;, VW\e3eu9ub\ . f 6T) O$ELECTROSTATI C DI SCHARGE DEVI CE PROTECTI ON STRUCTURE FI ELD
OF THE I NVENTION The invention relates to the general field of device
protection agai nst ESD (El ectrostatic D scharge). BACKGROUND OF THE

| NVENTI ON Because of the fragility of the gate oxides in FET devices, they
have al ways been suscepti ble to damage by uni ntended application of high

vol tages across them Hi gh voltages of this type can easily occur as a

oi uti on to t AHECHRN A kab ikl B BN B RS S TRACRERE ot pl ays
no role during normal circuit operations but that diverts the ESD whenever

it appears and does so at a rapid enough rate for the gate oxide to remain
unaffected. ESD transistors of the this type are normally connected to the

i nput and out ppIELD OF THE TReESTiIPNand di vert any ESD that may occur into
the substrate or simlar electrical sink. A common nethod for bypassing

ESDs around theng3h i Bk A5k NEnBAY TRy SFUAR! AoliBab P IaaloRERenouh

together for current to be | e to pass rec enever the

applied vqgltage i.s_great enough to be a threat to the gate oxide. Mre
connDnIy,8# gﬁﬁ?%?ﬁ%ﬁ“@@baration bet ween source and drain is not changed

but, rather, the electrical resistance between themis reduced. *@0002*
For exanple, as illustrated in FIG 1 a, in US 5,891,792, Shih et al.
inplant Ge ions at an angle to forma buried Site alloy el ectrode 17 under

gate 14. BASKGROWND OF THE INVENTION

Because of the fragility of the gate oxides in FET devices, they have always been
susceptible to damage by unintended application of high voltages across them. High
voltages of this type can easily occur as a result of electrostatic charge buildup and
uncontrolled release. The solution to this problem has been to provide a path for the
ESD that plays no role during normal circuit operations but that diverts the ESD
whenever it appears and does so at a rapid enough rate for the gate oxide to remain
unaffected. ESD transistors of the this type are normally connected to the input and
output pins of the chip and divert any ESD that may occur into the substrate or similar

electrical sink.

A common method for bypassing ESDs around the gate is to place the source
and drain regions close enough together for current to be able to pass directly between
them whenever the applied voltage is great enough to be a threat to the gate oxide.
M.ore commonly, the physical separation between source and drain is not changed but,

rather, the electrical resistance between them is reduced.
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t he figures are gate oxide 15, source and drain 12 and 13, and channel
region 16. FIG |b schematically shows the device for the particul ar case
of an LDD (lightly doped drain) device. Seen there are lightly doped drain
areas 18 and 19 as well as insulating spacers 20. In the inmediate vicinity
of the gate the source and drain just make contact with the buried Site
layer 17. US 6,198,135 B 1 (Sonoda) takes a simlar approach by providing a

6. 063 672 o1 mply” PREVGGE TFRIIBEIC: |1y s aR T BRI BOFB e

device. In related art (US 5, 750, 435? Pan i npl ants hardeni ng ions
(ni t r ogeniops af druantglats) formtacburied SiGe ellem eldetratisal? urider gate d4outler shedigeis. Thi s
reduces hot carrier effects. Aujumet al. (US 5,360,749) inplant gernmani um

ions at tiwe fifueRnet g&d 9REdet 18, Bdurteha®d@hord ashannel dhdre téioSMARY, OF THE
| NVENTI ON It has been an object of at |east one enbodi nent of the present

| nvent | ony§ Qeiph i, AHESRPARAECHE e AEIctRs ecmowgﬁ 190 Gl adhed ©25"

one enbodi nen present I nvention nto prOV|d ess for

nanufacturln aJd evi il ther ob east

enbodi menfrasy deFisey St e frgdightsitondl Saueiretiay ik aps b Pl npating, |
conpati ble with existing FET manufacturing processes. These objects have
been achi spaeersBY. ilmdlelgimegiate vieimtyt ¢fdhelgate theofourdeeang Jmrip fust ewake gantdetvi ce a
regi on having very high defect density. Its depth within the drain is such
t hat no awitholfe BaidrSiGefegerr &ppl i ed vol tages are | ow. However, when a high

US 6,198,135 B1 (Sonoda) takes a similar approach by providing a top layer of
SiGe within which the device is formed, while Miller in US 6,063,672 simply provides

a low resistivity area immediately below the device.

In related art (US 5,750,435), Pan implants hardening ions (nitrogen or fluorine)
into the gate oxide near the gate outer edges. This reduces hot carrier effects. Aujum et
al. (US 5,360,749) implant germanium ions at the channel edges to minimize short

channel effects.

SUMMARY OF THE INVENTION
It has been an object of at least one embodiment of the present invention to

provide an ESD protection device.

Another object of at least one embodiment of the present invention has been to

provide a process for manufacturing said device.



voltage is applied, the depletion | ayer grows wi de enough to touch this
region thereby all owi ng substantial current flowinto the substrate which
results in lowering the voltage across the gate oxide to a safe |level. The
hi gh defect density region is formed through ion inplantation of relatively
heavy ions such as germanium This is done after conpletion of the normnal
manuf acturing process including SALICI DATION, no significant heating of the
device after that being permtted. BRI EF DESCRI PTION OF THE DRAWNGS FI Gs 1
aand 1 b illustrate a prior art approach to the design of an ESD
protection device. FIG 2 illustrates the process for manufacturing the
structure of t$ll pnabenibjéohvéattleash ongembadi®@enBofsthowsesettdnyansion hanbesh t he
depletion layer in the drain during normal operation of the device. FIG 4

shows hOV\that/\éaEchE b@sswﬁhm}ﬁ@dmmbwwmaeﬁ@ﬁ@rﬁmn{unqﬁcu@lhg%g@esgeﬁe depl etion
| ayer touches the high defect |ayer (a key feature of the present

i nvention) which allows voltage to be drawn away fromthe gate oxide.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Referring nowto FIG 2 we

descri be a progess for t nuf act ure of  t res ent| .
process may be%gfﬁﬁlq et Ba‘f"n ?’Fﬁjlfﬁégtf’ryemﬁ udie Wit ml\l-hc?h‘g"ﬁWeP g?" Bglehannel
devices. In the course of this description, the structure of the present
i nvent i onpiatdctiomdedcdhe cegian bdving very highpdebeat dendiygiltssdeptht withinghedmini i on of
silicon substrate 11 on which is forned oxide |ayer 15. Then, a polysilicon
layer is glRROBAt 86l adfich patirewiRE @ptled voltages are low. However, when a high

voltage is applied, the depletion layer grows wide enough to touch this region thereby

allowing substantial current flow into the substrate which results in lowering the voltage

across the gate oxide to a safe level. The high defect density region is formed through

ion implantation of relatively heavy ions such as germanium. This is done after

completion of the normal manufacturing process including SALICIDATION, no

significant heating of the device after that being permitted.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGs. 1a and 1b illustrate a prior art approach to the design of an ESD protection

device.

FIG. 2 illustrates the process for manufacturing the structure of the present

invention.



etched (together with the uncovered portions of the oxide layer) to form
gate pedestal 14. Lightly doped source and drain regions 18 and 19 are then
formed through ion inplantation. These extend downwards and abut both sides
of gate pedestal 14. They have a dopant concentration between about 5 E 13
and 5 E 19 atom per cc. Next, insulating spacers 20 are fornmed on only the
vertical sides of gate pedestal 14 and a second ion inplantation step is
undertaken, this tj form ng heavily aoped source and 4 drain regions 12
and 13 whi ch aBl§ %NEO%i)ébf‘epgﬂ%momee epleteﬂm P& the drayr durisg n@Eptlh t han
that of the lightly doped regions 18 and 19. Typically, the depth of drain
regi on 13opesathmtofdlendeaticut 200 and 400 Angstrons and it has a dopant
concentration between about 2E20 and 2E21 atom per cc. At this point the
standard prior art process for a LDD structure would be conpl ete except for
form ng contacts to the gate, source, and drain using the standard SALI Cl DE
process. This n r h exgeption
of the ESD pro{:g%:t?\(l)gr}%g g\eli}of(‘:&gswﬁ#eﬂﬁge ﬁga%o Oft H?%‘Q@c{/%i;y &i} H&P%’trglat ment s
associated with the SALI Cl DE process have been conpl eted, mask 21 is

appl i ed tgepclﬁ@nsw%rctpm s ﬂ‘r‘h.hsghpagﬁf@%clﬁgeréwexrfe%rgreoﬁfe theePragenk inveRESMD f or
the drain regions of the ESD protection devices. Then, an additional ion

i npl ant at wbichsdleps ¢shagerto be deavat avexyl frgm dlse gate oxide.22) is i npl enented. Qur
preferred ionic species for this has been germani um but, nore generally,
any rel atively heavy ions such as Ar having a dopant concentration between
about 2E20-2E21 atonicnB, could have been used instead. |on energies

bet ween about

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to FIG. 2 we describe a process for the manufacture of the present
invention. Said process may be applied to the manufacture of either N-channel or P-
channel devices. In the course of this description, the structure of the present invention
will also become clear. The process begins with the provision of silicon substrate 11 on
which is formed oxide layer 15. Then, a polysilicon layer is deposited and patterned and
etched (together with the uncovered portions of the oxide layer) to form gate pedestal

14.

Lightly doped source and drain regions 18 and 19 are then formed through ion
implantation. These extend downwards and abut both sides of gate pedestal 14. They
have a dopant concentration between about SE13 and SE19 atom per cc. Next,
insulating spacers 20 are formed on only the vertical sides of gate pedestal 14 and a

second ion implantation step is undertaken, this time forming heavily doped source and



40 and 80 KV were used for this step giving thema penetration depth of
bet ween about 200 and 400 Angstrons. The ion beam density was such that it
applied a dose of ions between about 1013 and 104 ions per cnR2. The result
is that high defect concentration region 23, is forned in the unprotected
drain regions. 5 This high defect concentration region represents the
heart of the present invention since it is the basis for the operation of
the device as a protection against electrostatic dischar% When t he

devi ce i sdaiparaionhy? ahit} WH&%@QN the ipAcerscng extisaf fowpiardste awsratesgieathni 1 | be
applied to the gate. Under these conditions the depletion layer 31 a, wll
penet r at ethamthmt phthedighilyp dopddyregionel &and é9y Typmhlly, dimodepth obdraghegionild Fl G
3, but when a voltage in excess of the noderate voltage is applied to the

drai n (whisodetwédnl abday 200 asa 400 %ﬁgétr@ﬂlst&dei't lhﬁﬁlé cﬁ)@aﬁt%ﬁcerﬁfan%ﬁ Hekbduat  of
t he ch|p on which it resides), depletion |l ayer will penetrate much

further sho by 31 bin FIG 4. O |tself t hi s deeper
penetratl% ubﬁgﬁ%g{@%leaﬁ?rg yer into the drain does nothing to protect

the gate oxide which will also be subjected to the higher voltage and thus
be destroyed. However, high defect density region 23 allows a nuch higher
current to flowfromthe drain into the depletion |ayer, and thence into

t he substrat e, At llain pantptisssthhdardviprior aart processt f@nal LR vitarturédivgduld ther ent
densities are possible. This high current flow i medi ately causes the

vol t age agdnsistetdreepitfbeforf@d Etiacttd e gakd, Rotree, HndRirainN@iPthe REAMSeHat i ng
destruction of their gate oxide layers. 1t should be noted that since

region 23 ﬂERﬁ r&cg{asts' %ﬁxs‘?% B&&tdoiiﬁﬁﬁsaﬁ dtVice bt 'ﬂ&feﬁwﬁh?ﬁb %&Eﬁrﬁnl of

concentra IOﬂ an treat ment annea s out sard

counter-pro v od ru | wa mai nt the structure at an
appr opr i g qr'lfé% protectlon ev(ljces tLemse ves. Snce Xle various %eat treatments associated

with the SALICIDE process have been completed, mask 21 is applied to the structure.
This protects all areas on the wafer except for the drain regions of the ESD protection

devices.

Then, an additional ion implantation step (shown schematically as arrows 22) is
implemented. Our preferred ionic species for this has been germanium but, more
generally, any relatively heavy ions such as Ar having a dopant concentration between
about 2E20-2E21 atom/cm’, could have been used instead. Ion energies between about
40 and 80 KV were used for this step giving them a penetration depth of between about
200 and 400 Angstroms. The ion beam density was such that it applied a dose of ions
between about 10" and 10" ions per cm®. The result is that high defect concentration

region 23, is formed in the unprotected drain regions.



tenperature for the renmminder of its useful life. 6 CLAIMS 1. A process
for manufacturing an ESD devi ce protection structure, conprising: providing
a field effect transistor having a source region and a drain regi on having
a first depth; 5 applying a mask that protects all areas except said drain
region, then inplanting ions, said ions penetrating to a depth that is |ess
than said first depth, thereby formng in said drain region a high defect
region; removing said nmask; and maintaining said structure at a tenperature
for the remi na&s bieh; defeets sprgentration. regorp repmeeenty dhedatbfolo the Presether ei n
said inplanted ions are germanium 3. The process of claim1 wherein said

i npl ant edinvertsorasiacdit. is the basid ier theapessioafofcthaidevite whear protectian chghinss ar e

i npl anted at energi es between about 40 and 80 KV. 5. The process of claim1

wher ei n, Q@ét&dh@atic@é&'ﬂﬁ%&' QVherﬁﬁieddév%Sls %@R’Elhé%naexbﬁﬁ{ﬂal baddiaom| bes a dose
of ions between about 13 and 1014 i ons per chR. . The proceéss ~of

I wh d d h of d
300 Angst ot "ol Rl & Bnltl GthEkalet, Sndiidhe °C°£§1 G fPlonon nas

a depth of between about 200 and 400 Angstrons. 8. The process of cla|n11
wher ei n shiver Hiaghilhpencimate sy ba dris oalywewéaékveb( secaRRusasshown in FIG.

3, but when a voltage in excess of the moderate voltage is applied to the drain (which
will have been connected to either an input or an output of the chip on which it resides),

the depletion layer will penetrate much further into the drain as shown by 31b in FIG. 4.

Of itself, this deeper penetration by the depletion layer into the drain does
nothing to protect the gate oxide which will also be subjected to the higher voltage and
thus be destroyed. However, high defect density region 23 allows a much higher current
to flow from the drain into the depletion layer, and thence into the substrate, than is
possible with a conventional device. High current densities are possible. This high
current flow immediately causes the voltage across the other devices on the chip to

drop, thereby preventing destruction of their gate oxide layers.

It should be noted that since region 23 depends for its effectiveness on retaining
a high defect concentration any heat treatment that anneals out said defects will be
counter-productive. A good rule is to always maintain the structure at an appropriate

temperature for the remainder of its useful life.



9. A process for manufacturing an ESD device protection structure,
conprising: providing a body of silicon, having a surface, and form ng
thereon a | ayer of oxide; 1o depositing a |layer of polysilicon on said
oxi de layer and then patterning and etching said | ayers of oxide and
polysilicon to forma gate pedestal, having two opposing sides, on a gate
oxide; through a first ion inplant, formng |lightly doped source and drain
regi ons extendi ng downwards from said surface, abutting both sides of said
gate; 15 £6AMMSg i nsul ating spacers only on said gate pedestal sides;
through a second ion inplant, form ng heavily doped source and drain
regi ons abut ti Agreadss faprarfataing adSIhdevice ploveetian sisudturejea@ridirgr f ace to
a depth greater than that of said lightly doped regions; applying a mask
that protects ﬁlldv1cﬂﬁ§%sﬁﬁ?icﬁﬁtzt ﬁﬁhsqlstglr fhving @9iRMee tYTh BJIH QUgRinAregnt Ni rd
ion |nplant inplanting ions , said ions penetrating below said surface to
a depth t IS I stﬁhan the depth of the drain region, thereby formng in
said drai av%%?g' §]ﬁ gh defect region; and maintaining said structure at a
tenperature for the remainder of its useful life. 8 10. The process of
clai /9 wher ei APRIging ataskdhatarotepss all mrepsiespent spid Kspincegipn. e impipnting i ng
germanium 5 11. The process of claim9 wherein said third ion inplantation
further compydageions paicantingity AAdepthl that EHessphacesd fict dejth) thel@bwhemenginsai d
third ion inplantation further conprises

said drain region a high defect region;

removing said mask; and

maintaining said structure at a temperature for the remainder of its useful life.

10
2. The process of claim 1 wherein said implanted ions are germanium.
3. The process of claim 1 wherein said implanted ions are Ar.

15 4. The process of claim 1 wherein said ions are implanted at energies between
about 40 and 80 KV.
5. The process of claim 1 wherein, during implantation, said ions comprise a beam
that applies a dose of ions between about 10" and 10" jons per cm?.

20

6. The process of claim 1 wherein said ions are implanted to a depth of between

about 200 and 400 Angstroms.



i npl anting ions having energies between about 40 and 80 KV 10 13. The
process of claim9 wherein said third ion inplantation further conprises
using a beamthat applies a dose of ions between about 10 13 and 1014 ions
per cn2. 14. The process of claim9 wherein said third ion inplantation
further conprises 15 inplanting ions to a depth of between about 200 and
400 Angstrons. 15. The process of claim9 wherein said depth of the drain
region i s between about 200 and 400 Angstrons. 20 16. The process of claim
9 wher ei n7sai dThe gtoceksfafsaimel wharefrasaié deph eegiore basce denthtof batwegn aba®, The
process of claim9 wherein said |ightly doped regi on has a dopant

concent r apdmandosiovegiRtrakeuUt 2E20 and 2E21 atomcnB. 18. The process of
claim9 wherein said heavily doped region has a dopant 5 concentration

bet ween about 2E20 and 2E21 atomicnB. 19. An ESD device protection
structure on a substrate, conprising: a field effect transistor having a

source region d a drain.region having a.fir.s epth; and 1o in,said drain
regi on, a‘hi gh?g%f@f??esf etf &ﬁa?“& HatW lgnﬂaéét]b‘gg g%fg‘ffnae%bt}]ﬁ"st Rafelrd | ess

than said first depth, further conprising unanneal ed inplanted ions. 20.
The $t r uceancentpation] ai m 19 wherein said i nplanted i ons are gernmanium 15 21.
The structure of claim 19 wherein said inplanted ions are Ar 22. The
structure of claim19 wherein said first depth is between about 200 and 400
Angstronms. 20 23. The structure of claim 19 wherein said second depth is

bet ween agout K%o@ggfoz}%nﬁ?&ﬁﬁ{n%%'ES@device protection structure, comprising;:

providing a body of silicon, having a surface, and forming thereon a layer of
oxide;

10 depositing a layer of polysilicon on said oxide layer and then patterning and
etching said layers of oxide and polysilicon to form a gate pedestal, having two
opposing sides, on a gate oxide;

through a first ion implant, forming lightly doped source and drain regions
extending downwards from said surface, abutting both sides of said gate;

15 forming insulating spacers only on said gate pedestal sides;

through a second ion implant, forming heavily doped source and drain regions
abutting said spacers and extending downwards from said surface to a depth greater than
that of said lightly doped regions;

applying a mask that protects all areas except said drain region, then through a

20 third ion implant, implanting ions , said ions penetrating below said surface to a depth
that is less than the depth of the drain region, thereby forming in said drain region a high
defect region; and

maintaining said structure at a temperature for the remainder of its useful life.



24. The structure of claim19 wherein said high defect region has a defect
concentration. 25. The structure of claim19 wherein, for an applied
voltage greater than a 5 noderate voltages, a large current will flow from
said drain into said substrate thereby reducing said applied voltage. 26.
The structure of claim?25 wherein said current has a high current density.
10 27. An ESD device protection structure, conprising: a silicon substrate
on whose surface is a polysilicon a gate pedestal, having two opposing
sides, on a gate oxide; lightly doped source and drain regions extending
downwards from said surface, abutting both sides of said gate; 15
i nsul ati ng0.spaThe pravessy oD olaBridwhadcth padekitdlions hﬂ@lﬁntafi@ra\ﬁilﬂthafb@ﬂ?ﬁsé@ur ce
and drain regions abutting said spacers and extendi ng downwards from said
surface t g that is greater than that of said lightly doped
regi ons; gw%a%%ﬁég?%%ﬁggbily doped drain region, a high defect region, that
extends to a second 20 depth that is less than said first depth, further
conpri sing unanneal ed i npl anted ions. 28. The structure of claim 27 wherein
said inplanted ions are germanium 11 = 29. The structure of claim 27
wher &i n shl.d i #P¢ armcess poplgingPewhereingsnid thied dan imoplantation festher rroamprigger ei n
said first depth is between about 200 and 400

implanting Ar.

12. The process of claim 9 wherein said third ion implantation further comprises
implanting ions having energies between about 40 and 80 KV.

10
13. The process of claim 9 wherein said third ion implantation further comprises

using a beam that applies a dose of ions between about 10" and 10" jons per cm?.

14. The process of claim 9 wherein said third ion implantation further comprises

15 implanting ions to a depth of between about 200 and 400 Angstroms.

15.  The process of claim 9 wherein said depth of the drain region is between about

200 and 400 Angstroms.

20 16. The process of claim 9 wherein said high defect region has a defect

concentration.



Angstrons. 5 31. The structure of claim 27 wherein said second depth is
bet ween about 200 and 400 Angstronms. 32. The structure of claim 27 wherein
said high defect region has a defect 10 concentration. 33. The structure of
claim 27 wherein, for an applied voltage greater than about a noderate
voltage, a large current will flow fromsaid drain into said substrate
t hereby reducing said applied voltage. 15 34. The structure of claim 33
wherein said current has a high current densit

A Aa. Au. Ra. AaThe . praceds . ofaclaindg® Axhoxgiaksaid qhg}gﬁ%’g dgped region has a dopant
b}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cRa]ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] cedmeajteaionaletidenaboa] XEZ0cat 2B81 atdm/cm’.
rsel oz, 8} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca]ca]ca]ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! @G\OFYVWVUG;
}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca]ca]ca] ]ca a]ca cal cal.cal c

o o) LR bR ooi ek R P dymife dpes] cogien hes) e 4joPaFca) ca) o
a]ca]ca]ca]ca]ca]ca]ca]ca ca] ca] ca] ca ca] calcalcalcalcalcajcal& 'g' "’
(~ ((é)T))yﬁmmnﬁ%xmimmwng-OutlEZ%@nd2E¥i§hl ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!.”I/
/00-1v1122nR| 2222) 3333) 4{ 4445D5555L6666} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca! 687

77TTTTDBVBBY  Ap ESD tection stryct tra
9#9r 9u933) 4{ 4445D555g?_ %ﬁoxescr%?%s Z| c Ca ((:)gil acszlal [ r @ CfmgFSIcha] ca] ca]ca]ca]ca]c

T L Lo (§ Hebsa FRhSTHERRIRE 3ho% rfeélw? bSEh 8 3651 s oy irioogre ()

-s qri K- (f10%& ()-&LI 10%& ()-$" ! 1004& ()- F' LI 10%& () -

L 1008 (Slepth;andas: () -1 10968 () - Wi K- %10907&' ()-"71090& () - 86810%& () - 3L!
109678 ()- 19! 10967& ()-y/L! 1097& ()-L- 109%0& ()-fgi K¥%109%a& ()-L! 109@& ()-f9!1
0% &o( ) - OM 10%k8said dialrl O30, @)hi S0 aat&et(regidl, Ithaffdxddnds to a second depth that is

less than said first depth, further comprising unannealed implanted ions.
20.  The structure of claim 19 wherein said implanted ions are germanium.
15 21.  The structure of claim 19 wherein said implanted ions are Ar.

22.  The structure of claim 19 wherein said first depth is between about 200 and 400

Angstroms.

20 23.  The structure of claim 19 wherein said second depth is between about 200 and

400 Angstroms.

10



bi K- K$L! 1090&' () - F's10%& ()-110%& ()-L!1090& ()-109%& ()- @0%& ()-L!10%r

& ()- 7& i K-Kf8910%0& ()-&6s10%& ()-1109%& ()-y/s10%& ()- -

1090M& ()-(1090& ()-&L110%0& ()-& () * + }

ri Kf8910%&' ()-M 109%0& ()-s10%0& ()-910%& ()-10%& ()-10T10TIOT@A< 109 & (

) - r sei K- KF" 1090&' () -

91109%F& ()-L!10%& ()-L!'1099& ()-L!'10%& ()-@! 10%& () L' 1099& ()-'oz|}~i K

A710T10T, 9<” 10%&' () - &610%&' () - 3s1090& () -/ 1090& () -L-1090& () -y(1090& ()-

~} A710T2$10t%@p (St 0ogaRt( Flainn 1 /@hetqin ySaddqdliplf )defect reglon has a defect

100/@ ()-10%& ()-10T8@ K- 73+

10%@& () - Cockdelon( ) - &L! 109%@& () - $L! 10%@& () - Y"L! 10%@& () -,

L' 10%@& ()-s10%@& ()- A9i KA710@O0@ L<t 10%& ()-f8 ! 10%@& ()-96 ! 10%a& () - 3L!
10%@& ()-1ly 10%a () /s10%a& ()-FY}_A710@ ! 109%0& ()-s109%0& ()-4

109d& () - |_ 1 1097& (

M 1099°& ( i LO0YT& () - $T09T&: () 1 @
1099°& ()- 10%%J R)i“‘i?)%vyft‘?l le JRFRn f ‘% %“%%@T%tef@’éﬂ 109a& () -
4T1096°& ()-1° llo%l'&' ()- /LI 10%& ()-s-L! 10%&' - +L! 10%&3}&»
)1 10978 (edeste vltegpss il guprpatL il fom Eald 'netp spid substgaie (hereby
L1 109%@ () - s10%@ () - 10TI0TL0T8<D i K- KI "M 10%@ (

"1 TO%GE (JedubibQUEB sbpHADOTARG) - 1 | 0GR ()~ BL1 TO%E () - L1 L0%GK ()-D
S11T47] i K- KAT0%@R: () - 1M 109 () -/ M 10%@& () - S- t 10%@& () -) SLO%E () - &M 10%
@ ()-$ ! 10%@& ()-]" " "a"b"i " ###dBA10YD [ $109%& ()-yl0%@& ()-'H
M 109%& ()-' 10%@&' () - L0@LO@LO@SL<" 10%G& () - #$ $cH$$K% >dB410% &MBLOYDDS: () - Y

$i82§&@( § 2 O(y%gg})&k{é\gog%a @fdﬁ%%?ﬁ‘}/%é é@@rent has a hlgh current density.

10@A < 10%@& ()-9610%a& ()-4M 10%@& ()-110%@& ()- -M 10%& () - &X&&&' ' g' ' dEY
NC410% y1l0%& ()-L10%& ()-109%0& ()-L!'10%& ()-3 &10%& ()-L!'10%& ()-""
(M"((()dEYNCA1098
10 27. An ESD device protection structure, comprising:
a silicon substrate on whose surface is a polysilicon a gate pedestal, having two
opposing sides, on a gate oxide;
lightly doped source and drain regions extending downwards from said surface,
abutting both sides of said gate;
15 insulating spacers only on said gate pedestal sides;
heavily doped source and drain regions abutting said spacers and extending
downwards from said surface to a first depth that is greater than that of said lightly
doped regions; and

in said heavily doped drain region, a high defect region, that extends to a second

20 depth that is less than said first depth, further comprising unannealed implanted ions.

28.  The structure of claim 27 wherein said implanted ions are germanium.
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10 concentration.

33.  The structure of claim 27 wherein, for an applied voltage greater than about a
moderate voltage, a large current will flow from said drain into said substrate thereby
reducing said applied voltage.
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34,  The structure of claim 33 wherein said current has a high current density.
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