1 SEM CONDUCTOR DI ODES W TH FIN STRUCTURE Field of the Invention The
present invention generally relates to the field of sem conductor
devi ces, and nore specifically, to a sem conductor 5 diode- device
for electrostatic discharge protection in advanced conpl enentary

nmet al - oxi de- sem conduct or (CMOS) technol ogi es. The sem conduct or

di ode provided by this invention is conpatible. wth the fabrication
process of advanced transistors such -as- multiple-gate-transistors.
to Background of the Invention Size reduction of the

met al - oxi de- serm conduSEYE CONBPETORT PEQPES r @HE StIO¢ IMUSHERE has
enabl ed the continued i nprovenent in speed performance, density, and
cost per unit function of inteq;a d gircuits over the past few
decades. As the gate. 15 |ength ‘of OV ERYE/RA™ bul k MOSFET i s

reduced, the source apd, cgégéhjggggggjnglg inaﬁract wi th the channel
and gain influence p ion~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) technolbéies.
The semiconductor diode provided by this invention is compatible
with the fabrication process of advanced transistorsAsuch-aSy

multiple-gate-transistors.

{0 . Background of the Invention
Size reduction of the metal-oxide—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
1S length of the conventional bulk MOSFET is reduced, the soufce’éﬁd
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




on the channel potential. Consequently, a transistor with a short

gate length suffers fromproblens related to the inability 2 of the
gate to substantially control the on and off states of the channel.
Phenonena such as reduced gate control2 associated with transistors

wi th short channel |engths are termed short-channel effects.

I ncreased body doping concentration, reduced gate oxide 5 thickness,
and ul tra- sh&fl &Wesealrcepdsabstiniiel LPNOARSIVEYS drD andUSPE €%Sites of the
short-channel effects. Wen the gate length is scaled down into the
sub-50 nanorf@@erel nmPheagingna $uzh reequeteced g tkotohOfyr dRRbBYated with
concentration, gate oxide thickness, and source/drain (S/ D) 10 doping
profiles to CEAPEEFLAFoMitbhahnet efidrectls lleagoh® aitdCtEASIA@hWrt - channel
difficult to neet when conventional device structures based on bul k
silicon (Si) e£fiBsts at decupesadnpodyedopinmcodesntomtsioal, i Agiurll ghfé Bxide
t he sub-go nmre ime, a promsing approach to controlling :
shor t - channelF"&FFRRts ia@dt yltge- Hirlibwalkperaefdnad ndgunceisid UptdifBys to

with rmultipl e-gates, such as the
suppress short-channel effects.

When the gate length is scaled down into the sub-50
nanometer {nm) regime, the requirements for body—doéing
concéntration, gate oxide thickness, and source/drain kS/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 multiplé—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




doubl e-gate structure and triple-gate structures. The nultiple- gate
transi stor structure is expected to extend the scalability of CMOS
technol ogy beyond the Iimtations of the conventional bulk MOSFET.
The introduction of additional gates i3nproves the 3 capacitance
coupling between the gates and the channel, increases the control of
t he channel potential by the gate, hel ps suppress short channel

effects, and Qr§%{¥gﬁs the scalability of the MOS transistor. 5
Fi gure 1A show8®an &iFalF ey & §§w§ tqnﬁngPtﬁ?eﬁquFh%.%Rﬁ?@éhtitﬁﬁﬁeases

di ode structgﬁg égntaer éh n bu ilico substrate 12. Figure

1B shows an arged, “cros %e pQF%ﬁ51 bY Ebnvaats: oﬁatpﬂl%RRPreSS
structure 20 Egpg €@te%10n 0. é|ICO i nsul ator (SQ ). wafer

al so known as eral unidrrectidn Ipﬁﬁ}qﬁgﬁol F Ph tﬂ?ﬁ%&HYggﬁetﬁ?péws
transi stor Q%s&pr) In both these structures,. the n+ and p+
regi ons 14,1 are ormed on the opposite sides of the pol ysi licon

‘(poly-Si) gate stack 18. the n+ and p+ regions 14,16 in the
substrate 12,22. are used as the

5 ~Figure 1A shows an enlarged, cross-sectional view of a
conventional diode structure 10 fabricated on bulk silicon
suﬁstrate 12. Figure 1B shows an enlarged, cross-seetional view
of a cenventional diode structure 20 fabricated on an silicon-on-
insulator (S0I) wafer 22, also known as a lateral unidirecticnal

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.



two termnals 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 exanple. 4 5 Most of the work on advanced
devi ce structures such as the nultiplde-gate transistors focus on the
transistor structure and method of fabrication. There is little or

no work on the provision of electrostatic dizcharge ErOteCtIP? gor

t hese nanoscal e devi nsi stor size reduction has resulted in
the thinning of insu afor 113-%é"°§gcﬂna%d‘fq{’é’eﬁafi%"%ﬁeelséé’[uﬁf:ém%fmch as

These thi nneg glﬁuf‘gtl‘l (> ower vol tages

e ai
Consequently, device real; a@g E?ﬁﬁ%&f§8§s k?%ﬁﬁt°%eﬁﬂﬁtQFﬂQ§%SF%r structure
i gy AOBL BB, (B AR 50
advanced senjconduetor %ecgggé alllS S gspecial | true fo these
integrated circuit (1C) chip At Ater FAZEHTh SEREP 'E:’rﬁ’bs fé’lr
signal s s thngﬁgéégfgsd§$§%@%,th%&aﬁﬁ1§d&% égéé*¥ ucE%gAfhag %eggiégd in 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 intgrface with other chips or
signals with voltages above that of the IC chip itself. IC chips
usually .include 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



| i i i i ininterface 15 circuits
sual l'y include protection devices or diodes in in
;Jo pr ozi de the IC chip with added ESD protection. U.S Paltent Ng
5,629,544, entitled "Sem conductor diode with silicide filns ?ndi ode
t’rench i solation", issued to Voldnman ét al, teaches the use o

e . q
ructures bound by polysilicon for bulk silicon an
:itl i con-on-insulator (SO) MOSFET applications. U S. Patent Nos. 20

6, 015, 993 andab6,higB2vb688]e p&jg}aings%gdgos_\,v{%ggr%%? 2I raﬁfdﬁdﬁﬁgié@i aand

hi gh voltage tol erant di ode structure for m xe

[ nak diginkal aa@phhL£RS/QRS:c WRLLPE arts _are . _
Z:o;g)ln?i:aglng ?o bﬁﬁ a?g SOIél transi st/oré%e%hno oglcgs?orll—sor TifsGr grior arts

pelsi j : h s the
d t echaot ogpekidabat e:rasplmmkdea\ﬂdcesosl_tr 88, 8Ue . P
ﬁg?/?ing?e- gate tragsi stors, new el ectrostatic di sc%ar ge e_ﬁg%c_f @PFEn ' or
el ement s t hat ftatrterenmdeaﬁdy@n@&dll “Mé@iém?%éeg%“ﬁi?g; g%\télﬁcge; i%lrglgtgr é)su d.
be used to provide superior voltage pro _

devi ces. 5Seni @®ndbet ouldipdegatsed hasi KRN %&Ftéﬁﬂc%%%giclodgsagfarge

| ow series resistance, |ow sub-threshold | eakage, a
protection elements that are more advanced with improved

characteristics should be used to provide superior voltage

protection for nanoscale devices.

Semiconductor diodes used for ESD profection should

10 have low series résistance, low sub-threshold leakage, and low
reverse leakage. The series resistance is the most important
factor for. achieving good ESD perfbrmance. 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




reverse | eakage. The series resistance is the nost inportant factor
for. achieving good ESD performance. ESD protection |evels inproves
Wi th reduction in diode series resistance. The series resistance
characteristic is especially inportantt in a m xed 15 voltage

envi ronment where diode strings are used and where the. series

resi stance of each diode add to degrade ESD performance. D ode

resistance is tamngeby deheiddned by i ze. the diode, the
resistivity of the materi al const?tu%?ﬁgﬁ%kéééﬁ%gagn%ody?h%%uaa wider diode

di stance of theigursenbypat ddhecsesistance of silicide 6 filns
or contacts to n+ and p+ diffﬁg?ons. %ﬁ8§#§h i dHPTEPEdSUTRPRR ®ath,  and

| oner body resdigticviédy, fA18B0T4Qf GURE p .and _silicided filns
and contacts provide a | ower diode ser?ggsrgépgygﬁc . P¥PS tdiefef oraxies

an object of tdesipta&sent invention to provide a sem conductor diode
for electrostatic discharge protection. It is another object of the

present invention to-

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 bresent 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.




provi de a sem conductor diode that is conpatible with a 10

fabrication process of advanced transistors such as nultiple-gate
transistors. It is a further object of the present invention to
provi de a sem conduct or di ode equi pped with contacts on the

sidewal I s of the silicon body. It is another further object of the
present invention to provide a sem conductor diode wth inproved
area efficiency. It is _still another object of the present invention
to provide a n+/ p+ turfiel SdPBEENSH thirahtinobieactds esheb pSUTDRY Yifkntion
t he Inventiontln-gqgo dance with the present invention, a

seni conduct or di D eJSerﬁc??ﬁ¥?9%ﬂﬂcép%éﬁ#@@ndﬂ@tdmpdboé@eﬁkhingiéyéﬁcy
provided. In a preferred enbodi nent, a sem conductor di ode 10 )
structure is provided which includes a substrate; a fin formed of a

sem conduct i ng nateria&tpgsitL ned vertically on the substrate, the
fin includes a first heavi?f -tdgﬁean?"elgﬁro@bcﬁca éf rtdte ¢apEBAt invention to

provide a n+/p+ tunnel diode with a fin structure

5 Summary of the Invention
In accordance with the pPresent invention a

semi i
conductor diode structure and a semiconductor diode string

are provided.

In a preferred embodiment, a semiconductor diode

10 Structure is provided which includes a substrate; a fin formed of
a semiconducting 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 first conductor contacting

15 the first heavily-doped region and a second conductor contacting

the second heavily-doped region.



type on one side and a second heavil y-doped regi on of a second-
dopi ng type on an opposite side; and a first conductor contacting 15
the first heavily-doped region and a second conductor contacting the
second heavil y-doped region. 8 In the8seni conductor diode. structure,

the sem conducting material may include silicon, or may include
silicon and germani um or may include a conmpound sem conductor. The
substrate may include a | ayer of an insulating material, 5 wherein

the insul ating materi a*may W& si | $ourocodiiderr or aryade ascHi Bl Betri C.
sel ected fromsilic ni.tride and al um num oxi de. The first dopinhg

type may be & F%ﬁo’ﬁi}‘cﬁéf’ﬂg "HRteypal dopant iselwlet edil fdmn PHLSRAYT USic1 uge
arseni ¢ and anti The second heavily-doped region of the sécond
dopi ng type may Jbe oarnr‘?e(‘ifeﬂ?aﬂk‘i"hg I thgyed ntQude pantomeh et %@mi&&{ﬁuctor
t he group borggeand indium The first and the second conductor

be formed of a Waf&rPHatSuctRYasitaivgst en lavemoppean AhsTBYt gy ftpd[trg;qal

of a metadlic i de. of  titani um
E@ wﬂééeln %he insulating material may be silicon oxide, or may be a

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
reglon 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
semiconductingb-naterial, Oor 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
and the second conductive layer may be tungsten. The fin may
have a width between about 50 angstroms and about 5000 angstroms,

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




nitride or tantalumnitride, or may be fornmed of a heavily-doped
sem conducting material, or may be formed of p+ doped 15 ]
polysilicon. The first and +-1 20 second conductor may further
include a first conductive |ayer unde®ying a second conducti V'ed

| ayer, wherein the first conductive layer may be titanium nltrlh e
and the second conductive |ayer may be tungsten. The fin may ave a

o g Tt s -
; ; +
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silicide iss foasvmdyl neHhes{d st oo etchant mask may include a dielectric

material sf 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 méy 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 semiconducting 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




heavi | y-doped regi on and the second heavily-doped region. The
silicide may be titaniumsilicide, cobalt silicide, and nickel 10
platinumsilicide. A junction depth of the first and the second
heavi | y-doped regi on may be greater th@&n a silicide penetration

depth by at | east about 50 angstrons. 15 The present invention is
further directed to a sem conductor diode structure which includes a

substrate; a.fgig EH&”%%COf a sem conducting naterial positioned
vertically on The ~substrafe, ASifynderrd udesionifiesd heavitat dopgehcro;
region of a fifst i type_on one side and a second heavily-doped
region of a seconag%Pogpi ng %368%%8%%68@?4 eregiidn, amtich asecond conductor

| i ghtly-doped . pedy ion situated in-between the first
heaviIy-dopedf?egiO%L%gtgﬁds??ﬁf' GHdl hedfpedy rawised regi on; and a
first conductor <contacting the first heavily-doped region and a

second conductor contacting the second heavily-doped region. In the
sem conductor di ode stryctursg,, the . ,
v » .e 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

15 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




i ing material may be silicon, or may be silicon and
ge?ﬁghfaggugﬁlngy be a conpoﬁnd sem conductor. The subspr?te naybebe
a layer of an insulating naterial. The insulating materia .gayand
silicon oxide, or may be a dielectriclbuch as silicon nitride
al um num oxi de. The first doping type may be formed 10 by ushng
n-type dopant of phosphorus, arsenic or antinony. The secon

i i egon i be forned by
| y- doped g fo4 dopi ng type.my
Bgﬁxé %-tyge dgggﬁﬁﬂgﬁéﬁ%ggd%oronqg? fﬁﬁgﬁ%¥gﬂ?HFQHWFs93Y9ﬁdmﬁh@e tungsten.

/n bgad 0 f tal such as tungsten or
Coppor, or may be Tormed of e & P R BHRe Bhun 5 306t rams s avour

e S _ ) i |y- doped
t antabe! fckbil ¥ b r.med of a-_ heavi (
Serm conducti ng ot eralor eyt BelF BT ed of B *5pEn HeryfsrOpoetastrons.
The first and the second conductor may further include a first ]
conductive layer underlying a second ponduptlyg Iaygrihghggggzdt e
irst conductive layer mythe ddmiddhall nyfdd.de, an N
ngauctive | ayer may be tungsten}' The ??% ey have"SCYF e ibettbant mask

about 50 5ngStIh<§)ﬁBOﬂEﬁl}abQH§ fin, wherein the etchant mask may include a
dielectric material such as silicon oxide, silicon nitride, or

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 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 still further directed to a
15 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



5000 angstrons, and a height of greater than about 200 angstronms. In
t he sem conductor diode structure, an etchant mask 5 may overly the
fin, wherein the etchant mask may include a dielectric material such
as silicon oxide, silicon nitride, orl2silicon nitride on a silicon
oxi de stack. In the sem conductor diode structure, a silicide may be

formed in the first heavily-doped region and the second heavily 10
be titaniumsilicide, cobalt

doped regi on. sl 14 clde i
silicide, nicggggé?*f%ﬁ g 5?8%?%1? uth §+F5i dPing jtymet ioon ogepishide Ofng &

the first andd.Bgngeend; Neayily-doped region may be greater than a
silicide penetsr ation dep%%?gd;épg%é I%%%’tonabgﬁt 3B0SeFRyst r dABindhéype on  an
present invenibbghaides s§hi! | rther.directed to a 15 seni conduct or

di ode string wﬁ?cﬁlingludegiépguﬁg??%ﬁagr SONRRRSi £he ofisitnkeavily-doped
situated siderby:i&i de Qachhgssypstrate,. each faormed of a

sem conducting materi al and eagﬁéhgsPF%fﬁiﬁiqgﬂflfi RBAVENS - skqved heavily
region ofsa fueséd depisg SyRG 98;908,Side and a second heavily-doped
regi on of a second dopi ng type oh an )

‘ 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

15 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
material, or may be formed of p+ doped polysilicon. The first

and the second conductor may include a first conductive layer




opposite side; and a conductor contacting the first heavily-doped

region in each of the plurality of fins and the second heavily 5

doped region of an adjacent fin. In the sem conductor diode string,

the semi conducting material may be silBicon, may be silicon and
germani um or may be a conpound seni conductor. The substrate may be

a layer of an insulating material, wherein the insulating materi al

may be 10 silicon oxide, or may be a dielectric such as silicon

nitride and 1Bnde¥ﬂX}H9nuﬁloﬁF&@ndTh§°$¢¢Qﬁ?V§opﬂﬁgerypeWhQréumwnﬂmebyflrst
using n-type dopant such as phosphorus, arsenic or antinony. The

second heavil9°§@ﬁ§ﬂvFe JR¥RT of St Eét§%ﬂﬂhdudéﬂﬁﬁgaﬂ?péheSSécwnixbdnductlve
using t-type dopant such as boron or indium The first and the

second conducf‘ﬁe]?mflsbé:uf“@rsﬁﬁﬂ of &F¢retidP shrth as widtgstlestwsen about 50
copper, or- fornmed o tallic nitride such as titaniumnitride or

tantal um n|tr?EﬁftﬁﬁpsnﬁgsbébPBFn§8°8faag?ﬁﬁﬁﬂﬁ3/%$§p@d1§@@Wéoﬁdﬁéﬁﬁngthan
mat eri al , Lor nagmﬂgz%grangstro R+ doped polysilicon. The first

In  the semiconductor diode string, an etchant mask

overlies each one of the plurality of fins. The etchant mask may
.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 dépth of the first or the second heavily-doped region

may be greater than a silicide penetration depth by at least

15 about 50 angstroms.




and the second conductor may include a first conductive |ayer 13 5
underlying a second conductive |ayer, wherein the first conductive
|l ayer is titaniumnitride and the second conductive |ayer is
tungsten. The fin has a width betweenl4bout 50 angstroms and about
5000 angstrons, and a height greater than about 200 angstronms. In
the sem conductor diode string, an etchant nmask overlies each one of

the plurality of fins. The etghapt Bk ipncl.ude a dielectric
mat eri al such as silicon oxide, si?lconpgﬁ¥Pr?€éjﬁ?%§FVf%$ﬁ nitride

on a silicon oxide stackneds Skl SLAS- 19 - be.formed in the first
heavi | y- doped regi on and The second- %22§?¥§id%%%ﬁrfﬁg??ﬁnaqxﬁﬁF%ﬁ?ﬁ of the

the silicide npyedrt t EhodhdiBn Skhh €l dg. b ilici ni ckel .
silicide or platinumsilicide. A junction de%Fﬁgfﬁnily IFWrth%r fqid owing
second heavi | ydelopaedr ags & pcaBy £ﬁaEHH%akgﬁeEJEH‘d%a%&ﬂéé”f%ewhiéh:

penetration depth by at least 15 about 50 angstrons.
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 present 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 g

first and second conductors formed adjacent to the heavily-doped

15 regions.




14 Brief Description of the Drawi ngs These and ot her objects,
features and advantages of the present invention will becone
apparent fromthe following detailed description and the appended
drawi ngs in which: 5 Figures 1A and 1BSare enl arged, cross-secti onal
views of a conventional diode structure fabricated on bulk silicon
substrate and on silicon-on-insulator substrate, respectively.

Figures 2A, 2B and 2C akgqgRtasged, ,nPL i £w and perspective
views of the present i nventi on preferr egﬁ]gﬁ%éo(gi ment S16°af 1 view of the

structure w thpaasew t havtneidd 9REhYadangd Jpody; J£4i @ .
respectively. Figures 3A and 3B are enlar gé)%, %lroocgeg-ggglt’?%lfﬁﬂ VPghein  the

and top vi ew otordyyRsenhré NiM30Hr S£MMcaRdUct al.diQde with.a_ first
and second conductors forned adjacent tol t he ﬁrgeavclthb’-gdrg%teecflaﬁand @ second
regions. 15 Fi gaiduckive asc&fiaar.ged, cross-sectional view of the

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.




present invention sen conductor diode structure wherein the
conductors are formed of a first conductive material and a second
conductive material. Figure 5 is an ehbarged, cross-secti onal view of
the present invention sem conductor diode structure wherein silicide
is formed in the heavily-doped regions. Figure 6 is an illustration

of a present invention sem conductor diode string. 10 ]Ifl gur es 7At and
7B are enl arged, crass-sectional view and plane view o a presen

i nvention seni condug?ec?l’alg\eé)d%?s§ﬁ‘??ﬂgm Pér HRR P]:b‘?f‘arlaﬁlrEﬁbehzmeh?ctl on

of diodes. 16 Detaile scription of the Preferre odi men '
Referring now to Fi gu}?eegeerfﬁnanﬁmﬁlio WhEPE T 22 8B 3A-ewhgneim a top view

: . : . £ the
erspective uhew gS&IPeEtiVel Ve, Of ;8 preferred enbodi ment o )
Br esgnt i nventi on Iélre gho%me? 76 dif ok 33 Ve hpris et Bredesrsd (hedéndrt

fin 32 overl ¥t ngh@NpsdiRskr 3hGarmd o tar}easgxgvt;r];.aceTI?eG difo I;am%% l2:)émgxr‘]ises a

i nsul ator. The sem conductor fin 32 extends
5 semiconductor fin 32 overlying an substrate 34 with a surface 36
formed by an insulator. The 'semiconductor fin 32 extends

vertically from én 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 compound
semiconductor 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




vertically froman insulating substrate 34 with a height th and a
with ti,. The sem conductor fin 32 may be constituted by any

sem conducting material, including elenental sem conductor such 10 as
silicon and germanium alloy sem conddétor such as silicon- germani um
and silicon-germani um carbon, and conpound sem conductor such as

i ndi um phosphi de and gal I i um ar seni de. The sem conductor materials

descri bed may have 38 G y&%ﬁédt%qb &na R X%ysttal ipe, or anor pho s_,lcon

structure. ThéS&8%s cSEdue mat erial overlies a sﬁbs?fﬁ#% NRELE

surface cOMP! i 3k0fadhr LNSU ALQL niTDEad W3NERE PlodleRLal Ly be.  but

isnot limte sil1con oxlde icon nitride, or uim 'num
oxide. In the preferred enbodi nent, the sem conductor fln mat eri al
is silicon and the underlying insulator is silicon oxide. The

sem conductor 20 fin may Q%ed%ﬁkqggrgé Q&ﬁ&ﬁgeg¥ thgt%QgHana§§s@838 is

which may be 17 formed of dielectric materials of silicon oxide

silicon n'tf'@Ql@éoéidﬂlbbCOHTHétééﬁk%d%ﬁué&éf(¥¥% Qéhgﬁtsﬁ Cks kHdiJE%ed in
preferred enbodi nent, the etchant mask 3

5 Figure 2B, is typically 1arger 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 Subjeqtil_lg 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+



silicon oxide. The sem conductor fin height th, as indicated in 5
Figure 2B, is typically larger than 200 angstronms. The fin wdth tW
as indicated in Figure 2B, is between 50 angstrons and 5, 000
angstrons. The silicon fin sidewall sl face 40 may be snoothened to
i nprove or reduce the surface roughness of the fin sidewalls. This
is perfornmed by subjecting the fin to a sacrificial 10 oxidation and
silicon sidewall treatnent (i.e. high tenperature annealing at 1,000

degrees C i nrkgiadisents . oAThehoW) diieFhoid QLOZQE épeth%egbrgpéwﬁ%%?gr 2fin

fin 32 is doped differently on the two si dewal | s 40, 42. one si

of the senigondugt &ficdfda@h32nis @Ip@ﬁmeaﬁwytm 4% 1)- P endeRam SFlgure
such as 15 phosphorus (P), arsenic (As), and antinony (Sb). Thi s
results in the fesniald @nbolly afedion’ @gi @A 4ke wildR1et Ber tsd denft@ohSuctor
doped heavily with p-type dopants such as boron (B) and indium (In),
resul ting i nfthe3? orhiehi oay dfe alopedregiyge 48. pTlheen+ andeipet sk8ucture of
regi ons 46,48 of the two sidewalls 40,42 of the sem conductor fin 32
may encrdachFagnye s38.ghttey dinfle iheaf hn/p adisleowt itheFbgdyeregion 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_, jupction 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 forwation '
of a tunnel diode 50, the doping concentration of the n+ and p+
reg'ions 46,48 have to be so high that a tunneling junction is

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




2B, leaving a body region 44 in the mddle of the sem conductor fin

32 which may be doped n-type or p-type. In the structure of 5 Figure
2B, the diode is a nt/p diode if the body region 44 is doped p-type,
and a p+/n diode if the body region 449 s doped n- type. The junction
depth of the n+ or p+ regions 46,48, as indicated by xj in Figure
2B, may vary from about 25 angstrons to about 1000 angstroms. The

term "about usegdyidinkhLsi gﬁlIﬂ 940, l.cat es range. of val ues that
is +/- 10%of the aver age val ue. _gi errr]& en” cﬁ *sORPHI"S MEYj Backidher than

dept hs of the nppandp+ suedi QNS4 eed.the.fin width, the body
region 44 does not exist, and nflandgﬁ§§$éﬁggﬁ§ 1%, HEACE VR fasceunt of

adj acent to eaCftsl%ﬂ&aBeEur}_@@t q}oqqggéscﬁéisﬂ g !:yc a n+/%p2%|lgg§¥ Ov':n_th an

a tunnel diode 50, as schematically rlITustrate

the formati on nipraveannalvedisedecbadcleidopi Ng ¢ n entration of the
n+ and p+ regions 46,48 have to beigo h%gh t'hat g Iﬁﬁheﬁlﬁg uﬂ@ﬁponSteeP

i's formedsi n- betrwean-¢diaage0 RGNS At §XATRLE: tlhge f%r8 and reverse

d_lrect_lon are useful in applications such as microwave

amplification and switching at high speeds.

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

semiconductor f£in 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 384

and the contact masks 66,68 1is 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 . 0

contact with the n+ and p+ regions 46,48 may be formed of a metal

such as tungsten and copper. In another embodiment, the

conductor may be formed of a metallic nitride such as titanium
nitride or tantalum nitride. In yet another embodiment, the

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




concentration in each of the n+ 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 with an

i nproved reverse characteristic. Tunné? diodes with steep 5
current-vol tage characteristic in both the forward and reverse
direction are us catio suc m crowa mplificatiaq

I as
and switching &t ‘{ﬁpﬁﬁ Bpet pgsllm?ﬁe N ang pE F¥giENs Z% 4%8 (?ncf’ﬂlémat on or

sidewal|l of the s nl on i be cont cted b conduct or
56,58, 10 resp&cft se Claygs sﬁ%\?\% ?Og'lg—e gures 3A and- 38° 173\ eCP tdlfo moe?alllc

the diode 30 jllus 25, at bgg%%ygaéidam%l% dpe S%Q}nfé’ u%}% f' e IBSK ample,

38 and the coftac I's sho gure

conduct ors 56, eg@%&@k%&%@g@rﬂgm@ d DBl AeNAl |8l o Irer 52 of a

sem conduct or I'n one ‘e inment, the conductor 1n

with the n+ and; pg rg&mﬁk@ %%t@yapeukawﬁﬂu@ & %@L ﬁUCkaaé second

tungsten and copper. I n another enbodi nent tor

formed of a metglddcti0bthdds js4ch %g Ilfsaawﬁ@tﬂytgal dg @{g\f:@naa' UWhe stack
nitride. In yet another enbodi nent,

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 metallic silicide such as
titanium silicide, cobalt silicide, nickel silicide, or platinum
silicide. It 1is 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



conductor may be formed of a heavily-doped sem conductor such as 20
n+ doped pol ysilicon. The conductor may al so be a conbination or a
multi-layer stack forned by materials selected fromnetallic
nitrides, metals and heavily-doped sediconductors. For exanple, the
conductor may be formed of a stack including a |ayer 52 of a 5 first
conductive material underlying a |layer 54 of a second conductive

material . Thispks reliuss r ateedebse Ficgurendh The :ia8Kid&Y%derfarion depth
tungsten on titaniumnitride stack. In accordance with the present

invention, theifidrausdsp+ Tegi dms d46iddingynbedsddd Grdede P{inti8 t P&y -
provi sion of the 10 conductive material. In this case, the con&uctors
56,58 previ ousilidesceomedtw phrégetdisCcoidacds whi yihe ishl &&thp of the n+
material. The silicide may be a nmetallic silicide such as titanium
silicide, cobabtdspticegimnaiakebeki |a<i tiee 011 iidlel PaRetSht & d@eptlht are
is known that silicide can be responsible for 15 penetration defects
t hat increéase fmpavgedtand reverse di ode |eakage currents. The
| eakage arises if the netal silicide in
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. In one embodiment, the silicide is cobalt silicide




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 probl ens when the junction depths of the n+t or 21 p+ regions
decrease or when the silicide penetragfon depth increases. Thus, in
designing the diode of the invention with a silicide contact,

paraneters such as the junction depth of the n+ and p+ regions as

vel | as the siFhéfigPerks raT6A #¥peh cabalt 5sihpodhantn FrEHs® Xnown ang
shows the cross-section of a diode 60 with silicide contacts 76,78

to the n+ and B%4 &gt SHE 25T ast-SFheompuiginmthdepttps fdefbagd depdi€tion,
the di stance between the original sem conductor fin sidewall surface
and the p+ or RPIUIEETBY fPephe 374 jqabgét prensvedy cbermdept h i s

defined to be the distance between the original sem conductor fin
sidewal | surface and the interface between the silicide and the n+

or p+ region. The dif;gren e between the junction depth and the _
silicide penetration deptIF<NGGPE BriYRessaPle nan BE argsenbrmvention is

avoi d 5 ‘the extremely short current path between the cathode and the
anode, és compared to structures disclosed in prior art devices.
Anothérradvantage of the present invention is the close 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 global voltage

15 Protection circuits. For example, for input/output circui£
protection, diode strings 70 connect the input/output pad 72 to
the power supply lines Vip 74 and Vg 76, as‘shown in Figure 6.

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




15 probl ens associated with silicide-related | eakage. The silicide

regions 76,78 may be in contact with a conductor 46,48, as shown in
Figure 5. In one enbodinent, the silicide is cobalt silicide 22 which
may be formed by a cobalt siliciddlion process known and wused in the

art, i.e. conprising the steps of cobalt deposition, rapid thernal
anneal, and cobalt rempval/clean. An advantage made possible by the
present ln:?%ntamngs an t Bep exbeapE! ¥nshadibaeurdienhPatd b %@néh%he
cat hode and the anode, as conpared to structures 8ISC|O | i or

art devi cegnlpue\y@mwﬁ: pdyan age wf thespresaita HIYeRs| Oé‘hdss etf?gc@lv%i?z
proximty the cathode and anode contacts to the n% and

regions, naspecid \telkyvolThese saduapy agrs cepalite %hanéépct?m%tew%#f €on -
10 prOV|ded by the present invention to achieve a very |l ow series

resi st ance ther otApFr OM&rd ESBhepr afiRGli aR faorneghEWét%lé&jé"%ptﬂi&% devicge
structure illustrated in Figure 3, diode strings may be forned

Di ode stringput/@utps@dpad tHen@ibae UstitilngPl 0 esdrin@@t €hd CeHd S.n§§t)'tﬁldput
as gl obal vol tage

pad 72 to Vss 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 ié 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.




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 V., 76, as shown in Figure 6. when a
positive vol tage spike is applied to 2he input/output pad 23 72

during an ESD event, the diode string 70 connecting the i nput/output

pad 72 to VDD 74 is forward biased, thus effectively limting the

vol tage seen by the circuit 78 under protection. On the other hand,

when there is a negative voltage spike at the 5 input/output pad the

di ode string 70,- connecting the input/output pad 72 to VSS 76 is

forward biased, |initin§ thRSTRAFRIt utRllST (the PregeEntveivvditign SBEH been
by the circuit 78 under .protection. A diode string 70 is essentially
fornmed of a sefifaﬁgr’g%ﬁ%égt Forbrt ai BeRferrrd and 35 edearnitw embbofiyent, it
the diodes 30 may be connected %‘9 using an efficient layout with

mni mal area udg, FAs°T 1IRRECFARRY FHRtFTgGFessA kesd iPBthen aFE quikl FRadily
the cross-sectign of a diode c%t.ri ng 70 is illustrated. The series
connection of &FBdes 1€ achiEvelBy the OEBRBUABEIBEe whyatiagéntacteE  the
both the ny regj,on,48ns.

The embodiment of the invention in which an exclusive

property or privilege is claimed are defined as follows.



of a diode and the n+ region 46 of an adjacent diode. The layout 15
of the diode string is illustrated in Figure 7B. Wile the present
i nvention has been described in an illustrative manner, it should be
understood that the termi nology used2is intended to be in a nature
of words of description rather than of limtation. 24 Furthernore,
whil e the present invention has been described in terns of a
preferred and an alternate enbodinent, it is to be appreciated that
those skilled in the art will readily apply these teachings to other
possi bl e variations of the 5 inventions. The enbodi nent of the
invention in which an exclusive property or privilege is clained are
defined as follows. 25 CLAI M5 Wat ¢BATM&I med is: 1. A sem conductor
di ode

What is Claimed is:

1. A semiconductor diode

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 first cpnductor 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.




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
heavi | y- doped region of a second dopi&® type on an opposite side;
and a first conductor contacting said first heavily-doped region and
a second conductor contacting said second heavily- doped region. 2.
The sem conductor diode structure of claiml1l, wherein said

sem conducting material conprises silicon. 3. The sem conductor di ode
structure of claiml1l, wherein said sem conducting material conprises
silicon and germanium 26 4. The sem conductor di ode structure of
claim1l, wherein said sem conducting material is a conpound

sen conduct or. 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 cqnsisting of phosphorus, " arsenic and

antimony.



5. The sem conductor diode structure of claim1, wherein said
substrate conprises a layer of an insulating material. 6. The
sem conduct or di ode structure of claim5, wherein said insulating
material is silicon oxide. 7. The sen?€onductor diode structure of
claim5, wherein said insulating material is a dielectric selected
from the group consisting of silicon nitride and al um num oxi de. 8.
The sem conduct or diode structure of claim-1, wherein said first
doping type is fornmed using n-type dopant selected fromthe group
consi sting of phosphorus, - arsenic and antinony. 27 9. The
sem conductor di ode structure of claim1l1, wherein said second
heavi | y-doped regi on of the second doping type is forned using
p-type dopant selecteg fromthe group consisting of boron and
i ndium 10. The $Sénic cF6Miappdecter udiode aftel@ivrel, of claim 1,
wherein said ; .

second heavily-doped Teégion of the second doping

N . .
ype 1s formed using P-type dopant selected from the group

consisting of boron and indium.

10. The semiconductor diode structure of claim 1
{

h I
-

selected from the group consisting of tungsten and copper

11. The semiconductor diode Structure of claim 1

wherei i i »
eln 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

wherei . .
rein said first and second conductor is formed of a heavily—

doped semiconducting materiai.



wherein said first and second conductor is forned of a netal

selected fromthe group consisting of tungsten and copper. 11. The
sem conduct or di ode structure of claiml1, wherein said first and
second conductor is fornmed of a netalR8c nitride selected fromthe
group consisting of titaniumnitride and tantalumnitride. 12. The
sem conductor diode structure of claiml1, wherein said first and
second conductor is forned of a heavily- doped sem conducti ng
material. 28 13. The sem conductor diode structure of claimi,

wherein said first and second conductor is fornmed of p+ doped

pol ysilicon. 14. The sem conductor diode structure of claiml,

wherein said first and second conductor conprises a first conductive
| ayer underlying algeconcl, conductl ve | ayer. 15. The sem conduct or '
di ode structure of clai m it cfaird diddest seendegtd Ve ayel;,l
titani umyldydide and; m o1,

polysilicon.

14.
The semiconductor diode Structure of claim 1,

cond i
uctive layer underly;ng & second conductive layer

15.
The semiconductor diode structure of clalm 14,

wherein
said first conductive layer is titanium nitride and said

Second conductive layer is tungsten.

16. . .
6 The semlconductor' diode Structure of claim 1

wherei i i i
N said fin having a width between about 50 angstroms and

about 5000 angstroms.

17.
7 The semiconductor diode Structure of claim 1

wherein

said
.fln having a height greater than about 200

angstroms.




second conductive layer is tungsten. 16. The sen conductor diode
structure of claiml1l, wherein said fin having a w dth between about
50 angstrons and about 5000 angstrons. 17. The sem conductor di ode
structure of claim1, wherein said f2% having a height greater than
about 200 angstroms. 29 18. The sem conductor di ode structure of
claim1l1, wherein said first doping type is n+, said second doping
type is p+ formng n+/ p+ tunnel diode. 19. The sem conductor di ode
structure of claim18, wherein a tunneling junction is fornmed
bet ween n+ and p+ regions. 20. The sem conductor diode structure of
claim 18, wherein a dopant concentration in each of said n+ and p+
regions 1is greater than 1019 cm3 21. The sem conductor di ode
structure of claimg, v%ggegg an etchant mask overlies said fin.
miconductor diode structure of claim 1,

wherej
in said flrst doping type is n+, said second doping type j;
is

p+ forming n+/p+ tunnel diode.

20. . .
The semiconductor diode structure of claim 18,

wherein
a dopant concentration in each of saig n+ and p
+ regions

is greater than 10° cm?,

21. The semiconductor diode structure of claim 1,

wherein an etchant mask overlies said fin.

22, . .
2 The Semiconductor diode structure of claim 21

wherein said etchant mask

Ccomprises a dielectric material

select
ed from the group consisting of silicon ox1de silicon -

nit
ride and 3111con nitride on a silicon oxide stack.




22. The sem conductor diode structure of claim?2l, wherein said
etchant mask conprises a dielectric material selected fromthe group
consisting of silicon oxide, silicon nitride and silicon nitride on
a silicon oxide stack. 30 23. The senP@onductor di ode structure of
claiml1l, wherein a silicide is fornmed in said first heavily-doped
region and said second heavily-doped region. 24. The sem conduct or

di ode structure of claim?23, wherein said silicide is selected from
the group consisting of titaniumsilicide, cobalt silicide, nickel
silicide and platinum silicide. 25. The sem conductor di ode
structure of claim23, wherein a junction depth of said first or
second heavily-dopgd region is greater than a silicide penetration
depth by at |east about 25 ARt GBIICtRr 2Biode semraendrst QF digde, ,

structur e, S NG 5 ;
Ké¥31d5§'g%11c1de 1s formed in said first heavily-doped regi
v on

and said second heavily—doped region.

24. The semiconductor diode structure of claim 23

wherei . cq .. .
in said silicide is selected from the group consisting £
o

titani (q s co s
nium silicide, cobalt silicide, nickel silicide and platinu
_ m

silicide.

2 . ‘ 3 3
5 The semiconductor diode structure of claim 23

wh . . .
€rein a junction depth of said first Oor second heavily-doped

region i ilici
gion 1is greater than a silicide penetration depth by at least

about 50 angstroms.



a substrate; a fin forned of a sem conducting material positioned
vertically on said substrate, said fin conprises a first
heavi | y-doped region of a first doping type on one side and a second
heavi | y-doped regi on of a second dopi A§ type on an opposite side,
and a |lightly-doped body region situated in- between said first
heavi | y-doped regi on and said second heavily- doped region; and a
first conductor contacting said first heavily- doped region and a
second conductor contacting said second heavily-doped region. 27.
The sem conductor diode structure of claim26, wherein said

sem conducting material conprises silicon. 28. The sem conduct or
di ode structure of claim 26, wherein said senm conducting materi al
conprises silicon afd @e??ﬁmﬂqm®UCE2r2aloabeggfﬂgguyghgaﬂggigkgg?

structure of claim?26,
a substrate;

a f . . -
in formed of g Semiconducting material

ositi . . .
pPositioned vertically on said substrate said fin compris
P es 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; and

a first conductor contacting said first heavily-

doped i »
pe region and a second conductor contacting said second

heavily-doped region.

27. The semiconductor diode structure of claim 26

wherei i i i
rein said semiconducting material comprises silicon

28. The semiconductor diode structure of claim 26

wherein i i i i
said semiconducting material comprises silicon and

germanium.




wherein said sem conducting . material is a conpound sem conductor.

30. The sem conductor diode structure of claim?26, wherein said
substrate conprises a layer of an insulating material. 31. The

sem conduct or diode structure of clai A30, wherein said insulating
material is silicon oxide. 32. The sem conductor diode structure of
claim30, wherein said insulating material is a dielectric selected
from the group consisting of silicon nitride and al um num oxi de. 33.
The sem conduct or di ode structure of claim26; wherein said first
doping type is formed using n-type dopant selected fromthe group
consi sting of phosphorus, arsenic and antinony. 33 34. The

sem conduct or di ode structure of claim 26, wherein said second

heavi | y-doped regi &7 -of The seoumdrdinpiceg divr st huied usd nglaim 26
p-type doggﬁt selected fromthe group ;

erein said semi i
conducting materi i
_ : ial is a c
ompound
semiconductor.
30.

The semiconductor diode structure of claim 26

material.

31. The semiconductor diode structure of claim 30

wherein said insulating material is silicon oxide

32, The semiconductor diode structure of claim 30

wherei . . . . .
eln said insulating material is a dielectric selected from

the group consisting of silicon nitride and aluminum oxide

33. The semiconductor diode structure of claim 26;
’

wherein said first doping type is formed using n-type dopant

sel i i :
lected from the group consisting of phosphorus, arsenic and

antimony.



consi sting of baron and indium 35. The sem conductor diode structure
of claim26, wherein said first and second conductor is fornmed of a
netal selected fromthe group consisting of tungsten and copper. 36.
The semni conductor diode structure of 8Faim 26, wherein said first
and second conductor is forned of a netallic nitride selected from
the group consisting of titaniumnitride and tantalumnitride. 37.
The sem conduct or di ode structure of claim26, wherein said first
and second conductor is fornmed of a heavily-- doped sem conducting
material. 34 38. The sem conductor di ode structure of claim 26,
wherein said first and second conductor is forned of p+ doped

pol ysilicon. 39. THye segiconductor diode structure of claim 26,
wherein said first and secoff"tGRAGEEEPT cshimdes estmudtiurel o€0pgYL] | ye
| ayer unﬂeéfé/irpgsgiéecond 80r}1lductive | ayer. !

secon eavily-doped region of the second doping

type i i
Yp s formed using p-type dopant selected from the group

consisting of boron and indium.

35. The semiconductor diode structure of claim 26

wherei i i
in said first and second conductor isg formed of a metal

sel ' isti
ected from the group consisting of tungsten and copper

and tantalum nitride.

37. The semiconductor diode structure of claim 26
- ’

wherei i i
in said first and second conductor is formed of a heavily-

doped semiconducting material.




40. The sem conductor diode structure of claim38, wherein said
first conductive layer is titaniumnitride and said second
conductive |layer is tungsten. 41. The sem conductor diode structure
of claim26, wherein said fin having34 w dth between about 50
angstrons and about 5000 angstroms. 42. The seni conductor diode
structure of claim26, wherein said fin having a height greater than
about 200 angstrons. 35 43. The sem conduct or di ode structure of
claim 26, wherein an etchant mask overlies said fin. 44. The

sem conductor diode structure of claim43, wherein said etchant nask
conprises a dielectric material selected fromthe group consisting
of silicon oxide, zélic%ﬂe%nitride and silicon nitride on a silicon
oxi de stack. 45. The-se néaoioendiotter Sk &gt U | ai m.26, .
wherein gusilicide is formed in said first heaviFEFg%%%ﬁar§5i6ﬂalm 26,

in s i + e
aid firs £t and second conductor is formed of P do d
P

polysilicon.

39. i i
The semiconductor diode Structure of claim 26

wherein said first and

second conductor comprises a first

cond i i
uctive layer underlying a second conductive layer

second conductive layer is tungsten

f 7

wherein i i i i
said fin having a width between about s5p angstroms and

about 5000 angstroms.

42 . i i
The semiconductor diode structure of claim 26

wherein said fin having a height greater

angstroms.

than about 200




and said second heavil y-doped region. 46. The sem conductor di ode
structure of claim45, wherein said silicide is selected fromthe
group consisting of titaniumsilicide, cobalt silicide, nickel
silicide and platinum silicide. 36 432 The seni conductor diode
structure of claim45, 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. 48. A sem conductor diode
string conprising: a substrate; a plurality of fins situated

si de- by-side on said substrate each formed of a sem conducti ng
material and each having a first heavily-doped region of a first
dopi ng type on ong3 -side and a second heavily-doped region of a
second doping type~on The, SSpesprdustere; dimdlea stnasoiay 60Nt AGH 926,

sai d firﬁg heavily-doRed
wherein am etchant mask overlies said fin.

44 . | The semiconductor diode structure of claim 43

wherei . .
herein 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

45, The semiconductor diode structure of claim 26,
wherein a silicide is formed in said first heavily-doped region

and said second heavily-doped region.

46. The semiconductor diode structure of claim 45,
wherein said silicide is selected from the group consisting of

titanium silicide, cobalt silicide, nickel silicide and platinum

silicide.




[ [ [ [ d said. second
[ n each of said plurality of fins an _ _
ngbﬁry[doped regi on of an adjacgnt fin. 386t?23 igp;fﬁg?uggg;r?;gge
i i i id sem con .
o O S R e o e nduer di odé string of claim48, wherein
silicon. 37 50. The sem conductor dio st L her
i i i silicon and germaniu
ai d sem conducting material conprises ( _
?he sem conductor diode string of clgln1g2higgﬁaﬁLPofald52' the
sem conducting material is a conpoun em cond said'substrate
i uctor diode string of claim48, wher :
iggLfﬁggs a layer of an insulating material. 53. The sem conductor

di ode string of claimb52,

47, The semiconductor diode structure of claim 45,

" 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.

48.A semiconductor diode string comprising:

a substrate;

a plurality of fins situated side-by-side on said
substrate each formed of a semiconducting material and each
hav1ng 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 conductor contacting said first heavily-doped
region in each of said plurality of fins and said. second

heavily-doped region of an adjacent fin.

49. The semiconductor diode string of claim 48, wherein

said semiconducting material comprises silicon.




wherein said insulating material is silicon oxide. 54. The

sem conductor diode string of claim52, wherein said insulating
material is a dielectric selected from the group consisting of

silicon nitride and al um num oxi de. 38755. The seniconductor' diode
string of claim48, wherein said first doping type is formed using
n-type dopant selected fromthe group consisting of phosphorus,
arsenic and antinony. 56. The sem conductor diode string of claim

4%, wherein said second heavily-doped region of the second doping
type is formed using p-type dopant selected fromthe group

consi sting of boron and indium 57. The sem conductor diode string of
claima48, wherein ggid figst and.second conductor is fornmed of a

metal selected from fhe group®cOnSPREVFECHf divdgst enrang PRI 23R8 45
The seni cowrsed Qf (Q%E%e %tangaof claima48, wherein said first an ‘

second conductor isFor me§miEoRdueting i graterial comprises silicon and

germanium.
51. '

The semiconductor diode string of claim 48
wherein said i ’
semiconducting materi i

ial is a co
mpound
semiconductor.
52. i i
The semiconductor diode String of claim 48
wherein '

sai ‘ i ' '
id substrate comprises a layer of an insulati
2 . ng

material.

53. The semiconductor diode string

of claim 52,

wherej o . .
in said insulating material is silicon oxide

54, The semiconductor diode

/

string of claim 52,

] . . s L 0 . . .

the gr isti 113
group consisting of silicon nitride and aluminum oxide




nitride selected fromthe group consisting of titaniumnitride and
tantalumnitride. 39 59. The sem conductor diode string of claim48,
wherein said first and second conductor is fornmed of a heavily- doped
sem conducting material. 60. The semi é®nductor diode string of claim
48, wherein said first and second conductor is formed of p+ doped
polysilicon. 61. The sem conductor diode string of claim48, wherein
said first and second conductor conprises a first conductive |ayer
under |l yi ng a second conductive |ayer. 62. The sem conductor diode
string of claim®60, wherein said first conductive layer is titanium
nitride and said second conductive layer is tungsten. 63. The

sem conduct or diode string of claim48, wherein said fin having a

width between aboufS50 andst r esmianfdudbort A apgsiroms,. . 48

wh . . . : .
erein said first doping type is formed using n-type dopant

selected from the group consisting of phosphorus, arsenic and

antimony.

56. The semiconductor diode string of claim 48'
wherein said second heavily-doped region of the second doping

¢ . .
ype is formed using p-type dopant selected from the group

consisting of boron and indium.

57. The semiconductor diode string of claim 48
4
wherein said first and second conductor is formed of a metal

selected from the group consisting of tungsten and copper

58. The ‘semiconductor diode string of claim 48
wherein said first and second conductor is formed of a metallic
nitri

ride selected from the group consisting of titanium nitride

and tantalum nitride .




40 64. The sem conductor diode string of claim48, wherein said fin
havi ng a height greater than about 200 angstrons. 65. The

sem conduct or diode string of claim48, wherein an etchant mask
overlies each one of said plurality oB%fins. 66. The seni conductor

di ode string of claim®65, wherein said etchant nask conprises a
dielectric material selected fromthe group consisting of silicon
oxide, silicon nitride and silicon nitride on a silicon oxide stack.
67. The sem conductor diode string of claim48, wherein a silicide
is formed in said first heavily-doped region and said second
heavi | y-doped region. 68. The sem conductor diode string of claim67,
wherein said silicgge is selected fromthe group consisting of
titanium silicide, 58obal tThsi | semtleondi, il icide and platinum
silicide. 41 69 The semiconduct or CEEL Wi String of claim 4g,

erein sai i
d first and second conductor is formed of a heavil
ily-

doped semiconducting material

60, The semiconductor diode

polysilicon.

61. The semiconductor diode

string of claim 48,

wherein said first

an ’
d second conductor comprises a first

conducti ' i
iIctive layer underlying a second conductive layer

62. The semiconductor diode

string of claim 60,

wherein said fj i
, irst conductive layer is titanium nitride and said

Second conductive layer is tungsten

A 4 dl d 1

wherein saj i i i
| aid fin having a width between about s5g angstroms and

about 5000 angstroms.



[ [ j i depth of said first or
[ [ m 67f wherein a junction pth «
géggﬁdsﬁéécg|§fdngh region is greater than a silicide penetration
depth by at about 50 angstrons. y Ieaz%

64. The semiconductor diode String of claim 48,

wherein said fin having a

height greater than about 200

angstroms.

65. The semiconductor diode string of claim 48, wherein

an etchant mask overlies each one of said plurality of finsg.

66. The semiconductor diode

string of claim 65,

wherein said etchant mask comprises g dielectric material

selected from the group consisting of silicon oxide, silicon

nitride and silicon nitride on a silicon oxide stack.

67. The semiconductor diode string of clainm 48,

wherein a silicide is formed in said first heavily-doped region

and said second heavily-doped region.

68. The semiconductor diode string of claim 67, wherein

said silicide is selected from the group consisting of titanium

silicide, cobalt silicide, nickel silicide and pPlatinum silicide.




41

about 59 angstroms.




