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
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or the circuits thensel ves. Upiﬁgm%g&fﬁt% integrated 15 circuit
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sem conductor integrate i i ey D stress conditions, the
NMOS transi st or behavi o%&ggﬁagQWﬁa@#&% N}{r’]‘gﬁ& normal operation. The
actual conduction pechanismis that of bipolar action in a parasitic
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conduct i vi te% .&gef o[ig an ESD i npl ant has to be used to nake the
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and  level of static charge is readily generated by the triboelectric effect, and other mechanisms

acting upon humans, equipment, or the circuits themselves. Upon contact, the integrated

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



the p-substrate. It is also well known that salicidation (self-aligned
siliciding) of the drain and source junctions reduces ESD pgaf@iimnge
significantly due to discharge current localization. From 5 the ESD
viewpoint, the primary effect of the salicidation is to bring a transistor
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ESD circuits. Thus, this approach adds to process complexity because it requires at least two

additional photolithographic 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.



the device to reduce the tenperature rise in the device. 2 In an ESD
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| ayout area. The present invention further provides an electrostatic

di schar ge pibt posemdnnedntion tpuowdes an electrostatic discharge protection structure with a

dielectric gate, source and drain contacts, and 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
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with a dielectric gate, source and drain contacts, and a sem conduct or
substrate connected to a 30 bonding pad on a dielectric |ayehugustr®084 ni ng a
pol ysilicon tab and di sposed over a floating well in the sem conductor
substrate. The sem conductor substrate is of a first conductivity type

h j allvy. i f :
ona arsdiiest we,Eblao BENSE SROSEM, BRI kol of b SeBifi Ailuer Vi SR °
di ffus separalteﬁlgb}mhﬁ dm‘leoams gaonDeep nulived and driintwill of Sepakatdcordyictliiey type

di el ectric gate, source and drain wells of the second conductivity
type ¥€‘éEff9é‘8%‘1W\ﬂéf’tP§Ps ‘éfb”ééﬁﬁ sqHige g Erig éﬁﬁ@@narﬁawa? definech ffhaugt? degipR gf ons

defi ne ﬁﬁ%ﬁ@ﬁﬁ-‘(%ucﬁ% f Tht %aﬁ:}(egsr\%\%ﬁgrl LY ish ¥hdYRE s Eh?g region

is dop SO t the s rface bre age is excee re the
subsur ﬁ@l@e depkeeidahbefog te spbaoface hileplexgm \regld)ragmadheﬂtmmgh vcsﬁﬂage teteygesour ce

and dr weIIs upo n el trostatl at th rain conta The
ot r uct BFCR P RE 2ol GORTAG W Sbrece T o CORCaEAcndre

di s pos gih @8 finchuddl %'b%ﬁ&ihg Had baMRbed 99 {Ri d}hlﬁg:oﬁta@%idﬁiléﬂcﬁw‘m}e@*ﬁ dd&%nc
dielectric layer in turn’is disposed over a floating wel th

seni colgactwiaiging ngthélcomatte rTheedielectpe dbienin @ndls\duﬂpesetdm’v@r n @oammwslm rface

of the. 1Q bondin ad i,s.ofte unc .th h the | ayer
and hadrehs BPUePReRE” sl “ArEY BERFRrtYing apd Wk bl dnd BFETR Bt M hcks
helip gbastiag padiis Yifer paséhet Gath fidled Weough thfhfhetaﬂ miyBgadl Huvelnﬁeltoua@kd myee and
cause netal . s ikin%hﬁ en a hlgh voIt%%g ESD is applied to the  bonding pad.
The poHigtaetricc et afhased helge apd gaicracgacke ihelm eenerate high cleetricah fighdsiiasthe t he

o esenp Al A Treatic el pifcart? pked U PRRL 0 HBRPESENBEANER B (P
r eadi ngomfing bed.f dhe qmlyngwdﬁett&h hreldthd dhmting wetlnprotide pratkeioni againsptheUERID i on

with the, acco drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1
shows P?@é‘cﬁéﬁrqlpﬁﬂﬁ]‘fmg"rot ection network of the present invention; 20 FIG 2

shays a schefpt hﬁodé' eﬁaﬁ aﬂﬁﬁi@nﬂf a&ﬁﬁa@és%ﬂh@ﬁe@é'mql%yénﬁ@n Qfill tREorRE %ﬁ%ﬂé
invention; and FIG shows a schematic cross-section of the field OXI de

devi cetmthosh gkibeceinethe artl frome ptrewhng af t}péplé@wmg deBisd duobiptiPORheARR¢N NG OUT

THE | NVENT]
conjunction with the accompanying 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.



25 Structure: Referring nowto FIG 1, therein is shown a circuit schematic
of an electrostatic discharge (ESD) protection structure 105AuhstES8D
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
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second attenuation resistor 32 is then connected to € input of the
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ground oﬁﬁle semiconductor substrate 40. The term “vertical” refers to a direction perpendicular to

the horizontal as just defined. Prepositions, such as “on”, “below”, “above”, “beneath”,
“lower”, “over”, and “under” are defined with respect to the conventional plane or surface

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.



Al so shown is the drain 46 of the FOD 12 connected by a plurality of drain
contacts 48 to the 25 input bonding pad 18. A p-doped channél Auygesgi286¢ 50 of
the FOD 12 is shown under a polysilicon gate 52. Referring nowto FIG 3,
therein is shown a cross- sectlon of FIG 2 taken along the line 3 --
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The region where clectrons are ejected when the source 42 1s 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




20 inpact ionization is designated as the hole generation region 76 and an
arrow designates the direction of the hole current 78. Adj dcéwgust2904 he FOD
12 is shown the input bonding pad 18 di sposed on a dielectric |ayer 80,
generally two layers of silicon oxide, in which the polysilicon tab 20 is
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and 32. In the beginning stages of an ESD event ge at t
pads 18higher iham that bEthetpotentiel afiibé soude 45, thdwuﬁ@}zﬂiecomemmgmeﬂ asedi Ehiki el d

|nten5| est I she aer ogs 6 the intri SIC | ector area
"o S gt B P ARt Sifedes dih R st S et ate et b on

hol es Zﬁmc&hﬁmf&' $Bstedt® 40 CARARS irljéRed BlectforlsOfittherCingfdhsd ihepéﬁ'e%’ﬂbf #hpact

established in the gzjdo ped channel region 50 and the sem conduct or

subst r nézaionyihe ERLL bdieventuadly gaiees a low-resistangs(sngbarkd Rlatee ped theiegcgssivent i al

accumu n becones significantly 5 higher than that of the
pot ent i a?)eébtn1 Bh%es%%luﬂtegegée t he source 42 becones forward biased. This

f onwar d bi as\stthemurremteﬂ(tmgh[eomltaetdmﬂstoltné Qoirbe ineréelres dueBaNe@istriceighon 50
and the se conductor bstrate 40. As the I njected el ectrons further
i ncr eaSENHRIYSAEDt Otwng 33D craentAarirayal alopg SWWQ%P&S%GF VeRYseRr s a

L owe r e%&f&%gnc&d(ﬁ@%eu&@ﬁﬁctﬁﬁow if &:B% ﬁfé%@aﬁbs}f SpofsHnSith HiRNFOKSsd. hen

rel ease the cur drain o the source 1 ncreases,
cur r enHiglorsirent tdensity éosmgialdng dhd mpwécﬂ)rmdngoﬂsluectﬁsmxmhangenpastsa:getsr avel

al ong sev [row passage bet ert t he_ dr source junctions,
£ ot g RS AREs RS BaR e feilpes rdliehent R ECHOM Biere e JATRTr P eens: 1 y
f1 Qui ngbadcone hiRRirapsiared s@t&ncembﬁd&t&dmgteﬁﬁth%ee RRESAHRS pdrA@Mddiabl y
| eads to excessive heati gg and regions in the FOD 12 where the tenperature

ri ses H8mag partichlarlidn thersgioenisnbstugte agiat theaentetsconduct or materi al vvoul d
: Egnczlrﬂ ;g{ é;%e rrlggllﬁte hengﬂ‘%"ﬁ%@fpulgea {Stéoﬁguc%d & the dltalt}le46s Itlllé S gfjtgtsz tpgr%gt ic at
bipolar action for the FOD 12 is determined by the n+ drain diffusion avalanche breakdown.
The breakdown near the parasitic “infrinsic” collector area 70 of the drain 46 occurs at a low
20 value and deep in the semiconductor substrate 40. The trigger voltage and the snap-back
holding voltage of the FOD 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




As a result, when an ESD pul se is conducted at the drain 46, the onset of
the parasitic bipolar action for the FOD 12 is determ ned byAtdietave4drain
di ffusi on aval anche breakdown. The breakdown near the parasitic
"intrinsic" collector area 70 of the drain 46 occurs at a | ow 20 val ue and

deep in_ t em conduct or, substrate. 40. .The.trigger voltage and the.

anap- bae it RATHAEN, die S tRs: i igh Teaith T2iaissO b G 186 B e Qur

vol t agéndslbddiftirtisr Ib@ekfig bHBIBL 1Rar 8 dRndiatold Wiage vol tage. After the
breakdown in the parasitic "intrinsic" collector area 70, the hole current
78 wi | | - be iIhf deercerwels 60 R 62 Preidmdesptivretiond sthaelatingy smootr gnvasares

pot ent | iR W asitic "intrinsic" emtter area 68 to
beconek(?lé}lra%rggn%%ggyg%%s%m%@% ej ect electrons fromthe electron

ej estion regunher/éhe dEbenivetialptonsht mealiskingtifonk HR sogRe andidim codtacts 44
d the, generate ctrons_are swept across the drain

el ectron: hol e pairs, an el

26t ol A8 TOReep e SPSE S bpFoRY g desp nuiells &) ancckis pagan thp e
gener atgd; 30 i S red e t n \mﬁ% i Vii.ng
rise t(g)ﬁg1 h Jt?g(%(e)&ig%% glr}?é’i’?gfé %?l%élﬁ%orﬂ‘ %ttetﬁié bg@g }%ﬁ‘fern gesnﬁn Cﬁ{;}? a gé pol ar

t r ansi bappenedin thé past whith shallge jpwties dévices! i ntrinsic" enmitter and coll ector

areas 68 an 0, .and t.he . source, barrier |oweri occurring deep in the
'source 42, é(eﬁg\%%leolp%}l Bg edlﬁdqu[ié‘/b eL\f?élq asaoﬁarhl’ﬁé’lm FHE-HEEHCi n t he
FORy 12 of thetHUD P @the badeBunSi Bisié 4nd €8n B8 RERIhON t¢ SR8 highiMdsPoivedVsD
tenperature rise in the FOD 12 because the silicon in the sem conductor

subst r araedionc dhe Zengin thueenitabed bahath. tha peofdingd thaieplawpliesiasrweleai tha 72
al so | ﬁ%% thtE(ﬂ source barrier (drain induced barrier lowering or DIBL)
near t punch-t hrough vol tage. The deep n-wells 60 and 62 provide deep
junctions wilnder ESRtndiging miasitidbipolay laprtask, (BOFONXa36 bif b plawelinteplisn may be
handl ed. ‘:‘f Further, the deep n-wells prevent netal spiking fromthe source

eep n-wel. )
and dr & # 'eashides be dapth of theag diflypion segion angd apBotrhespaibt JupBiTerbt t ons of t he
deep n-wells 60 and 62, nor can the netal spiking mcrodiffuse under the

pol %/si licon gate 52. This prevents junction | eakage as happened in the
pas m&ﬁ%ﬁ%ﬂi&@@ﬁ&ti on devices. By keeping the length of the p-doped
channel regi - i £ - i G is the
base 1 ansi ¢ e 1bbing'i8 hEBoRind hE sl fhe BBalhe viE 8 Sfeh 2y
pr ot ecpimched With hdagthhough the netad|liyed ahy hbeod midrbeagksdhithé digleefrid lager 80.
i mpl ti | t dept h trol.
s ant[%esleol?oﬁesagn&lvremcmg%ckshl-?elp ggrpl)erateckg&n %ﬁsctrical fields in the damaged dielectric

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




Under ESD i nducing parasitic bipolar snap-back, the FOX 56 of the present
invention is at |least twce the depth of the n+ diffusion regdiLoR: fnd
cannot be easily ruptured. 15 Bonding Pad Operation: . After wafer probing
and wire bonding, the surface of the bonding pad 18 are often punched with

hol es r h the metal |ayer and have, mcrocracks in the dielectric |ayer
50, °° L SAE iR D AF Tl B et eaciiegee Bk dian W poreriangs |
the damagedt tib pbBSHicHE tabl28YRH iBGroVBhedpbid TNk e@@Rd&ﬁ applied to the
bonding pad_18. If the electrostatic 20 charge carnot be qui ckly di scharged

to the seni ddAfuptcssnt Suvsntipnt te 40813 changd dah vougle tdube toatinge-wélt 82 and

at t enugs I di,ode 16 he dielectric | ayer 80 can be
rupt ur gﬁl‘%\/@]ﬁbﬁ@g glgél %%? @l; ?I% Flaglheer mé%gr‘ri‘itgé CUSESY edior Iae%qgaﬂ%e GRATES %F et al
al | oy dlantile f-oelied? f disthatdee theoBakirpy Mashehd e rromed Nbigs g‘ﬁﬁ&f&ﬁs t§ Ok he
sem conduct or substrate 40. To protect the bonding pad 18, the floating

" n-wel | SIBLCOREGAor suDsEe ¢H0; v Poyrer§ip doropppiva eharpes, deafloatingiotwell 28 mudtst r at e

40 is wrd&); ' : [ r ofegtio ai nst
t he ES%iS@fiﬁg%ced %Fg%ngfpél?ﬁrnlg%ﬁr@?%geg %?ﬁén g%ﬁ‘\’fgﬁh @g@ie[ Wgﬁﬁ’(lﬁ §§ﬁ i con
tab 20anditaddedueidn zovld bestrassod férevo belgvimd suffehdanapputn bekdioweipanhd8 and
the floating n-yweld 22 and..i onpected to the gate of the FOD_ 12. The

pol ysi Fﬁ%g%%f’%t\ﬁggoatg@sn"ﬁ"&p 2} g\?@ PH‘F&(‘)@W‘H’@F sEB¢turep arewsed i dischargs e st ance
that aposifiveélEDYRskes R 1R _travel before a | eakage path can occur. Thus,
the possibility of a netal spike nmaking contact between the input bonding
pad 18 and The psessnicimventinnofurtheb ssesampltiple contads ddt andad8 whickdelexpe Bk SO,

~the re i . i ci.tgnce fromthe input, bondi ng p 18 to 8 the
seni co?izc)ill{l}% t@’?’ né%ﬁégfs' ?a ag%%oﬁlm “t“ﬁféme‘ﬁﬁlﬁeespg%?& BAE &P Xn%gdil EQAGEER it s

capaci banss aswatthdtlic ‘tbaRis@el 18 iprdveftcurtit GBwalid dndREQY &leiBetaPRaflait t he

i ntegr I'n the present invention, the ESD charge can couple to

g%eéﬂ circ%iét]. [ ) 2nt i nv

the fI &4t3ioyme. Rerge poctigngspikipg [ip aininized. ofn prier ESdune coytadtr heating cthe

i ntegr abaektCiafLYbd R i r he 5 floating n-well 22
di scharges t he eneélgs ‘?’E‘% %ulg%g f%ocllalya%%%grtg%?%ug&jgu% elngﬁe’ilségtﬂ’élmﬁ’m fof
seni coadudingmopwiibmaterretd floMowever, for positive charges, the floating

n-wel | 22 t. i scharge the cqupled energy or it will have |ess absorbing
power to hg&‘?ﬂl]@ tﬁ%f"t"?’b‘i“g‘ ]Eaﬁgfen Fﬁf’rﬂg?%mo%@ﬂjn&ﬁ@l@ Wilh acpgridichestsnodss #d8l f or
too | _Oﬂgb@ﬁlﬂdé{ﬁ&)f)@rmﬁ%ﬁﬁgealtérﬂatﬁfeg%oéﬁcﬁt%ds,em U GatichD i Sl S0
floating n-well 22, bipolar punch-through structures are used 10 di schar ge
t he 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.



10 posi t| ve ESD charge to the ground The present invention further uses -
mul tiple contacts 44 and 48 which enlarge the contact peri nejghsiS®oi hat
t he di scharge current can be spread nore evenly. Each contact can be used
as part of the " baI asti ng" to prevent current crowding and there is |ess

met al ﬂsﬁ}ﬁ t g, hence junction spiking is mnimzed. In
or der to reduce con ea ing, the 15 contacts are designed with a large

contact area for,reduci urrent densit nd formfor avoiding
non- uni f or m?curr Fg%f&%%cg\ﬁfffaégetheFtrﬂ}’e%PF RILHBEN described in
conj unct i onawate iekecafreci fi c best node, it is to be understood that many

alternatives, nodifjcati ons ({1d variations will be apparent to those
skilled in F?’r’éceeﬁ”fidf%nf“? t he af oregoi ng description. Accordingly, it

i's & nt ended; k&nidbhdaibidr @Lﬂﬁtrﬁle |of YR c@hcﬁtﬁ:ﬁ?{? fy)é@ﬁamﬁ%)ﬂfe énfeéat%l%lgﬁ% gﬁﬂrgl d.

variations that fall within the spirit an scope ©
Al matters hithestiglly. theredn eata ﬁ@chh tbfrreefh@msqrmcqudgctmasmmrrwmg tHe awi ngs

tob t | S THE
?VMG/E N‘? | O?I 'CEAIG R/E%%%%danh%ﬁﬂ cbrllt%é@ kn 1o ééugriar OSf%?Psepgﬂﬂe 37 z’& %%eéec{rllco .

structure conpri @lﬁrsgmlcoadtgalrsubhtleteelmvmg@oume wangd elran dlfﬂrsmnrreglom Bofigg aand a

sem conduct or su onduc ivit e vr n t he

dielectric di spo%é%&(ﬁégrr@gn Flearng FoH ezg ’ée ﬁph%egy rcet ﬁ'ég%ram

send conduct or Suhmta’c&tﬂdhaparz[tgd b ehe @odicRctBiodhéd l?s@mﬂorﬁﬂﬂlbﬁ@db%trﬁﬂ hi¥iflg
ric t he sem conductor

surface thereof se arate ate ielec

substrate having é‘ g'ﬁﬂ%/ H’Fﬁ? rli‘ Hrs fﬂg“s Peiand Eqndnctviia (insgend resRecHYRlY
conductivity ty p@ls@aeh CRRNE belcd ARINBSH 'difﬁisbbntrggfl&ﬁethﬁ Q4 EndRBRr litRérfle
contacts and separated by the gate dielectric he sem conduct or substrate

having source abRY &ichensel Tegiomarsi the firstecondecinily ém@dwmrlr 11119 spyoe aathd
respectively di gppsqiivngendinbeas Elﬁ'ﬁc?ngegqj{ti%hnoe%iofnf rﬁlg' ﬁ.ﬁ %t he

sem conductor substrate having a channe 1 on t co ivity
typ® bet ween t hebrsdidona wnlidge is exceeded before the subsurface depletlon region punch-

through voltage is exceeded upon an electrostatic discharge at the drain contact
, and the semiconductor substrate including a subsurface conductivity region 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




drain wells including a subsurface depletion region whereby the surface
breakdown vol tage is exceeded before the subsurface depletion £§%{£@4punch-
t hrough voltage is exceeded upon an el ectrostatic di scharge aé e drain
contact , and the sem conductor substrate including a subsurface
conductivity region of the first conductivity type of a higher doping

concentrati 6n t hile diévtrostatix digrhape penédtiah s@ittird ad Heimed SIEIGRNAHEhAfn Subst rat e

bet ween theagiowl e and drain wells. 20 2. The electrostatic discharge
. ound: . . . . . :
protection sfruct’'ure as clainmed in claim1 including a gate disposed over

the diel ectadivdgamé. 3. The el ectrostatic discharge protection structure as
claimed in claim1l wherein the gate dielectric is thicker than the depth
of the sour®8°ERd drain diffusion regions. 25 4. The electrostatic

di sghar ge pth@ts@lfrbé@Hhta%ﬁfslégﬁdé&%d@éth‘ébﬁju% nhn claim1 wherein: the source
and drain |ls . are nore than tw ce the ‘depth of the source and drain

di f fusi on Jradheontast ispamnested ¢q the graamil throighahadigde. pr ot ecti on structure as
claimed in claim| wherein: the source and the drain wells are spaced
proxi mate eéch obhselectrogaty: disherge pratictios statciwe ok daitiad geclginol Bekidpg:

structure agpGlddiamd ol [ i.acl udi ng:  a ground; a diode; and
wherein: 5 the sggﬂljar glélﬂlggﬂﬁ?gc %fﬂsamc%oﬁlgaézgt ed to the ground; and the drain

contact is dimleetticdayet edehthe poudingipddunddigbodetion BicrdRicoBduciBRukaet rost ati c
di s¢harge p, Lon.skructure as clai in claim1l including: a bonding
paz&connect%g&t%gsb{mﬁg uhélhgl f?tle ﬁﬁtl%‘? Pn%rg'f%gwég’f’gi’%dilaﬁ‘}/er under the bondi ng
pad and di spowdidofon stiad SemiRENTIHRS d5sS1 bakdlin ik OuiBletiAl MHaRRIRTnd N Lhe
dielectric layer_under, the bonding pad;  and a well of a second conductivity

type di sposed belfOUTIRIPHY Wp¥aletric material in the sem conductor

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

11



8. The electrostatic discharge protection structure as claimed in claim1
including: a gate disposed over the gate dielectric; 15 a boagiweopad; a
tab di sposed beneath the bonding pad and connected to the gate; a
dielectric material surrounding the tab and di sposed over the sem conductor
substrate; a@&g @a%hétlogfreﬁstérec%%&teﬁqg cttrét alttgglglh 1%51ds%or gmf ed. beneat h the
dielectric materi al 0 sem con rate

el ectrostatic di somaetipm; grdot ection structure as clained in cIa|n11

i ncl udi n uppl v...cqQnnect i d_connecti on a bondi ng
connect eg t o%? ‘FEO%\AEJI%?%Q%S%%%?Y coﬁ@cﬁ“g |ﬂfe ? 0813‘{]@%?5’&??%"315@9 dp ghe EEPr‘I‘H@ct ed
to the bonding pastneéidni r st dlode capacitively connecting the first

ound . connection; .a transistor having the

attenuation, resi tor to t.h r

gat® and soﬁé ﬁ%?%%?c@8ﬁﬁgﬁﬁﬁﬂmﬁﬁnFF@“WPP%mp%ﬂﬁ%ﬂuat|on resistor and
the drain theae@ekidgonnected to the power supply line; 30 11 5 August 2004 5
10 15 20 25 30 a second attenuation resistor connected to the first
attenuation“Wé?ﬁ@@éﬁmhﬁﬂmWQWWHb an input - connection; and a second di ode
capaci tivel y ,CRBaLGfidAGubREeIEFRE theatd COUM 4iGRsLFShEHN thd8alRg 9 ound

connecti on.

surface thereof, the silicon substrate having the source and drain contacts on

10 the surface thereof separated by the field oxide, the silicon substrate having source
and drain n+ diffusion regions and connected respectively to the source and drain
contacts and separated by the field oxide, the silicon substrate having source and
drain n+ wells and respectively disposed under the source and drain diffusion
regions, and the silicon substrate having a channel regjon between 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.

12



10. An electrostatic discharge protection structure conprising: a field
oxi de; source and drain contacts; and a p-doped silicon subsiAedustd0avi ng
the field oxide disposed partially therein on a surface thereof, the
silicon substrate having the source and drain contacts on the surface

t hereof separated by the field oxide, the silicon substrate having source
and drain n+ diffusion regions and connected respectively to the source and

fai g o 38 he AAARRRA Al DNl Bfiol Slolhr O lined Bty folon Substfate

havi ng source an rairn n+ s and respective sposed under the

sour ce;apd; grain diffusion regions, and the silicon substrate having a
channef region between the source and drain wells including a subsurface
depl eti on regi onaghendby the surface breakdown voltage is exceeded before
thessubsurface de Igtiog regi on punch- through voltage is exceeded upon an
el ettrostatic di%@? 8% at the drain contact and the silicon substrate

i ncl udi ng a p-subbdareihace regi on of a higher p-doping concentration than

t he p-dopi ng con%entration in the silicon substrate between the source and

drain wells. 11.Mh9RYre QaECHS Foineated futbrgiogad:grdt ection structure as

clainmed in clai mndQraih&dnldi RommecR@ky Sk bR 19&1H K §Rgsed over the field
oxide. 12. The electrostatic discharge protection structure as clained in

claim 10 whegei n’_l‘ﬁé’lﬁectﬁoist@ﬂi@di@éf%@% ‘F.i'(?teéti:fih Stf&urk Q@&ai&r&c}ﬁ it ﬁgitnb 1®fnchfiffgSour ce

and drain diffusion regions. 'he el ectrostatic discharge protegtion
st Afict ur e a8 bendingad dopnasteditorihegiraimeernddoli:  t he source and drain wells are

at least tw t . i . fusion regions and the
sour ce and%?%ﬂéﬁﬁgé%ggﬂe?g}eﬁ gd‘ggg{‘%ﬁd@% dgjrrrlgﬁlegéelf;lédcl:%()s‘ﬁl Sg(":“{eé. 14. The
el ect r ost at b tabdlispokealrig éhepliad¢atit Japer vatleruled bondingpadjaadmed in cl ai m 10

15 The el cbfpasiedfrEifisbdfa ol Bt lebedh PalRaL TS R HEa  n i ai m 10
i ncl udi ng: 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

13




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 %4vgukie084 ound

t hrough the diode. 16. The electrostatic discharge protection structure as
claimed in claim10 including: a bonding pad connected to the drain
contact; a giseloRatdibde é@x&ﬁvamsﬁnew@g aendi-ng Q@éiimﬁm %ﬁﬁ?%@%@@mﬁﬁ&
silicon substrate; a tab disposed in the dielectric |ayer under the

bondi ng pad“ﬁﬁﬁﬂma floating n-well disposed beneath the dielectric material
in the silicon substrate. 17. The electrostatic di scharge protection
structure as clainmed in claim10 including: a gate disposed over the field
oxi.de; a bonding pad; a tab di sposed beneath the bondi ng pad and connected
to the gate; a dielectric material surrounding the tab and di sposed over
the silicon substrate; and a floating n-well disposed beneath the
dielectric material in the silicon substrate. 18. The electrostatic

di scharge protection structure as clained in claim10 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; a first
di ode capacitively connecting the first attenuation resistor to the ground
connection; a transistor having the gate and source thereof connected to
the first attenuation resistor

14




and the drain thereof connected to the power supply line; a second
attenuation resistor connected to the first attenuation resisAagusiddd4 havi ng
an input connection; and 13 a second di ode capacitively connecting the
second attenuation resistor to the ground connection. 14 ESD PROTECTI ON

i sehar ge. prot LE%Ponﬁéb%@ﬁ%}ﬁ‘ﬂ%W%R @m‘gﬁﬁr Cirie gare cpte
source and drai n contact’s, ﬁﬁaﬁ@rg ond rate. The seni conduct or

substrate is of a first conductivity type having the dielectric gate
di sposed partially on its surface. ‘Sgafiw‘(?,gurce and drain contacts are
connected to source and drain di ffs‘[]jsl gions of a second conductivity
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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
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 electrostatic discharge at the

drain contact,

15  Figure 3
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