Sem conductor Di ode with Reduced Leakage TECHNI CAL FI ELD [0001] The present
invention relates to the field of sem conductor devices, and nore
specifically, to a sem conductor diode device for electrostatic discharge
protection in advance conpl.enent ary netal - oxi de- sem conduct or ( CMOS)

t echnol ogi es. BACK itondurtor Biede with Reducedilenkagehas resul ted in
the thinning of insulator |ayers such as the gate dielectric. These
thinner dielectric layers fail at |ower voltages. Consequently, device

scal i ng TEgNgagSFHIfFuUi t sensitivity to voltage stress, electrical
overstress (EOCS), and electrostatic discharge (ESD). These types of
failures are a maj or concern in advanced sem conductor technology. This is

especi af008p1] r ueThopresentt igieati@ilreldtéstithe G101 SHhiBSndddak dRLES Echeor[\’é’i th other
chips or signals with voltages above that of the IC chip itse 0003]

Silic : i . i.ble.tq.electrostatic di scharge

S, PRl 2 BCRIBAN GBS devRTORAL Lok B1sShE biainsfion fstvonaed p
i nt i it.d | 0 t at h , n their bod d

o UbsoquoBpEmeRbr - AEHE SRR oRctordb M) Sasiates ming the | ntegrat ed

circuit. The electrostatic discharge induced in a human body nmay produce a-
voltage in excess of 5000 volts. Such a high instantaneous vol tage nay
cat ast r BNCKGROyNIanege the integrated circuit. [0004] Therefore, |1C chips
usual ly include protection devices or diodes in interface circuits to
provide&ﬁQﬁ | C chip. wth added ESD protection. U S. Patent No. 5,629, 544,
entit1 ed?002eni demgistor size sdvgomhastresilted oi the thinhing ofhBulaioe NGrsiseH & hen, "
issued to Voldman et al. teaches - =

gate dlglcctnc. These thinner dielectric layers fail at lower voltages. Consequently,

device

scaling increases circuit éensitivity to voltage stress, electrical overstress (EOS), and electrostatic
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,

{0003] Silicon based ICs are particularly susceptibie to electrostatic discharge damage, for

example in the situation where a user of a device containing an integrated circuit develops a
static charge on their body and subsequently comes in contact with the device containing the
integrated circuit. The electrostatic dischargé induced in a human body may produce a voltage in
excess of 5000 volts. Such a high instantaneous voltage may catastrophically damage the

integrated circuit.

[0004] Therefore, IC chips usually include protection devices or diodes in interface 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
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-1 the use of diode structures bound by poly-silicon for the protection of
bulk silicon and silicon on-insulator (SO) circuits. U S. Patent No.

6, 015,993 and U. S. Patent No. 6,232,163, both . issued to Voldman et al.,
di scuss a high voltage tol erant diode structure for m xed-voltage and

m xed sithgrise ohdwde sahateres boiutddhy pelpisilicat farthe pithesienpf bolk sAidof aad Silicon-
applicable to bulk and SQ transistor technol ogies. [0005] Figure 1 a

shows t ba-iefubas (SOT) ciemas. V.SWPaRint NoP6i095.995 hndUOH @ adds Kb 6’?#%%@', begr i cated

on bulk silicon substrate 12. Figure |'b shows the cross-sec vView of a
prior at i ur f.abricated on_a,si,licon-on-insulator (SQ).
hafor ¢ rspel CfoiqThh Bl BBohS o 08 R Ro BGnf e S B Spe o Bager
comonl y knpwn as the | atet uni di rectjonal  bipolar insulated gate type
transis ec@?@%ﬁ?@f"@ﬂl‘? &'ﬁ&i@ﬁ&%ﬂﬂf@&hﬁem@a@é&a@ appherbld tobullvand Qo
known as gated diodes, since a gate stack 20 overlies the body regi on of

t he di od@nsiftopgehnalegiesot h t hese structures, the n+ region 22 and p+ region

24 are formed on opposite sides of the poly-silicon (poly-Si) gate stack
e by_a dielectric 26, typically

20, whi i separated fromthe substrat (
sili con(iQ?(qsie. 1t ia shay %l?e F@QF‘B?&“OEQ VAFHH 052 pript ik dioga B8 stragtercifabriviatpdr e
1 aand in the active layer_in Figure |b are used as the two term nals of
the di odd bullylipns spbsirate é%}t EigyreatikstRovsithe ¢rioss-sectiond] wievs ofd piiorgirdisdela and
| b may be connected to the cathode (e.g., n+ region 22), for exanple. -2
SUMVARY s@EctTHdE 4 falbiidafedih a silicon-on-insulator (SOI) wafer that includes substrate 16 and buried
oxide 18. This device is commonly known as the lateral unidirectional bipolar insulated gate
type transistor or lubistor. The structures of Figurés la and 1b are also known as gated diodes,

since a gate stack 20 overlies the body region of the diode.

[0006] In both -these structures, the n+ region 22 and p+ region 24 are formed on opposite
sides of the poly-silicon (poly-Si) gate stack 20, which is separated from the substrate by a
dielectric 26, typically silicon oxide. The n+ and p+regions 22 and 24 in the substrate in Figure
la and in the active layer in Figure 1b are used as the two terminals of the diode. The poly-Si

- gate stack 20 in the structures of Figures 1a and 1b may be connected to the cathode (e.g.,nt+

region 22), for example.



[ 0007] The present invention provides a sem conductor diode for

el ectrostatic discharge protection that is conpatible with the fabrication
processes of advanced transistors and has reduced reverse | eakage current.
[ 0008] Aspects of the invention can be found in a sem conductor diode that
has a substrate wth a body region formed in part of the substrate. A high
per mi t t BUMMAGAt OFiHEE 8dVENTIONes bet ween t he body region and a gate

el ectrode. P-doped and n-doped regions are adjacent opposite sides of the
body re ﬁq Thg, substrate may be bul k sem conductor, bulk silicon, SiGCe,
or sili Bi? Thn- i REEPEFSY InveRdohprgHidser sermicpuducior diladedor glewTostjic dischdrgei num
oxi de, hafni um oxide, hafniumoxynitride, hafniumsilicate, zirconium

oxi de, platestinh that thopmipatibldeyittrihe Comicetioms plotesatsenf adyiriced tamgstbdand hant hanum
oxi de, cerium oxide, titanium oxide, tantalum oxide, or- combinations

t her eof rébheedietaseleaeigeedgenpy be poly-crystalline silicon,
poly-crystalline silicon-germanium a netal, a netallic nitride, a
nmetallic silicide, a nmetallic oxide, or conbinations thereof The gate

el ect r od®0%hy héseegss efchethvantibncad bodoundegiacamicondoas] disdy thhekasaspBaiase Of
the invention may be found in a diode for electrostatic discharge

pr ot ect iwith @ tuelly régisn forhedin pagbOhe batsiratk. | AMhigh PefhittiiE bat@Xlec@: 1Rs
silicon-on-insulator substrate. A gate electrode is Separated fromthe-

body r egb@feR ¥hethdal ; i 4 BdeV| t & _Qi i tons_l ogat ed
oppositely gdj acen g%%&?é\ﬂeﬂéb %%b%gg%h@a?dgﬁg%%g%,&ngg%lﬁlss‘ﬂﬁ %ﬁﬁa“ﬂ‘& h p-type

ctlrve

d - : St f h -of the i [ n b
ond " SERSEOPR e RO . LAer OERRGLS OL b LrvSpion, can be
o o OBl IS ALer SISLEALS, Sd chepl N an act ve, ool e,

formed %gﬁﬁur}g oxynitride, hafnium silicate, zirconium oxide, zirconium oxynitride, zirconium silicate
ytirium oxide, lanthanum oxide, cerium oxide, titanium oxide, tantalum oxide, or combinations
thereof. The gate electrode may be poly-crystalline silicon, poly-crystalline silicon-germanium,
a metal, a metallic nitride, 2 metallic silicide, a metallic oxide, .or combinations thereof. The gate

electrode may have p-doped and n-doped regions.

[0009] Further aspects of the invention may be found in a diode for electrostatic discharge
protection that has a body region formed in the silicon layer of a silicon-on-insulator substrate.
A gate electrode is separated from the body region by a high permittivity gate dielectric.

Regions located oppositely adjacent to the body region are doped, respectively, with p-type and

n-type dopants.

{0010] Still further aspects of the invention can be found in a method of making a diode.
Steps of the method include providing a silicon-on-insulator substrate and creating an active

region in the silicon layer of the substrate. A high permittivity gate dielectric is formed on the
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-3 active region and a gate electrode is deposited on the gate dielectric.
P- doped and n-doped regions are created in the-active regions. [00111
Aspects of the invention may be found where the p-doped and n-doped regi ons
may be created by the steps of formng an inplant mask and doping a first
por t i on3GIve [HEA0TREAG & gate plsgirerle, is dppasitedpmihegatmdicleetrici Rpdaped andisidopat! dopi ng
a second portion of the active region. Qher aspects of the invention may
be fountkgiams tteecreated insheactdfe regiend. urt her step of formng isolation regions
surroundi ng the active region. [00121 The foregoing has outlined rather
broadly the features and technical advantages of the present invention in
order tH¥1l he Aepests ddheiesertioptanbofound evliers/ibapidoped had n-tlopddregionmynahe
better understood. Additional features and advantages of the invention wll
be descbt brestetiby chenmétserf foviingaf anplattiRaskubiRobingfa kel oBthOhclae
invention. It should be appreciated by those skilled’in the art that the

concept ko2 En T8GhE ot [ I i tilized as a
basi s fo%%nodi %lyi ng %r %ei%lg Iﬁﬁ%;ﬁgﬁ&gﬁﬁﬁ%%@g?ﬁ%ﬂ%ggy&% V§ 0¥ %ar ryi ng

out the r es of.the present.invention. hqul d al so be realized
by t hoo S SRR RIS iion b RER in B8 Hedisteiet the Ruthen des ehgrameny
depart fromthe . spirit and scope of the invention as set forth in the
appendebGOi%“aPﬁ%g}O’%F&uEPmBE@:FhemvmeewnTHE DRAW NGS [0013) For a nore

conpl ete understandi ng-of the present invention, and the advant ages

e L TSR I BB FSRLR0S RERL
the present invention in order that the detailed description of the invention that follows may be
better understood. Additional features and advantages of the invention will be described
hereinafter which form the subject of the claims of the invention. It should be appreciated by
those skilled m the art that the conception and specific embodiment disclosed ﬁlay be readily
utilized as a basis for modifying or designing other structures or processes for carrying out the

same purposes of the present invention. It should also be realized by' those skilled in the art that

such equivalent constructions do not depart from the spirit and scope of the invention as set forth

in the appended claims.



[0014] Figures | a and | b are cross section views of diodes according to
the prior art; 100151 Figures 2a and 2b are schematic views of applications
of di ode devices for electrostatic discharge protection; [00161 Figure 3
is a cross section view of a gated diode indicating | eakage current paths;
e [00171 Filg)ure 4 is a cross section view of an enbodi nent of the present

i nvent i BRIEF DOSCRIPEIQN (F PHEDRAVEMNGYY band di agram [00191 Figure 6 is a
cross section view of another enbodi nent of the invention; [00201 Figure 7
is acr g(ﬁﬁSfect' on view of an alternate enbodi nent of the present

i nvent i 811 [ 005912 BOF o mdete ndersianding o6 theipsesent ieventibnazndald advasmpeadyi ng
the invention; [00221 Figure 9 is a flowhart of steps in the process of

f abr i catlierepfaefresrice é mave madé tugthe Golldwing desesigtibns tVAITh icOjuncd v&iﬁ%g 1
Figures 1 Ca through I O are cross section views of the results of steps
in the adsmgﬁﬁyingﬁmfva{?%liiﬁmdhg a device according to the present invention.
-5 DETAI LED DESCRI PTI OF | LLUSTRATI VE EMBODI MENTS [ 0024] The nmki ng and
using of the presently preferred enbodi nents are di.scussed in detail

bel ow. [801$houl Higseesdipand dbatedtoshntoeviews bhdiotlBeacpsiaignb thaPrRRbLHON

provi des many applicable inventive concepts that can be embodied in a wide
vari ety{'ﬁlsipec' gi CesCRNL 2@3 The specific_  enbodi nents di scussed are
merely t11UStrati%e d a§§ i2fq ¥4 ¢ YisWigk appiicatiensef dinde idaviesstfioon, and do

not |i rrif t he SC@E% of the invention.
electrostatic discharge protection;

[0016] - Figure 3 is a cross section view of a gated diode indicating leakage current paths;
[0017] Figure 4 is a cross section view of an embodiment of the present invention;

[0018] Figure 5 is an energy band diagram;

[0019] Figure 6 is a cross section view of another embodiment of the invention;

7[002(]} Figure 7 i§ a cross section view of an alternate embodiment of the present invention;.
[0021] - Figure 8 is a cross section view of a device embodying the invention;

[0022]

Figure 9 is a flowchart of steps in the process of fabricating a device according to the

present invention; and

[0023] Figures 10a through 10f are cross section views of the results of steps in the process

of fabricating a device according to the present invention.



[ 0025] The present invention will be described with respect to preferred
enbodi nents in a specific context, nanely a gated diode for use in
protecting sem conductor devices from electrostatic discharge damge- The
invention may al so be applied, however, to other sem conductor conponents

for whi I desirabl e design goal. [0026] As
will be%@iﬁ@?@#ﬁﬁgﬁg@&&é‘gﬂgﬁﬁﬁgﬁW@,EWMMged embodi ment” of the
present invention relates to a diode that has reduced | eakage. Figures 2a
and 2b rdo2ypt r afge Hy - Sl se%pi for electrostatic_ .

di schart!:;e (ESD) pr O%F?gﬁﬁsﬁggﬁﬁgi’é&gﬁ%‘a@i?& qng%Od enef*f ¥ 1disgussphimdetail

Fi gures,; 4- how Vvarious enmbodi nent di odes and Figures 9 and 1 Ga- 1 O are
used t éll&@s i&fgngulgﬁng @WBH{%&?W@&ME}?@&@? PRSP dees5on pogiRizs manyapecaklea and
2b show, exanpl es of how the di odes are depl oyed for protection of .

i nt egr at®aNETecOnranss thresaarheiempotlied sn a vadEvayiate oPgnecHicidontitsd TR §nedFid S
coupl ed between a supply voltage source VDD and an UO pad 38. For exanple,

di ode 32mbadimients|dittessad predngely ilegiBiRe 6O SRCETE Wayslth %aﬂgqﬂégse%ﬂﬁ@@ﬁn?@?g g Sd

region coupled to Vno. A second diode 32' is coupled between

38 and andggﬁ@tqmeﬂié%gﬁeg@ Sev@iground. [In this case, the p-doped region
is coupled to ground and the Xeﬂoogléd region is coupled to the pad. -6

[ 00281 The 1/0 Sad 38 is provided to indicate any node that m ght be

subj ect [@85h hi ghe prestrttamentidheilibs estibidwith 8fspt i es BreRRRASnHoBirkdiEs fPUt S
and outputs between the chip and the outside world (e.g., externa

ci rcui t specifitervntanneaiebth §ReEdisds fR MO ﬁ@f&@ﬁﬁ@&n‘ﬁ@&ﬂdﬁﬁbmgﬁtﬁh% systemis
pa

bei ng assenbl ed). The pad 38 is indicated as bel ng an : i ch stands

for | NRlebtteueltiRlischhigeldimABl Cfhe HOARmayt 18 bd Bprhillh hRAVEN, &g term 110

is neant to include pads

semiconductor components for which reduced leakage current is a desirable design goal.

[0026] As will be discussed in greater detail below, the preferred embodiment of the present
invention relates to a diode that has reduced leakage. Figures 2a and 2b illustrate how these
diodes can be used in for electrostatic discharge (ESD) protection. Figure 3 shows examples of

leakage paths. Figures 4-8 show various embodiment diodes and Figures 9 and 10a-10f are used

to discuss one embodiment fabrication process.

[6027) Figures 2a and 2b show examples of how the diodes are deployed for protection of
integrated circuits, Réfcrring first to Figure 2a, a first diode 32 is coupled between é s-uppl'y
vqltage source Vpp and an I/O pad 38. For example, diode 32 can include a p-doped region -
coupled to /O pad 38 and an n-doped regioﬁ coupled to Vpp. A second diode 32" is coupled
between the /O pad 38 and a reference voltage Vs or ground. In this case, the p-doped region is

coupled to ground and the n-doped region is coupled to the pad.



i nput only, output only or both input and output (or any other node that

m ght be subject to a high voltage). [00291 Figure 2b shows an alternate
enbodi ment where a diode string 28 is used in place of the single diodes
32 and 32' of Figure 2b. In the preferred enbodi nent, each of the diodes 32

in the [0028fle sfThei RA IBOFPrivees t@nfiix&ﬁ’@a:@fnddé%éihﬁglﬁ% shifu&nd h@ﬁg@bas wi Il

be di scussed below. In an alternate enbodi rrent only one or nore ut not

al'l) of JHhgse d'ﬂ@%s@%&a@aﬁoﬁh@&%dﬁ% %rtgg}fe Jgfvo 3 at ﬂt\ﬁ%n{\#eglﬁl ﬁ%g%lppq,r@ttggt i on

remai nder are not 301 Sem con use

shoul d haye Iom& ries,resi stance,, |ow su threshold | eakage, and | ow
reverse 1 Séq?a%%r @ mﬂi&fi‘-‘é‘w Hbshcangesteg fo F%‘l”fpé’ﬁh&ﬁd&ég gvicgsgrhen the

achi eving goqd ESD performance. ESD protection levels inprove with a
reduct i GHSER 1ybgupassempleds Fhegiad38ns mdicared as beinganrl&d pat, sihich stAnds &at eri sti ¢
is especially inmportant in a m xed voltage environnent where di ode strings

28 are uspd/oatpit.whérmtddyhowevdraBatiieshis pasmehoferaaah isdhagdetaddsd eﬁérf&d' ng
ESD performance. [00311 Diode resistance is largely deternined % he si ze

of . he_dhodaniyt bapiesilsb Mith ol add TR FhlyAnd 38¢ bl By di egie body.

the distance of the current path, an stance 6 M f s or
other cophiehisiet0 N+ and p+ diffusions. In addition, reverse | eakage is
anot her npor? nt factor. Reverse diode |eakage current 30 is indicated in
Figure 2a. A high reverse -7 | eakage results in high standby power

consunpt[0620] | n Rigurt ab shadvandRehatLerhidmantRiiesah RS strin 9‘8’&9&@’8 in place of
consunption is especially inportant. ]10032] Figure 3 sho

Cr 0ss- seht kiagialdiodeewn afd &' Q@F%@r&dﬂ?qﬁ tﬂ@ﬁefeﬁ%dtemb%d%e%%a& ott tﬁe diodes 32 in

the diode string 28 comprises a diode of the present invention, as will be discussed below. Inan

alternate embodiment, only one or more (but not all) of the diodes 32 are diodes of the present

invention and the remainder are not,

[0036) Semiconductor diodes 32 used for ESD protection should have low series resistance,
low sub-threshold leakage, and low reverse leakage. The series resistance is an important factor
for achieving good ESD performance. ESD protection levels improve with a reduction in diode

series resistance. The series resistance characteristic is especially important in a mixed voltage

environment where diode strings 28 are used and where the series resistance of each diode adds

degrading ESD performance.

[0031] Diode resistance is largely determined by the size of the diode, the resistivity of tﬁe
material constituting the diode body, the distance of the current path, and the resistance of
silicide films or other contacts to n+ and pt diffusions. In addition, reverse leakage is another

important factor. Reverse diode leakage current 30 is indicated in Figure 2a. A high reverse



di ode 100 is formed in a bul k sem conductor substrate 102. The substrate
102 preferably is a silicon substrate but could include other

sem conductors such as germanium gallium arsenide, or silicon gernmanium
as exa hal l.ow. trench isolation (STlI) regions 104 are provided to

el ectr irrgléa} § r?%@%sé{l 2’113}%32&“6]1%5 PEVEDEPISHBRIIOR- hisy ceglain asanded IG chipaipbkeatidhgdes
and transistors) on the chip. Qher types of isolation, such as field

i sol ati oY POV ¢PrapmBtiemisiespdojallydmpssent. [ 0033] The gated di ode 100 i ncl udes
an n+ doped region 106 and a p+ doped region 108 that are separated by a
body regb@% 110... A ggtﬁ 112 overlies the body region 110 and is separated
t her ef r dm xl/ a Grerelspows 3 $pss-pestiopal View ghe gated dicdaii 60l Trethts extnelegaite

i ncl udes_.a ra .doped portion 120 adjacent a p-doped portion 122. In other
enbodi néirﬁ‘?fg,l Btlh’gme%ﬁu@brﬁlbrsgmmndmm subsichte 007.0The dubetrgal @2 JrbRrafiPR3AL Two
of the reverse | eakage paths in a sem conductor gated di ode 100 ar’e

i || ust r ailgdn sibstedut eodd idohedef dthétsempakag®oRalidh Qs]g@nh?m?#éggjﬁﬁrﬁ%{fﬁéﬁa o ' A
p ofl.

junction | eakage current which scales wth the area o N

smal | er sflicdn jobiedni @R, BleQAmpRSU i Yol e.. Th second | eakage
path 118 is & | eakage t hat bﬁéo%é%&rﬁ%%bchqﬁgem&:@me@logﬁ?9‘} e providedup at or

114. Thejedd ; - S | eaka aths both contribute to the reverse
di ode |eé?<°g%°reaﬁ% b??’%%@‘%%"‘%&@%&%@ e?&‘*”ﬁ‘fegz?-g-s other diodeyanddeansisidr} bedie i C
becones- thiclr; er. W :ﬂ%gr ogressive device scaling, the second |eakage
conpone TRy PPEIERG AL ifolating, suchias fiskdiselatient cowldadtemetivelpbe théds | nvent i on

teaches a device structure that suppresses the second | eakage conponent,
and a ngobe3d f orThefoteRidiet 108 iHEYA -8 35] W t.he techni ques of the
preferred embodi rrer%tg, the cur rlentaegﬁngndé)%g%rig}%lvi&eég%ﬂ&ﬁ oped region 108

that are separated by a body region 110. A gate 112 overlies the body region 110 and is

separated therefrom by a dielectric 114. In the illustrated embodiment, the gate includes an n-

doped portion 120 adjacent a p-doped portion 122. In other embodiments, other conductors can

be used to form the gate 112. -

[0034] Two of the reverse leakage paths in a semiconductor gated diode 100 are illustrated

in Figure 3. The first lgakage path 116 is a reverse p-n junction leakage current which scales
with the area of the p-n junction, A smaller p-n junction area results in a lower leakage. The
second leakage path 118 is a leakage that flows through the gate dielectric or insulator 114. The
first and the second leakage paths both contribute to the reverse diode leakage current 30
indicated in Figure 2a. As the gate dielectric becomes thinner with progressive device scaling,

the second leakage component will become larger. The preferred embodiment of this invention

teaches a device structure that suppresses the second leakage component, and a method for

forming the device,



| eakage current path can be significantly reduced by using gate dielectric
that conprises a high permttivity (high-k) material or dielectric with a
relative permttivity Cr. A detailed cross- sectional view of a diode
structure enbodying the invention is showm in Figure 4. [0036] Referring
now to RPN e 4, Wil thedechniques efibe prefarabapboidimentattiicgirent fibiveh@6i the Gecollie
hi gh-k dielectric 114 preferably has a permttivity higher than about 5,
and nor degkagd @meht yathasn be sipaifigadily psiliiosdy ’ ; nor e
preferably has a permttivi 1?13 hi gﬁder t hanmygjgglgtéa%dgg@%g%%%g%m%%g?ngpgﬁvi ty
dielectrjc 114 al.um.num oxi de (A1203), hafni um oxide (Hf 02),
haf ni umpgirﬁ}‘#i‘??yir@éh( rial PR ARGV 2 gela IYeHpegnEtiYity &i r & dnfailled cvésdle
(Zr@2), zirconiumoxynitride (ZrON), zirconiumsilicate (ZrSiO4), yttrium
oxi de ( ¥2@Rnal viewtofiaditeciclare(dnitdd@ing &L i SBovi R i tani um oxi de
(Ti02), tantalum oxide (Ta205), or a cgonbi{dr‘lfgﬁdc%fr(\llso Ot\/\o%;%me%br e of these
materials. [00371 . In the %_referred enbodi nent, the high-k dielectric 114
i s haf nillPR6] oxi defering nowite Figiiet ali¢ledtdc var hilycomistises @ hahllydiclonBE] FRe
another dielectric material such as silicon oxide, silicon oxynitride, or
si | i con hgirk digkectric Hdirefeotbly Rastasermil@bitkhighe! B&k stidu 5] dﬁd%ﬁ@bﬁ‘ﬁé}%ﬁi had D€
e high-

gate dielectric 114 may be a stack dielectric conprising t

di el ect rgegmitf @838 dhel MganSdbobCaN aRX LS, i i.ckness .(EOT) of the gate
dielectric is pr e%her ably greater %ﬁ‘éﬁ&gﬁ\éﬁ%ﬁgﬁa‘%é@ﬁ%,‘VWS{E?@%?’@P@B%% y
greater Joham.aho, 1-130%' 00 st .11and even nore preferahly greater than
about 20 angst ro%e. 21@-‘3 1%6?%%11?}“1@ LS, ngﬁ[@{l@ﬂtgqf@uml%lwf@e),
greater tggn bout . rons, npre preferably greater than about 20 .
angst r one I iaR Xévﬁhd%r@@%p‘?aﬁmwg@@% Fisgpivgbode FeOangistonbms. | n

ot her enbodi n@% he physical thickness of the dielectric 114 may be
smal | er PHEH N} Forcanye siigate (Zx8iQa),pitieiuer etitly (¥ta), lerthanharoxeduh, G,

| cerium oxide (CeQ,), titanium oxide (TiOy), tantalum oxide (Ta;0s), or a combination of two or

more of these materials.

[0037]  In the preferred embodiment, the high-k dielectric 114 is hafoium oxide. The gate
dielectric 114 may additionally comprise another dielectric material such as silicon oxide, silicon
oxynitride, or silicon nitride in addition to the high-k dielectric. In other words, the gate

dielectric 114 may be a stack dielectric comprising the high-k dielectric.

[0038] The silicon oxide equivalent thickness (EO'II‘) of the gate dielectric is preferably
greater than about 5 angstroms, more preferably greater than about 10 angstroms, and even more
preferably greater than about 20 angstroms. The physical thickness of the dielectric 114 rnayrbe
greater than about 5 angstroms, more preferably greater than about 20 angstroms, and even more
preferably greater than about 40 angstroms. In other embodiments, the physical thickness of the
dielectric 114 may be smaller than about 100 angstroms, more preférably smaller than about 50

angstroms, and even more preferably smaller than about 10 angstroms.
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angstrons, and even nore preferably smaller than about 10 angstrons. -9

[ 0039] The second | eakage path 122 passes through an overlap region 124
between the gate electrode 112 and one of the doped regions 108. In the
exanpl e where the anode or p-doped region 108 is electrically connected to
a grourfidisd] | / Olpaskcpse eakagy. pattFl Zupass@ahroaghl anbeertapt fegiondat bogeen thenzatoped
region 106 is electrically connected to the supply voltage (again see e.g

Fi gur e cRakedd 1@ AADMEYF Bﬁ%}p@d ﬁ%’icﬁﬁ‘l@k Ongthfeféﬁa&l féew&reb‘}he'aﬂofé &ltg&%qﬂed' S

depicted in Figure 5. ener gy an gr am of Figure

grounded n 108 t he ate el ectr on 122

bi ased %Elg? g&ogﬁkﬁﬁ%a@%m%% 8%3‘ C?'“@@?f?ﬁ EF(?I‘F‘%’ ﬁlgﬁ?%aiﬁffg'bﬁfzélﬁ on, a
depl eti on reglo 126 exists.in the p-doped region 108 and an accumul ati on
regi on “298deq sfepgdiegipn d0p isrprddcablyrconarsiaize tay supalevdiage fagoiesea ¢2.. The
accurul ation region is conprised of holes. Quantum nmechani cal tunneling of
t he holkgurt 2ahthcleacigytbend Hmgtanoaleng 22 liehk-cudh Figuee diedapixied ia Fidde 50 t he

p- doped region 108 results in a | eakage current. By using a high-k
naterla &ﬁ; gat.e dlel |c 114, the g@te dielectric can be made thicker
for thdd® SBriExRaR Gagam HoFigwe KW Seeerapededar doned stgien 1 08 andy
suppresses the tunneling Ieakage current. [00411 Returning to Figure 4, a
conductthe g-depedegatapleaBaleregiond2? biaswlittthe sipphpvaliage.nAdopeilt odmeth aped
regions 120 and 122 in the gate electrode 112, as well as at 134 to strap
t he n- dapfiguratienyiaalepltO6n poptbral261e32std i thé pappemﬁgwm%draﬁgb@mﬂ%nof t he
substrate. The conductive material 130 (and 132 and 134) can be a netal, a

met al | i @gidhting egistsdn %tpa‘li&ﬂeﬁ pottldnCiger thre e.‘?ec%ﬁ@ll 12 CTRXAAEmulaBbn re 1on is
conblnatlons t her eof . tha s such as nol ybdenum tungsten, titan

t ant al ufgmdHsad bMminRs. Hl%‘?&nlﬁ@hﬁf&d[he %%Qh"ohﬁh@ e%%&o@alynbe

used, |nclud|ng but n restrlc

through the dielectric 114 to the p-doped region 108 results in a leakage current. By using a
high-k material for gate dielectric 114, the gate dielectric can be made thicker for the same

capacitance, and the thicker gate dielectric effectively suppresses the tunneling leakage current.

[0041] Retuming to Figure 4, a conductive material 130 may be formed to strap the n-doped
and p-doped regions 120 and 122 in the gate electrode 112, as well as at 134 to strap the n-doped
region 106 and at 132 to strap the p-doped region 108 of the substrate. The conductive material
130 (and 132 and 134) can be a metal, a metallic nitride, a metallic silicide, or a metallic oxide,
or combinations thereof. Metals such as molybdenum, tungsten, titanium, tantalum, platinum,
“and hafnium may be used. Metallic nitrides may be used, including but not restricted to,
molybdenum nitride, tungsten nitride, titanium nitride, and tantalum nitride. Metallic silicides
may be used, including but not restricted to, nickel silicide, cobalt silicide, tungsten silicide,
titanjum silicide, tantalum silicide, platinﬁm silicide, and erbium silicide. Metallic oxides may

also be used, including but not restricted to, rutheniurh oxide, and indium tin oxide.
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nol ybdenum nitride, tungsten nitride, titaniumnitride, and tantal um
nitride. Metallic silicides may be used, including but not restricted to,
ni ckel silicide, cobalt silicide, tungsten silicide, titaniumsilicide,
tantalumsilicide, platinumsilicide, and erbiumsilicide. Metallic oxides

may  al §0042¢ USqHe igdmioaqgg]gn B0 s Ol O 80 i AIRNL éﬁ"}&f de, and

i ndi um tin oxide. -10 [00 ation 'region g% conpri ses

di el ectrd e fikki terial  .preferably sili i de.. Ho R
Cndir st abee R GsD ol PfRape A0 FedSeled 1af ensroths e roesonr

dielectric materials may be used to formthe isolation region. [00431 The
spacer s “PEOIRHANS of dielgctin matrsialy rasbeset e fagar the edobatibn oebiorl 12 and may
conprise a dielectric material such as silicon nitride or silicon oxide:

The spa may | npl acers, as shown_.in Figyre 4, or the spacers may
be corrpgg?fs«l spé[?lgrsééﬁ%gso@rqs"gﬁgxﬁ’%anit ¥ Oéme.gaf%%mqodﬁlgaa@d Biay homwprise
anot her ephodi.nent of the present invention where the gated diode 100 is
formed JhUECEBRMASARL SIS SHicPRBiide ersilinpngwidet dThe Tparersmiysd ditrplispatdis t hi S
case shallow trench isolation 104, is used in this exanple. In Figure 6,

t he semniassheiveindfigure-4, nsik aparerssubsbe alnepdaite feicak koW snd@ usdd ih ‘&%’h& ayer
(that includes p-doped region 108, body region 110, and n-doped region
106) ov hng &.silicon oxide insulator |ayer 142, on top of a substrate
140. Th S*’l’%hc kng:g%mmés pWs pRqthaes smbegdisrent obibs pesentanyention athereabé gatechdiotie
range OfHﬁPO t 20 angstrons to about 1000 angstrons, and nore preferably
in the rHifgeiomedpagsenpoaduptor-amasulatonbuhstrat80 T ranh stolaivg, inThie casahdiovd
thin silicon layer results in a small junction area and therefore a | ow

rever se tranghk iglatiop 004,55 uidgoties Fxasioaslnyitipure 6o tHaeemassa ek sl ineliatpe
i nventi on where the gated di.ode 100

substrate preferably has a silicon layer (that includes p-doped region 108, body region 110, and
n-doped region 106) overlying a silicon oxide insulator layer 142; on top of a substrate 140. The
thickness (ts;) of silicon layer 106/108/110 is preferably in the range of about 20 angstroms to
about 1000 angstroms, and more preferably in the range of about 20 angstroms to.about 300

angstroms. The use of a thin silicon layer results in a small junction area and therefore a low

reverse leakage.

[0045] Figure 7 shows yet another embodiment of the invention where the gated diode 100
is formed on a semiconductor-on-insulator substrate and mesa isolation is used. By using mesa
isolation, the surfaces 144 of the insulator layer 142 not covered by the semiconductor layer are
exposed during the formation of the device, and the exposed msulator layer 144 may be
potentiaily etched or recessed during chemical processing. Forming a layer of nitride to protect
surfaces 144 may prevent this etching of insulator layer 142. Conductive material such as a
metal silicide (not shown) may be formed on the gate electrode 112 and the doped regions 106

and 108.
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is formed on a sem conductor-on-insul ator substrate and nmesa isolation is
used. By using nesa isolation, the surfaces 144 of the insulator |ayer 142
not covered by the sem conductor |ayer are exposed during the formation of
t he device, and the exposed insulator |ayer 144 may be potentially etched

or rece9es] durliipgre@@Bineah ARERERSSEABodiIRRATH e ﬁlv!eﬁthﬁ{ witdre H’ie%{ée?eﬁict&%de

protect surfaces 144 may prevent this etching of insulator

Conduct § j al. silicide, (not shown y be_faqornmed on
the. gat oS Phae B SRS, RelBl e Eh o 8 Lorfioais Tekee 'y bty

Fi gure shq an al terpatjve enbodi nent of the invention where the gate

el ectr oﬁlé‘smf%@ﬁ’& g?ﬁﬁ"@@é’gﬂ %\tj et @ deviggmtthmesaeisalatian, it isjugderstoed tiat ariytafithe, or
conbi nations thereof. Wile illustrated for the exanple of an SO device

wi th neembedimeris deseribed hérsinunad éncludroaimetah patan The katekiectredd DI iREHRTE S
descri bed herein can include a netal gate. The gate electrode 112 in this

enbodi membodinest dvet netdnelin pHYLsVlicoin!dr $O1- S c RO fmahiubL Atk ‘{Eﬂoffirﬂﬂﬁ%
Exanpl es of netals. incl udepngl ybdenu% Ij'turllgst‘i:’,en, t ta%kuarg}@’l anta u?n

pl ati nu j |1 hg. nitrides. my be used,

i ncl udi %mgg&dg%{a@fﬁgg e t#%ﬁgﬁbﬁh@&‘g’ﬁ&r@}ﬂ%uaﬁgﬁaﬁﬁﬁw bRUSSE ¢ 1 de,
titaniu rtli tri.ﬂ% and tant$l.u' itride. Metallic silicides nmay be used,
ncl udi 5 pes Ay e et dRc bEme ol restfied fo 10l hdsai nisring, ssion
tungsten silicide, titaniumsilicide, tantalumsilicide, platinum

si | i ci dBiMdemHtappn piaidg, apd tangalugymitaide Megllicsibicidey may beo ubel, isbding bod ndi ng
but not restricted to, rutheniumoxide, and indiumtin oxide. [0047] Next,
a net hotesbictadde misks! shisiddi orbeltsilicids, umgstes silierier iitantim Fiigas, eardalivg: sAicide,
flomchart of process steps for formng a diode structure according to the
pr esent platiwentiloide, fderbtsn bili6ide. Metallic oxides may also be used, including but not

restricted to, ruthenium oxide, and indium tin oxide.

[0047] Next, a method of forming the diode structure is described. Figure 9 is a flowchart
of process steps for forming a diode structure according to the present invention. Figures 10a-

10f show cross-sectional views of formation of the diode as well as an n-channel and a p—channei

- CMOS transistor.

[0048]  * Referring first to Figure 10a, an SOI substrate includes a substrate 140 with an
overlying insulating layer 142 and 2 semiconductor layer 144. However, it will be understood
that a semiconductor-on-insulator substrate or a bulk semiconductor substrate may also be used.
‘Active regions are formed in a silicon layer of the silicon-on-insulator substrate. Three active
regions 146a, 146b and 146¢ (collectively referred to as 146) are shown in Figure 10b. In this
example, a diode (or lubistor) will be formed in active region 146a, an n-channel transistor wiil
be formed in active region 146b, and a p-channel transistor v_vill be formed in active region 146c.

Other active areas (not shown) will include one or more of these or other devices.
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t O show cross-sectional views of formation of the diode as well as an
n-channel and a p-channel CMOS transistor. [0048] Referring first to
Figure 10a, an SO substrate includes a substrate 140 with an overlying
i nsul ating, layer 142 and a sem conductor |ayer 144. However, it wll be
under st dBHIT{ hatAdive areilensridGereisolatediinshis ambodisiesby AbRISHA redidi! Ktechnique
sem condHl:];tor substrate nmay al so be -used. Active regions are ?’orme iH a
si | i con Koaymras ofes4 tyelatibh.i B ek i atica ctive regions
146a, 146b and 146c (collectively rﬁet%(jglr’?%gﬁtégﬁgiﬁﬁ%%ﬂ%{r;vgg%%Sﬁ?S?Wgﬁ ure |

Ob. In t{AS0is8 el - L uybi st or ill be formed in active region
146a, an n-%haﬁﬁi@kt&}% gﬂ%@%ﬁlg\(,&féhce?%bglqagp%mgeé%e %’EfaﬁlVéuP’é@IF%ﬁ treugdiregions a

p- channe] ..t ,st.or wi]l be fornmed in active region 146¢c_ Oher active
ar eas (ﬁ'g]tm{seﬁﬁ%ﬂ)m q&eie [T fHeh Brdlicon gxifes deped glassor suchotthenothavi ces. - 12

[0049] Active regions 146 are isolated in this enbodi ment by isolation

r egi ons, SO @RI Hakow keankriselstionsis aiseds dlnahis @mboliidht, RS BeicBed kO ac‘"f’ige air
gap is formed between the nesa regions 146 to isolate these regions during
devi ce fatnsiacafillainwitiBed diselarefsath by dlitioxidhiese trench regions will be
filled wth a dielectric such as silicon oxide, doped glass or such. In
anot her ﬁgﬁodi ml shal l gw trench isolation is used. In this enbodinent,
the trend betWAEIFCHI § I¢ds newt daposited overiactive wigtdns 4A6. histik dlSfratesUCh as
silicon oxide. [0050] A dielectric 114 is next deposited over active

regi ons erawdimentidieledttic 34 alav edveretib bk hisulatir e Ghfucen oAl SRSOME S t he
buried i nsulator 142 between the active areas 146. This result is i '

opt i onal Thisesdesmptibed. Praes@ibel yreviliuglyesleldegicli4 ik ’ a hi.gh
permttivity material. The gat eﬁdi el eg?r ic 114 cénﬁkegér@olﬁr@gé%er%u%ﬁ% cal
vapor d&ﬁ&gﬂizﬂ! TBe $h8RliQéct@c 114 can be formed by a chemical vapor deposition step or a

sputtering deposition step. In the preferred embodiment, the gate dielectric 114 is formed by

first forming an interfacial oxide layer and then forming a high permittivity dielectric layer.

[0051] Gate electrode material 112 is next deposited on dielectric 114 and etched to form
gate electrodes 112a, 112b and 112c; as shown in Figure 10c. The gate electrode material is
preferably poly-crystalline silicon, buf silicon—germanium? a metal, a metal silicide, a metal
nitride, a metal oxide, or combine;tions thereof may also be used. The gate dielectric 114 not

covered by the gate electrode 112 may be removed, as shown, or may be left coﬁering the active

region 146.

[0052] Tuming now to Figure 10d, implant mask 148 is used to mask the acti.ve region 146b
and a portion of the active region 146a adjacent a first edge of the gate electrode 112a. Dopants
of a first type are introduced to dope regions 108 of the unmasked active regions 146, and

implant mask 148 is removed. In this embodiment of the invention, dopants of the first type are
p-type dopants. The dopants may also dope regions 122a of gate electrodes 112. As shown, the |
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sputtering deposition step. In the preferred enbodi nent, the gate

dielectric 114 is fornmed by first formng an interfacial oxide |ayer and
then forming a high permttivity dielectric layer- [0051] Gate el ectrode
material 112 is next deposited on dielectric 114 and etched to form gate

el ect r odeOPIESEED sielterendsld f@ms tessouf@Whdl dail The gate el ectrode
material is preferably poly-crystalline si im?é%%?&bilﬂg%ﬁl]e@@ﬂmg@@lmpi@m im

nmetal , a avBvedres t4dcndqhe A4 s Nittbl .nmet.al oxide, or conbi nations
t hereof may al so be usede.: ﬁTEE&gllggleogc}itog%gﬁhPiad&O 18 agiyye regign  fexi(abyvellhe offak©

el ectrode,. r ved, as shown, or may be |l eft covering the active
o R FRRE o,

regi on 146. urn ‘now to Figure | i nplant mask 148 is used to
mask the active region 146b and a portion of the active region 1l46a

adj acent [6033]r st Nastg Qs Gk trode .Dopants of a first type
are introducc]ad to dgpe r%‘g?glnlgg%gé%%’ﬁﬁ}%@qW]ﬁ:%ig%éi;%gﬁ%th%igiopawts tfAH, and

i mpl ant  r@sdhdidd d ved. . ln this odi ment of the invention, dopants
of the first ti’J%edaEPémB‘% “&%%l%ﬁﬁwﬁggﬁ%ﬂla@stm@gm;fIMmddaes ah@EH QIS

122a of e-glectrodes 112. As shown, the '-13 doping step sinultaneously
forms t ha 200% PEEas Ariroge Al 4% dindhis embodicent of the ipretitian Y ddphRR S Qe
active area 146c¢c and the p-doped region 108a of the diode in active ren& on

146a (as RA3re AdyRstdepants pIrdplpeidnaskdisons repibvih a gy 531 Next, as shown
in Figure 1 Ce, inplant mask 150 is formed So that Q}ﬁ)tfoc;g%&gonoqfﬁgpmgﬁeg%

type can sbeni typeodiscshdwhihe dosigl 8RS siG-pE i.ve regions l46a_and 146b
and region 120 of the gate e egtrgge 112a965ﬂﬁf0?1%%%hemgiaﬁgﬁ{m%ﬁgt% 106b

i nvent i onf tehectdand Rasisi9hr [HNEHSE are, n-type dopants. |nplant mask
150 i s renmoved after the irntrogug%?gﬁs%ﬁcg@ﬁgh‘E@eéfgﬁl%l 6a of the diode in active

region 146a (as well as other n-doped regions on the chip).

[0054) Both types of dopants may be introduced by conventional ion implantation, by

plasma immersion ion implantation, or other known techniques of introducing dopants. Regions
106 and 108 are typically doped to a concentration in the range of about 10'¢ cm™ to about 102

3
cm”, but preferably to a concentration greater than about 10'° ¢m. Implant masks 148 and 150

are preferably photoresist, but may also be silicon oxide, silicon nitride, or other masking

materials,

{0055] Spacers 136 may be formed on the sides of the gate electrodes 112 as shown in
Figure 10f. Additional dopants may be introduced into the active regions 146 and/or the gate
electrode 112 after the formation of the spacers. These steps are included to maintain |
compatibility with CMOS processing used to form the n-channel and p-channel transistors on the
chip. For example, the sidewall spacers 136. are formed on the tf&nsistor sidewalls and the

additional dopants can be introduced during the source/drain irplants of the transistors. While
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second type. As shown, the doping step sinmultaneously forns the source and
drain regions 106b of then-channel transistor in active area 146b and the
n- doped region 106a of the diode in active region 146a (as well as other
n- doped ég%gggg&ﬁg th%ﬁchip%@hL?054] Bot h types of dopants nay be

i ntroduc Erdi IOPHES idnidl) anaskin gostepsiaye r@fm LBESion ion

i npl antation, or other known techni ques of intro%uci ng H%pan?oz@lﬁa FoRfge
106 and hé&8ilpdepd¢dmppioat.l y doped to a concentration in the range of about
1016 CM 3 to about 102 cm 3, but preferably to a concentration greater

t han aboHﬁ§%019 cnf 3. Inplant masks 148 and 150 are preferably

phot or esi¥80] put Aprakevan indipae 4D, iaconduive erategial L30Rud 4dd H&a1 Sglﬁc'&;[ her

maski ng materials. [0055] Spacers 136 may be forned on the si 68 mmatyhtg
gate el eformodies thklftedecfode] | NandmirQHE Boded b cidHd dd QN ged0pant s may be
introduced into the active regions 1 46q%h§§%#m%1é§%ﬂﬁi&g%%B@EPW%@@Hllz

af ter theoddaéiiiiyl @hcehiodih ... The steps are included to nmaintain
conmpatibility vmylt h, VB %@%@@%ﬁ%gmﬁgréaﬁ?ﬁeg s W0, A3Z andnk3dlin Highre 4 for

p- channel [ S on th hi For exanpl e, the sidewall spacers 136
are for rre"d”sﬂ{&}?}éj t%hé%?Fm%‘ﬁ%P%“[“é y fg the seiee, drain andigates oftadnsidiopamidgnean be
introdu\(,:ﬁd guri.n tge source/drain inplants of the transistors. Wile -14
not showh R é%gl%'%ga?‘, geteq teesdiodes thatcirel @) the smak chig. st eps are preferably used
in formng the nore heavily doped regions. [0056] As shown in Figure | O,
a conductggs®g mat £ih&| uch as.a ngtal silicide, may be forned on the
gate el eE:qt rgdes 112 gr}%}iﬁ eg%reg%gm&%té% ﬁgﬁ%ﬂgm&wsam heg8 dessriberhinodeeail, brei r

conduct i M t s %}@ i,n,. a.conductive material (see-elenments 130, 132 and
134 in B Sh%ﬁebe grrs?o%ﬁ that various ¢ anges, substitutions and alterations can be made herein

without departing from the spirit and scope of the invention as defined by the appended claims.
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exanpl e) can be sinultaneously forned on the source, drain and gates of
transistors and the doped regions and gate of the diodes that are on the
same chip. [007] Although the present invention and its advantages have
been described in detail, it should be understood that various changes,
substituygi d alterations can be made herein w.thout departing fromthe
spirit g&gggié AMERAS; nvent i on as defined by the appended clains. -15
VWHAT |S CLAIMED I S: 1. A semnm conductor diode conprising: a substrate; a
body regi on f,or i.n a portion of the substrate; a gate dielectric
overlyi%g thé*ﬁgﬁgnﬁﬁaPB Odg SPHPESIEE di el ectric conprising a high
permttivity dielectric; a gate electrode overlying the gate dielectric;
and a p- dopedS¥&§aBA and an n -doped region formed in the substrate
oppositely adjacent to the body region. 2. The diode of claim1 wherein
the substr at e bbdy seghul forrs&iin 6k Bf theWliskhat e. 3. The diode of claim2
wherein the substrate is a bulk silicon substfate. The di ode of claim!l
wherein the gubSthAL&HE RV I hd and.ger ium 5. The djode of
claimi1 MMere#n t he substrat |g%%hg%%ggbﬁ?g%?Fﬁgﬂﬁﬁ?BFo@ﬂ%%ﬁﬁ%@%ﬁ

conpri si —a.sidi,con | ayer overlying an insulator |ayer wherein the body
region,&@ﬁgﬂgwgé%%%g?%gion and the n-doped region are forned in the ’

silicon | ayer. . :
: a gate electrode overlying the gate dielectric; and

a p-doped region and an n-doped region formed in the substrate oppositely adjacent to the

body region.

2. The diode of claim 1 wherein the substrate is a bulk semiconductor substrate.

3. . Thediode of claim 2 wherein the substrate is 2 bulk silicon substrate.

4. . The diode of claim 1 wherein the substrate comprises silicon and germanium.
5. The diode of claim 1 wherein the substrate is a silicon-on-insulator substrate comprising
a silicon layer overlying an insulator layer wherein the body region, the p-doped region and the
n-doped region are formed in the silicon layer.
6. The diode of claim 5 wherein the insulator layer is silicon oxide.
7. The diode of claim 5 wherein the silicon layer has a thickness in the range of about 20

angstroms to about 1000 angstroms.

8. The diode of claim 5 wherein the silicon layer has a thickness in the range of about 20

angstroms to about 300 angstroms.
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6. The diode of claim5 wherein the insulator |layer is silicon oxide. 7.
The diode of claim5 wherein the silicon |ayer- has a thickness in the range
of about 20 angstrons to about 1000 angstrons 8. The diode of claim5b
wherein the gjlicon LLayer has a thickness in the range of about 20
angstroffs t o [ah8inde 8b0/2im § athesia the gage ectmide cdinpdeesgiolekoitallinewhizosi n t he
gate el ectrode conprises poly-crystalline silicon. 10. The diode of claim?9
further conprising netal silicide forned on the gate el ectrode, the p-doped

regi on, l@nd Thedieddopeldim 8 gudirer cbhprifing neit0 diicate ﬁhﬁéd‘br?th‘é%‘ﬁ{e%il&txﬁdé iﬂ‘fiét
portion of the gate electrode is doped p-type and a second portion’of the

gate el gcddp@ajgbgicﬁl,gﬂp@lgncﬁotp)é@% idg- The diode of claiml| wherein the gate
el ectrode is forned froma mategrlal selected from the group consisting of

a netal,-a netallic nitride,- a netal-l-ic si-licide, a netallic.oxide,. and _

conbi natjiyons e dio of claiym|l wherein the gate el ectrode
o For mad 1 ane Sl be ity o Wit 84S Rarion b Flecenis 1 pmg motvpe and a

nol ybdenu tungsten, titanium tantalum platinum and hafnium 14. The

di ode oﬁe@}“g?ﬂg%n\ﬂeﬁg?eegartf’ @F@C&ﬁﬂ%d@e@@ﬁm@e is formed froma materi al
selected from the group consisting of nolybdenumnitride, tungsten
nitride, titaniumnitride, tantalumnitride, and conbinations thereof. 15.
' The dildde dfediode i dlainévdierein the gt deatode tis fotmed Srofrod PREAN @BcRITRIL! | al
selected from the group consisting of nickel silicide, cobalt silicide, '
t ungst enhsgour tatsisting bfmmetnal s hetallitaitride, a metallic silicide, a metallic oxide, and

combinations thereof.

13.  The diode of claim 1 wherein the gate electrode is formed from a material selected from

the group consisting of molybdenum, tungsten, titanium, tantalum, platinum, and hafnium.

14.  The diode of claim 1 wherein the gate electrode is formed from a material selected from
the group consisting of molybdenum nitride, tungsten nitridé, titanium nitride, tantalum nitride |

and combinations thereof.

15. © The diode of claim 1 wherein the gate electrode is formed from a material selected from

the group consisting of nickel silicide, cobalt silicide, tungsten silicide, titanium silicide,
tantalum silicide, platinum silicide, erbinm silicide, and combinations thereof.
16.  The diode of claim 1 wherein the gate electrode is formed from a material selected from

the group consisting of ruthenium oxide, indium tin oxide, and combinations thereof.

17. The diode of claim 1 wherein the high permittivity dielectric is selected from the group
consisting of aluminum oxide, hafnium oxide, hafnium oxynitride, hafnium silicate, zirconium
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tantalumsilicide, platinumsilicide, erbiumsilicide, and conbinations
thereof. 16. The diode of claim1l wherein the gate electrode is fornmed from
a material selected from the group consisting of ruthenium oxide, indium
tin oxide, and conbinations thereof. 17. The diode of claim1 wherein the

hi gh- pevxile, zirariymdixghigide; zircamsurs ellzeteepttfiurn oxideclagihatgm o ids Sdesitintokied,

al um num oxi de, haf ni um oxi de, hafnium oxynitride, hafniumsilicate,

zi r coni titahium oxide] +@XA1GR. oxzde] GRNEHbIANYGHsikhdr6l, zirconiumsilicate, yttrium
oxi de, | anthanum oxi de, cerium oxide, titanium oxide, tantalum oxide, and
conbi nations thereof. 18. The diode of claim1 wherein the high

permttiyitymd e 4 e L Ltibvity. larger. than abqut S.

715, "the i odm o et o G f ARt i MDARI D bilcelic B Fapbu b ey o
rel-ati-vie—%eﬁﬁ;{ﬁi viiy --| arger than -about- 10.- 20.- The diode_of _claiml1___._ _.
wher ei n'ASREMHPGROWer mittivity dielectric has a relative permttivity

| arger than about 20. 21. The diode of claim| wherein the gate dielectric
has a phgvii cal thickness |ess than about 100 angstrons. 22. The di ode of

cl ai m | Mher Brmdippecheleien bimdierein thedigaperaittibity diekictidhslotelivé pamittinag

about 50 angstronms. 23. The diode of claim1l wherein the gate dielectric
has a phygarteh abhiutckness | ess than about 10 angstrons. 24. The di ode of
claiml1l wherein at | east one doped region has a dopi ng concentration of

20.  The diode of claim 1 wherein the high permittivity dielectric has a relative permittivity

larger than about 20.

21.  The diode of claim 1 wherein the gate dielectric has a physical thickness less than about

100 angstroms.

22.  The diode of claim 1 wherein the gate dielectric has a physical thickness less than about

50 angstroms.

23.  The diode of claim 1 wherein the gate dielectric has a physical thickness less than about

10 angstroms.

24.  The diode of claim 1 wherein at least one doped region has a doping concentration of

greater than about 10'% ¢m™>.

25.  The diode of claim 1 and further comprising spacers on the sides of the gate electrode.

26.  The diode of claim 25 wherein the material of the spacers 1s selected from the group

consisting of silicon oxide, silicon oxynitride, silicon nitride, and combinations thereof.
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greater than about 1019 cm 3 25. The diode of claim1 and further
conprising spacers on the sides of the gate el ectrode. 26. The di ode of
claim?25 wherein the material of the spacers is selected fromthe group
consisting of silicon oxide, silicon oxynitride, silicon nitride, and
conbi na27.onsAtsemicafiucterd ®vé. indudiegeonokinicalisdheni geott A fnUithe Advice

el ectrostatic discharge protection,. the device conprising: a
silicony@R ﬁﬁﬁglator substrate, conprising a silicon |ayer overlying an
i nsul at or ?ayer; a first doped region fornmed in the silicon | ayer and

bei ng doped wit:h ant s  of fiat conductiyity type; a.second doped region
formed in thé\nsélf?lgggﬂnﬁ“%} St ﬁ’c‘f%éf’ﬁl@nﬂaﬁéaﬁwg #P%g%‘é‘ﬁlg’éﬂgo@fn 1gsulaferlayes;
conductivity type, the second conductivity type being opposite the first
conduct i vi t y2{iy3dopedyregionyiornesgiia the Blienadayan apdbeisg dopwiwitagepanhetfadan the,
first doped region and the second doped region; a high permttivity gate

di el ect comduotrarty typerg t he body region; a gate el ectrode overlying the gate
dielectric; an input/output pad electrically coupled to the first doped

region; and agedoalebpareitalh AR i AAROHLAA hObLE dggecrgg»??}égg&ggloﬁcegi on.

28. The device of claim 27 where the in aye &on
oxi de. 29...1he,fde¥ Im.27 erein the .silicon lLayer has a thickness
in the range g? ag{gﬁfw%’ tﬁ%%égc‘s)?‘s 8%%9 tév‘é'b%ﬂ? E‘TB@ BPRASHS fhedst conductivity type;
' a body region formed in the silicon layer between the first doped region and the second
doped region;

a high permittivity gate dielectric overlying the body region;

a gate electrode overlying the gate dielectric;

an input/output pad electricall-y coupled to the first doped region; and

a reference voltage node coupled to the second doped region.
28.  The device of claim 27 where the insulator layer comprises silicon oxide.

29.  The device of claim 27 wherein the silicon layer has a thickness in the range of about 20

angstroms to about 1000 angstroms.

30.  The device of claim 27 wherein the silicon layer has a thickness in the raﬁge of about 20

angstroms to about 300 angstroms.

31.  The device of claim 27 wherein the gate electrode comprises poly-crystalline silicon.

32. The device of claim 31 further comprising metal silicide formed on the gate electrode, the

first doped region, and the second doped region.
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30. The device of claim 27 wherein the silicon |layer has a thickness in the
range of about 20 angstrons to about 300 angstrons. 31. The device of

claim 27 wherein the gate el ectrode conprises poly-crystalline silicon. 32.
The device of claim31 further conprising netal silicide formed on the gate

el ectrods, tMde dbvicsbf daipes Waslea AARPolddf o$ %&fﬁh‘?ﬁ% ﬂQ&fc‘ae rise%%pgg pftg%f%m?cgd

The device of claim31 wherein a first portion e gate

doped pLyRe 8@&%@&&6@%&}%&&

i of, the gate electrode is doped n-type.
34. The devi of clal er%‘?ﬁ%ﬁ%lél‘g&?-e el ectrode is forned froma

material selected -fromthe group consisting of a netal, a netallic
nitride,,,a allic silicide, .a petallic oxide, and conbinations thereof.
06 " The a1 Ao SeviEe B iy 2 T inbPieti e gategiacirods isforpebinm afnatesa stlecwd a

mat erial . sel.ected _fromithe group consisting_of _nolybdenum tungsten,

ti t ani urfork HisteAPUmsonpistrg el mmetah @ rhethibic uiid8 6 mataHictiide 2 etahi@bitd hnd
wherein the gate electrode is formed froma material selected fromthe
group caosibitations théreofl ybdenum nitri de, tungsten nitride, titaniumnitride,
tantalum nitride, and conbinations thereof. 37. The device of claim 27
wherein the gate electrode is forned froma material selected fromthe

group cossi stihedeofe BF QkSY 2‘;5th1|%;5&01§15 gﬁf%&?écrtroaé I f%:ng?e%gré%% sten silicide,

titaniumsilicide, tantalum si ati num's Heral selered ci de,

and conypat ; ... Jhe device of .claim27 wherein the gate
el ectr ode&?s e]%?)?ur%%%%ﬁ@ﬂrﬁ P rﬁg{ygﬂ?r&lpl,g\grgg@pegtan@% Rt emgplgtipnme.andinefriivg. of
rut heni um oxide, indiumtin oxide, and conbi nati ons t hereof.

36.  The device of claim 27 wherein the gate electrode is formed from a material selected
from the group consisting of molybdenum nitride, tungsten nitride, titam'ﬁm nitride, tantalum

nitride, and combinations thereof.

37. The device of claim 27 wherein the gate electrode is formed from a material selected
from the group consisting of nickel silicide, cobalt silicide, tungsten silicide, titanium silicide. -

tantalum silicide, platinum silicide, erbium silicide, and combinations thereof.

38.  The device of claim 27 wherein the gate electrode is formed from a material selected

from the group consisting of ruthenium oxide, indium tin oxide, and combinations thereof.

39.  The device of claim 27 wherein the high permittivity dielectric is selected from the group

consisting of aluminum oxide, hafnjum oxide, hafnium oxynitride, hafnium silicate, zirconium
oxide, zirconium oxynitride, zirconium silicate, yitrium oxide, lanthanum oxide, cerium oxide
3

titanium oxide, tantalum oxide, and combinations thereof.
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39. The device of claim 27 wherein the high permttivity dielectric is
sel ected fromthe group consisting of alum num oxide, hafnium oxide,
haf ni um oxynitride, hafniumsilicate, zirconium oxide, zirconium
oxynitride, zirconiumsilicate, yttriumoxide, |anthanum oxide, cerium

oxi de, 4o titH &%%%%1 m%l%@érﬁmtﬁé(hlgﬁ ﬁeﬁtﬂgt r&?élé'(ﬁ:ﬁt: giﬂsa[ Tl vggf:%rgtsttmt

The deV|ce o

elrn the erm tIVI el ectri
rel ati g{ tivity {arger than about 5 41. The deV| ce of claim27
wher ei %%rn1tt|V|ty dielectric has a relative permttivity |arger

t han about 10. 42. The device of cl a| m 27 wherein the high permttivity
dielectric has a relative ermttlv | arger than about 20. 43. The device
of cl ati 27Thnesasnofdha \:i Qif:l@rfb% @emlétnatyp:hszlgmatxas hteddtivepsrmigdatyt han
about 100 angstrons. 44. The device of claim 27 wherein the gate dielectric

has a  phiy&iteal abolt bkness [ess than about 50 angstroms 45. The device of
claim 27 wherein the gate dielectric has a physical thickness |ess than
about 10 angstrons. 46. The device of claim 27 wherein at | east one doped

regi-on shas FheARYiBYoLARGETT (VAR the hiohPehRl@¥in! faRcle Jngs & R ve‘b%
device of claim27 further conprising spacers on the sides o e ga

el ectr evice of claim47 wherein the spacers conprise a
mat er i Q?I%setﬁec El??t?om t he group

43. - The device of claim 27 wherein the gate dielectric has a physical thickness less than

about 100 angstroms.

44.  The device of claim 27 wherein the gate dielectric has a physical thickness less than

about 50 angstroms.

45.  The device of claim 27 wherein the gate dielectric has a physical thickness less than

about 10 angstroms.

46.  The device of claim 27 wherein at least one doped region has a doping concentration of

greater than 10" cm™,

47.  The device of claim 27 further comprising spacers on the sides of the gate electrode.

48.  The device of claim 47 wherein the spacers comprise a material selected from the group

consisting of silicon oxide, silicon oxynitride, silicon nitride, and combinations thereof.

49.  The device of claim 27 wherein the first doped region comprises a p-type region that is
electrically coupled to the input/output pad and the second doped region comprises an n-type

region that is electrically coupled to a Vpp power supply.
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consisting of silicon oxide, silicon oxynitride, silicon nitride, and
conbi nations thereof. 49. The device of claim27 wherein the first doped
region conprises a p-type region that is electrically coupled to the

i nput / oyt put pad and t he ond doped region conprises an n-type region
that is g@-l ec?ﬁ? g%ﬁi?ifogééﬁﬁﬂs?g’éwﬂ%e@ %%a&éepﬁr@m comprise5@.p-ffpe ratson thet of
claim 27 wherein the second doped region conprises a p-type region that is
el ect ri elapirigalborpled to e gaougddinednt itreseamt ddyedsegion GordaRedak 8H eggggﬁgts es
an n-type region that is electrically coupled to the 1nput/output pad. -22
51. A mutdiatiallyfconptedth fe tipR@Butphigadret hod conprising: providing a

silicon- on-insulator substrate including a silicon |ayer overlying an

i nsul ator layer; creating an active region i the silicon layer; formng a
gaie dierectri ¢ ‘on"thée acttve Tegion; the-gate-diel-ectric -coppid si-ng-a-high _.
permttivity dielectric; formng a gate el ectrode on the gate dielectric;
formng a p-doped region in the active region adjacent a first edge of the
gate el ectrode; and form ng an n-doped region in the active region adjacent

a second edge of the gate electrode, the first edge being opposed to the
second edge. 52. The nethod of claimb51 wherein the steps of formng a

p- doped region and form ng an n-
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doped region conprise: formng a first inplant nmask exposing a first
portion of the active region; doping the first portion of the silicon

| ayer; formng a second inplant mask exposing a second portion of the
active region; and doping the second portion of the silicon layer. 53. The
nmet hod HI. cl Aimethdd éifotrhieg aciiedey theimdhod esuirixing:Sol ati on regi ons
surroundi ng the active region; and . doping the active region. 54. The

met hod of cl glyMdede YBERL-Oh- Eﬂﬁa&rgﬁ%ﬁqterﬁgk&ﬂgﬁggmon ﬁ/%bgg y%gra% ;3:? oe

doped to a ‘dopant” concentration greater HOr The
met hod Q| aim51 wherein formng the gate dielectric conprises a chem cal
vapor c?ngSl tion step or a sputtering deposition.step. 56. The nethod of
claimb51 wherein formng the gate dielectric conprises: formng an

i nt-er faci-al— SR ATAREYE tagion infler silieng layen.gh permittivity dielectric |ayer.

57.. The nmethod of claimb51 further conprising the step of creating spacers

on SI des of {dmmingyagae diekctricamethe béive TogonRhd pate @ielé‘c'tﬁdéﬁng% H%%r the
mat erial of the .spacers is selected fromthe group conpose é f srlicon

oxi de, ﬁeﬂmlﬁmtyqi@r@uﬁdl de, silicon nitride, and conbi nati ons thereof. 59.
The nethod of claim5i wherein the silicon layer has a thickness in the

range of abogi gz, gate electrode on the gate dielectric;

forming a p-doped region in the active region adjacent a first edge of the gate electrode;

and

- forming an n-doped region in the active region adjacent a second edge of the gate

electrode, the first edge being opposed to the second edge.

52, The method of claim 51 wherein the steps of forming a p-doped region and forming an n-

doped region comprise:

forming a first implant mask exposing a first portion of the active region;

doping the first portion of the silicon layer;

forming a second implant mask exposing a second portion of the active region; and

doping the second portion of the silicon layer.

53.  The method of claim 51 further comprising:

forming isolation regions surrounding the active region; and

doping the active region.

54.  The method of claim 51 wherein the p-doped region and the n-doped region are doped to

a dopant concentration greater than about 10" cm™.
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angstrons to about 1000 angstroms. 60. The nethod of claim51 wherein the
silicon layer has a thickness in the range of about 20 angstrons to about
300 angstroms. 61. The nethod of claim51 wherein the gate el ectrode

conpr.i s&s. pofyie efeisddedflclig S WhérR: forrki - Ofon&alm 61 f.urther
conprising the step of form nghééf@%gtog%giﬁ?%t%rgfeg%g}ch%mp&ﬁfsea %feétﬁ?atléfﬁ@r t he
p- doped O, t - ed .r.egion. 63. The nmethod of claim51 wherein
t he gat g@g%gémtﬁr%%g&cao%g?t%gg& °F%EP§P‘F’B1 selected from the group consisting
of a netal, a nmetallic nitride, a netallic silicide, a netallic oxide, and
conbi nati_ons .t hereof . -24 64. The nmethod of claimb51 wherein the gate

el ect r od&" cor'rrﬁiFi‘Téegté"daOf 1lavhereindermaing thegate diskcyicnmmprivesi sti ng of
molybdenum tungsten, titanium tantalum platinum_and hafnium 65. The
met hod of cl dvmmisg aniderficial blidedates; seldect r ode conprises a nat erial séléecred
fromthe group consisting of nolybdenumnitride, tungsten nitride, titanium
nitride, tantfeiming ahighl ptemitBely SRR &ans thereof. 66. The nethod of

cl ai m 51 wher ei nﬂ% he gélat e el gig%rodehgg%#i ses a material selected from the
group consisting of nickel silicide, cobalt silicide, tungsten silicide,

titani umgssi | ik d@sthod LbLCl .platinumsilicide, erbiumsilicide,
and conbi nations t hoer?(}?iﬁ}ngj?ﬁ‘, ih%lcérroegﬁwnggl gg.ﬁle g‘FﬁPﬁF@it%%}a%qrﬁOB Ridegeftthe
el ect.rodg C9 Ohes_es a material selected from the group consisting of

r ut heni oxi de, 'indiumtin oxide, and conbi nati ons thereof. 68. The net hod
of claim51 wherein the high permttivity dielectric is selected fromthe

- 58. The method of claim 57 wherein the material of the spacers is selected from the group

composed of silicon oxide, silicon oxynitride, silicon nitride, and combinations thereof.

59.  The method of claim 51 wherein the silicon layer has a thickness in the range of about 20

angstroms to about 1000 angstroms.

_ 6Q. The method of claim 51 wherein the silicon layer has a thickness in the range of about 20

angstroms to about 300 angstroms.

61.  The method of claim 51 wherein the gate electrode comprises poly-crystalline silicon.

62.  The method of claim 61 further comprising the step of forming a metal silicide on the

gate electrode, the p-doped region, and the n-doped region.

63.  The method of claim 51 wherein the gate electrode comprises a material selected from

the group consisting of a metal, a metallic nitride, a metallic silicide, a metallic oxide, and

combinations thereof.
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group consisting of alum num oxi de, hafni um oxide, hafnium oxynitride,
hafnium silicate, zirconium oxide, zirconiumoxynitride, zirconium
silicate, yttrium oxide, |anthanum oxide, cerium oxide, titanium oxide,
t ant al um oxi de, and conbi nati ons thereof. 69. The nethod of claimb51

wher ei ng4.he Thdeded of élainy 51 Wheiet] @6 bhlcClhtaSddcha ﬁéésﬁ%atﬁfgﬂ g%%ﬁéa/h&ﬁ

| arger than about 5. 70. The nethod of claim69 ereint

perm ttjui jel.eetrl elative .permittivity.larger . about 10.
00 e e S SR PR RS GiRERT leblalte ) Bt ad BEPR has
relative permttivity larger than about 20. -25 72. The nethod of claimb51
wherein, the gate dielectric has a physical thickness of |ess than about 100
angst ropn%‘. 78. c ‘Fﬁ&oﬁﬂf FaHn g% “@‘F%@T&WZ&%‘?@OHC farapyensa mateniad seledted fram a
physical -thi-ckness | ess than about. 50 angstrons. _74._ . _The_net hod _of _cl ai m

73 wher Blergreupecogaisingiviahelybddnumnigide, pingsemaitidditiciones sittiés santdran rede) 10
angstrons. -26 75. A nethod of simultaneously formng a diode and a

pl ur al i tayd efmihAdent densifst ors, the nethod conprising: providing a silicon
| ayer including a plurality of isolation regions, the isolation regions
creating first,-second and third active regions;

- 66. . The method of claim 51 wherein the gate electrode comprises a material selected from
the group consisting of nickel silicide, cobalt silicide, tungsten silicide, titanium silicide,

tantalum silicide, platinum silicide, erbium silicide, and combinations thereof.

67. The method of claim 51 wherein the gate electrode comprises a material selected ﬁom-

the group consisting of ruthenium oxide, indium tin oxide, and combinations thereof,

68.  The method of claim 51 wherein the high permittivity dielectric is selected from the
group consisting of aluminum oxide, hafnium oxide, hafnium oxynitride, hafnium silicate,
zirconium oxide, zirconium oxynitride, zirconium silicate, ytirium oxide, lanthanum oxide,

cerium oxide, titanium oxide, tantalum oxide, and combinations thereof.

69.  The method of claim 51 wherein the high permittivity dielectric has a relative -

permittivity larger than about 5.

70.  The method of claim 69 wherein the hi gh permittivity dielectric has a relative

permittivity larger than about 10.

71.  The method of claim 70 wherein the high permittivity dielectric has a relative

permittivity larger than about 20.
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formng a gate dielectric on each of the first, second and third active
regions, the gate dielectric conprising a high permttivity dielectric;
formng a gate el ectrode | ayer over the gate dielectric; etching the gate
el ectrode layer to forma first gate el ectrode over the first active
region,7a S : r : ' ion, 4nd a third
Gate ol Lot r o R Rl 51 R ol T s Bt BB o
regi on aﬁdt fort{on of the second active region adjacent a first edge of
t he secgtﬁlg% WEIYEPr ode; inplanting p-type dopants into the third active
regi on and an unmasked portion of the second active region; masking the
third active_region and a portion of the second active region adjacent a
second édge &he FRMOL o plam dameersin Srergatredielgpticibap b physiced thieknepeleshahant s
into the first _active region_and an unmasked portion of the second active -
regi on abjué@mngstdomsfirst edge of the second gate el ectrode.” 767 "Thé éthod
of claim75 wherein the silicon |ayer conprises a top portion of a bulk
sem conduct or substrate. 77. The nethod of claim 75 wherein the silicon
| ayer caqapri SREmattvdldfe I : LiafS: [ I Laver, -27
Ribm 178 Ylerdih @e g&‘(&&kk@%c 3 g a gﬂg#éé#gg@%eésa%%§ "FB?I} ces:

78. The nethod of claim 75 wherein formng the
about 10 angstroms.
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formng an interfacial oxide layer; and formng a high permttivity
dielectric layer. 79. The nethod of claim75 further conprising: formng
spacers on sides of each gate el ectrode; masking the first active region
and the portion of the second active region adjacent the first edge of the
second fHat e &hethodoofsimiltmcanty figming ¥ diede apda phurility of CMOS Bhsgsiae! thee
region and the portion of the second active region adjacent the second
edge of mkhedeemeRdngat e el ectrode; masking the third active region and the
portion of the second active region adjacent a second edge of the second

ate el ectrode:..and i.pplanting.ns:type,dopants into the first active region
gnd t he portﬁg‘ﬁldg %%L{Po Zlg%gdgc&g@fl%gph}rglggy (9%150‘? U0 SF§I0RS, thesqlationgagionst t he
second gate electrode. 8Q. The method of claim 75 wherein the gate

el ect -r-og@a - 8econd apd, thirdyacting TeRINRSS 1 i con- -81. - The- met-hod_of .cl.ai m-75 . .
wherein the. gate el ectrode conprises a material selected from the group
consi st i ng. oformirigybgeedivlectricnysdaeh of thetfast sarpnd and dirdnictivd @EioRsiAhe gdte

haf nium 82. The nmethod of claim 75 wherein the gate el ectrode conprises a
mat er i abietRtrRCdofhrisin@ hibifergfi @Ry aRMsh$d;i ng of nol ybdenum nitride,
tungsten nitride, titaniumnitride, tantalumnitride, and conbinations

- thereof. - Zsfﬁﬁﬁﬂ%Tg?atgg\tegtg?dgﬁgq!eﬁlo%%%gat\é@fi%leeétﬁcl he gate el ectrode

conprises a nater om group caonsi sting of nickel

silicide, cobalt silicide -tungsten_siligide, titanjumsilicide,
ef%ilmg%le g.'ﬁe e e(:trocféq er fo form aﬁrst gate efectrode over the first active region, a

second gate electrode over the second active region, and a third gate electrode over the third

active region,

masking the first active region and a portion of the second active region adjacent a first

edge of the second gate electrode;

implanting p-type dopants into the third active region and an unmasked portion of the

second active region;

masking the third active region and a portion of the second active region adjacent a

second edge of the second gate electrode; and

implanting n-type dopants into the first active region and an unmasked portion of the

second active region adjacent the first edge of the second gate electrade.

76.  The method of claim 75 wherein the silicon layer comprises a top portion of a bulk

semiconductor substrate.

77.  The method of claim 75 wherein the silicon layer comprises a silicon layer that overlies

an insulating layer.
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tantalumsilicide, platinumsilicide, erbiumsilicide, and conbinations
thereof. 84. The nethod of claim 75 wherein the gate el ectrode conprises a
material selected fromthe group consisting of rutheniumoxide, indiumtin
oxi de, and conbinations thereof. 85. The nmethod of claim75 wherein the

hi gh petdmi t tThgiresthed of daimr VT whenepy fosmingihe gita disdsdtdecorg@iseThe met hod of
claim75 wherein the high permttivity dielectric is selected fromthe
group consi sbimiggah inttiatigwridedage; adtaf ni um oxyni tride, hafniumsilicate,
zirconium oxide, zirconiumoxynitride, zirconiumsilicate, yttrium oxide,

| ant hanum O’%Hﬁmgq‘e‘ﬁéﬁ@%‘ﬁﬁ#ﬁ?%@@? Igg&éoxi de, tantal um oxi de, and

conbi nati ons thereof? | aim 75 wherein the high
permttivity dielectric has a relative permttivity larger than about 10.
88. “The,frethigd, of s ¢l al. - 87-Waereirn 't he dn ghr pernt tti-vi ty -di el-ect ri-e- has -a-
rel ati \%&Se?ﬂfdﬁlﬁ%t&?%yﬂﬁ%g hYBBUTS0. 89. The nethod of claim 75

wherein the gate dielectric has a physical thickness |Iess than about 10
angst rons. -gming spacers on sides of each gate electrode;

masking the first active region and the portion of the second active region adjacent the
first edge of the second gate electrode;

implanting p-type dopants into the third active region and the portion of the second active
region adjacent the second edge of the second gate electrode;

masking the third active region and the portion of the second active region adjacent a

second edge of the second gate electrode; and

implanting n-type dopants into the first active region and the portion of the second active

region adjacent the first edge of the second gate electrode.
80.  The method of claim 75 wherein the gate electrode comprises poly-crystalline silicon.

81.  The method of claim 75 wherein the gate electrode comprises a material selected from

the group consisting of molybdenum, tungsten, titanjum, tantalum, platinum, and hafnium.

82.  The method of claim 75 wherein the gate electrode comprises a material selected from
the group consisting of molybdenum nitride, tungsten nitride, titanium nitride, tantalum nitridc,

and combinations thereof.



83.  The method of claim 75 wherein the gate electrode comprises a material selected from
the group consisting of nickel silicide, cobalt silicide, tungsten silicide, titanium silicide,

tantalum silicide, platinum silicide, erbium silicide, and combinations thereof.

84.  The method of claim 75 wherein the gate electrode comprises a material selected from

the group consisting of ruthenium oxide, indium tin oxide, and combinations thereof.

85.  The method of claim 75 wherein the high permittivity dielectric comprises hafnium

oxide.

. 86, The method of claim 75 wherein the high permittivity dielectric is selected from the
- group consisting of aluminum oxide, hafnium oxynitride, hafnium silicate, zirconium oxide,
zirconium oxynitride, zirconium silicate, yttrium oxide, lanthanum oxide, cerium oxide, titanium

oxide, tantalum oxide, and combinations thereof.

87.  The method of claim 75 wherein the high penmittivity dielectric has a relative

permittivity larger than about 10.

88.  The method of claim 87 wherein the high permittivity dielectric has a relative

permittivity larger than about 20,

89.  The method of claim 75 wherein the gate dielectric has a physical thickness less than

about 10 angstroms.
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