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WD 2004/ 051749 PCT/ US2002/ 038546 LATERAL LUBI STOR
STRUCTURE AND METHOD Technical Field The present

wonreansizan generally relates to the field of |pPtEYSHDZWBSS46

circuit fabrication, in particular of fabricating
devices for electrostatic discharge 5 protection

I REETS U@‘ﬁlﬂé\%ﬁﬂ@ﬁ?%§?ﬁlﬂéﬁ§'ﬁ4ﬁ%ﬁﬁ°”

integrated circuit technology that enploys a thin
Onm - 100nm vertical nenber as the source, drain and

bqq%ﬁ ?—! d effect transistor (FET) and has a

g ic8 Fiefd ext to two vertical sides and the 10 top

of the channel. Wth such a thin body, there is very
ate. couplin o that fully. et ed oo

o plteresant wveain BSherally soafes tabedield B chfiasateg gifouit

r 98Bt H %Qhka&? olf’\‘afﬂrﬁ,%ﬁlhgr(‘jefvfdé@f&L Sl%frb§t@hc discharge
overstress . such ectrostatic di schar

( EBDlectian (D) lramtegrlamd oistuitigshoplogias tbat uaB@FH‘thETs
stress events that are present in the sem conductor
manuf act uri ng, shipping 15 and test processes. ECS
events include over-current stress, |atchup, and high
current that occurs during testing and stressing. ESD
e\Bagkground A8 t hose occurring in the course of the
human body nodel (HBM, nachine nodel (MM, charged
devi ce nodel (CDM, transient latchup (TLU), cable

diTrehANNFE Thile Ipromisireeintegratetetirdd@zchsologl thatsermplogs a thin
events can lead to 20 electrical failure of FINFET

st(f QT EQ0nmiyertical membes @isdBR SOUFRe, derig afdkbasytof a field
pré?fe%‘fir‘aﬂ isfr éEENEEéd?Hs%@ereﬁl fsene 86 7S IEMicaPsides and the

provi de a equ prot eCtion or t ese structures.
U.t&p oPm@nhamellwmsuch lautbirr odys tioeness veot stoong gate coupling,

SR et e R, S5 B Mo BRlSres wi

1 require overvoltage protection from electrical overstress (EOS), such as
electrostatic dischargé (ESD), as well as other voltage or current related
stress events that are present in the semiconductor manufacturing, shipping
and test processes. EOS events include over-current stress, latchup, and
high current that occurs during testing and stressing. ESD events such as
those occurring in the course of the human body model (HBM), machine
model (MM), charged device model (CDM), transient latchup (TLU), cable
discharge model, cassette model (CM) as well as other events can lead to

electrical failure of FINFET structures.

Hence, it is evident that EOS and ESD protection of FINFET structures are

necessary to provide adequate ESD protection for these structures.

U.S. Patent 6,015,993 illustrates construction techniques for lateral ESD

devices having a gated diode, where the channel is formed in bulk silicon or
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WD 2004/ 051749 PCT/ US2002/ 038546 in the device |ayer
of an SO wafer. This structure is not conpatible with

wo-b0d#B31784 r uct ures and FI NFET processi ng. D scPOBUSBOD038546

The I nvention 5 The invention relates to structures
that provide ECS and ESD protection to FINFET

I T T N
FINFETstauctaesiamdl FINFET pcesainghi n vertical nenber

contai ning the source, drain and body of the device)
in alternative 10 enbodinents with and without a gate

Qtoslire ti%y be connected to the external
' otected to nake a

sel f-activating device or may be connected to a
reference voltage (92). Th evi g be in .
Fherindpian esdo STk es hakpiovide Fars ang KD pibtgetion to

IFINEETMRERSoIbRyanN i ntegrated circuit based on a 15
su%strate 109),/ whi ch includes an el ongated verti cal

menber (50) including a sem conductor, projecting

AGEnE & B Hsapeothala Mitoh” 5 s LUSTOR sffiys based
(P INFET fchR8idgy émploysta verfichlidin (BOF (¥ tHih veRlcanRishter

and a second el eCtrode (54), of opposite polarity, is
fosntalpinDrihe sedss draipmnshady, ofdhe deviae) dn aliemiagiue

ey S CTE F )58y Bhrmectc
ttbaie axidonealelectardee(B1) deinyprotecied ¢ntriake peelfactivdtiig device

of the vertical nenber, between the first and second .
2 o4 bASENNSCing) to G0l eisnea yoege (RBodH)odadas May beised in

PGl ons of a devi e according to the
Accordingly, a structure is provided in an integrated circuit based on a
‘substrate (10), which includes an elongated vertical member (50) including a
semiconductor, projecting from the substrate (10) and having a top (51) and
two opposite elongated sides (48, 49). A first electrode (52) is formed in a first
end of the vertical member and a second electrode (54), of opposite polarity,
is formed in a second, opposite, end of the vertical member. The first and
second electrodes (52, 54) are doped with an electrode concentration greater
than a dopant concentration in a central portion (53) of the vertical member,

between the first and second electrodes.
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invention in an early stage. Figures 2 - 4 show cross
sections of the sane device at further stages. 5

woegunes4d and 6 show exanpl es of alternative PCT/US2002/038546

enbodi nents. Figure 7 shows a schematic representation
of the device in an ESD application. Figure 8 shows a
Vigew _g.Fi 9 istop.inteqrated with a FINFET.

e 9 Shows arrot net sppl i cation. 10 Best Mde
for Carrying out The Invention An ESD LUBI STOR
structure based on FINFET technol ogy enpl oys._ a )
vdrigyresl 1A and (18oshqwa plaf and efass sgcligasBER Cécquqor@ng to the
t e, ' body of the device) in
aprﬁ\éer?ﬁ'{ghqﬁeasndévﬁﬁmggﬁg' wi thout a gate (60). The gate
(60) may 15 be connected to the external el ectrode
(%__;I,%Mbei ng phot ected to, make E sel f-gctivating device
orT IgPS e ¢ SHAWGrass seClipnseidhe seme, gpYisg &t (‘Q’g)e.r siages.
device may be used in digital or analog circuits.

Among the benefits which nmay possibly arise from one
orFigunes Sramd 6rshesv exarbpltisrod mitermetiverambodiorgntan ar e
the followi ng: 20 -provision of ESD robust structures
whi ch are conpatible with FINFET sem conduct or
prggmsr 550w8 @ sthietdtie’ ieprestn ot Oh8delAdd in an ESD

PCT7 US2002/ 038546 -use of ESD-robust FI NFET
stappbeatians and supporting structures; -provision of a
fin having diode term nals separated by a body,
controlled by a gate or ungated with a dopi ng

‘StRigGel8 shows b view of [aFinfresistgr-integhated with aIFINFER: / n' ;

5 -provision of a lateral gated diode formed on a
| ayer of insulator and

Figure 9 shows another ESD application.

Best Mode for Carrying out The Invention

An ESD LUBISTOR structure based on FINFET technology employs a
vertical fin (50) (a thin vertical member containing the source, drain and body
of the device) in alternatives with and without a gate (60). The gate (60) may
be connected to the external electrode (51) being protected to make a
self-activating device or may be connected to a reference voltage'(92). The

device may be used in digital or analog circuits.

Among the benefits which may possibly arise from one or more preferred

embodiments of the invention are the following:

-provision of ESD-robust structures which are compatible with FINFET

semiconductor processing and structures;
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having a p/p /n+ structure or p+/n-/n+, or p/p/n/n+
with a body contact to the lightly doped body;

wo pioawsiseon of a FI NFET structure havi ng a bodpCcTUs20az038546

that allows for 10 a dynamic threshold FINFET device
for use as an ESD protection el errent and -provision
of a FI R £80 st
pr ovi dewggl-gcfect ri i& Sé?(%lﬁ z{rsrtrfa bé?.{d %3 i of ﬁjg IS:I N‘f:tlL:LIeS
device for ESD protection. Referr| ng now to the
drawi ngs, and re. particul arl o Figure pr.ocess
15 sequemve'%ggﬁﬁfrﬁ@a%"ag e thpihals fepdiatid By ¥ 6565
pr&iritmuearb\p S§8RorUnda6 Wit 4 86pinGi struturé&uch@® p*/p/n*,
nber (for the FIN— ode structure) that are
avirE +1 @nal/pi/m/n"FI NFET t echnol ogy. Typ| cally, a hard
rrask of appropriate wwdth (less than 1 Onm is forned,
e.g. by forming a nitride sidewall on a dummy oxide

mesa  t-hadvidles opaqaterargmed aibde Ko%:rnréﬂl@ & N\Rsrdf irgulator and
epitaxial film silicon |ayer. 0 silicon film

nelaviRg 8ipigpi/e” stryelusg os.n*lrtlan qr pH@l/rmm*n@tfaﬁ b@ﬁiwtommt to the
I _a\‘rqeﬁ% doggh)b%ld&l con, sel ect ! ve silicon, strained
si ' cdn on a

sflicon germanium film or other filns
may al so be used. The silicon is etched in a
| eaves .a thin verti

di t I
renber  PIOVISIOR P58 BRIkt fving 2 befauagiaat glows for
g]f'é Pgﬁéﬁglfc'\ﬂ?eéﬂdld FIN IQ"JT Rvidasof h§8 ta%oéi"PESWHrotté’tﬁlotﬁ%Wment

evice. 25 Referring to Figs 1
togndriew in Fig. 1 B shows a gate 60 above the fln
50, the gate extending in front of and behind the
pl ane of the cross 4 WD 2004/ 051749 PCT/ US2002/ 038546

sect i onpedvidibl of & ANFET fsistodelémeiiigateats uHya tbiptovide
50 dlsposed on it separ at ed b% ate dielectric 55,

i |¢Ia§tflpaltanﬁbwrmahﬁﬁabfhtmf aEINFEIAeyieeios ESD protegtien.
exanple, fin 50 rests directly on the silicon

substrate, but sone versions of the invention may
haRefetrity rOwad the drawings batdvrrmmne paeticuldrbt tefiguend, & peocess

i snequence according to the invention involves preliminary steps of forming the
fin or vertical member (for the FIN-Diode structure) that are conventional in
FINFET technology. Typically, a hard mask of appropriate width (less than
10nm) is formed, e.g. by forming a nitride sidewall on a dummy oxide mesa
that has been formed on a (single crystal or epitaxial film) silicon layer. The
silicon film may be single crystal silicon ( including an epitaxial layer).
Polysilicon, selective silicon, strained silicon on a silicon germanium film, or
other films may also be used. The silicon is etched in a directional dry etch
that leaves a thin vertical member, illustratively 10nm thick, 1 um wide and

0.1 um long that will provide the electrodes and the body of the device.

Referring to Figs 1A and 1B, the top view in Fig. 1B shows a gate 60 above
the fin 50, the gate extending in front of and behind the plane of the cross
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5 e.g. the buried insulator in an silicon on insul ator
(SA) wafer. In this exanple, the substrate is an SO

waahsnsiaie and buried oxide 20 is shown as bebP@OENUIS2002/038546

device layer 10. In sone versions, the fin may be

formed fromthe device |layer and rest on the buried

oxd llust g ati [

aevdefon gt 161 1" JIFIQ/ 1A, Bublrad s ) o e dhyt

I eetwarmdlbypgaietdmleohmc 58) illtstratieely 1i mpl afroxide, drors gefe 60. In
IS, shown in

| I UiaRIgely 8 Ssts ety SBRP G boDA LBt fut gme versions

bestnh g ftibA hévéhQ:ﬁeletrlchQ{léF wwebh Qﬁe @awgﬁsﬁe arfd the fin,
the circuit and been pl anari ze

cheegi dke boded mu&:aaor imoan sticer ondnsuﬂetqrégéll ) wafegatetigs.

o g B SRR b b SHpRaRR AR OB 705 shown as

dasgowidenleeuby e‘lroﬂi/ REome Ve rsibme), tﬁédiﬁfma b@ﬁ@ﬁhbdd@)m the
greater than an N+ dose of 5x1019/c

dél!ﬁVé,f@ lsyetiand et eetheyied oxigR ll&@ﬁah\gelmm 59#@@&"& doped
R BVl S RO BogRbN (880 Hopblipl Bl implaptation.

Ica

has been opened to expose the cathode 52, mhlch |s

| lanted N+ (Wi,th a dose at st _one order of
Sﬁf&é"lpé%‘at'%ﬁtecpdé 'nﬁﬁga@u yithdg mp&ﬁ%rw'@vera@#

aﬂﬁ’uétl’éftﬁe h&ti- réf(lﬁ:‘ﬁ%ﬁ dd%tlhﬁ?hﬁ 505 EepbSiRd as a step in

conveni ent mask su ayer o otore3|st 67 can
be‘opmingdmihar dendcemin ihermrtuitRingl, h&smmanahleedaere by
cess de 54. bei [ Ia te g
sl echeiEet BRI oo 4e¥a R S56 607 adte o B planted
haﬁnma%awldo@@toﬂbr@ eﬁneeprdrlnerm@fé\rwy, lgtatepeo ré6eives an N**
i npl ant ed mhen Jt s’ put down if it is polysilicon

arﬂlps@ efiahput 1951, 1©y0. twe @Q@ﬁrrﬁdna@tqdﬁﬂi’lelaier thae anj N dose
c el %3 Oﬁ"%rﬂB Wtﬂftﬁkgdé%ﬁe"@ldlfférgﬁkégérr?y @%e@%ﬁb nlértﬂﬁt the gate

opénéd i n otoresi
I eaives wilbnbhgignifibantly affectars werk finatigh.or N i npl ant s

5 WD 2004/ 051749 PCT/ US2002/ 038546
In Figs 3A and 3B, a non-critical aperture has been opened to expose the
cathode 52, which is implanted N* (with a dose at least one order of
magnitude less than the gate implant). Optionally, an aperture can be
opened in the ARC or any other convenient mask such as a layer of
photoresist 67 can be put down and patterned. Fig. 3B shows the same
process, with anode 54 being implanted. Again, the dose (P*) is one tenth
that of the gate.

The fin has been implanted at an earlier stage. It can be implanted when it is
put down if it is polysilicon and a single polarity is required. Optionally, the fin
can be formed before the well implants and apertures can be opened in the

photoresist for the well implants so that the fin receives P and/or N implants
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simul taneously with the wells. Referring now to Fig.
4, there is shown the FIN-D ode device after

waolepasst7uon of the final interlayer dielectriBCT/US2002/038546

formation of apertures for contacts 72, 74 and 76 and
deposition of the contact material, Since these

Coé‘ihﬂﬁfaﬁeéﬁgly?%rﬁtrle%éls% level, it is appropriate to

use tungsten N i s bei ng used for other
contacts at this level. If poly is being used at this

ol el TR PorRias heare  Ehanndhe Hludioeeeisesafigndeposition
or ofGp fivizdl lntéﬂé)fb”r diste&tricdidthRitibhi dtapehtids fIrQBRERES 72, 74 and

can be used. Al'umi num i nterconnect 'structures can
cof Pt depositiondifdbe eentast matedaly Smcalthe(&egconTaM; ara at a low

R KB St T i s BBt o g

angbritactsran\thiddegs1odf gie & béibglusedstupis] IWéI)’theﬁ%@bcntacts are
i nterconnect structures can consist of an adhesiV

f i dgRquate. Fexmiectrical indetconyestiss standardintercannacts (Al or Cu) and

il AR L 8 6 e AT e

dastastenes can @brﬁdlstdﬂmasadﬁmlw mtl@ﬁ:fory Jnh'x—;tED(edeSI‘f?tl\lé\n@I refractory
t tructures, refractor

regfed (g Th L SE8, B4 a0 iU Sthichirgforedhasien, diffusion

t edmﬁél%t &P p F&W@S@éﬂd&&%@%@cbhﬁﬂ&Mt?t Gt tptplé{ Enterconnect

FIN-D ode structure
cmmmresmanr@r@mt@cﬂ ap-adhesive fsdm (ecg. uﬂ'aNt),meft’raetory metal (e.g.

T4l TE cBbaft BRObRE ot 0l B CifuslEpRaect startures, the

stgtertures a?émomedmgmb%t Qﬂg@’dérﬁag@eﬂé and@él &a*f‘ﬁa&%h% € process.

struct ure to an anode or cat hode node, groun

orfF P &mel anghissistorballgsting in thesemthresenreémm metals can be

ci i r di sadvant age of

t hl{as‘éuat%eecalds%gt Qh&k ﬁghgﬁaﬂ'g ﬁilnlgﬁgh]"b%tr %rrur ﬁmy be damaged.

The circuit designer will make a choi ce based on f

tradi n ff advant ages and_ drawbacks. 25 A set o
s 5 afvatapeobie Gstp o tive EINARIBStBIcke hownyar gl 4is that

t qh@ bgVﬂeH?wﬁthe P+FH -+ SEGdiGRe 5%? Pé %@ﬁa’tgﬂ% electrical

hi gher total c carrying capabilrty,
control of the gate structure Hence, the leakage, bias, and electrical stress
can be modulated by connection of the gate structure to an anode or cathode
node, a ground plane or power supply, a voltage or current reference circuit,
or an electrical network. A disadvantage of the gate is that the gate insulator
may be damaged. The circuit designer will make a choice based on trading

off advantages and drawbacks.

A set of several FIN-Diode structures can be placed in parallel to provide a
lower total series resistance, and higher total current carrying capability, and a
higher power-to-failure of the ESD structure. For example, the anode and

cathode connections can all be such as to allow electrical connections of the
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hi gher power-to-failure of the ESD structure. For
exanpl e, the anode and cathode connections can all be

wermh/osig4d 0 al |l ow el ectrical connections of theCBHUYE02/038546

2004/ 051749 PCT/ US2002/ 038546 paral l el FINFET di ode
structures. These parallel structures may or may not

t t trod Th
peretlE] FTORET o S EGLEST TaproRaGe AEUsIdrBanager may not
paysalthelsafhe BIY SlebR6@S! TRetd'€arF@ldo B HbisoRBRAtioRrand
performance oObjectives. Additionally, there can be

r esistarpization phtheagumbgr obparalipkelemants hased pndke ESRAn
b‘?ecgl?%%?%hﬁgre[g r&é %A%%%éjgaﬁ\%%edAc?&{léﬁa{]fy Wi %%émbté/remstor

urn-on or

eloeiifestiryg, anthdifferbrajatgbiasbsican bméabbbéhed onalowsimproved
conpared to a prior art device is:

t I%Uéf@napﬁﬁ%w%&lf PEayiding|g Mpansyto |tw@v/eatt50rqffenh€ elements.

a f par%ﬂgl eementPEM {d & Bior rtdevnce is: 1)
unl orma{mg Intvvogirrenmg’ &sm ?

Lmbneet-«nmetﬁ;lcs”cai laapabmty 2y impreveduauirfent bathstlmg mmtrol and 3)
a ,weakenin

PSR et LUl EoRfer Jn hyP-diMens el Single,finer Lubistor
ars%%ctdr@s SUFSR UTiforRity iehot nhﬁ@rén‘i‘ﬁ{ R ddsigh | clistg a

each FINFDiode structure is isolated from adjacent
r egrakeningrof @epﬁsDe*nbssmhsss per uots mpicrangofiesose eectional area. In

oo BtrusiFetadE pidrBiA Beting of o FRRIOH SEGERRe i isotated

Flff‘d;nﬁ)la@lﬁieﬁ:ewlfé’@bﬁé Ehfsrm*@t/entédﬁétm@lr&ddp}‘inglﬂéﬂﬁ@en adjacent

FI'N-Di ode structures can be desi gned
el"@ﬁ'@ﬁﬁsff%’ﬂ prayidingra-uaifemeHesmatpeofie ﬁﬂéf&is éowst@%s

i %ﬁﬁgh@ﬁyﬂ{ eBS\‘?FIWB&é B?Pél{éﬁlalé %ﬁt' on rmakes one

I'on supert or er for different
purposes Thi s has been shown experinentally by the

n tor and 20 | function of t opi n
ciianalh oo faRufipdbiiicieS ao kindeSunen s Ryp-ins
afeﬁ&%ﬁ% @b’ptlhe/ éﬁbhf@ Cfhe dff@é%@maetlbéﬁ%w df taad
t he possi using an inplant for
Flmetlallunmcalhmctm mak@s oné ||mp|emmtau@|n fsupescmhte tbe ipgher for
different purposes. This has been shown experimentally by the inventor and
is a function of the doping concentration and application. The choice will be
affected by the capacitance - resistance tradeoff and by the possibility of
using an implant for the FIN-Diode that is originally intended for some other
application. When a lower resistance in better suited for the purpose at hand,
and the available implant has a relatively low dose, a p*/n’/n* structure is
preferred because of the higher mobility of electrons. Conversely, when the
dose of the available implant is relatively high, a p*/p/n* structure would be

preferred.

Halo implants can be established in these devices to allow improved lateral

conduction, better junction capacitance, and improved breakdown
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application. Wien a | ower resistance in better suited
for the purpose at hand, and the avail able inplant

wham4asr7ed ati vely | ow dose, a p+/n-/n+ struct uP€r/US2085038546

preferred because of the higher nobility of electrons.
Conversely, when the dose of the available inplant is
relatively high, a p+/p-/n+ structure would be .
pehedractesigtics-airothismpasamtashalans peefesbdppravidas foq onheenre doping

devi ces, to al L.ow | nREov ' : r;
Eeian dafent ali s fofé ny BREMGHS Bl iién the
2@%@}5&3‘4@, PCT/ US2002/ 038546 characteristics. In
this case, a halo is preferably provided for only one
gopl ng polarity to prevent a parasitic diode forned
g "EEPaRs ) AemBlES boicfbrf Jtne EINIDicRR @fyctlre 2 which the
Fd:lghribim@bedspedlé’t and therevibinotsepasatecietandts ddvadtggeds that the
and there is no, separ te. lts adyant.age is_.that.
* e g aobergosrA felpdest itk steds FFRlGD wefatddin e

! JibfeRlrice Bb ehitinatBd ot @bRirl BlecGateistruetite b6 be
5;?% nlat ec[| by not eaI [ owm ng°t he gat er@st reﬁgét ure to be
ppesent.. 10 CDM fail ure mechani sns can occur due to
the electrical connection of the gate structure for
FI NFET ESD protection networks. Whereas the prior

eaioMiFAIRIE nfedHaRisth @an cdBledad kewrsleleetrical eotédtiah of the
control, that enmbodi nent also required npre

eF@@t struciurecdion AN ES S Rmiptsctian semorkse YVhgreas the prior
FS&‘E’OQF'@%W@&%&?{%%?@{& Qudwéd ?ﬁi@e&@ucémﬁtﬁmgﬁt &RBbdiment

) i 1 ONS are necessary, OW ng
f alsoaedained mareraledtricall cornketiembadd/oe diesigh dfieg.fobeleatrical

P ety oIt Sass ORI EMPRRMET: frcitles g ecohare
uﬂb&eﬁa‘?ﬁhﬁl% Orﬁg??ér(ﬁ‘ééhé’erldit%%it?t or ballasting and

current ty control can be

In the embodiment of Fig. 5, a plurality of parallel FIN-Diode structures can
be placed closely to allow for a high ESD robustness per unit area.
Additionally, resistor ballasting and current uniformity control can be
addressed by varying the effective resistance in the individual FIN-Diode
structures. With the physical isolation of the adjacent FIN-Diode structures,
the thermal coupling between adjacent elements can be reduced.
Optimization of the spacing between adjacent elements can be insured by
proper spacing and non-uniform adjacent spacing conditions to provide the
optimum thermal result. This provides a thermal methodology allowing for
optimization of the elements. This thermal methodology can not be utilized in
the two-dimensional Lubistor element but is a natural methodology in

construction of parallel FIN-Diode structures.

Similarly, Fig. 6 illustrates a version in which the body is divided into two
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addressed by varying the effective resistance in the
i ndi vidual FIN D ode 20 structures. Wth the physical

wo swkasizen of the adjacent FI N D ode struct ur eBCT/US1962/038546

thernal coupling between adjacent elenents can be
reduced. Optim zation of the spacing between adjacent

' b [ n .
o JOFE RerY adfel Erdh A sBbanB B RGRY FBRGN: it bl Riode: structure
optllowgridriee wptintizgidrt and PlageicplY ot 8 #ue&é]ﬁfr?@hl junction
met hodol ogy al | owi ng for 25 optim zation of The _
el %ﬁ?@den’qﬁféh?rQ@ﬁe?rﬁtrUﬁ@mo?J&Sdmplwmamobe e privialli anstior

Aty PR Asby A 508 PLARERE B oo s o

FI str@light)eosothec knowa.irgmﬁ!jaﬁtét&rdd?r{/ ciiiggioinﬁ%rgb%a\ﬁél@gb% h& gradual
i s

5o GoinwRgBes Byt o2/ smilon apadna g Hensibarspropide a

AnRs3 2BAGRGnSorPAY ohf Mo o imiplol BB 9 FosidiHEsd! " ©

allows for ‘the optim zation and placenen
metal lurgical junction independent of the gate

: S i - .and/ ¢
o T Vel ahire deitnetiBave s dels sha Be idciaseeeral
(ecategéigd:ed, twi st or 5 straight), or other known

i npl antation or diffusion process steps. The gradual
profile introduced by the p+/ p- transition,. and the

) POt . _ i . q
call' e ARG, Ry iyt 53¢ PRk CBhiaeBG 1 SpBiige 10. 1n
Seyeral - caeanriee a0 R P E N Gat ed di ode

. n e
wdh ¢ van BBl PRnciaienicidd wah susanaodion 501 i
FLRE Gat o o chatpl didtye OF SO Heaarglodagifiine (P) boay
N+perniitshdyBamid contrdeofthe $odei gdientisd. gat e cont acti ng

' ' trol of the anode
tpg egf |+ n Rlofli—'y Flﬁ-ﬁame&%igalengﬁ]s%lcveit trh% gate contacting the N*
cathode.

To provide ESD protection to a FINFET device it is also advantageous to
provide resistor elements integrated and/or unintegrated into FINFET devices.

Referring to Fig. 8, a FINFET device can be formed by similar techniques
used in previous embodiments and having a source and drain implant of the
same polarity separated by a body of opposite polarity. The body is covered
by a gate insulator 55 and gate 155. This structure can be formed by a
symmetric or asymmetric implant to provide ESD advantage. Additionally, to
provide ESD robust FINFET structures, a resistor can be combined in the
same structure. lllustratively, a second gate 155’ can be placed in series with
the drain structure where the second gate structure provides blockage of the
heavily doped source/drain implant so that the lightly doped fin provides
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15 4) An M/ P FIN-Gated diode on SO with the gate
contacting the N+ cathode. To provide ESD protection

wo 000a/0F7MFET device it is al so advant ageous t oPCPUS20ZIE38546

resistor elenents integrated and/ or unintegrated into

FI NFET devi ces. Referring to Fig. 8, a FINFET device

can b simlar technjgues 20 usgd,i. .

TR e P EckTg Sevh S PUBERes: Givh (GPravides a

| rBbRfive Pdgidhh th%aé'ﬂijrl@é’loﬁﬁ'rélﬁ rE§iBAY §é&§hcph’ p?o@@é’é’ a®heans to
opposi te polarlt is covered

| rtsmlemsalsac@#dngrda@qus txmpym ednain eeg;qm? negn shorting the

ToSTRfh el (AT i PETRE] i rep9 3Bbid i watgne
r RINFE T Webillskfaias thie Struaturé SsheFINaR-RET spubiured

in the 25 sane structure. Illustratively, a second
gate 155" can be placed in series with the drain

st )

o AdOH I e Coddlfy SERAMMIAREA 88 CHE Y SR B8R the
t H%IN RHEET | ggwhy ddopemitrﬁe RINDiodel ssuStui) THhe4emolaNer the
PCT/ US2002/ 038546 {teS| St a ce. P’(‘J‘(ﬁge g,' structure
se1qFes tgﬁéeﬁtﬁ\-'%é%é ek ?‘i"@d Jation 3 qk e, prevepion of glectrical
" Schilrdds STESOWIRR \itn tHeledidiobRRertecond i t

provides a nmeans to block the salicide film placed on
the source or drain region fromshorting the

RS u8bi e e B RIR- R L SRykE R g0 heiqonstipgted as a

L Gtard-aldid resistéreelamenie ThisNs Behleleatbysiabing.a n-channel
Addi tionally, this second gate structure 15 can be

réﬁbkF&J intoamnewell oFnrparlyregionssThiggesisins, PhFNR device, can be
Jg'ela'thﬁ‘ovc’P{alE%lﬂrr us-lfﬂg?l 1orry F F g&owug@cﬁﬁlcnmunt

structure arter sa I Cl e prevent i on
ofapplieations: ahs peardsudly eissussed;Ibe igataiean Wetrbmd\ed to avoid
re istor element. 10 This 150 el ement used in the
‘FQ”P@'IOV@WFQS@ ipdhe physicgkeleBXYr ucted as a
stand al one resistor elenent. This is achi eved by
pl aci ng a n-channel
Additionally, to improve the ESD robustness of the FIN-FET device, the

salicide can be removed from the source, drain and gate regions. Since the
gate length of the device is relatively small compared to planar devices, the

salicide can be removed in the gate regions.

Referring now to Fig. 7, there is shown a schematic of a typical arrangement
for protecting a circuit from ESD on terminal 51. The dotted lines denoted
with numerals 72 and 74 indicate options discussed below. Two
FIN-LUBISTORs according to the invention are connected between the
protected node 53 and the voltage terminals at 54 and 52'. In this case, gates
60 afe connected to terminal 54, so that an ESD event dynamically reduces
the resistance of one of the diodes. Alternatively, the terminals 60 could be

connected to power supplies. To avoid electrical overstress to the gate

10



10

15

20

25

FINFET into a n-well or n-body region. This resistor,
or FIN-R device, can be used to provide ESD

wo obuesriass for FlI NFETs, FIN-Di odes or used i nPCT/US2002/038546

applications. As previously discussed, the gate can be
renmoved to avoid 15 electrical overstress in the

physi cal el enent. Additionall t.Q. i e.the ES
P tishitess ettheal cENs EmREsTEeT HINEETicaSIeAT bR used to
r eéf@c‘ﬁﬁé’aly F%&@ﬁé?z&‘t’é%ﬁr é;%@b R the @Fe‘étrk%g b9@%tre§!s NEfectrical

he gat engt evice 1s relatively s
ccm'pa'rtsawltthlbllFﬁTabasmdnrweﬁers fogs FINEETdma&edcraﬁer@ece control
err| n NOw.

Fi g.
TGk P orovin s ShERlsaRnaR Bonttne Ao ih AR fiedent
finel?étFés@ﬁdﬂd“QstﬁbﬁéH ﬁlﬂdteﬁtfacl"f@ E&Qd%akaﬁjén nal 51. The
dotted |lines denoted wth nunerals 72 and 74 indicate

options discussed below. Two FIN LUBISTORs according

node 12448 AT G nERRE G uPEh KRB hofe) (BERS Fithine
t hedelqhviM), aadasth@bESD avents o predlity of tateel FINDiodd structures

so that an ESD event dynami cal y reduces the
r davstibmusedin parallgktorhining|zsfesiesApsistange and tp be gble to

te] O\ﬁ?{;é anrg%oﬁ% feriR8h rdﬁ.@@qﬁgts?rqﬁf&e WW%W& lo88urrihg in the

avol ectriTca over st s tot
2 (FIN-DbHe49ement BREOGARBE4Hense amﬂtumhtysof garaderFIdaDiode

éleé%%}e%ﬁsﬁ%%é%hﬁ aested Bertedt i CRrE BN i hereoner
ﬁ%&[,égal overstress. Electrical circuits wth

based inverters, or FINFET-based reference
control networks to provi de electrical isolation from

2 pot aidaeBlefee A ERRD e Rk [RoHARE RS rafaticted

nesfWaNkDibde dl@mantéom@samstor(f@@mm&rdw imeludifgite FIN-Diode
r

and ot her ESD events ality of |ateral
‘Mlthlﬂéj%ﬁddlfﬁff%s F'N@Pd%éﬁu%'ﬁeﬁi ﬁafbéﬁaﬂqnétruﬁ@d where the

mfnétr@:lﬁeDﬁﬁfe' EBnlet ahbABE c8edt8d B8 adR5Epd® and the cathode is

connected to a second FIN-Diode anode. This can continue in a string or
series configuration. For each stage in series, a plurality of parallel FIN-Diode
elements can be placed for each “stage” of the string of FIN-Diodes. These
strings can be placed between input pad and a power-supply, between two
common power supply pads (e.g. VDD1 and VDD1), any two dissimilar
power supply pads (e.g. VCC and VDD), any ground rails (e.g. VSS1 and
VS8S2), and any dissimilar ground rails (e.g. VSS and VEE). These
FIN-Diode series elements can be configured as a single series string or
back-to-back configuration to allow for bidirectional current flow between the
two pads. Forinput pads to power supplies, typically, only a single FIN-Diode

string will exist to provide uni-directional current flow.

For HBM and charged device model (CDM) events, an ESD circuit consisting

11
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di scharge a large current through the structure
W thout failure occurring in the 10 FI N-Di ode el enent

worootlogl17ad rcui try. Hence a plurality of paral |l BET/US2002/038546

FIN-Di ode elenments are placed connected between the
input pin and the power supplies. For voI t age

] EREPoE AL bR RERERH] o o e my
C Y LEBH & inProve BGD ReduMd Miglifeed [ dh Bxample da éhcuit to

within dotted line 72. FI N-D| ode structures can be
cqrevidadt S prptection ptilizing &t FIN-Ricgeglemsing fena FANg@sistey 94

C%ﬁﬂ:‘é%%@g*g Qa% \&Lﬂi it% é;%ﬁ RP%q‘g%féH ggﬁ d? lllbgtratlvely, the gate

C aitage ®f ite FIN-Diddds @fproslﬂédaﬁy @mférweateta@rk ot by the ESD
each stage in series aI|ty of parall el

ur
FIW‘@Q@dFée”eﬂ-@ﬁeW%“'t,sa*Pﬁtg%' qandiobaf they et capagifof te diodes
thg string of FIN-Di odes. These 20 strings can be
pladed bet ween i nput pad and a power-supply, between

comon power supply pads (e.g. VDDl and VDD1),

ﬁéjéltwﬁjfvgﬁé‘@q'a%ﬁ%ﬁt R Gin 6 PradiabaifidadspsistorFallpsted
d'F"IN' HIFET efnferitd THS bRcdiBcsn b¥$§p§’éfﬁe?ﬁ'§€)m tB9&shions. First,

IN-Di ode series elenents can be configured as a
suui@lmg@FlNeB asnatcrrrgncaer@s withcg RINFBdc kTa previdgiESD priotection:

to all for_bidi 'on curre bet he ..
Py oBRprAIRLERE SRS Arhihasn i) SLES i liayy o
ORINFETSHO@EES. FAhbtlBe@ﬂ'ﬂple‘ﬁﬁéntaﬂoN\fcbh ussi Splutdlitp bPgatiel
uni -directional current flow For_HBM and charged

ddVNcB-fripti sirugtarsy fas ki protertiespTBppe @farepismsioned syuctures
ljca\q%%B%%/ Q?ril%%s@% gg?lﬁ@ﬁﬁ_%éﬁ%ﬁhlﬁgg Qn%tgc@' \’@)‘ﬁagﬁfx

el enmen -resi s
majoltabe toleexhdeo ForE SDerésitionsas irsthefcaperaf FIN-Biogle elements,

ﬁtxa‘”‘g?r'ﬁ%é stParnobf INGE B ufibriNG8 resisididleBents Gan b connected

| | ue;}te'r:éédtﬂlﬁ\%e @élﬁ@lddbé égaﬁ&lie‘l?sépé‘fr@éﬁ%té o ground.
Devices constructed according to the invention are not restricted to ESD uses
and may also be employed in a conventional role in circuits - - digital,
analog, and radio frequency (RF) circuits. The invention is not restricted to
silicon wafers and other wafers, such as SiGe alloy or GaAs may be used.
These structures can be placed on a strained silicon film, utilizing SiGe
deposited or grown films. These structures are suitable for silicon on
insulator (SOI), RF SOI, and ultra-thin SOI (UTSOI).

While the invention has been described in terms of a single preferred
embodiment, those skilled in the art will recognize that the invention can be
practiced in various versions within the spirit and scope of the following

claims.

12



5 voltage of the FIN-Di odes is provided by a reference
network, not by the ESD voltage itself. This permts
whedotos17aont rol of the current capacity of therpdi/OS®82/038546
75. Additionally, ESD protection can be provided
utilizing a resistor ballasted FIN R FET el enent.
T Sir i npl emrented in two fashions.
-bé#——jgéhﬁ%#gﬁgﬁﬁb a FINRresistor in series with a
FINFET. To provide ESD protection a plurality of
paraIIeI FINR resistors are placed in series with a
pliheainventigy hasapplicabifdy te ggegwtﬁfi AEGUIY plgriapistdavicas and their
ng%%6 A plurality of parallel FINRFET structures
or pf

otection. These aforenmenti oned structures
can be placed in a cascode configuration for higher
snapback vol tage or 15 voltage tol erance. For ESD
protection, as in the case of FIN-Di ode elenents, a
series of stages of FINFETs with FIN-R resistor

el ements can be connected where each stage includes a
paral l el set of elenents. Devices constructed
according to the invention are not restricted to ESD
uses and may al so be enployed in a conventional role
incircuits - - digital, 20 anal og, and radio
frequency (RF) circuits. The invention is not
restricted to silicon wafers and ot her wafers, such
as SiGe alloy or GaAs may be used. These structures
can be placed on a strained silicon film wutilizing
Si Ge deposited or grown filns. These structures are
suitable for silicon on insulator (SO), RF SO, and
ultra-thin SO (UTSO ). 25 Wile the invention has
been described in terns of a single preferred

enbodi nent, those skilled in the art will recognize
that the invention can be practiced in various
versions wthin the spirit and scope of the foll ow ng
claims. 12 WD 2004/ 051749 PCT/ US2002/ 038546
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I ndustrial Applicability The invention has
applicability to integrated circuit el ectronic devices

weapa4bbiy fabrication. 13 WD 2004/ 051749 PCT/US2002/038546

PCT/ US2002/ 038546 Cl ains Wat is clainmed is: 1. A
structure in an integrated circuit based on a

strate (10) conprising: 5 an elongated vertica

S(50) conprising a semiconductor, projecting

fromsaid substrate (10) and having a top (51) and two
0\803|te el ongated sides (48, 49), in which a first
elVWbat isqdais®)ist s formed in a first end of said
vertical nenber and 10 a second el ectrode (54), of
opposite polarity to said first electrode, is forned

i n,a secerdctefsirPan fégratéd tirdut baBeden OIS (
first end, said first and said second el ectrodes (

5473"1!52&'15;'@9 doped with an electrode concentration
greater than a dopant concentration in a central 15
portion (53) between said first and second el ectrodes.
2. A stamelbugatemmmﬁlmgerhbec(&ﬂ)molnpﬂshglaisdrmooredmﬁtor

sai d. el .ectrodes iis dope + an t he ot her of

seﬂraleet"éa3rpaa§§'d(%*i>strstﬂ 10&6@%‘5@/ ?tgp %JETG Ewcagepos'te
a [ , ich one of said el ectrodes
%&q&g% SS&SCMgegg% i WQ&% central portion (53) is

doped p and ¢ first eteimta'odef(Sg)alsdorrﬂedm adirstoerebof Sid vedjcal
ed n+t. 4. A structure according to claim2, in

i s _doped
V\N‘%W 8T 2Mfst sub-portion (53A) of

a second electrode (54), of opposite polarity to said first
electrode, is formed in a second end of said vertical member opposite said
first end,

said first and said second electrodes (52, 54) being doped with
an electrode concentration greater than a dopant concentration in a central

portion (53) between said first and second electrodes.

2. A structure according to claim 1, in which one of said electrodes (52,

54) is doped p* and the other of said electrodes (52, 54) is doped n*.

3. A structure according to claim 1, in which one of said electrodes (52,
54) is doped p*, said central portion (53) is doped p” and the other of said
electrodes (52, 54) is doped n*.

4, A structure according to claim 2, in which a first sub-portion (53A) of
said central portion adjacent to a first electrode (52) is doped with the same
polarity as said first electrode (52) and with a lower concentration and a
second sub-portion (53B) of said central portion adjacent to said second
electrode (54) is doped with the same polarity as said second electrode (54)

14
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said central portion adjacent to a first el ectrode
(52) is doped with the sane polarity as said first

web@absoae (52) and with a | ower concentrati onPEMUSAE02/038546

second sub-portion (53B) of said central portion

adj acent to said second 25 electrode (54) is doped

wth the sane polarity as said second el ectrode (54)
148NFvbio @4pYst $2RCERIEI082002/ 038546 and with a | ower
concentration. 5. A structure according to claim2, in

whi ch said dopants are arranged in a sequence p/p

/ 5./ n+.A 6truétuse aocending tacclaimiPnip whichispicbfopants ara arranged in

through claim.b5, further 5 conprising: a gate (60)
diasﬁ%‘ﬂ‘é%w&\,%?&g'/@entral portion (53) of said top and
in proximty to central portions of said two sides,
said gate (60) being separated fromsaid vertical
mérber A stiyictuye acenrdingciorany efstlaim Aarougbslaim §, furthan

el tic discharge (ESD) protection circuit being
atct%g'ﬁzé{gsjf@o an external termnal (51) of an

integrated circuit and including a structure

according to any of claim1 through claim®6. 8. An ESD

pr ot ectd GatecBPL dispoged OVar agenbatpaitian 153 ok $aid top and in

C ; I Ler:

¢ BBy B debiral BENIGRE oY SR o BdlE: Sl TRl A i Separated
ddron sa{dbertiealdmember ¢30)Hnda diglettrie gatdtayed¢dS)ce (54) .

9. An ESD protection circuit according to claim?7, in

whi ch said substrate (10) is an SO substrate having

?re #ﬁggrefpergfgl)el%%bf%@icidwa@%@(ES@?’br&e&ioﬁ?bﬁcuitV@émb%@t'ached to an

I's disposed directly on said buried

i resterambteriminal (51 pof)an integrated eigmitand ncluding sistrigture

"SRREAG 4 8o By el QR & st et 20 (20

di sposed directly on said bulk substrate.
8. An ESD protection circuit according to claim 7, further comprising two
devices (75), in which said external terminal is connected to an anode of a
first device (52) and to a cathode of the other device (54).

9. An ESD protection circuit according to claim 7, in which said substrate
(10) is an SOl substrate having a layer of buried insulator (20) and said

vertical member (50) is disposed directly on said buried insulator layer (20).

10.  An ESD protection circuit according to claim 7, in which said substrate
(10) is a bulk substrate and said vertical member (50) is disposed directly on

said bulk substrate.
11.  An ESD protection circuit according to claim 7 comprising a plurality of

FIN-Diode structures (75) connected in parallel between an external terminal

(51) and a voltage terminal (91, 91’).

15



11. An ESD protection circuit according to claim?7

conprising a plurality of FIN D ode structures (75)
w@omnest7edl i n paral l el between an external terpdTab2002/038546

(51) and a voltage termnal (91, 91'). 15 WO

2004/ 051749 PCT/ US2002/ 038546 12. An ESD protection

circuit according to claim7 conprising at |east one

FI] Di AEESD protegtion Gimuitiaccardiag te slaibnt compHsingat least one

bed NES Ik WreXd rg.r(?ggint & E?i@&h?nﬁ@ﬁétio&?et\@bm external

protection circui ccording to alm 7 conprising at

| eashinalzeg51p FI N-Di ode structure (75), and at |east

one FINNR resistor elenment (94). 14. An ESD protection

circuit according to claim7 conprising at | east one

Flii; D W?E%U it c?il'?_t)uit a"l‘icohﬁﬁii_tto 8REmM &brﬁﬁﬁ@iﬁg%ﬁ Wast one
el emrent (94), and at east one FINFET el enent (96).
14 IN-Diode structure (75), and at least one FIN-R resistor element (94).

14.  An ESD protection circuit according to claim 7 comprising at least one

FIN-Diode structure (75), at least one FIN-R resistor element (94), and at
least one FINFET element (96).
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