ESD PROTECTI ON NETWORK W TH FI ELD OXI DE DEVI CE AND BONDI NG PAD TECHNI CAL
FIELD The present invention relates to electrostatic di scharggudufJahs
protection structures 5 and nore particularly to ESD protection transistor
structures for deep-quarter mcron line geonetries. BACKGROUND OF THE
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Electrically, an ESD occurs upon contact of one or nore of the term nals of
an integrated circuit with a body or material that is statically charged
to a high voltage. This level of static charge is readily generated by the
triboelectric effect, and othe i.S acting upon humans, equi pnent,
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use. In the past, n-type netal oxide sem conductor (NMOS) transistors have
been widely 20 used as the primary conponent in ESD protection circuits in
sem conductor integrate i i ey D stress conditions, the

NMOS transi st or behavi o%&ggﬁagQWﬁa@#&% N}{r’]‘gﬁ& normal operation. The
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conduct i vi te% .&gef o[ig an ESD i npl ant has to be used to nake the
junction deiseically, a ESDs ooy, yRony Spriact; pfeons gRingre iplbe temwinal off an he
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15 circuit discharges through its active devices and DC current paths. If the amount of charge is

- excessive however, the discharge current density can permanently damage the integrated

circuit so that it is no longer functional or so that it is more prone to later-life failure. ESD
damage thus is a cause of yield loss in manufacturing and also poor reliability in use.

In the past, n-type metal oxide semiconductor (NMOS) transistors have been widely

20 used as the primary component in ESD protection circuits in semiconductor integrated circuit

devices. Under ESD stress conditions, the NMOS transistor behavior changes drastically

from normal operation. The actual conduction mechanism is that of bipolar action in a

parasitic lateral bipolar structure.

In advanced manufacturing processes with transistors having lightly doped drain

25 (diffusion) junctions, the NMOS performance is limited because the peak heating occurs

close to the surface of the transistor in the silicon which has poor thermal conductivity.

Therefore, an ESD implant has to be used to make the junction deeper as well as to overdope

the lightly doped region of the diffusion for improved ESD performance. Further, the thin



junctions reduces ESD performance significantly due to discharge current
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i nt er naélfl 19 graphic proCess steps; i.e., the silicide block and the ESD implant block.
In the parasitic lateral bipolar structure of the NMOS transistor, the majority of the
electrons reaching the collector junction are emitted from the emitter junction sidewall of the
25 diffusion region, which results in a very small "intrinsic" base area. The high current is
confined to a very small region of the emitter and base regions which leads to a large power
density in these regions and hence higher temperatures.
The substrate current initially needs to forward-bias a small region of the source-
substrate junction to turn “on” the bipolar action. However, for better ESD performance, a
30 larger emitter area is preferred. This will be particularly effective if the source barrier

lowering occurs deeper in the junction, allowing the power dissipation to take place deeper in

the device to reduce the temperature rise in the device.



eircuit gate oxide. Unfortunately, as these transistors continue to shrink
in size down to the deep-quarter-mcron geonetry |evel, thesgaduet20pide
beconmes so thin that the gate oxide 5 breakdown vol tage approaches the
turn-on voltage. Thus, the protection windowtends to go to zero and at a
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excellent” ESD protection in ayout ‘area. The present invention
further provides an electrostatic discharge protection structure wth a
dielectric gate, source and drain contacts, and a sem conductor substrate

connected to a 30 bondi AISEEOSSREOCH BIRENVENTIGNer containing a

pol ysilicon tab and di sposed over a floating well in the sem conductor

substrate. Thepsseitcovehtion prowddssdrr eleerdstatiofdischbiige Sroteaiusthicuirg vitht ¥ pe

having.the dielectric e.di sposed partially on its surface. The source

and dr glieﬁcgu%a}ﬁj 59&1106 ain con?acts, anf? a semiconductor substrate, The semiconductor
substrate is of a first conductivity type having the dielectric gate disposed partially on its

20 surface. The source and drain contacts are connected to source and drain diffusion regions of
a second conductivity type separated by the dielectric gate. Deep source and drain wells of
the second conductivity type respectively disposed under the source and drain diffusion
regions define a channel region of the first conductivity type. The channel region is doped so
that the surface breakdown voltage is exceeded before the subsurface depletion region punch-

25 through voltage between the deep source and drain wells upon an electrostatic discharge at
the drain contact. The structure is less subject to heat damage and provides excellent ESD
protection in a small layout area.

The present invention further provides an electrostatic discharge protection structure
with a dielectric gate, source and drain contacts, and a semiconductor substrate connected to a

30 bonding pad on a dielectric layer containing a polysilicon tab and disposed over a floating

well in the semiconductor substrate. The semiconductor substrate is of a first conductivity

type having the dielectric gate disposed partially on its surface. The source and drain

3



contacts are connected to source and drain diffusion regions of a second
conductivity type separated by the dielectric gate. Deep sduhugmsti drain
wel I s of the second conductivity type respectively disposed under the
source and drain diffusion regions define a channel region of the first
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25 Strucdtélgrcf: Rgf?%;i ng nowto FIG 1, therein is show a circuit schematic
of an Bl HERLIRENEGi scharge (ESD) protection structure 10. The ESD

profection strhyghdVetaniGdififoh iR afabQVSf the! RN iNQntiad Svill fheSdrile Slatigu devi ce
(FOD) 12 having its source connected to a ground 14, its drain connected

t hr ougkp thoskt skdbedi i the atttfeorymgemting af therfdllowinggistatled daseaiptionl when jtakendnai n. 4

5 August .20(%4 Th rain of the FOD 12 is connected to an input bondi ng pad
18 and C%Iljb%(.i S?Ei"Ylﬁ’c g dccompanying drawings. _

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the ESD input protection network of the present invention;
20 FIG. 2 shows a schematic plan view of the field oxide device of the present invention;
and
FIG. 3 shows a schematic cross-section of the field oxide device of the present

invention in operation.

BEST MODE FOR CARRYING OUT THE INVENTION

25  Structure:
Referring now to FIG. 1, therein is shown a circuit schematic of an electrostatic
discharge (ESD) protection structure 10. The ESD protection structure 10 includes a low
turn-on voltage, field oxide device (FOD) 12 having its source connected to a ground 14, its

drain connected through a diode 16 to the ground 14, and its gate connected to its drain.



tab 20. The polysilicon tab 20 is disposed over a floating n-well 22 and is
capacitively coupled to the ground 14. The input bondi ng patlAigsi 2008 urt her
connected to a first attenuation resistor 24 which 5 is capacitively
coupled by a first diode 26 to the ground 14. The first attenuation

resistor 241hs 4epRRegLAODO 1 & ARl %n% %ghf%&lg%ogzg’ﬁ a&&'ﬁ?e{;@&%‘yﬁfr ﬁ;ge

transi stor 28 which has 1ts source conne rsupp
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st r fict it epagitivete teplecby mbvst d®dERGto the grngrdeldy i s shown a plan view of a

portion of rotecti.on ructur 0 |l oaki.n 0 t the horizontal
surface of gﬁgtf)ﬁ?:%gﬁg_ 1ogr%si1sﬁ?rc%t1s cé’gﬁ?cg%frl] u [:gi}'algg{g&gg {08 ARPWE SURRE t er m
"hor i zdhthdrge aandis@d Whithas fts kSurdefdreekedso @p@iv&nﬁxpggf @tdaglint 80! HBe
conventi onal pl ane or surface of the sem conductor substrate 40, regardl ess

of t he d&i e St oH the poveresupply dlasharas: sansistayA® istfurthey. comhectedstona $scond i cal "
refers -l i j . t Or.i nt.al | yst def.ined.
Pr epos ?%tfl%%tslgﬁ {S'él:siésﬁd %2 @%&ﬁ&%@%@ l,y CB%%&/ gy?: ge%%n e‘%{ﬁlﬁ ?‘f d }Lf]tg\/gé?“'nCf ﬂ'gver "
ando " uiitie sécoad attelefatioe chsistdri32riedpa condeateine tlednapanif ilenale gt \@rddits &wtf ace

20 bei on the top,surface, of the sem caonductor substrate 40, regardl ess
of thegg(F‘?"gﬁ’Yl&‘?l?ﬁﬁgBPPfq{@teds]@fﬁhémﬁrﬂﬁm%%‘fmﬁéwp. In FIG 2, are shown
the FOD 12 RBfrfifle nbRPtt FRPNS] ﬂa.greﬂ@@sf Hown BEp1ETRih? dfS: H&{ﬁg t 4k Medihe

source 42 connected by a plurality of source contacts 4 e ground 14.
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contacts 48 to.th 5.1 nput bondi ng pad 18. A p-doped channel region 50 of
t he Fcﬁelﬁlfo?éucg%gﬁhs%}?d@? a polysilicon gate 52. Referring nowto FIG 3,

thesein i s Fhewernd ‘GofseHECEd aBedfin Hefin %SF@éﬁ@daésOag%ﬁaﬁ@ patdIRE t3 the 3
The FOD 12 has a_ field oxide (FOX) 56 deposited over the p-doped channel
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20 being on the top surface of the semiconductor substrate 40, regardless of the orientation of the
semiconductor substrate 40.
In FIG. 2, are shown the FOD 12 and the input bonding pad 18. The FOD 12 is
shown with the source 42 connected by a plurality of source contacts 44 to the ground 14,
Also shown is the drain 46 of the FOD 12 connected by a plurality of drain contacts 48 to the
25  input bonding péd 18. A p-doped channel region 50 of the FOD 12 is shown under a
polysilicon gate 52,
Referring now to FIG. 3, therein is shown a cross-section of FIG. 2 taken along the
line 3 -- 3. The FOD 12 has a field oxide (FOX) 56 deposited over the p-doped channel
region 50 and the polysilicon gate 52 deposited above the p-doped channel region 50.
30  Implanted into the semiconductor substrate 40 between the FOX 56 and an isolation FOX 58
are deep n-wells 60 and 62 and respective n+ diffusion regions 64 and 66. The n-wells 60
and 62 are referred to as being deep because they are at least twice as deep as the respective

n+ diffusion regions 64 and 66.



5 The deep n-wells 60 and 62 nmake up the emtter and collector junctions of
a parasitic lateral bipolar structure and the p-doped chanfetugug@Peh 50
the base area. Respective sidewalls of the deep n-wells 60 and 62 form
| arge parasitic "intrinsic" emtter and collector areas 68 and 70 and the
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t he p-gggﬁd channel region 50 to be of an opposite conductivity (p-) to
that o e source 42 and the drain 46 and to have the effect of reducing
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structure 10 with the FOD 12 and the bonding pad 18 1s provided at the
i nput sefachdreakdewn ander e pelystlison gaigriat ash subgafass ephgjion rE8ms7hndndhel i eve
ESD stgﬁ_(s)s on toré(e; iantthee%r at, d eci rcuits located after the first and second
attenu |%P RIS 0°%nd 32. In the begi nni ng stages of an ESD
event, the chrirggioftvhche:lddnds ag gatedsBhdnsthe source 42 is forward biased is shown

as an electron ejection region 74. The region where electron-hole generation occurs due to

20  impact ionization is designated as the hole generation region 76 and an arrow designates the
direction of the hole current 78.
Adjacent to the FOD 12 is shown the input bonding pad 18 disposed on a dielectric
- layer 80, generally two layers of silicon oxide, in which the polysilicon tab 20 is disposed.
The dielectric layer 80 is deposited on the semiconductor substrate 40 over the floating n-well
25 22,

Field Oxide Device Operation:
In operation, the ESD protection structure 10 with the FOD 12 and the bonding pad

18 is provided at the input to the integrated circuits to protect against major ESDs and relieve
ESD stress on the integrated circuits located after the first and second attenuation resistors 24
30 and 32.
In the beginning stages of an ESD event, the charge at the bonding pad 18 is
- conducted to the drain 46 of the FOD 12. A high electric field intensity is established across




conducted to the drain 46 of the FOD 12. A high electric field intensity is
establ i shed across 6 the parastic "intrinsic" collector ared Xigustr2884lti ng
in an inpact ionization phenonmenon which produces el ectron holes 76. The
hol es are responsible for a local electric potential established in the
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46 towards the drain contacts 48 adding to the drain current. The
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t ransi st or arge parasitic "intrin ter an ect or
areas GSldmgivalGigearidhde ROD 12 will be low with the trigger voltage slightly lower than the
snap-back holding voltage. After the breakdown in the parasitic “intrinsic” collector area 70,
the hole current 78 will be injected into the semiconductor substrate 40 and produce a
potential which will make the parasitic “intrinsic” emitter area 68 to become forward biased
25  so as to eject electrons from the electron ejection region 74. The breakdown occurs with the
generation of electron-hole pairs, and.the generated electrons are swept across the drain 46
towards the drain contacts 48 adding to the drain current. The generated holes drift towards
* the substrate contact (not shown) giving rise to the hole current 78, similar to the base current

for a bipolar transistor, '

30 With the large parasitic “intrinsic” emitter and collector areas 68 and 70, and the
source barrier lowering occurring deep in the source 42, the power dissipation takes place in a

large volume deep in the FOD 12 in the area of the subsurface depletion region 72 with a low

temperature rise in the FOD 12 because the silicon in the semiconductor substrate 40 can



source barrier lowering occurring deep in the source 42, the power
di ssipation takes place in a |arge volume deep in the FOD 1RAugustdve4 ar ea
of the subsurface depletion region 72 with a low tenperature rise in the
FOD 12 because the silicon in the sem conductor substrate 40 can 7 conduct
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el ectr |dg cgﬁt? 1ds in the danaged dielectric |ayer 80 when a high-voltage
ESD is pl'red"to the bonding pad 18. If the electrostatic 20 charge cannot

be qui ckly - dindehBSQesthicthg! faeastRybipeladitbdacls ths FOXt 56 $Ohebredes ihvdrgos0 due
to the first attenuatjon resistor. 24 and the diode 16, the dielectric

| ayer #ortdest mdcs pdapte @f thoareditfupian accipreand qaanetdpepsiboruptred;pt ur ed,

| eakage paths of netal alloy can be formed fromthe bonding pad 18 through
m crocracks to the sem conductor substrate 40. To protect the bonding pad
18,15t h8opdigaPad Onerafien; 22 with a conductivity type opposite the
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layer 80 when a high-voltage ESD is applied to the bonding pad 18. If the electrostatic
20 charge cannot be quickly discharged to the semiconductor substrate 40 or Vdd line 30 due to
the first attenuation resistor 24 and the diode 16, the dielectric layer 80 can be ruptured.
When the dielectric layer 80 is ruptured, leakage paths of metal alloy can be formed from the
bonding pad 18 through microcracks to the semiconductor substrate 40. To protect the
bonding pad 18, the floating n-well 22, with a conductivity type opposite the semiconductor
25 substrate 40 is placed under the input bonding pad 18 as an extra protection against the ESD
induced metal spiking.
In the present invention, the polysilicon tab 20 is added and acts as a buffer between
the input bonding pad 18 and the floating n-well 22 and is connected to the gate of the FOD
12. The polysilicon tab 20 does not prevent alloying, but it increases the distance that an
30 alloyed spike must travel before a leakage path can occur. Thus, the possibility of a metal
spike making contact between the input bonding pad 18 and the semiconductor substrate 40 is

drastically reduced. Also, the resulting series capacitance from the input bonding pad 18 to




12. The polysilicon tab 20 does not prevent alloying, but it increases the
di stance that an 30 alloyed spike nust travel before a | eakaggupativogan
occur. Thus, the possibility of a netal spike naking contact between the
i nput bonding pad 18 and the sem conductor substrate 40 is drastically
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to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
20 embrace all such alternatives, modifications, and variations that fall within the spirit and
scope of the included claims. All matters hither-to-fore set forth or shown in the

accompanying drawings are to be interpreted in an illustrative and non-limiting sense.




1. An electrostatic discharge protection structure conprising: a gate
dielectric; source and drain contacts; and a sem conductor syRgduk@iogsof a
first conductivity type having the gate dielectric disposed partially
therein on a surface thereof, the sem conductor substrate having the

SpurCeTﬁ%ﬁNQﬁ?ﬁﬂOﬁﬂ@iﬁﬁ&%Dquthe surface thereof separated by the gate
dielectric, onducto

e’semc r substrate having source and drain diffusion
regi ons having a, second canductivity.type and connected respectively to
the source %nd Ria i ““’%Hfgﬁf r%ﬂﬁ”§éﬁ§&§?@%“ﬁ?”?ﬁ@n%ate dielectric, the
sem conduct apats die$dctritt € having source and drain wells having the second
conductivitg t%pe nd respectively disposed under the source and drain
di f fusi on r &yt 9~ e $8Mtuct or substrate havi ng a channel region of
thesfirst couehiebidibioy sitéRite RehWRRRoLNRHSBIYHE hiWifl thil Bl iNElliS of ding a
subsurface depl etion regi on whereby thelsﬁf§gce. %#ea%%éﬂﬁ v5+tg§§£%§
exceeded bef ore PaBallutherein geea geficetthesecf; dhsi esmipanduttor sihstratgthavinktthge i s
exceeded upon anggleChheshiathG r ral ¢t. ... and.the
sem conduct or su%st rat eq?r%cl u@?ﬁ%ggﬁ%u Sur %‘{3%8%%83"&%9?”3%@‘%‘%‘85#6 er?grcf t he
first conducti viheyemigadugfor ubsktgtechavihgpiontpe and cleait diffistn refians hdvengdopi ng
concentration in e conduct or substrate befween the source, and drain
wells. 20 2. Theseé e (?rb(fspftg‘fltlyc F SO ogRces ofeé%ﬁcfl%ﬁy 2? rtﬂ%ts?,l‘f"ée ged dran ed i n
cladm 1 i ncl udi nepnzactsgmti septirspd Be theoyaes ditloeric] @t eahicordugdt SubsBate hB€n
el ectrostatic discharﬁﬁrﬁrotecbign.strﬁgture as claimed in claim1l erein
the gate diel ectf¢ R REHs DAYRS (P StROPY IFOBIUCHKE S5 ¥W TemRPCcHYEY n

di ffusion regi ongispodfd dnded he sGUrEEANdQRAiIA Uik $EIH I8 e BERLSdubBP subldrdtet UT €
as claimed in claiml wherein: the source and drain wells are nore than

twice the depth BrVinghd chgurkeesionaoidthaitistorontudivin tynecksitoers, the somge and
electrostatic di &ahiandMs Pokfib! QNsibbiet VicIARn CLaIdT htlflpf! fbMylrrapber &1 n-
each otner. .

the source and the drain wells are spaced proxi mat The
el é¢trostatic di Gendloyga yiege it txvaedstirheforartee asbsuifaic ndegletinn cégiomplnch-
including: a gr ﬂ’xﬁﬁféh voltage is exceeded upon an electrostatic discharge at the drain contact

, and the semiconductor substrate including a subsurface conductivity fegion of the first
conductivity type of a higher doping concentration than the doping concentration in the

semiconductor substrate between the source and drain wells.

20 2, The electrostatic discharge protection structure as claimed in claim 1 including a

gate disposed over the dielectric gate.

3. The electrostatic discharge protection structure as claimed in claim 1 wherein the

gate dielectric is thicker than the depth of the source and drain diffusion regions.

4. The electrostatic discharge protection structure as claimed in claim 1 wherein:
25 the source and drain wells are more than twice the depth of the source and drain diffusion
regions.
5. The electrostatic discharge protection structure as claimed in claim 1 wherein:

the source and the drain wells are spaced proximate each other.

10




a diode; and wherein: 5 the source contact is connected to the ground,
and the drain contact is connected to the ground through the thgﬁumz The
el ectrostatic discharge protection structure as clained in c

i ncluding: a bonding pad connected to the drain contact; a dielectric

| ayer under the bonding pad and di sposed on the sem conductor substrate,;

10" a tab di §posethd dectivetatiti dibadatgeiptottaipe sruvnde ks EithcBANLAY] RRURND 2 wel |
of a second, gpgrgct|V|ty type di sposed beneath the dielectric matéerial in
the sem con Or substrate. 8. The electrostatic discharge protection
structure asdideiangd in claiml including: a gate disposed over the gate
dielectric; %5 a bondi ng pad; a tab disposed beneath the bondi ng pad and
connected t3"fi¥ gate; a dielectric material surrounding the tab and

di sposed ovee sbite: EMULARGMELRY SHPSHdlGn and 8 well of a second
conduct|V|t%wtype di sposed beneat h ectric material in the 20

sem conduct B d&tibeantast is coonectpd ¢o tie grtund draughaheldisdhar ge pr ot ecti on
structure as clainmed in claim11 including: a power supply connection; a
ground connéct i orﬂlea?l%ﬁﬁﬁﬁtwgh%\}berge pmﬁ@ubestrucmm leclaimai in daint BRCd2D: a first

attenuat|onaggﬁﬁ%éﬂhcgﬁﬁaﬁgge e 4 d ntacgndlng pad; a first diode
t

capacitively con ing t 7FS ation resistor to the ground
connect i on; 2 giclegtzin diyst wrdehthe rt)ngim@padgﬁtiehs@wéd 90 theaemidoathredr sappagcted to

the, first e and aln thereof connected to the
pog?er supp?%/&ﬁ gasegbn %‘E%ﬁeﬂﬁ&dgﬂ ?6‘5?56@ ding pad; and
a well of a second conductivity type disposed beneath the dielectric material in the

semiconductor substrate.

8. The electrostatic discharge protection structure as claimed in clajm 1 including:
a gate disposed over the gate dielectric;
15 a bonding pad;
a tab disposed beneath the bonding pad and connected to the gate;
a dielectric material surrounding the tab and disposed over the semiconductor substrate;

and

a well of a second conductivity type disposed beneath the diclectric material in the

20 semiconductor substrate.

9. The electrostatic discharge protection structure as claimed in claim 1 including:
a power supply connection;
a ground connection
‘a bonding pad connected to the drain contact;
25 a first attenuation resistor connected to the bonding pad;
a first diode capacitively connecting the first attenuation resistor to the ground
connection;
a transistor having the gate and source thereof connected to the first attenuation resistor

and the drain thereof connected to the power supply line;
30
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15 20 25 30 a second attenuation resistor connected to the first
attenuation resistor and having an input connection; and a sgeRchodsode
capacitively connecting the second attenuation resistor to the ground
connection. 10. An electrostatic discharge protection structure conprising:

a field oXigeecof@idBafiidediia] BfQIAE b maNeARofIRREH, Shd LBl Substr ate

having the field oxide disposed partially therein on a
the silicon substemedidnasdig the source and drain contacts on the surface

t her eof separ the f.i.el.d oxide, the siljcon substrate having source
and drain ng S%%ﬁu@%n"%@ﬂ#%ﬂ% °8WEF°§‘E% ﬁ*&cfeéandr alsnwaton, gsistor do thie géocb‘ﬂﬁ?ce and
drain contacts amthestiparated by the field oxide, the silicon substrate

hav& ng sourg& anq drai.n.n+ wells and respectively disposed under the
soutce and V-&MhEIERIOFALS dischares grejprtion sinertyrs gomplisien substrate having a
channel regi@dsidkgideeen the source and drain wells including a subsurface
depl eti on regi on whereby the surface breakdown voltage is exceeded before
t he subsur f ¥REcedep dein entactsgansh punch- through vol tage i s exceeded upon an

el ectrostat ii5—&b§?ﬁﬁ€oﬂ%u9ﬁrafem§vﬂ%?‘ie&heﬁc?@ﬁ%&igﬁ%@d péaglgalﬁ'itilér&gg gubstrate

including a p-subsurface region concentfati on than
t he p-dopi ng contelhes thereofh themiliche sidistrate bavisgiths sowtearideiraie eontidieorsour ce and

drain wells. 11. rostatic .di.scharge. protecti on, structure as
o in el ] Bt ﬁ%%ﬁ°§§epsra*°%&y;§? it ShidB A% S LS AYPSARCE | ol d
oxi de. 12. The eirdchaiost-alifficsich vgioay grl qenadoaalt fe@RcilelUGHH Sudk miaRd i n

claim 10 wherein the field oxjde,i i cker. than the depth, of the source
and drain diff usiSHCPSGH Srraratedsdy ‘Pﬁ?leiﬂr‘é’e % §ag sitigqn ybstratehayingsoprce @nd on

structure as cl adramdhd Rvelld ahdnrdsPeotively &ligposed tiiles MY sRir&Nshadd@inndiglibs are
at least twice the depth of the source and drain diffusion regions and the

source and drai ne86R% 384 degilicon spstipta bpyipe sichanng! region bstrregn the source and

15 drain wells including a subsurface depletion region whereby the surface
breakdown voltage is exceeded before the subsurface depletion region punch-

- through voltage is exceeded upon an electrostatic discharge at the drain contact

and the silicon substrate including a p-subsurface region of a higher p-doping
concentration than the p-doping concentration in the silicon substrate between the source

20 and drain wells.

11. The electrostatic discharge protection structure as claimed in claim 10 including a

polysilicon gate disposed over the field oxide.

12. The electrostatic discharge protection structure as claimed in claim 10 wherein the

field oxide is thicker than the depth of the source and drain diffusion regjons.
25 [3. The electrostatic discharge protection structure as claimed in ¢claim 10

wherein:
the source and drain wells are at least twice the depth of the source and drain diffusion

regions and the source and drain contacts are a plurality of smaller contacts.
14.  The electrostatic discharge protection structure as claimed in claim 10

30 wherein:

the source and the drain wells are spaced proximate each other.
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14. The electrostatic discharge protection structure as clained in claim10
wherein: the source and the drain wells are spaced proxi mat & &agist @0her. 12
15. The electrostatic discharge protection structure as clained in claim10
including: 5 10 15 20 25 30 a ground; a diode; and wherein: the source
contact is connected to the ground; and the drain contact is connected to
the ground through the diode. 16. The electrostatic discharge protection

structure asgschai .1 .Ct aj 1NG i ng: ' . connected to the
drain cont ai%';rﬂhg c%?g?%e{gltcﬁjlhsgh%%%ro {egﬁ"laﬁérﬂu? %@e %%}l%?l%glngga ItPlgll(rilgd di sposed on the
silicog, gﬁgrate; a tab disposed in the dielectric |layer under the
bondi ng pad;"" and a floating n-well disposed beneath the dielectric materi al
in the silicon supstmdite. 17. The el ectrostatic di scharge protection
structure as cl aj i %yindclain110 including: a gate disposed over the field
oxi de; a bondingag§ > 3%t ab di sposed beneath the bondi ng pad and connected
to the gate; a dwhdrei@tri c material surrounding the tab and di sposed over

the silicon subs%rate; and a floating n-well disposed beneath the
di el ectric mat er PEFOYHE GORRRCES corasred (b propad: a8@  The el ectrostatic

di scharge pr ot ecthb @midédniet 1/cBnReted kRhBBH UL tHhBhThel@loddICl uding:  a power
supply connection; a ground connection a bondi ng pad connected to the drain

contact; 16.  The electrostatic discharge protection structure as claimed in claim 10 including:
10 a bonding pad connected to the drain contact;
a dielectric layer under the bonding pad and disposed on the silicon substrate;
a tab disposed in the dielectric layer under the bonding pad; and

a floating n-well disposed beneath the dielectric material in the silicon substrate.

17.  The clectrostatic discharge protection structure as claimed in claim 10 including:
15 a gate disposed over the field oxide;

a bonding pad;

a tab disposed beneath the bonding pad and connected to the gate;

a dielectric material surrounding the tab and disposed over the silicon substrate; and

a floating n-well disposed beneath the dielectric material in the silicon substrate.

20 18.  The electrostatic discharge protection structure as claimed in claim 10 including:
a power supply connection;
a ground connection
a bonding pad connected to the drain contact;
a first attenuation resistor connected to the bonding pad;
25 a first diode capacitively connecting the first aftenuation resistor to the ground
connection;
a transistor having the gate and source thereof connected to the first attenuation resistor
and the drain thereof connected to the power supply line;
a second attenuation resistor connected to the first attenuation resistor and having an input

30 connection; and
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a first attenuation resistor connected to the bonding pad; a first diode
capacitively connecting the first attenuation resistor to tHeAegusipgod
connection; a transistor having the gate and source thereof connected to
the first attenuation resistor and the drain thereof connected to the
power supply sbidg; dlé’deS@%Qﬂﬂvéﬂ} (8RRt O the! &bl %enﬁﬁmefefsﬁgr 49 thd@rolihd St
attenuation resistor and having an input connection; and 13 a second di ode
capaci ti vel Songefiidect i ng the second attenuation resistor to the ground
connection. 14 ESD PROTECTI ON NETWORK W TH FI ELD OXI DE DEVI CE AND BONDI NG
PAD ABSTRACT An el ectrostatic discharge protection structure is provided
wth a dielectric gate, 5 source and drain contacts, and a sem conductor
substrate. The sem conductor substrate is of a first conductivity type
having the dielectric gate disposed partially on its surface. The source
and drain contacts are connected to source and drain diffusion regions of a
second conductivity type separated by the dielectric gate. Deep source and
drain wells of the second conductivity type respectively di sposed under

t he source and drain diffusion regions define a 10 channel region of the
first conductivity type. The channel region is doped so that the surface
breakdown voltage is exceeded before the subsurface depletion region
punch-through voltage is exceeded between the deep source and drain wells
upon an el ectrostatic discharge at the drain contact. 15 Figure 3 15
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