1 SEM CONDUCTOR DI ODES W TH FIN STRUCTURE Field of the Invention The
present invention generally relates to the field of sem conductor devices,
and nore specifically, to a sem conductor 5 diode device for electrostatic
di scharge protection in advanced conplementary netal - oxi de-seni conduct or
(CMOS) technol ogi es. The sem conductor diode provided by this invention is
conpatible. wth the fabrication process of advanced transistors such -as-
mul tipl e-gate-transi stors. 10 Background of the Invention Size reduction of
t he netal - oxi de-sem conductor field- effect transistor (MOSFET) has enabl ed

the continued i nprovesENT CONDUSPORUDPEDE SN WBAE G 1rf @ASIyraNd cost per unit
function of integrated circuits over the past few decades. As the gate 15

| engt h of the conventional bulk MOSFET is reduced, the source and drain
increasingly interact with the dhaddebf artte gairentidd uence on the channel
potential . Cbnsequentlg, a transistor with a short gate length suffers
from probl ems rel at edThe RAfSenhabnventiop generally relates to the field of
semiconductor devices, and more specifically, to a semiconductor
5 diode  device for electrostatic discharge protection in advanced
complementary metal-oxide-semiconductor (CMOS) technol-og-ies.
The semiconductor diode provided by this invention is compatible.

with the fabrication process of advanced transistors .such -as-

multiple~gate—transistors .

10 _ Background of the Invention
Size reduction of the metal—oxidé—semiconductor field-
effect transistor (MOSFET) has enabled the continued improvement
in speed performance, density, and cost per unit function of
integrated circuits over the past few decades. As the gate
L5 length of the conventional bulk MOSFET is reduced, the soufce’ éna'
drain increasingly interact with the channel and gain influence
on the channel potential, Consequently, a transistor with a

short gate length suffers from problems related to the inability




of the gate to substantially control the on and off states of the channel.
Phenonena such as reduced gate control associated with transistors with
short channel |engths are termed short-channel effects. |Increased body
dopi ng concentration, reduced gate oxkpe 5 thickness, and ultra-shall ow
source/drain junctions are ways to suppress short-channel effects. Wen
the gate length is scaled down into the sub-50 nanoneter (nm regine, the

requirenents Jor,pody-dopi ng _concentration, gate oxide thickness, and
sour ce/ drai n (S/ D) Qtedﬁé'?a ﬁgb%"rad?tilﬁiiift%omlr bhe stipndchbinmehtes fet tae

beconme increasipghy difficult to nmeet when conventional device structures
based on bul K sili condﬁ()%? Oﬁ‘gf}%sﬁ%} & IPEUSHDI Hy&d conerl devpciatsahlming

well into the,gub; o0 egi rom sing approach to controlling
short - channel efféct%?%ﬁgqag %ggrgngq%PQﬂ éﬁﬁ@Fg%eaﬁ%vF%ﬁmﬁﬁtﬁbertwqhawheh
mul ti pl e-gat egsesHch 35 uble-qate structure and triple-gate
struct ures. Theenultiplggggg?g%ngn% 16 COPFERt AR ORs esdvsetegirte caxdend
|'imtations of the

the scal abi | ithYcx@f s CMB 4t | beyond th
bul k MOSFET. %%Eggi%?%i&ﬁﬁcts%ﬁc draddi duBRkiongares Waps oves

conventi onal
the 3 suppress short-channel effects.

When the gate length is scaled down into the sub-50
nanometer (nm) regime,v the requirements for body-ciog;ing
concéntration, gate oxide thickness, and source/drain '(S/D)

10 doping profiles to control Short-channel effects become
increasingly difficult to meet when conventional device
structures based on bulk silicon (Si) substrates are employed.
For device scaling well into thé sub-50 nm regime, a promising
approach to controlling short-channel effects is to use an

15 alternative device structure with multiple-gates, such as the
double-gate structure and triple-gate structures. The multiple- '
gate transistor structure is expected to extend the scalability
of CMOS technology beyond the limitations of the conventional

bulk MOSFET. The introduction of additional gates improves the




capaci tance coupling between the gates and the channel, increases the
control of the channel potential by the gate, hel ps suppress short channel
effects, and prolongs the scalability of the MOS transistor. 5 Figure 1A
.shows an enl arged, cross-sectional §Mlof a conventional diode structure
10 fabricated on bulk silicon substrate 12. Figure 1B shows an enl arged,
cross-sectional view of a conventional diode structure 20 fabricated on an
silicon-on- insulator (SO) wafer 22, also known as a | ateral

un|d|rect|onahpddidanpeléwupnﬁﬂglagedeéﬁugaetgggéglg%Qstﬁécghagggl 'c§EQ%%s
both these structures,. the n+ and p+ regions 14,16 are forne

opposi te S|deseoﬁoﬂthelpcfysmé|dhymn&mobatéﬂalaga59 §ﬁéi t;s ndN% S g§gg p+
regions 14 , 16 in the substrate 12,22. are used as t two ‘termh

the di ode. TheoyolghaSneljaceretack 4 I;Ekdﬂ&)ﬁgé5t§ér955whﬁ§19{é Et glf"lrx@SMC;SA‘ a”d
1B may be connected to the cathode (n+ region of the poly-Si), ftor
exanpl e. 4 Wbwisistorhe work on advanced device structures such as the
mul ti pl e-gate transistors focus on the transistor structure and nmethod of
fabrication. There is little or no work on the
5 Figure 1A shows an enlarged, cross-sectional view of a
conventional diode structure 10 fabricated on bulk silicon
‘substrate 12. Figure 1B shows an enlarged, cross-sectional view
of a conventional diode structure 20 fabricated on an silicon-on-
insulator (SOI) wafer 22, also known as a lateral unidirectional
10 bipolar insulated gate type transistor (or lubistor). In both
these structures, the n+ and p+ regions 14,16 are formed on the
opposite sides of the polysilicon (poly-Si) gate stack 18. the
n+ and p+ regions 14,16 in the substrate 12,22 are used as the
two terminals of the diode. The poly-Si gate stack 18 in the

15 structures of Figures 1A and 1B may be connected to the cathode

(n+ region of the poly-Si), for example.




provi sion of electrostatic discharge protection for these 5 nanoscale
devices.. Transistor size reduction has resulted in the thinning of

i.nsul ator layers.such as the gate dielectric layer. These thinner
dielectric layers fail at |ower voltages. Consequently, device scaling
increases circuit sensitivity to volfbge stress, electrical overstress
(ECS), and electrostatic 10 discharge (ESD). These types of failures are a
maj or concern in advanced seniconductor technology This is especially

true for integrated cu [ terface with other chips or
signal's with voltagesﬁg ovéﬁt Fp @ 7 %ﬂ% g g?%%ﬁ? SYHRCEHISSs SugRUAF | y

i ncl ude protegd i QM GeMiC r n nterface 15 circuits to provide
the IC chip with addgﬁ E %Fgr%tec ?%ﬁksuk US ot St NG P8RS, sHAUCERYS t | ed

"Senlconductgﬁddmégkgdmgglfggf fil and french isolation”, issued to
Vol dnan et al, teaches the u§ghg O%lodg%E T uc ureSQSOBHdHBywﬁﬁkyg?lF%%n

for bulk silpeondnd skl conson; d. P ations.
Patent Nos. 20 6,015, 993 ang 6., 2é3t’122‘%¥lé ?ESéh%ﬁ%”)| s uege?%m@‘ol %ﬁﬁn E’Pe%ﬁ
di scuss $ andighraval §ags-dL0! eli.glgltl qde f or, m xed-vol tage and
m xed signal and anal og/ di gi't al aﬁ%ﬁ#ﬁatf%%é%e?heseonnl rrﬁ?Y%‘ailg the
thinning of insulator layers . such as the gate dielectric layer.

These thinner dielectric layers fail at lower voltages.

Consequently, device scaling increases circuit sensitivity to

voltage stress, electrical overstress (E0S), and electrostatic
10  discharge (ESD). These types of failures are a major concern in
advanced semiconductor technology. This is especially true for

integrated circuit (IC) chips that interface with other chips or
signals with voltages above that of the IC chip itself. IC chips
usually 'incluae protection devices or diodes in interfacé
15 circuits to provide the IC chip with added ESD protection. U.S.
Patent No. 5,629,544, entitled “Semiconductor diode with silicide .
films and trench isolation”, issued to Voldman et al, teaches the
use of diode structures bound by polysilicon for bulk silicon and
silicon-on-insulator (SOI) MOSFET applications. U.S. Patent Nos.

20 6,015,993 and 6, -232,163B1, both issued to Voldman et al, discuss




are applicable to bulk and SO transistor technol ogies. For future
advanced technol ogi es that enpl oy device structures such 5 as the

mul tiple-gate transistors, new electrostatic discharge protection elenents
that are nore advanced with inproved characteristics should be used to
provi de superior voltage protection for nanoscal e devi ces. Semi conduct or
di odes used for ESD protection should 10 have |ow series resistance, |ow
sub-threshol d | eakage, and | ow reverse | eakage. The series resistance is

the nost inpoat &ngh battase fesleachi eMbAg geod PgLformance. | ESD
protection levels inproves with reduction in ﬁ%e goerrir%?erdé‘é‘?lstlaﬁﬁcéﬁdThe
series resisthbree sibarhchedi stdlod/ai§sReCi AlhY Loportant in a mxed 15
vol t age environnent where diode strings ar eanllj)seEI gﬁo Siher &P RePr1¥e ks

resi stance ofarsactpmiicdbladdot mudegrade 453D fgnioLrance, . Di.ode resistance
is largely determined by the size of the diode, %ﬂ%rrgg??R?Lﬁﬁf?sbf Fre

mat eri al consEWQQIEingvammedﬁuﬁﬁﬁnbmﬂgieé|B%atdkﬁ%§&fe %@' he,Gurrent path
. - - - H d ,
and the resistance of silicide 6 filns or contacts &'ﬁ+?§ﬁﬂ”ﬂ¥es such
_ _ on A . . . L
di f fusi ofs. Tfusthe wibeipldi-odee \wirhhsfsddawer &Wyefe%%'r%gké’é}é”d%cig%et er
current path, and
protection elements that. are more advanced with improved
h N
characteristics should be used to provide superior voltage

protection for nanoscale devices.

Semiconductor diodes used for ESD pro'tection should

10 have low series resistance, low sub-threshold leakage, and low
reverse leakage. The series resistance is the most important
factor for. achieving good ESD perférmance. ESD protection levels
improves with reduction in diode series resistance. The series
resistance characteristic is especially important in a mixed

15 voltage environment where diode strings are used and where the .
series resistance of each diode add to degrade ESD performance.
Diode resistance is largely determined by the size of the diode,

the resistivity of the material constituting the diode body, the

distance of the current path, and the resistance of silicide




silicided filnms and contacts provide a |ower diode series resistance. 5 It
is therefore an object of the present invention to provide a sem conductor
di ode for electrostatic discharge protection. It is another object of the
present invention to provide a sem cgnductor diode that is conpatible with
a 10 fabrication process of advanced® ransistors such as multi pl e-gate
transistors. It is a further object of the present invention to provide a
sem conduct or di ode equi pped with contacts on the sidewalls of the silicon
body. 7 It i sfléﬁlét bercdnpacter tobpecandfpt hei qruesely. i myeRt i QN L. DYy g(iigle a
sem conductor diode with inproved area efficiency. It is still another

obj ect of the"t8sent lpweentidp tresipeaviee, aa nehpreéHnngh-diodg,w th g, fin
structure. 5 Summary of the Invention In accordance with the present
invention, a Sdéaftdatiuéidmsdide sbnustty epesdice Sam capduchorsdi ade; o

strin
9 resistance.

5 | It is therefore an object of the present invention to

provide a semiconductor diode for electrostatic discharge

protection.

It is another object of the bPresent invention to
provide a semiconductor diode that is compatible with a

10 fabrication process of advanced transistors such as multipie—gate

transistors.

It is a further object of the present invention to
provide a semiconductor diode equipped with contacts on the

sidewalls of the silicon body.




are provided. In a preferred enbodi nent, a sem conductor diode 10
structure is provided which includes a substrate; a fin forned of a

sem conducting material positioned vertically on the substrate, the fin
includes a first heavily-doped region of a first doping type on one side
and a second heavil y-doped regi on of a’second- doping type on an opposite
side; and a first conductor contacting 15 the first heavily-doped region
and a second conductor contacting the second heavily-doped region. 8 1In

t he sem conduct or diodqls%yucture, the sem conducting material may include
silicon, or may include " si7i¥Eh ERdTgehramiobircoroMshd Nlude: 3 GREpouUnd
sem conduct or .o gpgwﬁﬁpgtggte may include a |ayer of an insulating ton
material, 5 wherein the ‘i nsUt&INGtREL &hadd witly trersivbiconr-0%kfe,; QL. My be
a dielectric selected fromsilicon nitride and al umi num oxi de. The Yfirst
dopi ng type may be fornmed by using n-type dopant selected from phosphorus,
arseni ¢ and anti nony. Ipeigq&Q heavi | y-doped region of the second doping
type may be fornmed by using p-t €HoibﬁﬁdﬁaﬁFtseteﬂke¢m%éeﬂﬁtﬁﬁeggﬂﬂptgpron

and i ndium TBeodideSty QIV£+ tunnel diode with a fin structure

5
Summary of the Invention
In i
accordance with the Present invention a
semicon i
ductor diode structure and g semiconductor diode string
are provided.
In i
a preferred embodiment, g semiconductor diode
10

structure is provided which includes a substrate;

15 the first heavily-

the second heavily—doped region.




the second conductor may be fornmed of a material such as tungsten or
copper, or may be fornmed of a netallic nitride of titanium nitride or
tantalumnitride, or nay be fornmed of a heavily-doped sem conducting
material, or nmay be fornmed of p+ doped, 15 polysilicon. The first and the
second conductor may further include @ first conductive |ayer underlying a
second :conductive |ayer, wherein the first conductive |ayer nay be

titaniumnitride and the second conductive |ayer may be tungsten. The fin
t 50 angstrons and about 5000 angstrons, 20

may have a width betwggn ahgu

and a height greater than abolt 208°%Myscrsher Théidde st depidt@rd, typg. My

be n+, while Bais&aRRYI;49pPing t may be p+ formng n+%+ tunnel diode

wherein a tunneling | un(l:l'? on §I¥g$né?fybeﬁﬂé]éﬁe nsi ldndnp+ 6egmans.inf1dgpant
and p+ regions is greater than 1019 cm 3

concentrat i onsi ;i &3€ Ny Qf N
power. An etchant nasélng%gﬁa%V§WIf”Em?Wi%wﬂqﬁ% @t chartundaskmi@yhdupebLde a
silicon nitride

N I A )
SRS A e R

dielectric selected from silicon nitride and aluminum oxide. The

first doping type may be formed by using n-type dopant selected

.from phosphorus, arsenic and antimony. The second heavily-doped

region of the second doping type may be formed by using p-typed

10 dopant selected from the group boron and indium. The first and

"the second conductor may be formed of a material such as tungsten

Or copper, or may be formed of a metallic nitride of titanium

nitride or tantalum nitride, or may be formed of a heavily-doped

semiconducting- material, Or may be formed of p+ doped

15 polysilicon. The first and the second conductor may further

include a first conductive layer underlying a second conductive -

layer, wherein the first conductive layer may be titanium nitride

anq the second conductive layer may be tungsten. The fin may

ha i
ve a width between about 50 angstroms and about 5000 angstroms

20 i
and a height greater than about 200 angstroms. The first doping




10 platinumsilicide. A junction depth of the first and the second
heavi |l y-doped region may be greater than a silicide penetration depth by
at | east about 50 angstrons. The present invention is further directed to a
sem conduct or di ode structure which includes a substrate; a fin 15 forned
of a sem conducting materi al positionéh vertically on the substrate, the
fin includes a. first heavily-doped region of a first doping type on one
side and a second heavil y-doped region of a second doping type on an

M e R A S R TR S T ot A
oot o A e St B o e bt o
e e D S Bl e b ks Baome s
T oo 3y OlediBnpnsy| ShipEar i 108 ASHLS A9 dtan tnet e
oxi de. The fi I‘c&ferd?pid]gz tyne maypRe foumed mask may include a dielectric

material of silicon oxide, silicon nitride or silicon nitride on
a silicon oxide stack. A silicide is formed in the first
heavily-doped region and the second heavily-doped region. The
silicide m&y be titanium silicide, cobalt silicide, and nickel
10 platinum silicide. A junction depth of the first and the second
heavily-doped region may be greater than a silicide penetration

depth by at least about 50 angstroms.

The present invention .is further directed to a

semiconductor diode - structure which includes a substréte: a fin

15 formed of a semiconduc;ing material positioned vertically on the
substrate, the fin includes a.first heavily-doped region of a
first doping type on one side and a second heavily-doped region

of a second doping type.on an opposite side, and a lightly-doped

body region situated in-between the first heavily-doped region




10 by using n-type dopant of phosphorus, arsenic or antinony. The second
heavi | y-doped regi on of the second doping type may be fornmed by using
p-type dopant such as boron or indium The first and the second conductor
may be formed of a metal such as tungsten or copper, or nay be forned of a
metallic nitride such 15 as titaniumndftride or tantalumnitride, or may be
formed of a- heavil y-doped sem conducting material, or may be fornmed of p+

doped polysilicon. The first and the second conductor may further include
conductive |layer, wherein the

a first conductjyelayer underlying a second
first conductive Iayer%%ﬁ§nge BV aAPeth Aesime and tahef$ea0Ndonductor
The. fin may have a w dth between about

conductive | aygssdiRy 4 ungst en. :
50 angstrons anélab%ﬁgf %ﬁﬁ) 1ERGsPRBYLY Seged triight and greaiss Ebacapput
r diode structure, an etchant mask 5 may

200 angstrons. dftath m_conduc ,
overly the fin, wher %ﬁi%t fe et Tharfteavddk-deRed mesimde a diel ectric nateri al
such as silicon oxide, silicon nitride, or silicon nitride on a silicon

oxi de stack. In the sem conductor diode structure, a silicide may be

formed in the first heayily-qoped regjon and the second heavily
: semiconductor diode Structure, the

5 semiconducting material may be silicon, or may be silicon and
germanium, or may be a compound semiconductor. The substrate may
be a layer of an insulating material. The insulating material
may be silicon oxide, or may be a dielectric such as silicon
nitride and aluminum oxide. The first doping type may be formed

10 by using n-type dopant of phosphorus, arsenic or antimony. The
second heavily-doped region of the second doping type may be
formed by using p—type dopant such as boron or indium. The first
and the second conductor may be formed of a metal such as
tungsten or copper, or may be formed of a metallic nitride such

I5 as titanium nitride or tantalum nitride, or may be formed of a
heavily-doped semiconducting material, or may be formed of p+
doped polysilicon. The first and the second conductor may
further include a first conductive layer underlying a second

conductive layer, wherein the first conductive layer may be




10 doped region. The silicide may be titaniumsilicide, cobalt silicide,
nickel silicide or platinumsilicide. A junction depth of the first and

t he second heavil y-doped region may be greater than a silicide penetration
depth by at | east about 50 angstrons. The present invention - is stil
further directed to a 15 seni conductdd di ode string which includes a
substrate; a plurality of fins situated side-by-side on the substrate,
each formed of a sem conducting material and each having a first 12

heavi |l y-doped reghRu®mid fKES ing type on one side and a second
heavi | y- doped region of a ég%d%gpggﬁi%§c¥§%§°8ﬁu%ﬁnmbéabgiU@usbdemn@ﬂﬂea.
conductor cont ggti Bgnt Re,f LLS eavily-doped region in each of the
plurality of fins and t he sec%n% ﬁé%%¥|§¢ WeCHo FORUE e §P 0 ANG$ L 1zamsa djndc @bbut

fin. In the sepbeoNEiL ggqgﬁi trin t he semi conducting nmaterial may be
silicon, may be silicon and gern%npﬁ#%“bfnhﬁ§eﬁﬁﬂféhéﬁnﬁﬁvﬁd2gemhanmdu&§or.

The substrate nay be a |ayer of an insulating naterial, wherein the
insulating material nay be 10 silicon oxide, or may be a dielectric. such

as silicon nitride and | ygdn i ..The. first doping type is forned b
usi ng n-type Al Uik H@ﬂf@ggﬁgctor diode strugtugé,)gi etchant mam<y

5 may overly the fin, wherein the etchant mask may include a
dielectric material such as silicon oxide, silicon nitride or
= I

silicon nitride on a silicon oxide stack.

In the semiconductor diode structure, a silicide may be

formed in the first heavily—doped_region and the second heavily

10 doped region. The silicide may be titanium silicide, cobalt
silicide, nickel silicide or platinum silicidel A junction depth

of the first and the second heavily-doped region may be greater

than a silicide penetration depth by at least about 50 angstroms.

The present invention - is still further directed to a

15 v 2 .
semiconductor diode string which includes a substrate; .a
plurality of fins situated side-by-side on the substrate, each

formed of a semiconducting material and each having a first




dopant such as phosphorus, arsenic or antinony. The second heavily-doped
regi on of the second doping type is forned by using t-type dopant such as
boron or indium The first and the second 15 conductor nay be fornmed of a
metal such as tungsten or copper, or- formed of a netallic nitride such as
titaniumnitride or tantalum nitride,J2or may be forned of a heavily-doped
sem conducting material, or may be fornmed of p+ doped polysilicon. The
first and the second conductor nmay include a first conductive |ayer 13

underlying a sgcond gﬂpd ctive layer, wherein the first conductive |ayer
is titaniumnitride and the §eBndicénduertydopimyeryres dringst @Ade They fi N

‘has a width between %%11593 angstroms and about 5000 angstrons, and a
hei ght greater than apbout ah§8tednel I1a &heowénwbpndyckg?ed@gdqﬁ]
The

string, an et AL ; MR overlies each one of the plurality of tins.
et chant nask Cr?%% fncl%ﬁ &' a Yt & EePFAretPrataontart g lvhast sidti 808 OXl-d8peq

silicon nitridg;g §4Iééxy1%£tride on a silicon oxide stack. A silicide 10
may be formed iR the first B afWFyfﬂﬁﬁéal¥%gﬁﬁnfiﬂﬁdahﬂetheCQéubnd heavi
ily

heaviIy-dppeddgﬁg&qggiggeégtﬂl% ?aééﬁéﬁgﬁﬁ may be- titanium

. In the semiconductor diode string, the semiconducting

material may be silicon, may be silicon and germanium, or may be

a compound semiconductor. The substrate may be a layer of an
insulating material, wherein the insulatiﬁg material may be

10 silicon oxide, or may be a dielectric such as silicon nitride and
aluminum oxide. The first doping type is formed by using n-type
dopant such as phosphorus, arsenic or antimony.‘ The second
heavily—doped region of the second doping type is formed by using
t-type dopant such as boron or indium. The first and the second

1§ conductor may be formed of a metal such as tungsten or copper, or
formed of a metallic nitride such as titanium nitride or tantalum
nitride, or may be formed of a heavily-doped semiconducting

m i ]
aterial, or may be formed of p+ doped polysilicon. The Ffirst

and i '
the second conductor may include a first conductive layer




silicide, cobalt silicide, nickel silicide or platinumsilicide. A
junction depth of the first or the second heavily-doped region my be
greater than a silicide penetration depth by at |east 15 about 50
angstronms. 14 Brief Description of the Drawi ngs These and ot her objects,
features and advantages of the preser3 invention will becone apparent from
the following detailed description and the appended drawings in which: 5
Figures 1A and 1B are enlarged, cross-sectional views of a conventional

di ode structure fabricated on bulk silicon substrate and on

si i con- on-i nsyrdeblyifgsta atecondspeoniivetind Hiayeies RhersdB anthe2C rakg:
enl arged, . plane view and perspective views of the present invention
preferred embo8PREMEEIVED Idivede ist tdtanienwhitrigied anidt hbst sacbhdhddna@deped
body region, respectively. Figures 3A and 3B are enl arged, cross-sectional
view and top VRESF ofisa PieEdsn.i nvEhei ofirsehisorduetdth dbedean t Sbaut g St

and second conductors fornmed adjacent to the heavily-doped 15 regions.
angstroms and about 5000 angstroms, and a height greater than

5 about 200 angstroms.

In . the semiconductor diode string, an etchant mask

overlies each one of the plurality of fins. The etchant mask nay

' include a dielectric material such as silicon oxide, silicon
nitride or silicon nitride on a silicon oxide stack. A silicide

10 may be formed in the first heavily-doped region and the second-
heavily-doped region, wherein the silicide may be- titanium
silicide, cobalt silicide, nickel silicide or platinum silicide.

A junction depth of the first or the second heavily-doped region

may be greater than a silicide penetration depth by at least

15 about 50 angstroms.




I5 Figure 4 is an enlarged, cross-sectional view of the present invention
'sem conductor diode structure. wherein the conductors are fornmed of a
first conductive material and a second conductive material. 5 Figure 5is
an enl arged, cross-sectional view of the present invention sem conductor
di ode structure wherein silicide is flgrnmed in the heavily-doped regions.
Figure 6 is an illustration of a present invention sem conductor diode
string. 10 Figures 7A and 7B are enl arged, cross-sectional view and plane

view of a present invention seni conductor diode string forned by a series
col lection of diodes. 16 DetHiC&dPEREEHtEOPORE dthet PeaPimder red Enbodi nent

Referring nom/to.Figure§hé%%zang ZBh wherein a top view and a perspective
view, respectively, of a prefefreitehibdiestht fasfturhe prdseivhntayssnbE Ofhear €

shown. The di oge, 30, cogprises a S .sem conductor fin 32 overlying an
substrate 34 V\nglf% gltsur AT f’diﬁedb?ﬁp“ﬁn PRB&FeRtor frPhe Sen Cohlioeiey

fin 32 ext endsdetailed description and the appended drawings in which:

5 Figures 1A and 1B are enlarged, cross-sectional views
of a conventional diode structure fabricated on bulk silicon

substrate and on silicon-on-insulator substrate, respectively.

Figures 2A, 2B and 2C are enlarged, . plane view and
perspective views of the pbresent invention preferred embodiment

10 diode structure with and without a lightly-doped body region

respectively.

Figures 3A and 3B are enlarged, cross-sectional view
and top view of a present invention semiconductor diode with a

first and second conductors formed adjacent to the heavily-doped

15 regions.




vertically froman insulating substrate 34 with a height th and a wth
ti,. The sem conductor fin 32 may be constituted by any sem conducti ng
material, including elenmental sem conductor such 10 as silicon and
germani um all oy sem conductor such as silicon- gernmani um and

si | i con-germani um car bon, and conpound> sem conductor such as indium
phosphi de and gal | i um arseni de. The sem conductor materials described may
have a crystalline, a polycrystalline, or an anorphous structure. The

sem conductor 15 materi rh sub trate with a surface. conprising an
insul ator. The msulatorﬁhng%[‘%rlaﬁg & ? B i $TREe- F??ﬁ%9§&1t612£s©flbgﬂ

oxi de, silicon,pidddide; nQbndl preferred enbodi nent,
the sem conductor fin mater| %Hﬁ ggg} |cx)Ct°§nd§ uﬁH%HQSHrﬁg ViRRNAiat okhe s

silicon oxide. Jmﬁmgggbcgggqghgg 2 efined or etched by an
etchant mask 38 which my be 17edf§$ﬁ%§ﬁrf¥ EFFVE‘WHF%FP&I%W%F1§PP¢@bn

oxi de or siliceshdudictivbagsQ-ia3Silicon n|tr|de on silicon oxide stack. In
the preferred enbodi nent, the etchant mask 38 is silicon oxide. The

sem conductor fin height th, as indicated in 5 Figure 2B, is typically

| arger than 200 angstrons. The fin wi dth

5 Figure 5 is an enlarged, cross-sectional view of the
present invention semiconductor diode structure wherein silicide

is formed in the heavily-doped regions.

Figure 6 is an illustration of a present invention

semiconductor diode string.

10 Figures 7A and 7B are enlarged, cross-sectional view

and plane view of a present invention semiconductor diode string

formed by a series collection of diodes.




tw, as indicated in Figure 2B, is between 50 angstrons and 5, 000
angstroms. The silicon fin sidewall surface 40 may be snpothened to
inmprove or reduce the surface roughness of the fin sidewalls. This is
performed by subjecting the fin to a s@crificial 10 oxidation and silicon
sidewal |l treatnent (i.e. high tenperature annealing at 1,000 degrees Cin
H2 anbient). As shown in Figure 2B, the sem conductor fin 32 is doped
differently on the two sidewalls 40,42. one side 42 of the sem conductor
fin 32 is doped heavily with n-type dopants such as 15 phosphorus (P),
arsenic (As), and amFabhsd (BFrridbhicn pésuld referidie ehbsdmehon of an n+ .
region 46. The other side 40 is doped heavily wth p-type dopants such as
boron (B) and i ndl ump(‘?qﬁ')rrmﬂe%%ﬂtqonglﬁlmrﬁtqﬁéle andredH ,owhefeim p+togghiemn 48.
The n+ and pg, reqgi ons. 46,48 of the two sidewalls 40,42 of the

seni conduct of | “h eﬁfgpﬁ‘é@l‘%c‘flﬁé’ch%?ﬂ’%ﬁ%wwt |9 isntrrefherdd rmbaditgmewn in

Figure 2B, Lg aé/ﬂ g}r Sengyl ion 44 in the mddle of the sem conductor
fin 32 which my b DYSHE O8r apet ﬁb%wn | n Thre &itodgeBAr eonfriBeRi gur e

2B, thEﬂlOdQenll%ﬁd i.Qde i f t ebod |on 44 is dopedptype and a
p+/n diode if the bod{/ rgégogzﬁve Yﬁ%%e%’ Bstrace 34 with a surface 36

formed by an insulator. The semiconductor fin 32 extends
vertically from gp insulating substrate 34 with a height t, and a
with t,. The semiconductor fin 32 may be constituted by any
sémiconducting material, .including elemental semiconductor such
10 as silicon and germanium, alloy semiconductor such as silicon-
germanium and silicon-germanium-carbon, and compoundv
sem;conductor such as indium phosphide and gallium arsenide. The
semiconductor materials described may have a crystalline, a
polycrystalliné, or an amorphous structure, The semiconductor
15 material overlies a substrate with a surface comprising an
insulator. The insulator material may be, but is not limited to;
silicon oxide, silicon nitride, or aluminum oxide. In the
preferred embodiment, the semiconductor fin material is silicon
and the underlying insulator is silicon oxide. The semiconductor

20 fin may be defined or etched by an etchant mask 38 which may be




type. The junction depth of the n+ or p+ regions 46,48, as indicated by Xxj
in Figure 2B, may vary from about 25 angstrons to about 1000 angstrons.
The term "about used in this witing 10 indicates a range of values that is
+/- 10% of the average value given. Wen the sumof the junction depths of
the n+ and p+ regions 46,48 exceed the fin wdth, the body region 44 does
not exist, and n+ and p+ regions 46,48 are therefore adjacent to each 15
other. The diode is essentially a n+/p+ diode or a tunnel diode 50, as
schematically illustrated in Figure 2C. For the formation of a tunnel

di ode 50, thef88PFhgOtorfCEECAEFEn BFterhalm+ odndsipiconegpite 46r 48ihaven t o

be so high that a, unnelin%:'unction,is fornmed in-between the two regions.
For exanpl e, PHE“H%bPﬁgalff iﬁﬂﬁc@hf?%ﬁ?tﬂ? Ehl Exhoside tagk-and p+ regions
may be higher than 1019 cm 3. Such a tunnel diode device is attractive on

account of its steep current-voltage characteristic and especially wth an
i nproved reverse charagteékstic. Tunnel diodes with steep 5 current-voltage

characteristic in bot h'FhE FoRREFAT Sl FERREIEENt » dFheceEehpndr anamdefifl i

applications such as m.cro e .
pp 51ficon oxi e.ma¥he semiconductor fin height t,, as indicated in

5 Figure 2B, is typically larger than 200 angstroms. The fin width
t,, as indicated in Figure 2B, is between 50 angstroms and 5,000
angstroms. The silicon fin sidewall surface 40 may be émoothened
to improve or reduce the surface roughness of the fin sidewalis.
This is performed by subjec_tir_1g the fin to a sacrificial

10 oxidation and silicon sidewall treatment (i.e. high temperature

annealing at 1,000 degrees C in H, ambient) .

As shown in Figure 2B, the semiconductor fin 32 is
doped differently on the two sidewalls 40,42. one side 42 of the
semiconductor fin 32 is doped heavily with n-type dopants such as

15 Phosphorus (P), arsenic (As), and antimony (Sb). This results in
the formation of an n+ region 46. The other side 40 is doped
heavily with p-type dopants such as boron (B) and indium (In),

resulting in the formation of a p+ region 48. The n+ and p+




anplification and switching at hi gh speeds. The n+ and p+ regi ons 46,48 on
the sidewall of the sem conductor fin 32 may be contacted by conductors
56,58, 10 respectively, as shown in Figures 3A and 3B. A top view of the
diode 30 illustrating the layout of the sem conductor fin nask 38 and the
contact masks 66,68 is shown in Figur&3B. The conductors 56,58
essentially straps around the sidewalls of the sem conductor fin 32. In
one enbodi nent, the conductor in 15 contact with the n+ and p+ regions
46,48 may be formed of a metal such as tungsten and copper. In another
enbodi ment, t-bgi orzONYUEE OLF TRY Pﬁof%rd&gli’é &, 75t ¢ pitride such Hggn

titanium nitride or fantalumnitri n yet ‘ano therﬁ?%leﬁftaT

conduct or nmay2bgaf oki@bLh %nh?agiléhﬂ¥9pqgt§egﬁ& ﬁ%ucgﬁJségwg §n 1gure

doped polysilicon. The conductor nay al'so be a conbi'nati on ofr
mul ti-layer spackedwmig®d Byapeiesid ssseheehed.fdam pet @}hé 'scemgbﬁédc%%%

netal s and heavi |l y-doped sem conduct ors. For exanpl e, he conduct or be
formed of a stacic iwakudingg e |Ryes h2r@fe drbpfiymt, CQHd$K§'§%§uQEﬁ & L2l

underlying a | ayer 54 of a second conductive material. This is illustrated
in Figure 4. Filrerestzk the diode is a n+/p diode if the body region 44 is
doped p-type, and a p+/n diode if the body region 44 is doped n-
type. The junction depth of the n+ or p+ regions 46,48, as

indicated by x; in Figure 2B, may vary from about 25 angstroms to

about 1000 angstroms. The term “about used in this writing
10 indicates a range of values that is +/- 10% of the average value
given.

When the sum of the jgnction depths of the n+ and p+
regions 46,48 exceed the fin width, the body region 44 does not
exist, and n+ and p+ regions 46,48 are therefore adjacent to each

15 other. The diode is essentially a n+/p+ diode or a tunnel dioae
50, as schematically illustrated in Figure 2C. For the formation.
of a tunnel diode 50, the doping concentration of the n+ and p+
regions 46,48 have to be so high that a tunneling junction is

formed in-between the two regions. For example, the doping




ﬁay be a tungsten on titaniumnitride stack. In accordance with the present
i nvention, the nt and p+ regions 46,48 nay be silicided prior to the

provi sion of the 10 conductive material. In this case, the conductors

56, 58 previously described will be in contact with the silicide material.
The silicide may be a netallic silicid& such as titaniumsilicide, cobalt
silicide, nickel silicide, or platinum silicide. It is known that silicide
can be responsible for 15 penetration defects that increase forward and
reverse diode Leaka@ecids et Sachnge! gakage arises if the metal silicide
in any region of the di ode 30 ext eﬁ%lsﬁ%ﬁ 35e?P0 HhEePifrt imsy Heprigher Thean
provision of a satkigi-de ewer Lhgeiiki@ + regions potentially causes
probl ens when the junction depths of t 188ﬁ+d% €5115 ALHTaGtéNe @recdrceaset arf
when the silicife parebr ati-PondsRiR oLNereases. . Thus, in designing the
diode of the invention with a  sili gﬁgegégﬁ?%&rfsb’a‘fa?ﬁ efPesiahlvswitie an
junction depth Diprbked Ntrev@RdeP+ch o .as.well as the silicide
penetration depth are 5 i rrporta(r:lt. #%%rlgglsc'sho UK crdedesectithn wfee
di ode 60 wsth current-voltage characteristic in both the forward and reverse

dir . . . .
lirection are wuseful in applications such as microwave

amplification and switching at high speeds.

The n+ and p+ regions 46,48 on the sidewall of the

semiconductor fin 32 may be contacted by conductors 56,58,

10 respectively, as shown in Figures 3A and 3B. A top view of the
diode 30 illustrating the layout of the semiconductor fin mask 38

and the contact masks 66,68 is shown in Figure 3B. The

conductors 56,58 essentially straps around the sidewalls of the

semiconductor fin 32. In one embodiment, the conductor in
15 i
contact with the n+ and p+ regions 46,48 may be formed of a metal
suc
h as tungsten and copper, In another embodiment, the

c
‘ onductor may be formed of a metallic nitride such as titanium
n . Ad . « ’

itride or tantalum nitride. In yet another embodiment, the

conductor may be formed of a heavily-doped semiconductor such as




silicide contacts 76,78 to the n+ and p+ regions 46,48. The junction depth
is defined to be the distance between the original sem conductor fin
sidewal | surface and the p+ or n+ junction. 10 The silicide penetration
depth is defined to be the distance between the original sem conductor fin
sidewal | surface and the interface b@ween the silicide and the n+ or p+
region. The difference between the junction depth and the silicide
penetration depth_ shoul d be.g{eater t han 50 angstro to avoid 15 probl ens

~associ at ed wi t AT sFIREE BRIV RIEE | BRAFENIHNECE | TAYCPdEC PRdi SRR Ry
be in contact with.a conductor 46,48 s, shown in Figure 5 n one ‘
enblodi ment, t h\évI g‘PH%-iClc?é’ e|l]J"s Sggﬁlél tfogtlﬁ“??c?ﬁemﬁrzer‘:ﬁﬁisclt’f‘%#ﬁﬁt%% %W‘hﬁ‘&tﬁ}l%f
cobalt silicidatjon and..used i risin

1de%r,0§:ng§esxlsk o d‘xetaﬁé}}/ﬁa oRg es%??c%x%chicctéggr i CFQgP exampge ,t he

steps of cobal PdelSsiti"on> " ripi

eroval /ol een. 40 SSNANA0CIDE, BOSRLDT S B i PLESE LIYeTLLn o

the extrenely short current between

DA O et EIE ESndllAG 0 bl R AL v AR S ayefn el 20V 2NLERE

of the présent "invention is the cl0Se proxi
contacts to thSorQi'_ucQQerﬁlx_atl:eexgi'aqr.ls’This is illustrated in Figure 4. .The stack

may be a tungsten on titanium-nitride stack.

In accordance with the present invention, the n+ and p+

regions 46,48 may be silicided prior to the provision of the

10 conductive material. In this case, the conductors 56,58
previously described will be in contact with the silicide
material. The silicide may be a metacllic silicide such as
titanium silicide, cobalt silicide, nickel silicide, or platinum
silicide. It is known that silicide can be reéponsible for

15 penetration defects that increase forward and reverse diode
leakage currents. The leakage arises if the metal silicide in

any region of the diode 30 extends close to the junction depth.

The provision of a silicide over the n+ and p+ regions

potentially causes problems when the junction depths of the n+ or




respectively. These advantages enable the diode structure 10 provided by
the present invention to achieve a very |low series resistance for inproved
ESD protection for circuits. Using the device structure illustrated in
Figure 3, diode strings may be forned. Di ode strings are used in

i nput/out put protection circuits as wéll as gl obal voltage .15 protection
circuits. For exanple, for input/output circuit protection, diode strings
70 connect the input/output pad 72 to the power supply lines VDD 74 and
Vss 76, as sho iegEbAsIr @leGreadbiend RASHLI vaht spike.is .applied to
t he input/outpﬁf pad 23 72 during an ESD e&ggtfgﬁgggﬁfo gngf?ﬁﬁgn7d&mth

connecti ng t heindryaiskbout phtis, pach A2sti@nMP thd hsodorwarfd. bj.ased. thus
effectively limting the voltage seen ggpthe cirghft 7 eu%$é¥1%P%tﬁﬁwi8n

On the other hanididehesntdier,ephfaieRe@GALLVE OLLATR, SR he .5
i nput/ out put pad the diode string 70, connecf?ng t%glinﬁégl%%$%hff W72

to V., 76 is faudapd begises, dd midingat hensmgni tude ?n%@?atﬁ%gaéi gﬁ. are
vol tage seen by the circuit 78 under protection. A diode strlngfﬁ) IS
essenti al I5y foimedtehta series connection of diodes. In the present
invention, the diodes 30 nmay be connected
Figure 5 shows the cross-section of a diode 60 with
silicide contacts 76,78 to the n+ and p+ regions 46,48. The
" junction depth is defined to be the distance between the original
semiconductor fin sidewall surface and the P+ or n+ junction.
10 The silicide penetration depth is defined to be the distance
between the original semiconductor fin sidewall surface and the
interface between the silicide and the n+ or p+ region. The
difference between the junction depth and the silicide
penetration depth should be greater than 50 angstroms to avoid
15 problems associated with silicide-related leakage. The silicide

regions 76,78 may be in contact with a conductor 46,48, as shown

in Figure 5. 1In one embodiment, the silicide is cobalt silicide




10 using an efficient layout with mniml area use, as illustrated in
Figures 7A and 7B. In Figure 7A, the cross-section of a diode string 70 is
illustrated. The series connection of diodes is achieved by the conductor
58 which contacts both the p+ region 48 of a diode and the n+ regi on 46 of
an adj acent diode. The |ayout 15 of £he di ode string is illustrated in
Figure 7B. Wil e-the present invention has been described in an
illustrative manner, it should be understood that the term nology wused is
i ntended to be"RHh Tt H% SRer by 6f cobsiri ptlimidaaiterprddeas Ghown ang
limtation. 24 Furthernore, while the present invention has been descri bed
interns of a P? éf%ééeaﬁﬁtanlé$téFﬁQFéSbmbddhnenepsidf cobal®® diosition,

appreci ated t hat &p ﬁe skilled in the art will readily apply these
t eachi ngs to ot H&Y 8 §ETHt SVERE at R CBRLEheenayal figkerr.ons.  The enbodi nent

of the invention in which an exclusive property or privilege is clained
are defined as follows. 25 CLAIME:

An advantage made possible by the present invention is

5 the extremely short current path between the cathode and the
anode, as compared to structures disclosed in prior art devices,
Another advantage of the present invention is the c¢lose proximity

of the cathode and anode contacts to the n+ and p+ regions,
respectively. These advantages enable the diode structure

10 provided by.the present invention to achieve a very low series

resistance for improved ESD protection for circuits.

Using the device structure illustrated in Figure 3,
diode strings may be formed. Diode strings are used in
input/output protection circuits as well as giobal voltage

15 Protection circuits. For example, for input/output circuié
Protection, diode strings 70 connect the input/output pad 72 to
the power supply lines Vo 74 and Vg 76, as-shown in Figure 6.

when a positive voltage spike is applied to the input/output pad




1. A seniconductor diode conprising: a substrate; a fin formed of a

sem conducting material positioned vertically on said substrate, said fin
conprises a first heavily doped region of a first doping type on one side
and a second heavil y-doped regi on of a second doping type on an opposite
side, wherein said fin having a W dth between about 50 angstrons and about
5000 angstrons; and a first conductor contacting said first heavily-doped
region and a second conductor contacting said second heavily-doped region.

2. The Semﬁo%ﬂif‘ihgr #H OflEp SERAURE Ur @18l BlRkM b WBETA) NeSA;lbiing cn
sem conducting material conprises silicon. 3. The sem conductor~di ode

structure qhpet AuBplic PhET € nsald merkcestiictd R . ORt e Al e??é%ig/?%?l

silicon and germanium 4. The sem conductor diode structure o

wher ei n saidnsefid @MAUCHL tige BRLAT bRl tHeS c8rEHPOMNdLSEM SORIUCI QY - B, The
sem conductor diode structure of claim1, wherein sald substrate conprises

a layer ofhanotnstl RiAdg WRlEriRire Gs N3P FONIYLL Lo gp%is §}FLERL‘”€ of
S . e

claim5, wherein said insulating material i silicon oxide. 7

seni copductiapueitgust paetdHe dabas! firin, 78hesSiddcsah éﬂéls%séé,f&ttga%e” al
Sl |

is a dielectric selected fromthe group consisting of I con ni e and

al um num oykde72 to Vg 76 is forward biased, limiting the magnitude of the
negative voltage seen by the circuit 78 under protection. A

diode string 70 is essentially formed of a series connection of

diodes. In the present invention, the diodes 30 may be connected

‘ 10 using an efficient layout with minimal area use, as illustratea

in Figures 7A and 7B. 1In Figure 7A, the crosé—section of a diode

string 70 is illustrated. The series connection of diodes is

achieved by the conductor 58 which contacts both.the p+ region 48

of a diode and the n+ region 46 of an adjacent diode. The layout

15 of the diode string is illustrated in Figure 7B.

While the present invention has been described in an
illustrative manner, it should be understood that the terminology
used is intended to be in a nature of words of.description rather

than of limitation.




8. The sem conductor diode structure of claim1l, wherein said first doping
type is fornmed using n-type dopant selected fromthe group consisting of
phosphorus, arsenic and antinony. 26 9. The sem conductor diode structure
of claim1, wherein said second heavily- doped region of the second doping
type is fornmed using p-type dopant sepgct ed fromthe group consisting of
boron and indium 10. The sem conductor diode structure of claim1l1, wherein
said first and second conductor is fornmed of a netal selected fromthe
group consisting of tungsten and copper. 11. The sem conductor di ode
structure of claim1, wherein said first and second conductor is forned of
a netallic nitride sel e%teg fromthe g_roup consisting of titanium nitride
and tantal umnitride. 12“*TRE™SEScoRBits orthgi oBesstucinyentdbnc| lsasm been
wherein said fidrgtrlabré%l sigcgnd c%nduct or is forned of a heavily-doped

sem conduct i ng Rt eri al 11135 ThE s BnPtoifdiradoAndi Bt @ L erurteu eebodindnai, mod.,
wherein said fiirsg algé:l sec%réq c(gnﬂijct or is formed of p+ doped polysilicon.
14. The seni cofduct ofc digde SRFEdt 3 dhosearkitledtar éibe sk dwiil steadnty
second conduc onprises, a fi.rst conductive |layer underlying a second
conducti ve | ay%&ly‘:l?&e‘? e Semie8Aductdr O&ﬁ‘SHe RYbLar evastiagionmm b, the
wherein sa d first (gepductive _

The embodiment of the invention in which an exclusive

property or privilege is claimed are defined as follows.




| ayer is titaniumnitride and said second conductive |ayer is tungsten. 16.
The sem conductor diode structure of claiml1l, wherein said fin having a

hei ght greater than about 200 angstrons. 17. The sem conductor di ode
structure of claim1, wherein said firaé doping type is n+, said second
doping type is p+ form ng n+/p+ tunnel “di ode. 18. The sem conductor di ode
structure of claim 17, wherein a tunneling junction is 27 fornmed between
n+ and p+CGlédMstis. 19. The seniconductor di ode structure of claim 17,
wherein a dopant concentration in each of said n+ and p+ regions is
greater than 1019 cm 3. 20. The sem conductor diode structure of claiml,

wher ei n an. et cAageimicaslisctory dlode esmpfising: fin. 21. The sem conductor di ode
structure of claim 20, wherein sald etchant mask conprises a dielectric
material sel ecB&BPSAlN t he group consisting of silicon oxide, silicon

nitride and sili i frd g | i OX 1 de. . T . .conduct or
di ode structur é fl((;)1198 gﬁéﬁér;]q%S%%e@g?%ﬁéa&g{éf@@oggmﬁé@?éé'rnrcr%@ ?I}]&g%?%%%lg’r st
heavi | y- deqié dinrcegipoisesenfirss heavily dopediregmaviflayfirsiafopihgr g pé omonslde diidea

sem conduct or ,di ode structure pof cla'$122, wherei n said aili ide is

sel ect ed SYBAMEHEYHOBE r"tgb‘?ﬂs‘i’fgfi TEHENGEORING HRP GFn28 (OPPRTIgSIcee YBsRetn 2 i i de,
ni ckel  si lghHafigaRAdMH BetwEHAbodt 50 Zhddoms and about 5000 angstroms; and

a first conductor contacting said first heavily-doped region and a second

conductor contacting said second heavily-doped region.

2. The semiconductor diode structure of claim 1, wherein said semiconducting

material comprises silicon.

3. The semiconductor diode structure of claim 1, wherein said semiconducting

material comprises silicon and germanium.

4. The semiconductor diode structure of claim 1, wherein said semiconducting

material is a compound semiconductor.

5. The semiconductor diode structure of claim 1, wherein said substrate comprises a

layer of an insulating material.

6. The semiconductor diode structure of claim 5, wherein said insulating material is

silicon oxide.

7. The semiconductor diode structure of claim 5, wherein said insulating material is

a dielectric selected from the group consisting of silicon nitride and aluminum oxide.

8. The semiconductor diode structure of claim 1, wherein said first doping type is
formed using n-type dopant selected from the group consisting of phosphorus, arsenic

and antimony.



24. The sem conductor diode structure of claim?22, wherein a junction depth
of said first or second heavily-doped region is greater than a silicide
penetration depth by at | east about 50 angstrons. 25. A sem conductor

di ode structure conprising: a substrabg; a fin formed of a sem conducting
material positioned vertically on said“Substrate, said fin conprises a
first heavily-doped region of a first doping type on one side and a second
heavi | y- doped regi on of a second doping type on an opposite side, and a

3 on and e ARE Rl Bl Lo SRt R TR SRR e
wi dt h bet yessd relottof B s2o@RE ddptm%]@pel is foRAed uSRPP-tARARPhRTBlecd frot fhe' St
S

conductor contacting said first heavily-doped region and a second 28
conduct or ZEyRtcaBtisting eomnsanddndivneavi | y- doped regi on. 26. The

sem conductor di ode structure of claim 25, wherein said sem conducting

mat eri al conprises silicon. 27. The sem conductor diode structure of claim

25, wher eil®. salTHe sanicondutuatdicds strmetues btfadlailﬁpnm%@aﬁ Vs\ﬁa Ifire@Ad @éucdi)nger mani um
28. The sem conductor diode structure of claim 25, wherein sai
seni condu€fndygtor hfa{"é‘PF‘g PfQ 3 metal selegted Hamstberrayi sgasiging of tungsten and

copper.
11. The semiconductor diode structure of claim 1, wherein said first and second
conductor is formed of a metallic nitride selected from the group consisting of titanium

nitride and tantalum nitride.

12. The semiconductor diode structure of claim 1, wherein said first and second

conductor is formed of a heavily-doped semiconducting material.

13. The semiconductor diode structure of claim 1, wherein said first and second

conductor is formed of p+ doped polysilicon.

14. The semiconductor diode structure of claim 1, wherein said first and second

conductor comprises a first conductive layer underlying a second conductive layer.

15. The semiconductor diode structure of claim 14, wherein said first conductive

layer is titanium nitride and said second conductive layer is tungsten.

16.  The semiconductor diode structure of claim 1, wherein said fin having a height

greater than about 200 angstroms.

17.  The semiconductor diode structure of claim 1, wherein said first doping type is

n+, said second doping type is p+ forming n+/p+ tunnel diode.

18.  The semiconductor diode structure of claim 17, wherein a tunneling junction is




29. The sem conductor diode structure of claim25, wherein said substrate
conprises a layer of an insulating material. 30. The sem conductor di ode

structure of claim29, wherein said insulating material is silicon oxide.
31. The sem conductor diode structure %ﬁ claim 29, wherein said insulating
material is a dielectric selected fromthe group consisting of silicon

nitride and al um num oxi de. 32. The sem conductor diode structure of claim
25, wher ef¢rmsdibgtweenait apdpriggionpe is formed using n-type dopant sel ected
fromthe group consisting of phosphorus, arsenic and antinony. 33. The
sem conduct or di ode structure of claim25, wherein said second heavily-

doped regil®n ofThé bémivesduttordidgde Gruchpeof athIMekaﬁ Bdoparit XBfceHRRH
sel ect ed from the , group consisting of boron i ndium 34. The

sen condu#t ech @f srid ndapd ptuegiony is@redten than 1%@%4 n said first and second
conductor is fornmed of a netal selected fromthe group consisting of
tungsten and copper. 29 35. The sem conductor diode structure of claim

25, wher eR0. salTHe f¢misdonduntbrskaderstructuonolicisiar 1,ivehek¢in aR dtchiintanaskioakbilies
nitride selected fromthe group consisting of titanium nitride and

tantal um Fﬁlﬁ‘ﬁnde 36. The seniconductor diode structure of claim 25,

wherein said first and second

21.  The semiconductor diode structure of claim 20, wherein said etchant mask
comprises a dielectric material selected from the group consisting of silicon oxide,

silicon nitride and silicon nitride on a silicon oxide stack.

22.  The semiconductor diode structure of claim 1, wherein a silicide is formed in said

first heavily-doped region and said second heavily-doped region.

23.  The semiconductor diode structure of claim 22, wherein said silicide is selected
from the group consisting of titanium silicide, cobalt silicide, nickel silicide and platinum

silicide.

24.  The semiconductor diode structure of claim 22, wherein a junction depth of said
first or second heavily-doped region is greater than a silicide penetration depth by at least

about 50 angstroms.

25. A semiconductor diode structure comprising:

a substrate;

a fin formed of a semiconducting material positioned vertically on said substrate,
said fin comprises a first heavily-doped region of a first doping type on one side and a
second heavily-doped region of a second doping type on an opposite side, and a lightly-
doped body region situated in-between said first heavily-doped region and said second
heavily-doped region, wherein said fin having a width between about 50 angstroms and
about 5000 angstroms; and

a first conductor contacting said first heavily-doped region and a second



conductor is fornmed of a heavily-doped sem conducting material. 37. The

sem conductor diode structure of claim?25, wherein said first and second
conductor is forned of p+ doped polysilicon. 38. The sem conductor diode
structure of claim?25, wherein said fir,gt and second conductor conprises a
first conductive |ayer underlying a second conductive layer. 39. The

sem conduct or diode structure of claim37, wherein said first conductive

| ayer is ecprdustaiepntactingraidsedorbhenvilpaioped ragimhuct i ve | ayer is tungsten. 40.
The sem conductor diode structure of claim25, wherein said fin having a
hei ght greater than about 200 angstroms. 41. The sem conductor di ode

structure26f clTaksedizonditesraliodestruetueanélaii@sk wheedih s4id seiofidddting 42. The
sem conduct or , di ode ;structure of claim4l, wherein said etchant mask

conpr i ses Mpteiabcmprises siligpBr i al sel ected fromthe group consisting of
silicon oxide, silicon nitride and silicon nitride on a silicon oxide
stack. 43. The sem conductor di ode structure of claim?25, wherein a
silicide R3. foffiedemivonduitat diodesdtrubtdy of slaittoPs; dviieedh s4id 3ardiceaduttiagcond
heavi | y- dg{)e%ﬁﬁ &gi on. 44, The sem conductor diode structure of claim43,

wherein s napiyses siicor pad BIANYRY  t he group consisting of titanium
silicide, cobalt silicide, nickel silicide and platinum silicide. 30

28.  The semiconductor diode structure of claim 25, wherein said semiconducting

material is a compound semiconductor.

29.  The semiconductor diode structure of claim 25, wherein said substrate comprises

a layer of an insulating material.

30.  The semiconductor diode structure of claim 29, wherein said insulating material

is silicon oxide.

31.  The semiconductor diode structure of claim 29, wherein said insulating material

is a dielectric selected from the group consisting of silicon nitride and aluminum oxide.

32.  The semiconductor diode structure of claim 25, wherein said first doping type is
formed using n-type dopant selected from the group consisting of phosphorus, arsenic

and antimony.

33.  The semiconductor diode structure of claim 25, wherein said second heavily-
doped region of the second doping type is formed using p-type dopant selected from the

group consisting of boron and indium.

34.  The semiconductor diode structure of claim 25, wherein said first and second
conductor is formed of a metal selected from the group consisting of tungsten and

copper.




45. The sem conductor diode structure of claim43, wherein a junction depth
of said first or second heavily-doped region is greater than a silicide
penetration depth by at | east about 50 angstrons. 46. A sem conductor
diode string conprising: a substrate; ,3 plurality of fins situated

si de-by-side on said substrate each forned of a sem conducting materi al
and each having a first heaV|é%:doped regi on_ of first doping pe on one

si de and & secdhd serigondyciersh %@nﬁﬁosﬁm@%m@wdﬁgﬁ@éé@n an
opposi t e %bxgcg%ono%@d 824 theldifte AfNAd b1 dbot F) oS Cérwg@on%ﬁgﬂg oPQraRRfEP ! MO

and about angstrons; a co or conta

heavi | y- dajteide m&gﬁantalunmnnadds] of sai d pI urality of f| ns and said second
heavi | y-doped regi on of an adjacent fin. 47. The sem conductor diode string
of claim 46, wherein said sem conducting material conprises silicon. 48.

The seni cggductge sahfeeﬂd&&&'dwd&;m%ﬁé Mégi%%%ﬁ%%é?n Sl $ir %Hagéaag&ﬂct' ng

materi al conprises silicon and germani um € sem con uctor I ode
string of conductor d6formbd pfa heaviliyelopedbsanicdndictingymateriabri al i s a conpound

sem conductor. 50. The sem conductor diode string of claim46, wherein said
substrate conprises a |ayer of an insulating materi al

37. The semiconductor diode structure of claim 25, wherein said first and second

conductor is formed of p+ doped polysilicon.

38. The semiconductor diode structure of claim 25, wherein said first and second

conductor comprises a first conductive layer underlying a second conductive layer.

39.  The semiconductor diode structure of claim 37, wherein said first conductive

layer is titanium nitride and said second conductive layer is tungsten.

40.  The semiconductor diode structure of claim 25, wherein said fin having a height

greater than about 200 angstroms.

41. The semiconductor diode structure of claim 25, wherein an etchant mask overlies

said fin.

42, The semiconductor diode structure of claim 41, wherein said etchant mask
comprises a dielectric material selected from the group consisting of silicon oxide,

silicon nitride and silicon nitride on a silicon oxide stack.

43.  The semiconductor diode structure of claim 25, wherein a silicide is formed in

said first heavily-doped region and said second heavily-doped region.

44, The semiconductor diode structure of claim 43, wherein said silicide is selected
from the group consisting of titanium silicide, cobalt silicide, nickel silicide and platinum

silicide.




51. The sem conductor diode string of claim50, wherein said insulating
material is silicon oxide. 52. The sem conductor diode string of claimb50,
wherein said insulating material is a dielectric selected fromthe group
consisting of silicon nitride and al umgum oxi de. 31 53. The sem conduct or
di ode string of claim46, wherein said first doping type is forned using
n-type dopant selected fromthe group consisting of phosphorus, arsenic
and antinony. 54. The sem conductor diode string of claim46, wherein said
second hegyily . QI dppi . j ik ng
o type domgnt’ 10f Beficot SRR Qe dEnRPGRTATER iy Bkt SEARBCMILTY o
The seni cfirdoc sexond hemilysdoped eegbdn islgadaterdbian adibcide perreaation demh bapadleastcond
conductor js fornmed of a netal selected fromthe group consisting of

t ungst en Qﬁﬁnsgﬂﬁ%ﬁ?ﬁm%G. The semni conductor di ode string of claim 46,
wherein said first and second conductor is formed of a nmetallic nitride
selected fromthe group consisting of titanium nitride and tantal um
nitride. 30. TAesegaenindoctdudiode stilingdemprisingg of cl ai m 46, wherein said first
and second condﬁ%%p%.is formed of a heavil y-doped sem conducting materi al
58. The seni coRdUY 8 di ode string of claim46, wherein said first and

second a plurality of fins situated side-by-side on said substrate each formed of a

semiconducting material and each having a first heavily-doped region of a first doping
type on one side and a second heavily-doped region of a second doping type on an
opposite side, wherein said fin having a width between about 50 angstroms and about
5000 angstroms; and

a conductor contacting said first heavily-doped region in each of said plurality of

fins and said second heavily-doped region of an adjacent fin.

47.  The semiconductor diode string of claim 46, wherein said semiconducting

material comprises silicon.

48.  The semiconductor diode string of claim 46, wherein said semiconducting

material comprises silicon and germanium.

49.  The semiconductor diode string of claim 46, wherein said semiconducting

material is a compound semiconductor.

50.  The semiconductor diode string of claim 46, wherein said substrate comprises a

layer of an insulating material.

51.  The semiconductor diode string of claim 50, wherein said insulating material is

silicon oxide.

52.  The semiconductor diode string of claim 50, wherein said insulating material is a

dielectric selected from the group consisting of silicon nitride and aluminum oxide.




conductor is fornmed of p+ doped polysilicon. 59. The sem conductor diode
string of claim46, wherein said first and second conductor conprises a
first conductive |ayer underlying a second conductive |ayer. 60. The

sem conduct or diode string of claimb583ywherein said first conductive |ayer
is titaniumnitride and said second conductive layer is tungsten. 61. The
sem conduct or di ode string of claim46, wherein said fin having a hei ght
greater than about 200 angstroms. 32 62. The seniconductor di ode string of

cl ai m 46, syher qipg sﬁﬁw@ﬁcﬁﬂ?&%%@%’ &f éléuﬂ? peu?g%d t%@%ﬁﬁ%ﬁg gl ity of

fins. 63. The sem conductor ring d et chant
mask comerimsduismgdi-ype dopant setedted fram the gmupe:dnélstmgl dftphosphonys, arsers¢ st i ng of
silicon OXI"?’ﬁ‘Zz} silicon nitride and silicon nitride on a silicon oxide
stack. 642U conduct or diode string of claim46, wherein a silicide
is formed in said first heavily-doped region and said second heavily-doped
region. 65. The sem conductor diode string of claim64, wherein said

silicide P4 sellbesenicondnetaridiodgrsiring olomlaims46, wherdin sdid moudilsavllliyedcxped cobal t
silicide, n |nu SI|ICId onduct or
di ode str |%g&r{(&th? gélcr%ﬁéggp ‘ﬁﬁgﬂ%‘ %‘8 g?wgfel%"é?ddé tﬁ? EO8P second
heavi | y- dopektihg 9f Boronsndikidar than a sil | CI de penetration depth by at
| east

55.  The semiconductor diode string of claim 46, wherein said first and second

conductor is formed of a metal selected from the group consisting of tungsten and

copper.

56.  The semiconductor diode string of claim 46, wherein said first and second
conductor is formed of a metallic nitride selected from the group consisting of titanium

nitride and tantalum nitride.

57.  The semiconductor diode string of claim 46, wherein said first and second

conductor is formed of a heavily-doped semiconducting material.

58.  The semiconductor diode string of claim 46, wherein said first and second

conductor is formed of p+ doped polysilicon.

59.  The semiconductor diode string of claim 46, wherein said first and second

conductor comprises a first conductive layer underlying a second conductive layer.

60.  The semiconductor diode string of claim 58, wherein said first conductive layer is

titanium nitride and said second conductive layer is tungsten.

61.  The semiconductor diode string of claim 46, wherein said fin having a height

greater than about 200 angstroms.



about 50 angstrons.

32

62.  The semiconductor diode string of claim 46, wherein an etchant mask overlies

each one of said plurality of fins.

63.  The semiconductor diode string of claim 62, wherein said etchant mask
comprises a dielectric material selected from the group consisting of silicon oxide,

silicon nitride and silicon nitride on a silicon oxide stack.

64.  The semiconductor diode string of claim 46, wherein a silicide is formed in said

first heavily-doped region and said second heavily-doped region.

65.  The semiconductor diode string of claim 64, wherein said silicide is selected
from the group consisting of titanium silicide, cobalt silicide, nickel silicide and platinum

silicide.

66.  The semiconductor diode string of claim 64, wherein a junction depth of said first
or second heavily-doped region is greater than a silicide penetration depth by at least

about 50 angstroms.




