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DEVI CE W TH SI MULTANEOQUS AND DI STRI BUTED SELF-BI ASI NG FOR MULTI - FI NGER
TURN- ON 5wOroessssRef erences Thi s patent application cl ai ms pctassomemhs t  of

U S. Provisional Application serial nunmber 60/303, 256, filed July 5, 2001,
the contents of which are incorporated.fay reference herein. 10 Field of
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mul ti-finger MOS structures have been inplenmented for ESD protection.

Fur t her mor eincaipesated Pyaefetene’ RBWIDgi es require high nunbers of fingers,
since decreasing pad pitch and m ni num active area wdth 25 m ght be

| argely restricted by design limtations. A najor concern with regard to
mul ti - f idgeFiettdof ties InveddiorESD stress is the possibility of non-uniform
triggering of t fingers. In order to ensure  upiformturn-on of

mul ti-finger strlfdpipEntiopgener YJS@E%F% edield ﬂﬂelggﬁgﬁtaﬂgidhsgszgprgem eakdown
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transistor, 1.e. the voltage at the onset of ‘snapback. In order to avoid
damagi ng afingened MOSyprotectige cirquitry ofjen integrated ieirguit dG)r ent | oad, the

adj acent fingers nust also be switched on into the |ow resistive ESD
conduction state (i.e. snapback). To achieve a honpbgeneity condition Vtl <

Wt 2, eiyher BabRgidlirid of tHd ifd@ntiong vol tage Vt1 nust be reduced or the
second breakdown voltage Vt2 nust be increased. WO 03/005523 PCT/ USQ2/ 20605
Robust NMOS and other ESD protection are crucial to obtain high levels
of ESD robustness in CMOS technologies. In processes with the option of local
blocking of silicide, ballasting resistance is introduced to ensure equal current
spreading and uniform multi-finger triggering.

20 In order to achieve adequate ESD protection levels with high failure
thresholds and good clamping capabilities, sufficient device width must be
provided. Therefore, multi-finger MOS structures have been implemented for
ESD protection. Furthermore, advanced CMOS technologies require high
numbers of fingers, since decreasing pad pitch and minimum active area width

25 might be largely restricted by design limitations.

A major concern with regard to multi-finger devices under ESD stress is
the possibility of non-uniform iriggering of the fingers. In order to ensure
uniform turn-on of multi-finger structures, the voltage value at the second finger
breakdown V,, must exceed the triggering voltage V,, of the parasitic BJT

30 ftransistor, i.e. the voltage at the onset of snapback. In order to avoid damaging
an initially triggered finger from a high current load, the adjacent fingers must
also be switched on into the low resistive ESD conduction state (i.e. snapback).
To achieve a homogeneity condition V,, < V,,, either the initial triggering voltage

V,, must be reduced or the second breakdown voltage V,, must be increased.



-2 Conplications arise, for exanple, in standard I/Olibrary cells, where
the nmulti-finger MOS device is forned as a split device. In particular,

t he nul tiwofosngeses device is formed as a split devi ce wher @ca/ufsoz/sdeoporti on
of the fingers is actively used by circuitry of an integrated circuit (1C
for functional purposes 5 (i.e., the dr_i2;/er), and a second portion of the

fingers is utilized only for ESD protection (i.e., the dummy ESD fingers).
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remai ns unused. Further problens arise for drivers or other I/O<circuitry,

whi ch at@ prerdrivgnrwhile hiemonraetivedumetyE SR fingara areavat)utilizeds In this ¢ he
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transi st or damgege of theelC. As such, only a part of the total device carries ESD current,
while the remainder of the device does not contribute to the current flow and
20 remains unused.
Further problems arise for drivers or other |/O circuitry, which are
configured to be over-voitage tolerant (OVT). That is, the voltage that is applied
to the I/O circuitry may be higher than the supply voltage (e.g. VDD). In many
over-voltage cases, a single NMOS driver may be susceptible to hot carrier
25 injection because the applied voltage exceeds the normally specified maximum
voltage between drain and gate. One method to overcome hot carrier injection
concerns is to use a cascoded output driver. That is, two NMOS devices
(transistors) are connected in series between an |/O pad of the IC and ground.
The serially connected cascoded NMOS transistors form the output driver. The
30 gates of the active cascoded NMOS transistor fingers, whose source is coupled
to ground, are driven by the pre-driver. Alternately, the gates of the non-active
(dummy ESD fingers) cascoded NMOS transistor fingers are tied to ground.

Furthermore, the gates of the active and non-active NMOS transistor fingers are



WO 03/ 005523 PCT/ US02/ 20605 -3 tied to a supply line (e.g., VDD) in a
normal ly turned on condition, while drains are coupled to the I/O pad. In
t hi s mannwo,03neisther of the cascoded NMOS transistor's draTreSgatmos
potential can increase enough to cause a hot-carrier concern. 5 However,
during an ESD event, the cascoded devi c_e\%I are difficult to trigger due to
the |onger base length of the parasitic NPN transistor. As such, the Vtl
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25 ground. A'gate region 1s dis sper sed

N+ drain rzﬂgj dnstnmmld Bélébpﬁangaiurhwltbﬁngeutmmmrsed N+ source regi ons and
over the P-well region. Additionally, a first plurality of P+ |ocal
substrate ti e regi ons are interspersed between and electrically isolated

fromthe pI %%’ of tHeTneentiehsed 30 N+ drain regions, and a second
plurality o substrate tie regions are |nterspersed bet ween and
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connect ed, @Bfmiconductor integrated circuit (IC) having protected circuitry. The ESD
protection circuit has a simultaneous and distributed self-biased multi-finger
turn-on MOS device. In one embodiment, each finger of a plurality of fingers
20 comprise a P-well, a plurality of N+ drain regions interspersed in the P-well,
where the N+ drain regions are coupled to a high potential.

Each finger of the plurality of fingers also include a plurality of N+ source
regions interspersed in the P-well and substantially parallel with the plurality of
interspersed N+ drain regions, where the N+ source regions are coupled to

25 ground. A gate region is disposed between the plurality of interspersed N+
drain regions and the plurality of interspersed N+ source regions and over the
P-well region.
Additionally, a first plurality of P+ local substrate tie regions are
interspersed between and electrically isolated from the plurality of interspersed
30 N+ drain regions, and a second plurality of P+ local substrate tie regions are
interspersed between and electrically isolated from the plurality of interspersed
N+ source regions. Furthermore, at least one of the first and/or second plurality
of P+ substrate tie regions of at least two fingers are electrically connected, and
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to any one elenent conprising a pre- driver circuit, ground, and the first
and secomaopBoskity of P+ [ ocal substrate tie regions. PaTASSBZGNE
enbodi ment, an ESD protection circuit includes a 5 sinultaneously biased
mul ti-finger turn-on MOS device for a sguiconductor integrated circuit
(1C having protected circuitry. The ESD protection circuit includes a
mul ti - fi ngehedatd/Egidmn aheach fingenib epapledda anyroyerelbaenicomprisingradpresour ce

for respectively, coupling betwee n 1{O pad qf the nd groynd, ,as well
as a gate f‘B'WeBPH%H’"F\g?rPngerM’éEP%@@’)&{j%‘?‘%r@erPrlaﬁﬂy %Hrﬁ E%aélgi’té%fag? titncl udes
a PMOS trar}%‘%?_r having a source coupled to the 1/0O pad of the IC, as

e for

well as a ga coupling to a supply voltage of the IC. A parasitic
capaci tance is flomsetdnetemboditreat,sarpbb)) protactioh dilcwitirTludes gr ound. A
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mul ti-finger turn-on N i ver device of the present invention; 20

gl GS. 2A- lzc'mdage%a mukﬁs’g\gfeé@d NMRP tansistorapdhere egeh fingemnassa draipyand ver
i ce, ive Li U U ! . _FIG 3
opi ot s o SHubERTEpedvelfinling Benueer fo uchBed B e IPand fdurt, s

(1C) havi ngnell 83 lbtgaté fordsiasinlyiibe fleyérce and ESD protection circuit of the
present invention; 25 FIG 4 depicts a schematic diagramof a first

enbodi n¥ht  of '.tl‘féddﬂi‘l”ﬁqny, an gy dmrd@féll‘gﬁs areMespr %%@H‘?B'ﬁgcﬁ rcuit of
FIG 3, ing béaoaagawtﬁ&ﬁo RRESH the |§', ggng{)egi%fean pafe H%uam ea FIG 5

depicts a schenati ¢ diagram of a secon of the ti-finger
NMOS devi cesupplly EStageooftthellCciA panasiticfcapbCitarie isrfotreld bgtveeedOtheauppdy | ed

I o ST A A R P g e
control ci rgdivbeRfthE bkain 3f 6 PROS tiaHBRidran thergaite ¥eAH BRGEZSH the
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15 NMOS transistor.

Brief Description of the Drawings

FIG. 1 depicts a top view layout of a multi-finger turn-on NMOS
ESD/driver device of the present invention;

20 FIGS. 2A-2C depict cross-sectional view layouts of the NMOS
ESD/driver device, along respective lines a--a’, b--b’, and c--c’ of FIG. 1;

FIG. 3 depicts a schematic block diagram of a portion of an integrated
circuit (IC) having a multi-finger NMOS device and ESD protection circuit of the
present invention;

25 FIG. 4 depicts a schematic diagram of a first embodiment of the multi-
finger NMOS device and ESD protection circuit of FIG. 3, including active and
passive fingers of the NMOS device;

FIG. 5 depicts a schematic diagram of a second embodiment of the
multi-finger NMOS device and ESD control circuit of FIG. 3, including a

30 controlled gate-voltage limiter and a pre-driver control;

FIG. 6 depicts a schematic diagram of a third embodiment of the multi-
finger NMOS device and ESD control circuit of FIG. 3 having a substrate pump;



-5 FIG 7 depicts a schematic diagramof a fourth enbodi nent of the nmulti-
finger NMOS device and ESD control circuit of FIG 3 for over-voltage

t ol erant wapplopzsasi ons; FIG 8 depicts a schenmatic di agr amcafusazboehs h
enbodi ment of the multi 5 finger NMOS device and ESD control circuit of
FIG 3 having a substrate punp. FIG 9_glepicts a schematic diagramof a
si xth enbodi nent of the nulti- finger NMOS device and ESD control circuit
of FIG 3 for oWEG.Vodépigts a sdhensatic diagraim ofaifourth efbGdinéntiefihe naulti

schematic dj agr f. a seven odi nent of O multi-finger N

dovi ce. and e BB Feiss anp £ Conteel oot EILE,3 iy disguioitaog et
applicati On&?{)‘igklﬁ%%sl’l depicts a schematic diagramof a dummy ESD pre-driver
coupled to the device and ESD control circuit of FIG 3; FIGS. 12A

t hrough 12D depiRG. Sctepietsiacschemationdiagfany af a difib emsbeditnedt obtitesmolti-t he

dummy ESD dtiver D dr.iver re-driver r of Fl 3. and FIG 13
dopi ot s & SasramOSehed ane b Bmtraliitth af PLE1 Shaflogd pibstate Bl ano
PMOS detector off|he deses scHaneatld dlagrah® of a@iith efidimeat 6f tABthig-

i dentical reference nunerals have been used 20 where possible, to

desi gnat e i finger NMOSdleviemasd B8R centeol cigrib of FH5 1+ $forravaivelage telerant ed
Descri pti on%ﬁw%é_nvent I on The present invention is described with
reference t évi ces. However, those of ordinary skill in the art

wi || appreciat e FlEat0sddmetsiaschdinidtier diagran? bf depaenthtembsdiareht afithest i ng
concentrations, allows the invention to be ?(%pl i e? ﬁqg gt her devices that are
suscept L& enplbi-inges MR devdcepng ESD earire) eHiOf FlGyafen uerviolpgties
various ill | Ve ([?,Qéji ments utilizing a nulti-fingered NMOS device,
whi ch may ptlrég%/r%@{eédd[ﬁlg? urictions as a driver during nornmal operation
(power ed st ate) MBIG.tTHedepstsanschesnatic disgrapm of a cdummy &SD pee-diieer the 30 1C

IS in a non-po d, st FIG 1 L Cts ap. Vi ayout of a
mul ti-fi nge?é)"’cﬂ\iﬁ\%f%wel\ms Egﬁf’ﬁtainagééﬁpﬁgfT&.‘)"tdﬁ%he%pr esent invention.
FIGS. 2A-2C depi plcS I 256thrd HQDQingdt%‘éhé%ﬂéHi?ag?énfshﬂ VilNBlgs ESDY dr i ver
device of FIG 1, along WO 03/005523 PCT/ US02/ 20605 .
15 embodiments of the dummy ESD driver, ESD driver and pre-driver control of
FIG. 3; and
FIG. 13 depicts a schematic diagram of a silicon controlled rectifier
(SCR) and PMOS detector of the present invention.
To facilitate understanding, identical reference numerals have been used

20 where possible, to designate identical elements that are common to the figures.

Detailed Description of the Invention
The present invention is described with reference to CMOS devices.
However, those of ordinary skill in the art will appreciate that selecting different
25 dopant types and adjusting concentrations allows the invention to be applied to
other devices that are susceptible to damage caused by ESD. The present
invention includes various illustrative embodiments utilizing a muiti-fingered
NMOS device, which may provide dual functions as a driver during normal
operation (powered state) of the IC, and as an ESD protection device when the
30 ICisin a non-powered state.
FIG. 1 depicts a top view layout of a multi-finger turn-on NMOS
ESD/driver device 100 of the present invention. FIGS. 2A-2C depict cross-
sectional view layouts of the NMOS ESD/driver device of FIG. 1, along



-6 respective lines a--a', b--b', and c--c¢', and should be viewed al ong
wth FIG 1. The illustrative enbodinment in FIGS. 1 and 2A through 2C
provi de awbapgmods2s or provi di ng sinmultaneous triggering ofectriesozeieds pl e
fingers of the NMOS ESD/driver device. The illustrative |ayout

advant ageously affords greater circuit Zg.design versatility. For exanple,
the fingers of the NMOS device may be split into a first group of fingers
activel y usedpéctivierimesai-ral) b+i€, apécati, and shiodidbe siesvaudalgng withdflG.ilnger s,

whi ch ] d used ' d fi dur - d
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sufficient to safe unt a certain anmount of D current to ground. The
| ayout al scE@Palriveéedevice. Tkaillugtrativailayautadantageously affordsigreater tiregjer s

i.e., both,active a sive fi . ' | .

'Elachni gues dqsrlg:rlr éﬁﬁsﬁgﬂygﬁqfi?\ﬁ{fa@'%?gﬁéF'ﬁég%g"j@gﬁ%@?h@eﬁ?ea?ﬁgbf%%@%rs, or
external SURgd 4 At gr&h@éf ﬁﬁl%é?é aealdly isad idueingnoriel KIbpératibe, 4nd 8.
P-substrate) formed under the well 15 and doped regions of the fingers. The

NMOS devi ceSexnondigsoup of fingerisy whichcsgnassiyeandsad aypassye (dmay) i ve dri ver
fingers als s i | ' - I C

condi 1 ons, Mgt SUbBY g et fG oliehe b LSDents, BOM BRSERE 15 1

nor rrg! ci rcfin _r@pﬁd&hépasgueiﬁnlgem_ hweduiwddtc@eumhdbtamiuis/e altotsledenviben ”]E ages
are discussed in greater detail with regard to the ayout views o

FI GS. 1l@ncsizathatis guffigient tygafely shupt @ agouphef lg,gptqd/rqug@%gr oYGdos
device used in vpri ' | | ]~ to
IS 3 13 Ret el yoUEap drbiidedforkal SIS BRE olfh B IRORNGTS T o
is formed @ehdodimactve gngdaassivelfinger groBpskby vaieuy sltarnaledschiiques) . Each
finger 110 . 25 conpri.ses,a drai.n fipger region 112, a spurce fi r region
114, and a 'Bﬁ'f"g"\gn@@h?n?%ﬁ?(@ﬁnqlﬂﬁte E&gnglofi‘c{bp[ﬁggpﬁ, A & rB%‘pﬁu@PB’gger ain
finger regigasingt selflbigsiag of He2dubsiaits . f PRUBEIraRY Femted ddderithe Qg 1141,
and gate finger regions 1161 through 116f, where the first drain, gate and

sour ce 1&gi anbdoped regioms of thedingers 1 The NiN@Stdevige 10Giscfully dover 30 Referring
oo S n2miohEalie, ReBRRePALRS ekPBEEMERE AR Ee AR Yunflo S
P-wel | 104 sidesdtivhtdudingndripelerid ICocaraiitions), ivile attieg @stattile heesistagi on
116 (e.g., a polysilicon gate region) is disposed between the drain and
sour ce and nof interfering with normal circuit operation during powered-on IC
conditions. These advantages are discussed in greater detail with regard to the
20 layout views of FIGS. 1 and 2A-2C, as well as in the context of the multi-finger
NMOS device used in various circuits, as shown and discussed with regards to
FIGS. 3-13.
Referring to FIG. 1, a plurality of fingers 110, through 110, is formed
substantially parallel in a P-well 104 (see FIGS. 2A-2C). Each finger 110
25 comprises a drain finger region 112, a source finger region 114, and a gate
finger region 116. FIG. 1 illustratively depicts drain finger regions 112, through
112,, source finger regions 114, through 114, and gate finger regions 116,
through 116,, where the first drain, gate and source regions 112,, 114,, and
116, form a first finger 110,.
30 Referring to FIG. 2A, the drain and source finger regions 112 and 114
are formed from a highly doped N+ material, which are disposed in the lower
doped P-well 104 substantially parallel to each other. The gate finger region

116 (e.g., a polysilicon gate region) is disposed between the drain and source



WO 03/ 005523 PCT/ US02/ 20605 -7 finger regions 112 and 114 over the P-well
104, as well as over a thin gate dielectric layer (i.e., the gate oxide).
As such, wopenoisen of the P-well between the source and @caiusoi/2sger
regions 112 and 114, and under the gate regions 116, fornms a channel
region 127 (e.g., channel regions 12716_7a_md127f6 shown in 5 FIG 2A) of
the NMOS transistor. Each drain finger region 112 further conprises a first

plurality ofndat re@@ﬁ@dm%mdom dvedthé PLRER B4 SESIWell dshvePanin gdte4, where
each P+ region 120D fornms a |l ocal substrate tie. For exanpl drain finger

r eg: on 1121diglestic leger (Re., the gatmexideh DAY sueh,cupertiop e the PSN&'IebQWQ%nCh
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region 116. I n other words, each drain finger region 112 is forned by a
plural ity of1Gid)ef gy NS trensistehat are connected together, and where a

ti P+ | | ' i i t 15
1226. For - exampl S e, Qe TeRrCLEPRA DOEREs 800 L STl s 122
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that the sulf5¥ iadpca-.-qybs At tiey: FPLEXRIPPiSy A3)N fRgR redlp UGS Sour ce
regions of jdagorisl FIT5} ShRSugh mtgmt,.hsrlénmﬁéhaﬁ iSofdtRINSTES114 is provived d”

represent integers greater than one. 20 Likew se, each source finger region
114 fur iberaroungreiashsulistratesie p2Qyalthergby segmentiog each ggaivrfingepdd< into

i nterspersed |n_the.P-well r h, 2+ regio ocal
substrate t@g!urglbty OLQB%SSQ']‘%& igiftﬁhog@?] 1%@! \gﬁ%ﬁaﬂ'? ﬁgc%ﬁfigieﬂ@s@e&érr egi ons
120s" t hr ougdarRe Fhre regicn 198! i otheh words, addchrdraimTiinget ¥8giohst 12rigvi ded
around each substrate tie 120sfm thereby segnenting each source 25 finger

114 :néI o a formedibna plyraldy of deair sgampnts 122 thatarergnested togather, and al |
Poper toabRfha P oga GG, 9 iopb e bilecPlst asitbadfint
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each N+ dr alDf and “S” respectively refer to the drain and source regions of the transistor,
and the subscript references “f, m, and q” represent integers greater than one.
20 Likewise, each source finger region 114 further comprises a first plurality
of P+ doped regions 120 interspersed in the P-well 104, where each P+ region
120, forms a local substrate tie. For example, source finger region 114,
comprises P+ regions 120s,, through 120g,,. Shallow trench isolation (STI) 118
is provided around each substrate tie 120, thereby segmenting each source
25 finger 114 into a plurality of source segments 124, through 124, which are all
coupled together near the gate region 116. In other words, each source finger
region 114 is formed by a plurality of source segments 124, that are connected
together, and where a respective P+ local substrate tie 120, is disposed
between each source segment 124,. For example, source finger region 114,
30 comprises source segments 124,, through 124,, having the P+ local substrate
tie regions 120, through 120g,,, interspersed therebetween.
Accordingly, a plurality of diodes 125 are formed between each N+ drain
segment 122 and P+ local substrate tie region 120, as well as between each N+



segnent 122 and P+ | ocal substrate tie region 120, as well as between each
N+ WO 03/ 005523 PCT/ US02/ 20605 -8 source segnent 124 and P+ | ocal

substrat ewDI0g/0038g3 on 120. FIG 2B illustratively depictsPdrases2kasd, .61
12526, 125f 1,6 and 125f,6 formed by P+ regions 120D and drain regions
122. It is noted that each gate finger rgegion 116 is forned between the
drain 5 and source finger regions 112 and 114, and parallel to each other.
It is furthwurcesé@iehh®24 ang P localasubstiats te fegigen 206 FlGN 2B Iustrativély4 may

be shared by two adjacent gate finger regions. For exanple, .the source
finger regi 'C:’Lt§411°q9§1%51a:r&§zbé%e@'@d]e%1efﬁ’”’§§t@’ P?ﬁg&'P”?é&BgﬁE‘dllm and

1162. Recal . q; fdhg uni formturn-on of nulti-finger structures, the
vol t age 1odr95‘|t%§ a U[%e’ second finger breakdown WVt2 nust exceed the

triggering vol t dyis ndted tidt ddch gade fisger reg®nT! 16 srferrmed betvdeen thendnam
technique to jncrease the trig Ltage, Vt2 is b ddin al lasting
resi st arte,@ .599“63'"9%%%%?”@&&%#&? Harq@gﬁtloa%qc?\[%hng 'sst‘)"f{@\.eﬁg
and/ or the g8 @eatePEsREE aht &ahﬁin‘g@a%gian Imzvath@{c NEiagbe YhdrEd Byltivel de

bl ocki ng. However, the additional_ process steps for thé local 157silicide
bl ocki ng aradjacantigatefidgémegionsoFofiexampleydbe soume fiutder cegind 1tldeimi que of

I ntroduci ng  m cro-pal |l ast.ing .resi . / or to each drain region
122 and/ o?s%ﬁ‘?gg&%‘ﬂ]% a %Qﬁeﬁhgﬁ'c@ﬁggr@@%ﬁa e acconplished by
so-called activRegllg Basuranifoemalirnt6re oNhult-fihderlstdichirds othesaiitage T €gi ons
124 and/or by back-end inplenmentation of resistive ballasting el enents

(from t K¢ ovdlue ahthesaeconddingsr brpakdower\a, st axeaeg:thgtdagering valtagegVi s
ed. . oo T : Sk _ "
pr ovi de t&‘?hgﬁgrﬁﬁédﬁ% rt]ﬂgzlrsmgtﬁ.n d')sriﬂflgor'rlpno[ﬁ"tre%hl‘ahertq_ﬁﬁec?kﬁé’%yg\?]@g@}S eac

being fed by a I'fmte con contact's. nd source
regi ons mayvaitageVisisdyyaduing ballastingiresistaihed, eighdreingremsinglofthetdraincost | y
silicide-Dbl ocki ng{ steps. Referr] n%o FIG 1 0Erefe ably, mcro-ball asting
resi stors FESTARf} tRGals 8Paciag BPEAPF HagiSPWCE SORtaghto ga ?P%W&Q LA nent s

122 and 12%}4 S@B'?Eeg"??“?’ﬁ' Iajé\k@vef%e saaiﬁeligpprbe@ssdét@bgf BBada 122"

t hrough 12 rain finger 112, respectively conprise
bal | ast ifg siksde blockingkireé dostlyagd krRowg.for Beld loasés: An efficient tesbnispgneint s

L o LA Bk alaei e AeREed K ot SETPEEH i 1227 °°
provi di ng sgid/besQitte Padibas4'Feachdmnger e Prayt e Bbtdrplishad by o6-caRad r ent
spreading within one finger. For a detailed description of
active area ballasting of the N+ drain 122 and/or source regions 124 and/or by
back-end implementation of resistive ballasting elements (from the silicon
20 contacts up). Where the active area ballasting is provided, the ESD current is
confined in parallel resistive channels each being fed by a limited number of
silicon contacts. The N+ drain and source regions may alternatély be fully
silicided, thereby avoiding the costly silicide-blocking steps.
Referring to FIG. 1, preferably, micro-ballasting resistors Ry and Rg are
25 provided in both the drain and source segments 122 and 124 of each finger
110. For example, the drain segments 122,, through 122, of the first drain
finger 112, respectively comprise ballasting resistors Ry, through Ry,
Similarly, the source segments 124,, through 124, of the first source finger
114, respectively comprise ballasting resistors Rg,, through Rg,,. The
30 illustrative technique of providing sufficient ballast resistance helps to fulfill
uniform current spreading within one finger. For a detailed description of
providing ballasting resistance, the reader is directed to US patent application
09/563,141, filed May 30, 2000, which is incorporated by reference herein, in its



provi di ng ballasting resistance, the reader is directed to US patent
application 09/563,141, filed May 30, 2000, which is incorporated by

ref erencewbas@is23in its WO 03/ 005523 PCT/ US02/ 20605 -9 extriuser/gn6one
skilled in the art wll recognize that other techniques to enhance ESD
robustness of the NMOS devices include g licide blocking or a fully
silicided NMOS transi stor device. The drain segnents 122, through 122qg of

each res IOeCéritN@tyd r@h@slhllétﬂlﬁf theqart Wﬂ!l regoddize altist &b@pﬂe@ﬁnmuasa@eahammal
netallic connection, such as netallic connection 130D1 thr o%{gh 130Df . The

metallic ccﬁﬁ@d?b%nﬁﬁ)mtﬂeWM%d%GQ inclyde giligige BlPoKNGRIA WY ai n segnent
122 via Coﬁl?c%esd NR/I@S tra?'lgnstt@rcdleﬁc%l affi xed to each drain segnent 122.

Li kew se, source segnent through 124q of each respective source
finger region lIIZheadnalrcselgmedtS\fIZQ ahnm'gbl1l2|2§ of Baci respecctive draininges
metallic connect 130s, I%(s;rou connect i 0[1§1305,

t hr ough 513689'0& %rt?p‘l’%’cp vig e’éﬁﬂ%@‘%@@ﬁﬁﬂf‘nﬁ@@r\yﬁﬁm asrelet’s (e. g.

contact 1413bhegfibn 180, tArRRAHM FRUM TR AREIRE Eodrdbtioh™ D SthrédGwdBaENt . the
metal lic connegtflons 0DL through 1300 of the drain r&yi on(s@@llzDf as wel |

as 13051 tmremhplmusmam drain mgnn@m ‘r2égvlar¢9nm te.g.. coigstidlplly 15

coupled to t d, 20 and to n

enbodi ment safﬁ’f cHocé draén S%Q{Be%t gg)#r E% ﬁlen% rh%'g?g%gﬁgsuifﬁqh

regi ons forfpMeficaeh résstctive 8dude0tiger réguohhth“rald@ubwag\ﬁa o @etalies 112 and
120sfm of the%source finger regions 114, are coupled via external coupling

such aslOretegnnestienavshtasomstalipconnectiorR 130sdhrsah iy The mstalie nal

Vi o cont act @Rt o8t OB e dofpre (o Eth dothee SoRieRffo2 5 07 120

external nmedortadts (égrl,rwnitaclﬂmgﬁpafar(ed twaattedolicesegment 1<2@1pdd oneegi on 120
via contacts 142 (e. contacts 142D11 d 142s" gffirﬁﬁd to .each P+ doped
regi on 120)empﬂd'mﬁ"§ t&‘@dﬁﬂ@"'&r?@ﬁﬂ?ﬁ%‘?ﬂ“ threpgh J20orRE B¢ drain segions

connecti 0“11?%3‘:\9& &1498! %r@@hdléd) cﬂ“}gé‘gﬁgrc%llr%gkjﬁ 1 é‘t‘e l%%%%&tfv%‘ig?at | es

120 of the drain a sout'ce frngers 1 toget nd 2C
illustregi vcﬂjqplemm/\themo patd &0 and tbg:@nndd@pbecﬂurttherehm$etisn the e tie 120.
It is noted tBaé. th kggg#qsubst ate ties 120 provide a nechanismto
enabl e sel f&BPSY F t Iti-finger NMOS device 100. That is,

; pled fgzl Ogma: | S@Hnraﬁwthte'Iﬁﬁeré;?é?seenfmcdbpﬂdere@mefehﬁmgttﬁe%&mItlebyu 20pt al
of the drain finger regions 112 and 120, of the source finger regions 114, are
coupled via external coupling such as metallic connections 132. In one

20 embodiment, the external metallic connections 132 are coupled to at least two
P+ doped regions 120 via contacts 142. In a second embodiment (as shown in
FIG. 1), the external metallic connections 132 are coupled to each P+ doped
region 120 via contacts 142 (e.g., contacts 142,,, and 142, affixed to each P+
doped region 120). In this second embodiment, the external metallic

25 connections 132 form a metal grid to connect all the local substrate ties 120 of
the drain and source fingers 112 and 114 together. FIGS. 2B and 2C
illustratively show the metal grid 132 coupled to each substrate tie 120.

It is noted that the P+ local substrate ties 120 provide a mechanism to

enable self-biasing of the entire multi-finger NMOS device 100. That is, the

30 local substrate ties 120, which are connected together by metal grid 132, will
distribute the local substrate potential increase resulting from a local drain-to-
substrate junction breakdown. The increased substrate potential distributed
around the structure will lower the triggering voltage of the other fingers 110 to



distribute the |ocal substrate potential increase resulting froma | ocal
drain-to- substrate junction breakdown. The increased substrate potenti al
di stri butwo o3anssand the structure will |lower the triggeri mgTasot/ages of the
ot her fingers 110 to WD 03/ 005523 PCT/ US02/ 20605 -10 provide a

si mul t aneous substrate self-biasing, g t herefore ensure uniform turn-on
of the fingers 110 of the NMOS device 1 8 Mor eover, the substrate ties

120 (via t Fmomb@i sﬂ’fdll‘éné@@é substrate sblfrttlc‘mm cantpiredefore ensutesinifatre bi as
generator, which will bias and swrultarslencge er the fingers 110 of

the 5 NMOS taervpe@fifamfnmféﬂéos@ pe NMQ 1@% Mfyipeyarsthe sisiraton | s
utilized, ty 'n’]"élﬁ unmy ESD
fingers) or tb%oﬂ%}egﬁaeﬁge(w%?alg?ﬂ?&%)ve dt?l \‘il/(}erﬁ1 [ ngg @%Q%Féteégi |s€er (not
shown) . Al tgenenbier ywhichevith bisssaridl§innitanebiesiy tngger Bsfihgerset 10 ofethebe
connected t the rid 1 2 of local substrate ties 10 120 for further
enhanced® r JAMQS BRVICR 100 trigger voltage. The external connections to the
drai n, source, | 1 f, are
deacribed 1 n T ur Thers SErRRIRNPaIAC updatenes s RAISAY tne gatia IS oF
nunber of feéauhdirgerd 10meagbeigreumdsd (ferfdmmew WW)&I cmmen@ﬁ (fcnryepl cal |y

f 1 | e f
rlzigggf [ﬁ? ?qq'lvﬁéjt”rvﬁf F'U%grﬁﬁ/?%a(ﬁ’é‘?/"d{%erl%?ﬁb%wﬂi)& n%tﬁ dr"zégg ets') |ﬁc50 groups
of active aRd diimrmy ﬁSDﬁﬂI{gérs Ay deSRpPactedtbaHé Griat132 dfdosallsubBlratel tigvger s
of the NMOS device may a

be dedi cated as active flngers while in a
third é@rbommtfurtlweenhﬂnpegwequtwgénéh%irlgg%vmm débeexterod may all be

dedi cat ed r evi ce
To0 Tor 50 Bt o B, S8, hAfiaRfe fetforls M2 E14 kMRt
fingers varﬁr@@rfmorarembnb@d irofurther detallibetdw with r'ébatd {sFIGHe8, tQuaadaEhd use

of the ICC|rCU|try dictates the apportionne re nt s tive and/ or
dumy fi ngers) ofhq REMPeR gEfiRIss In f'%ee’l\ﬁmn'ﬂp F‘Q@fm{)g% mayor

exanpl e, ymr 7 dlec180ﬂ1 R)f3(5 ﬁﬁ er@r gﬁgﬂgl cat Heﬂf‘ tﬁ@Ynulllﬂ)IH%g@Fé vely

have twenty ere as acfive drivér fingers
coupl ed1so h1mobtherlllumratlverNNIG$ede\ece1na®rageaaporplased\(eplft) integeoupsrafe as
dummy ESD fingers

dumy 50, LIRS e e e &Skl bR 5, . o e s
1[n| ﬁr onmet ‘i‘rlgl)JMd@@eﬂéb'Hﬁfall BeldtRicatéd aWabhvé fIGGErs wRilé ph thike nunber  of
gers groupi ngs of fingers as bei n;\;;/1 ) g J
embodiment, the multlple fingers of the NMOS device 100 may all be dedicate
as dummy fingers. Apportioning the fingers of the NMOS device 100 is
20 application specific, where the number of active and dummy fingers varies from
application to application. That is, the type and use of the IC circuitry dictates
the apportionment requirements (active and/or dummy fingers) of the fingers of
the NMOS protection device 100. For example, an NMOS device 100 of the
present invention may illustratively have twenty fingers 110, where 2 are
25 dedicated as active driver fingers coupled to a pre-driver, and the remaining 18
passive fingers serve as dummy ESD fingers.
It is also noted that the size (i.e., width) of the fingers 110 may also vary
within a single NMOS device 100 (e.g., 20-50 micrometers). One skilled in the
art will recognize that the number of fingers 110, groupings of fingers as being
30 active and/or passive, and their size are a matter of design specification. That
is, the total active finger width depends on the required functional drive strength,

while the total device width depends on the required ESD strength.



30 active and/or passive, and their size are a matter of design
specification. That 1is, the total active finger wdth depends on the
requi red worsdzsaal drive strength, while the total devi eeTwisdt/becdepends
on the required ESD strength. WO 03/005523 PCT/US02/20605 -11 FIG 3
depicts a schematic block diagramof a_pprtion of an integrated circuit
(IC 10 having a multi-finger MOS device 100 and ESD control circuit 300

of the present iFFIGGth?lbts'ﬂ&r@mermod:mmegtémmflat;idrtizlesf an fitbglited
components of _the |C 10 for nor nmal @ilrguit,operatio as we
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i ncl ude an at | east one sup Ine (e.qg.,
VDD 90 and th@Dg 1@1for whemal cirduit aperatiane gsrwelbas additionalESD pedtection

ti By it 00 d X 901. It [ ted. .t hat
Darnai t 1% it EAERIS Sat Pes el copatians 1M Padichiar: SUMSOTIRER 10 and
coupl ed reﬁﬁeqeiwmyeob&&wgom opéPation igbmae% PO D 20! HprE2driARG0BUPP! Y

line 91 and ground 15. The pre-driver 600 and an optional PMOS driver 700
are al so catdeakironeé supply lie (ehe., NOILYED ang \IpPx&1i, winece Xdsianiyteg®he ESD

protection cirgcuitry includes an . | { i~ T r eyj ce 100
(i th act i Vel gl i'ﬁ@%‘?‘éﬁ%ﬁﬁ%&ﬂ%g@%@%FPBPBg%é’dc&?%P? 100, The
ESD cont r olis fioted/iHat pERsHYEHP/6rs20, FSU0 ded €1,090 Bafb illastrativelyoformetr ansf er
circuit 320, an optional voltage limter 330, an optional pre- driver

cont rol 1@i rang eowned respechyely Heaves)t hensHnply lire PQ@pdgrannd 45qard supply
Ref [ to R | i . 20 d
o bons 12, "R g nudify N 3167t P00 anG AR ERBEURSS ciDe P 20 =

I s coupl ed dretaies Bordiderdngdry of theeovimal BD operdtioheineaifryl 0. The ESD det ect or

310 is coupled to the pad 20 and ejther volta ply |ine_ V 90 or VDDx
91. The ESD det eti®F @rqt%CtPGrQ'WHFWdBGIHp@ﬂa(‘ﬁ%BT aﬁ@g’ﬁé mMusi-fingeryr ound

| st 8 ' ' ; i : S, ' t wh
2" darmy priVEE YEHc 00 UEGE SRR A By HDE g B S EORITET (he

NMOS 2518leveineit B0, TheeEESIrardtat cirouit 300 comprises RorESD Yeteato 314 an ne 31)
L oo et 8t 50 S e RSB S B e 1> T
transfer cidgudricod#8l araitsud, 288 dptiBhhegrodRdihgreseidis 800 amardomg nor nal
circuit operation. Furthernore, during a non-powered |IC state and ESD
event at the Referring to FIG. 3, the NMOS device 100 is coupled between the pad
20 and ground 15. An optional multi-finger PMOS driver 700 (drawn in
20 phantom) is coupled between the supply line VDD 90 and the pad 10. The ESD
detector 310 is coupled to the pad 20 and either voltage supply line VDD 90 or
VDDx 91. The ESD detector 310 is further coupled (via line 30) to the ground
resistor 800, which is further coupled to ground 15. In an embodiment where a
dummy pre-driver (not shown) is utilized for ESD dummy fingers of the NMOS
25 device 100, the ESD detector 310 is further coupled (via line 31) to a second
ground resistor 801, which is also coupled to ground 15.

The ground resistors 800 and 801 guarantee that other components (i.e.,
transfer circuit 320 and voltage limiter 330) remain off during normal circuit
operation. Furthermore, during a non-powered IC state and ESD event at the

30 pad 20, the ground resistors 800 and 801 provide the necessary biasing for the
voltage limiter 330 and pre-driver control. Additionally, one skilled in the art will
recognize that in an embodiment utilizing the optional PMOS driver 700, a
corresponding pre-driver (not shown) is coupled to the gates of the multi-finger



30 pad 20, the ground resistors 800 and 801 provide the necessary biasing
for the voltage |imter 330 and pre-driver control. Additionally, one
skill ed iwotohmozmes wi Il recognize that in an enbodi nent w®CirltisSa2/eng03 he
optional PMOS driver 700, a corresponding pre-driver (not shown) is
coupled to the gates of the nulti-fingeyoWO 03/005523 PCT/ US02/ 20605 -12
PMOS device 700 in a simlar manner as s%own for the pre-driver 600 and the

NMOS t r ansi BMOS device 0000 a similaomahhgr ag Brown dtwstherpreidriver 6068 2ditke coupl ed
bet ween the ESD detector 310 abgd ground 15. The optional transfer circuit
320 is furtNMOZ Bapsisterideviage10d NMOS device 100 via line 40 for the active

fingers 153 and pMj ljne B lESive odi nment
where the NMOS d(g()/ﬁ%r#eélgogl%ltéoﬁn)sg?'it@gcstﬂcasc'ggégp[épanm s?é?‘ie nge%agﬁe%{m7), t he
optional tr3téed goourclib. IheioptionaltmErester circuite820dp durtihdvia® uptesthtoi theor  of

th d | St fa i 44, || I di h
opt 1 onal 5voNMAS Bvieeciod viaine 4h Tar s atedRgRes Tt sBbEn 4 T TRr e anc or
circurt 320@@&99%8%53 1892ln &R enidtRiiheANThere theININWS dévle HBpcoupl ed to

the vol tage “ter 330 via lines 20, 21, and 45, thereby liniting the
vol t age f orcarnprisassgascoded transistarsi(ses FIO. 7)4the aptianal trasstavccuitidlise 100,

and the volta | mter 33Q..5urther | ed . The e-driver
600 i's cpup‘l’qé‘gﬁ?d){oc Wg %M@& t{%rbs Sete/b&t“glcaéﬁég?(ﬁkg}*ggto]grgy baslr'hﬁ Ji)‘i'he
active finggrsn aterhB®e &iMbBdimsatitcheldflionapvdliage likditer\¥BD mal atso et i onal
transfer circuit 320 and/or voltage limter 330 are_provided, the pre-

dr ijver ;6@0 provigiedbetwapn die transfensiieuibd20 gad weund he (Thahiss Be Eangder + 320
t - _ . I
o ol S Ao LT S B, S

pre-driver 'S € passive fingers'o
devi ce 100, limhitiag 28e goltage for ¢hel reéspective comngdtieds 40, 41| 44do tHis NMOSode 313

bet ween the tran r ircuiit 320 .an Qltage |imter 330. opti onal
pre-driver device 368W1@ vQltagsi %%%%H%}Lﬂﬂ@rd&q‘l\? t@(ﬁfoaﬂgqgroﬁnd 15. If
the optional voltagrd b4 B0rRLoubfed otk dhHply'Viagl /3K 98/arkARE! Ol 500
Is al so coupled to e voltage limter 330 wg l'1nés 50 (for normal
pre-driugr @awey ohtke sdtivef fingets ofithedNMQS device d00)via fise AOr t\Whereothe, t he

e T s G i e
For the dungive?e00dsiafey céiiffled fo & indtlk &1208MWMeeh ited trisies ched@y 82@dnd The
configuration and connectivity between the above-nenti oned
voltage limiter 330. Where a dummy pre-driver (part of the normal pre-driver
600 in Fig. 3) is utilized for the passive fingers of the NMOS device 100, the
20 dummy pre-driver is coupled, via line 41, to node 313 between the transfer
circuit 320 and voltage limiter 330. The optional pre-driver control 500 is
coupled to the pre-driver 600 and ground 15. If the optional voltage limiter 330
is provided, the pre-driver control 500 is also coupled to the voltage limiter 330
via lines 50 (for normal pre-driver 600) and 51 (for dummy pre-driver 600).
25 Furthermore, the pre-driver 600 has an input line 60 coupled to further
functional parts of the circuit (not shown) as required to fulfill its regular
functionality. For the dummy pre-driver 600, a similar connection 61 is provided.
The configuration and connectivity between the above-mentioned
components of the IC 10 and ESD control device 300 of the present invention
30 (as illustrated by the blocks of FIG. 3) are defined in various embodiments in
FIGS. 4-13, and are discussed in further detail below. Circuit analysis is
provided for normal circuit operation of the IC 10, and during a non-powered
state of the IC 10, when an ESD event occurs at the illustrative pad 20 of the IC



conmponents of the IC 10 and ESD control device 300 of the present invention

30 (as illustrated by the blocks of FIG 3) are defined in various

enbodi nerwe 031005583 GS. 4-13, and are discussed in further aeraiso2/sbodw.

Circuit analysis is provided for normal circuit operation of the IC 10, and

during a non-powered state of the IC 1_3 _when an ESD event occurs at the

illustrative pad 20 of the I C WD 03/ 005 33 PCT/ US02/ 20605 -13 10. The

fol | owi ng ethoThetoliowing ehitdiments-dfitng etultNibgeBSM QB &S pratectiatevi ce 100

must protect the circuitry of the IC 10 durjng an, ESD nt under
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nAfﬁP‘?’?y 4 %rﬁﬂtuﬂ@. MbFRSoVEH derlng rﬁv'\tngﬁ?l tHP]@%éi@ﬁ dfhe i@QPE(Pﬁ.é

control 5 cir must not 1 nterter peration o
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i nvention. 10 The ESD detector 310 is used to derive a bias signhal and
provi di ng atermslof inofrabpowergdrorplC pperating asatnarepowersdléyeperation duing ESD
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parasitic cepastidaeh ethbbdifent opMeyinbéntiom. Coo 900 and Coo, 901 (e.g.,
approximately 10 pico Farads to 10 15 nano Farads) are charged such that

the suppPy | i nesTheBSEhdeliestorIiR is used ixderivea biaresigngland piayidingaent i al |
which is ab : t ' I to a
unich 1S, SRR TS, dapsiine oS TERATARE e BED berchorstd 10 2
det ect or 31€erisestthe weduméfce F¥ham ESDeew D to ¢tepad 20. Bénerally,rdugini gh st ate
and is turned off, the

) d 20 is d | ed f he t f 20 ci It
320.  Nor eovBATMalicioNk gRSTAlioN ecl 10 SAPwRIEd AIkbemasaghe capagiar 688 f r om

the ESD detﬁgq?yf |ir$ésoﬁgﬁgg§r%§lb%g?oi he.&: pRORMRREAM Eibb%rédslépmlnd the

active, as as t I ngers of the N evice 100 w |l not
i nterfend wiarno Famds)ermthangedauicbihatfthe isepplg libes FRID (WeantbVBPX Gt ge acti ve
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gﬁpaflh ; OL Z r ggi@?ciief:teéto%lo iPBUlleWtord highlatarefor nbhaal diftaitldpetdtiorsamin power ed
one embodiment, the ESD detector 310 is turned off. When the ESD detector
310 is in a high state and is turned off, the pad 20 is decoupled from the transfer
20 circuit 320. Moreover, the transfer circuit 320 decouples the pre-driver 600 from
the ESD detector 310. Accordingly, the ESD protection circuit 150 and the
active, as well as the dummy ESD fingers of the NMOS device 100 will not
interfere with the normal operation of the IC 10. Furthermore, large active
circuitry (not shown in Fig. 3) is typically connected between the supply lines
25 VDD 90 and VDDX 91 and ground 15, and in parallel to the parasitic capacitors
900 and 901.
During an ESD event when the IC 10 is not powered on, the parasitic
capacitors Cpp 900 and Cpp, 901 are not charged, which couples supply lines
VDD 90 and VDDx 91 to ground 15. As such, the ESD detector 310 is pulled to
30 a low state, and in one embodiment, the ESD detector 310 is turned on.
Additionally, the active circuitry may draw some leakage current that is strongly
depended on the applied voltage at the lines VDD 90 and VDDx 91 (the higher

the applied voltage the stronger such current). The leakage paths from such



capacitors CDD 900 and CDDX 901 are not charged, which couples supply lines
VDD 90 and VDDx 91 to ground 15. As such, the ESD detector 310 is pulled to
30 a | ow wpaBmyssand i n one enbodi nent, the ESD detector 3PQTiGs0r/206n£d on.
Additionally, the active circuitry may draw sone | eakage current that is
strongly depended on the applied voltagg at the |lines VDD 90 and VDDx 91
(the higher the applied voltage the stronger such current). The |eakage
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bi asi ngl0 15thedayaujef FiGt his preferablyngsadsin cepjunglion mdthdhemaptirsBSO nger s)  of
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FIG. 4 depicts a schematic diagram of a first embodiment of the multi-
finger NMOS device 100 and ESD control circuit 300 of FIG. 3, including active
20 and dummy fingers 153 and 151 of the NMOS device 100. For a better
understanding of the embodiment, FIGS. 3 and 4 should be viewed together.
Additionally, for purposes of clarity, the active and dummy (i.e., passive) fingers
153 and 151 of the NMOS device 100 are each shown as a single transistor
device, however, one skilled in the art will understand that the single shown
25 active and passive fingers 153 and 151 may each represent multiple fingers.
The multi-finger NMOS transistor device 100 is illustratively shown
having ballasting resistor R, and Rg by active area segmentation or back-end
ballasting at the respective drain and source of the NMOS device 100. Recall
that in FIG. 1, the ballasted resistors Ry and Rg were formed in each drain
30 segment 122 and source segment 124 of each finger 110. Furthermore, FIG. 1
illustratively shows that the drain finger regions 112 are coupled to the 1/0 pad
20, the source finger regions 114 are coupled to ground, and the gate regions
116 may be coupled to either ground 15, a pre-driver 600, a local substrate



havi ng bal |l asting resistor RD and RS by active area segnentation or
back-end ballasting at the respective drain and source of the NMOS device
100. Recawboshes3in FIG 1, the ballasted resistors RD amrdTRISome06es f or med
in each drain 30 segnent 122 and source segnent 124 of each finger 110.
Furthernore, FIG 1 illustratively shoyg that the drain finger regions 112
are coupled to the 1/0O pad 20, the source finger regions 114 are coupl ed

to ground, geklupher gbiae gergirats, aslitaisaussbe it furter detall selowenittpregand 15, a
pre-driver 600, a |ocal substrate WO 03/ 005523 PCT/ US02/ 0605 - 15 pick-up,
or a bias derRachiaihe gmbogiments, &aspurppsesficonsistansy ansetiaiiywiieh r egar d
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desi an. _DOgAlifg RSO, of Winadndiie tRinsldie ddsigd. Lhe NVCS device 100 may

conprise e tlve an assive fingers NMOS devi ce 100
accommodat es norlaepenﬁlm@ontthe)pe]%andauselbétﬂeH@ Htthe AMOSydedce 580 may | e 10
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i ncludes  bgddonifedaetineemangralitepersidn Viartbe metivéingard 1531 wiiilet he

mul ti-finger NMOS transistor 100, as discussed in detail further bel ow.
Referri hg tignevingsthespassivesESBdingess 151 106 the muki-ingerdMQtrapsistes 100 nger

15 110 of t i d 20
and gr oundB %%\%tﬁ 59?9‘1%9'15%&5"3 p:&@%teo?%st%gé’ Fg'r%glt %Eﬁﬁ%'ﬁ |h?9d8§ be
provided bissthakRe ative angddushnhy BESDAMYES 156(hrtdh’E51oaﬁthEGnurfkfm@SM@Sect or
310 conprises a back-end ball ast ed res# ance PMOS transistor 311, having

the source ENF$EH10Q s dispuzpeslin detail IWEthEF BRIOWor the 20 nulti-finger NMOS
device 100. In gﬂéfeﬁllﬁr%f/‘fd"ﬁlt@ %@H&ihrfsgétheff hee QMR anbrﬁ“@bébPéaéiLﬁngﬁ@ry be

silicide blocked to intrease its intrrnsic ESD robust ness. In a second
al ternat® ettbdf mmMQ&deWMOOnammbvelsaEOUpiayl bedween tye pad 2Z0cinded t o
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The ESD detector 310 comprises a back-end ballasted resistance PMOS
transistor 311, having the source coupled to the pad 20 and the drain of the
20 multi-finger NMOS device 100. In one alternate embodiment, the PMOS
transistor 310 may be silicide blocked to increase its intrinsic ESD robustness.
In a second alternate embodiment, the PMOS transistor 310 may be fully
silicided to provide ESD hardness, although at a typically lower level of intrinsic
ESD hardness with respect to the silicide blocking embodiment.
25 The gate of the PMOS ESD detector 311 is coupled to the supply line
VDD 90, and the source of the PMOS ESD detector 311 is coupled to the pad
20. The drain of the PMOS ESD detector 311 is coupled to the gates of the
multi-finger NMOS transistor device 100 via the optional transfer circuit 320.
The PMOS ESD detector 311 is used to derive a bias signal and provide a
30 multi-finger turn-on for the entire NMOS device 100. The PMOS ESD detector
311 senses the occurrence of an ESD event to the pad 20.
As illustratively shown in FIG. 4, the transfer circuit 320 comprises a first
diode 321 and a second diode 322. The first diode 321 has the anode and



VDD 90, and the source of the PMOS ESD detector 311 is coupled to the pad
20. The drain of the PMOS ESD detector 311 is coupled to the gates of the
mul ti-fimyero3mpdd® t ransi stor device 100 via the optional tPcansbzeoces rcuit
320. The PMOS ESD detector 311 is used to derive a bias signal and provide
a 30 nulti-finger turn-on for the entirggNMOS device 100. The PMOS ESD
detector 311 senses the occurrence of an ESD event to the pad 20. As

i | lustrati veithoddapettively &uﬁled&dﬂﬁodeaﬂsfa&fd toirioddl 31 B Ahicloigfurtbes a fir st
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short fromthe P Eglezdet ctor [ es d I ver 600 is
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(shunt) resypheF chipidd td m@gategbpthm\fd Surhnt 16% of ¢hepl ed
bet ween the cat hode of the second diode 322 an groun 15. The shunt

resi st o0 sOYMQS d§\é'§et1@060upl e the passive dummy ESD fingers 151 to ground

15 15 during noryml t r (at
node 314) Tor URE nipd Hittre0RTiY IRbiEo bR IRPAGHTHEDIMATIST, (R (3
event. Dur Igmunor(smlnt):resislolt R@&0dr(atg. pappmhmaietyat:tdmo KaohmPBcduplechar ged,

t hereby holding t ate of the P ete r at the potenti al
of VDD), v@ﬁ%’ﬁenéh%g@ﬁ‘ﬁ’gﬁ qu%S%?Ofkdq&aﬂe&?Q 3{5’5) %(S’Pgﬂﬂ%al-r kg shyit grain and
sour ce of t or
311 is turﬁ%ﬁfs whi cﬁtgggg %qgg%t]a%swégl% de ecg{[gfﬁﬂ {?L% 1a)j;n1 ié?1)()gga?(r5tansfer
ci rcui t 182 1during nmmrroult operatio8 Ehddngederate Asvaltage, dropdatnode 8id) for
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the active fingengridpromhaltdreuildelration, the capacitor Cyp 900 is charged,
thereby holding the gate of the PMOS detector high (i.e., at the potential of
VDD), which is greater than or equal to the potential of the drain and source of
20 the PMOS ESD detector 311. The PMOS transistor ESD detector 311 is turned
off, which decouples the ESD detector 310 and diode transfer circuit 321 and
322 from nodes 312 and 314. As such, there is no conductive path between the
I/0 pad 20 and the gates of the NMOS device 100. Additionally, the pre-driver
600 provides the signaling voltages to the active fingers 153 of the NMOS
25 transistor device 100, as required under normal circuit operation. Recall that
the dummy ESD fingers 151 of the NMOS transistor device 100 are decoupled
by the diodes 321 and 322 of the transfer circuit 320 from the pre-driver 600,
and will not turn on except under non-powered IC and ESD conditions. Thus,
the ESD detector 310 (PMOS transistor 311) prevents interference between the
30 ESD protection circuitry 150 and the functional purpose of the IC 10 during
normal circuit operation.
During a non-powered IC state, the IC 10 is off and supply line VDD 90 is
coupled to ground 15 via parasitic capacitor Cpp, 900. That is, the gate of the



25 transistor device 100, as required under normal circuit operation.
Recall that the dumry ESD fingers 151 of the NMOS transistor device 100
are decoupbad/03sg3t he di odes 321 and 322 of the transfer @CTasor2@29 from
the pre-driver 600, and will not turn on except under non-powered |IC and
ESD conditions. Thus, the ESD detector4#10 (PMOS transistor 311) prevents
I nterference between the 30 ESD protection circuitry 150 and the functional

purpose of PMOS fradéistdy BSIY deteetored 1 1cspulled low es ap;bl@lximﬁlel‘yi gouadnon- power ed
IC state, the 1C 10 is off and supply line VDD 90 is coup d&méound 15
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ESD currentadieldidl gidisRe fifg eP@bhtHéﬁMc&@tﬁaM&sﬁﬁcae%‘é%omvubltng@rraﬁsféfr t he
NMOS transi stor device 100 wathetrans er circuit (i.e., the first and
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passi ve fi n1gers 153 and 151 to be externally biased and sinultaneously
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t fi
circuit is 1@%{%@9@&5}9@ ggpegg@ieg% fPtHRasY (ji?%trh id awatea FUf@RFhokd, - ©-

split drive ansi stor driver 700 (drawn In phanton')
whi ch i85 2iheqmassivedingersvéh doiret intpriese with nag*eal\lﬂ:owaaonl whe@ thadC2® may
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drai n term galicafdo has oty #&thve erfer passivefiagera! bat thertkarferdircuites ESD
current to ground 15, via the supply
mandatory if the NMOS device has both types of fingers (i.e., split driver).
The optional PMOS transistor driver 700 (drawn in phantom), which is

20 coupled between the supply voltage VDD 90 and the pad 20, may be a part of
the functional circuitry of the IC 10. When utilized, the PMOS driver 700 acts
during ESD as a forward biased diode between the drain terminal and the N-
well terminal to shunt a portion of the ESD current to ground 15, via the supply
line VDD 90 and the capacitor C,p 900. Therefore, during the charging of the

25 capacitor Cpp 900 during the ESD pulse, the VDD line will be at a potential that
is approximately a diode voltage below the voltage at the pad 20. The PMOS
ESD detector 311 remains on because the voltage between its gate and source
is the same as the diode drop across the PMOS 700, which is typically above
the PMOS threshold voltage.

30 Once the capacitor Cpp 900 charges up and the voltage difference
between source and gate of the PMOS detector transistor 311 falls below the
threshold voltage, the PMOS transistor 311 is turned off. However, the time
delay for the capacitor C, to charge up until PMOS 311 turns off is usually long



line VDD 90 and the capacitor Cpp 900. Therefore, during the charging of
the 25 capacitor Cpp 900 during the ESD pulse, the VDD line will be at a
pot ent i al wohatoosses appr oxi mately a di ode vol tage bel ow t hecralagwsoat t he
pad 20. The PMOS ESD detector 311 remains on because the voltage between
its gate and source is the sanme as the g_i ode drop across the PMOS 700,
which is typically above the PMOS threshold voltage. 30 Once the capacitor

Cpp 900 chasrgrfyhgd MRt the WMOS traaeistirf 1 isHal®y tupeddorn Maoreover, and gat e of
the PMOS detector transistor 311 falls below the threshold voltage, the
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on ground 15 ensuring the PMOS detector transistor 311 stays turned on.
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particul ar, the second enbodinent of FlI 5 is the same as shown in FIG
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circuit anal ySI'S W e di scussed un nor ma onditions and

non- power edcdrt¥dl 600 thalsi iwem. added, angahé tranbfer cirthie 320 ahdomltageiitrter 330
conprises a pair of cascoded NMOS transistors 333 and, 334 serially coupled
bet ween t hehdyekeen W@dzf@dadalsgm%Hwatpypu@aeelmscvwﬂﬁﬁ, dlﬁcwsﬁegtundebs

transi stor mé?%gﬁepgd f](gBkmsﬁérjghgﬁgbm&g%a@%%Qogamohge drai n coupl ed

to the source o Seco rain of the second
NMOS t r amisi st or |8Jarticulan tip editage limiternd3Gcodmpaseda paireof2asgaded MV@Se

Sour ce,  SuHPIRSRLS4R BN 337 SRETY FrupSrmetversind BSins %0 ¥ ErdaBe of (e
second NMO514 r apgkifiEfly, 33ttt RMOBIRbASIstd? 333dRasHthé-source coupled to ground
15 and the drain coupled to the source of a second NMOS transistor 334. The
drain of the second NMOS transistor 334 is coupled to the bias line 40. The
20 gate of the first NMOS transistor 333 is coupled to a higher potential than the

source, such as the drain of the first NMOS transistor 333. The gate of the
second NMOS transistor 334 is coupled to node 316.
In this second embodiment, the first and second diode 321 and 322 of
the transfer circuit 320 are required, as discussed in the first embodiment of
25 FIG. 4. The first diode 321 is required for coupling a signal to the active fingers
153 of the NMOS transistor device 100, while the second diode 322 enables
grounding of the passive fingers 151 during normal operation, and biases the
passive fingers 151 during an ESD event. That is, the gates of the passive
fingers 151 of the NMOS device 100 are coupled to node 314, which is formed
30 by the second diode 322 and the ground resistor 801, which is further coupled
to ground 15. Furthermore, the drain of the PMOS ESD detector 311 is
additionally connected to node 316 to provide a bias for the controlled gate

voltage limiter 330 during an ESD event, as is discussed in detail below.



In this second enbodi nent, the first and second di ode 321 and 322 of the
transfer circuit 320 are required, as discussed in the first enbodi nent of
25 FI G 4wolkmosses st di ode 321 is required for coupling aPsirgrsat/2d605t he
active fingers 153 of the NMOS transistor device 100, while the second

di ode 322 enables grounding of the pasgyve fingers 151 during nornal
operation, and biases the passive fingers 151 during an ESD event. That
i's, the gates ofAtHirl NMGS$ tansistorgzdisfotrns tieé furiatioNdiGrecdrivier €ot®6l 500G

coupled to node 314, which is forned cond di o 322 and the
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cascoded transistors is turned on, while the second transistor 334 of the
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w th normal operation of e |C. That . is nce the second N ransi st or
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flowing to ground 15 via the voltage limter Regardi ng the pre-driver
control 1N\/G$l\taf£|®9|fk1wﬂelﬁﬂely tdding agtwmﬁmgﬂrsdﬁérdtth@multl-rﬂaggaNM('aS node 316
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operatlon IOthe gate at node 316 is pulled low via the shunt resistor 800qwh|ch
turns the pre-driver control NMOS transistor 501 off. Therefore, the pre-driver
20 control NMOS transistor 501 has no effect on the input 60 to the pre-driver
inverter 600. As such, the pre-driver 600 provides drive current, as required, to
the active fingers 153 of the multi-finger NMOS device 100 during normal IC
operation.
During an ESD event, the IC is in a non-powered state, and the PMOS
25 ESD detector 320 is turned on, which pulls nodes 318 and 316 high. A voltage
drop is formed across shunt resistor 800 to ground 15, which biases the gate
and turns on the second transistor 334. As such, both first and second
transistors 333 and 334 are turned on, which limits the voltage that is applied to
the active fingers 153 of the multi-finger NMOS device 100. Therefore, the
30 voltage limiter 320 is activated only during a non-powered |C ESD event. Itis
noted that both of the cascoded transistors 333 and 334 of the voltage limiter
330 together provide a voltage drop having a value approximately twice the
threshold voltage Vy, of the individual transistor 333 and 334.



the active fingers 153 of the nulti-finger NMOS device 100 during normal 1C
operation. During an ESD event, the ICis in a non-powered state, and the
PMOS 25 wBbsmeisest or 320 is turned on, which pulls nodes P8Tasameos8i6 hi gh.
A voltage drop is foornmed across shunt resistor 800 to ground 15, which

bi ases the gate and turns on the seconghtransi stor 334. As such, both
first and second transistors 333 and 334 are turned on, which limts the

vol tage that is TrphigAphoténtidl BEnegé 316 alsontwers thkbsreadrivieheontrok NMOSiger  NMOS
device 100. Therefore, the 30 voltage limter 320 is activated nglat}lllsduri ng
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The high potential at node 316 also furns the nre-drjvyer | . _NMOS
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pull's the japub tﬁ%ﬁ%*ﬂ@&gﬁO the pre-driver inverter 600 to ground 15,
a high o

whi ch produces tput at the pre-driver inverter 600, thereby
further providi nthedpassivesfingersdd! efibde HM@SHransistor 1@ aee conreatedhifer s 153

of the multi-fjnger, N devi ce 00 via ti | asi | .passi ve
fingers 151p%?h‘%]ﬂ%ﬂm/%£®er@}psqr§t1g afo%]og‘fnem?o@ngtﬂ% b%@gpoih? Eggs'?o t he
active fingpigerd 981 ase pmydIowdiing ndrmdiltircioperationt Vig tharssister 861,nger s
151 are pulled I ow during normal_circuit operation via the resistor 801, 10

as di scléserb discussesywithiregard tesF1Q. 4. Fipthermeres it is poted that aarts phthepart s of

the ESD c Q | GUL T i i L, dert | [ ot
shoun on FresD3pi il B A EoRlRll R spia VAR R SEBRRATEICTC! | o)
as for the Habiensurd thegsarie bising fortlae tucmhyp ESD firegdrSM5d st fopthecactivei t 300
conprises a controlled e limter 330 and an opti Onﬁlalfqpc{ e-driver

8_ate vol géig } )

control 501fingess 193 1mpadiculascthedeSRicontral eilruiy, Q% eemprises 2 680

t oget her, t il PR HAG hi | ifor the dumy
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the actiye donjgestionMith pauniroy pag-driver 6Gthalhtagegherhtherelny ensuréng thier om t he
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153.
As such, during an ESD event, the active fingers 153 participate in
shunting the ESD current from the pad 20 along with the passive fingers 151.

20 Moreover, both the passive and active fingers 151 and 153 are externally
biased at their respective gates and all of the fingers are simultaneously turned
on.

FIG. 6 depicts a schematic diagram of a third embodiment of the muilti-
finger NMOS device 100 and ESD protection circuit 300 of FIG. 3 having a

25 substrate pump 340. In particular, the circuit is the same as shown and
discussed with regard to FIG. 4, except that the transfer circuit is not needed. A
substrate pump is used to bias the local substrate of the passive dummy ESD
fingers 151 together with the active fingers 153 of the NMOS transistor device
100.

30 In particular, during normal IC operation, where the IC 100 is powered
on, the parasitic capacitor C, 900 is charged such that the supply line VDD 90
remains above ground 15 at the supply potential. As such, the PMOS ESD
detector 311 is turned off, the pad 20 is decoupled from the ESD control circuit



bi ased at their respective gates and all of the fingers are sinultaneously
turned on. FIG 6 depicts a schematic diagramof a third enbodi nent of the
mul ti- fiwoes/odsZ5 devi ce 100 and ESD protection circuit 300/ush2/EHe® 3
having a 25 substrate punp 340. In particular, the circuit is the sane as
shown and discussed with regard to Fl 14, except that the transfer

circuit is not needed. A substrate punp is used to bias the | ocal
substrat e @00, aadphs substratertis 1280n dlithgdingekss5110 agegroended tvia thieeshamt i ve

fingers 153 of the NMOS transjstor devi 00. 30 | ticular, duri
normal | C Jpeistariadl. Maeaver.Hae p@-gj(jmer: é(?%Wi[b?r@M'decﬁf!r:’eP‘ﬁ&r%g?%g{q i curl "
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fingers 511dnt§rér%yvgﬁr{8@@owallc9wag%Hfjtherhlglsf@t or 800. I\/breoverl, tﬁe ©

pre-driver 600 VildnPaREIIEeMEMUPhaHNeaT istif aldth-pawbieesthic)9s gatkdst of the
NMOS devi ce 100, as required, and the ESD control circuit 300 {and the

dummy ESD fthedM©S1ESDuletecter BVOS pldleddte allow) state, landds tenedios: fE& with the

non- powsr o3P iSCiot e obpietih e AR oY BT by Pt b gnonk” ©

onv st at e, \aa¢the shuntresigta?800The ESD detector is then coupled to node 316,
which is further coupled to ground via the shunt resi s%or 800. 132 A
substrat® punp 3Msubstratgivsep B4P iktormeddaiwaen esnagr 3 Aanddbalocal ypst rat e

ties 120 of ' ' RMAGEF .
Referring tD F‘r&?é’qgg’; g‘fgf FHP?%W%B?E‘ SHT?/@%P“EEE %E@%ﬁ@g%ﬁggr
substrat e tRefefringlR0FiGtie reqadr thatitheqiiukdity offe+ degions dodalsubstratestiggyent s 122

Tl A iy AR TN R i R e
Lot e oRed (0 0,921 T e 150 B oo e e,
the shund rrexdes3t6, st@b)thatthsaaetahgridhil 32iang interspersed Prii dapesreginnss¥20 al | of
the active f%an thssﬁl)gﬁatteipnlﬁﬁg 34653 and 151. That is, the substrate punp
Once the ESD event occurs, a voltage at node 316 (formed by a voltage
drop across the shunt resistor 800) causes the biasing to be distributed across
all of the active and passive fingers 153 and 151. That is, the substrate pump
20 340 provides distributed biasing such that the P+ region local substrate ties 120
act as trigger taps to all the fingers 110. Therefore, the active and passive
fingers 153 and 151 will simultaneously turn on to shunt the ESD current to
ground 15.
It is noted that this third embodiment does not require a transfer circuit
25 component to turn on the dummy ESD fingers 151 and the active fingers 153 of
the NMOS device 100. Rather, the distributed P+ local substrate ties 120,
forming the substrate pump 340, simultaneously trigger both the active and
passive fingers 153 and 151 of the NMOS device 100. It is further noted that a
substrate ring may alternately be used instead of the distributed P+ regions 120
30 to provide distributed biasing of the active and passive fingers 153 and 151 of
the NMOS device 100.
It is also noted in the embodiment shown, the gate of the optional PMOS

driver 700 is coupled to the pre-driver 600 and gate of the active fingers 153 of



20 340 provides distributed biasing such that the P+ region |ocal substrate
ties 120 act as trigger taps to all the fingers 110. Therefore, the active
and passiwe 03fossgers 153 and 151 will simul taneously turnPem/use2/sisot the
ESD current to ground 15. It is noted that this third enbodi nent does not
require a transfer circuit 25 conponeni,to turn on the dumry ESD fingers
151 and the active fingers 153 of the devi ce 100. Rather, the

di st ri but edhENMOSdevicd SAlt@inatdly s sépdrate pre-diiveg (hbestovasitmay eepunp 340,
simul taneously trigger both the active and passive fingers 153 and 151 of
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Al ternat el ytrar?ﬁisis.paé\ﬁ&&eo%n%%grcir(:omty, SHVE)-vERYgdEonditsPRg dstt he gate
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of the optional PMOS device I'n thé enbodi nent's shown in FIGS. 4-6, the
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bel ow t he vol t age, pot | the 5 supply lLine n rnate
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circuitry, Zmfremesxtiial 366rces elrduitty) toable €319t rathehpiae ftdif thold age
potential at the 1/O pad 20 is above the voltaae potential at the supply

| i ne VDY 90tseifhdn this altetate gabasiment, die UQOuIcUinpefdthedCat0 may besrid 2o fr om

external s Ir.cyi h f t L 0 10
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particul ar, e inventive circuit conprises a casco transi stor
devi ce 190, tharinEsivdadrenit comptiSes a dasaodéd NMOBdtansisg@odevice 300 ran | ed

gat e, Vol 2k b St 38,5 Rende sl 520 S A e e SPlaeliieraayes °00
speci fi cal | ¥re-dHveF loRPEIPSITE Hnd £pr-diver 60, Yhich are configured according to
the block diagram of FIG. 3. More specifically, block components of FIG. 7 are
configured similar to the schematic diagram of FIG. 5, except for the notable
20 differences as described hereafter.
The NMOS transistor device 100 illustratively comprises passive fingers
1051 and active fingers 1053. Each finger comprises two cascoded NMOS
transistors (i.e., first and second cascoded transistors 1012 and 1014) coupled
in series between the pad 20 and ground 15. For example, passive finger 1051
25 comprises first and second cascoded transistors 1012, and 1014, while active
finger 1053 comprises first and second cascoded transistors 1012, and 1014,

For purposes of clarity, it is noted that the subscripts “a” and “p” respectively
identify the cascoded transistors as being active and passive transistors.
In one embodiment, each NMOS transistor 1012 and 1014 has a similar
30 layout structure as shown and discussed with regard to FIGS. 1 and 2A-2C. It
is further noted that the ballasted drain and source resistances R, and Rg are
utilized to enhance ESD robustness of the NMOS. Alternately, silicide blocking

or a fully silicided NMOS transistor device 100 may be utilized. The NMOS



configured simlar to the schematic diagramof FIG 5, except for the

not abl e 20 differences as described hereafter. The NMOS transistor device
100 il | uswoasiowssky conpri ses passive fingers 1051 and actcrashr/enges s 1053.
Each finger conprises two cascoded NMOS transistors (i.e., first and
second cascoded transistors 1012 and 1034) coupled in series between the
pad 20 and ground 15. For exanple, passive finger 1051 25 conprises first

and second tegmsigideid typiaam) sdsvoded @d BMitthd didihddate whithge ateastestaberayer 1053
conprises first and second cascoded transi stors 1012a and 1014a. For

pur poses ofPreventidamage tq thergate @xides: the subscripts "a" and "p" N
respectively 1o bioil 3162790 ahdd ANabENhSinAMER] ey dins aad passive

transistors. In one e ment, e transistor 1 1014 has a
simlar 30pdd2®is oy coapleddodise draimvpofahe fidstdransistor 1012) ofdpacadseagledl GS. 1
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prevent danmge. to.t oxides. The circuit of FIG 7 is ternmed an
open-drain rﬁ%ﬁﬁ?@&fﬂ@e@ﬁéﬁ?ﬁ%&fhe pad 20 is only coupled to the drain (of
the first transi 5P dé@tfr 310 ddmsprisesand FIMOS thiviststdesi tandCOpluedityopposed
to additionally having a PMOS driver 700 coupled between the sug@qpl y line

VDD 90 khd dindespad22n padicular tbesgureaspithe MRS transister isocouplpd 19 theui t of
FIG 7 i ; ' ' P ' f
Funct i onal 74 2R SIS bl 0.0 rePsfi? kirplif 820! Iheidiieloftne, |

plurality oPMODtrdnsigtes iScGupléd tptie platdlity of dibdes 8W2 cwhich araeobpes to
transistor is coupled to the .pad 20, ile the drain js J]ed to. the
transfer ci tlh@lﬁUPpB’Z'U‘.e \"fﬁp @i‘("gﬁghe £alo P'ﬁ/%eﬁegrf@w&‘g? tlhes\(i@@ﬂ'&ﬁﬁ et he
plurality o ' ' Cé?iéﬂl ‘ [ VDD 90 with
t he cat hode‘{‘s“ﬁérg@t%éﬁe?mﬁgghﬁg&\?m iﬁgelgﬁ%lsmgfﬁgybeosé’g??éct ed towards
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ti wh t | C ' d L.f th t t d.20
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plus a sourgrdibied 872bRrE 3ddrcbNWEIdioRet3Ta BiVEd BSthedRIMESS ESD detector

transistor 311 form a diode chain 373 from the pad 20 to the supply line VDD

90. The voltage drop across the plurality of diodes 372 is used to ensure that

20 the PMOS detector transistor 311 is not turned on during an over-voltage
condition under normal circuit operations conditions. Typical over-voltage
conditions range up to 3 volts above the potential of the supply line VDD 90.
During an ESD event, a similar but distinctively higher over-voltage condition
will exist, while the supply line VDD 90 is capacitively coupled to ground. There

25  will be current flow through the diode chain 373 to the capacitively grounded
VDD line 90, and the voltage drop across the source/Nwell diode 371 will
provide the necessary source-gate voltage to turn-on the PMOS detector
transistor 311.

During an over-voltage condition under normal operation, all of the

30 diodes in the diode chain 373 operate in slight forward biased mode but
practically in a non-conductive state, such that a voltage of 0.2 - 0.4 volts forms
across each diode. In FIG. 7, the plurality of diodes illustratively comprises four
diodes, and the PMOS transistor 311 forms a fifth diode in the diode chain 373,



transi stor 311 forma diode chain 373 fromthe pad 20 to the supply line
VDD 90. The voltage drop across the plurality of diodes 372 is used to
ensur e t D 03003ske PMOS detector transistor 311 is not tumeaddiSor2@osi ng an
over-vol tage condition under normal circuit operations conditions. Typical
over-voltage conditions range up to 3_%@ ts above the potential of the
supply line VDD 90. During an ESD event, a simlar but distinctively

hi gher oversuehlthalge veragt dioprbetwebh 1eXaat 2.0Wbltscamappeambetweenehd/Pado0 i s
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voltage is 1.7 volts. That is, each of the fiye_di odes of the djode chain
373 (i.e., d@n 3ld campiisingr»Aiadss (@ﬁéhgwnﬁ%ﬂ‘gym\s S&?f&@g t@?ﬂ“ﬁ"%}’st ode
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7) is suffi(ii ent to equalize the potential between the pad 20 and the
supply i neS¥8D 90 wi t hout any significant 15 current flow, while al so

mai ntaining the RMVGRKIIhEEST dbleRibr ethisddimbht bNFIB.f7 isSdothSatible with the
over-voltage tolerant condition under normal IC operation because the diode
chain 373 of the ESD detector 310 prevents any current from flowing from the
20 pad 20 to the supply line VDD 90. The ESD detector 310 senses whether the
IC is operating under normal powered-on IC conditions (including the over-
voltage condition) or non-powered (over-voltage) ESD conditions.
The pre-driver 600 is coupled to the gates of the second cascoded
transistors 1014, of the active fingers 1053 of the NMOS device 100, while in
25 one embodiment, the gates of the first cascoded transistors 1012, of the active
fingers 1053 are coupled through a resistor 1020 to the supply line VDD 90.
Resistor 1020 may be any resistive element (typically above 1kOhm) and is
required to avoid loss of the gate bias during ESD to the capacitively grounded
supply line 90, while during normal operation conditions, the gate is biased to
30 VDD as required for the operation of the cascoded NMOS transistor 100.
The controlled voltage limiting circuit 330 comprises the shunt resistor
800 coupled between node 316 and ground 15. Furthermore, the cascoded first
and second voltage-limiting NMOS transistors 333 and 334 are coupled



As such, the ESD detector enbodinment of FIG 7 is conpatible with the
over-voltage tolerant condition under normal |C operation because the diode
chai n 373wofostobes2ESD det ect or 310 prevents any current fr earfusomeoesgs f rom
the 20 pad 20 to the supply line VDD 90. The ESD detector 310 senses
whether the |1C is operating under norngi powered-on | C conditions

(i ncluding the over- voltage condition) or non-powered (over-voltage) ESD

condi t i ons.pelyeen bRasitid Nifs 40 @0 nbde Ga2pIneidgroant N, estdistusbed bbose aithd
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limting circuit 330 conprises the shunt resistor coupl ed between node
316 and gr dramsister 383ir Specifically, thenlMQS drausisten 335 hasithe draiperupled to

vol tage-linjtin .transistors 3.and 334 are | ed 5523
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and 336 are each coupléd seri a casco rst
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335 has the drain coupled to the node 315 (i.e., gates of the first
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transistor 1014, of the active fingers 1053 provides the switching action for the
signal and as discussed with regard to the embodiments of FIGS. 3-6. The
20 second transistor 1014, of the ESD dummy fingers 1051 is off because its gate
is pulled to ground 15 via a resistor 801, such that the ESD dummy fingers 1051
are not utilized during normal IC operation. The PMOS ESD detector 311 is off,
which decouples the transfer circuit 320 and voltage limiter 330 from the NMOS
device 100.
25 Furthermore, during normal IC operation, the first transistor 333 of the
voltage limiting transistors is turned on, while the second through fourth voltage-
limiting transistors 334 through 336 of the voltage limiter 330 are turned off. In
particular, the gate of the first voltage-limiting transistor 333 is pulled high by
hard wiring, while the gates of the second through fourth voltage-limiting
30 transistors 334 through 336 are pulled low to ground 15 via the shunt resistor R
800. As such, the voltage limiter 330 does not interfere with normal operation of
the IC. Since the second voltage limiting NMOS transistor 334 is off, the drive
current from the pre-driver 600 flows entirely to the active fingers 153 of the



During normal I C operation, the first transistors 1012a and 1012P of the
active fingers 1053 and dummy ESD fingers 1051 are turned on, the second
transi st owollhdzs2nf the active fingers 1053 provi des the aTiwdo2/a@oRnct i on
for the signal and as discussed with regard to the enbodi ments of FIGS.
3-6. The 20 second transistor 1014P of %@e ESD dummy fingers 1051 is off
because its gate is pulled to ground 15 via a resistor 801, such that the
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5 and 7. During non-powered ESD conditions, the IC 10 is turned off. Wen
an ESD eveélVietl-s at the pad 20, the gate of the PMOS transistor ESD
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o O ieed oSt Yol e AR, VR NS TR SRS
turn-on of rbBGeétfv%WSd:cﬁIpPéé tolRdde 8M8 ahd 4 e 312, which is coupled to the gate
of the second cascoded NMOS transistor 1014, of the active finger 1053 of the
NMOS device 100. Diode 322 has the anode and cathode respectively coupled

20 to node 318 and to node 314, which is coupled to the gate of the second
cascoded NMOS transistor 1014, of the dummy ESD fingers 1051.

Diode 325 has the anode and the cathode respectively coupled to node
318 and to the gate of the first NMOS transistor 1012. In particular, diode 325
is coupled at node 315 formed between the resistor 1020 and the gate of the

25 first NMOS transistor 1012 of the NMOS device 100. During an ESD event the
supply line VDD 90 is capacitively coupled to ground 15. The resistor 1020
prevents the current to flow from node 318, through diode 325, to ground 15 via
supply line VDD 90. As such, the resistor 1020 ensures biasing of the gates of
the first transistors 1012, and 1012,.

30 Furthermore, during an ESD event, all transistors 333 through 336 of the
voltage limiting circuit 330 are turned on. In particular, the gate of the first
voltage-limiting transistor 333 is pulled high by hard wiring, while the gates of
the second through fourth voltage-limiting transistors 334 through 336 are



15 the active fingers 1053 and dunmy ESD fingers 1051, the transfer circuit
320 conprises diodes 321, 322, and 325. Diode 321 has the anode and

cat hode wespwmaiseyely coupled to node 318 and to node 312 pcwhisotr24685 coupl ed
to the gate of the second cascoded NMOS transistor 1014a of the active
finger 1053 of the NMOS device 100. Digge 322 has the anode and cat hode
respectively coupled 20 to node 318 and to node 314, which is coupled to

the gate ofpuiled higre antheiraaspautivd ddiéSat nedes 8 $6 OAsIULAPHE vdltagedinmityy ESD
fingers 1051. Diode 325 has the anode and the cat hode resH)ectiv,er coupl ed

to node 3RBB0i®nactive duing BPDand dogsshotipiedere withinarpial pperation;pf
ticul wngdihed [ d : | st
0050 and 1 HEEIGH IrERng stobRd MrbHof fodt Foitke- MAIRBAARIEREINMAGH 1 0

100. Duri n@B3tnareIDrredeon, the gates biaging atithe fiddandtsecondaascodéd BMOSoupl ed to
ground 15. The resistor 1 prevents the cur t to flowfr ode 318,
Phrough a1 deneise 10 5patiant4 Bt feactiiagos 1085 onlae SCRMEESR "t ne
resistor 1Q§%e?§‘§9ﬁ?§s hRed Bt fofiéi@ﬁtl;ggfgﬁ%o@nsu?é‘@nifdrf’r?furhfowtﬁ'a‘ﬂtOrs 1012a

and 1012P. Furthernore, during an 'ESD event, all transistors 333 through
336 of t he fingers afjthel dasicoded NIMOSUransidor #0@ turned on. In particular, the

oting, whi e t bisgited Bt ingiad ol RV BlGsc Bt oA Pt R g
transi st or shdFpbkiraeUsasingtnéthed Vi 8REOSRLRItIPFdgd/348/FI6685is algy apul | ed

high at their respective gates at node 316. As such, the voltage limter
330 i s Yhl yassilile emhodimgntHepunifiermbiss-anoef thacaseeded MMAS i@ngtstorsper at i on

of the IC e r f =L 0j 14 r i stors 334
througn 53t ad AF1EGAGHM. bR aMeaby ricRel IR ENGR PG 0 B T
cascoded NWi¥strativedayduttagsholdlin RIGS. 10t 2A-20 providesveisfribuget siadigdfand
the dumry ESD fingers 1051 is limted but sufficiently high tq sure

uni f or m t urthe gbstratg and simuiapgous turRonelllihe sarrpdsd ¥réﬂ§' Eocr%ﬂo(ig;o. It is
not ed that | f | I i shas d, the
substrate bélrgg?gg%rrdgtt?\%?ssggégbggﬁs%be \%ﬂgﬁa rreéejsgg%@atsgbélé%@&a iws}gal so a 10
possi bl 85 emiid, medt1(1dy, ofithid activetfingeroh063. Essentialy pthedsaivdbiasirgnsi st or s

1012 and 1014. Again, | d ti d.in the. text of FIG 6. th
1 st ra i sesiFoas MHETE O Pl Ao oA o e e i ok PO hEr MR o
bi asi ng of H4ke substrate and sinultaneous turn-on of all the cascoded

transistors 1012P _ _
FIG. 8 depicts a schematic diagram of a fifth embodiment of the muilti-

finger NMOS device and ESD protection circuit of FIG. 3 having a substrate

20 pump. In particular, FIG. 8 is similar to the circuit shown in FIG. 6 having a
substrate pump 340 biasing both the active in passive fingers 153 and 151 of
the NMOS device 100. Furthermore, FIG. 8 is the same as the embodiment of
FIG. 7, except that the transfer circuit 320, voltage limiter 330, pre-driver control
500, and ground resistor 801 are not provided.

25 Referring to FIG. 8, the first cascoded transistors 1012 of the active and
passive fingers 1053 and 1051 are coupled to the supply line VDD 90 via
resistor 1020. A diode 321 has its anode and cathode respectively coupled to
the drain of the PMOS ESD detector transistor 311 and to the gates of the first
cascoded transistors 1012, and 1012, as discussed above with regard to FIG.

30 7. The gates of the second cascoded NMOS transistor 1014, of the active
fingers 1053 are coupled to the pre-driver 600, as also discussed with regard to
FIG. 7. The gates of the second cascoded NMOS transistor 1014, of the
passive fingers 1051 are coupled to ground 15.



and 1014P of the passive fingers 1051, as well as the cascoded transistors
15 1012a and 1014a of the active fingers 1053. Essentially, the sane
biasing wohsmessas in FIG .6 is utilized and no interferemca/usior/osvhe
pre-driver will take place. FIG 8 depicts a schematic diagramof a fifth
enbodi ment of the multi- finger NMOS deygce and ESD protection circuit of
FIG 3 having a substrate 20 punp. In particular, FIG 8 is simlar to the

circuit shown i MéreGvef thedoagsabstrdtes ohibethsaspoddd transistarg 10¢2kandhe active
in passive fingers 153 and 151 of _ the NMOS device 100. Furthernore, FIG 8

i s the sandl0d4 affibe agtiveipnd passive fipgers 1053.and pP51 rEe cowrled, Yadher circuit
320, volta Lt er = Gl hYRI . GORAt | stor 801
are ot prospalrate BimiAo, B fiode BYE wfieis Rrmeptin B BE QAR oF B 5 20 ¢
1012 of theMOS ESDANhsistossi Y entithg groauntesistonBSDusng oD evend t he

S i ne via resistor : i ode as its anode

cat ﬁo;yje T et m%w%ﬁmrzgaowsreql, fee av%tfﬁtsfpm%@wﬂﬂ%ﬂe&&@cﬁf?
transistor pidde éédavla%d %ﬁ/_eﬁnngseMM ghd 1l@>gﬂ9r3?\gégirﬁiraamﬁérmé?ra% 1012a

and 1012P, as di scussed abadve w regard to F The gates of the
second casaistrsaiVith regasd &t BIG. ) 1Tkatds, thadisttbuted P+ subsirate 1i@5328r e

The gat es. dFet 4B QedURHLRTBR s - nararesphie Bite etfmatd, o
fingers 103hsafe figjepd €053 And @8N bf He NIMDSHWREH P PAThOIGRFROSNS - 28

Moreover, the | ocal substrates of both cascoded transistors 1012 and 1014

of bt he Httidepictaa siegleiMOStmuliidinger trymubitis1onterstped by tpeeriskilled in the
. 0 e i e e in of th
P oD t e AgskiqB8 os T et dul QoiBratie Gt Havitidad 0 [ 1%

when the | Gdditioral Naregivredieposddithesedetiveah ewhergptha4o+ substtatatiecegionssel f -
bi ases the active and passive fingers 1053 and 105%‘%i{1 a simlar nmanner as
ut-e

di scussed widdharedptarspersegina synilarfpanner ag oW &t d P+ substrate ties
120 that are el o ; : 3P .on the
active and pass'ﬁ?/;té Qf@é§§§%§%§%§ilé§?f\ gﬂéﬂgh %&%ﬂﬁﬁgﬁﬁ%ﬂg%gﬁtﬂ% t hough
FIG 1,150 fohgger NMOS devicg end/BS Dhpidtéctionnaruitl i fdGt 3. iThei schenidicst ood by
those skilled in th art that a cascoded Julti-fin ayout, conpri ses
two gates tfﬁ@grﬁ@bsr{ S PO PWNI-?'\decgefs&Hb%@s@gaf‘{]@rg@%dm@éﬁ?pﬂl\fﬁére t he
P+ substr atiReligta|§ distittions discussed below.

The 1/O pad 20 is capable of outputting signals to other circuitry from the

IC 10, as well as receiving input signals from other circuitry (not shown) to the

20 IC 10. When the I/O pad 20 receives an input signal, the signal may be higher
that the supply line VDD 90, such that an over-voltage condition exists between
the pad 20 and supply line VDD 90. If an over-voltage condition arises, then
precautions must be taken to prevent malfunctioning of the output circuit, such
as sinking of the input signal into to the VDD line. Where there is no PMOS

25 drive 700 present, then one solution is provided as discussed above with regard
to FIG. 7. '

Where the PMOS driver 700 is utilized for functional aspects of the IC 10,
then an N-well bias generator (well-pump) 338 is also included to avoid sinking
of the over-voltage signal from the pad 20 into the supply line VDD 90, which is

30 at alower potential than the pad 20. The well-pump 338 is coupled to the N-
well at node 336 of the PMOS ESD detector 311. The well-pump 338 tracks the
voltage potential at the /O pad 20 and senses an over-voltage condition. It is



120 are interspersed in a simlar manner as shown in FIG 1. FIG 9 depicts
a schematic diagram of a sixth enbodi ment of the multi- 15 finger NMOS

devi ce am@omSDoe®t ection circuit of FIG 3. The schenmati ®ecTdisagewns i s t he
same as shown and described with regard to FIG 7, except for the notable
di stinctions discussed below. The I/0O pag. 20 i s capabl e of outputting
signals to other circuitry fromthe 1C 10, as well as receiving input

si gnal s fr aioted kteat orier skiligdrivi theatt veili andprstand hew t8@ohfigdi@ thetuinouitiyeofl / O pad
20 receives an input signal, the signal may be higher that the supply line
vDD 90, sudheMRlrPUAPAAS: - vol t age condition exists between the pad 20 and

supply line VDD Badidy, ,rtrﬁée}’?MdS’!trraﬁgﬁtd% 'tde?ébtér'éfﬁﬁasta%rcé)foelﬁam I ons

must be taken to preven unctioning of the output circuit, such as
si nki ng of wélediodpd7 1sfogmed bietweert thet $ours@bnd iNvevell\W éhe PMBBESIE no PMOS 25

epara’ o NfER vabhERe i, bk i RGP R TR SRR A
aspects of #Retiddind8s a ;Sétﬁfl'(brﬁ‘@cé}{;/)i}'ﬁﬁ'tdﬁ eihb@t%igeé]eéﬁbvér-(/m & GOHEMlo3WM | S

al so included to avoid 'sinkin _ over - vol tage signal fromthe pad 20
into the suppvard biae theDep@oe-Nvellidiode and senduat she inpsd signal ta thersupplthe pad

doi ect or 319 YD ShEitetrf SRSl e ool dtandTisiod o SHBask ek B o

pad 20 and sigmSAputtdigealer - vol tage condition. It is WO 03/005523
PCT/ US02/ 20605 -29 noted that one skilled in the art will understand how
to conflQure thel@pleviaterthisqroblens the circyitinet Yaswellpump 838 seases ke PMOS

transi stor K apsa_da | ¢ Ghi d
bet ween the\}%s'ﬁggrg%%%gt?\lﬁelbvp dinla ﬁg%%@g%gg%—%%gtoéﬁ%rﬁmcﬁgnkségiI)nra 311.
Duri ng nor nadtettor trpasiator@1,1 tartbe wipah pad20 dWingeah 20ei-goltdgenadniditic as a
pad for receiving an_i nput g{i glnal , ar? over-vol t agge conaj_tio W | Imf rwar d
bias the sdoprEhGeConivisal Ren sBeeus o e validge SPafilien dbritasogmabl y
i ne VDD : t 3 I | i f ' gppsed to
receive sg%ﬁ'ru?n ut’a‘i%22§ Q/e‘ygﬁ_lr%b g??&é?%‘teg t?%rgwgﬁsgglmegmpwﬂ?e Ci riuitry of
t he wel 15 puigteGtds traasistar 31Heto thelsupply liapPROX o the 1/ O pad, and coupl es
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the gate of the PMOS ESD detector transistor 311 follow the voltage potential at
the pad 20 too quickly, because of the presence of the well-pump 338. The
PMOS ESD detector 311 may not be able to determine if an over-voltage

20 condition or an actual ESD event is occurring at the pad 20. As such, the
PMOS ESD detector 311 may properly stay off during normal operation.
However, the PMOS ESD detector transistor 311 may also improperly stay off
while sensing an ESD event, when in actuality, a similar over-voltage condition
exists at the pad 20 that is typically larger than under normal operating

25 conditions.

To alleviate this problem, in one embodiment, a voltage-limiting resistor
375 is coupled at node 336 of the N-well and to the gate of the PMOS ESD
detector 311. The voltage-limiting resistor 375 has a resistance value in the
range of 1 to 100 Kohms, and is used to provide gate biasing of the PMOS ESD

30 detector transistor 311. That is, during normal IC operation, an over-voltage
condition at the pad 20 produces only a small voltage drop across the voltage-
limiting resistor 375, and which is below the threshold voltage of the PMOS 311,

thereby keeping the PMOS ESD detector transistor 311 off.



t he pad 20. Conversely, when there is no over-voltage condition during
normal circuit operation, the well-punp 338 couples the NNwell of the PMOS
ESD 15 dewew®Bwoosse¥ ansi stor 311 to the supply |ine VDD 90. pARatShE206pF obl em
may arise where, during an ESD event, the NNwell and the gate of the PMOS
ESD detector transistor 311 follow the ygltage potential at the pad 20 too
qui ckly, because of the presence of the well-punp 338. The PMOS ESD
detector 311 mayinpeirtiigardudng andESkreventat thegrad@@whenlthad@ 12ds mondi ti on
or an actual ESD event is occurrin

at the pad 20, ch, the _P ESD
det ect or 31ROWRGdpthepeateynustde 'SW?QHW\ t&?& SeYF eGP %ﬁ@ﬁ%ﬂgnmm\}gﬁ\s t he
PMOS ESD de Mﬁ,‘q t ' &,Pér Virathadi j
sensi ng an @E)He?{;éﬁ% ‘2’&%"8%%?%@?/@#??8“?% arérb@rﬁ%gﬁ%@é)es@?o\}r@i tion
exi sts at tdenspabe HBD eaéent at thg padd( 3s asoyer-volkage cortlitioma@andawilloper at i ng

25 conditions. To alleviate.thi bl ' { mept .
Vol tage-t 1 rAttegltodauble, e b fatl B8 b o he BRIST R Feftctoreansistonng o
the gate of3{fg tﬁ%d@?th?ﬁtg?%ﬁﬁngz%PlyhﬁE?& a8Rctdrtidnisivtor BHi 6ffor 375

has a resistance value In range of Kohnms, and is used to

provi de gatEumingsthe?MOS ESDrugtectesvapsistes3ddiait duringan &SP event atthar i s,

during nor nal .operation, ver.. Vv ondition at the pad 20
produces onﬁ’%fj ggésrrﬁﬁ'ﬁl\%\? é&@%?%ﬁu'%%g@gﬁéﬁ\/ol tage- limting resistor
375, and whi ch iFo Behevhisiproblene smohd entiddrpenythd heltdédimadihg, resisturr eby
keepi ng the PMOS ESD detector transistor 311 off. WO 03/005523

PCT/ US029 208tsbetwsen the Mowell @and:gate @f thegMES ESD detastordransigtondtl.oo when

the 1C 10 i§..00n0; : h t he
DS ¢ ansi Ty Mg QT S tng BE3BG S35 Jo (1, ABME onbil*er ) 1BUARYBRESD
However, t hevemt)themvep v8Bagerconditicreisssiraniger BSO tee entreat intthe resistop878s an
over-vol tage condjtion, ,and w 5 at . to coupl.e the N-well and the
Gate of t hesusrnakis dass ehal 412.RuPeniTB ineds Fowihighl3irbertEs hy20me
turning the tr [t gn i ' $MeS ESD
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det ri men5 al resisterrd? 5 iwhich tsrgbavie thedPNQSitoreshold voltage:, therepy dwning on theone

erbodt e RS Ml P S50 10 375 betueen the el | and
wel | - punp 338 t oFidel (ddelsists@seHendatit difrani 8f aselr&ith embodiment of the
multi-finger NMOS device and ESD protection circuit of FIG. 3. FIG. 10 depicts
a second embodiment for solving the problem of the well-pump 338 improperly
20 turning the PMOS ESD detector transistor 311 off during a non-powered IC
condition and ESD event at the pad 20. The circuit shown in FIG. 10 is the
same as shown and described in FIG. 9, except for the notable aspects
described below.
In particular, an N-well pull-down loop 1400 is added to the circuit shown
25 in FIG. 9. Although not shown in FIG. 10, a person skilled in the art will
recognize that the voltage limiter circuitry 330 of the ESD protection circuit 300
may be included in the present embodiment of the invention. The N-well pull-
down loop 1400 comprises two cascoded NMOS transistors 1461 and 1462 and
the ground resistor 800. The first cascoded NMOS transistor 1461 has the
30 source coupled to ground 15 and the gate coupled to node 316 of the voltage
limiter circuit 330. The drain of the first cascoded NMOS transistor 1461 is
coupled to the source of the second cascoded NMOS transistor 1462. The gate



event, the over voltage condition is stronger and the current in the
resistor 375, such that the diode chain 372 to the VDD line is now highly
support edwby3seises portion of the ESD current. As such, aPeolusayz060§ op is
generated across the 15 resistor 375, which is above the PMOS t hreshol d

vol tage, thereby turning on the PMOS dﬁ{_ector transistor 311. FIG 10
depicts .a schematic diagram of a seventh enbodi nent of the nmulti-finger
NMOS devi cds eodplESﬂbph@timm,iamdth'erdralrtofdheEb@on@caﬁdﬁedmwmtransistca second

Cur i ot hel 4hach cadpladdodte Bhos hatns PRAS B teclacran Rl S0d: od 1 c
condi tion and Eﬁga%va@m@ﬁvfé}ﬁbeaﬂme?ﬂ aEhaeakfabm@Lwév. 399 id gro'ﬂo@d 10 is the
same as shown and descri except e not abl e aspects

descri bed Hateeenitime pawell tial3F7,of dine RM@SIESijIdIetmrarmiﬁonad)ﬁ) anQ added to

th [ it sh [ F 9., At h t sh
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of the ESDvpitr%ferntm@rzau%mét%ttoiiﬂéﬂm%mqoo@qhgdeglnd ayeorpresEeaZener
enbodi ment of the invention | - down |00 1400 conprises two

cascoded Nvisde raregularquactiopediode.candia greyngled: gate v @\dee, ANPNB00. The

ahdt he. gadnEisy i iauel, e bakofd of e bRBRwR 4evice S Bicblipled GBU"T, o
drain of the-Wdlrtsd 3726 PIRDIS IHBDB deterturitrirsistdd®11 aad tloanbéelist coupted sour ce

of the second cascoded NMOS transistor 1462. The gate V\D&S/ 005523
PCT/ US0P) 2d8@sounds1 The brgaislonn Y@tqgﬁ@fdhglbfﬁawft Prviep 3PH I9AbYYRAR%cond

cascoded N@gg&gﬁ@@@ ﬁﬂgﬁegﬁ g@ﬂe'b%w 9n n%%gne%%o%?&e%kd \Qﬁ PMOS ESD

detector t rnative e I nent br ea own devi ce
399 is prowaltade. between the N-well tie 377 of the PMOS ESD det ect or

transi stor 311 d.5 grou 15. The e_ 399 b royi ded

ei ther in conj ufﬁw'%ﬂow%}ﬂcoqquﬂt'%gh%ﬁ’ﬁ@%ﬁé’ef thhtéarbﬂ%/tpr 36 r‘F’oop
1400, and mgyvé Tdé@n JodtS 00 afd @msecajsreemelg?ertebﬂﬂfé firbtrdhgigRr 1384 a
grounded gate N device, anong others. |In particular, the cathode of the

br eakdoth depiued BMvnasthecraplsm 809. tThe breat@own deyiceBODIS Metcend@tinget ect or

transi stor 311 and the b wn vol t age
of the br edKH0 r%fg\ne %'f‘ﬁﬁ‘i&gggk%é&éﬁp%glﬁ&ﬂ% %§Qn‘£§§¢‘§ﬁa| | evel ,
but is bel aradistoEBit1 | Slve sk dite N-@8kgaiMdown loop 1400 do not contribute to

the normal circuit operation, except during an over-voltage condition as

discussed with regard to FIG. 7.

20 During a non-powered IC state and ESD event at the pad 20, both the
PMOS ESD detector transistor 311 and N-well pull-down loop 1400 must be
considered. In particular, once the PMOS ESD detector transistor 311 turns on,
the voltage potential at node 316 increases, thereby turning on the first
cascoded NMOS transistor 1461. The second cascoded NMOS transistor 1462

25 is normally on, since the gate is coupled to the higher potential at the drain. The
purpose of the second NMOS transistor 1462 is to comply with the maximum
voltage limitation across a gate oxide.

The N-well of the PMOS ESD detector transistor 311 (i.e., node 336) is
pulled low via the N-well pull-down loop 1400, and the output current of the well

30 pump 338 is largely shunted to ground. Consequently, a voltage drop across
the source-Nwell diode 371 is generated, while a voltage drop across the
resistor 375 is prevented. As such, the gate of the PMOS ESD detector
transistor 311 is held below the source and will turn on the PMOS ESD detector



voltage. During normal |IC operation, the PMOS ESD detector transistor 311
and N-well pull-down | oop 1400 are off because the gate of the first
transi st owob4®as5235 is pulled |ow via the resistor 800. TireThrSeak@omwn
device 399 is not conducting any current besides its intrinsic |eakage
current. The PMOS ESD detector transisger 311, as well as the N-well

pul | -down | oop 1400 do not contribute to the normal circuit operation,
except dur itransistondtt even sigrgadodilibivonosescunigstdosioad Ve pull dgendoop FI G

7. 20 Durin non- powered,] C st ate,.an D ent at . the pa h t he
PVCB ESD detAR aacanapis eiecsy PastivaleraRach Ao aamAne o TGOS R be
consi der ed. ydtBeBAf é?&ieitof’r‘f:*»ﬂﬂﬁ%ﬁd StafdMBs 53Eh ARE MW duiiedsin® fddlp &b turns

Il
on, the voltage pro ential at node 316 increases, thereby turning on the
first casocmmteraMsshetemdsrsies ofithe welfpump SS6rid coapteothedgateabdithaMsi st or

1462 25 js ng |y LAce .the gate hsS l.ed t e higher potenti al
at the o‘?ai‘ﬁ?ﬂ%e Pd@&&)éng‘%tFﬁthg@@ﬁ'ﬁ&"ﬂ%&*gttﬁﬁﬁéﬁg@er‘igg‘ﬁ’of’@oto conpl y
Wi th the maxerappkesp thaFMOSTESBdBCtE frafsisfor 33t an @ni ¢testafdle N-wel | of the
PMOS ESD detector transistor 311 (i.e., node 336) is pulled Iow via the

N-wel | pul | - dowdf theopiternative biiegkdown sigviset3%Lisrused, tte eureentdlowingo punp 338
is | | t nt | .
sour ceo i FIBRAEESD, &giioutHIRE HLGh dbo ftel iy PliPodehfar e

resistor 379-well torfeNewtiesivolfsgesatcthe pade2(Dand keéps the RMESI ¥Sfagedietowor
transistor 311 is held bel ow the zourfo_e a Wi turn on the P ESD

s [
det ect ot0 widhepagowitage ptiveibgpy op? Re Bfeakdew eaMGe 399 onger to

al l ow nore t@ . f I D 1400 enhances this effect
by positive&”eng%%gtcsktﬂg%%R%qcn%i?ﬂgbt%%pM%D detector transistor 311 in
an on state. As lawonirashie tRevgillldgwri loogo®0, tepbreédowoaeviaer 383 doehe
tendenci es of, the we] |l -pupp 338 to.couple t.e an e N 5 well of the
PMOS ESD detdtesH ant @H@%@F cepguetion ﬁghﬁfﬁ‘;@%%i:@ﬁ BP@ePﬂ@Peby keep
the PMOS ESRitda! o SlicH kdBledkabwa Hevide 300 Rfdbistdirthg 4 ESRed®dtetonat i ve

breakdown device 399 iIs used, the current flown during an ESD event

Chr oughLs hekatphed-363l ancthergate abiiePMQS detastar 311 belowtibe padwsIBgEo
ot ou e ARl RSt B RSB rhR i i Y B0 chslgyy2° e
is no longer needed and the resistor 375, between well-pump 338 and the gate
of PMOS detector, can be replaced by a short. The important advantage for
circuit applications is that the ESD protection circuit 150 is now compliant with
20 the so-called Fail-Safe requirement. In particular, the supply lines VDD 90 and
VDDX 91 can be hard-grounded during normal circuit operation, while the
voltage at the pad 20 can still be above the regular VDD level, and no
malfunction occurs.
The embodiments shown and described above with regard to FIGS. 1-10
25 provide various techniques to simultaneously turn on multiple fingers of an
NMOS transistor device, which is used as an output driver and/or ESD
protection device. The circuits used to describe the invention are defined as
blocks or “modules”, as shown in FIG. 3, to provide better understanding of the
invention. One skilled in the art will recognize that alternate embodiments of the
30 circuits in each of the blocks of FIG. 3 are also possible.
In the case where a library 1/O cell has unused driver fingers, typically a
second set of components including a second pre-driver control 500, transfer
circuit 320, and voltage limiter 310 are further required). The second set of



counteracts the tendencies of the well-punp 338. In contrast to the

pul | -down | oop 1400, the breakdown device 399 does not need an initial
slight cowouwstwdssesin the PMOS detector 311 to becone act ipea/ushs2@0Eh, the
breakdown device 399 is able, during an ESD event, to 15 keep the N-well
and the gate of the PM3S detector 311 hghow the pad voltage, and thereby
turns the PMOS detector on. This neans that the diode chain 372 is no

| onger needsginpoverit & n@éés%hgrtoﬂ%ur@ma&mmmg@m ESDavendat thedpadi20gait e  of
PMOS detector, can be replaced by a s The inportant advantage for

circuit appﬂ‘?(%WPb@@tqssOftth@NMQg @yﬁ&epré arq P'aﬁe@ tegether, 1aiher thafow

conpl i ant s ieyl ar, the
supply lines %ﬁbe})&&eg%T@%Dyﬁtgslé:oggﬂhvi@lhﬁgﬁﬂ%ipggﬁg(gﬁ& ddl?pfﬁgﬁéntotﬁﬁal circuit
oper ati on, uwrsed driver fingétsaumyeadiffichitiep ol tridfyer amdsdreldrobe tahoteorittileuteegul ar

VDD | evel , gg % mal functi on occurs. The enbodi mrents shown and descri bed
above wi?h PIRaEPR OT#PEHON.1_ 10 25 provide various techniques to

si mul taneousl y tgygs ofy. QHJIHgFHe?oW bRSAIES Addifichal WMBodim@RE R Yarideyi ce,
which is used as an output driver and/or ESD protection device. The

circuits uspattions des,cbloblra?»)tdféheb inventibon The @ddéionabembeodinenris ldistnatively
"nodul es”, .as shown in FIG 3 to provide bett unders di ng of e

i nventi on. leﬁlgagmqt?\gartfi%cgﬁgleg?qn |?°’P%%’b%m? hattarggysgftﬁg r&ﬁ%ra%%@di ment s
of the 30 cgdiguits in each of the blocks of FIG 3 are also possible. In
the case where a library 1/0O cell has unused driver fingers, typically a
second 3@t of conforidrdepictsa sehematis daaram oba dummy &SLE oFk- devensd

Second set SIS Higgdfidschly HEL FRARsBENNGS s 1650 066 ESTILLARS) . T
ANDS devi oo 100 are by aoed T aaet et rarner han - nay nd (he gates of the
unused dri viBvertinggdicyitppavingth geg?%HH"n%%{;zsq%%'?Otmg %Lﬁg'é 86‘? ﬂ?ﬁ'er fingers
have di 1 CHirhBESD firgeid 951 BRThARITNS BBGIckA 0O ITIRORMOS Hesitérsd Ner ESD

prot ection. el ow provi des ad ti ona ment's for
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driver control NMOS transistor 501 is coupled to the ESD detector 310 to switch
the pre-driver control NMOS transistor 501 on and off, as discussed above with
regard to FIG. 5. A pull-up device 503, such as a resistor, is coupled to a

20 voltage potential above ground 15, (e.g., supply lines VDD 90 or VDDx 91) and
the input line 61 of the dummy pre-driver 601.

The dummy pre-driver 601 and pre-driver control circuitry 501 and 503
similarly provide gate biasing to the dummy fingers 151 of the muiti-finger
NMOS transistor device 100, as discussed with regard to the pre-driver 600 and

25 pre-driver control 500 of FIG. 5. That is, the dummy pre-driver 601 is used for
the dummy driver fingers 151 in split function drivers, and is designed to make
the regular pre-driver 600 match the biasing requirements for the active driver
fingers 153 of the NMOS transistor device 100.

FIGS. 12A through 12D depict schematic diagrams of various

30 embodiments of the dummy ESD pre-driver 601, pre-driver 600, and pre-driver
control 500 of FIG. 3. FIG. 12A is a schematic diagram utilized in conjunction
with the dummy ESD pre-driver 601 of FIG. 11. The dummy ESD driver 601 is
formed by an inverter circuit comprising serially coupled PMOS and NMOS



10 FIG 11 depicts a schematic diagramof a dunmy ESD pre-driver 601 and
pre-driver control 501 coupled to the NMOS device 100 and ESD contr ol
circuit 3W0o0sf0$eEs 3. In particular, a dummy pre-driver @®QI/iss2/ss03n as an
inverting circuit, having the output line 41 (see also FIG 3) coupled to
the dummy ESD fingers 151 of the NMOS _ggvice 100. The NMOS transistor 501
of 15 the pre-driver control 500 is coupled with the drain to the input

l'i ne 6]} 01;1 ttémistdtcsl;rw ane 6d4| wllaereﬁmla soutice\of thet PG transistoy eggdsmd %5. The
gate of the pre- driver control N transistor 501 .is ed to the ESD
det ect or 31¢PUPELIG 2 SHPPYY H'Bed?&»dyl\%érgﬁ@mjrté? dmfttl?%ﬁ’gﬁgédfar@ﬂoron and

of f, as di sgus Lt : 5 i such
as a resistor, éﬁfg)u?(r)él% etget oalg ‘ggﬁ%'\?gggfﬁﬁéﬁ ﬁaf%arhg'b/@m&fgﬂtﬁgt ?gt?'e( e.g.,
suppl y | i neiavafi. dtheogateBdf trabsistord 612kand tiptiard cogpléd tagethérfoduingthe
pre-driver 601. The.du re-driver 601 an re-dEi ver .control circuitr
501 and B0dnoud o e imyersr e crtpladiiosRe AR Brevabn S A i FekEeor ¥ e
mul ti-fingegqp, NVER dsfRRsistber device 100, as discussed with regard to the

pre-driver 600 and 25 pre-driver control 500 of FIG 5. That is, the dumy
pre-driver 601 iBhepedriver contrel B0hepmprises NMOSdeansistans $13 apd ©14f unct i on

drivers, ang,, L. 0 t I - d 4 t he

bi asi ng' r equMOSHIADSSRE S na R athyEITAb YR ST B AMS TR

transi stor gRipléEfrdfthefsdatce dthetNINMOBItradSiBtor G4 QS the pravativer 60 ans of
vari ous 30 enbodi nents of the dunmé_ESD pre-driver 601, pre-driver 600, and
pre-dri v@r gregndd RS transistor §151s epupled fiogn thessyppivnting VRIRgPLR the | i zed

in conj unCt&@msf%w;t%gﬁ\%gtegx%isﬁg69"293’&3;6‘]’ a8l 95 tétie gates, F e durmy  ESD

driver 601 Ts I nverter circult’ conprising s y coupl ed
PMOS and NMining ESDAgeRsS1PCof tHedIMEI®S Gansis®t davioes1(0 viadingl4! . afile 614,

(eoa, Vool i PMIES asistrS (a8 hatouniasieo i Susmy e YTRSE8H ¥is + 0t ne
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of the iHvepuleup dadice@ipl aw! the gate of MO transistornbk4 o grauadal pulhe gptedevi ce
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The NMOS transi sReferfdghtd BIG. 12B, it is noted that the configuration is the same as
shown in FIG.12A, except that the inverter pre-driver 600 is alternately coupled
to the gates of the active fingers 153 of the multi-finger NMOS transistor device
20 100 via line 40 and that the input 60 of the inverter pre-driver receives a signal
from some pre-driver logic. For either embodiment in FIGS. 12A and 12B,
during an ESD event, transistor 513 is turned on by the PMOS ESD detector
310, which pulls the gates of transistors 514 and 516 low. The PMOS transistor
516 is turned on, thereby coupling the lines 40 and/or 41 to supply line VDDx
25 91, which biases the gates of the unused passive fingers 151 (dummy ESD
fingers) and the gates of the active fingers 153 of the NMOS device 100.
Furthermore, the transistor 514 is turned off, thereby preventing the inverter
device 601 from pulling either lines 40 or 41 low, which would act in opposition
to the gate biasing transistor 516.
30 FIG. 12C illustrates alternate dummy pre-driver 601 and pre-driver
control 501 circuits, which may be used with the multi-finger NMOS device 100.
In particular, the dummy ESD driver 601 is formed by an inverter circuit
comprising serially coupled PMOS and NMOS transistors 612 and 614, where



coupled fromthe source of the NMOS transistor 614 of the pre-driver 601 to
10 ground 15. PMOS transistor 516 is coupled fromthe supply |line VDDx 91
to the dweimmoss3the inverter transistors 612 and 614, a®cmaidoz/asoio the
gates of the dummy ESD fingers 151 of the NMOS transi stor device 100 via
line 41. The gate of the PMOS tran5|st§5 516 is also coupled to the supply
line VDDx 91 via pull-up device (e.g. aresistor) 515. NMOS transistor 513

i s coupled thé%mtdeeoﬂtﬁemNAbsmaﬁ@ytbﬁe151§c@mea e gerirl 18 ahVie traimsi St or
514 to ground 15. The gate of the NMJXS transistor 513 is biased by ESD

det ect or 315 the MMOﬁeaFEDPW &ranpistpre §141and G tikarg serallycoupled: hat t he

configuration i verter
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153 of the gouipldd fo theesouNd6f thePOS wansistor eezzmtﬁé)mWrter 60 heartDthend t hat
the input 60 of the |nverteﬁ_h€re driver receives a og%gq from sone
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vt B P RS G R Gt g, 1

pulls the ga fow P transis 516 is
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inverter device 601 frompulling either lines 40 or 41 | ow, _which woul d

act in dppdsansistars 531 and 53atte contel thg tuinaer P& ther pretdrives GO Ehe paitput

cirout t o, vatinh BT e RN BqT, 8 antecfi R RIS Rt HumBE TR °T
particul ar,fifgegs damtr@amﬁfw@ér IWIDS gahsistoed 00y an inverter circui t

conprising seriall cou | ed. PMOS and NMOS transj stors 612 and 614, where WO
03/ 005523 PCT/ US8® FL@S”(D)é“%GQP%"’GFOVt‘ [fethRas e A8 $8PWNAR 614 is
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12D, during an ESD event, transistor 531 is turned off and transistor 532 is
turned on. The inputs of the inverters 601 and 600 are pulled low to ground 15.
20 NMOS transistor 614 is turned off and PMOS transistor 612 is turned on. As
such, the entire structure enters into a tri-state high impedance condition at
lines 40 or 41, thereby preventing the pre-driver 601 (or 600) from influencing
the effects of the transfer circuit 320.
It is further noted that the pre-driver 600 and dummy pre-driver 601
25 configurations (as shown in Figures 12A-12B) depending on their power supply
and pre-logic connections may also act as transfer circuits 320. That is,
because they also transfer some of the ESD voltage to the gate of the NMOS
transistor 100. One difference with respect to the regular ESD transfer circuit
320 of FIGS. 4-10 is that the ESD voltage does not come via the ESD detector
30 310. Rather, the ESD voltage is provided via the charged VDD line and the pre-
driver 600 or dummy pre-driver 601. As such, the pre-driver 600 or dummy pre-
driver 601 are supportive to the ESD biasing of the ESD detector 310 and

transfer circuit 320. If the existing pre-drivers 600 and 601 configurations



pul | -up device 515 (e.g., resistor), which is coupled to the supply line
VDDx 91. The ESD detector 310 is coupled to the gates of the pre-driver
control IWOtmsamsestors 531 and 532 to control the turn-onPefi/uShm2@ne-driver
601. The output of the dummy pre-driver 601 is connected to the gates of
the dummy ESD fingers 151 of the nultigfinger NMOS transistor 100.
Referring to FIG 12D, the configurationis the sanme as shown in FIG 12C,

except thatcdnhet beigadtartbed e attaetnearanyfer elrduttad p@@;ﬁbn;sblabum oatpenlty 15
coupled to the gates of the active fingers 153 of the lti-

f
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transi st or chidihg BSDt tAIti;fdately aTd]ﬁenenppteanertdmtnohﬁﬁﬁtrmysb@ﬂﬁedutmi 600 are

pulled low to ground 15. 20 NMJS_transi 614 | turned off MOS
transi stdr Fﬁ'ﬂg'@H?lﬂrﬂ'@d'vﬁhfro%mﬂ%%‘nng ﬁ}?e{ué'ﬁ?‘?’? ) Lt\ertﬂ%'ﬂ PRCIEGH '@ito a
tri-state ea?ﬁﬁ t t her eby preventing
the pre-dr mg(?h%%? or%ggpﬁ't?%o%%lr}f@&%mrﬁg;aréqﬂgq ects of the transfer
circuit 320. It Itis dlso nbted that tu pneadrmelnesﬁﬂ@ndrdummyame-chivarsj@mmre

pre-driver conf ration I N 2A- 1 dependi ng on
their pomerlﬁg'aﬁé??/pr%y P@'qgo%ﬁrtag ﬁgéﬁ?@nss)/"ﬁ%‘gﬂ EBS’Q@?S'é@ fPansf er

circuits 320atwEBalthé Bctivd8RAUTEdLMAY Rarssistor pARS Sor Ak uaffolnh eurkdd ool t age
to the gate of the NMOS transistor "100. One di fference wth respect to the

r egul ar 1ESDheMMOSeiransistoni100. Shohaynmmelsicakcanglitions argtbastackisked i t age

orovi tod vi oo e phaRGEE A Ko Gy B Eind apae e st
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supportive to the ESD biasin the ESD detector 310 and transfer circuit
320. |f thetueaﬁ%iﬁfﬁyﬂﬁg@%Eﬁi’e?@@dﬁ'%d%@)f"é&r?ﬂ Jgur ati ons WO 03/ 005523
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above for FIGS 12CG 12D w regard
current from the 1/O pad 20 to ground 15 rather than the multi-finger NMOS
transistor device 100 of FIGS. 1-12. As is well known by persons in the art, an
20 SCR 1300 may be represented by a PNP transistor 1301 and an NPN transistor
1302. The emitter of the PNP transistor 1301 is coupled to the pad 20 and the
emitter of the NPN transistor 1302 is coupled to ground. Although only a single
SCR 1300 is illustratively, shown, one skilled in the art will understand that the
single SCR 1300 may alternately comprise multiple SCR fingers. For a detailed
25 understanding of the manufacture and operation of an SCR ESD protection
device, the reader is directed to U.S. Patent Application Serial No. 10/007,833,
filed November 5, 2001, by common assignee Sarnoff Corporation of Princeton,
New Jersey, which is incorporated by reference herein, in it's entirety.
The configuration of the circuit of FIG. 13 is similar to that described with
30 regard to FIG. 4. In particular, the ESD detector 310 comprises a PMOS
transistor 311 having the source coupled to the pad 20 and to the emitter of the
PNP transistor 1301 of the SCR 1300. The gate of the PMOS transistor 311 is

coupled to the supply line VDD 60, and the drain of the PMOS transistor 311 is



It is also noted that the pre-drivers 600 and dunmy pre-drivers 601 are
utilized to provide biasing conditions that are symetrical as possible, as
bet ween tWe 0a00352& and the dunmy transistor parts, for no®CTOISNE/20603 t ur n- on
of 10 the NMOS transistor 100. Such symmetrical conditions are best
achieved if both the pre-driver 600 ang,;dummy pre-driver 601 either

provi de the supportive bias fromthe supply line VDDx 91 (FIGS. 12A and

12B), or i fedupred ?’0@%*’15 marg[n@dnmhg résistdn@oohem@gavea@m 1306GS. 12C and
ia a silicon controlled rectifier
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shown, one skilled.in t i1l u ert nd.that the siyn 1300 may
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Speci i cal | §Nd {srised orly TfFRDBIO®EARN-of each SCR finger is biased via a

substrate punp 1 Wé?rlbusserﬁ@wm@ﬁtsefﬂmavmcaep&a@ m@&bb&wngé of tHeer sper sed
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in the art can readily devise many other varied embodiments that still

20 incorporate these teachings.



regard to the NMOS device 100 of FIG 1, or as specifically described for
an SCRin US. Patent Application Serial No. 10/007,833 nentioned above. ..
. During wo oB835eyent, when the 1C 10 is in a non-power edPsratse?2ahe PMOS
ESD detector 311 turns on and provides a gate biasing signal to the first
10 gate GL 1306 of the SCR 1300 in a sigglar manner as described with
regard to the NMOS transistor 100 of FIGS. 4. One advantage of using the
SCR 1300 i syettiatimt he SCR may be used in conjunction with the NMOS

transi stor 100 such that the SCR 1300 repl aces the passwe dunmmy ESD

fingers 1511.of tAMQ@Revicer HiTos ESRD pratectigiehayirg ajderality ¢f finggrs, where
vol t age- cl hn& tH&Y)'Ilﬁgllthﬁtﬂnégfsr@5'1 n1§ gegmpﬁgggl on with the ESD control

circuit 30 I'ta evi ce and is used only for ESD
protecti on. AltmegMelveriO@us errbodl rrents that incorporate the teachl ngs of
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that still 94 fé@ﬂfr%oééifp?ed Bhigls. WO 03/005523 PCT/ USOZ/ 20605
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N+ source rggired ddléﬁélbouﬁ]égltépﬂﬁ_ﬁﬂchljy said P-well and substantially
parallel wth sai luralit mtersgersed N+ drain regions, said N+
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i ntersperse glo
plurality okelPredi@fandsubstrate tie regions (120p) i nt erspersed bet ween
and electrically | solated fromsaid pluraljt rspersed N+ drain 15

regions; a secor® first Qrugglity pf 61+ Ipq;ahqg@gtrageﬂlggegierés {]1122)0) daterrersados) |
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i nt er sperse
15 regions;

a second plurality of P+ local substrate tie regions (120y), interspersed
between and electrically isolated from said plurality of interspersed N+ source
regions, wherein at least one of said P+ local substrate tie regions of either the
first and second plurality of P+ substrate tie regions of at least two fingers are

20 electrically connected, and

said gate region of each finger coupled to any one element comprising a
pre-driver circuit (600, 601), ground (15), and said first and second plurality of
P+ local substrate tie regions. (FIG. 1, 2A-2C)

25 2. The MOS device of claim 1, wherein said first and second plurality of P+
substrate ties are grounded, said first and second plurality of substrate ties and
said plurality of interspersed N+ drain regions forming a respective plurality of
diodes (125). (FIG. 1, 2A-2C)

30 3. The MOS device of claim 1, wherein said plurality of fingers of said MOS
device comprise at least one group of active fingers (153) and dummy ESD
fingers (151). (FIG. 1, 2A-2C)



regi ons, wherein at |east one of said P+ |ocal substrate tie regions of
either the first and second plurality of P+ substrate tie regions of at
| east twowbDioagessg3 are 20 electrically connected, and sai ecgatse2/ewgs on of
each finger coupled to any one el enent conprising a pre-driver circuit
(600, 601), ground (15), and said first,@nd second plurality of P+ |ocal
substrate tie regions. (FIG 1, 2A-20 %@ 2. The MOS device of claiml1,

wherei n saigl fi rﬁ{erég)taeﬂe@%fela%aﬂ Wheréih tRe asé%ftéaaa@cﬁwﬁn@ére ageounded,
said first and second plurality of substrate tles and said plurality of

i nt er sper sexuiediiossaid pegrdover. {GrilngAa2Gkspective plurality of di odes
(125). (FIG 1, 2A-2C) 30 3. The MOS device of claim1, wherein said
plurality of fingers of said MOS device conprise at |east one group of

active finggrs (THes3SMGB dedicawy claiR4, f\Nh’ByethdL(rih@Jélectfd_dtﬁlc discRargeGESH)
03/ 005523 PCT/ US02/ 20605 -39 4. The MOS device of cl m 4, wherein the
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| ocal P+ sujmtiptedt © saldpadofFléandZA{ZO)east one group of acti ve and dunmy ESD
fingers are electrically coupled to said pad. (FIG 1, 2A-2C) 6. An ESD
protection circuit (150) for a sem conductor integrated circuit (1C 10

havi ng protgct eda ¢ ESHpidtdetioniiRuit S 5) for arSénitondutisr intbdiMed dircansic)t or

(100), each finger having a drain and ~ source respectively coupled bet ween
an /0 pad Hang plfote¢ted|0(tca|my gempriging:15), and a gate of each finger for

bi d fi ES t 311
compr i 9ing a 157 ol BloasMIER b osibar Prod  ettEpoarivdd Rl i *1
coupl ed to gprté %sp@éﬂ@ély coMpletiatwé 80 hndfO phd (2O ofthpaCasrid groundi(as),t ance
(900) formed between the supply line of the |C and ground; and a transfer

circuit (320)d agategf eash ﬂ'@ﬁerci@rolé!éﬂ(‘gzs@)d fingRii e the cathode and 20 anode
o ne e hee, Y PEND Sy [Pk 8R0S (YRR ) Sffrig 4 e oate
15 source coupled to said I/O pad of the IC, and a gate coupled to a first supply
voltage (90) of the IC;
a parasitic capacitance (900) formed between the supply line of the IC
and ground; and
a transfer circuit (320) having a first diode (321), where the cathode and
20 anode are respectively coupled to the drain of the PMOS transistor and the gate
of each finger of the NMOS transistor. (FIG. 4)

7. The ESD protection circuit of claim 8, wherein said multi-fingered NMOS
transistor further comprises a plurality of active fingers (153) and a plurality of

25 ESD dummy fingers (151), wherein the gates of the active fingers are coupled
to said first diode and a pre-driver (600). (FIG. 4, 5)

8. The ESD protection circuit of claim 10, further comprising:
a first ground resistor (801) coupled between said transfer circuit (320)
30 and ground. (FIG. 4)

9. The ESD protection circuit of claim 11, wherein said transfer circuit
further comprises a second diode (322), where the cathode and anode of the



7. The ESD protection circuit of claim8, wherein said nulti-fingered NMOS
transistor further conprises a plurality of active fingers (153) and a

pl ural i t ywofo3/0282ESD dumry fingers (151), wherein the gat @€TafSor/bwsoscti ve
fingers are coupled to said first diode and a pre-driver (600). (FIG 4,
5) 8. The ESD protection circuit of clajg 10, further conprising: a first
ground resistor (801) coupled between sard transfer circuit (320) 30 and

ground. (Fldecofl dlodeThe feSPestivallyecsupiad ¢o theudiaimbf sdidiPMOSE, trawsistor N sai d
transfer circuit further conpri seségg;econd di ode (322), where the cathode

and anode df31ﬂ)1énd/\€b'€€)§|75095!312'@ nesiptay pGeisssecond dieds fiirthar seupladdo

respecti veI t SI stor (311) and the
first groun SI S%é?%dﬂ@%f&%@%@hﬁ&%@ f‘{)?) her coupled to the
gates of said ESD dum‘ry fingers (151). (FIG 4, 5) 5 10. The ESD protection
circuit of clai further co rj,s e round re5|stor (800),
coupl ed detken '??eE§paPr|9t‘?ﬁt'°§aq ’Iﬁﬂkﬁgﬂméﬁs?@'ﬂ?ﬁr NsNGa$cord ¢ 5) 11.
The ESD pr Blweb r t age
i tor (3apeha SENiEio (00), ourdidpBtwicn thg draif ot@ EMOSarster 48 %)
12. An ESngunéc(tFlIGnS):i rcuit for a sem conductor integrated circuit (1C)
havi ng protected circuitry, conprising: 15 a nulti-fingered NMOS transi stor
(100), each finger having a drain and source respectively coupl ed between
an 1/ 0 pad {£0) Te EB@ [ertélﬂi@ngfr@um@f(;[hﬁh 13, lﬂhﬂwe@taio@npﬁsumgach nul ti-fingered
NMOS transi st or couE) to a pre-driver ;\@QO of the IC a PMOS transistor
(311), Having a avd liroiten (§§0i goupied be gaigftranséer grguit@ndgraupdgat e
coupl ed tov\@ (Eu?f.l y voltage (90) of the IC, a parasitic capacitance (900)
formed bet é e supply line of the IC and ground; at |east one | ocal
substrate tie (120) forned in proximty to the nulti- finger NMOS

transi stor and coupled to the drain of the transi st 25 6)
13. An ESD %ot Bratection ¢inasky oqg,sea‘ngcg%)sg}{dﬁt@g@ earﬁr@tﬂt &I%Qd circuit
(10 having protected circuitry, comprising:

15 a multi-fingered NMOS transistor (100), each finger having a drain and

source respectively coupled between an |/O pad (20) of the IC and ground (15),
the gate of each multi-fingered NMOS transistor coupled to a pre-driver (600) of
the IC;
a PMOS transistor (311), having a source coupled to said I/O pad of the
20 IC, and a gate coupled to a supply voltage (90) of the IC,;
a parasitic capacitance (900) formed between the supply line of the IC
and ground;
at least one local substrate tie (120) formed in proximity to the multi-
finger NMOS transistor and coupled to the drain of the PMOS transistor. (FIG.
25 ©6)

13.  An ESD protection circuit (150) for a semiconductor integrated circuit (1C)
having protected circuitry, comprising:
a cascoded multi-fingered NMOS transistor (100), each finger having a
30 first transistor (1012) and a second transistor (1014), the drain of the first
transistor (1012) and the source of the second transistor (1014) respectively
coupled between an I/O pad (20) of the IC and ground (15), the source of the



having protected circuitry, conprising: a cascoded nulti-fingered NMOS
transi stor (100), each finger having a 30 first transistor (1012) and a
second t rwoaBmbsse3 (1014), the drain of the first transi strem/ySe®idps and t he
source of the second transistor (1014) respectively coupled between an I/0O
pad (20) of the IC and ground (15), thg4:]s_ource of the WD 03/005523

PCT/ US02/ 20605 -41 first transistor coupled to the drain of the second

transi stor,frgmdaasugfﬁre;oe legiaBhthe Urain Df SiesedcHflPansiStdd)arrf a gatdioff éauger f or
bi asing said finger; SD det ector (310) having a PMOS transistor (311)

conpri si ng téﬁ“%@r@@@ou@@cﬁtﬁ?@dﬁ!n@eff%%%fd”@ﬁatdﬁwg% and an N-wel | tie
| ed
(377) coupl e t%ntggp noéeé@%éf\(ﬂﬁ%‘t{éﬁufd%h)’éé'ﬁr&s‘? r (1P ROARIENG

capaci tance (90 e~su lI'i'ne o ground; a
transfer cisouncd cquded t@ealurlle ipad o the thamH aal &l- wam.ge (BZ?/) caupiécdtathede and

t he cat hode respg]et'%w@% oupl ed to the drain of the PMOS transi stor
and to the G g@Bﬁ'& Oft ransi stor (1014) of each finger of the NMOS

transi stor (1005 oaadiid capaeiithcl @) (eH BaWeRH thoSugpyReaiths I cat hode

respectively couple e PMOS transi stor "and the gate of
the first tamhgnosmdr (1012) of each finger of the NMOS transistor; and 15 a

plurality of serl |1y, coupl.e ades (372) coupl ed between a supply l'ine
(90) and the gatae gf?ﬁ‘é'"ﬁﬂ)[ézﬂ gﬂ@lpg'%'gp (311), where the cathodes and

anodes of the seriald firseaioaeqd24) Ra\aag (RS a86de ¥R YheBathbde evgpstiivelye
supply line (90) and towards the gate of the PMOS transistor (311) (FIG

7, 9) 20 14. An @SD'QS*@HB@QT@'H Qflﬂﬁ%ﬁ’MO§15mﬁ'3t@'raij toctecasie of the 3$¢ﬂr@gr at ed

circuit (10 ( r coded
il 11 nger ed AREPLS18] 8 S5Epginsthe NSRS 0P oo, £75:

transi stor (1012) and secomeiadiddé (326)irsving mb(la’lr@d,ead‘cbtl'tér@tho@é the first
transistor (1012) and the source of the second 6r ansi st or

014)

respectively 25 r@émtwelmmtoawemr@%{dh?m &trQW%Sthaé%H‘%lQ%@er (15),
t he source of t r 5)&% r second
transi stor, andhge f‘é tetﬁi:c?fgtsrtea@Pq gfngl stor eg‘r%ﬁ@e NT@?% 1 Isgét%tﬁrﬁ i nger for
bi asi ngisai d fi ragplluralay B\VESiallyamsiptdodioded {372) cavplegl laetwmencaesmnpiplimi to
said 170 pa(go?];né rthee gate of the PMOS transistor (311), where the cathodes and anodes

of the serially coupled diodes respectively point towards the supply line (90) and

towards the gate of the PMOS transistor (311) (FIG.7,9)

20 14. An ESD protection circuit (150) for a semiconductor integrated circuit (IC)
(10) having protected circuitry, comprising:

a cascoded multi-fingered NMOS transistor (100), each finger having a
first transistor (1012) and a second transistor (1014), the drain of the first
transistor (1012) and the source of the second transistor (1014) respectively

25 coupled between an I/O pad (20) of the IC and ground (15), the source of the
first transistor connected to the drain of the second transistor, and a gate of
each transistor (1012, 1014) of each finger for biasing said finger;

a PMOS transistor (311), having a source coupled to said I/O pad of the
IC, and a gate coupled to an N-well tie;

30 a diode chain (372) comprising a plurality of serially coupled diodes
coupled between the supply line (90) and the gate of the PMOS transistor (311),
where the cathodes and anodes of the serially coupled diodes respectively point
towards the supply line (90) and towards the gate of the PMOS transistor (311)



IC, and a gate coupled to an N-well tie; 30 a diode chain (372) conprising
a plurality of serially coupled diodes coupled between the supply |ine
(90) and wioasgeises of the PMOS transistor (311), where thecaatSopeesss and
anodes of the serially coupled diodes respectively point towards the
supply line (90) and towards the gate ofothe PMOS transistor (311) WO

03/ 005523 PCT/ US02/ 20605 -42 a parasitic capacitance (900) fornmed between
the supply |ine ppatddricl@pasitahd (900) forared latweenthe eopplydieelofthdiCrate tie
(120) fornmed in proximty to the multi- finger NMOS transistor and coupled
to the draignd@round; s transistor. (FIG 5 8)

at least one local substrate tie (120) formed in proximity to the multi-

finger NMOS transistor and coupled to the drain of the PMOS transistor. (FIG.
5 8)



