the present invention is to provide a semiconductor device that provides

electrostatic discharge (ESD) protection that does not require the salicidation blocking step.

Another object of the present invention is to provide a semiconductor device that provides
electrostatic discharge (ESD) protection that does not require an additional implantation to improve

ESD characteristics.

A still further object of the present invention is to provide a semiconductor device that
provides electrostatic discharge (ESD) protection having a trigger point away from the

semiconductor surface.

These objects are achieved using a process where n-wells are added below the source and
drain regions in a GGNMOS device. The n-well and p-well doping profiles are tailored such that the

peaks of the well concentrations occur away from the silicon surface. This reduces the depletion




A still further object of the present invention is to provide a

seni conduct or device that provides el ectrostatic di scharge A ESB)Y 7085
protection having a trigger point away fromthe sem conductor surface.
These obj ects are achieved using a process where n-wells are added bel ow
the source and drain regions in a GG\MOS device. The n-well and p-well
doping profiles are tailored such that the peaks of the well
concentrations occur away fromthe silicon surface. This reduces the
depletion 5 2 0 NOV 2005 barrier between the p-well and n-well source. In
addi t i iertbbBvden Elicansell agll @ctdll ©ufck e hfladdetione 8 ihdieased EVEFis Eiclll mewebnnhael |

drain and p-well will result in higher electron-hole generation current.
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Fig. 2 showing a graph of typical IDS vs. VDS characteristics of a GGNMOS
devi cefrom the silicon surface where power may be effectively dissipated.

BRIEF DESCRIPTION OF THE DRAWINGS
In the accompanying drawings forming a material part of this description, there is shown:
Fig. 1 showing a cross section of a typical grounded gate NMOS (GGNMOS) device;
Fig. 2 showing a graph of typical Ins vs. Vps characteristics of a GGNMOS device;
Fig. 3 showing a graph of Ins vs. Vipg for different source to drain well spacings;

Fig. 4 showing a cross section of the grounded gate NMOS (GGNMOS) device of the present

invention;

Fig. 5 showing test results for the present invention including the snapback phenomenon;



Fig. 3 showng a graph of IDS vs. VDS for different source to drain well
spaci ngs; Fig. 4 showing a cross section of the grounded gate NMOS ( GGNMOS)
device of the present invention; Fig. 5 show ng test resui&zﬁé@r he
present invention including the snapback phenonenon; 6 2G Ho o8 Fig. 6
showi ng the n-well doping profile for the present invention; and Fig. 7
showi ng the p-well doping profile for the present invention. DESCRI PTION
OF THE PREFERRED EMBODI MENTS The present invention uses a nethod of ESD
protection using a grounded gate NMOS (GGNMOS) device to provide the | ow
resi stance F@lg.ssc(shawg@t@@hhvelll\diomﬂggﬁofaeemada sdelenddigandour ce and drain
regions of a GGNMOS device in order to tailor the doping profiles of those
regi ons. Snapback is used to provide ESD protection. As VDS increases, the
potential barrier at the n-well source is |lowered due to the D BL effect.
Gener ation - haql [ Sl L . depl etion region also
occurs. Th#gé&ﬁﬁgﬁggﬁg%ggﬁﬁfggkggg#?ﬁggggggﬁgg%ﬁ@%@gg%s wth VDs. This
results in a higher electric field and hi gher el ectron-hol e generation
current. The hole current will be injected into the p-well, forward

bi asing the p-well/n-well source junction. The DIBL effect aids this by

| owering the potential barrier at the n-well source. Once the p-well/n-well

source junction is
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention uses a method of ESD protection using a grounded gate NMOS
(GGNMOS) device to provide the low resistance discharge path. N-wells are added below the
source and drain regions of a GGNMOS device in order to tailor the doping profiles of those
regions. Snapback is used to provide ESD protection. As Vpg increases, the potential barrier at the
n-well source is lowered due to the DIBL effect. Generation of electron-hole pairs in the drain well
depletion region also occurs. This generation current dominates and increases with Vpg.  This
results in a higher electric field and higher electron-hole generation current. The hole current will be
injected into the p-well, forward biasing the p-well/n-well source junction. The DIBL effect aids
this by lowering the potential barrier at the n-well source. Once the p-well/n-well source junction is
forward biased, the device behaves as an NPN transistor where the drain acts as the collector. A low
resistance discharge path is created. Using prior art advanced NMOS processes with LDD junctions,
this conduction triggers near the surface of the device where thermal conductivity is poor. This

surface heating may result in damage to the device.




forward bi ased, the device behaves as an NPN transistor where the drain
acts as the collector. Alow resistance discharge path is created. Using
prior art advanced NMOS processes with LDD junctions, this_conduction
triggers near the surface of the device where thermal conduétl Wilkly 78 poor .
This surface heating may result in damage to the device. 7 2 0 NOV 2(106
Refer nowto Fig. 4 showng in cross section the GGNMOS device of the
present invention. A p-type substrate or well 10 is provided. N-wells 12
and 20 are forned in the p-type substrate or well 10. A gate oxide 28 is
patterned Befer hywngFighé shewiype aulssteciaingheo GGMVIDS1Rvizndf thewedsest ihZensiog.  20.
A polysilicon gate electrode 30 is forned overlying the gate oxide 28
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formed (15 and 23) are fornmed by light inplantation wusing the polysilicon
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connected to the gate electrode 30, both of which are_connected to %round
(as sHIRAthepopysyicon gaigelacgode) spgamaske (@tidg spaceis| o 29¢ | patedpimed onibedidgy t he
| C. For this description of the device operation, we will ground the

of the polysilicon gate electrode 30. These oxide spacers 16 and 17 along with the polysilicon gate

electrode 30 form the mask for implantation of the n+ source and drain regions 14 and 22,

respectively. Drain electrode 18 makes electrical connection to the drain 14, while source electrode

26 makes electrical connection to the source 22. The source electrode 26 is connected to the gate

electrode 30, both of which are connected to ground (as shown in Fig, 4) or to the most negative

voltage potential used by the IC. For this description of the device operation, we will ground the

source electrode 26 and gate electrode 30. While not shown, the p-type substrate or well 10 is also

grounded. In order to provide a better electrical contact in active NMOS devices used on the IC,

salicidation is performed on the upper surface of the n+ drain 14 and source 22 as shown in Fig.4.

The n~wells 12 and 20 and p-type substrate or well 10 are tailored to bring their peak
concentrations to a point between about 0.5 and 1.5um from the semiconductor surface. This peak
corresponds to the minimum drain depletion width and the point where conduction will trigger. By
avoiding triggering at the semiconductor surface, the thermal conductivity is improved at this deeper
peak concentration point. The n-wells 12 and 20 are formed using phosphorous ion implantation

with a dose of between about 9x10'? and 5x10" jons/em® (2x10" fons/cm” nominal) and an




source el ectrode 26 and gate el ectrode 30. Wile not shown, the p-type
substrate or well 10 is also grounded. In order to provide a better

el ectrical contact in active NMOS devices used on the IC, salicidation is
performed on the upper surface of the n+ drain 14 and sour €4 2Zvagishown in
Fig.4. The n-wells 12 and 20 and p-type substrate or well 10 are tailored
to bring their peak concentrations to a point between about 0.5 and 1.5m
fromthe sem conductor surface. This peak corresponds to the mninmumdrain
depl etion width and the point where conduction will trigger. By avoiding
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i nproved at this deepe peak concentration point. The n-wells 12 and 20
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(150keV nom nal ). These two inplantations are perfornmed after the n-well
i npl anbattilonN aah 2> blef\bfléOkdie ngatnel)oxXTidee proicedmitations are performed after the n-well

implantation and before the gate oxide process.

Fig. 5 shows test results for the present invention including the snapback phenomenon. As
Vg increases, there is only leakage current up to approximately 6.2 volts. Once this threshold is
reached, the snapback phenomenon occurs and immediately lowers Vpg to about 4.3 volts. The
negative resistance region observed is due to the availability of more charge carriers for

multiplication. The doping profile is tailored so that snapback occurs prior to punch through.

Fig. 6 shows the n-well doping profile*for the present invention. A peak concentration of
between about 1x10'7 and 5x10'® atoms/em® (7x10'7 nominal) occurs between about 0.5 and 1.5 um
(0.75um nominal) from the IC surface. The h-well doping profile is formed by implanting
phosphorous ions with a dose of 2x10" fons/ent’ and an energy of 500keV plus some threshold (Vt)
and punch-through implantations. Fig. 7 shows the p-well doping profile for the present invention.
A peak of between about 1x10'" and 5x10'® atoms/em® (7x10'7 nominal) occurs between about 0.5

and 1.5 pm (0.6pum nominal) from the IC surface. The p-well doping profile is formed by




Fig. 5 shows test results for the present invention including the snapback
phenonmenon. As Vps increases, there is only | eakage current up to
approximately 6.2 volts. Once this threshold is reached?ﬁtn535ﬂﬁ$back
phenomenon occurs and i mediately |owers VDS to about 4.3%volts:""The
negati ve resi stance region observed is due to the availability of nore
charge carriers for nultiplication. The doping profile is tailored so that
snapback occurs prior to punch through. Fig. 6 shows the n-well doping
profile for the present invention. A peak concentration of between about
1x 101 TmphetimxBads idk sity codie 6F kt 101 7ongemnald)anenengy 9 BeIkee impibetite dr& and
1.5m (0.75mnomnal) fromthe I1C surface. The n-well doping profile is
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an energy of 500keV plus sone threshold (Vt) and punch-through

i mpl ant At bPRSoladtitthns./ shows the p-well doping profile for the present

invent&%ng &%)%eagmgf bet ween about 1x1017 and 5x1018 atons/cnB (7x1017
nom nal ) occurs between about 0.5 and 1.5 m (0.6mnomnal) fromthe IC
surface. The p-well doping profile is forned by 9 inplanting boron ions

with a dose of 1x10 i ons/c and an ener of 300keV, iml.anting boron
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threshold(ﬁ\&) and punch- through inplantations, Several key differences
shoul & B8 Hdite et thedfeiehdl prediemtveilivantiBileyise tasnargpiicappduction yglugiep t o
Wi et al. Wei et al. use the n-well in an SCR device to enlarge the

conducihiodweh betespots and improves ESD performance. The present invention applies to a
GGNMOS device and uses tailored n-well and p-well doping profiles to move the conduction away
from the surface and adjust the ESD trigger voltage. In these important respects, the two devices

and their method of operation are different.

In summary, the present invention uses a process where n-wells are added below the source
and drain regions in a GGNMOS device. The n-well and p-well doping profiles are tailored such
that the peaks of the well concentrations occur away from the silicon surface. This reduces the
depletion barrier between the p-well and n-well source. In addition, as drain voltage increases, an
increased electric field forms between the reverse biased n-well drain and p-well resulting in higher
electron-hole generation current. This injects more holes into the p-well, producing a potential that
will forward bias the p-well/n-well source junction. The result is a conducting bipolar NPN
transistor with low resistance between the drain (collector) and source {emitter). The conduction
occurs away from the silicon surface where power developed by removing the electrostatic charge

may be effectively dissipated.
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Thi s reduces hot spots and i nproves ESD performance. The present invention
applies to a GGNMOS device and uses tailored n-well and p-well doping
profiles to nove the conduction away fromthe surface and jagjyst ifie ESD
trigger voltage. In these inportant respects, the two devices and their

met hod of operation are different. In summary, the present invention uses a
process where n-wells are added bel ow the source and drain regions in a
GGNMOS device. The n-well and p-well doping profiles are tailored such

that the peaks of the well concentrations occur away fromthe silicon
surface. Thilslertechnoegionttas betleaetidutanlylzhown end detrsewithefpemeltd thend n- wel |
source. In addition, as drain voltage increases, an increased electric
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source junction. e result is a conducting bipolar transistor with

| ow resi stance between the drain (collector) and source (emtter). The
conduction occurs away fromthe silicon surface where power devel oped by
removing the el ectrostatic charge may be effectively dissipated. 10 ((yy p
(}y 70201, 0\'" 2 006 Wile the invention has been particularly shown
and described with reference to the
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preferred enbodi nents thereof, it will be understood by those skilled in
the art that various changes in formand details nay be made w t hout
departing fromthe spirit and scope of the invention. 20 Novenber 2006
CLAIMS 1. A method of formng a device for dissipating electrostatic

di scharge in an integrated circuit conprising: providing a sem conductor
substrate; providing a p-region in said sem conductor substrate; foamng a
source n-well and drain n-well in said p-region; wherein s&fnpsdiSsh-9806
said source n-well, and said drain n-well have a peak in concentration at
a depth of between 0.5 and 1.5 m providing a gate oxide overlying said
p-region(hﬂaﬁmf space between said source n- well and said drain n-well;
form ng an n+ source region and an n+ drain region within a top portion of

said source n-well and said drain.n-wel respectively: formng a lightly
doped_ sodrs afisg oot S Aunbr Y aBi e deubTRRSGi il B *source
n-well and said drain n-well, respectively and adjacent to said source
n-wel | and SEMY COBPHPASN-wel |, respecti vel y;

providing a semiconductor substrate;

providing a p-region in said semiconductor substrate;

forming a source n-well and drain n-well in said p-region; wherein said p-region, said
source n-well, and said drain n-well have a peak in concentration at a depth of between 0.5
and 1.5 pmy;

providing a gate oxide overlying said p-region in the space between said source n-
well and said drain n-well;

forming an n+ source region and an n+ drain region within a top portion of said
source n-well and said drain n-well, respectively;

forming a lightly doped source region and a lightly doped drain region within said
source n-well and said drain n-well, respectively and adjacent fo said source n-well and said
drain n-well, respectively;

forming a gate electrode overlying said gate oxide and not overlapping said source n-
well and said drain n-well;

forming conductive contacts to said n+ source region and said n+ drain region; and

electrically connecting said gate electrode and said conductive contact to said n+

source thereby completing fabrication of said device for dissipating electrostatic discharge.

12




formng a gate el ectrode overlying said gate oxide and not overl apping said
source n- well and said drain n-well; fanning conductive contacts to said
n+ source region and said n+ drain region; and electrically connecting
said gate el ectrode and said conductive contact to said n+ source thereby
conpleting fabrication of said device for dissipating electrostatic

di scharge. 12 20 Novenber 2006 2. The nethod according to Caim1 wherein
sai d peak concentration in said p-region is between about ﬁf&Ol? am}006

5x1 0t 8 atons/cnB8. 3. The nethod according to Claim2 whereih s%ﬁ%P%%ak
concentration in said p-region is formed by dual inplantation of boron
ions, one with a dose of between about 7x1012 and 4x1073 ions/cn2 (lx1013
ions/cn2 nom nal) and an energy of between about 250 and 400 keV (300keV
nom nal) and another with a dose of between about 1 x 1012 and 1 x 1013
ions/cn2 (4.5x1012 ions/cn2 nom nal) and an energy of between about 100 and
250 keV (150keV nomi nal) and threshold and punch-through inplantations. 4.
The net hddThewethei agcordngioaligin 1 wHeren prid aeal copaRiralinicie Faid Pt icaign b HEa
source n- well and said drain n-well is between about 1x1017 and 5x 10t8

at ons/ cnibo®.1xTHE andfhidd scogewi.ng to O aim 4 wherein said peak
concentration in said source n-

3. The method according to Claim 2 wherein said peak concentration in said p-region is formed
by dual implantation of boron ions, one with a dose of between about 7%10'? and

4x10" ions/em® (1x10" jons/em? nominal) and an energy of between about 250 and 400

keV (300keV nominal) and another with a dose of between about 1x10" and 1x10"

ions/cm’® (4.5x10'? jons/em” nominal) and an energy of between about 100 and 250 keV

(150keV nominal) and threshold and punch-through implantations.

4. The method according to Claim 1 wherein said peak concentration in said source n-

well and said drain n-well is between about 1x10" and 5x10"® atoms/em”.

5. The method according to Claim 4 wherein said peak concentration in said source n-
well and said drain n-well is formed by implantation of phosphorous ions with a dose of
between about 9x10'? and 5x10" ions/em? (2x10" jons/cm’ nominal) and an energy of
between about 400 and 650 keV (500keV nominal) and threshold and punch-through

implantations.
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wel |l and said drain n-well is fornmed by inplantation of phosphorous ions
wth a dose of between about 9x1012 and 5x 10t3 ions/cn2 (2x 1013 ions/cn®
nom nal) and an energy of between about 400 and 650 keV (500keV nom nal)
and threshold and punch-through inplantations. 13 20 Novenber 2006 6. A
met hod of formng a device for dissipating electrostatic discharge in an
integrated circuit conprising: providing a sem conductor substrate;
providing a p-region in said sem conductor substrate; fornﬁﬂgm%nﬁﬁyﬁﬁﬁi
n-well and drain n-well in said p-region; providing a gate oxide overlylng
said p-region in the space between said source n- well and said drain

n-well; form n N+.source . .reqi nt. drain.regqi it hin .said
source n- vve‘ﬂ Rgxhe Odsogif%%glr}%lgﬁwﬁgém@ F Fg%%ts eeclz%cin\ggetﬁﬂfl&g%%g}s%%{]? \é\%' %ﬂté éatg(gi d n+
source region and sai.d n+ drain region; formng a |lightly doped source
regi on and A MHGREPYS ' Hoped drain region within said source n-well and said

drain n-well, respectively, and adjacent to said source n-well and said
providing a semiconductor substrate;

providing a p-region in said semiconductor substrate;

forming a source n-well and drain n-well in said p-region;

providing a gate oxide overlying said p-region in the space between said source n-
well and said drain n-well;

forming an n+ source region and an n+ drain region within said source n-well and
said drain n-well, respectively and siliciding said n+ source region and

said n+ drain region;

forming a lightly doped source region and a lightly doped drain region within satd
source n-well and said drain n-well, respectively and adjacent to said source n-well and said
drain n-well, respectively;

forming a gate electrode overlying said gate oxide and not overlapping

said source n-well and said drain n-well;

forming conductive contacts to said n+ source region and said n+ drain region; and

electrically connecting said gate electrode and said conductive contact to said n+
source thereby completing fabrication of said device for dissipating

clectrostatic discharge.

14




drain n-well, respectively; formng a gate el ectrode overlying said gate
oxi de and not overlapping said source n-well and said drain n-well;

form ng conductive contacts to said n+ source region and said n+ drain
region; and electrically connecting said gate el ectrode and said
conductive contact to said n+ source thereby conpleting fabrication of
sai d device for dissipating electrostatic discharge. 14 20 Novenber 2006
7. The nethod according to Claim®6 wherein said p-region haﬁ%ﬁo&&ﬁﬁnj 06
concentration at a depth of between about 0.5 and 1.5 m 8. e fetho
according to Caim?7 wherein said peak concentration in said p-region 1is

bet ween about X 17._and. 5x s/ c o J to
Claim8 vvhelr'}‘ei flheslg%[go%%%c rdé%t(? ]ecﬂ? ]rnattiaigygﬁwlmnsqua‘? _%gbo:g:}lgla ?%%Q?% C% ﬁ%ﬁe@“ﬁ@ dual
i npl antation of boron ions, one with_a dose of between about 7x 1012 and
4x 1013 ionéy%ﬁﬁﬁ?Pgb%ﬁﬁ%“#HHQ}EH@}Héﬁ?hal) and an energy of between about
250 and 400 keV (300keV nom nal) and another with a dose of between about
| x 1012 and | x 1013 ions/cn2 (4.5x1012 ions/cn2 nom nal) and an energy of
bet ween about 100 and 250 keV
8. The method according to Claim 7 wherein said peak concentration in said p-region

is between about 1x10'7 and 5x10'® atoms/cm®.

9. The method according to Claim 8 wherein said peak concentration in said p-region

is formed by dual implantation of boron ions, one with a dose of between about 7x10'? and
4x10" ions/em® (1x10" ions/em” nominal) and an energy of between about 250 and 400
keV (300keV nominal) and another with a dose of between about 1x10'* and 1x10"
tons/em® (4.5x10'? ions/em? nominal) and an energy of between about 100 and 250 keV

(150keV nominal) and threshold and punch-through implantations.

10. The method according to Claim 6 wherein said source n-well and said drain n-well

have a peak in concentration at a depth of between about 0.5 and 1.5 pm.

11. The method according to Claim 10 wherein said peak concentration in said source

n-well and said drain n-well is between about 1x10'7 and 5x10'® atoms/cm®.

12. The method according to Claim 1 wherein satd peak concentration in said source n-well

and said drain n-well is formed by implantation of phosphorous ions with a dose of
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(150keV nom nal ) and threshold and punch-through inplantations. 10. The
nmet hod according to Caim6 wherein said source n-well and said drain

n-well have a peak in concentration at a depth of between about 0.5 and
1.5 m 11. The nmethod according to Claim 10 wherein said peak concentration
in said source n-welt and said drain n-well is between about 1x1017 and

5x101s atons/cnB. 12. The nethod according to Claim1l | wherein said peak
concentration in said source n-well and said drain n-well J

i npl antati on of phosphorous ions with a dose of 15 20 Nove @§B§%@%929&5
bet ween about 9x 1012 and 5x 1013 ions/cn? (2x 1013 ions/en? nom nal) and

an energy ol el WEpotheul A0 ang 30 SeN) (R0KEY, 0mAah 420, Ly eshol d

and punch-t hroug antations. formn r

di ssipating.el ectrostatic dischar [n,an inteqgrate circuit, co isin
o ovi fing S bebfet s AN e DT A R0k BGmih R B Sha A e aRh' o'
sem conduct or substrate; formng a source n-well and drain n-well in said

p-region; prBYERHENSa gate oxide overlying said p-region in the space
bet ween said source n-

13. A method of forming a device for dissipating electrostatic discharge in an integrated
circuit comprising:

providing a semiconductor substrate;

providing a p-region in said semiconductor substrate;

forming a source n-well and drain n-well in said p-region;

providing a gate oxide overlying said p-region in the space between said source n-
well and said drain n-well and not overlapping said source n-well and said drain n-well;

forming an n+ source region and an nt+ drain region within said source n-

well and said drain n-well, respectively;

forming a lightly doped source region and a lightly doped drain region within said
source n-well and said drain n-well, respectively and adjacent to said source n-well and said
drain n-well, respectively;

forming a gate electrode overlying said gate oxide;

forming conductive contacts to said n+ source region and said n+ drain region; and

clectrically connecting said gate electrode and said conductive contact to said n+

source thereby completing fabrication of said device for dissipating electrostatic discharge.
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wel | and said drain n-well and not overl apping said source n-well and said
drain n-well; formng an n+ source region and an n+ drain region within
said source n well and said drain n-well, respectively; formng a lightly
doped source region and a lightly doped drain region within said source
n-well and said drain n-well, respectively and adj acent to said source
n-well and said drain n-well, respectively; formng a gate el ectrode

overlying said gate oxide; form ng conductive contacts to sg| +
region and said n+ drain region; and electrically connectiﬁgﬂgﬁ?g&gg?gg

el ectrode and said conductive contact to said n+ source thereby conpleting

fabrication of.said, device. for dissipating electro I ¢ _di.scharge. 16 20
Novenber ZOdganﬁ?e @wﬁ%¥W%Hﬂac%8}dfﬁé“?@*%f%?ﬁ%&%ﬁﬁié5%%&“said p-regi on
has a peak in concentratjon ﬁ% a depth of bgtmeen about 0.5 and 1.5 m 15.
The method &GP & 8 depthiohpatweghaiont o 2af 448Kk concentration in said p-
region i s between about 1x1017 and 5x10$ atons/enB8. 16. The net hod
according to Caim 15 wherein said peak concentration in said p- region is
formed by dual inplantation of boron ions, one with a dose of between about
15. The method according to Claim 14 wherein said peak concentration in said p-

region is between about 1x10"7 and 5x10'® atoms/em’.

16. The method according to Claim 15 wherein said peak concentration in said p-

region is formed by dual implantation of boron ions, one with a dose of between about
7x10'% and 4x10" jons/em® (1x10" ions/cm? nominal) and an energy of between about 250
and 400 keV (300keV nominal) and another with a dose of between about 1x 10" and 1x10"
ions/cm® (4.5%10"% jons/cm® nominal) and an energy of between about 100 and 250 keV

(150keV nominal) and threshold and punch-through implantations.

17. The method according to Claim 13 wherein said source n-well and said drain n-well

have a peak in concentration at a depth of between about 0.5 and 1.5 um.

18. The method according to Claim 17 wherein said peak concentration in said source

n-well and said drain n-well is between about 1x10'7 and 5x10'® atoms/cm®.
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7x102 and 4x103 ions/cn? (I x 1013 ions/cn2 nom nal) and an energy of
bet ween about 250 and 400 keV (300keV nom nal) and another with a dose of
bet ween about | x 1012 and I x 1013 ions/cn2 (4.5x 1012 ions/cn2 nom nal)
and an energy of between about 100 and 250 keV (150keV nomi nal) and

t hreshol d and punch-through i npl antations.

17. The method according to

Claim 13 wherein said source n-well

and said drain n-well

have a peak in

concentration at a depth of between about 0.5 and 1.5 m 18Mhﬁgﬁmﬁ§§Q%gﬁ

according to Claim17 wherein said peak concentration in sai
i s between about 1x1017 and 5x1018 atons/enB.

AP LR Eiepyza § pect

n-well and said drain n-well
17 20 Nove r...200 9. The hod
concent rat 1 oy 11F uahed Ssarif O

| PEEQLE

source

ormed by

a sai
rous i

012 .and

i npl antati on of osph
5x1013 ionsf%%ﬁlgg%?gﬁ
400 and 650 keV (500keV nom nal

i mpl ant at i ofgtweggabout 9x10™" and 5x1

ns. wi th a dpse .of et ween about . 9x
i gmer ERdothstionamp RSk at BREP By deromp i hASR Dout
%”and threshol d and, punch-t hrough
lons/em” (2x 10" ions/cm” nominal) and an €nergy of

between about 400 and 650 keV (500keV nominal) and threshold and punch-through

implantations.
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